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Preface

‘‘I believe in the goodness of the American and Chinese people who remain

good friends.’’

Dr Hua Chuen Mei

from ‘‘Dr Hua Chuen Mei – May 30, 1925’’ available at

www.abeduspress.com.

LindaMei Adams, my wife, is the grand-daughter of Dr Hua ChuenMei, who

was an American lawyer in Shanghai who defended several Chinese students

accused of rioting in the International Settlement at the Louza Police Station on

30May 1925. He won the case in June 1925, which led to theMay 30Movement

in China. My wife and her mother, Eva Lum Mei, taught me to speak

Cantonese. My wife’s grand-mother, Polly Lum, used Traditional Chinese

Medicine even though her son, son-in-law and grand-son were all Western-

trainedMDs. I am grateful to theMei and Lum families for helping me learn the

utility of Traditional Chinese Medicine, even when American Medicine may not

recognize the utility. I was able to learn the philosophy for using Traditional

Chinese Medicine, which differs greatly from the medicine I learned as a

Graduate Student of Pharmacology at the University of California San

Francisco. This philosophy depends on living in balance in order to be healthy.

I was also taught the importance of spirituality in health, since health requires a

healthy body, mind and spirit. My poem below is ‘‘be kind to yourself, be kind to

others, allow God to love you.’’ My Chinese name, below, is Ha Cheen Sing,

Summer Thousand Honest, and was given to me by my mother-in-law.

跟自己做慈善

跟第二的人做慈善

讓上帝愛你

夏千诚
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I am grateful to Professor Eric Lien for encouraging me to think about the

Science involved in Traditional Chinese Medicine. This has been a great

challenge for me and resulted in this book. I am grateful to all the authors of

the chapters who have applied their great expertise in this book.

James David Adams Jr, PhD

Associate Professor of Pharmacology and Pharmaceutical Sciences
School of Pharmacy, University of Southern California

Los Angeles, CA, USA

Knowledge and Health

Knowledge and learning have no limits.

Teaching and learning reinforce each other.

Education should not discriminate against anyone.

Doing good deeds brings the most happiness.

New knowledge can promote good health, enhance productivity and contribute
to longevity.

Sustain vitality and youthfulness as long as possible.

Good memories will last forever.

Eric J. Lien, PhD

Professor Emeritus

School of Pharmacy, University of Southern California

Los Angeles, CA, USA
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CHAPTER 1

The Traditional and Scientific
Bases for Traditional Chinese
Medicine: Communication
Between Traditional
Practitioners, Physicians and
Scientists

JAMES D. ADAMS JR* AND ERIC J. LIEN

Department of Pharmacology and Pharmaceutical Sciences, School of

Pharmacy, University of Southern California, Los Angeles, CA, 90089, USA

*E-mail: jadams@pharmacy.usc.edu

1.1 Introduction

The species Homo sapiens has existed for 200 000 years or so. Medicinal plants

have been important to humans as indicated by plants in prehistoric burial

sites, mummy wrappings and ancient legends. It is likely that during the entire

period of human existence, plants have been used as medicines. This means

there has been a tremendous natural selection, such that those who responded

to plant medicines survived. Our genome has been altered by this natural

selection. It has only been during the past 50 years or so that Science has tried

to displace traditional medicine. However, even today, the majority of purified

drugs used clinically are derived directly or indirectly from plants and other
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natural sources. It is critical to realize that the alteration of the human genome

by the use of plant medicines makes humans more responsive to plant

medicines today. We should continue to use plant medicines.

There is an old Chinese saying, ‘‘Thousands of prescriptions are easy to come

by. A really good drug is hard to find.’’ This is still true today in spite of modern

advances in biomedical technology. It is humbling to realize that while drugs can

treat symptoms, only Mother Nature, the body, can cure and heal. Extension of

life expectancy is accompanied by many lifestyle-related diseases such as

diabetes, obesity, hypertension, cancer, drug addiction and degeneration of

various organs and tissues. None of these diseases can be easily overcome by a

quick fix with a miracle pill or surgical procedure. Fundamental changes are

needed to reverse the downward spiral trend in healthcare effectiveness.

It is a sad fact that modern lifestyles cause the incidence of heart disease,

diabetes, arthritis and cancer to increase every year, as shown by Centers for

Disease Control statistics. In fact, heart disease, diabetes and arthritis are

enabled by non-traditional medicine, since only the symptoms are treated,

allowing patients to live with their disease. Efforts to cure these diseases are

almost completely ineffective. Traditional Chinese medicine has much to teach

in terms of preventing and curing these conditions.

1.2 The Basis of Traditional Chinese Medicine

There is a strong scientific basis for traditional Chinese medicine. However, the

Science of traditional Chinese medicine is rarely discussed and needs to be more

widely known. Currently, the scientific approach to traditional Chinese plant

medicines is to purify them into single components. This is simply modern drug

discovery in Chinese plants. However, traditional Chinese medicine usually uses

complex mixtures of plant extracts, not single purified drugs. This is based on

yin, yang and chi theories that are not widely understood by scientists.

Yin is cold, wet and female. Yang is hot, dry and male. Yin and yang are

constant influences in the body and must be kept in balance to prevent disease.1,2

Disease is treated by re-establishing the balance of yin and yang. Yin and yang are

the balance of endogenous agonists and antagonists. This includes the balance

between the sympathetic and parasympathetic nervous systems and also other

systems (Figure 1.1). For instance, pain can be caused by prostaglandins, whereas

pain relief can come from lipoxins.3,4 Prostaglandins interact with prostaglandin

receptors such as DP, EP, FP and IP. Lipoxins interact with lipoxin receptors,

such as ALXR. Both prostaglandins and lipoxins are endogenous compounds,

are products of arachidonic acid and exist in a balance that controls pain

(Figure 1.2). Pain is a necessary part of normal life, but should not be excessive.

Pain relief can result from balancing prostaglandins and lipoxins.

Chi is the life force, flows in the body in acupuncture channels and has

several components. Chi derives from signaling processes in the body, such as

phosphorylation/dephosphorylation, G protein signaling, cAMP production

and degradation, calcium release and sequestration and others, and regulates
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bodily functions.5 For instance, anxiety is a learned response that alters the

functions of several receptor signal transduction systems in the brain,

serotonergic, GABAergic, noradrenergic, dopaminergic and others.6 Anxiety

can greatly increase the risk of developing some diseases. It is necessary to

unlearn anxiety in order to have a productive life. This involves a volitional act

of restoring the balance or chi, of signal transduction systems. Chi also has a

genetic component that is passed down from ancestors. Therefore, chi is

controlled by genes. Chi controls yin and yang. Conversely, yin and yang

influence chi. Chi can also be described as the Gibbs free energy (nG) available

to do useful work according to the laws of thermodynamics.7

Yin, yang and chi constantly interact in the body to maintain health. Western

medicine understands very well how to use drugs that are agonists and

antagonists to modify signaling processes. However, Western medicine does not

accept the use of complex plant extracts to perform these functions. Traditional

Chinese medicine has learned experimentally over the centuries how to restore

the chi, yin and yang of a patient to restore health with plant medicines.

Figure 1.1 Many therapeutic applications have be developed based on neurotrans-
mitter (NT) agonists and antagonists. Each receptor has an agonist, NT,
that is made locally, excreted when it is needed and cleared quickly. Each
receptor also has an endogenous antagonist that is made locally, excreted
when it is needed and cleared quickly. However, the endogenous
antagonists for the NT shown are not known. Modified from Kuo et al.14
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1.3 Disease Causation

In traditional Chinese medicine, disease is caused by an imbalance in the body,

usually caused by too much yin or too much yang.1,2 For instance, a cold may

be caused by too much exposure to cold, wet wind. The cold is then

counterbalanced by a fever that heats up the body. Yin in this case is an

external influence. Yang, the fever, results from endogenous factors in the

body. Hypertension may be caused by too much yang that results in more
blood flow to cool the body. In this case, yang and yin are endogenous factors.

Science has only learned in the past few years that many diseases are caused

by an imbalance in endogenous agonists and antagonists. For instance,

arthritis, hypertension, atherosclerosis, diabetes and other conditions are

caused by obesity that produces an abundance of toxic adipokines and toxic

lipids in the body.5 These are endogenous agonists and antagonists that work

at specific receptors to cause inflammation, increase blood pressure, damage

blood vessels and the heart and cause insulin resistance (Figure 1.3). AIDS is

Figure 1.2 Arachidonic acid is the source of prostaglandin E2, which causes pain,
and lipoxin A4, which relieves pain.
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Figure 1.3 Adipokines produced by visceral fat. As visceral fat accumulates,
adiponectin, an anti-inflammatory adipokine [1], decreases and many
inflammatory adipokines increase [2], including tumor necrosis factor
alpha (TNF-a), interleukin-6 (IL-6), visfatin, resistin, C-reactive protein
(CRP), leptin and monocyte chemoattractant protein-1 (MCP-1). Toxic
lipids are also produced excessively throughout the body as visceral fat
accumulates, including ceramide and the endocannabinoids, ananda-
mide and 2-arachidonylglycerol. Expanding adipocytes may become
hypoxic and die through endoplasmic reticular stress (ER stress) that
involves activation of inflammatory kinases, JNK and IKK [3].
Macrophages [4] and T cells [6] accumulate and secrete cytokines as
visceral fat increases and activate inflammatory kinases in fat [5].
Macrophages express the MCP-1 receptor, chemokine C-C motif
receptor 2 (CCR2). Adipokines in the plasma can increase liver production
of inflammatory mediators and coagulation factors [7], including fibrino-
gen, CRP and plasminogen activator inhibitor-1 (PAI-1). Modified from
Rocha and Folco.15
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caused by a virus-induced imbalance in T cells, which the body cannot correct.

Infections are usually caused by external pathogens that infect the body, but

are only able to infect because the body cannot mount an adequate immune

response through endogenous leukocytes.

Cancer is caused by endogenous or external factors that damage DNA.

Cancer is able to grow only because the body cannot kill the cancer cells with

endogenous factors. Recent evidence has found that obesity increases cancer

risk and mortality.8 Visceral fat releases adipokines, including IL-6, TNF and

leptin, that increase the growth and malignancy of tumor-initiating stem cells.9

This leads to tumor growth, malignancy and mortality.

In non-traditional medicine, diseases are detected too late, after the disease

has already progressed to an intolerable state. This is true of diabetes, arthritis,

heart disease, cancer and most other diseases. The patient may benefit from an

early disease prevention program that prevents diseases from progressing to an

intolerable state. Patients can be taught to avoid toxic lifestyles that cause

diseases.

1.4 Disease Prevention

One of the vital functions of traditional practitioners is to keep their patients

healthy and working. They do this with strong programs in disease prevention.

Most of us are born healthy and could remain healthy if we knew how. Disease

prevention is the key to staying healthy. Traditional practitioners have learned

over the centuries that people who keep themselves thin and strong stay

healthy, people who stay away from alcohol stay healthy, people who stay

away from abuse of some plant-derived medicines and smoking stay healthy

and people who minimize stress in their lives stay healthy. Toxic lifestyles lead

to disease.5 All people should be encouraged to perform 60–70 minutes’ of

aerobic exercise daily for disease prevention and to encourage healing. Exercise

increases the production of stem cells in every organ examined so far.

Today, keeping people alive is the priority in many non-traditional medical

practices, not disease prevention. Even people with substantial multiple organ

pathology from diabetes, heart disease, congestive heart failure, stroke and other

conditions are kept alive with modern medicines. Many non-traditional medical

practitioners ignore the traditional approach to disease prevention since it is

easier simply to treat the patient with a drug that manages symptoms.

Hypertension, high blood cholesterol, high blood sugar and other specific

symptoms can be managed with drugs. This approach does not cure the

underlying disease, but keeps the patient alive. These drugs are used for the rest

of the patient’s life. The problem then becomes managing the toxicity of the

drugs. Some statins used in hypercholesterolemia cause muscle toxicity and

diabetes. Pioglitazone, used in diabetes, causes congestive heart failure and

kidney cancer. Some calcium channel blockers, used in hypertension, can cause

bradycardia. Most drugs used to control blood sugar in diabetes can cause

hypoglycemia. Non-steroidal anti-inflammatory drugs (NSAIDs) used in
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arthritis cause ulcers, kidney damage, heart attacks and strokes. Acetaminophen

causes liver damage, kidney damage, heart attacks and strokes.

1.5 The Traditional Approach to the Treatment of
Disease

Science still has much to learn from traditional Chinese medicine.10,11 The

traditional approach is pragmatic, experimental and based on what helps the

patient get back to a productive life. For instance, a patient crippled by stroke

may be treated for up to 6 months with plant preparations and physical

therapy in order to decrease paralysis and get them back to work. Scientists

frequently do not understand the mechanisms involved in traditional medicine

and should continue searching.

Traditional Chinese medicine requires expertise to find the proper mixture of

plant medicines to achieve balance in the body. This is a difficult experimental

process in each patient. Each disease in each patient requires an individualized

approach to achieve balance.

Meditation, tai chi, yoga, prayer and other calming influences are critical to

disease treatment and prevention in the traditional approach. Chi increases

because of these calming influences and can maintain the balance of yin and

yang. These calming influences help treat anxiety that greatly magnifies the

risk of developing some diseases and decreases the chance of recovering from

many diseases.

1.6 Randomized, Placebo-Controlled Clinical Trials

Non-traditional medicine is currently based on randomized, double-blind,

placebo-controlled clinical trials. The theory is that a drug must be more

powerful than a placebo at curing a disease. Traditional medicine rejects

randomized, placebo-controlled clinical trials since it is not ethical to

administer a placebo or other compound that is not effective in a sick patient.

This has led to the rejection of traditional Chinese medicine by non-traditional

medicine.

It is important to remember that drugs do not cure diseases. The body heals

itself. No matter how powerful the drug, the body heals itself. Drugs facilitate

the ability of the body to heal itself. The body is equipped with endogenous

agonists and antagonists in addition to signal transduction mechanisms that

heal the body; in other words yin, yang and chi work in harmony. Even the

most powerful antibiotics cannot cure infections without a functional immune

system. Antibiotics facilitate the ability of the body to recover from bacterial,

viral, protozoal and other infections. The basic fallacy of randomized, placebo-

controlled clinical trials is that drugs do not cure diseases. Non-traditional

medicine relies on ever more powerful drugs, in other words, more dangerous

drugs, to help the patient. This is frequently the wrong approach. Traditional

The Traditional and Scientific Bases for Traditional Chinese Medicine 7
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Chinese medicine relies instead on finding a different combination of plant

medicines, diet, physical therapy and psychological healing to facilitate the

balance that the body requires to heal itself. Once the patient is healed, the

practitioner works with the patient to prevent further disease.

It is also important to realize that placebos are actually drugs that work

through endogenous mechanisms. Placebos alter opioid, serotonergic,

dopaminergic and other systems by stimulating endogenous agonists and

antagonists. This is why placebos can be as powerful as drugs in some clinical

trials. Even non-traditional practitioners know that tender loving care is the

most powerful medicine. There is currently an interest in China in writing

standards for randomized clinical trials of traditional Chinese medicines,

similar to the CONSORT standards.12 Hopefully, these standards will be

based on the Chinese principles of medicine. Clinical trials should compare

drugs with no treatment or with standard treatment, not to placebos.13

1.7 Therapy Must Allow the Body to Heal Itself

Modern therapy is dominated by the carpenter approach: if the hammer does

not work, get a bigger hammer. Patient therapy is rapidly escalated to the most

powerful drugs available, with inadequate attempts to heal the patient.

Congestive heart failure patients are treated with digoxin, which is very

effective. However, digoxin is also very toxic, causing arrhythmias that damage

the heart and prevent the heart from healing itself. Bipolar patients are treated

with lithium, which is very effective but very toxic. Lithium causes seizures that

damage the brain and prevent the brain from healing itself. Arthritis patients

are treated with steroids that are very effective, but cause visceral fat

accumulation. Visceral fat secretes inflammatory adipokines that make

arthritis worse.5 Pain patients are treated with hydrocodone, oxycodone,

fentanyl and other opioids that are effective temporarily, until tolerance makes

them ineffective. Tolerance to administered opioids also makes the body

tolerant to endogenous opioids, such as endorphins, enkephalins and

dynorphins. This tolerance can be long term, lasting weeks or months.

Cessation of opioid therapy leaves patients in much worse pain than before,

due to long-term tolerance to endogenous opioids and opioid-induced

hyperalgesia. Children with attention deficits are treated with amphetamine

and methylphenidate: they become addicted to these drugs and have little

chance of recovering from their attention deficits. Insulin is very effective in the

treatment of type II diabetes. However, administration of insulin exacerbates

insulin receptor insensitivity and does not allow the body to heal itself.

Hypertension and hypercholesterolemia can be treated with effective drugs.

These conditions are caused by adipokines secreted by visceral fat.5 Drug

therapy does not adequately inhibit the effects of the adipokines. Only losing

weight and exercising can inhibit adipokine secretion and rebalance the body.

Cancer is another issue in healing. Combinations of very toxic drugs are

used to kill cancer cells, in addition to surgery and radiation therapy. Healing

8 Chapter 1
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cancer is difficult, since the drugs must kill the cancer but leave the body

healthy enough to heal. Bone marrow toxicity is frequently an issue in cancer

therapy, such that the immune system may become compromised and unable

to mount a defense against the cancer. A healthy immune system is required

for healing. Cancer is frequently caused or promoted by toxic lifestyles,

including obesity, smoking, drinking alcohol and exposure to toxic agents.8

The body must be allowed to heal itself. Toxic lifestyles must be changed to

healthy lifestyles that allow the body to reach the proper balance needed in

healing. Prevention must be the first approach to disease. This involves losing

weight, practicing daily aerobic exercise, stopping smoking and drinking no

more than one alcoholic beverage per day. Mild therapy can be the second

approach to disease. Mild therapies may involve acupuncture, dream therapy,

physical therapy, tai chi, nutritional therapy and other therapies that rebalance

the body. Placebos may be used since they work only by allowing the body to

heal itself. Nutritional therapy and functional foods are important in allowing

the body to heal itself. Patients may need to learn to eat more fruit and

vegetables to control blood sugar and cholesterol. Many people eat too much

meat and fat, but not enough whole grains, fruits and vegetables. Plant

medicines should be the third therapy when the first two therapies are not

enough. Drug therapy should be the fourth therapy that is used only

temporarily in patients with severe diseases. Drugs should only be used long

enough to allow the patient to recover and begin to use milder therapies that

allow the body to heal itself.

An example of this is that a clinical trial of 340 cancer patients treated with

2 g of American ginseng daily for 8 weeks showed improvement in fatigue and

wellbeing compared with placebo. This study was presented at the 2012

Meeting of the American Society of Clinical Oncology. The standard therapy

for fatigue and anemia in cancer patients is epoetin alfa. This powerful

medicine also causes strokes and heart attacks in cancer patients by promoting

embolism formation. It appears better to use American ginseng, which is

milder therapy and allows the body to heal itself. Ginseng works by decreasing

blood levels of cytokines and adipokines that promote cancer growth. In

addition, cortisol levels decrease. Cortisol can increase visceral fat that

increases adipokine levels.

1.8 Conclusion

This book is designed to provide a basis for communication between

traditional and non-traditional practitioners. The scientific basis of plant-

derived medicines is well understood and is applied to traditional medicine in

this book. Disease prevention must be learned, in part from traditional

practitioners, in order to decrease diabetes, heart disease, arthritis and cancer

throughout the world. Disease prevention is critical to the current economic

crisis being created by overuse of the healthcare system.
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CHAPTER 2

Structure–Activity Relationship
Analysis of Plant-Derived
Compounds

ERIC J. LIEN*, LINDA L. LIEN AND JAMES D. ADAMS

Department of Pharmacology and Pharmaceutical Sciences, School of

Pharmacy, University of Southern California, Los Angeles, CA 90089, USA

*E-mail: elien@usc.edu

2.1 Introduction

In traditional Chinese medicine (TCM), usually several different plants are used

in the treatment or prevention of illness, according to the condition and need of

the individual patient. The outcome is observed subjectively by the physician so

that the prescription can be adjusted according to the experience of the

prescriber. This type of empirical approach is quite different from the common

practice of modern Western medicine where a specific drug developed through

randomized double-blind clinical study is used to treat a specific disease. The

only time subjective observation is called for is in the reporting of serious adverse

reactions, since it is neither ethical nor legal to design clinical studies to

investigate unwanted side effects of a drug. Both subjective empirical and

objective unbiased approaches have their own advantages and disadvantages.

As biochemical pharmacology and the molecular basis of drug action became

better understood,1 in TCM there is a trend to identify active ingredients and

molecular mechanisms of action in each individual plant drug used and the

actions of combinations of different drugs.
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The successful discovery of artemisinin (chinghausu) from Artemisia annua

as effective malaria therapy has saved millions of lives across the globe. This

resulted in the award of the prestigious Lasker Award to the most deserving

pharmacologist Tu Youyou, in 2011.

2.2 Structure–Activity Relationship Analysis

In this chapter, some specific examples of structure–activity relationship (SAR)

analysis of plant materials are presented, using functional group/pharmaco-

phore analysis, comparison of physicochemical parameters relevant to

intermolecular interactions and quantitative SAR analysis. It is our belief

that a combination of deductive logic and inductive logic can be useful in

solving the complex issues of using plant-derived compounds in the treatment/

prevention of diseases with the hope of achieving graceful aging and

longevity.2

Recently, Tan et al.3 reviewed in vitro and in vivo studies of antitumor

natural products isolated from Chinese herbs. The activities reported include

inhibition of proliferation, induction of apoptosis, suppression of angiogenesis,

retardation of metastasis and enhancement of chemotherapy. These natural

products belong to flavonoids (gambogic acid, curcumin, wogonin and

silibinin), alkaloids (berberine), terpenes (artemisinin and derivatives, b-

elemene, oridonin, triptolide and ursolic acid), quinones (shikonin and

emodin) and saponins (ginsenoside Rg3), all from Chinese medicinal plants.

2.2.1 From Natural Sources to Synthetic Compounds

The antiasthmatic herb ma huang (Ephedra sinica, E. equisetina or E.

intermedica) has been used in TCM as an antiasthmatic and anticough agent,

to soothe the lung and to stimulate the heart and mind. In the 1920s, K. K.

Chen explored the pharmacology of the plant. The structure of its active

principle, ephedrine, was established and became the prototype for sympatho-

mimetic agents. Pseudoephedrine (a stereoisomer of ephedrine used in over-

the-counter cold preparations) led to the synthesis of more lipophilic CNS

stimulating agents such as amphetamine and methamphetamine, unfortunately

resulting in drug abuse. All these would not have been expected when Nagai

first isolated ephedrine from E. vulgaris in 1888.4 Lipophilicity as indicated by

the octanol–water partition coefficients (logP) is as follows: ephedrine 1.43,

pseudoephedrine 1.40, amphetamine 1.76 and methamphetamine 2.07.

Because of the presence of a basic amine group in alkaloids, making them

water soluble when protonated under acidic pH and lipid soluble under basic

conditions, they have been thoroughly investigated. Besides the ease of

isolation and characterization, the presence of the positively charged group

enables them to interact with G-protein coupled receptors.5 This explains why

most alkaloids have significant biological activities.
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2.2.2 From Estradiol, Phytoestrogens to Synthetic
Diethylstilbestrol

The natural hormone 17b-estradiol has a phenolic OH and an alcoholic OH

group which can be structurally overlapped with two phenolic OH groups

present in genistein and daidzein, well-known isoflavone phytoestrogens

present in soybean.6,7 Other isoflavonoids can be found in Leguminosae

plants. Because of the antioxidant and free radical scavenging properties of the

phenolic function, many different biological activities have been reported in

vitro and in vivo.8 The synthetic hormone diethylstilbestrol is a symmetrical

molecule with two identical phenolic OH groups. It was used clinically but

turned out to be carcinogenic. This may be because it was never exposed to

humans or other animals during evolution and the body is less able to detoxify

it as compared with compounds derived from natural sources. It is worth

noting that premarin (containing conjugated estrogenic hormones) obtained

from urine of pregnant mares is still widely used in estrogen replacement

therapy. Figure 2.1 shows the similarity of natural and synthetic estrogen?

and phytoestrogen isoflavonoids. In contrast, flavonoids (such as luteolin,

quercetin and others) are more widely present in many different families of

Figure 2.1 Structural similarity of estrogens and phytoestrogen isoflavonoids
showing that the 7-OH and 49-OH groups are in line. 1, Estradiol
(natural); 2, coumestrol; 3, daidzin (isoflavone glucoside); 4, formono-
netin (methoxylated isoflavone); 5, diethylstilbestrol (synthetic); 6,
genistein (isoflavone); 7, daidzein (isoflavone); 8, equol (isoflavandiol);
9, genistin (isoflavone glucoside); 10, biochanin A (methoxylated
isoflavone); 11, prunetin (methoxylated isoflavone). Arrows show the
in vivo removal of side chains by oxidative metabolism or hydrolysis of
the glycoside group. Adapted from Lien et al.6
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plants. The benzene ring in flavonoids is attached to the 2-position of the

benzopyran ring (Figure 2.2) instead of the 3-position as in isoflavonoids

(Figure 2.1). Consequently, many flavonoids have antiestrogenic/androgenic
activities.9,10 The best known androgenic plants from the Epimedium genus

contain many flavonoid glycosides.10 The wide range of biological activities,

including cancer-preventing activities, of flavonoids have been reviewed by

Das et al.8

2.3 Medicinal Diet (Yao San)

In TCM, a properly balanced diet is considered a very important component of

health maintenance. Instead of using purified bleached starch, unprocessed

mixed grains are preferred. It has been shown recently that in addition to

fibers, grains such as oats contain phenolic antioxidants as well as b-glucan.
Using hyperlipidemic ICR mice, Li et al.11 showed that both phenol-rich and

b-glucan extracts decreased the concentrations of total serum cholesterol, low-

density lipoprotein cholesterol and hepatic total cholesterol. Only the phenol

extract decreased hepatic triglycerides, inhibited hepatic 3-hydroxy-3-methyl-

glutaryl CoA reductase activity and improved the hepatic antioxidant defense

system. This finding is in agreement with the reported benefits of lignans

(polyphenols) present in many different whole grains and some Chinese herbs,

such as Pueraria and Sophora.12

Figure 2.2 Structures of antiestrogenic flavonoids, showing that the 7-OH and 49-
OH groups are not in line. 12, Luteolin; 13, quercetin.
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2.4 Immunostimulating (Fu-zhen) Herbs

In TCM, it is a common strategy to use fu-zhen and chei-shei drugs

concomitantly. Fu-zhen means to strengthen the patient’s resistance to disease

and to restore the normal function of the body. Chei-shei means to dispel

pathological factors or to get rid of abnormal elements. Fu-zhen drugs may

enhance cancer treatment either by increasing the curative effects via the

immune system or reducing the side effects of chemotherapy and radiotherapy

(Figure 2.3).13

Positive results on immune restoration and/or augmentation of local graft

versus host reaction by TCM herbs have been reported by collaborative efforts

between Chinese and American scientists at the M.D. Anderson Tumor

Institute.14 The herbs studied are Astragalus membranceus (huang-chi) and

Ligustrum lucidum (nu-chen-tzu). Astragalus was first recorded in ‘‘Shen

Nung’s Herbal’’ (Shen Nung Pen Tsao Ching) as a superior herb, and

Ligustrum was listed as a high-grade drug.15

Included in fu-zhen herbs are several fungi, such as Lentinus edodes (hsiang-

ku, shiitake) and fungi of the genera Ganodermas, Tremella, Poria and

Cordyceps. Their immunostimulant properties have been reported.16 Active

ingredients in these fungi include polysaccharides with complex primary to

quaternary structure and molecular weights up to 106 kDa or higher.

Polysaccharides from over 30 higher plants have also been reported to have

immunostimulating activities.17 Most of the polysaccharides from higher plants

are heteroglycans with very complex structures. The anti-complementary

activities of these polysaccharides (via the classical and/or alternative

pathway) are found to be related to their acidity, molecular weight and

hydroxyl groups present. The antitumor activities of some of these

Figure 2.3 The possible role of fu-zhen herbs in cancer treatment. Adapted from Li
and Lien.13

Structure–Activity Relationship Analysis of Plant-Derived Compounds 15
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polysaccharides are closely related to the inhibition of drug-metabolizing

enzymes in the liver, and also their immune-enhancing activities.17
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CHAPTER 3

Huang Di Nei Jing and the
Treatment of Low Back Pain

MINCHEN WANG (VINCE)

Pacific College of Oriental Medicine, 7445 Mission Valley Drive, Suite 105,

San Diego, CA 92108, USA

E-mail: pbacupuncture@gmail.com

3.1 Significance of Low Back Pain (LBP)

3.1.1 Prevalence of LBP

LBP is very common, and is one of the most common illnesses for which

patients seek medical help. According to a 2002 survey in the United States,

about 80% of the population reported experiencing an LBP episode in their

lifetime. Each year, one in two people experiences LBP severe enough to make

him or her aware of it.

3.1.2 Human Cost

Many patients have LBP but do not seek medical help.1,2 Some do get better

with time. Up to one-third of patients report persistent back pain of at least

moderate intensity 1 year after an acute episode, and one in five report

substantial limitations on activity.3,4

People who experience LBP that does not subside gradually alter their

posture and reduce their daily activity to minimize aggravating the problem.

Such changes impact normal body function adversely.
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Furthermore, the low back and knees are intimately connected. People who

suffer from LBP tend to develop knee disorders that further limit their

mobility. The lack of mobility accelerates body aging. It is a serious health

issue that significantly jeopardizes quality of life.

3.1.3 Medical Cost and Societal Cost

The cost of treating LBP has a substantial impact on the US healthcare system.

LBP is the second most frequently cited reason for seeking primary care

services3 and is believed to result in more disability among working-age adults

than any other health condition.1 National estimates of the direct costs of care

for LBP range from $25 billion to $33 billion annually5,6 in the United States.

With the ‘‘graying’’ of the United States, the cost will surely continue to

increase. For working adults, the incidence of LBP will rise with the increased

job stress caused by prolonged intense computer use.

3.2 Scope of the Problem- What Is Involved in LBP?

3.2.1 Diversity of Causes and Diagnosis

LBP is a complaint of discomfort in the low back below the rib cage extending

to the posterior upper pelvis. It can be so severe that patients are incapacitated.

It actually reflects a whole host of diverse disorders. In a study to evaluate LBP

medical care, 60 different ICD9-CM (International Classification of Diseases,

9th edition, Clinical Modification) diagnosis codes were found to be used by

physicians to refer to LBP.7,8 Such diversity reflects the complexity of causes

that can lead to LBP, and this diversity makes communication difficult

between researchers, leading to contradictory findings regarding the efficacy of

various modalities of treatments.

3.2.2 Practical Considerations of LBP

3.2.2.1 Two Categories of LBP

From the clinical perspective, it is helpful to separate LBP cases into two

categories. Category one mainly involves soft tissue disorders. Here, we are

dealing with muscular-skeletal stress and the resulting postural imbalances.

These are the majority of clinical cases of LBP.

In the second category, LBP is the byproduct of other pathological issues.

The pain may or may not be very severe. Regardless, priority must be placed

on dealing with the main pathological sources. An example of such a situation

is LBP that occurs when a patient suffers from fever. The pain in the low back

is incidental to the fever, and the treatment should be focused on resolving the

fever. According to the 2010 edition of Current Medical Diagnosis and

Treatment9 (CMDT), such incidents should include ‘‘(1) infection, (2) cancer,

18 Chapter 3
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(3) inflammatory back diseases such as ankylosing spondylitis or (4) pain

referred from abdominal or pelvic processes, such as peptic ulcer or expanding

aortic aneurism.’’

At the same time, for this second category of LBP, concurrent treatments

that aim to reduce the pain can be beneficial to the comfort of the patient. This

would accelerate the recovery.

3.2.2.2 Holistic Approach

On the surface, the issue of LBP appears to be due to lesions of soft tissues,

such as muscles, tendons and associated fascia confined to the low back area.

The focus tends to be directed solely on the low back where the pain is. Such a

narrow view makes treatment unsatisfactory. Invariably, numerous body

components, including the spine, the pelvis, the legs and postural configura-

tion, are deeply involved. As evident from this chapter, a holistic approach is

not only desirable but also indispensable in most cases for a good therapeutic

outcome.

3.2.2.3 Age and Duration Variation

Since muscle elasticity and the body’s metabolic rate decrease with age, LBP

issues will become more frequent and severe with age. However, with age, LBP

is often surpassed by joint pain. This shift is caused by the fact that long-term

LBP together with age-related muscle stiffness exert constant tension on the

joints. Such tension exacerbates the deterioration of cartilage protecting the

joints. Although the chief complaint may shift, the soft tissue issues should be

properly recognized just the same.

With time, postural adaptation due to muscle tension can become semi-

permanent and increase susceptibility to chronic pain. The adaptation

processes also promote disorders such as bone spurs and fibrosis. Whenever

these disorders are present, the treatment is more difficult as the issue is more

than just resolving the soft tissue disorder. Longer term therapy would be

needed. It is often assumed that such adaptation is irreversible. This is not true.

Many people end up seeking surgical intervention. This may not be necessary,

as human bones continue to transform throughout life.

3.3 Introduction to Huang Di Nei Jing

3.3.1 Overview

Huang Di Nei Jing (abbreviated to Nei Jing) is a book written in the format of

conversations between Huang Di (Yellow Emperor) and his court doctors,

mainly Qi Bo, in ancient China. The title is also been translated as Yellow

Emperor Inner Cannon. It is about human physiology and the influence of

environmental factors such as cold, heat, wind and dampness on the health of

Huang Di Nei Jing and the Treatment of Low Back Pain 19
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human beings. It contains pathology theories of human disorders and the

treatment methods for diseases based on acupuncture and moxibustion.

Huang Di was a legendary figure in the 27th century BC. He is considered to be

the common ancestor of the majority of ethnic Chinese.

3.3.2 Historical Perspectives5

It is unlikely that Nei Jing was written in Huang Di’s time. In his time, the

written language was very primitive. Even in the Shang dynasty ,which was

hundreds of years after Huang Di’s era, the written language was still

primitive. The first recorded history of the existence of Nei Jing was in the Han

Dynasty, about 2000 years ago. Upon examining the Nei Jing carefully, it

appears likely to be a collection of medical writings, possibly from multiple

contributors. It is certain that thousands of years were required for the

development of medical knowledge and skills before the Nei Jing was written.

The current edition of Nei Jing was edited and recompiled by Lin Yi and co-

workers in the imperial editorial office of the Song dynasty in 1051 AD. His

edition was based on an earlier edition by Wang Bing of the Tang Dynasty

(762 AD).

3.3.3 The Significance of the Nei Jing

3.3.3.1 Influence

The concepts expressed in the Nei Jing became the source and the ultimate

authority of medical writing until today. It is fair to say that the Nei Jing cast a

great influence over all Chinese medical writing throughout Chinese history. It

provided inspiration for medical practices for over 2000 years.

Although the Nei Jing is regarded as the source of all Traditional Chinese

medical practice, its treatment focus is on acupuncture and moxibustion. In

fact, the Nei Jing regards herbal treatment as the last resort in treating body

disorders.

3.3.3.2 Concept of the Meridians

Central to the Nei Jing is the concept of meridians. Meridians provide the vital

connecting link between various parts of the body, and are regarded as the

transportation and communication superhighways of the human body.

Through this superhighway system, signs of disorders inside the body are

transmitted and registered at some specific points along the meridians. These

points are called acupoints. In return, remedial messages called Qi can be sent

through these points via the superhighways to these disordered sites to correct

the problems. Figure 3.1 illustrates a few selected meridians that have

relevance to low back pain. All meridians are in pairs, bilaterally, except for

the Du meridian.
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3.3.3.3 Qi

QI has a few connotations. In its original context, Qi was used to refer to an

invisible entity that governs proper functioning of any kind of life process.

When a body part stops working, most often it is not related to any physical

lesion. Such a disorder is called a Qi disorder. It can be a weak Qi that

diminishes the ability to function. It may be that this body part stops

performing its regular biological function. This is called Qi stagnation or a

rebellious Qi. Medically, it is referred to as an idiopathic disorder or disorder

of unknown pathological origin. Such disorders are very common. Most LBP

belongs in this category. This is why according to the 2010 edition of CMDT,9

for low back pain ‘‘a precise diagnosis cannot be made in the majority of

cases.’’

Figure 3.1 Selected meridians related to back pain. All are bilateral meridians except
for the Du meridian. Included are four acupoints: GB 34 (Yang Ling
Quan), Lv 7 (Xi Guan), Lv 8 (Qu Quan) and ear point Shen Men.

Huang Di Nei Jing and the Treatment of Low Back Pain 21
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To resolve Qi-related problems, we need to restore the proper Qi. In

acupuncture, needling processes are used to correct this disorderly Qi. The

process of restoring Qi is called ‘‘Dao Qi’’ or moving the proper Qi to the site

of the disorder. When the proper Qi is restored, it is called ‘‘De Qi’’ or Qi

restored. The problem will be corrected as the result.

‘‘De Qi’’ is often confused with ‘‘Qi Gan’’, the sensation of Qi, which is a

soreness, distention or numbness sensation.10 ‘‘Qi Gan’’ accompanies some

needling. Such sensation is produced by the interaction of the needle with

nerve endings. It does not guarantee the production of proper Qi, and it can

even be an improper Qi that is produced.

There is a tendency for people who are not well versed in science to equate Qi

with energy. Scientifically, energy cannot be created. Acupuncture needling does

not create energy. It can create the Qi that stimulates the body to produce energy

through metabolic processes. The confusion arises from the fact that when Qi

disorders are restored, such as in LBP, the patient feels energized. In a situation

where a pinched nerve is involved, a warm sensation is often produced as the

result of the restoration of blood circulation when Qi is restored. It is easy to

associate Qi with energy. In traditional Chinese medicine (TCM), the body

energy comes from food and is called Gu Qi, energy from grain.

3.3.3.4 The Fifteen Meridians

There are 12 paired meridians: six pairs of foot-meridians originate from the

toes and six pairs of hand-meridians originate from the fingers. These

meridians are named after the internal parts, mostly organs, to which they are

connected. On the upper limbs, there are heart (Ht), lung (Lu), small intestine

(SI), large intestine (LI), triple burner (TB) and pericardium (PC) meridians.

Triple burner refers to three segments of the torso; upper, middle and lower.

On the lower limbs, there are gall bladder (GB), urinary bladder (UB),

stomach (St), spleen (Sp), kidney (Kd) and liver (Lv) meridians.

In addition, three singular meridians exist. Two of them originate from the

center of the perineum. One is Du, or the governing meridian, which travels

along the spine, up along the center line of the head and ends below the nostril.

The other, named Ren or conception, travels up the anterior of the body along

the mid line. It ends at the lower lip. The two form a complete circle of the

body. As such, both are important to low back health. The last meridian is

called Dai or belt meridian and circles almost horizontally through the

umbilicus, like a waist belt. This meridian acts like a belt upholding the low

abdominal organs and is thus important in regulating all the organs below the

belt and the low back. Since the Dai meridian shares acupoints with the GB

meridian, this meridian is more of a conception than a utility.

The importance of the meridian system lies in its utility. It serves as a

diagnosis tool for body disorders and it provides access ports for treating such

disorders. These disorders can be in any place in the body. Body disorders are

reflected, through pain sensitivity, to certain spots on the meridian that travels
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through this part of the body. By manipulating such spots, disorders can be

mitigated. The manipulation can be achieved through surface needling, finger

pressure or heating devices. This is a very important physiological property

that is yet to be recognized in medical science. Such points are acupoints. In

Chinese, they are called Xue, meaning caves. The name reflects the properties

of acupoints as the gathering sites of Qi. It also reflects the physical feature,

since they are mostly located at the crevices between the bones and muscles.

3.3.3.5 Five Shu Acupoints

The most important acupoints are located on the limbs. Each hand and foot

meridian possesses five sets of acupoints called the five Shu points. Shu means

transport, reflecting the role as major ports of entry for Qi to travel into the

body interior. These acupoints are located from the elbows or knees to the

extremities.

These acupoints are the most powerful points that should be emphasized in

any application of acupuncture for any disorder throughout the body. They

are the most effective acupoints for LBP.

3.3.3.6 Acupuncture

Acupuncture utilizes sharp, thin, pointed tools. There were nine styles of

needles in ancient China, but modern acupuncturists only use two styles. The

most common are thin stainless-steel needles of various lengths and diameters.

The other style has a three-edged sharp tip for penetrating the skin and letting

out static blood in the veins. In Nei Jing’s era, areas that exhibited static blood

under the skin needed to be lanced.

Figure 3.2 shows the most commonly used needles in clinics, with diameters

from 0.15 up to 0.25 mm. The length used depends on the application; 30 mm

is the most versatile. Needles 12 mm long are good for application to the ears,

hands and feet where the insertion depth is only about 1.5–5 mm. On the ear or

top of the head, the insertion should be slanted, at an angle of no more than

45u with respect to the skin surface.

3.3.3.7 Moxibustion

Moxibustion is a form of heat therapy. Traditionally, it was done through burning

a small bead of dried mugwort wool (Artemisia argyi) on the skin over ginger

cakes or using a burning moxa stick held at a few centimeters above the skin.

In the West, acupuncture implies the process of using fine thin needles to

insert into certain locations of the body to achieve a therapeutic result. In the

Nei Jing, acupuncture and moxibustion are used interchangeably. Except for a

few situations such as over the major arteries or over the skin with a bacterial

infection, one can be used to substitute the other. In fact, moxibustion is

considered to be more versatile and powerful than needling. Therefore, it is
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more appropriate to use the term acumoxa instead of acupuncture unless either

acupuncture or moxibustion is specifically utilized.

Although moxibustion is important, it is not widely practiced in Western
acupuncture clinics for good reasons. One is that traditional moxa sticks produce

heavy smoke, and are not suitable for air-conditioned offices. This problem can

be avoided with smokeless moxa sticks as shown in Figure 3.3. Unfortunately,

Figure 3.2 Acupuncture needles most commonly used, with lengths ranging from 15
to 75 mm, not including the shaft for handing.

Figure 3.3 Application of smokeless moxibustion. It is desirable to rest the wrist or
little finger on the patient to prevent accidental movement from the
location. The ignited head is about 10 to 20 mm from the skin surface.
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most acupuncturists do not know the proper technique for using them. They use

the ‘‘sparrow pecking’’ technique that is designed for smoking moxa sticks,

moving the ignited moxa stick up and down, at a distance, over the target site on

the patient’s body. Rather, the proper way to use a smokeless moxa stick is to

hold the ignited moxa stick steady at about 2 cm above the skin of the patient

until the patient feels too hot. Depending on the severity of the condition, this

could take from tens of seconds to a couple of minutes. It works as effectively as
the smoking type of moxa sticks. It is also much safer to use than the smoking

moxa.

3.4 Treatment of LBP According to the Nei Jing

3.4.1 Overview of Pain in the Nei Jing

Chapter 41 of Volume 1 of the Nei Jing is entitled ‘‘Discussion of Low Back

Pain Needling.’’ It discusses exclusively the acumoxa treatment for LBP. The

content of this chapter is summarized in Table 3.1.

In addition, several other disorders which provoke LBP were discussed in

separate chapters in the Nei Jing, such as in the chapter on ‘‘Needling Malaria.’’

In this situation, LBP is incidental to other disorders. In the treatment, LBP
becomes the secondary issue; one may or may not have to deal with it.

3.4.2 Pain and Qi Stagnation in the Nei Jing

3.4.2.1 Pain and the Nei Jing

Chapter 34 of Ling Shu, which is Volume 2 of the Nei Jing, is important in

understanding the Nei Jing’s thoughts about pain. It is entitled ‘‘Ju Tong Lun’’

or ‘‘Discussion on Pain.’’ In this chapter, Qi stagnation and coldness are

considered the main factors resulting in pain.

3.4.2.2 Qi Stagnation

There are many factors that cause Qi to stagnate, including emotional issues,

lack of blood flow and coldness. Lack of blood flow can lead to either coldness

or heat through vessel constriction or dilation. In either case, pain is produced.

One example of dilation is migraine headache.

3.4.2.3 Coldness

Any tissue or organ that is subject to a cold environment would not function

properly. This is a simple thermodynamic issue, applicable to any animal. The

coldness issue can be caused by old age, anemia, low blood pressure, pain,

blockage of circulation, neurological disorders or simply environmental
factors.
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Table 3.1 Low back pain treatment according to Huang Di Nei Jing.

Meridian Problem area Additional symptoms Treatment/note

Stomach Yang Min
meridian

Unable to look backward,
prone to feel sadness

Bleed St 36 (not
in the autumn)

San Mai near
shin bone

Hot sensation, irritable. As
if a wood block lays
horizontally inside the low
back, incontinence

Needle Sp 8

Gall
Bladder

Cheng Gu
(extra)

Pin and needle on the low back,
difficult to bend forward or
backward, unable to look back

Bleed tip of the fibula
head (not in summer)

Rou Li Mai Coughing causes muscle
tendon spasm

Needle GB 38 (Yang
Fu)

Urinary
Bladder

Abdomen,
flank tense

Low back pain, unable
to bend backward

Needle UB 34 (Xia
Liao) on the opposite
side of pain

Heng Luo Unable to lean forward and
bend backward. Leaning
backward causes falling
sensation. Caused by
heavy lifting injury.

Between UB 37 (Yin
Men) and UB 39 (Wei
Yang) blocked, severe
blood stasis

Jie Mai (part
of the UB
meridian)

Shoulder pain, blurry vision,
incontinence. or Feels like
a tight belt is breaking up the
low back

Bleed the horizontal vein
in the popliteal fossa,
or, Bleed the veins with
pellet-like appearance

Pain along
both sides
of spine

Dizzy, feeling lack of balance.
(Stretched neck, spine and
sacra, swollen back sensation)

Blood letting at UB 40

Yang Wei
Meridian

Swelling at the painful spot
on the back

Needle UB 57, Cheng
Shan

Tai Yang
meridian

Neck, upper, lower back,
sacrum tight, like carrying a
heavy weight.

Bleed UB 40 (not in
spring)

Kidney LBP Along anterior border of spine Needle Kd meridian

Tong Yin
Mai

Sudden bulging appearance on
the back. Pin and needle pain

Needle GB 38 (diversion
connection)

Hui Yin Mai Sweating over the low back,
thirst likes to drink.

Needle Zhi Yang Mai
(UB meridian)

Fei Yang Mai Sad, fearful, swollen back. Needle Kd 9, Zhu Bing

Chang Yang
Mai

Chest pain, back hyper-
extended when severe, blurry
vision, tongue curled up

Needle Kd 7, Fu Liu

Liver Jue Yin
meridian
disorder

Low back tight like a stretched
string. Cluster of bulged
swellings around the spot.
Quiet, foggy brain.

Needle Lv 5, Li Gou
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When our bodies are exposed to cold, a negative feedback mechanism

would likely be initiated to counter the coldness. Numerous mechanisms are

responsive in such negative feedback processes – mechanical, neurological or

chemical processes or a mixture of them. As a result, events such as muscle

twitching or spasm, capillary constriction or localized inflammation and

blood capillary enlargement occur. All of these events cause discomfort and

pain.

3.4.2.4 Heat Therapy

Since coldness in tissues can be helped by warmth, this type of pain can be

helped through application of heat. If not done, it can be a chronic problem

and linger on for ever.

Unlike in Western medicine, inflammation caused by coldness is treated as

‘‘deficient fire’’ in TCM. In treatment, herbs that stimulate the body’s

metabolism, so-called ‘‘yang’’ tonics are used. In acumoxa therapy, moxibus-

tion is preferred to needles. Since infrared radiation can penetrate deep into the

body interior, infrared lamps are highly recommended in such applications.

They are indispensable devices in acupuncture clinics.

A common misconception about using heat in therapy is that heat will be

absorbed and dissipated without any significant physiological effect by

circulation. In a healthy body, this is true. With people who have Qi or blood

stagnation, it is definitely not true. Circulation itself is the problem, and

an external boost is necessary. Without such help, a warm area remains

warm and a cold area remains cold. Leaving it alone is the main cause of

inflammation.

The effectiveness of heating depends largely on the devices. A heating pad is

only good for the surface. A red lamp goes deeper. A popular special kind of

IR lamp called ‘‘Shen Deng,’’ a ‘‘magic’’ lamp that generates longer IR

wavelengths, goes even deeper into tissues.

3.4.3 Key Features of the Nei Jing’s LBP Treatment

3.4.3.1 Distal Needling

As is evident from Figure 3.4, the most distinctive feature in the Nei Jing’s

LPB treatment is the predominant usage of distal acupoints. The only

exception is UB 34, Xia Liao, usage, which is at the fourth sacral foramen. It is

used when LBP occurs together with tightness of the abdomen and flank. The

UB 34 point from the opposite side of the tightness is to be used for this

purpose.

The implication of distal acupoint selection is the use of acupoints from the

limb’s extremities, the so-called five Shu points. As explained earlier, such

acupoints are the most influential points in acupuncture.
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The book of Ling Shu, which is the Volume 2 of the Nei Jing, also contains

treatments for LBP with varieties of associated symptoms: in Chapters 10 and

12, liver (Lv) meridians are used, and in chapter 26, UB and St meridians are

used for hot low back. In Chapter 47, the kidney (Kd) meridian is used to treat

LBP caused by kidney disorders. No acupoints were specified. However, of all

the meridians used, only the UB meridian runs over the low back. To use other

meridians, we have to choose acupoints of the legs or feet. Once again, distal

acupoints are the main choices for LBP.

3.4.3.2 Use of Multiple Meridians

The second feature is that several meridians are utilized: UB, Lv and GB

meridians. The other three foot meridians are used but with less frequency. The

Nei Jing’s prescription is a holistic approach, utilizing all the meridians on the

lower limbs. It would be even better to include the upper limbs.

3.4.3.3 Blood Letting

The third feature is the bleeding of UB 40, Wei Zhong. UB 40s sit at the middle

of the popliteal fossa of both legs. Bleeding is done on the bulging veins when

there is apparent blood stasis around UB 40.

In TCM, blood stagnation is considered a serious problem for health. It is

thought that blood stagnation leads to Qi stagnation. For blood stagnation,

bloodletting is a quick and necessary way of restoring order. Unlike Western-

style blood letting,11 only a very small quantity of blood is let. In certain

applications, such as in reducing fever, only one drop of blood is needed. The

effect on the body is dramatic.

3.5 Modern Day LBP Treatment

After the Nei Jing’s publication, acupuncture practice went through a decline

in China. Among the reasons is Confucian ideology that the body’s integrity,

including the hair and skin, should not be breached out of respect for the

ancestors. Bright people were encouraged to become governmental officers.

Acupuncture was not considered a high-standing profession. Against the

preference of the Nei Jing, medical treatments were mostly replaced by herbal

medicine.

Revival of acupuncture as a modality of healing started in China in the

1950s. College-level textbooks were published. In Table 3.2, the acupoint

selection for LBP is based on one of the standard textbooks on acupuncture.12

Such an approach is common. For instance, a recent study on LBP treatment

adopted this acupoint selection.13 Other studies have some variation but the

approach is basically similar in terms of acupoint selection and local

orientation.
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3.5.1 Features of Modern Acupuncture for LBP Treatment

3.5.1.1 Local Point Selection

As Table 3.2 indicates, a distinct feature in the modern approach is the heavy

use of acupoints located on the low back and on the sacrum where the pain is

most intense. Exceptions are UB 40 and Kd 3 (Tai Xi). Kd 3 is used when pain

is associated with a kidney and the pain feels deep and anterior to the spine. It

is a kidney problem and a rare incidence of LBP.

Hua Tao’s para-spinal points are located on both sides of the spinal column,

close to the lumbar spinal processes. They are also considered local points.

3.5.1.2 Ashi as a Point of Choice

In addition to acupoints on the meridians, the use of Ashi points, which are

located outside of the meridians, is prominent. Originally, an Ashi point was

used to designate a location where, upon palpation, the patient exclaimed ‘‘Ah

Shi’’, that is, ‘‘Oh, Yes!’’ in English. Pressing such a point results in a reduction

of pain. Needling such a point also often results in pain relief. A well-known

physician in the Tang dynasty (618–907 AD), Dr Sun Si Miao, is credited with

this practice. He was also the one who proposed the idea of ‘‘using pain spots

as acupoints.’’ Dr Sun was a very pragmatic physician, and his words should

not be taken literally. The practice of Ashi should not be used indiscriminately.

However, choosing tender points and treating them as acupoints has become a

popular practice in modern times. This practice seems to be encouraged by the

popularity of trigger point release theory.14

Table 3.2 list of acupoint selection by modern text books.

Meridian used Point selection
Used in
all cases Additional problems

Urinary bladder UB 23 (Shen Shu) Yes
UB 25 (Da Chang Shu) Cold dampness
UB 26 (Guan Yuan Shu) Cold dampness
UB 40 (Wei Zhong) Yes
UB 52 (Zhi Shi) Kd Yin deficient

Hua Tuo para-spinal
points

1.5 cm lateral to the lower
border of each spinous
process, from L1 to L5

Kidney Kd 3 (Tai Xi) Kd Yin deficient
Extra Yao Yuan (on the low

back)
Kd Yang deficient

Du Du 3 (Yao Yang Guan) Yes
Du 4 (Ming Men) Deficient Kd Yang
Du 26 (Ren Zhong) Traumatic injury
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With chronic pain conditions, numerous places on the body become painful

to palpation. Needling these spots may or may not relieve the pain. Therefore,

acupoints based on pain does not produce consistent results. Contrary to

popular belief, trigger point theory is difficult to implement effectively in

practice.

The most serious issue with needling painful spots is that it can make the

patient feel worse after treatment. Take fibromyalgia, for example: patients

experience pain all of the time throughout the whole body, including severe

LBP. They most likely are feeling exhausted from such suffering. They are

considered to be deficient from a TCM perspective and should not be needled

aggressively. Minimal needling and careful insertion should be applied. Painful

spots should preferably not be needled at all.

The other situation where painful spots preferably should not be needled at

all involves pain caused by hyperextension of muscles. This is also a deficiency

situation. Moxibustion should be used instead. More on this subject will be

discussed later.

In the last 20 years, there have been numerous published clinical studies

on acupuncture therapies for LBP, and some do incorporate limited distal

acupoints. The emphasis is always on the selection of local points on the

low back. In one study, for the controls, moxibustion was explicitly

excluded.15

3.5.2 Summary of LBP Treatment Comparisons

A comparison of LBP treatment principles is given in Table 3.3.

As can be seen from Figure 3.4, the selection of acupoints is significantly

different between the Nei Jing style and the modern style of acupuncture. It is

clear that the Nei Jing’s style avoids the common pitfalls of the modern Ashi

approach.

Table 3.3 Comparison of LBP treatment principles.

Nei Jing Modern day

Location of acupoints
chosen for LBP

Legs (distal to painful
location)

On the low back

Guiding principle Follow meridians Follow the diagnosis pattern
or Ashi point

Meridian involved Mostly liver, gall bladder,
urinary bladder

Mostly Du (over the spine)
and UB (on low back),
except for UB 40, Wei
Zhong

Differential diagnosis Pain’s impact on body
mobility

Mode of injury, body
condition
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3.6 Scientific Basis of LBP Treatment

3.6.1 Strategies for LBP Treatment

The most crucial issue in treating LBP is the urgency of pain reduction, with the

goal of restoring structural normalcy in the end. To accomplish such results, several

physiological processes have to be understood and taken into consideration.

3.6.2 The Nature of the Pain

The center of the LBP is where pain is sensed. Without pain, the suffering will

disappear. But what is pain? Much research has been done and will continue to be

done on pain. We have learned a lot about pain, but as an entity it remains quite

illusive.Eachnewfindingonlymakespainappearmorecomplicated. It iscertainthat

paininvolvespsychological,neurological,muscular,biochemicalandposturalissues.

3.6.2.1 Neurological

3.6.2.1.1 Nociceptors

Nociceptors are specialized nerve endings that are capable of sensing thermal,

chemical or mechanical stimulations. These receptors remain dormant in

Figure 3.4 Comparison of acupoint selection.
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general. When these receptors are sensitized by chemicals released from tissue

injury or from the inflammation process, they produce electrical signals that

pass on to the brain through neural networks. The sensitizing agents include

such chemicals as prostaglandins, nerve growth factor, hydronium ions and
bradykinin. Traumatic injury and muscle overuse can sensitize the receptors.

The brain interprets the signals it receives. Depending on the status of the

mind, pain sensation can vary.

For chronic low back pain, continued mechanical stress may be responsible

for sustaining the production of sensitizing agents. Therefore, reducing the

mechanical stress should be the focus of therapy.

3.6.2.1.2 Golgi organs

At the termini of muscle spindles are sensors called Golgi organs which keep

track of the tension on the muscles. If muscles are stretched passed the safety

points of Golgi organs, reflective muscle contraction can occur. The role of

Golgi organs in pain has not been studied enough since the stressed and

shortened muscles that result in pain mostly do not exhibit any tissue damage.

3.6.2.1.3 Neurological disorders

Nerves themselves also can cause LBP. The pain is produced by lesions on the

nerve itself. Such an incidence is rare among LBP sufferers and treatment

should be focused on repairing the lesion. Pain relief through soft tissue work

may be beneficial.

3.6.2.2 Musculo-Skeletal Issues

3.6.2.2.1 Muscle tension

Pain causes reflective contraction of muscles. Contracted muscle creates
mechanical tension to the surrounding tissues, increases pressure on the

vascular ducts and decreases blood infusion to the muscle tissues. Muscle

contraction consumes energy. Reduced blood supply and increased energy

usage can initiate local inflammatory processes which cause discomfort. Here,

the muscle as the recipient of the nociceptor reaction becomes the initiator of

pain stimulation. It is clear that a vicious circle can easily be formed.

3.6.2.2.2 Trigger points

Researchers have been studying ways to release involuntary muscle contrac-

tion. Simon and Travell16 spent a lifetime studying this subject, focused on

trigger points (TPs) that center at the mid-lines of muscles. TPs are focal,

discrete and hyper-irritable and are associated with taut muscle bands or

nodules that are painful upon palpation. They found that such points can be
used to release the muscle spasm through injection of anesthetic solution or
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stretching after spraying with coolants. Many physicians still practice such

techniques.6

There are arguments about whether the contraction of muscles constitutes

‘‘spasm.’’ For this chapter, muscle contraction that is not under voluntary

control is referred to as muscle spasm.

TPs are highly correlated with acupoints.17 Properly done, inserting

acupuncture needles (referred to as ‘‘dry needling’’ by medical acupuncturists)

into these TPs can cause the contracted muscle to relax and the associated pain

to subside. Conceptually, such a practice is very similar to the use of Ashi

points in acupuncture. It is so simple that it is easy to understand why it has

become so widespread among acupuncturists.17

3.6.2.2.3 Trigger point release

The mechanism which causes an activated TP to be inactivated, resulting in

relaxation of contracted muscle, is still not clear. There are other ways that are

used to inactivate muscle spasm, including isometric contraction, in which the

contracted muscle is voluntarily contracted against a resistance. Others found

that by compressing the shortened muscles further, the TPs can be released,

resulting in muscle relaxation.18,19 Done properly, all of these can achieve

certain levels of release for the muscle spasm.

Common to all these processes is the proper stimulation to the motor nerve

that is partially responsible for the contraction. In TCM, this is called moving

the stagnated Qi. In contrast to TP injection, no chemical agents are utilized in

these processes. This is possible because no biological damage is involved in

the spasm. This is consistent with Headley’s study,4 which suggests that these

spasming muscles are functionally shut down and electrically silent.

3.6.2.2.4 Hyperextension of muscles

Whenever one voluntary muscle contracts, called an agonist, another muscle

or muscles, called an antagonist, will relax and elongate. Together, they

achieve the intended mechanical action. When the contracted muscle relaxes,

the role reverses. In TCM, this reflects the co-dependence feature of yin

and yang on bodily functions. Both aspects are needed when considering

treatment.

If a muscle is under sustained contraction, the antagonist muscle would

become hyper-extended. The process is called reciprocal inhibition. The

relaxed muscle is not resting as in a normal relaxed state; instead, it is under

constant tension. Such a muscle will be sensitive to palpation. The

combination of overextension at one muscle and persistent shortening at

the opposing muscle may cause the supporting structure to deform. It is

important to realize that the inhibition or hyper-extension does not involve

apparent tissue injury or damage. Again, it is a Qi stagnation issue. Qi has to

be reset.
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3.6.2.2.5 Resetting hyper-extended muscles

Hyper-extended muscles also contain tender spots just like the shortened
muscles. This is easily overlooked by patients and physicians. The patient

would normally not be aware of the existence of these painful spots until

palpated. Such muscles also become weakened with time, facilitating the

continued contraction of the agonist muscles. For the low back, these

weakened muscles include the abdominal muscle group, gluteus medius and

gluteus maximus. The contraction–hyperextension combination facilitates the

distortion of the postural configuration.20 Common distortions with LBP are

an uneven pelvis and/or internal rotation of the pelvis.
From a therapeutic perspective, it is beneficial to strengthen the hyper-

extended muscles. In practice, it is difficult to achieve a good result as long as

the agonist muscle remains contracted. In TCM, the muscle is in a ‘‘deficient’’

state, and needs to be strengthened or ‘‘tonified.’’ If needling is chosen, the

right technique is required such that it is applied slowly and gently. The best

approach is to use moxibustion, as it is intrinsically a strengthening process.

The moxibustion can be applied over the tender spots on these hyper-extended

muscles. Any other therapeutic process that causes pain is counterproductive
as it triggers the pain reflex and negates any potential benefit.

3.6.2.2.6 Pain referral

An active TP produces other noticeable painful spots that are at a distance from the

TP. Such pain is called referred pain. The locations of referred pains are rarely
related to the originating TP through dermatome or peripheral nerve distribution.16

Voluntary muscles work with bones to achieve intended activities. When a

muscle contracts, it shortens and exerts tension on the attached bones. When

the muscle is relaxed through voluntary control, the tension disappears. In the

spasm situation, the muscle stays shortened, resisting voluntary control.

Mechanically, such shortened muscle creates a constant tension at the attached

bones. The tension is transmitted to muscles that are connected to these bones,

some with positive and some with negative tension. The magnitude of tension
can be estimated using Newtonian mechanics. As the result of continued

tension, referred pain develops. When the muscle shortening is severe, the pain

pattern can be very extensive over many parts of the body. The expanded

distribution of referred pain is mostly absent in published studies, yet it is

crucial in understanding and achieving a good result in therapy.

3.6.2.2.7 Propagation of stress

Stressed low back muscles exert tension on their attachments: the pelvis, spinal

column and the ribs. The tension extends further outwards in all directions, and

analysis is somewhat difficult. Numerous muscles in the low back and the pelvis

are present and involved. The muscles are fairly irregular in shape and in

distribution. The tension pattern from the interaction may be too complex to be

delineated precisely.
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However, simplification of the analysis can be achieved. All of the upper leg

muscles are attached to the pelvis. When shortening of a low back muscle is

severe, corresponding upper leg muscles will be stressed through the pelvic

connection. As can be seen from Figure 3.5, such tension will be most apparent

Figure 3.5 Structural support of body weight. Note that the line through the head of
the femur and the center of the knee, called the mechanical axis, is about
3u from the gravitational vertical line. The light shaded spots take on the
most mechanical stress.
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at the muscle insertion sites, the lower medial part of the femur and the upper

part of medial surface of the tibia. Such tension renders the knees prone to

pain problems. These are the positions of acupoints Lv 7, Xi Guan, and Lv 8,

Qu Quan, of the liver (Lv) meridians. The tension can also be transmitted to

the lower legs and all the way down to the feet. Referred pain spots and

therefore the TPs can be found in many places along the meridians of the Lv or

GB. This is one of the reasons for the existence of the meridian theory.

The consequence of stress propagation is significant. Thus, even if the TPs on

the low back are successfully released through intervention, the TPs from pain

referral to the legs and feet also need be treated in order to have a sustained

outcome. On the other hand, if the TPs on the legs and feet are treated, the LBP

will be significantly improved through a chain reaction up the meridians.

3.6.2.2.8 Gravitational stress on the liver meridian

Lv 7 and Lv 8 are unique for LBP. There are many reasons that make these areas

centers of LBP from a mechanical perspective. The configuration of the human

body is intrinsically unstable. Unlike four-legged animals, human babies have to

spend many months learning to use the proper muscles to stand up.

To make standing possible, adductor muscles are used partially as structural

support muscles and are constantly under stress. To minimize this stress, the

neck and the shaft of the femur forms an angle called angle of inclination. This

angle varies among people between 90u and 160u, with an average of 125u. The

balance of the body becomes more challenging mechanically for individuals

with higher deviations from the average, and people with such issues are more

prone to have back or knee problems. The head of the femur bears the total

weight of the main body. Such weight is directed downwards at the greater

trochanter, which makes the neck and the outer edge of the femur below the

greater trochanter take on great mechanical stress (see Figure 3.6). Our bodies

provide many large muscles that attach to the greater trochanter to provide

adequate support.

In an ideal situation, the head of the femur should align vertically with the

center of the knee joint so that the gravitational force will be maximally

supported by the lower leg. The magnitude of muscle stress on the medial side

of the femur will be minimized.

Any deviation from this ideal alignment increases the mechanical stress on

the femur. On the lateral side, the pain will be most intense at the hip or the

lateral side of the knee. This follows the distribution of the GB meridian. On

the medial side, stress will be on the adductors and on the muscles that connect

to the head of the fibula, semitendinosus or semimembranosus muscles. This

distribution follows the Lv meridian. When the stress level becomes significant,

many places along the meridians will be stressed. On the medial side of the

femur, the adductors attach to the femur in a fanned out configuration, so

the stress on the femoral shaft is quite diffuse. Patients may not be aware of the

pain without palpation.
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It should be noted that when the lateral side of the femur becomes shortened

as indicated by lateral knee pain or hip pain, the adductors on the medial side

will necessarily be hyper-extended and become tender upon palpation. Without

dealing with this hyper-extension issue, improvement is hard to achieve.

Because of variations in an individual’s body build, it is not always clear

which femur of the two legs will be affected in LBP. Therefore, in therapy,

both legs may have to be treated simultaneously.

3.6.2.2.9 Dermatome crossing

The tension around the medial side of the knee will likely increase the tension

on the hind side of the calcaneus through the medial head of the gastrocnemius

muscle. This either can cause tension at the underside of the foot causing

plantar fasciitis or it can increase stress at the feet between the second and fifth

toes. GB 41 or GB 42, Di Wu Hui, which are located between the fourth and

fifth toes, will be sensitive to touch. Needling this acupoint will regulate the Qi

along the meridian up to the low back. In TCM, this is the practice of using the

GB meridian to treat Lv meridian disorders.

Application of a meridian pathway helps elucidate the pain distribution beyond

what is predicted from a purely dermatome perspective. The LBP pain is not

restricted to one or two dermatomes; rather, an extensive array of dermatomes are

involved. The pain readily crosses the boundaries of several dermatomes.

3.6.2.2.10 Distribution of low back tension upwards

The tension from LBP on the ribs is normally not as prominent. All the ribs are

tied together through inter-coastal tendons. The effect of tension from the low

back is greatly dissipated. But closer to the spine, the tension is passed on

Figure 3.6 GB meridian and selected acupoints: GB 41, GB 42, Lv 3.
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along the para-spinal muscles up to the upper back, neck and shoulder. Since

these are on the passage way of the triple burner meridian (TB) and the small

intestine meridians (SI), acupoints on these meridians are useful in resolving

LBP that is close to the spinal column.

3.6.2.2.11 Postural adaptation

Adaptation is a multifaceted phenomenon. In this discussion, it refers to

structural alteration that accommodates and mitigates the tension. With short-

term stress, the alteration recovers easily. With long-term stress, postural

adaptation can become semi-permanent. The composition of muscles will also

change, becoming more fibrotic and less elastic. At this stage, pain cannot be

quickly eliminated.

Restoring the proper posture will be required in order to become pain free.

This process may take considerable time and effort as it involves re-

establishing the proper musculature. At this stage, the pain may be only mild,

but since the body configuration is not correct, the mobility of the body is

compromised. Much energy is consumed just to maintain body posture.

3.6.2.2.12 Breaking the interlocked cycle

When a soft tissue lesion in the low back occurs, mechanical stress increases.

The stress propagates outwards, impacting the surrounding skeletal system

and beyond, particularly into the lower limbs.

The situation is depicted in Figure 3.7. The body’s response to the pain

eventually develops and renders the body into the interlocked state with

Figure 3.7 Chronic pain interlock cycle.
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postural imbalance. If healing is left to the body’s own healing process, the

pain will not disappear. In therapy, the optimum result will be obtained if all

three issues are addressed at the same time. Resolving a single issue makes the

result tenuous.

3.6.2.2.13 Reciprocating disorders

Knee pain also causes the surrounding muscles in the upper and lower legs to

become tense. Such tension easily becomes transmitted upwards and causes

tension in the low back. Therefore, LBP is commonly associated with pain at

or around the knees and vice versa.

3.6.2.2.14 Extra benefit of distal acupoint needling

It is well demonstrated that the proper treatment of TPs can result in release of

muscle spasm. It is also well known that such release through either injection

or acupuncture needles does not last for long. In Simon and Travell’s work,16

this observation was attributed to the presence of other TPs. However, the

extent of development of such secondary TPs was not properly recognized in

their work. Aggressive work directly on the TPs can also aggravate the muscle

spasm through pain and irritation, causing great suffering for the patients.

Distal needling does not aggravate the muscle in question and will not cause

further reactive spasming. Furthermore, it works through the chain of stressed

muscles. It provides more extended relief to chains of muscles and tendons

than the direct TP release approach. Hence the result will be longer lasting.

3.6.2.3 Spinal Issues

3.6.2.3.1 Stenosis

Some of LBP cases are related to spinal lesions. Naturally, one-sided LBP will

cause a one-sided tension to the spinal column. When the stress is high, the

spinal column will be significantly bent. This can result in two serious

conditions. The spinal foramen affected will become narrow and squeeze the

nerve passing through, and so-called nerve pinching will occur. This will likely

cause severe LBP with tingling and numbness sensations traveling along the

nerve distribution.

Disc herniation The second issue is that increased tension will increase the

pressure on vertebral discs on one side and at the same time decrease disc

tension on the opposite side. Such uneven pressure on the disc can be

significant enough to result in disc herniation towards the side of less tension.

The disc bulges and squeezes the adjacent nerve. The pain of such pinching will

be on the opposite side of the stressed muscles.

To resolve both issues, first and foremost, the uneven tensions on both

sides of the spinal column have to be eliminated. This can be achieved
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through general LBP treatment as specified in the treatment procedure

session.

3.6.2.3.2 Application of anti-inflammatory agents – NSAIDs, steroids or ice

In a traumatic injury, a classical inflammatory reaction occurs. A chain of

chemical processes takes place, resulting in increased blood circulation and
enhanced tissue perfusion of the injured tissues. The increased blood flow

speeds up the metabolic rate and tissue healing. It also brings along

unproductive consequences through swelling of the tissue. Swelling causes

physical tension, resulting in increased pain which can significantly immobilize

the musculature, hindering the healing process.

Icing A popular practice in dealing with pain issues is icing. Icing is often

claimed to reduce inflammation, but this claim can only be valid for a brief

period. Cold certainly reduces blood flow, which stops inflammation, but it
is not in synchrony with the healing process. The accumulated tissue fluid in

the swollen sites needs be removed through vascular conduits. Icing

causes vascular constriction and inhibits the removal of the accumulated

fluid prolonging the pain. Icing should be used carefully in painful

conditions.

Medications It is also common to use anti-inflammatory medications. To

the extent that an inflammatory process is causing the pain, this approach

can be beneficial. Medications do not provide additional benefit in resolving
the muscle tension. For chronic pain, continued use is complicated by the

side effects. Steroids such as prednisone are very powerful agents, and

conservative application can help some acute LBP cases. Prolonged use

creates extensive degenerative consequences.
On the other hand, application of heat to the painful site is almost always a

good approach. It enhances circulation in addition to relaxing muscle tension.

It effectively provides an anti-inflammatory result. When heating is coupled

with mechanical movement such as stretching, the benefit is greatly enhanced

towards eventual healing. Contrary to popular belief, the combination of heat

plus moving provides the best results in reducing swelling.

Heating can be easily achieved by heating pads or infrared devices which

provide deeper penetrating heat. It is obvious that the warming process has its

limitations. When the pain is extensive, it is difficult to implement effective
warming. Medications may be beneficial in such situations.

3.6.2.4 Emotional

3.6.2.4.1 Brain pain center

Because the brain is actively involved in pain processing, the perception of pain

is subject to the psychological and emotional status of the person. This is why

the placebo effect plays an important role in medicine. There are at least two
aspects to the influences of the brain’s participation, positive and negative.
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Positive emotions elevate the pain threshold and reduce pain perception. This

also reduces the overall tension of the body, which is very beneficial to the

reduction of pain. Pain itself increases tension, as does the daily stress of

modern living.

Modern medicines take advantage of the effects of emotion on pain.

Numerous medicines such as antidepressants are designed to influence a

patient’s mood and thus reduce pain perception.

3.6.2.4.2 Acupuncture for the mind

Many acupoints are known to relax patients. These include Du 20, Bai Hui,

which is at the top of the head, and ear point Shen Men, mind gate as shown in

Figure 3.8. These acupoints help calm the mind in treating pain.

There are other acumoxa points that have strong relaxation effects; these

include LI 4, He Gu, and Lv 3, Tai Chong. These points have strong effects on
promoting endorphin production. Often people attribute the effects of

acupuncture to the production of endorphin but this is an over-simplification.

Suffice it to say, endorphin notwithstanding, improper acupuncture technique

on these points can make a patient’s body tense up and elevate blood pressure.

The result is just the opposite effect of endorphin production.

3.6.3 Summary of Scientific Principles for LBP Treatment

From the above discussions, it should be clear that LBP involves a very
complex set of physiological events. A simplistic approach based on the TP

principle falls well short of being effective. Such an approach cannot be

expected to provide consistent good outcomes. The approach described in the

Nei Jing appears to circumvent these pitfalls and should be seriously

considered in order to improve the clinical efficacy of LBP treatment.

3.7 A Rational Approach to LBP Treatment Based on
the Nei Jing

This may be a surprise to many acupuncturists. In spite of the Nei Jing’s

detailed discussion on LBP treatment, it does not specify the acupoints to be

used. Most of the specific points were suggested by Wang Bing of the Tang

Dynasty, who was credited with the revision of the Nei Jing. The differential
criteria for meridian selection in the Nei Jing are also difficult to follow in the

clinic. To overcome these difficulties and provide specific instructions in the

spirit of the Nei Jing, the guide in this section was devised.

The guide presented below offers steps that are easy to apply. It adheres to

the Nei Jing’s principle of distal needling for LBP. It also expands the concept,

making use of the upper limbs as well. Furthermore, the deficiency issue which

is associated with the treatment of hyper-extended muscles is incorporated into

the guide.
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3.7.1 Mapping the Low Back for Point Selection

This approach involves dividing the low back into several anatomical zones

and selects the acupoints based on which zone the pain is felt in. This simplifies

the selection considerably.

Figure 3.8 Selected acupoints on the hand and head. Also shown are the TB
meridian on the hand and Du meridian on the head. Selected acupoints:
Ear point, Shen Men, Ren 24, Du 20, TB 3, SI 3, LI 4 (He Gu ) and Yao
Tong Xue, an extra- meridian acupoint.
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3.7.2 Treatment Guide for LBP

3.7.2.1 Relax the Patient

First, needle LI 4, He Gu, and Lv 3, Tai Chong. Choose one from each pair.

These points help relax the entire body.

3.7.2.2 Identify the Pain Zone

Instruct the patients to lie on their back and ask them to twist or stretch the

low back gently. This allows the patient to identify the specific location of the

pain. Confirm the diagnosis by palpation of the location. A tense muscle or

taut band can usually be felt. Determine the zone involved.

3.7.2.3 Select Acupoints According to the Zone (See Figure 3.9)

N a. Zone S (for spine), along the spinal column. For pain concentrated in

Zone S, needle acupoints on the Du or Ren meridian. For example, use Du

20, Bai Hui, or Ren 24, Cheng Jiang.

N b. Zone P (para-spine), parallel to the spinal column. For zone P pain,

needle SI 3, Hou Xi, on the same side as the pain. This is the master of the

Du meridian, closely linked to spinal column function.

N c. Zone I, pain on the inner line of the UB meridian on the back, about 3–4

cm from the spinal column. Stress from this zone travels up. Use the TB

meridian to treat it, e.g., Yao Tong Xue, an empirical acupoint for low back

pain.

N d. Zone O (outer UB line), pain on the outer line of the UB meridian on the

back, about 6–7 cm from the spine’s center line. Use GB acupoints on the

feet, such as GB 42, Di Wu Hui.

N e. Zone G (for gluteus) – pain and soreness in the gluteus. Needle GB 34,

Yang Ling Quan.

Figure 3.9 Acupoint selection guide showing an example of point selection according
to the zones.
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N f. Zone L (for liver meridian) – pain along the liver meridian on the leg.

Needle or moxibustion on Lv 7 and Lv 8. Moxa tight and tender areas

above and below these points. These two acupoints are also good for other

cases of LBP.

Once the site of pain has been confirmed, apply needles according to the guide.

Needling the same side as the pain is more important than the opposite side,

but often both sides are needed.

3.7.2.4 Application of the Proposed Guide

Many people, especially females, experience tenderness to palpation around

Lv 7, Xi Guan, and Lv 8, Qu Quan. Many also have tenderness extending

up along the mid-lines of the inner thighs. When this pain is treated,

moxibustion with or without needles is preferred. The muscles at Lv 8 and

the area above it tend to be hyper-extended. Moxibustion is the best choice

for therapy.

The acupoints specified in the guide can be substituted with other acupoints

from the same meridian. Thus, in Zone I, TB 4 or TB 5 can be used instead.

For Zone G, GB 38, Yang Fu, GB 39, Jue Gu, or GB 41, Zu LIN QI, can be

used instead. The effectiveness can vary somewhat.

Zone P, because of its location, is particularly useful for people with spinal

stenosis or disc herniation. It is also very helpful for people who have back

pain after back surgery. For any surgery, moxibustion over the surgical scar is

often crucial for continued success in treatment.

3.7.2.5 Shifting of the Pain Location

Patients often report shifting of pain as the treatment gets under way. This

situation is indicative of a wide distribution of pain on the body. Under such

circumstances, people can only report the most severe pain location initially.

Additional needles have to be applied based on the shifting situation. Often,

therapy involves all of the zones.

3.7.2.6 Supplemental Treatment

In the event the result is not totally satisfactory, one can add UB 40, Wei

Zhong, or explore Ashi locations. Adding heat therapy or electrical

stimulation with acupuncture on the low back may also enhance the result.

One reason for doing this is to address the concerns of certain patients who

believe that the low back must be needled.

In severe situations, the pelvis can be significantly distorted. This is called tilt

pelvis. The Dai meridian may be involved. Palpate GB 28 for tensed muscle.

Apply acupuncture or moxibustion on this acupoint if painful.
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3.7.2.7 Dao Qi, Moving Qi

Generating and moving proper Qi to the target site is a delicate skill that has to

be harnessed. This is especially critical in distal point acupuncture. The

effectiveness of therapy depends on it. Often the therapy is not satisfactory, not

because of the point selection, but rather it fails due to insufficient Qi

movement.

Once a needle has been inserted, there are many different ways to

manipulate the needle to assure that proper Qi is obtained. These include

tapping or scraping the needle handle, lifting and reinserting the needle and

warming the needle. In a difficult case, multiple needles may be required to

enhance Qi. These are the standard techniques learned from acupuncture

education.

3.7.2.8 Advanced Technique: Combination of Needling with

Stretching

After needles have been inserted in selected locations on the feet, hands or legs,

the patient is instructed to stretch the low back in a way that would have

provoked pain prior to the needle insertion. Manipulate the needles more if not

enough Qi is obtained. With correct diagnosis, the patient will instantly

experience an increase in the range of motion and a reduction of pain and

stiffness with each stretching.

This technique provides the feedback of ‘‘De Qi’’, obtaining Qi, for the

acupuncturist. Although there are many known signs and signals that indicate

the possibility of ‘‘De Qi,’’ none is reliable. By watching the patient’s

stretching, whether or not proper Qi has been obtained can clearly be gauged.

Adjustments can be made accordingly.

Intrinsic to this process is stretching the stressed muscles, a very crucial step

in muscle rehabilitation. Most importantly, the stretching is accomplished

without provoking pain and causing backlash. The result is therefore much

more pronounced in comparison with the forced stretching implemented in

physical rehabilitation protocols.

3.8 Conclusion

LBP is a medical issue that costs society enormously in terms of suffering,

money and quality of life. It is a major contributor to immobility in the elderly

through its influence on the knees. Current medical practices have yet to

provide a satisfactory way of handling this issue.

The ineffectiveness of treating LBP is due to the narrow focus of treatment.

To improve the efficacy, the treatment should include other parts of the body,

especially the legs and the feet. Such an emphasis was clearly exemplified in

Huang Di Nei Jing.
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One of the most thorough clinical studies on the effectiveness of acupuncture

for LBP to date was conducted in Germany.17 Acupuncture was clearly shown
to be much more effective than the combination of medicine and physical

therapy. The study also discovered a puzzling conclusion, that sham

acupuncture performed better than ‘‘traditional’’ acupuncture. This challenges

the validity of current acupuncture education.

As argued in this chapter, the modern approach of ‘‘traditional’’

acupuncture to LBP is flawed. It is not the acupuncture approach promulgated
in the Nei Jing. Instead, the modern practice is in danger of becoming a

modified TP therapy. The text books used in educational institutions further

enforce such practices. This approach cannot be expected to fulfill high

expectations. As the result, a seasoned acupuncturist has to develop his or her

own style of ‘‘real-world acupuncture’’ to achieve better results. This sentiment

is reflected in a recent article.21 This situation is not acceptable.

A systematic guide is presented in this chapter to remedy this status. It is
simple to implement. It is based on principles laid out in the Nei Jing with

some expansion. The logic behind the approach is explained in terms of human

physiology and science. The discussion can also be applied to the treatment of

other disorders. The effectiveness for LBP treatment has been borne out in

clinics. Hopefully, future studies on the efficacy of acupuncture in treating

LBP will not repeat the same mistakes.
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CHAPTER 4

Understanding Ch’i: The Life-
Force Energy that Determines
Vitality, Health and Wellbeing

MARCIA R. BABCOCK

Anatomy and Cell Biology; MBA; T’ai Chi Ch’uan Instructor, Reiki Master

Teacher, Longmont Recreaction Center, Longmont CO 80501, USA

E-mail: marcia@bodyenergetic.com

4.1 The Origin of the Universe: the Cosmology of Ch’i
and Its Manifest Forms as Yin and Yang

In man’s attempt to understand the universe and his place in it, he

hypothesized that the origins of all there is came from a great formless void,

the Wuji. This great formless void is ch’i1 in a dispersed state. Ch’i is the

undifferentiated material from which all things are made. According to legend,

in the beginning there was no thing, no movement; this formless silence is

called the Wuji. Then, movement occurred and in the same way that the Big

Bang gave rise to the fundamental particles of the Universe in a huge

expansion of matter and anti-matter, light and sound, the Wuji gave rise to two

fundamental states of Being, the states the Chinese call yin and yang. The yin

and yang are complementary opposites that form a whole. These states create

light and darkness, soft and hard, Earth and the Heavens, female and male.

From the Wuji, the yin and yang came into Being and hence all manifest reality

was created. If all things of the Universe are made from the same ch’i or life
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force, then all physical aspects of the Universe are one great body.2,3 Hence

ch’i forms the basis for the philosophical statement ‘‘We are all One.’’

My T’ai Chi Ch’uan teacher, Xu, Tingsen, explained Chinese cosmology to

me using the analogy of two fish. This is represented in the Chinese yin/yang

symbol or Taijitu that looks like a white fish with a black eye circling a black

fish with a white eye. In the beginning, there was no thing, that is a blank

circle. The creation of complementary aspects of ch’i as yin and yang is

expressed as a symbol of the two fish, a white fish and a black fish. Within each

fish developed an eye of the opposite color. Each eye symbolizes that each

aspect is transforming into the other, yin is always becoming yang and yang is

always becoming yin. In eternity, the white fish with a black eye and the black

fish with the white eye swim around each other and movement is actually the

eternal transformation of one into the other.4 Examples of yin and yang are

given in Table 4.1.

It is believed that this energy flows in a balanced manner in healthy bodies,

and in disease states the flow is disrupted or stagnant. This life force can be

cultivated through righteous thinking and action.5

In practical terms, this means that life force or vital energy can be enhanced

through physical, mental and emotional training. These concepts form the

basis of several techniques to develop, maintain or restore health and wellbeing

with healthy ch’i flow. These techniques include traditional Chinese medicine

(TCM) methods of acupuncture, herbology and massage (Tui na), movement

forms that include Chi Kung, internal martial arts such at T’ai Chi Ch’uan,

external martial arts such as Gung Fu and mirroring the harmony of ch’i in the

Universe through the placement of objects in one’s environment as described

in the geomancy practices of I Ching and Feng Shui.

Although these are widespread practices in the East and gaining prominence

in the West, there is distrust in conventional Western society of these concepts

owing to the lack of scientific evidence to support their use. Despite this fact,

Table 4.1 Examples of yin and yang.

Examples of yin Examples of yang

Slow Fast
Soft Hard
Yielding Solid
Diffuse Focused
Cold Hot
Wet Dry
Passive Aggressive
Water Fire
Earth Sky
Moon Sun
Feminine Masculine
Night Day
Broken line (I Ching) Solid line (I Ching)
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these practices have proven invaluable as tools to promote healing and

wellbeing for millions of people. Maybe the lack of scientific evidence is a

reflection of the lack of appropriate tools of measurement for the

phenomenon. Evidence comes not from the direct measurement of ch’i, it

comes from observing the effects of ch’i building or restoring practices.

4.2 Ch’i as Life Force Is Described in Many Cultures

This life force is believed to permeate all matter and the flow of this energy

creates a combination of matter and energy that we recognize as manifested

reality in what would be conventionally called ‘‘inert’’ as well as ‘‘living’’

matter. Ch’i is present in the Five Elements or Phases of Earth, Air, Fire,

Water and Ether that make up all manifested reality.4,6

The concept of ch’i is present in some way in many Earth cultures. It would

be easy to say that these were primitive peoples trying to understand the nature

of reality; however, its pervasive extent suggests that a universal phenomenon

was present and observed. Each culture has a healing system based on

something like ch’i and many have components that incorporate treatment,

exercise movement, diet and lifestyle (Table 4.2).

4.3 Perceiving and Measuring Ch’i

If ch’i is the Vital Energy of the Universe, how would it be measured? In

general, the perception of ch’i is subjective, as a sensation most often described

as heat or cold or vibration that is felt most easily in the palms of the hands.

The ability to perceive ch’i is a skill that can be learned and cultivated. This

cultivation is the basis of a variety of health-building modalities such as T’ai

Table 4.2 Universal healing systems based on ch’i.

Country/culture Energy concept Healing modality

Japan Ki Reiki7–9

India/Vedic Prana Ayurveda, Marma Point therapy10,11

Ancient Egyptians Ka Ka Shen Sekhem12

Ancient Greeks Pneuma Greek or Ionian medicine, similar to
Ayruveda and Chinese medicine13

Native Americans Great spirit Dance, Sweat Lodges, Shamanism14

Africa Ashe Akan, Yoruba15

Hawaii Ha Huna16

China Ch’i T’ai Chi Ch’uan, Ch’i Kung, acupuncture,
herbology4,6

Tibetan Buddhism Lung Gso-wa Rig-pa17

Western philosophy Vital energy Subtle energy and vibrational therapies18,19
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Chi Ch’uan and Ch’i-kung. For practitioners of acupuncture, skill is developed

in reading the ‘‘pulses’’ of the body and the appearance of the tongue,4,6 very

similar to Ayurvedic practitioners’ reliance on these methods for diagnosis.10,11

Owing to the inability to develop an objective method comparable to Western

formats for measuring ch’i, conventional medicine has been unable to reconcile

the benefits of ch’i-building modalities with conventional methods of medical

treatment. It is possible, however, to document the effects of these alternative

healing systems on a variety of well-known parameters such as blood pressure,

blood flow, physical strength, agility and balance. Research efforts are ongoing

to compare and contrast conventional Western medicine with TCM.

4.4 Historical Measurement of Vital Energy Using
Scientific Methods

That being said, others have used a variety of techniques to measure the vital

energy of plants, animals and the human body. These techniques are a

marriage of technology and heuristic methods. These may be useful here in

that the results reflect the basic theories of yin and yang found in Chinese

culture.

Vital18 energy was described in Western literature as early as 500 BC by

Pythagoreans as a luminous body that could be perceived and could be

cultivated for various uses including healing from disease. Early twelfth

century scholars saw that humans have the ability to affect each other

positively or negatively through an interaction with an energy field. Paracelsus

recognized this force in the Middle Ages. Helmont in the 1800s visualized a

vital energy that pervades all Nature.18 A biological electromagnetic or ‘‘odic

field’’ was studied by Von Reichenbach in the mid-1800s.20 The properties of

this field were both particulate and wave-like. His studies in the human body

discerned a polarity along the major axes of the body, with the left side the

negative pole and the right side the positive pole. These terms reflect the yin

and yang described by the Chinese almost 2000 years earlier.

4.5 Modern Western Doctors Interested in the Energy
Field Surrounding Human Beings

Throughout the twentieth century, doctors from a variety of disciplines have

created devices to measure the energy field of the human body.18 In 1911, Dr.

William Kilner used colored filters to detect three distinct zones that he called

the aura.21 In 1948, Dr. Wilhelm Reich used various electronic and medical

instruments including microscopy to detect ‘‘orgone’’ energy flows in living

organisms. In the 1950s, Dr. George De La Warr and Dr. Ruth Drown built

instruments to detect energy radiating from living tissues. In the resulting

photographs, tumors could be distinguished from the surrounding healthy

tissue.22
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Objective measurement of the frequency, amplitude and latency of human

energy field transmissions was determined by Dr Valerie Hunt, a researcher at

UCLA. She initially used electromyographic (EMG) recording electrodes to

measure skilled and pathological muscular activity. She found that during

movement with an associated state of altered consciousness, subjects displayed

unusual EMG recordings. Later, using ordinary bipolar surface electrodes on

the skin, she detected increased energy flows in response to alternative healing

techniques. Further studies showed that mathematical analysis of these and

similar experiments showed consistent wave forms and frequencies that

corresponded with subjective reports of increased muscular performance and

‘‘energy flow.’’ Dr Hunt learned that areas corresponding to Vedic Chakras

experienced the greatest changes in measured frequency, amplitude and

latency.18,23

A study in 2008 used functional magnetic resonance imaging (fMRI)

and positron emission tomography (PET) to investigate pain relief due to

acupuncture. The results showed acupuncture-related changes in the regions of

the brain governing sensory and affective aspects of pain perception. This

study provided some evidence of the neural mechanisms of acupuncture.24

4.6 Comparison of TCM and Ayurveda

The TCM system has many similarities to the Indian Vedic system of

Ayurveda. Both systems recognize subtle energy bodies of the human bodies.

Both systems employ herbs, energy movement, massage and physical move-

ment to bring balance to energy flows and enhance health, vitality and

personal growth through the cultivation of ch’i (TCM, Chinese) or Prana

(Ayurveda, Vedic or Indian)11,25 (Table 4.3).

4.7 Cultivation of Ch’i: Improving the Quality and
Strength of Ch’i Flows

Flow of ch’i can be directed either through movement practices or through

interventions such as acupuncture, moxibustion, herbal medicines or massage.

Table 4.3 Comparison of TCM and Ayurveda.

System Chinese Indian

Exercise Martial arts, including Tai
Ch’i and Ch’i-kung

Yoga

Energy organization Meridians and acupuncture
points

Nadis and Marma points

Diagnosis method Pulses taken at the wrist,
observation of the tongue

Pulses taken at the wrist,
observation of the tongue
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Movement practices that focus on the correct and efficient execution of

movements are a matter of purposeful intention during the action. Purposeful

movement charges the practitioner with improved ch’i flow during the action.

Repetition of the movements creates a personal practice wherein the

cultivation of ch’i is achieved. This cultivation can be witnessed over time as

increased health, wellbeing, recovery from disease, increased immune function,

lower heart rate, achieving optimal body weight, improved mood, increased

concentration and improved cognitive abilities.26 So although ch’i itself is not

measured directly in this case, the effects and positive benefits have been widely

documented in both the West and East.

4.8 Energy Healing Practices Across the World

The concept of ch’i is pervasive across the globe and likewise so are healing

practices that take advantage of the ability to manipulate ch’i flows as

described in Table 4.4.

4.9 Chinese Practices to Balance and Facilitate Ch’i
Flow

4.9.1 Traditional Chinese Medicine

TCM is a broad range of medicine practices sharing common theoretical

concepts which were developed in China and are based on a tradition of more

than 2000 years, including various forms of acupuncture, herbal medicine,

massage (Tui na), exercise/movement and dietary therapy.

The doctrines of Chinese medicine are rooted in books such as the Yellow

Emperor’s Inner Canon and the Treatise on Cold Damage, and also in

cosmological theories such as yin and yang and the five elements or five phases.

Starting in the 1950s, these precepts were modernized in the People’s Republic

of China so as to integrate many anatomical and pathological aspects of

scientific medicine. However, many of its precepts, including the model of the

body or the concept of disease, are not supported by Western medicine.

TCM’s view of the body places little emphasis on anatomical structures, and

is mainly concerned with the identification of functional entities which regulate

Table 4.4 Energy healing practices.

Method Modality Origin

Acupuncture Needles Chinese
Reiki Touch or at a distance Japanese
Marma point therapy Touch Ayurvedic/Indian
Healing touch Touch American
Yuen technique Body as a biocomputer Shaolin/Chinese27
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digestion, breathing, aging, etc. While health is perceived as the harmonious

interaction of these entities and the outside world, disease is interpreted as a

disharmony in interaction. TCM diagnosis consists in tracing symptoms of the

basic disharmonies of the body through patient reporting, reading the pulse

and inspecting the tongue.6,28

This said, a number of clinical trials have been performed that revealed

acupuncture to be efficacious in inducing analgesia, protecting the body

against infection and regulating various physiological functions. In the case of

analgesia, acupuncture has been shown to be as efficacious as morphine in

some cases. Acupuncture is a leading long-term treatment due to its lack of

side effects such as dependency that is evidenced with leading pharmaceutical

agents.29,30

4.9.2 What Can Happen to the Ch’i?

Ch’i can be in excess or deficient. Excess ch’i occurs when flow is blocked so

that the flow is stagnant. Treatment is based on dispersing the blockage so that

the ch’i flow is re-established and ch’i can flow in a balanced manner in a

meridian.

Ch’i can be deficient, and one can squander or lose ch’i through one of the

excesses such as emotions, sex/reproductive activity, exercise/taxation of the

body or severe illness. Treatment is to engender or increase ch’i through herbs,

meditation or energetic practices such as Ch’i Kung. Ch’i can also become

deficient through blockage of ch’i that causes downstream deficiency at

another location within the body. The treatment practice is to disperse the

blockage as described above.4,6,28

4.9.3 TCM: Acupuncture and Moxibustion

Acupuncture is a type of TCM that involves the insertion of needles into the

skin, subcutaneous tissue and muscles at specific acupuncture points to

facilitate the proper balance of ch’i and ch’i flow through channels called

meridians. Although Western methods have not identified anatomical or

physiological correlates for ch’i meridians and acupuncture points, Western

research methods have found that acupuncture is effective for relief from pain

and nausea. When administered by well-trained practitioners using sterile

needles, acupuncture has a very low risk of serious adverse effects.

Acupuncture is often performed in concert with moxibustion, a treatment

that involves burning mugwort on or near the skin of an acupuncture

point.4,6,28

4.9.4 TCM: Herbal Medicine

Herbs have yin and yang natures that affect ch’i. Herbs are chosen for a

decoction/prescription according to their yin and yang properties. For
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example, the most commonly used herb is RenShen (ginseng, Panax ginseng).

It is the strongest herb for engendering ch’i, and is considered the ch’i tonifier.6

In TCM, there are roughly 13,000 medicinals used and over 100,000

medicinal recipes recorded. Plant, animal and mineral elements and extracts

are used. A prescription typically contains a decoction of 9–18 substances.

4.9.5 TCM: Massage (Tui Na)

Tui na is a form of massage similar to acupressure. Oriental massage is

typically administered with the patient fully clothed, without the application of

grease or oils. The massage involves thumb presses, rubbing, percussion and
stretches. The movements tonify, engender and increase ch’i in an area or

disperse stagnant ch’i out of an area where it has been blocked.6

4.10 Movement/Exercise

The use of ch’i to generate power is cultivated in the internal martial arts (neija

gong). The three main martial arts of the Wudang school are T’ai Chi Ch’uan,

Hsing I and Pa Kua Chang. These arts include realistic and sublime fighting

skills that are developed through the application of proper body mechanics

and the infusion of internal ch’i through the linking of body, mind, emotions

and spirit. To advance truly, assiduous practice leads the practitioner to sense

ch’i moving through the body as a physical sensation akin to biofeedback.

Once this level of sensitivity has been attained, the practitioner advances from
a state of learning how to move correctly, breathe correctly and stand correctly

to a state of directly sensing energetic ch’i flow allowing immediate and

accurate self-correction. The practitioner can now ‘‘feel’’ whether the moves

are being executed with the greatest efficiency and total body balance. This

allows the practitioner to move to an advanced state of martial arts

practice.31,32 The following classical T’ai Chi expression sums this up: ‘‘Four

ounces defeat a thousand pounds.’’

4.10.1 T’ai Chi Ch’uan

T’ai Chi Ch’uan employs the Grand Terminus, a subtle system of Chinese
philosophy. When the Grand Terminus acts, it forms yang. When activity

reaches the extreme point, it becomes inactivity and forms yin. Extreme

inactivity returns to become activity. Thus, there is always movement from

yang to yin and from yin to yang in all matters of the Universe.

In the practice of T’ai Chi Ch’uan, one of the essential points is

distinguishing full and empty. Fullness is weight bearing, empty is without

weight on the limb. During the form set, the practitioner is always moving,

from full to empty and from empty to full. Like the Grand Terminus, there is

never a time when the full and empty are completely separated or equally
balanced because this would stop the movement of the Grand Terminus.
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Fullness contains emptiness and emptiness contains fullness. This is expressed

as continuous movement in the practice of T’ai Chi Ch’uan.

As a practice, T’ai Chi Ch’uan is an ancient Chinese martial art that

combines fluid movements of the upper and lower body to produce a subtle

and powerful full-body exercise. The movements are uninterrupted like a

flowing stream. They are performed by the coordination of the hands, eyes,

trunk and limbs with the legs as a base and the waist as an axis. Each part of

the body is in constant motion and the mind is tranquil and alert. Most

common styles are Yang Styles that are derived from Chen Style, Sun Style

and Wu/Hao Style. T’ai Chi specialties include Push Hands and Weaponry

(Staff, Sword and Saber).33–37

Regular practice of T’ai Chi Ch’uan enables one to develop coordination,

strength and flexibility, reduce stress and promote inner strength. T’ai Chi

Ch’uan has proven effects on pulmonary function, cardiovascular health

(especially blood pressure) and balance. It was the first Chinese self-healing art

to appear in the Journal of the American Medical Association and other peer-

reviewed journals.26,38

4.10.2 Pa Kua Chang

Pa Kua Chang trains the body and hands (Chang) to move in circular patterns

(Pa Kua). It is generally considered the most mysterious of the inner martial

arts. The founder of Pa Kua Chang was nursed back to health by Taoist priests

who taught him their healing and martial art. Pa Kua Chang is a superb art for

cultivating flexibility and rooted strength. When applied to self-defense, the Pa

Kua boxer imagines that the attacker is the center of his or her circle. The

boxer whirls around the attacker with a combination of ingenious locks,

throws and strikes. Pa Kua Chang literally means ‘‘eight trigram palm’’

referring to the trigrams of the I Ching, one of the canons of Taoism.31,32

4.10.3 Hsing I

Hsing I (Body Mind Boxing) is based on five linear strikes, each related to one

of the Five Elements of Chinese philosophy:

N Splitting moves like an ax chopping wood (Metal Element) and benefits the

lungs.

N Crushing darts out like a wooden arrow (Wood Element) and benefits the

liver.

N Drilling coils like a meandering stream (Water Element) and stimulates the

kidneys.

N Pounding explodes like a canon ball (Fire Element) and is related to the

heart.

N Crossing trains diagonal footwork (Earth Element) and benefits the spleen.
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There are 12 Animal Movements: Dragon, Tiger, Monkey, Chicken,

Sparrow, Hawk, Lizard, Horse, Phoenix, Snake, Eagle and Bear.

As a martial art, Hsing I Ch’uan is the opposite of and complement to T’ai

Chi Ch’uan and Pa Kua Ch’uan. The practitioner never retreats. He or she

drills into the opponent, defending and counterattacking at the same time.31,32

4.11 Ch’i Kung

Ch’i Kung is a practice involving coordinated breathing, movement and

awareness, traditionally viewed as a practice to cultivate and balance ch’i. With

roots in traditional Chinese medicine, philosophy and martial arts, Ch’i Kung

is now practiced worldwide for exercise, healing, meditation and training for

martial arts. Typically, a Ch’i Kung practice involves rhythmic breathing

coordinated with slow stylized movement, a calm mindful state and visualiza-

tion of guiding ch’i as well as external ch’i healing.32,39

4.12 Geomancy

4.12.1 Geomancy: The application of ch’i to divination

The I Ching, or The Book of Changes, is an attempt to use balance of yin and

yang energies of the Universe to answer questions of mundane and moral

context. Thus, the I Ching is a method for asking for inspiration from the

universal energies of creation to guide man in his quest for understanding and

growth through the resolution of human life experience.

In the I Ching, yin and yang are depicted with broken (yin) or solid (yang)

lines. The lines are arranged in columns of six trigrams called a hexagram.

Each trigram is derived by choosing yarrow stalks or throwing three bronze

Chinese coins to determine the combination of yin and yang aspects of each

trigram. The yin side of the coin is valued 2 and the yang side of the coin is

valued 3. Thus, each trigram contains a series of three yin or yang components,

so that three coins all showing broken lines would be an ‘‘old’’ yin trigram and

three coins showing all solid lines would be an ‘‘old’’ yang trigram. A trigram

with two yang components and one yin component would yield a young yin

line and value 8. The hexagram is built from the bottom up. The hexagram is

interpreted as a whole and each line is interpreted according to its proper

placement and whether it lends strength or weakness to the hexagram. There

are 64 possible hexagrams.

Value of the trigramsLines

Old Yin 2 + 2 + 2 5 6 _____ _____

Young Yang 2 + 2 + 3 5 7 ___________

Young Yin 3 + 3 + 2 5 8 _____ _____

Old Yang 3 + 3 + 3 5 9 ___________

Understanding Ch’i 57

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

00
48

View Online

http://dx.doi.org/10.1039/9781849737852-00048


A hexagram composed of the numbers 7, 9, 6, 8, 8, 8 would be interpreted

as trigram 19. Lin/The Approach and the ‘‘age’’ of each line of the hexagram

would give more detail about the situation in question. This trigram would be

depicted as follows:

Young Yin 3 + 3 + 2 5 8 _____ _____

Young Yin 3 + 3 + 2 5 8 _____ _____

Young Yin 3 + 3 + 2 5 8 _____ _____

Old Yang 3 + 3 + 3 5 9 ___________

Young Yang 2 + 2 + 3 5 7 ___________

The meaning of this trigram is ‘‘becoming great’’ and this is a function of the

two strong lines that are coming up from below and the light-giving power of

the upper lines allows these strong lines to expand.40

4.12.2 Geomancy: Feng Shui

Originally, Feng Shui was used to orient objects in space in an energetically

auspicious orientation based on calculating the balance of ch’i, the interactions
between the five elements, yin and yang and other factors. The location of each

item in a space affects the flow of ch’i by slowing, redirecting or accelerating

ch’i. The flow of ch’i is believed to affect the health, wealth, energy level, luck

and many other aspects of the occupants of the space. Following the close of

the Cultural Revolution, Feng Shui has increased in popularity among

Easterners and Westerners alike. The ch’i of a building would reflect the

orientation of the building, its age, its interaction with its environment such as

placement in relation to hills, water, roads and vegetation. Modern Feng Shui
has developed principles allowing the practitioner to determine the most

energetically favorable locations for the locations of rooms and objects within

a house, office or any building of a specific function. Each room has a

designated function according its location in a building, and each room is

benefited by certain colors, objects and functions. Inauspicious placements can

be mitigated through the addition of specific tools such as a mirror.41–43

Wikipedia has several write ups that are helpful in this regard.44
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5.1 Introduction

Traditional Chinese medicine (TCM) and the practice of TCM are separate but

often confused subjects. TCM practice focuses on yin-yang and involves

concepts such as wuxing, qi xue and jing luo. TCM, on the other hand, refers to

pharmaceuticals documented in ancient Chinese texts such as ShenNong’s

Herbal and The Compendium of Materia Medica. The pharmacological effects

of TCM are categorized under terms corresponding to those used by TCM

practitioners to identify patterns (i.e., the outward expression of physical

imbalance brought on by illness, environment and individual physical
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conditions). Based on the identified patterns, TCM formulas are combined

from multiple TCMs with different pharmacological effects to maximize

effectiveness in restoring bodily balance. Many instances of recovery by TCM

have been reported although evidence-based validation remains elusive. The

ancient history of TCM combined with its seclusion in Asia due to language

barriers has long shrouded TCM and TCM practice in a mysterious light.

Here, we discuss the integration of computational and systems biology

methods to provide a scientific basis for the workings of TCM and how it

might serve as a possible step forward for personalized medicine.

5.2 Modernizing Traditional Chinese Medicine for a
Global Stage

TCM, with its ancient history, is a rich accumulation of experiences in

administrating minerals, small molecular organic compounds and biomacro-

molecules with therapeutic effects.1 Although similarly rooted in observation-

based substance usages, evidence-based scientific methods later emerged as the

golden rule of Western medicine. TCM and its related philosophies were viewed

as folk remedies. Owing to the recent focus shift in medical practice from disease

treatment to a more holistic treatment approach,2 the resourcefulness of TCM is

gradually gaining attention due to its ‘‘natural’’ nature and its ability to treat the

bodily ‘‘system’’ as a whole.3 However, before the medical potential of TCM can

be tapped into, TCM must be modernized in order to create a common platform

to facilitate information exchange with mainstream Western medical knowledge.

TCM modernization is an extensive systematic task ranging from the

identification of active ingredients to elucidating underlying rules of complex

TCM formulas and investigating pharmacodynamic mechanisms using

modern scientific concepts and technologies. Yin et al.4 summarized an

interesting four-tiered research approach which highlights the need for

integrating active component studies with pharmacological studies, elucidating

active component(s) of TCM, encompassing active compounds, effective parts

and medicinal material or TCM formulas in TCM research and investigation

of medicinal mechanisms at the molecular, cell, organism and whole host

levels. It is clear that such modernization will require the integration of

multiple disciplines and extensive work to cover the great deal of experience-

based TCM recordings accumulated over the years. With the increasing

demand for natural medicine,5 much progress in TCM research has been

made. Most notably, various active compounds from TCM have been

identified, with anticancer, antioxidant, antibacterial, antiflu and neuropro-

tective properties, to name just a few.6–15 In addition, several attempts to

elucidate the pharmacokinetic mechanisms of TCM formulas have been

successfully reported.16–18 Lukman et al.19 also reported interesting attempts at

modernizing TCM and TCM formulas.
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5.3 TCM in Drug Discovery: Application from the
Molecular Level

With the explosion of scientific advances in the 1990s, particularly in the fields

of sequencing and protein structure analysis, there was an evolution from

conventional trial-and-error to rational drug design. Rational drug design

refers to the rational design of receptor-specific drug compounds with

interdisciplinary incorporation of biochemistry, enzymology, molecular
biology, genetics, bioinformatics and computational biology. The concept of

rational drug design revolutionized modern drug development, with computer-

aided drug design (CADD) techniques playing a crucial role in this

advancement. A comprehensive review on CADD can be found else-

where.20–21

The ‘‘lock-and key’’ theory is the dominant drug development paradigm

adopted in the pharmaceutical industry in past decades. The introduction of

computer simulation techniques in CADD allowed the in silico modeling of
ligand docking to the receptor of interest. Major developments in CADD now

utilize dynamic ligand–receptor binding models that consider the plasticity of

both ligands and proteins and allow flexible docking under various solutions.

Within this drug development paradigm, the expansive TCM resources present

an extensive database of chemical compounds that might be exploited for

bottom-up drug discovery. The affinity of TCM compounds with a specified

target protein may be calculated in silico and can greatly reduce the time and

labor associated with biological ‘‘wet’’ experiments. Parallel to candidate
identification using affinity or structural compatibility, ligand-based bioactiv-

ity prediction models may be constructed on compounds of unknown

bioactivity through the quantitative structure–activity relationship analysis

of compounds known to affect the selected protein target. Potential drug leads

from TCM for cancer, hypertension, influenza, weight control, stroke, etc.

have been identified through these procedures.22–37

5.4 Futuristic Drug Discovery: The Top-Down and
Bottom-Up Systematic View

Although the single drug–single protein theory has served medical research

well in the past, increasing evidence now reveals that such a reductionist

approach is overly simplified.38 Support for this is seen in the multiplex of
genetic and epigenetic factors involved in complex multifactorial diseases. For

example, mutations of at least 189 genes have been associated with human

breast and colorectal cancer,39 and the actual number may possibly be higher

since non-coding regulatory regions of coding genes may also contribute.40

This multitude of factors involved in a single disease is the perfect illustration

of the intricacies and protective mechanisms of biological systems.

Redundancy, in which different proteins have similar functions, is a critical

protection mechanism against shutdown of the entire system by a single factor.
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This inherent mechanism, although important for maintaining proper

biological functions, makes the control of an illness by targeting a single

target protein a challenging process.

Better understanding of human physiological inner workings and disease

networks has pushed for a re-evaluation of drug development principles. One

concept that has emerged is the systems biology-based approach which

integrates genomics, proteomics and metabolomics to enhance our under-

standing of the effects of a lead compound on whole pathways and networks

rather than isolated protein targets, thereby increasing the success rate and

decreasing the adverse effects of drugs.41,42 Interestingly, although the concept

of viewing an illness as the collective expression of multiple imbalanced factors

and using various treatments to ‘‘restore’’ balance to alleviate illness is

relatively new to practitioners of modern medicine, it is the central idea for

TCM and the guiding concept for TCM formulations.

A TCM formula is the essence of TCM medication and formulation is based

on four functional roles of the compositions, termed sovereign, minister,

assistant and envoy, according to the ancient TCM text Shen Nong Ben Cao

Jing.43 The sovereign component targets the root cause and primary symptoms

and is the primary composition of the formula. The minister acts synergistically

to the sovereign. The assistant relives secondary symptoms or neutralizes

toxicities of the major components to reduce side effects. The envoy serves as a

homing agent leading the active components to the source of the illness and/or

balancing the effect of all components.

The effectiveness of a TCM formula might be affected by the interaction of

different components and is largely dependent on the formula composition. For

example, Ramulus cinnamomi, when used with Ephedra sinica Stapf., induces

sweating, but reduces perspiration when combined with Paeonia lactiflora.

Concerted application of multiple TCM components can induce synergistic drug

effects or reduce adverse side effects. When Rheum officinale is used with

mirabilite, the laxative effects become more pronounced. In other instances, a

composite combination leads to the reduction of adverse side effects. For

example, the toxicity of Pinellia ternata (Thunb.) Breit. can be reduced when

used in conjunction with Zingiber officinale Rosc., permitting the use of Pinellia

ternata (Thunb.) Breit in limiting vomit and dispelling phlegm.

The composition of a TCM formula follows set principles and has certain

applicability. It is the practical adaptation of differential treatment. Therefore,

its clinical application is not rigid and should change according to the

progression of the illness, physical conditions and age. When the compositions

of the primary medicinals are changed, the function of the TCM formula

changes. As an example, the range of functions of Astragalus membranaceus

(Fisch.) Bge. in different TCM formulas are shown in Table 5.1.

Similarly, concentration changes of a TCM compound will also affect the

pharmacological effect of the TCM formula. Both Zhizhu decoction and

Zhizhu pills are composed of Citrus aurantium and Atractylodes macrocephala

Koidz. The concentration of Citrus aurantium is higher than that of
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Atractylodes macrocephala Koidz in Zhizhu decoction and functions to

eliminate stagnation. In Zhizhu pills, Atractylodes macrocephala Koidz. is at a

higher concentration than Citrus aurantium and has therapeutic effects in

invigorating the spleen. From this example, we can see that despite identical

medicinal components, a change in concentration will lead to changes in the

primary and secondary effects of the formula and affect the therapeutic usage

of the formula.

As described previously, there seems to be much similarity between TCM

and systems biology. Both differ from the conventional bottom-up research

approach by taking into account the entire biological system. Systems biology

may be applied to ‘‘translate’’ a TCM formula into logical, scientific

information that can be communicated and generally applied. The question

is, how are we going to do this?

5.5 Unleashing the Potential of TCM Through Systems
Biology

Rational investigation of TCM using a systems biology approach requires

molecular analysis of action mechanisms in biological networks. Needless to

say, detailed information regarding kinetics, localization and biochemical

dynamics of specific signaling, metabolic and transcriptional pathways must

first be established in order to build robust proteomic, genomic and

metabolomics models. However, even more fundamental is the need for a

digitalized database of all available TCM compounds to facilitate

subsequent computer modeling work characteristic of omic work and drug

design.

Prior to 2010, the greatest issue with regard to the computational analysis of

TCM was the lack of a TCM-specific compound database. Many websites

contained compiled information on TCM sources, usages and traditional

processing procedures, but very few contained molecular information on TCM

constituents. The TCMGeneDIT database44 is an effective search engine for

TCM-related literature, but information on TCM constituents is not well

organized. Other databases, such as the Chinese Traditional Medicinal Herbs

Database,45 Traditional Chinese Medicine Information Database (TCM-ID)46

and TCMD,47 provide general information and 3D structures of some TCM

constituents. In the past decade, increasing interest in TCM has spurred the

development of dedicated TCM compound databases. In 2012, the Chemical

Database of Traditional Chinese Medicine (Chem-TCM) was launched through

the collaborative efforts of King’s College and the Shanghai Institute of Materia

Medica (http://www.chemtcm.com/database.html).48 The database contains

chemical and source information on 12,070 TCM compounds and offers

powerful functions to predict the pharmacological properties of each

compound. Nonetheless, the commercial nature of Chem-TCM greatly

limits the audience that can have access to this database.
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An alternative to Chem-TCM is the open-access, web-based TCM

Database@Taiwan (http://tcm.cmu.edu.tw/)49 (Figure 5.1). With continuous

updating efforts since its launch in 2011, TCM Database@Taiwan currently

houses nearly 42,000 TCM compound structures and provides traceback

information to its TCM source. The search options allow users to search for

TCM compounds using chemical structures or by TCM categories. Not only

can one search for a specified TCM compound, but one may also conduct

virtual screening against a given protein target for potential leads either by

downloading the compound directory directly or by conducting virtual

screening online through its cloud computing portal TCM intelligent screening

system (Figure 5.2) (iScreen; http://iscreen.cmu.edu.tw/).50 Flexibility is

designed into the TCM Database@Taiwan, allowing users to specify the pool

of compounds used for screening through a user-friendly checklist. Most

notable is the bilingual nature of the websites, allowing researchers of both

Western and Eastern origins to access TCM resources. ZINC,51 the largest

open-access 3D molecule database known, serves as an entry portal to many

Figure 5.1 TCM Database@Taiwan,49 the comprehensive traditional Chinese
medicine database for drug screening in silico. This database maintains
over 42 000 TCM compounds based on TCM classification. Simple
molecular properties and the molecular structure of each compound are
recorded and open to browsing and searching. The screenshot was
taken from TCM Database@Taiwan49 (http://tcm.cmu.edu.tw/) with
permission.
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structural databases. ZINC primarily adopts TCM Database@Taiwan for its

TCM resources and its retailer links are an important function for researchers

to locate a specific compound.

To take a further initiative in TCM drug development, a cloud computing

system dubbed iScreen was developed based on TCM Database@Taiwan.

iScreen is an excellent option for researchers who have limited computational

resources for conducting TCM docking and de novo drug design. A range of

customizable docking modes, including standard, water, pH docking and

flexible docking, are available for users to select from in order to achieve the

most relevant docking simulation. As with TCM Database@Taiwan, iScreen

allows users to specify the pool of TCM compounds with which to conduct the

Figure 5.2 iScreen, the innovative cloud computing web server for TCM drug
screening and de novo design.50 Docking settings may be customized to
user specifications and protein preparation tools are implemented to
reduce errors caused by excessive information in the raw input data.
Users may conduct screening on all TCM compounds or select categories
of interest from the checklist. The screenshot was taken from iScreen50

(http://iscreen.cmu.edu.tw/) with permission.
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docking. Users interested in a specific TCM category may select compounds in

that category or related categories to conduct docking. Users may download

the top 200 TCM compounds ranked by docking and utilize them for further

biological studies or further chemical modification. Integrated SysteMs

biology Associated Research with TCM (iSMART; http://ismart.cmu.

edu.tw)52 is the all-in-one entry domain that currently contains TCM

Database@Taiwan and iScreen (Figure 5.3). In addition, an online tool

termed iSplice is also included and enables users to assess activation

probability of a cryptic 5 splice site. Further expansion of iSMART aims to

include various analysis components of drug design prior to pre-clinical trial.

The proposed integration of iSMART systems biology research is shown in

Figure 5.4.

Figure 5.3 The title page of iSMART. iSMART is a pioneering system for bridging
TCM studies to systems biology research. Reproduced from Ref. 52 with
permission.
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5.6 An Example of a Systems Approach to TCM Drug
Development

In this section, we use stroke medication development as an example of the

possible integration of computational systems biology and TCM towards

personalized medication.

The integration of CADD and systems biology to construct a stroke model

and understand its underlying mechanisms for drug development are outlined

in Figure 5.5 and CADD procedures to conduct this investigation are

illustrated in Figure 5.6. The CADD procedure can be roughly divided into

virtual screening and validations using structure-based and ligand-based drug

design approaches.

Figure 5.4 The schematic standard operating procedure of iSMART in systems
biology research.52 A disease would be categorized, its associated
signaling and metabolic pathways defined, genetic defects, such as
cryptic 5 splice site activation, identified and relevant targets extracted
for drug design. Therapeutic targets along the metabolic pathway would
also be identified accordingly. Reproduced from Ref. 52 with permission.
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Figure 5.5 Integration of computational and systems biology to target stroke-
inducing genes and metabolic pathways to develop personalized stroke
medicine from TCM origins.
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Structure-based drug design methods utilize docking and molecular

dynamics (MD) simulation. First, simulation and validation of the target

protein for stroke are conducted and then TCM Database@Taiwan and Zinc

are employed to conduct virtual screening via docking. Subsequently, MD is

used to analyze time-dependent interaction changes between the drug

compound and the target protein to achieve a stable final complex structure.

In-depth analysis of the dynamic motions of the drug and target protein can

facilitate new drug development. The Weight Score53 integrative scoring

system has been proven to be more accurate than the Consensus Score.

Ligand-based drug design methods utilize different models, including

Hypogen,54 machine-learning methods of support vector machine (SVM),55–56

multiple linear regression (MLR)57 and Bayesian networks,58–59 etc. Drug models

are constructed based on the pIC50, molecular characteristics and fingerprints of

known drugs and can be used to predict the pIC50 of new drugs. Data on the

single nucleotide polymorphism (SNP) of healthy versus stroke individuals are

used to construct a SVM model to predict the risk of having a stroke.

Figure 5.6 CADD procedure for investigating TCM stroke medicine.
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Then, we connect to the Gene Ontology (GO) database,60 Kinetic Data of

Bio-molecular Interactions (KDBI) database61 and CellNetAnalyzer62 to

obtain information on different levels of the biological system (Figure 5.5).

The GO database allows the construction of static models that describe the

drug–genes and genes–pathways interactions (Figure 5.7); KDBI allows the

calculation of kinetic simulation parameters. These parameters are required

to conduct dynamic simulations critical to building a drug model that is close

to real life.

Once the kinetic model has been built, biological experiments must be

conducted to acquire complete kinetic parameters describing protein–protein,

protein–RNA, protein–DNA, protein–ligand, RNA–ligand and DNA–ligand

interactions. CellNetAnalyzer is used to calculate signal transduction networks

within the cell and to understand the transduction mechanisms of stroke drugs.

From real-time patient microarray analysis, the effect of drugs on gene

expression can be observed and utilized to construct stroke-related gene

networks using Genetic Network Analyzer (GNA).63 This dynamic gene

network can be integrated with previous dynamic metabolic networks to

investigate the comprehensive interaction mechanisms of stroke drugs and

patient cells. Since complicated relationships often exist between different

illnesses, particularly in multifactorial chronic diseases such as stroke, Human

Disease Network, Diseasome and Disease Gene Network64 were constructed

to investigate the relationship of stroke with other illnesses. These networks

can provide information on protein–protein interactions, transcription factor–

promoter interactions and metabolic reactions. As a final step, connectivity

maps65 are constructed to provide information on stroke drug dosages versus

gene expression.

5.7 Integration of TCM with Systems Biology: A Long
Way to Go

The rapid development of TCM databases has contributed phenomenally to

advancing TCM drug design. Although databases are convenient, caution

should be exercised when selecting a suitable database that fits one’s research

needs.

5.7.1 Science Should Be Open Access

A public database not only invites a wider audience, but through user feedback

one can understand upgrade needs from a user’s perspective. For example,

users of TCM Database@Taiwan have been a fundamental force in our

continuous efforts to update database records. Currently the database includes

a total of 122,249 compounds of natural origin, including 41,490 compounds

specific to TCM, and another update of 23,000 compounds is scheduled during

2012.

When Modern Computational Systems Biology Meets Traditional Chinese Medicine 73

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

00
61

View Online

http://dx.doi.org/10.1039/9781849737852-00061


Figure 5.7 Interaction between TCM compounds, metabolic pathways, disease genes
and drug reactions determined by GO analysis.
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5.7.2 Pharmacological Data Have Limited Applicability in
Investigating Novel Leads

One of the newest features introduced in structure databases is the co-listing of

pharmacological activity data with chemical structure. Although attractive, it

may be of limited significance since drug discovery is primarily focused on new

drugs for new targets. Bioactivity information may be more useful during the

drug modification stage. In fact, a simple online literature search can provide

sufficient pharmacological information.

5.7.3 Bigger Is Not Better in Terms of TCM Drug Compound
Screening

Although it is true that larger databases are better for identifying potent drug

leads, screening of super databases containing millions of compounds through

the docking method is almost impossible to complete unless conducted

through pharmacophore mapping. From our experience, screening 20,000

compounds via flexible docking requires y10 days of parallel computing by

high-performance 192 core CPUs (24 workstations with 8 core CPU). Needless

to say, it would be extremely time consuming for millions of compounds. In

addition, super databases are depositories of diverse chemical compounds.

Screening results may contain a wide variety of chemical compounds, many of

which are not suitable for pharmaceutical use. Although TCM-specific

databases may not cover the wide chemical diversity offered by comprehensive

databases,66 the compounds are naturally present and less likely than

synthesized chemicals to provoke intense body reactions leading to serious

adverse side effects. In addition, TCM includes medicinal herbs that have been

used for thousands of years and compounds derived from TCM are naturally

drug-like. Screening from specialized TCM databases offer advantages of

efficient screening and outputs of natural drug-like compounds. To improve

practicability, some websites, such as TCM Database@Taiwan, offer TCM

compounds and natural compounds which have passed absorption, distribu-

tion, metabolism, and excretion - toxicity (ADME-Tox).

5.7.4 Traceback Information Is Critical

One of the most attractive features of ZINC is that it provides users with links

to compound suppliers. This link-forward information is limited for TCM

compounds. In the absence of commercial availability, traceback information

to plant origins and TCM categories of these compounds is extremely

important. Plant origins of the compounds can provide researchers with clues

on how to isolate the compound of interest. The ancient TCM categories under

which the plants are filed also provide rough guides to expected effects of the

compounds. These categories are extremely helpful when designing drugs for a

specific action. Very limited numbers of databases organize their compound
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catalog according to TCM categories, but the importance of these fundamental

elements should not be underestimated. Although there is no convenient way

to obtain TCM compounds, providing sufficient traceback information can

help minimize guesswork and promote practical applications of TCM.

5.7.5 Modernization of TCM Formulas

Much effort has been placed on elucidating the scientific basis of TCM

formula.67–73 We have previously attempted to utilize KEGG (Kyoto Ency-

clopedia of Genes and Genomes)74 and algorithms to establish relationship maps

of TCM components in several TCM formulas and to establish a standard

research procedure for integrating TCM with systems biology. However, our

efforts have met with major difficulties. First, establishing coherent relationships

between TCM components is hard. Among the different TCM formulas we have

tried, only the one in Figure 5.8 shows an acceptable correlation between the

formula constituents. Identifying correlations between illnesses and TCM formulas

through signal pathways is also a major hurdle that remains to be overcome.

Although the integration of TCM and systems biology is an intriguing

concept, many hurdles remain to be resolved. First, the definition of ‘‘systems’’

is vague. Does it include symptom expression or merely cell expression? In

addition to the complexity of the human body, limitations in current

Figure 5.8 Correlation network of eight TCM drugs categorized under the yang-
tonifying class of TCM medicine.52 Correlations between pairs of TCM
drugs are indicated by a line and the width of the line indicates the
correlation strength of the compounds. Values given are calculated
correlations. Reproduced from Ref. 52 with permission.
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technologies are also difficult to overcome. A stable protein folding in

molecular dynamics drug design requires stabilization exceeding the micro-

second timescale, but current computer capabilities can hardly support such a

huge calculation capacity. Both TCM and Western medicine still require

specialists in physics, engineering, electrical engineering, chemistry, computer

engineering and mathematics to make cutting edge discoveries. These

improvements, accompanied by the newest sequence analysis techniques,

may facilitate the use of individual protein sequences in personalized

medication and bridge the current gap between TCM and systems biology.

Second, the spirit of TCM lies in TCM formulas and not as individual pure

compounds. We have spent more than 10 years modernizing TCM and

building a comprehensive TCM database (http://tcm.cmu.edu.tw/) for small

molecule screening. However, this is the study of TCM components using

single protein–single drug research methods and differs vastly from TCM

formulas. In our attempt to remain true to the spirit of TCM, we analyzed

TCM formulas through the KEGG network and COPASI-enzyme kinetics

and assessed the overall effect of TCM formulas on human physiology. The

results were not coherent enough to reach a solid conclusion. The lack of

metabolic data on TCM compounds within the human body and the ability of

enzymatic kinetics to truly reflect complex protein–protein interactions within

the body add to the complex network of difficulties. When a TCM formula is

ingested, what is the interrelationship between the numerous TCM compounds

and the various proteins? While TCM formulas may address illnesses from a

systems biology-like standpoint, there is still a long way to go before TCM

formulas can be established as a science.
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CHAPTER 6

Modern Drug Discovery from
Chinese Materia Medica Used in
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6.1 Introduction to Drug Discovery Based on
Traditional Chinese Medicine (TCM)

Traditional Chinese medicine (TCM) presents a valuable opportunity for drug

discovery and development with a high probability of success in the end.

Approximately 500 plant species are commonly prescribed and documented by

doctors of TCM as Chinese materia medica or traditional drugs (Chung Yao),

and these medicinal plants have been used for thousands of years to maintain

health and treat disease. Although these millennial-scale trials are not the same

as modern-day clinical trials, they still provide a vast body of data that may be
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usefully mined for relevance to twenty-first century medicine. In TCM,

treatments are chosen based on careful observations and systematic principles

and most often involve multicomponent processed herbal formulations. Thus,

tradition is combined with diagnostic and scientific evaluations to generate a

well-established medical system. In the previous century, the application of

modern scientific technology to TCM herbal products led to many new and

effective ‘‘single-component’’ drugs. In this century, medicinal chemistry

approaches will continue to provide clinical trial candidates from TCM, in

addition to adjunct therapies to current Western medicine. Mechanism of

action studies on active components, active extracts and effective formulas of

TCM will provide the scientific proof and future direction for new drug

research. This chapter presents 10 case studies of new drug discovery from

Chinese Materia Medica used in TCM: ephedrine – pseudoephedrine from

Ephedra sinica (Ma Huang), podophyllotoxin – etoposide from Podophyllum

emodi (Gui Jiu), tanshinone IIA from Salvia miltiorrhiza (Tanshen or

Danshen), anisodine – anisodamine from Anisodus tanguticus (Shan Lang

Dang), camptothecin – irinotecan from Camptotheca acuminata (Xi Shu),

schisandrin C – dimethyl dicarboxylate biphenyl (DDB) from Schisandra

chinensis (Wu Wei Zi), artemisinin from Artemisia annua (Qing Hao),

indirubin from Indigofera tinctoria (Qing Dai – Dang Gui Lu Hui Wan),

huperzine A from Huperzia serrata (Qian Ceng Ta) and PG2 from Astragalus

membranaceus (Huang Qi). Most often, the final clinical success relates in great

part to the original documented use in TCM. By combining modern science

with traditional practices, research may be guided to a greater probability of

success with a more efficient allocation of effort and resources.

6.2 Ephedra sinica/Ephedrine – Pseudoephedrine

6.2.1 Introduction

Ephedra sinica (Ma Huang, Chinese ephedra) has been used as part of TCM

for thousands of years, primarily to treat respiratory ailments such as colds

and asthma. This traditional use was validated by the discovery of the

constituent alkaloids, from which pseudoephedrine is now a common

ingredient in many over-the-counter cold or allergy formulations, including

Claritin, Contac and various Sudafed products.1 However, it is now being

widely replaced by often less effective alternatives, such as phenylephrine.2

This latter action resulted mainly from the consequences of Ephedra moving

‘‘from mainstream medicine … into the twilight zone of street drugs and

nutritional supplements.’’3 Several adverse effects followed from the uncon-

trolled use of Ephedra and eventually led to a ban on its inclusion in dietary

supplements in the USA. Thus, the history of Ephedra is a testament, and also

a contrast, to the benefits and consequences of controlled (TCM) versus

uncontrolled use of herbal medicine.4
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6.2.2 Source Plant and Traditional Uses

Ephedra sinica (Family: Ephedraceae) is the most common among the Ephedra

species in China. The plant has long, thin stems, a few tiny leaves, small yellow

flowers and red berry-like fruit and grows in the arid areas of western China.

Other species are found in different areas of the world, including India and

Pakistan (also used medicinally for respiratory ailments), southern Europe and

northern Africa and arid parts of North and South America. However, the

chemical composition varies and the species in the Americas do not generally

contain significant amounts of the ephedrine alkaloids, the major therapeutic

constituents found in the stems and leaves of many Eurasian Ephedra species.5

Ephedra was recorded in the Chinese herbal classic Shen Nong Ben Cao Jing

(The Divine Husbandman’s Classic of the Materia Medica), written in the first

century AD , for use to induce perspiration and to counter symptoms of allergies.6

In TCM, both historically and currently, E. sinensis is generally used as a primary

component in multi-herbal formulas to treat asthma, bronchitis, colds and flu,

particularly the associated symptoms of nasal congestion, coughs, chills, aching

joints, fever, headaches and wheezing.6,7 For instance, Ephedra decoction, which

contains Ephedra stem, cinnamon twig, apricot seed and licorice, and San-ao

decoction, which contains ginger rhizome rather than cinnamon, are popular

TCM prescriptions for cold/flu and asthma.8,9 However, Ephedra’s constituent

alkaloids, can also act as potent stimulants on the central nervous system, which

likely accounts for the traditional stories of Zen monks and Mongolian soldiers

using Ma Huang to stay awake and alert for long periods of time.6

6.2.3 Chemistry

The best-known constituents of Ephedra species are optically active, structurally

relatively simple alkaloids. The major component is (–)-ephedrine [(R,S-2-

methylamino-1-phenylpropan-1-ol], with minor amounts of (+)-pseudoephedrine

[(S,S-2-methylamino-1-phenylpropan-1-ol] and the corresponding nor-(demethyl)

and N,N-dimethyl derivatives of both compounds.10 Ephedrine and pseudoephe-

drine vary only in the configuration (three-dimensional arrangement) at one

carbon atom. Stereochemically, (–)-ephedrine has the (1R,2S)-configuration and

(+)-pseudoephedrine has the (1S,2S)-configuration. Almost all commercial

applications of Ephedra derive from these N-methylated alkaloids.

Modern Drug Discovery from Chinese Materia Medica 83

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

00
81

View Online

http://dx.doi.org/10.1039/9781849737852-00081


6.2.4 Pharmacology

Ephedrine and pseudoephedrine are also structurally similar to adrenaline

(otherwise known as epinephrine), an important hormone/neurotransmitter,

and are classified physiologically as adrenergics (adrenaline mimics) or

sympathomimetic agents. They can have direct agonist effects at adrenergic

receptors (both a- and b-),11 indirect effects by causing the release of

endogenous noradrenaline (norepinephrine) from sympathetic neurons or

effects at other unknown receptors.12 Ephedrine causes central serotonin and

dopamine release,13 which might contribute to its suspected addictive nature.14

Many effects occur in the body as a result of adrenergic receptor activation.

The decongestant action of pseudoephedrine is a result of vasoconstriction of

blood vessels in the nasal membranes, causing less fluid to leave the vessels, less

mucus to be produced and nasal membranes to become less inflamed.

However, bronchial muscles are relaxed, leading to bronchodilation and easier

breathing, which relieves shortness of breath in asthma. Respiratory rate and

heart rate, in addition to blood pressure, are increased. These stimulant actions

are similar to those caused by adrenaline in the flight-or-fight response.

6.2.5 Modern History

In 1953, the history of the Ephedra alkaloids was described in the monograph

series The Alkaloids, Volume III.15 In 1885, the Japanese chemist N. Nagai first

isolated, characterized and recognized ephedrine as a bioactive compound

from Ephedra species. Early syntheses of ephedrine were performed by Nagai

in 1911, Eberhard in 1917 and Späth and Goring in 1920.15 In the 1920s, Chen

and Schmidt renewed interest in ephedrine,16 leading to detailed analyses of the

pharmacological effects of it and related compounds.17,18 Freudenberg et al.

established the stereochemistry of ephedrine and pseudoephedrine in 1932.19

More recently, a history of Ephedra (Ma Huang) was published in 2011.3

During the 1990s, Ephedra-containing dietary supplements, which often also

contained caffeine,20 were widely promoted and used as diet aids or sports
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enhancers. The latter use, especially, could have stemmed from Ephedra’s

stimulation of the central nervous system leading to increased alertness or

faster reactions. However, adverse cardiological or neurological problems,

including hypertension, heart palpitations, convulsions and even heart failure,

led to serious safety concerns.21–23 Consequently, many associations and

businesses banned the use of such supplements and on 12 April 2004, the US

Food and Drug Administration (FDA) enacted a ban on the unregulated,

uncontrolled sale of Ephedra supplements.24,25

The ban on Ephedra sales and the move to replace pseudoephedrine with

alternative agents in over-the-counter cold medications also reflect the fact that

ephedrine and pseudoephedrine have similar chemical structures to that of

methamphetamine (or ‘‘speed’’) and can be used in the illegal synthesis of this

street drug.26 Internationally, Ephedra alkaloids are listed by the International

Narcotics Control Board as Table I chemicals frequently used in the illicit

manufacture of narcotic drugs and psychotropic substances.27

It should be stressed that, as used according to TCM practice (particularly in

multi-herbal formulations, rather than alone), Ephedra is safe.4 Ephedra, as

other herbal plants, must be used with appropriate care and monitoring, most

often with other ingredients, e.g., herbal expectorants. Additional processing

may also be involved in TCM practice to modify and reduce adverse effects.28

The ephedrine alkaloids and numerous analogs still have important

pharmaceutical applications, including their use to treat attention deficit

hyperactivity disorder (ADHD)1 and to control hypotension during spinal

anesthesia for cesarean delivery.29 Thus, advances in the industrial fermenta-

tion-based commercial preparation of Ephedra alkaloids are still being avidly

pursued.1

6.3 Podophyllum emodi/Podophyllotoxin, Etoposide
and Teniposide

6.3.1 Introduction

Podophyllum emodi (syn. P. hexandrum) (Family: Berberidaceae) (Gui Jiu or

Kuei Chiu in Chinese) is native to the Himalayan region and is used in TCM as

a contact cathartic.30–32 Pa-chiao-lien in TCM is documented in Pen Tsao Kang

Mu Shih I, written by Chao Hsueh-ming in 1765 AD.33 Created from the

rhizomes of P. pleianthum, it was traditionally used to treat carbuncles and

acute tonsillitis, and also trauma, both internal and external.33 In North

America, native people historically used the roots of the related species P.

peltatum (American mandrake or May apple) to treat snakebite and as a

purgative, anthelmintic and cathartic agent.34 It continued to enjoy medicinal

use as a cathartic agent and for other purposes following the establishment of

the European colonies and it appeared in the American Pharmacopeia from

1820 until 1942, when it was withdrawn for reasons of toxicity.34
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Podophyllotoxin, the major chemical constituent of the alcoholic extract of

Podophyllum rhizomes, is an aryltetralinlactone cyclolignan.32 First isolated by

Podwyssotzki in 1880, its empirical formula was determined by Borsche and

Niemann in 1932.32 Continuing investigations by various research teams

culminated in the confirmation of the structure and configuration of the

compound and later its total synthesis, by Gensler and Gatsonis in the

1960s.34,35

In 1942, the same year that it was withdrawn from the American

Pharmacopeia, Kaplan reported the successful application of podophyllin

(resin from the alcoholic extract of the Podophyllum rhizome) on Condylomata

acuminata or venereal warts.34 This marked the beginning of a new phase of

study of podophyllotoxin as a potential modern anticancer drug.

6.3.2 Drug Discovery

Following the work of Kaplan, King and Sullivan reported in 1946 that upon

topical application, podophyllin was observed to exhibit a mechanism of

action similar to that of the suspected antimitotic agent colchicine.36 Later

work by Wilson and Friedkin connected the antimitotic effect of both

colchicine and podophyllotoxin on their ability to bind with a high molecular

weight ‘‘species A,’’ speculated to be the basic subunit of the mitotic apparatus

(and subsequently confirmed to be tubulin).37

Interest continued in the anticancer potential of podophyllin and, in 1963,
scientists at Sandoz commercialized a Podophyllum extract derivative with

reduced toxicity, which they named SP-G.38 Inspired by successes with

Digitalis glycosides for heart therapy, they had extracted the glucoside fraction

of Podophyllum and condensed it with benzaldehyde to create SP-G. Through

subsequent studies of SP-G over several years, which included tests on

leukemic mice, an unusually potent pure compound was isolated from the

mixture. This compound, demethylepipodophyllotoxin benzylidene glucoside

(DEPBG), was observed to prevent cells from entering mitosis, a finding
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sufficiently distinct from the metaphase action of tubulin inhibitors to suggest

a completely new mechanism of action. Soon after, other products of aldehyde

condensation with DEPG (the unaltered Podophyllum glucoside) were

evaluated as drug candidates, leading to the discovery and development of

the clinically-successful drugs etoposide (VP-16 or VePesid) and teniposide

(VM-26 or Vumon). Etoposide was approved in the USA for treatment of

testicular cancer in 1983.38 Teniposide was approved in the USA for treatment

of pediatric acute lymphoblastic leukemia (ALL) in 1992.39 Both drugs are

effective against a fairly broad range of different types of cancer.40

6.3.3 Mechanism of Action

As mentioned above, podophyllotoxin achieves its antimitotic effect through

inhibition of tubulin, the fundamental protein subunit that combines to form

microtubules or the so-called mitotic spindle. Tubulin inhibition results in

destabilization of microtubules and cell cycle arrest in metaphase.41

In contrast, at the time of its isolation from SP-G in 1965, DEPBG was

observed to prevent cells from entering mitosis in cultures of chick embryo

fibroblasts.38 This suggested a new mechanism of action, a mechanism which

the subsequent aldehyde condensation products, etoposide and teniposide,

were also found to exhibit. In 1976, Loike and Horwitz reported observing a

change in sedimentation of DNA from HeLa cells treated with etoposide.42

They interpreted this to indicate that single-stranded DNA breaks resulted

from etoposide treatment. Since purified HeLa cell DNA did not appear to be

cleaved by etoposide, they speculated that the fragmentation was mediated by

either unspecified cellular endonucleases or products of cellular metabolism of

etoposide (or both). This discovery led to a period of active research into the

nature of the interaction of etoposide and related compounds with DNA. It

was ultimately resolved that etoposide affects both single- and double-stranded

DNA breaks by stabilizing the complex formed by topoisomerase II and DNA
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(‘‘the cleavable complex’’); cytotoxic activity was attributed to double-

stranded breaks.34 The publications of Long and Minocha (1983) and Ross

et al. (1984) represent significant events in the efforts to understand the

etoposide/teniposide mechanism of action and the role of DNA topoisomerase

II.43,44

The discovery of the DNA topoisomerase II inhibitor class of cytotoxic

agent was arguably the most significant event in the history of the use of

podophyllotoxin-related compounds against cancer. Discussions that point to

additional possible mechanisms of action for podophyllotoxin analogs and

derivatives may be found in the literature, including induction of apoptosis

through various pathways41 and other mechanisms that appear to be

independent of either tubulin inhibition or DNA topoisomerase II inhibi-

tion.45,46 Work continues in this area across a range of disciplines.

6.3.4 New Drug Design

Although the toxic side effects of podophyllotoxin, in particular gastro-

intestinal toxicity, limited its usefulness as an anticancer drug in its own right,

modifications of the podophyllotoxin structure led to the less toxic derivatives

etoposide and teniposide. Despite being improvements over the parent

compound from the perspective of toxicity, these derivatives nevertheless

suffer from various shortcomings, including limited water solubility, metabolic

inactivation and acquired drug resistance.32 Myelosuppression is commonly

associated with their use,47 and both parent compound and derivatives

demonstrate an undesirable lack of selectivity to the target cancer cells in their

cytotoxic effect.40

Accordingly, a significant body of work has been devoted to creating

podophyllotoxin derivatives and analogs to overcome these problems. This

work has been reviewed by Gordaliza et al. (2000),40 You (2005)48 and Xu

et al. (2009),41 among others. In general:

N Modification of the A- and B-rings has led to few promising new anticancer

agents.

N C-ring modification has focused on C7. This led to the glycosidic derivative

NK-611 and also the 7b-alkylated TOP-53. Both are topoisomerase II

inhibitors.

N D-ring modification has been attempted in order to address metabolic

inactivation problems. These efforts resulted in both topoisomerase II

inhibitors and tubulin inhibitors. C9-oxidized analogs demonstrated tubulin

inhibiting activity.

N E-ring modification has shown that 49-demethylation increases topoisome-

rase II inhibition. Etopophos (from Bristol Myers), a water-soluble prodrug

of etoposide, is the 49-phosphate ester of etoposide.32

GL-331, discovered in the present authors’ laboratories, is a non-glycosidic

derivative based on modification at C7. A DNA topoisomerase II inhibitor
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with activity superior to etoposide both in vitro and in vivo, this compound

overcomes multidrug resistance (MDR) in many cell lines and can therefore be

used for the treatment of any tumor that expresses MDR.49 GL-331 advanced

to Phase II clinical trials as an anticancer drug.

Azatoxin and tafluposide are two other noteworthy derivatives of

podophyllotoxin to emerge over the past several decades. Azatoxin was

rationally designed from a composite pharmacophore model of topoisomerase

II inhibitors.50 It was subsequently found also to inhibit tubulin at lower

concentrations.51 Tafluposide, or F 11782, is a dual inhibitor of topoisomerase

I and II with a mechanism of action distinct from that of other topoisomerase

inhibitors.52,53

Various structure–activity relationships (SARs) have been described for

podophyllotoxin- and etoposide-like compounds.41,49,54 Among the discus-

sions, a 7b configuration is agreed to be important for topoisomerase II

inhibitory activity, as is demethylation at C49. The trans-lactone favors activity

but is not essential to it and free rotation of the E-ring is needed.

MacDonald et al. (1991) considered the nature of the ternary drug–DNA–

enzyme complex in formulating a general SAR model for drugs with

topoisomerase II activity.55 Their hypothetical pharmacophore featured

three domains: a planar, polycyclic ‘‘intercalation’’ domain, a pendant

‘‘groove-binding’’ ring and a variable substituent region. This model

contributed to the design of azatoxin and continued to be relevant to the

design of new topoisomerase II inhibitors for over a decade.54 The recent

publication of the observed etoposide ternary cleavable complex crystal

structure is also expected to assist new drug discovery efforts in going

forward.56
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6.4 Salvia miltiorrhiza/Tanshinone IIA

6.4.1 Introduction

Salvia miltiorrhiza has been used extensively in Asian medicine for cardiovas-

cular disorders, but the distinct mechanisms by which it exerts its pharmaco-
logical actions still remain elusive. Structural determination of the various

chemical constituents has allowed further insight into the effects, but more

conclusive research is needed. Tanshinone IIA is a pharmacologically important

constituent of S. miltiorrhiza. The design and development of novel derivatives

of tanshinone IIA, and also other chemical constituents of this plant (such as

neo-tanshinlactone in the authors’ laboratories), is a promising area of natural

product research and could provide significant benefits in medicine.

6.4.2 Source Plant and Traditional Uses

The rhizome of Salvia miltiorrhiza (Family: Labiatae), Tanshen or Danshen in

Chinese, has been used in TCM for treating various disorders of the heart and
blood vessels, including atherosclerosis or blood clotting abnormalities.

Tanshen has also been used to treat hemorrhage, dysmenorrhea, miscarriage,

swelling, inflammation, chronic hepatitis and insomnia.57,58 Although used

infrequently in ancient Chinese medicine, Tanshen has become increasingly

popular in modern Chinese medicine.59

6.4.3 Chemistry

The more than 70 constituents isolated from S. miltiorrhiza have been divided into

two groups based on physical and chemical properties and structural character-

istics. Water-soluble compounds such as salvianolic acids and lithospermic

acids along with other phenolic acids fall into the hydrophilic group. Abietane
diterpenes fall into the lipophilic group, which contains more than 40 compounds.

The tanshinones are abietane diterpenes with a common o- or p-naphthoquinone

chromophore and are found exclusively in the Salvia genus. They were first

isolated from the roots of S. miltiorrhiza by Nakao in 193060 and have been studied

extensively since then.61 The three constituents that account for the bulk of the

total tanshinone content are tanshinone I, tanshinone IIA and cryptotanshinone.
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Tanshinone IIA is the most abundant tanshinone and has been extensively

studied to determine its role in the pharmacological actions of Tanshen.59,60

Tanshinone IIA is not well absorbed through the intestinal walls owing to its

high lipophilicity, so a salt derivative was developed utilizing a sodium sulfate

group on ring D to increase the bioavailability.62

6.4.4 Pharmacology

Tanshen is associated with cardioprotective properties and is useful in angina

pectoris, myocardial infarction, stroke and atherosclerosis, acting by improv-

ing blood circulation, decreasing blood stasis or exerting free radical

scavenging, anti-inflammatory activity and other actions.62–66 Owing to the

abundance of tanshinone IIA in Tanshen, many studies have been carried out

to elucidate its mechanism(s) of action.

6.4.4.1 Angina Pectoris and Myocardial Infarction

Both angina pectoris and myocardial infarction result from insufficient

blood and oxygen supply to the heart and are commonly caused by

atherosclerosis. Gao et al. discussed how tanshinone IIA can slow the

progression and development of atherosclerosis via mechanisms involving

free radical scavenging, transcription factor regulation and anti-inflamma-

tory activities.63 They determined that tanshinone IIA decreased low-

density lipoprotein (LDL) oxidation and also lipid peroxidation by reducing

the formation of reactive oxygen species (ROS). High levels of oxidized

LDL (oxLDL) have been shown to correlate positively with increased risk

of coronary heart disease and, therefore, decreased formation of oxLDL

would be beneficial in preventing angina pectoris and myocardial infarction.

Yang et al. demonstrated that sodium tanshinone IIA sulfate was able to

protect cardiomyocytes from oxidative stress-induced apoptosis by prevent-

ing the formation of ROS through inhibition of JNK phosphorylation.67

Fang et al. also provided evidence that tanshinone IIA decreases matrix

metalloproteinase-2 (MMP-2) and MMP-9 expression and activity present

in atherosclerotic plaques.68 Decreasing the activity of both enzymes

could potentially stabilize atherosclerotic plaque and thus prevent the rup-

tures that lead to vasculature occlusions. The cardioprotective effects of

tanshinone IIA after myocardial infarction could be due to inhibition of

nuclear factor kappa B (NF-kB) and subsequent anti-inflammatory

activity.63

6.4.4.2 Other Uses

Sodium tanshinone IIA sulfate has been studied for its ability to protect

against cardiotoxicity induced by doxorubicin. Doxorubicin is a broad

spectrum antibiotic used in cancer chemotherapy, but it exhibits dose-related
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cardiotoxicity believed to be due to an increase in oxidative stress. Both in

vitro and in vivo results have shown that the scavenging and antioxidant

properties of sodium tanshinone IIA sulfate can decrease the overall

cardiotoxicity of doxorubicin, therefore alleviating its dose-dependent

limitation.69,70 Tanshinone IIA and sodium tanshinone IIA sulfate have

both been studied to determine whether they exhibit antihypertensive

properties,66,71 or have uses in cardiac hypertrophy, myocarditis in children

and myocardial ischemia.72–75

While most studies on tanshinone IIA have addressed its effects on the heart

and its vasculature, significant research has also been performed on whether

tanshinone IIA exhibits antitumor activity.60,76 In addition to determining

tanshinone IIA’s antitumor profile, efforts have also been focused on the

mechanism by which the antitumor activity occurs. Possible mechanisms are

induction of apoptosis, inhibition of invasion and metastasis, inhibition of

angiogenesis and regulation of growth factor receptors.60,77

Other studies have explored the effects of tanshinone IIA in obesity,

postmenopausal syndrome, hepatitis, osteoclast formation and psoriasis.78–82

6.4.5 Use as a Lead for New Drug Design

Tanshinone IIA has also been used as a lead compound in the development of

novel derivatives that aim to increase therapeutic activity or increase selectivity

for a specific pharmaceutical action. Liu et al. explored how modifications of

ring A of tanshinone IIA affects its antiprostate cancer activity. They

concluded that ring A has an important role in the antiandrogen activity and

that further optimization would be beneficial in the development of novel

antiprostate cancer agents.83 Novel tanshinone IIA derivatives have also been

developed and assessed as vasodilative agents.84 Bi et al. developed several

novel derivatives and determined their actions on contractile force of vascular

thoracic aorta smooth muscle.84 They concluded that the newly developed

derivatives exhibited good activity, but further optimization would be

necessary. Other constituents of Tanshen have also been explored as leads

for drug development. One example is neo-tanshinlactone, which contains a

lactone ring C in place of the o-quinone ring of tanshinone IIA. Lee and co-

workers have carried out extensive work on the design and optimization of

neo-tanshinlactone derivatives.85 neo-Tanshinlactone exhibits potent and

selective activity against several breast cancer cell lines (10-fold more potent

and 20-fold more selective than tamoxifen citrate, a widely used selective

estrogen receptor modulator). Chemical modification led to 4-ethyl-neo-

tanshinlactone, which showed potent in vivo activity and was selective for a

subset of breast cancer-derived cell lines, but notably less active against normal

breast-derived tissue.86 Other structural modification studies have investigated

new analogs with simplified skeletons.87–92 Overall, these novel analogs display

significant antitumor activity, high selectivity compared with normal cell lines
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and different tumor-tissue type selectivity. Hence they show significant

promise for development as candidates in clinical trials for breast cancer.60

6.4.6 Use as a Chemical Probe

Owing to the ambiguity of tanshinone IIA’s mechanism of action, the drug

development process would benefit from the design of chemical probes to

elucidate which proteins play a role in the compound’s activity and, thus,

provide important targets for drug development. Lee et al. designed and

synthesized novel chemical probes with tanshinone IIA as the backbone.93

They selected trifluoromethylaryldiazirine as the probe’s photophore owing to

its chemical stability, photoactivation under long-wavelength ultraviolet light

and generation of a reactive carbene that can react with the proteins with little

intramolecular rearrangement. It was concluded that the functionalized

tanshinone–photophore probe maintained the bioactivity of the natural

product and therefore it could be used in the determination of key target

proteins involved in osteoclastogenesis.

6.5 Anisodus tanguticus/Anisodamine and Anisodine

6.5.1 Introduction

Anisodus tanguticus (also known as Scopolia tanguticus) (Family: Solanaceae)

is one of the 50 fundamental time-honored herbs used in TCM. However, A.

tanguticus looks physically very much like Phytolacca esculenta, which was
frequently used to treat edema. Consequently, roots of A. tanguticus were

mistakenly exported to various Chinese provinces in the 1960s for use as P.

esculenta. Because of this misidentification, detrimental effects, including

mydriasis, hallucination and sleep/mental disturbances, occurred.94,95 This

circumstance shows that careful identification and quality control must be

maintained in the use of herbal medicines. However, the mistake also led

to detailed studies of the chemical constituents of A. tanguticus and to

the identification of anisodamine and anisodine as active principles.95
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Subsequently, anisodamine was found to be a preferred agent to treat septic

shock in children resulting from epidemic toxic dysentery and meningitis in

China during the 1960s.

6.5.2 Source Plant and Traditional Uses

A. tanguticus is a perennial flowering plant native to China, Tibet, India,

Bhutan and Nepal. It is found widely in the Qinghai–Tibetan Plateau at

altitudes of 2800–4200 m and, because of the topography, is often located in

isolated areas, leading to a high level of genetic differentiation.96 Its

widespread use as a medicinal herb has led to a declining supply in the wild.

In China, A. tanguticus is known medicinally as Shān Làng Dàng or Zang

Qie and locally in the Qinghai–Xizang Plateau as Zhangliushen. The plant

roots were used traditionally to treat toothache, stomachache and other

pains.94,95

6.5.3 Chemistry

The medicinal effects of A. tanguticus are mainly related to natural alkaloids,

especially tropane alkaloids. Chemically, all tropane alkaloids contain a core

tropane ring, a seven-membered ring with a methylated nitrogen bridging

between C1 and C5. Alternatively, the tropane system can be described as two

fused heterocyclic rings, one six-membered piperidine ring (C1–C2–C3–C4–

C5–N8) and one five-membered pyrrolidine ring (C1–N8–C5–C6–C7), with

two carbons and the nitrogen (C1–N8–C5) common to both rings.

Chemically, anisodamine is 6b-hydroxy-1aH,5aH-tropan-3a-ol tropate. Its

tropane ring is hydroxylated on C3 of the piperidine ring and C6 of the

pyrrolidine ring. Furthermore, the 3-hydroxy group is esterified with the

carboxylic acid moiety of tropic acid (3-hydroxy-2-phenylpropanoic acid).

Anisodine is structurally similar to anisodamine. However, instead of a 6-

OH group, an epoxy group is present between C6 and C7 on the pyrrolidine

ring. In addition, the C3 acyl moiety contains an additional hydroxy group at

C29 (2-hydroxytropic acid). The structure of (–)-anisodine was assigned by Xie

et al. as 6b,7b-epoxy-1aH,5aH-tropan-3a-ol (S)-29-phenyl-29,39-hydroxypro-

pionate based on chemical correlation and spectroscopic analysis.95
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Anisodamine and anisodine are structurally related to other tropane

alkaloids, such as hyoscyamine (which lacks the 6-hydroxy group found in

anisodamine) and scopolamine (which lacks the 29 hydroxy group found in

anisodine). Atropine [the racemic mixture of (R,S)-hyoscyamine] is best known

for its use as a topical ophthalmic mydriatic to dilate the pupil of the eye, and

scopolamine is frequently used in a transdermal patch to treat motion sickness.

6.5.4 Pharmacology

Mechanistically, anisodamine and anisodine (and also atropine and scopola-

mine) affect the parasympathetic nervous system and act as non-specific

muscarinic acetylcholine receptor antagonists (also known as cholinoceptor

antagonists) and a1-adrenergic receptor agonists.97 Thus, their major actions

are due to antimuscarinic and anticholinergic effects. The actions of these
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compounds result in various physiological effects in the body, some of which

are listed below:

N antispasmolytic action: inhibits gastrointestinal motility/propulsion and

bladder contractions;

N antisecretory action: inhibits gastrointestinal, salivary and sweat secretions;

N mydriatic action: dilates the pupil of the eye and can cause cycloplegia

(paralysis of ciliary muscle);

N bronchodilating action: dilates bronchi and bronchioles by reducing smooth

muscle contraction and respiratory mucus secretion.

Because these four tropane alkaloids have similar pharmacological actions,

their potencies and efficacies are often compared in scientific studies. A review

on anisodamine by Poupko et al. in 2007 compared its potency relative to

atropine (also scopolamine and anisodine) with respect to many pharmacolo-

gical effects.97 Early experimental and clinical studies in China reported that

anisodamine had essentially the same spasmolytic activity as atropine, but was a

better spasmolytic agent owing to its lesser effects on the CNS, salivary glands

and pupils.98,99 Anisodine exhibits stronger CNS action than anisodamine and

has a lower LD50 than atropine, scopolamine and anisodamine.1,100

6.5.5 Drug Development

The therapeutic use of anisodamine has not extended much beyond Asia.

However, in China, anisodamine has been used clinically to treat circula-

tory disorders, such as septic shock, disseminated intravascular coagulation

(DIC), thrombophlebitis and coronary artery disease,100 rheumatoid arthritis,

eclampsia and lung edema100 and morphine addiction.101 Anisodine is a good

ganglion-blocking agent, i.e., blocks nerve impulses at autonomic ganglionic

synapses, and is used clinically to treat motion sickness, migraine and vascular

spasm in the interior of the eye.94,95

6.5.5.1 Septic Shock

The major therapeutic avenue for anisodamine is to treat septic shock. In China

during the 1960s, large doses of tropane alkaloids were used successfully to

decrease the number of deaths resulting from acute circulatory and septic shock

caused by various infectious diseases, including toxic dysentery and meningitis,

particularly in children.102 In 1966, a study reported particularly good results

using anisodamine to treat epidemic fulminant meningitis.103 Mortality rates

dropped from 20 to 0.5% in cases of shock from toxic dysentery and from 60 to

14% with shock from meningitis. Anisodamine was the preferred agent, because

atropine had a very strong effect on salivary gland secretion, and the resulting

dryness of the throat could interfere with intubation. The beneficial effects of the

tropane alkaloids on shock were attributed to relaxation of vascular smooth

muscle with vasodilation. Consequently, microcirculation and blood flow would
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be improved, without harmful decreases in blood pressure.103–106 However,
more recent studies have indicated that vasodilation is not the only mechanism

and the beneficial effects of these compounds against shock may result from

complex mechanisms.97,107–109

Xie and co-workers accomplished the synthesis of anisodamine110,111 and

anisodine,94,95,112 and also quaternary ammonium salts.113 The synthetic

racemic anisodamine was named 654-2 to distinguish it from the natural pure
levo form 654, but the two compounds had very similar spectroscopic (IR and

UV) and pharmacological properties. The laboratory-scale synthesis was

extended to industrial-scale production in hundreds of kilogram quantities and

the drug is still in production industrially99 by Beijing Pharmaceutical and

Hangzhou Mingshen Pharmaceutical Companies.

Anisodamine passed clinical evaluation by the Chinese Ministry of Health in

1993, has been included as raceanisodamine in the Chinese Pharmacopeia since

1995 and was approved by the Chinese State Drug Administration for both

injection and tablet forms in 2002.114 Grynkiewicz and Gadzikowska listed

anisodamine as a new drug for septic shock (although not registered beyond

Asia) in a review of tropane alkaloids as medicinally useful natural products

and synthetic derivatives as new drugs.115 Future research in this area is highly

warranted and will likely continue.

6.5.5.2 Other Research

Tropane alkaloids are also under investigation as antidotes for organopho-

sphorus poisoning,97,116,117 to treat snakebite,118 and to prevent or treat

diabetic retinopathy or related eye disorders.119 Anisodamine has also been

found to have preventive and therapeutic effects on various pulmonary

conditions, including acute respiratory distress syndrome120 and allergic

asthma.121 It should also be noted that tiotropium bromide,115 the active

agent of Spiriva, which is successfully marketed for maintenance treatment of
chronic obstructive pulmonary disease (COPD), is a synthetic quaternary

ammonium tropane analog. It has a tropane alkaloid core structure and an

epoxide group like anisodine, but instead has a dimethylated quaternized

amine and is esterified at the C3 hydroxyl with 2-hydroxy-2,2-di(thiophen-2-

yl)acetic acid. Its antimuscarinic action leads to reduced muscle contraction

and mucus secretion and, thus, causes bronchodilation.
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6.6 Camptotheca acuminata/Camptothecin

6.6.1. Introduction

Camptotheca acuminata is a deciduous tree that is native to areas of China and

Tibet.122 Called Xi Shu (‘‘tree of joy’’), it was first documented in TCM in Chih

Su Ming Shih Tu Kao.123 The dried root and fruit were used traditionally for

gastric, rectal and cystic carcinoma, and also chronic lymphemia and

hepatosplenomegaly due to schistosomiasis.123 C. acuminata became relevant

to modern drug discovery following the 1966 publication of an article by Wall

et al.124 The article reported a constituent with potent anticancer activity in

animal models was isolated from the C. acuminata tree stem wood. This was

the first step in a chain of events that ultimately led to the discovery and

development of the cancer chemotherapy drugs topotecan (Hycamtin) and

irinotecan (Camptosar).125

6.6.2 Drug Discovery

In 1950, Monroe Wall was selected to lead a US Department of Agriculture

(USDA) program to identify plants that could be useful sources of

steroids.126 In the course of collecting data for the program, Wall, in

collaboration with Jonathan Hartwell of the National Cancer Institute

(NCI), discovered that an extract from C. acuminata demonstrated high

activity in one of the NCI’s in vivo assay systems. Wall pursued fractionation

and isolation of the active principle, camptothecin, following his establish-

ment of the Natural Products Laboratory at the Research Triangle Institute

in 1960.

The earlier article124 described a novel pentacyclic alkaloid that resulted in

life prolongation as high as 100% when tested against leukemia L1210 in mice

administered 0.25–1.0 mg kg21 of the compound daily. Against the KB cell

culture, the ED50 was reported to be 0.07 mg ml21. However, clinical trials of

the sodium salt of camptothecin were unsuccessful owing to limited efficacy

and severe toxicity.122
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Interest in the compound dwindled until 1985, when Hsiang et al. reported

that camptothecin achieves its cytotoxic effect by inhibiting DNA topoisome-

rase I,127 a nuclear enzyme that participates in DNA replication and

transcription. It was ultimately resolved that camptothecin binds with the

topoisomerase I–DNA complex to form a cleavable complex.128 Upon

interaction with the replication fork, double-stranded DNA breaks result,

which in turn cause cell death.

The breakthrough in understanding of the mechanism of action led to

further efforts to develop candidates for clinical trials from the camptothecin

lead. These efforts eventually resulted in the introduction of topotecan and

irinotecan into clinical use. Topotecan (NSC-603071) is approved for

treatment of metastatic carcinoma of the ovary and small cell lung cancer129

and irinotecan (CPT-11) is approved for treatment of metastatic colon

cancer.129

More recently, Staker et al. in 2002 reported observations of the X-ray

crystal structure of the ternary complex formed by topoisomerase I, DNA

and topotecan.130 The planar, polycyclic ring system of topotecan was

observed to mimic a DNA base pair. Consistent with SAR observations,

topotecan’s C7, C9 and C10 were observed to be oriented into the DNA

major groove, which would allow a wide range of substitutions without

steric hindrance. The lone hydrogen bond between the enzyme and

topotecan was observed between Asp533 and the 20(S)-hydroxyl, also

consistent with SAR observations of the importance of the 20(S)-hydroxyl.

Enzyme mutations at key observed points of contact (Asp533, Arg364,

Asn722) would be predicted to result in drug resistance; such resistance has

been reported in the literature. Of course, it is unknown to what extent the

crystal structure reflects the biological system; nevertheless, these observa-

tions should guide future efforts to design improved camptothecin analogs

as anticancer drugs.
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6.6.3 Lead for New Drug Design

Without modification, camptothecin is unsuitable as a drug because of limited

water solubility, toxicity and metabolic inactivation of the lactone ring.131

These limitations motivated continuing work to discover new drugs from the

camptothecin lead. From the cumulative experience in attempting a wide range

of structural changes, the following general conclusions may be drawn

regarding the SAR of camptothecin analogs:

N The E-ring a-hydroxylactone is required for activity.

N The naturally occurring 20(S) stereoisomer is active, whereas the 20(R) form

is inactive.

N The pentacyclic ring structure is essential for activity.

N The pyridine moiety in the D-ring is also needed for activity.

N Planarity of A-ring substituents is required.126

The literature should be consulted for detailed descriptions regarding the

effects of specific modifications on bioactivity.

Rahier et al. presented a discussion of camptothecin analogs either in clinical

use or in clinical trials as of 2011.125 In addition to topotecan and irinotecan,

belotecan has been approved for clinical use in South Korea. Belotecan is a

water-soluble camptothecin analog with an isopropylaminoethyl group at C7.

Among the drugs in clinical trials are water-soluble analogs (Lurtotecan, OSI-

211, DRF-1042, Namitecan, Elomotecan), water-insoluble analogs (Cositecan,

AR-67, Gimatecan, Diflomotecan) and camptothecin conjugates (CZ-48, TP-

300, PEG-CPT, EZN-2208 and others). Novel strategies are also being

explored for camptothecin drug delivery, including microparticulate carriers

and liposomes.131

6.7 Schisandra chinensis/DDB

6.7.1 Introduction

Schisandra chinensis is used as a TCM to treat and protect against liver

disorders, including viral and chemical hepatitis.132 Dimethyl dicarboxylate

biphenyl (DDB) was developed as a synthetic intermediate derivative of the

natural bioactive lignans found in S. chinensis. The successful discovery of this

antihepatitis drug was a major achievement that explored and built upon the

rich heritage of TCM and is a milestone in drug discovery history.

6.7.2 Source Plant and Traditional Uses

Schisandra chinensis (Family: Schisandraceae) is indigenous to forests of

northern and northeastern China and far eastern Russia. It is a woody vine

with clusters of small, red berries. All five basic flavors (salty, sweet, sour,

savory and bitter) can be tasted in the berries, suggestive of the plant’s Chinese
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name Wu Wei Zi, meaning ‘‘five flavor berry.’’ S. chinensis is more specifically

called Bei-Wu Wei Zi, translated as ‘‘northern five flavor berry,’’ to

differentiate it from similar plants, including S. sphenanthera, called Nan-

Wu Wei Zi. Since 2000, these two plants have been regarded as separate crude

drugs.133

S. chinensis, one of the 50 fundamental herbs of TCM, was recorded in Shen

Nong Ben Cao Jing and used to treat chronic cough and labored breathing,

diarrhea, night sweats, wasting disorders, irritability, palpitations and sleep

disorders.134 In Japan, the Ainu people used S. chinensis, or repnihat, as a

folkloric remedy for colds and sea-sickness.135 Most research has been performed

on its hepatoprotective, anti-inflammatory and adaptogenic effects.136

In Chinese TCM, the berries of S. chinensis are most often dried and then

boiled to make a tea. In Korea, the berries are known as omija and the tea

made from the berries is called omija cha. In Japan, the berries are known as

gomishi. In Russia, the berries are widely used in commercial juices, wines,

fruit extracts and sweets.

6.7.3 Chemistry

The primary hepatoprotective and immuno-modulating constituents in

S. chinensis are lignans, found primarily in the seeds of the fruit.

Dibenzocyclooctadiene lignans account for over 80% of the lignan content.

They are characterized by a biphenyl ring system linked by a four-carbon

bridge, creating a cyclooctadiene ring. The compounds have either an (R)-

configuration or (S)-biphenyl configuration, referring to the three-dimensional

twist of the biphenyl rings. Although schisandrin B and gomisin N would look

the same when drawn in only two dimensions, they are different in three

dimensions. The former compound has an (R)- and the latter an (S)-biphenyl

configuration. Detailed NMR and mass spectrometric data, combined with X-

ray crystallography, have recently been reported on gomisin N.137
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Some dibenzocyclooctadiene lignans with an (R)-biphenyl configuration are

schisandrin, schisandrin A (deoxyschisandrin), schisandrin B (c-schisandrin),

gomisin A and gomisin K2. Compounds with an (S)-configuration are gomisin

N, schisandrin C, schisantherin A (gomisin C), schisantherin B (gomisin B),

gomisin S and angeloylgomisin Q.138

Two reviews have been published on the chemical composition of S.

chinensis, focusing on the bioactivities and also isolation and analytical

methods, including fingerprint techniques.139,140 Quantitative determination

methods for the lignans have also been summarized, particularly regarding

quality control on the crude drug and its preparations.141,142 Analytical

methods used to distinguish between S. chinensis (Bei-Wuweizi) and S.

sphenanthera (Nan-Wuweizi) have also been described.133

6.7.4 Pharmacology

6.7.4.1 Adaptogenic Effects

Adaptogens are defined as compounds that increase the ability of an organism

to adapt to environmental factors and to avoid damage from such

factors.143,144 In 1961, S. chinensis was recognized as a restorative adaptogen

in the official USSR Pharmacopea.145 Extensive studies were documented by

Panossian and co-workers,146,147 including an extensive review in 2008,

describing pharmacological studies in animals, on isolated organs, cells and

enzymes, on healthy human volunteers and in clinical trials.145 S. chinensis is

an adaptogenic herb and has health benefits that have been described.148
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6.7.4.2. Antioxidant and Immunomodulating Effects

Schisandra promotes activity of antioxidant enzymes, such as superoxide

dismutase (SOD) and glutathione peroxidase (GPX), which reduce cell-

damaging oxygen free radicals.149 The major bioactive lignan schisandrin

exhibited antioxidative effects both in vitro and in vivo in mice,150 and the

related schisandrin B directly scavenged active oxygen radicals151 and

prevented mitochondrial dysfunction in oxidatively stressed brain.152 S.

chinensis may be therapeutically beneficial in promoting the body’s antibody-

and cell-mediated immune responses, as schisandrin and gomisin A can induce

the release of various cytokines.153

6.7.4.3 Anti-inflammatory Effects

Various lignans, including gomisin C (schisantherin A), gomisin N, gomisin J,

schisandrin and schisandrin C, exhibit anti-inflammatory effects, such as

inhibiting lipopolysaccharide (LPS)-induced nitric oxide production, prosta-

glandin E2 (PGE2) release and cyclooxygenase-2 (COX-2) expression. The

compounds also reduce levels of the pro-inflammatory cytokines tumor

necrosis factor alpha (TNF-a) and IL-6.150,154,155

6.7.4.4 Hepatoprotective and Detoxifying Effects

Cyong et al. reported positive results when several patients with chronic

hepatitis C were treated with a multicomponent herbal medicine containing S.

chinensis.156 Many other studies attest to the liver protective/detoxification

effects of S. chinensis and its constituents, although questions remain about the

study protocol.157 S. chinensis seed extract can enhance antioxidation and

detoxification132 by increasing and restoring drug metabolism in damaged

liver.158,159 In addition, various bicyclooctadiene lignans, including schisandrin

B and C and gomisin A, have also demonstrated important in vitro and in vivo

effects on liver protection and repair.160 The pharmacological effects and

molecular mechanisms161 include inducing action on liver cytochrome P-

450,162 inhibiting lipid peroxidation,163 reducing alanine aminotransferase

(ALT) levels and death rates in mice164 and, particularly, elevating the level of

hepatic mitochondrial glutathione (GSH).165 A proteomics study indicated

that schisandrin B down-regulates Raf kinase inhibitor protein (RKIP), which

may be a key regulatory protein in the development of hepatotoxin-induced

cell damage.166

6.7.5 Drug Development: Discovery of DDB

Studies in China in the early 1970s showed that Schisandra extracts could

provide beneficial effects on markers of liver damage and reduce histopatho-

logical liver damage.167 When Schisandra was used as an adjuvant treatment
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for the fatigue common to infectious hepatitis patients, elevated levels of serum

glutamic pyruvic transaminase (SGPT), a marker for infective hepatitis and

other liver disorders, could be lowered quickly and without obvious toxicity.

Subsequently, seven bicyclooctadiene lignans were isolated from an ethanol

extract of the seeds of S. chinensis by Chen et al.,168 and several compounds

were linked to the therapeutic and hepatoprotective effects in liver

diseases.169,170 Schisandrin C most potently lowered SGPT and improved

inflammatory liver lesions and necrosis.171 Although it was selected as the lead

compound, the natural supply (the plant content was below 0.08%) could not

meet the needs for further study. A collaborative effort, including scientists

from Shanghai Zhonghua Pharmaceuticals Co. and the 15th Shanghai

Pharmaceuticals Co., was initiated to accomplish the total synthesis of

schisandrin C.172,173 During the synthesis of the four isomers of schisandrin C,

the trans–cis relationship of the two methyl groups in the cyclooctadiene ring

and the relative positions of methoxy and methylenedioxy groups on the

biphenyl core were determined.174 A thorough description of the synthesis of

schisandrin C, including spectroscopic analyses, was published in 2009.175

Although the synthesis of schisandrin C was successful, it was relatively

long, resulted in low yields and had some technical challenges. Therefore, it

was difficult to supply a sufficient amount of the compound for pharmacology

studies. Although the biphenyl unit of the bicyclooctadiene lignans is critical

for their pharmacological activities, the cyclooctadiene ring is not and,

accordingly, simplified active schisandrin analogs were pursued.176,177 Among

more than 30 synthetic analogs, dimethyl 4,49-dimethoxy-5,6,59,69-dimethyle-

nedioxybiphenyl-2,29-dicarboxylate (DDB) was designated as a promising

drug candidate. It was not as active as schisandrin C, but it was less toxic and

more bioavailable.157 DDB exhibited SGPT-lowering activity, could improve

liver function and also protect the liver. A reliable, efficient process was

developed for large-scale preparation and sufficient material was produced for

toxicity studies. After continued good results, DDB was approved as an
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antihepatitis drug and was commercialized at the end of 1980. It was rapidly

adopted for use in China and hundreds of thousands of hepatitis patients were

treated effectively and cured successfully.178

The discovery of DDB was highly recognized, winning the First Level

Accomplishment Award from the Ministry of Health and the Third Level State

Invention Award in China. The drug has been exported to many countries and

has been used to treat chronic viral hepatitis B patients in China for more than

20 years, and also in Korea and Egypt for more than 10 years, without any

significant adverse effects.179,180

It should be noted that different acronyms for DDB, including diphenyl

dimethyl bicarboxylate, biphenyl dimethyl dicarboxylate (BDD)181 and

diphenyl dimethyl dicarboxylate (PMC), are used in the literature.182

6.8 Artemisia annua/Artemisinin

6.8.1 Introduction

The 1971 discovery by Chinese scientists of the antimalarial compound

artemisinin from Artemisia annua (Family: Asteraceae) was a major break-

through in research on TCM for new drug discovery. This event was of global

significance and impact, as it led to critically-needed treatment for millions of

people suffering from the parasitic disease. Also, it was the highest profile

instance of a discovery of a modern drug from TCM by scientists working

within China.

6.8.2 Drug Discovery

Malaria is a disease caused by the parasites Plasmodium falciparum and P.

vivax, transmitted among human populations by infected mosquitoes.

Symptoms of the disease appear 10–15 days following infection and include

fever, chills, sweating, headache, nausea and vomiting. Left untreated, malaria

can be fatal. The World Health Organization (WHO) reported 216 million

episodes of malaria worldwide in 2010 (655 000 deaths), with the disease

endemic to 106 countries.183

In the West, the natural product quinine was the first widely available

antimalarial drug. An alkaloid occurring in the bark of the Peruvian Cinchona

tree, quinine was used through World War II, after which it was largely

superseded by the newer, more economical synthetic antimalarials, most

notably chloroquine.184,185 Decades of use of quinine and the early synthetic

antimalarials resulted in widespread resistance of P. falciparum and P. vivax to

these agents. Hence, in the late 1960s, the Chinese government launched an

initiative to find new drugs to combat the malaria epidemic.186

As a result, in 1971 a consortium of Chinese scientists discovered that the

flowering annual A. annua contained a potent antimalarial constituent,

subsequently named qinghaosu or artemisinin.187 Use of A. annua had been
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documented in TCM in Recipes for 52 Kinds of Diseases of 168 BC, Ge Hang’s

Handbook of Prescriptions for Emergency Treatment of 340 AD and Li

Shihzen’s Compendium of Materia Medica of 1596,185 and also Shen Nong Ben

Cao Jing of the first century AD and Wenbing Tiaobian of 1798.188 The newly

discovered active principle artemisinin was noteworthy not only for its efficacy

against malaria, but also for its unusual chemical structure, featuring an

endoperoxide bridge within a sesquiterpene lactone.189,190

Youyou Tu was awarded the 2011 Lasker–DeBakey Clinical Medical

Research Award for her contributions to the discovery of artemisinin and has

described the events that led to the breakthrough.187 As part of the national

Project 523, a group under Tu’s leadership screened more than 2000 Chinese

herb preparations, with more than 380 promising extracts then evaluated in a

murine model of malaria. On 4 October 1971, an extract was obtained with

100% effectiveness in treating malaria-infected mice and monkeys. Subsequent

clinical application confirmed the efficacy against both P. falciparum and P.

vivax in human patients.

The discovery of artemisinin led – both in China and in the West – to the

identification of many derivatives with greater solubility and greater potency.

These first-generation derivatives included oil-soluble artemether and

arteether, water-soluble (but less stable) artesunate and dihydroartemisinin

(DHA), to which artemisinin is metabolized in the body.185,191,192 Like

artemisinin itself, the derivatives share a short metabolic half-life in relation to

other antimalarial drugs along with their unusual efficacy.193 Solubility

limitations and concerns about the potential for neurotoxicity, particularly

with artemether and arteether, motivated the search for additional artemisinin

derivatives suitable for clinical use. 185,190,191
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6.8.3 Major Uses and Mechanism of Action

Currently, the WHO recommends artemisinin-based combination therapies

(ACTs) for uncomplicated P. falciparum malaria, the most lethal form of

malaria.183 These therapies pair a shorter-half-life artemisinin derivative with a

longer-half-life partner antimalarial to maximize therapeutic efficacy and

minimize the chances of resistance emerging.192,193 The ACTs currently in

clinical use include artemether–lumefantrine (Coartem), artesunate–amodia-

quine, artesunate–mefloquine and artesunate–sulfadoxine–pyrimethamine

combinations; other combinations continue to be studied.192,193 The ACTs

are generally more expensive than earlier antimalarial drugs ($1.40 for a course

of artemether–lumefantrine versus $0.10 for a course of chloroquine).183,192

Safety and quality are growing concerns.

Three major theories have been proposed regarding the mechanism of action

of artemisinin and its derivatives:

1. Cleavage of the peroxide bond by heme-associated iron, followed by

formation of carbon-centered radicals

1. This theory was inspired by analogy to a Fenton-like reaction.194 Heme,

the by-product of parasite digestion of hemoglobin, was thought to present

labile divalent iron that would catalyze the cleavage of the peroxide bond

in artemisinin, thereby yielding alkoxyl radicals that quickly transformed

to carbon-centered radicals.195 The subsequent targets of the carbon-

centered radicals were never resolved (or observed); however, they were

generally considered to be parasite proteins.196

2. Disruption of mitochondrial function

2. The possible mitochondrial role in the mode of action of artemisinin has

been most clearly indicated by studies of the growth of yeast on non-

fermentable media, along with selected animal studies.190,196 In the former

case, yeasts, which require mitochondrial participation in the metabolism

of non-fermentable carbon sources, failed to grow in the presence of such

carbon sources and artemisinin.197 This inhibition was hypothesized to

result from depolarization of the mitochondrial membrane by reactive

oxygen species (ROS). With respect to the animal studies, parasite

mitochondrial swelling was reported after administration of artemisinin

in studies of P. inui-infected monkeys and P. berghei-infected mice.198

Impairment of oxidative phosphorylation was speculated to be one of

various possible causes. Recent work by Wang et al. further considered the

role of ROS in impairment of mitochondrial function.199

3. Interference with sarco/endoplasmic reticulum Ca2+-ATPase (SERCA)

3. Eckstein-Ludwig et al., in 2003, originally presented the compelling

argument that artemisinin achieves its activity by inhibiting SERCA.200

They expressed PfATP6 in Xenopus laevis oocytes, finding not only that

artemisinin had an inhibitory effect, but also that it was antagonized by
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thapsigargin, a known SERCA inhibitor with a structure similar to that of

artemisinin.

6.8.4 Lead for New Drug Design

The efforts to design new artemisinin derivatives have been aimed at improving

upon the solubility, pharmacokinetic profile and efficacy of the parent compound

(and first-generation derivatives) while reducing the potential for neurotoxicity.

Following the strategy used to design the first-generation derivatives, many new

compounds have been reported based upon modification at the C-10 position of

artemisinin; these have been broadly classified as C10 acetyl or non-acetyl

derivatives.201 Modifications at C15 (according to CAS numbering, alternatively

referred to as C9 and C14 in the literature) have also been attempted in designing

new compounds with improved drug profiles.189,191,202 A class of 11-azaartemi-

sinins has been reported,202 as have fluorinated artemisinins.191 Other recent

work includes efforts to design C10 carba and aryl analogs of DHA.201

The successes and failures in these new drug discovery efforts have, over

time, clarified the structure–activity characteristics of artemisinin, with the

peroxide established as the critical pharmacophore.189,190 The third, non-

peroxidic oxygen atom has been demonstrated to enhance antimalarial

activity.189 The B- and D-rings, and also the lactone function, have been

found unnecessary for antimalarial activity.203

These observations have guided efforts to design synthetic or semisynthetic

eroxide and trioxane analogs that would, in principle, be more economical to

produce on a large scale than artemisinin-based compounds.204 To date, the

most promising and widely discussed result of this work has been OZ277,

reported by Vennerstrom et al. in 2004.205 They used a medicinal chemistry

approach, integrating antimalarial, pharmacokinetic, metabolism, physico-

chemical and toxicity data to identify optimal compounds for study. OZ277,

also called arterolane maleate or RBx11160, is currently in Phase III clinical

trials in combination with piperaquine phosphate through Ranbaxy Research

Laboratories, India.206 More recently, the structurally-related OZ439 has been

presented as a potential single-dose alternative for treating uncomplicated

malaria.207

Future work is expected to focus on the search for new artemisinin

derivatives with improved drug profiles; better resolution of the mechanism of

action of artemisinin will inform this work. While efforts are ongoing to
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formulate biochemical and molecular strategies to make artemisinin produc-

tion more economical, a best-case scenario is the convergence of economical

synthesis or semisynthesis approaches with the identification of new analogs

with optimized efficacy in treating this neglected disease.

6.9 Indigofera tinctoria/Indirubin

6.9.1 Introduction

In TCM, the herbal formula Dang Gui Lu Hui Wan (or Danggui Longhui

Wan) (DLW) is used to treat ‘‘excess heat or fire in the liver and gall bladder.’’

Thus, DLW could be used to treat chronic myelocytic leukemia (CML), as
diagnosed according to its symptoms.208 Working on that premise, scientists at

the Institute of Hematology, Chinese Academy of Medical Sciences, first

discovered in clinical studies that DLW was indeed effective in patients with

CML.209 Because this herbal formula can contain extracts from 10–11 plant

species, plus musk from the Siberian musk deer (Moschu moschiferus),

simplified combinations of the ingredients were tested to establish the active

component(s). Finally, the antileukemia effects were attributed solely to

Indigofera tinctoria,210–212 and further study established the alkaloid indirubin
as the antileukemic agent, based on both animal and clinical studies.213–216

6.9.2 Source Plant and Traditional Uses

Indigofera tinctoria (Family: Fabaceae) is a flowering shrub cultivated
worldwide. In addition to its medicinal purposes, the plant is still used as a

ground cover to improve soil, and the plant leaves were the previous source of

natural indigo dye, a blue coloring agent.

Qing Dai (or Indigo naturalis) is the dark-blue powder extracted from leaves

of Indigofera tinctoria, Isatis indigotica, Baphicacanthus cusia or Polygonum

tinctorium. In addition to Qing Dai, DLW (the multi-herbal formulation

mentioned above) contains Angelica sinensis root (Dang Gui), Aloe vera dried

juice (Lu Hui), Gentiana scabra root, Gardenia jasminoides fruit, Scutellaria

baicalensis root, Phellodendron amurense stem-bark, Coptis chinensis rhizome,

Rheum palmatum root and Aucklandia lappa root. DLW has been used for many

indications, most commonly strong headache with constipation, restlessness and

anxiety/irritability, dark red or yellow urine, dizziness and convulsions.217,218 In

TCM, Qing Dai itself was used to clear heat, cool the blood and relieve toxicity.

Topically, it was used to treat oral sores and sore throat.219,220 Qing Dai was also

used alone to treat various skin conditions and is currently being evaluated very

successfully in the form of an ointment or oil to treat psoriasis.221–223

6.9.3 Chemistry

Chemically, indirubin (also known as isoindigotin or indigo red) is a 3,

29-bisindole, more specifically, 3-(1,3-dihydro-3-oxo-2H-indol-2-ylidene)-1,
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3-dihydro-2H-indol-2-one. It is a very minor component of Qing Dai.224,225 In

contrast, the major alkaloid indigo (also known as indigotin) is a 2,2 9-indole,

more exactly, 2-(1,3-dihydro-3-oxo-2H-indol-2-ylidene)-1,2-dihydro-3H-indol-

3-one. In indigo, both heterocyclic rings are present as pyrrolidin-3-one

systems, whereas in indirubin, one ring is a pyrrolidin-2-one system. This

structural difference is highly significant, as it is crucial for anticancer activity

(indigo is not active as an anticancer agent). Scientists at the Institute of

Materia Medica, Chinese Academy of Sciences, Beijing, were able to convert

indigo synthetically to indirubin.226 Another difference in the two compounds

is their color; indigo is blue whereas indirubin is red.

6.9.4 Pharmacology

As mentioned above, indirubin was found to be responsible for the anticancer

effects of indigo naturalis. In addition, it and its derivatives have also been

linked to anti-inflammatory227 and neuroprotective228 effects.

Indirubin and related synthetic derivatives inhibit cancer cell proliferation

by inducing cell cycle arrest at the late G1 and G2/M phases. The

compounds inhibit the action of cyclin-dependent kinases (CDK1–cyclin B,

CDK2–cylin A, CDK2–cyclin E, CDK4–cyclin D1 and CDK5–p35), by

competing with ATP for binding to the enzymatic catalytic subunit.229,230

CDKs play key roles in cell cycle progression and, thus, are molecular

targets in anticancer drug discovery.231 Most indirubins were even more

potent inhibitors of glycogen-synthase kinase (GSK-3b), another cell cycle

regulator.232 In addition, indirubin potently inhibited TNF-induced cancer

cell invasion, in addition to NF-kB activation induced by various

inflammatory agents and carcinogens. More specifically, indirubin blocked

the phosphorylation and degradation of IkBa by inhibiting the activation of

IkBa kinase and the phosphorylation and nuclear translocation of p65.

Indirubin also down-regulated numerous gene products involved in

antiapoptosis, proliferation and invasion. Thus, the antiproliferative and

anti-inflammatory effects of indirubin may well result from its effects on

NF-kB activation pathways.233
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6.9.5 Development as a Potential Drug

6.9.5.1 Cancer

Early results with indirubin as a potential drug to treat CML were promising,

leading to a complete remission in 26% and partial remission in 33% of 314 cases

in a clinical trial in China in 1980.234 Treatment was generally well tolerated,

with abdominal pain and diarrhea being the major side effects.211 Fewer side

effects and comparable effectiveness were seen in similar clinical trials with

N-methylisoindigo (meisoindigo), a synthetic derivative of indirubin.212 Me-

chanistic studies with the two compounds indicated that they caused growth

inhibition and apoptosis of leukemic cells.212

In continued studies, both the 5-sulfonate (sodium salt) and the 39-oxime of

indirubrin (IO) exhibited markedly increased inhibition of CDKs compared

with indirubin.229,230,235 The two compounds were bound similarly in crystal

structures with CDK2, indicating that effects of substituents at the two

modified positions could be additive and offering avenues of further inhibi-

tor development.229,236 However, the sulfonate was inactive against both

LXFL529L (human large cell lung carcinoma) and MCF-7 (human mammary

carcinoma cell lines), likely due to its inability to penetrate cell mem-

branes.230,235 In contrast, the oxime exhibited greater potency than indirubin

against the former cell line and comparable potency against the latter cell

line.230 Accordingly, with better solubility than its parent compound, IO has

been widely studied and found to exhibit angiogenic activity using a transgenic
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zebrafish model.237 Recent mechanism of action studies found that IO inhibits

the vascular endothelial growth factor-2 (VEGFR-2) signaling pathway,

leading to inhibition of angigenesis.238

In further structural modifications, hydrophilic moieties were incorporated

into the 39-oxime to increase water solubility and bioavailability, leading to an

indirubin analog with the oxime ether of glycerol. In mechanistic studies, this

compound inhibited signaling of the signal transducer and activator of

transcription (Stat) protein and induced apoptosis in CML, breast and

prostate cancer cells.239,240

Other indirubin oxime derivatives, particularly IO, 6-bromoindirubin oxime

(BIO) and 6-bromoindirubin acetoxime (6-BIA), were also found to block

migration of both glioblastoma cells, required for tumor spread, and

endothelial cells, required for tumor angiogenesis. The molecular target could

be GSK-3, a major contributor to signaling pathways that modulate invasion

and proliferation. Thus, indirubin treatment may provide a novel two-pronged

chemotherapeutic approach: anti-invasive and antiangiogenic.241

Although all structural modifications performed on indirubin cannot be

mentioned in this chapter, a concise description can be found in a mini-review

by Karapetyan et al.242 The same paper also gives an extensive review of the

syntheses and bioactivities, particularly anticancer activities, of N- and O-

glycoside derivatives of indirubin, indigo, isoindigo and their various

heteroanalogs.
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6.9.5.2 Neurodegenerative Disorders

The indirubin structure is of interest as a protein kinase-inhibitory scaffold,243

not only for cancer, but also for neurodegenerative diseases. Leclerc et al.

found that indirubins not only inhibited GSK3b and CDK5/P35, but also

prevented the hyperphosphorylation of tau.232 Abnormal phosphorylation of

this microtubule-binding protein eventually leads to the formation of the

neurofibrillary tangles characteristic of Alzheimer’s disease. Subsequent

studies have been directed at improving solubility and increasing the selectivity

of indirubin derivatives towards inhibition of GSK-3b, while decreasing

cytotoxicity.244 Two compounds, 6-BIDECO and 6-BIMYEO, were found to

block tau phosphorylation and apoptosis effectively in an in vitro model and

were identified as potential neuroprotective agents from these studies.228

6.9.5.3 Psoriasis

Studies have shown that indigo naturalis and its component indirubin can

decrease the hyperproliferation and help restore normal differentiation of

keratinocytes.245 At a molecular level, the expression of proliferating cell nuclear

antigen, a cell cycle regulatory protein that is amplified in psoriasis, was decreased

and the expression of involucrin, an early maker of terminal differentiation, was

increased.245 Recruitment for a clinical trial (NCT01445886) in China using

indigo naturalis oil extract for treating psoriatic nails began in 2011.246 Thus,

indirubin or indigo naturalis may hold promise as a treatment for psoriasis and

other abnormal skin conditions.

6.10 Huperzia serrata/Huperzine A

6.10.1 Introduction

Treatment of neurodegenerative disorders, particularly those related to aging,

such as Alzheimer’s disease (AD), is a growing concern. Several recent reviews
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are available describing various plant species and their constituent phyto-

chemicals as potential treatments for dementia.247–251 Interestingly, the

cholinergic side effects from the medicinal uses of Huperzia serrata were the

basis of the discovery of its constituent huperazine A (Hup A), which has

attracted worldwide attention as a potential therapeutic agent to combat

memory deficit disorders, most particularly AD. Thus, the minor effects of a

long-used medicinal plant may reveal an entirely new avenue for therapeutic

investigation and intervention.

6.10.2 Source Plant and Traditional Uses

H. serrata (Family: Huperziaceae) is a club moss found in deep forests of

southeastern Asia, including China and India, and also other countries. It was

first recorded as a TCM during the Tang dynasty where it was listed in the

Chinese pharmacopeia Ben Cao Shi Yi as Shi Song, which was used to treat

rheumatism and colds, improve blood circulation and relax muscles.252

Because Shi Song can also refer to multiple medicinal herbs from the genus

Lycopodium, H. serrata is more specifically known as Qian Ceng Ta, which

means thousand-layered pagoda, referring to the plant’s shape. In TCM, it is

usually employed in the form of a tea to relieve pain and to treat fever, bruises,

strains, contusions, swelling and inflammation.253 More recently, it has been

used for organophosphate poisoning, myasthenia gravis, seizures and

schizophrenia.251,254

Owing to a declining wild population of H. serrata, Ma et al. surveyed

potential natural sources of Hup A.255 Ma and Gang also established a method

for the in vitro production of higher levels of Hup A from tissues of

Phlegmariurus squarrosus.256 Mass production possibilities of Hup A, and also

galantamine (an approved AD drug also from a natural resource, Galanthus

nivalis), by organic synthesis and in vitro culture methods have been

described.257

6.10.3 Chemistry

The chemical composition of H. serrata has been reviewed,252 but the major

research focus is on Hup A, a lycodine alkaloid. Three additional classes of

alkaloids (lycopodine, fawcettimine and miscellaneous) and also triterpenes,

flavones and phenolic acid are also found.

Chemically, Hup A is 9-amino-13-ethylidene-11-methyl-4-azatricyclo

[7.3.1.0(3.8)]tridec-3(8),6,11-trien-5-one. It is a tricyclic molecule, with a

tetrahydroquinolinone system bridged by a –CH2–C(CH3)5CH– group.

Huperzinine is the dimethylamino analog of Hup A, whereas Hup B is

tetracyclic, with the pendant primary amino group of Hup A contained in a

piperidine ring.
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6.10.4 Pharmacology

6.10.4.1 Anticholinergic Effects

The traditional use of H. serrata was often accompanied by cholinergic side

effects,258 which have now been linked to certain alkaloids contained in this

plant.251,252 Among them, Hup A is the most potent acetylcholinesterase

(AChE) inhibitor and its action is reversible and highly specific. AChE is the

enzyme that hydrolyzes acetylcholine (ACh), a protein that is essential for

neurotransmission. Thus, AChE inhibitors can increase neuronal transmission

by increasing the quantity of ACh. Hup A shows a marked preferential

inhibition for the tetrameric, G4 form of AChE, which is the major form in

mammalian brain.259 In the Hup A–AChE complex, five different sites of

interactions are found, accounting for Hup A’s improved potency relative to

other AChE inhibitors.260,261 Hup A is also orally bioavailable, readily crosses

the blood–brain barrier (BBB) and has a better pharmacokinetic profile than

four approved AD drugs with the same mechanism of action, including tacrine

(Cognex), donepezil (Aricept), rivastigmine (Exelon) and galantamine

(Reminyl).250,262,263

6.10.4.2 Neuroprotective Effects

Hup A is also an effective nootropic agent that enhances concentration and

memory, while also having neuroprotective effects.264,265 The latter action may

result from activation of muscarinic and nicotinic acetylcholine receptors and

antagonism of N-methyl-D-aspartate (NMDA) receptors,251 which can protect

neurons against glutamate-induced excitotoxicity.266 Hup A can also scavenge

reactive oxygen species267 and increase nerve growth factor levels in rats.268

Importantly, Hup A can enhance the processing of amyloid precursor protein

(APP) in vitro and in vivo,269 and thus protect against b-amyloid protein (or

peptide) toxicity, a hallmark of AD. Interestingly, both enantiomers of Hup A

exhibited equal protection against 1-amyloid-induced injury in vitro, and the
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(–)-isomer was more potent than the (+)-isomer against AChE.270 Hence the

neuroprotective and anticholinergic effects may not be directly related and the

therapeutic effects of Hup A may be due to actions on multiple targets.271 The

anticholinergic and neuroprotective effects of Hup A have been well

summarized.263,265,272,273

6.10.5 Development as a Potential Drug

6.10.5.1 Neurodegenerative Disorders

During the 1980s, Chinese researchers targeted certain medicinal plants and

their constituent alkaloids, which had effects on the cardiovascular or

neuromuscular system or with cholinesterase activity, in a search for new

drugs to treat myasthenia gravis.274 The isolation/characterization of Hup A

and the discovery of its AChE activity by Liu and co-workers at the Shanghai

Institute of Materia Medica (SIMM)275,276 were highlights of this research.

Two independent total syntheses of Hup A were first reported in 1989 from

groups in China277 and the USA.278 Subsequent synthetic efforts have been

reviewed.252,261,271 Hup A was found to be effective in numerous cognition and

performance animal models, involving both rats and monkeys.279,280 In 1996,

the research on Hup A successfully led to its approval by the government of

China in a tablet form for treating AD in China.279 It was developed by Zhu

and co-workers of SIMM, denoted shuangyiping and marketed as a new

drug.279,280

Various reviews detailing the numerous clinical studies on Hup A have been

published,261,263,280–282 and an overview of the compound, including synthetic

efforts, was published in 2006.283 In China, Hup A successfully reached Phase

IV clinical trials.254 Overall, Hup A notably improved memory in elderly

people with benign senescent forgetfulness and in AD or vascular dementia

(VD) patients, without significant side effects or toxicity.263,284 In 2009, a

meta-analysis of Hup A’s efficacy and safety in randomized trials to treat AD

was published, with the conclusion that Hup A was well tolerated and could

notably improve cognitive performance in AD patients based on primary

outcome measures [mini-mental state examination (MMSE) and activities of

daily living (ADL)].285 In a Cochrane review of various clinical studies on Hup

A for VD, it was noted that Hup A showed a significant beneficial effect on

ADL after 6 months of treatment; however, the authors stated that further

well-controlled trials were needed for this purpose.286

In 1996, synthetic modification studies led to the selection of ZT-1 as a

prodrug of Hup A.282 ZT-1 is a Schiff base between Hup A and 5-chloro-O-

vanillin. It has been patented internationally and is being co-developed

between the SIMM of China and Debiopharm of Switzerland. In 2006,

Debiopharm announced that a monthly sustained-release implant of ZT-1

(denoted Debio-9902 SR) was well tolerated and showed no safety issues in a

Phase I trial and that a once-daily oral tablet form was also efficacious and safe
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in a Phase II study. Phase IIb trials (referred to as BRAINz: Better

Recollection for Alzheimer’s patients with the ImplaNt of ZT-1) began in

2007 in Australia, Canada and the UK. In 2008, a clinical bioequivalence

bridging study was begun in the USA for a new oral tablet formulation.287

Regarding cognitive clinical trials on Hup A, Shandong Luye Phar-

maceutical Co. is currently recruiting patients for a Phase II/III study of

Hup A sustained-release tablets in patients with AD to be performed in China

(NCT01282619).288 Biomedisyn Corporation and Yale University are also

recruiting for a Phase II study of Hup A for cognitive and functional

impairment in schizophrenia (NCT00963846).288 The study results are eagerly

awaited as a step in the continuing development of Hup A/ZT-1 as a new drug

from TCM.

In the USA, Hup A (as powdered H. serrata) is marketed as a dietary

supplement for memory support, but has not yet been approved for treatment

of AD or other cognitive disorders.272 Some trials in the USA have shown

beneficial results, such as a completed clinical trial of Hup A co-sponsored by

the National Institute on Aging and Neuro-Hitech Inc., which found dose-

related improvements at higher dosages in AD patients, with no safety issues

(NCT00083590).289,290 However, other trials have not shown benefits.291 Thus,

the use of US FDA-approved drugs is still encouraged, until further

evaluations and regulations are in place.292

6.10.5.2 Organophosphate Antidote

Hup A’s reversible inhibition of AChE can protect the enzyme from poisoning

by the nerve agent soman and other organophosphates (OPs). Because Hup A

crosses the BBB, it may be effective when used as a pretreatment drug in

preventing seizures and other neuropathology caused by OP agents. Because it

is more selective for red cell AChE than plasma butylcholinesterase (BuChE),
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Hup A could protect the cerebral AChE, while allowing the plasma BuChE to

scavenge OP agents.293,294 Hup A showed promising activity as a potential

protective agent against OP-induced neurotoxicity, neuronal damage, seizures

and mortality in several animal experiments.295–297

6.11 Astragalus membranaceus/PG2

6.11.1 Introduction

TCM can be viewed as a complementary therapy for current Western medicine

(WM). Accordingly, the integration of TCM with WM can be either a tactic to

increase the efficacy of WM or a strategy to reduce certain unwanted side effects

of WM. This combined approach to TCM and WM is more likely to gain the

approval of Western regulatory agencies in the application of Chinese herbal

medicine or prescriptions. The history of Astragalus membranaceus (Huang Qi)

and the development of PG2 injection for cancer-related fatigue constitute an

excellent illustration of this approach. In addition, this example shows that new

drug discovery does not have to be limited to studies on a single bioactive

compound, but rather can focus also on herbal extracts and prescriptions.

6.11.2 Source Plant and Traditional Uses

Astragalus membranaceus (Family: Fabaceae) is native to Mongolia and

northern China, but is now cultivated worldwide. Its root, called Huang Qi

(meaning yellow leader), was cited in Shen Nong Ben Cao Jing as a TCM tonic

herb that could replenish a person’s Wei Qi (the energy force that protects the

body). Symptoms of such insufficient energy included weakness, fatigue,

apathy, poor appetite, clammy hands and vulnerability to infection,298 hence

Astragalus was used to decrease fatigue and promote healing.299 Even today,

Huang Qi is a popular tonic herb, used to improve resistance to disease and

increase deficient energy, and is marketed as dried roots, ground roots in

capsules or tablets, as a liquid extract and as an ingredient in herbal teas.300

In TCM, Astragalus is a common ingredient in multicomponent herbal

formulas. The Astragalus roots are boiled and combined with other herbs to

make a decoction or medicinal soup. An example is Buzhong Yiqi Tang

(BYT), used for conditions involving lack of strength; it contains Astragalus as

the major herbal ingredient, along with Cimicifuga, Bupleurum, ginseng,

licorice, Atractylodes, ginger, orange peel, jujube and Angelica. Another

example is Buyong Huanwu decoction (BHD), which is used to restore

neurological impairment following cerebral stroke; it contains Astragalus

membranaceus, Angelica sinensis, Paeonia lactiflora, Ligusticum chuanxiong,

Prunus persica, Carthanmus tinctorius and Pheretima asperigillum.301,302 A

third example is Huang Chi Wu Wu Tang, which contains A. membranaceus,

Paeonia lactiflora, cinnamon twig, Zingiber officinale and Ziziphus jujube and

is used as a TCM formula to treat hemiplegia. China Medical University
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Hospital, Taiwan, is currently recruiting patients for a Phase IV clinical trial

(NCT01553643) of the latter prescription for treating intracranial arterial

stenosis (narrowing of arteries in the brain).303

6.11.3 Chemistry and Pharmacology

In 1997, Rios and Waterman reviewed the chemical composition of the genus

Astragalus, particularly regarding the medicinal effects.304 The main bioactive

components include polysaccharides, saponins (particularly astragalosides)

and flavonoids.305 Astragalan is the term for a polysaccharide-rich fraction

(molecular weights from 20 000 to 25 000) extracted from Astragalus. It has

significant effects on the immune system, including increasing the secretion of

TNF in vitro306 and activating lymphocytes (B cells) and macrophages.307 The

saponins, particularly astragaloside IV, have been linked to antioxidative,

vasodilative and cardioprotective effects.308 Flavonoids from A. membranaceus

have been less well studied, but also contribute to immunoregulatory effects.309

Both in vitro and in vivo studies have shown that Astragalus-based thera-

pies have potent immune-restorative and immune-stimulating modulating

effects.310,311 The plant can increase the production or action of lymphocytes,

natural killer cells and macrophages,312–314 and can also stimulate macro-

phages to produce interleukin-6 and TNF.315

6.11.4 Clinical Studies

Clinical studies of Astragalus in immunotherapy, adjunct cancer therapy,

cardiovascular studies and nephritis were reviewed by Sinclair in 1998,316 and

are discussed in more depth below.

6.11.4.1 Immunotherapy and Adjunct Cancer Therapy

Astragalus is a major component in zheng fu therapy, a treatment involving

combinations of herbs designed to restore immune function in cancer patients

undergoing radiation treatment or chemotherapy.314,317 In cancer patients

treated with a combination of recombinant IL-2 and Astragalus, anticancer

activity of lymphokine-activated killer (LAK) cells was heightened and

deleterious side effects (e.g., acute renal failure, capillary leakage syndrome,

myocardial infarction and edema) were reduced.318 Furthermore, a meta-

analysis of randomized trials showed that Astragalus-based Chinese herbal

medicine may well have effectiveness as an adjuvant treatment to platinum-

based cancer chemotherapy for advanced non-small cell lung cancer. The

improved response coupled with reduced therapy-related toxicity could be

linked to stimulation of macrophages and natural killer cell activity, and also

inhibition of T-helper cell type 2 cytokines.319,320 Among the literature on the

use of medicinal herbs as an adjuvant treatment to chemo- or radiotherapy for

cancer, two reviews mention Astragalus as having positive benefits.321,322
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6.11.4.2 Nephritis

Studies have confirmed that the herb acts as a diuretic323 and has a renal

protective effect. Although more rigorous clinical trials are needed, Astragalus

has significant value in treating diabetic nephropathy, as concluded in both a

2009 review324 and a 2011 meta-analysis.325

6.11.4.3 Heart Failure

The single compound astragaloside IV has been found to improve multiple

measures of heart function and decrease cerebral infarction size.326–328 Two

groups have recently published three reviews on the use of Astragalus, and

particularly Huang Qi injection, in the treatment of chronic heart failure,

ischemic heart disease and myocardial infarction.329–331

6.11.5 Drug Development of PG2

In the early 1990s, the biotechnology company Pharmagenesis wanted to find a

natural product-based chemotherapeutic method to boost immunity. Upon

scientific consultation with one of the present authors (K.-H. Lee), the

company began an investigation of the polysaccharide extract from Huang Qi

(Astragalus membranaceus).332 A goal was to find a conjunctive treatment in

cancer therapy, where severe weakness and fatigue can be incapacitating

obstacles to good quality of life, or to counter cachexia resulting from chronic

conditions, in addition to extensive traumatic injury or sepsis. Eventually, this

research led to the product PG2, a sterile powder of polysaccharides isolated

from extracts of Astragalus root (Huang Qi) and administered via intravenous

injection. PG2 was approved for use in mainland China and its further

development licensed to PhytoHealth Corporation, a Taiwan-based company

focusing on botanical-based new drugs.333 Studies culminated in a randomized

double-blind Phase II clinical trial (NCT00523107)334 of PG2 for cancer-

related fatigue, where significant and sustained benefits were seen with no

major or irreversible toxicities.335 Thus, PG2 was validated as an adjunct

treatment in cancer chemotherapy and on 20 April 2010 the Taiwan Food and

Drug Administration granted PG-2 the ‘‘first approval’’ under the category of

Botanical New Drugs in the form of Injectables.336 PG2 has other possible

clinical uses, for instance, for idiopathic thrombocytopenic purpura (ITP), a

disorder in which a person has an abnormally low platelet count due to

unknown reasons or for hemorrhagic stroke. PhytoHealth completed a Phase

II clinical trial (NCT00860600) for ITP, but the results have not yet been

published.337 PhytoHealth is also recruiting patients for a pilot clinical trial

(NCT01325233) of PG2 for treating hemorrhagic stroke.338 In addition, China

Medical University Hospital is planning a Phase II trial (NCT01603667) to

evaluate the efficacy of PG2 in acute stroke.339
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6.12 Conclusion

TCM has been used for several thousands of years to treat human illness, which

makes it the best source to provide valuable and unique information for modern

drug discovery and development. Development of TCM products as adjunct

therapies to augment the efficacy and offset the toxicity of Western medicine is
an excellent approach for rapid advancement into FDA-approved new drugs.

Medicinal chemistry should and will play a very important role in converting

TCM products, especially the pure single active principles, through modification

and synthesis into clinical trial candidates very efficiently and effectively. The

future is bright for research on TCM targeting drug discovery and development.
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CHAPTER 7

PI3K–AKT Signaling in Cell
Growth and Metabolism
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7.1 Introduction

Phosphatidylinositol 3-kinases (PI3Ks) are lipid kinases that regulate a variety

of cellular processes including growth, proliferation, differentiation, survival

and motility, in addition to cellular glucose and lipid metabolism. Hyper-

activation of the PI3K signaling cascade is one of the most frequent events

associated with human cancers. Most of the PI3K hyperactivation cases

identified in tumors resulted from mutations of the PI3K gene or other genes

downstream of PI3K, such as AKT kinases.1 In addition, mutation, silencing,

aberrant transcripts and allelic imbalance of its negative regulator PTEN

(phosphatase and tensin homolog deleted on chromosome 10) are common

occurrences.1 Studies over the last two decades have suggested PI3K and its

downstream targets to be promising drug targets for cancer therapy. However,

the current inhibitors of PI3K signals inevitably lead to hyperglycemia due to

the role of PI3K signaling in glucose metabolism.2 In this chapter, we describe

the PI3K signals in regulation of both growth and metabolism. We also
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summarize the functional consequences of PI3K signals in various diseases

that arise from dysregulation of this signaling pathway. Traditional Chinese

Medicine applications of PI3K signaling are discussed in chapters 8 and 11.

7.2 The Basics of PI3K Signaling

7.2.1 Classifications of PI3K and Its Activation

PI3K functions to catalyze the phosphorylation of Ptdlns (4,5) P2 to make

Ptdlns (3,4,5) P3. It achieves this task by phosphorylating the hydroxyl group

of the third position on the inositol ring of phosphatidylinositols (Ptdlns).3

PI3Ks are heterodimeric enzymes that are composed of a catalytic subunit and

a regulatory subunit. PI3Ks are classified into three classes, Class I, Class II

and Class III, based on structure, substrate preference and sequence

homology.4 Class I is divided into class 1A and 1B based on its regulatory

subunit. The regulatory subunit for class IA PI3Ks contains binding sites for

phosphotyrosine motifs, indicating its potential importance in tyrosine kinase

signaling. The regulatory subunit of class 1B PI3K does not possess the ability

to bind phosphotyrosine. It is, however, involved in signaling through the Gbc
subunits in the G protein-coupled receptor pathway.5 Class II PI3K is poorly

understood but is believed to be involved in clathrin-mediated membrane

trafficking.6 Class III PI3K contains catalytic vacuolar protein-sorting

defective 34 (Vps34) and regulatory Vps15 subunits that are required for

trafficking of proteins and vesicles from Golgi to endosomes in vacuolar

protein sorting.7 For this chapter, we will focus on the signals and the

biological functions mediated by class IA PI3K due to its role in both growth/

survival and metabolic regulation. So far, there are five variants of the

regulatory subunit: p85a, p55a, p50a, p85b or p55c, and three variants of the

catalytic (p110) subunit, p110a, -b or -d, identified for class IA PI3Ks. P85a is

the most highly expressed regulatory subunit among all the variants. P110a
and -b are globally expressed whereas p110d is primarily enriched in

leukocytes.8 The PIK3r1 gene is responsible for encoding p85a, p55a and

p50a. PIK3r2 encodes p85b and PIK3r3 encodes p55c. Three genes, PIK3ca,

PIK3cb and PIK3cd, respectively encode catalytic subunits p110a, -b and -d,

which pair with one of the five regulatory subunits.9

PI3K is activated in response to growth factor binding to their receptors

(Figure 7.1). Such binding induces autophosphorylation of the receptors and

also phosphorylation of downstream scaffolding proteins due to the activation

of receptor tyrosine kinases (RTKs). The phosphotyrosine residues on the

receptors or scaffolding proteins, for example, insulin receptor substrate-1

(IRS-1), then serve as docking sites to recruit and activate PI3K. The

regulatory subunit of PI3K, e.g., p85, contains an src homology (SH2) domain

that allows the PI3K to bind the phosphotyrosine motif pYXXM on RTK or

IRS.10 In the absence of stimulation, PI3K remains in a resting status in the

cytoplasm as the inactive p85–p110 complex. In response to signals such as
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ligand-mediated RTK activation, the SH2 domain of p85 interacts with

consensus phosphotyrosine residues on RTK or IRS. This interaction brings

PI3K to the cell membrane where the lipid substrates are located. Moreover, it

is believed that the interaction between p85 and RTK or IRS releases the

inhibitory effect of p85 on p110, leading to the induction of PI3K’s catalytic

activity.11

7.2.2 AKT as a Major Target of PI3K Activation

The action of PI3K leads to the activation of a number of molecules that
contain the pleckstrin homology (PH) domain. The PH domain is a lipid-

binding domain involved in recruiting proteins to the inner surface of plasma

membrane.12 One primary effect of PI3K action is activation of AKT, a serine/

threonine kinase also known as protein kinase B (PKB). AKT harbors a PH

domain at the amino terminal.13 Following PI3K activation, accumulation of

PIP3 allows recruitment of AKT via direct interaction with its PH domain.1

Meanwhile, another PH domain-containing kinase, 3-phosphoinositide-

dependent protein kinase 1 (PDK1), also interacts with PIP3 and translocates

Figure 7.1 Basics of PI3K–AKT signaling. Binding of growth factors/hormones to
receptor tyrosine kinases (RTKs) leads to recruitment of insulin receptor
substrate (IRS) 1/2, which serve as adaptor proteins and provide docking
sites for the SH2 domain on the p85 subunit of PI3K. Interaction between
PI3K’s SH2 domain and IRS recruits PI3K to the plasma membrane
where PI3K is in close proximity to its substrate, PtdIns (4,5) P2 (PIP2).
The SH2–IRS interaction also relieves the inhibitory action of the p85
subunit on the p110 catalytic subunit. PtdIns (3,4,5) P3 (PIP3) produced
by PI3K causes AKT translocation to the plasma membrane via
interaction with the pleckstrin-homology (PH) domain on AKT. PIP3

also recruits PDK 1/2, which phosphorylate Thr308 and Ser473 on AKT.
Phosphorylation on these two sites fully activates AKT. By depho-
sphorylating PIP3, PTEN antagonizes PI3K–AKT signaling.
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to the cell membrane, where it phosphorylates AKT at Thr308 (Figure 7.1).14

Phosphorylation on Ser473 is important for initial activation of AKT whereas

Thr308 phosphorylation by PDK1 is required for maximal AKT activation.15

It has been shown that AKT is further phosphorylated by mTOR2 at

Ser473.16,17 Activated AKT has a plethora of downstream functions including

the regulation of kinases such as GSK3b,18 IkB kinases (IKKa and IKKb);19

apoptotic factors such as BAD,20 MDM2, a ubiquitin ligase for p53,21

GTPases such as Rac and Rho,22 cell cycle inhibitors p21 and p2723 and

transcription factors such as forkhead transcription family (FoxO) members

(Figure 7.2).24–26

There are three known isoforms of AKT: AKT1 (PKBa), AKT2 (PKBb)

and AKT3 (PKBc). Since these isoforms share a conserved kinase domain,

they do not differ significantly in terms of substrate specificity and molecular

action in vitro.13 However, recent studies have identified potential structural

bases for substrate specificities among AKT isoforms.27 By ablating the

different isoforms alone or in combination, we now have a better under-

standing of the different functions associated with each isoform.28–30

Figure 7.2 Major biological functions controlled by PI3K–AKT substrates.
Phosphorylated AKT regulates cell proliferation, growth, survival and
metabolism via phosphorylation of a number of substrates.
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AKT1 is ubiquitously expressed in most tissues and primarily involved in cell

survival pathways by inducing pro-survival genes while concomitantly down-

regulating pro-apoptotic genes, thereby inhibiting programmed cell death.31 In

addition, AKT1 is also able to promote protein synthesis through the activation

of mammalian target of rapamycin (mTOR).32 Hyperactivation of AKT1 is

implicated in various types of cancer.3,33 Constitutive activation of AKT1 in

pancreatic b-cells in transgenic mice induced a significant increase in islet size

and mass.34 Similar increases in cell size are also observed in the heart upon

overexpression of AKT1.35,36 Mice lacking AKT1 exhibit growth retardation,

reduced body size and perinatal lethality.30 Together, these animal model

studies strongly suggest that AKT1 actively promotes cell growth and

proliferation.

AKT2 is mainly found in the skeletal muscle and the pancreas. It has been

found to be involved in insulin signaling and glucose metabolism. In humans, a

dominant negative AKT2 mutation has been found to associate with severe

hyperinsulinemia and a spike in blood glucose.37 This result is further

confirmed by the phenotypes of glucose intolerance and impaired glucose

uptake observed in muscle and adipose tissue upon global deletion of AKT2.38

Consistent with the above results, mutation in the catalytic domain of AKT2

causes insulin resistance and a diabetic phenotype.39

AKT3 is abundant in cortical progenitor cells and is important for brain

development and neurogenesis. Somatic mutations of AKT3 cause complex

neurogenetic diseases.40 Global AKT3 deletion only affects brain size,

highlighting the isoform-specific mechanism for brain size regulation. The

reduction in cell size of AKT3 knockout mice is believed to be due to inhibition

of the mTOR pathway.41 Deletion of the AKT3 gene in hyperlipidemic ApoE-

null mice led to increased lipoprotein uptake and macrophage cholesteryl ester

accumulation, leading to atherosclerosis.42 Furthermore, mutations of AKT3

are found in melanomas and AKT3 inhibition has also been attempted in

melanoma prevention.43

Although the knockout studies of AKT isoforms as stated above have

shown different physiological phenotypes, the three AKTs exhibit overlapping

functions. Mice with a germline deletion of AKT1 are protected from high fat

diet-induced obesity and insulin resistance, indicating an unexpected role of

AKT1 in regulating energy metabolism.44 Moreover, mice lacking AKT1

showed improved insulin sensitivity, lower blood glucose and higher serum

glucagon concentrations, revealing the role of AKT1 in metabolic regulation

and glucose homeostasis.45 The role of AKT2 in glucose and lipid metabolism

has been intensively investigated.29,38,46 However, AKT2 is also robustly

induced in several types of cancers, including breast cancer,47 lung cancer48

and colorectal cancer.49 We showed recently that AKT2 (but not AKT1) is

critically required for the tumorigenic effects of PTEN loss in liver cancer

development.50 Whether this effect is due only to AKT2’s metabolic functions

or is compounded with its function as a survival kinase is unclear.
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7.2.3 PTEN: the Negative Regulator of PI3K Signaling

PTEN is the negative regulator of the RTK–PI3K–AKT signaling pathway.

It is encoded on chromosome 10q23, a region where loss of heterozygosity

frequently occurs. The protein encoded by the PTEN gene is a 403 amino acid

protein whose amino-terminal region shares sequence homology with tensin

and auxilin.51,52 Crystal structure analysis for PTEN has revealed a C2 domain

that retains affinity for phospholipids on the membrane and a phosphatase

domain that displays dual specific activity towards both protein and lipid

substrates in vitro.53 As the PIP3 phosphatase, PTEN antagonizes the function

of PI3K by removing the phosphate from the third position on PIP3, leading to

reduced PIP3 production and the down-regulation of signals downstream of

PI3K (Figure 7.1).1 Whereas the lipid substrate is well characterized to be

PIP3, the identities of the protein substrates for PTEN in vivo have been

elusive.17 However, in vitro studies have revealed that PTEN is able to regulate

cell migration by dephosphorylating itself, providing insight for investigating

potential protein substrates for PTEN.54 Later structural analysis found that

PTEN also harbors a PDZ domain and two PEST sequences in the C-terminal

region.55 The PDZ domain is thought to regulate PTEN’s subcellular loca-

lization whereas the two PEST sequences regulate its protein stability.56

PTEN was cloned from differential display of tumor and non-tumor

samples.57 It was found to be frequently lost or mutated in various forms of

cancer and thus identified as a tumor suppressor. Germline mutations of

PTEN are associated with several familial syndromes, including Cowden

syndrome, Bannayan–Zonana syndrome and Lhermitte–Duclos disease.51

These syndromes are characterized by multiple hyperplastic lesions known as

harmatomas within multiple organs that are susceptible to malignant

transformation. Genetic studies using transgenic and knockout animals

targeted at PTEN supported the role of PTEN as tumor suppressor.51

Similarly to PTEN, which facilitates the removal of phosphate from the

third position on PIP3, SHIP (src homology 2-containing inositol 59-

phosphatase) also converts PIP3 to PIP2 by removing the phosphate on the

fifth position of PIP3.1 Studies using SHIP knockout mice showed that SHIP-

deficient mice have hyperproliferative myeloid cells, increased cell survival and

AKT activation, indicating that SHIP also regulates the mitogenic activity via

AKT.58 Moreover, SHIP has also been implicated in the regulation of B

lymphoid development and antigen responsiveness.59

7.3 The Biological Functions of PI3K Signal

The PI3K–AKT pathway mediates signals from growth factor and plays a

mitogenic role in regulating cell metabolism, growth and proliferation

(Figure 7.2). In this section, we summarize the biological effects of PI3K–

AKT signaling.
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7.3.1 Cell Survival

Apoptosis or programmed cell death is an endogenous process that functions

to eliminate damaged cells in order to maintain the proper cell population and

tissue homeostasis. The apoptosis process can be regulated either by an

extrinsic cell surface receptor-mediated pathway or an intrinsic mitochondria-

mediated pathway.60 The extrinsic apoptotic pathway relies on the binding

of ‘‘death ligands,’’ such as Fas (apoptosis antigen 1), tumor necrosis factor

1 (TNF-1) and TRAIL (TNF-related apoptosis-inducing ligand) to their

receptors on the cell surface. Whereas intrinsic apoptosis depends on

mitochondrial cytochrome c release stimulated by an internal ‘‘death signal’’

such as cellular damage or stress. Both death ligand and the internal ‘‘death

signals’’ are targets of AKT regulation. The internal signals are initiated at the

mitochondrial membrane where association of pro-apoptotic factors Bax and

BAD with the anti-apoptotic factors Bcl-XL and Bcl-2 controls the release of

cytochrome c from the mitochondria.61 BAD induces cell death by forming a

heterodimer with Bcl-XL and diminishing Bcl-XL’s anti-apoptotic function.

Phosphorylation of BAD at Ser9 by AKT interrupts this interaction and

allows Bcl-XL and Bcl-2 to associate and prevent pore formation on the

mitochondrial membrane.20

Both death receptor–ligand interaction and cytochrome c release initiate a

signaling cascade that leads to the activation of caspases, a family of cysteine-

dependent aspartate-specific proteases. Caspases are critical players in the

regulation and execution of the apoptosis process.62 Upon cleavage by

apoptosome formed by apaf-1 and cytochrome c, caspases become active and

cease essential cellular events by breaking down key components of the cells

such as poly(ADP–ribose) polymerase,63 nuclear lamins64 and DNA-dependent

protein kinase.65 AKT is found to phosphorylate directly two members of the

caspase family, caspase 3, an executor caspase, and caspase 9, an initiator

caspase, leading to their inactivation and cell survival.66,67

Studies from previous decades have demonstrated that the PI3K–AKT axis

also functions as an anti-apoptotic pathway by phosphorylating several Bcl-2

family members that are involved in mediating cell apoptosis.1 In response to

an apoptotic signal, Bax translocates onto the mitochondrial outer membrane

and forms pores in order to allow the mitochondria to release cytochrome c.68

Studies using molecular manipulations of PI3K–AKT signaling confirmed

that Bax is directly phosphorylated by AKT. This phosphorylation inhibits

Bax’s function by preventing its translocation on to the mitochondria and

sequestering Bax in the cytoplasm where it forms a dimer with anti-apoptotic

Bcl-2 members, Bcl-XL and Bcl-2.69 AKT also phosphorylates BAD on Ser136

and promotes its interaction with 14-3-3 proteins. Therefore, BAD’s binding

partners Bcl-2 and Bcl-XL could be released and transported on to

mitochondria in order to execute the anti-apoptotic function.20

In addition to regulating directly the activity of apoptotic proteins, AKT

also controls apoptosis regulators via phosphorylating key transcription

factors. Members of the forkhead transcription family (FoxO), e.g., FoxO1
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and FoxO3, promote apoptosis via inducing expression of apoptosis activators

such as Fas ligand (FasL), TRAIL and Bim.70 Both FoxO1 and FoxO3 are

phosphorylated by AKT on three conserved threonine/serine sites, leading to

their nuclear exclusion and activity inhibition.71

Another pathway targeted by AKT for suppressing apoptosis is MDM2–

p53 interaction. By binding to promoters, p53 induces the expression of Puma

and Noxa, both of which encode pro-apoptotic Bcl-2 family members that are

necessary for apoptosis initiation.72 Phosphorylation of MDM2 on Ser166 and

Ser186 by AKT promotes its translocation to the nucleus and accelerates p53

degradation.73

7.3.2 Cell Proliferation and Growth

In addition to negatively regulating cell apoptosis as a pro-survival kinase,

AKT also drives cell proliferation and growth by phosphorylating target

proteins, including those that directly regulate cell cycle progression. Cyclins,

the partners for cell cycle accelerator cyclin-dependent kinases (CDKs), and

inhibitors of CDK are both regulated by AKT signaling. p27, one of the CDK

inhibitors, is directly phosphorylated by AKT, leading to its cytosolic

sequestration via binding with 14-3-3 protein and thus its inhibitory effect

on the cell cycle is released.23 Another CDK inhibitor, p21, was also reported

to be inhibited by AKT phosphorylation.74 In addition, AKT may also

regulate the expression of p21 by controlling the stability of p53, the

transcriptional factor regulating p21 expression. Phosphorylation of MDM2,

the ubiquitin ligase of p53, by AKT induces its activity, thus leading to reduced

p53 and downregulation of p21.73 Cyclin D1, the cyclin regulating the G1 cell

cycle, is regulated by AKT both transcriptionally and post-translationally.

Glycogen synthase kinase-3b (GSK3b), a substrate inhibited by AKT,

phosphorylates cyclin D1 and targets it to degradation by the proteasomal

system.75 Moreover, the unphosphorylated active form of FoxO3 is thought to

repress cyclin D1’s transcription.76 AKT phosphorylation of FoxO3 leads to

its nuclear exclusion. Thus, the transcription of cyclin D1 is blocked.77

Similarly, negative regulation of FoxO1 by AKT also contributes to enhanced

cell survival and cell cycle progression.78

In addition to directly regulating the progression of the cell cycle, PI3K–

AKT signals also control the mammalian target of rapamycin (mTOR)

complex. mTOR is a serine/threonine kinase regulating nutrient sensing that

couples nutrient availability to cell growth. In response to growth signal and

nutrient changes, activated mTOR phosphorylates S6 kinase 1 (S6K1) and

eIF4E-binding protein 1 (4EBP1), two molecules involved in protein

translation.32 The upstream regulatory machinery of mTOR involves tuberous

sclerosis1/2 (TSC1/2) complex and RHEB, a small GTPase Ras homolog

enriched in the brain. GTP-loaded RHEB plays an important role in

stimulating the kinase activity of mTOR. TSC1/2 complex functions as a

GTPase-activating protein (GAP) towards RHEB, resulting in the generation
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of GDP-bound RHEB, which is unable to bind to and activate mTOR.70,79

PI3K–AKT signals phosphorylate and inhibit the GAP activity of TSC

complexes and allow activation of mTOR.79 In addition, GSK3b may also

phosphorylate TSC and contribute to mTOR activation.80 Direct phosphor-

ylation of mTOR by AKT has also been reported but the functional

consequence of such phosphorylation is unclear.32,81 These results support a

role of the PI3K–AKT signal axis in stimulating cell growth via mTOR

activation, a process that is fulfilled by synthesis of macromolecules such as

protein, nucleic acids and lipids.

7.3.3 Metabolism

A major signal transmitted through the PI3K–AKT pathway is that of insulin

binding to its receptor. Binding of insulin to insulin receptor (IR) results in

recruitment and activation of IRS. Treatment with the PI3K-specific inhibitor

wortmannin can effectively inhibit glucose transport, suggesting a role for

PI3K in glucose metabolism. Moreover, overexpression of a dominant

negative form of the p85 subunit inhibits insulin-induced PI3K activation in

the liver whereas overexpression of constitutively active PI3K led to increased

insulin responsiveness.82,83 These studies indicate that PI3K mediates insulin

action.

A number of AKT substrates relevant to insulin signaling have been

identified. As mentioned previously, GSK3b is phosphorylated and inhibited

by AKT. This action blocks the phosphorylation of glycogen synthase by

GSK3b and relieves the inhibition of glycogen synthesis. Therefore, insulin

signals through AKT led to increased glycogen synthesis through GSK3b.84

The active form of FoxO1 promotes expression of several genes involved in

gluconeogenesis.76 Inhibition of FoxO1 in the liver was shown to inhibit

gluconeogenesis and lead to hypoglycemia in mice.85 Thus, AKT activation

directly controls the glucose metabolic process through GSK3b and FoxO1.

PI3K–AKT signaling also controls the translocation of glucose transporters,

particularly in the muscle and adipose tissue where glucose uptake depends on

insulin-sensitive translocation of glucose transporter 4 (Glut4). The shuttling

of Glut4 to the cell membrane is negatively regulated by AS160, a protein that

shares homology with the Rab GTPase activating protein (GAP) family. When

stimulated by insulin binding, AKT phosphorylates AS160 on five sites.

Mutagenesis studies showed that phosphorylation of two (S588 and T642) or

more of these sites is necessary for insulin-stimulated Glut4 translocation to

the membrane. Hence it is proposed that phosphorylation at S588 and T642

by AKT is required for inactivating the GAP activity of AS160 and the

subsequent stimulation of Glut4 translocation.86 In non-insulin-sensitive

organs, glucose transporter 1 (Glut1) is the major transporter for glucose

uptake. Studies have suggested that the PI3K–AKT–mTOR cascade promotes

Glut1’s mRNA translation through the inhibition of eukaryotic initiation

factor 4E-binding protein-1 (4E-BP1), a translational suppressor.87 Moreover,
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the PI3K–AKT–mTOR pathway increases the protein level of hypoxia-

inducible factor 1a (HIF1a), which also induces Glut1’s gene expression.88 The

HIF1a induction stimulated by AKT signaling not only affects Glut1’s

expression but also promotes the expression of other glycolytic enzymes

including hexokinase I/II, lactate dehydrogenase A (LDHA) and phospho-

fructokinase L (PFKL),89 leading to a metabolic shift towards glycolysis.

Hyperactivation of the PI3K–AKT signal and the subsequent HIF1a

accumulation are proposed to underlie the dramatically elevated glucose

utilization observed in tumors.

Recent discoveries suggest that AKT may also interact directly with

mitochondrial metabolism. Hexokinase II converts glucose into the active

form glucose 6-phosphate (G-6-P).90 This action traps glucose inside the cells

and is the first rate-limiting step of glycolysis. Activated AKT promotes the

binding of hexokinase II to mitochondrial voltage-dependent anion channel

(VDAC). This association between hexokinase II and VDAC stabilizes

hexokinase II and primes it to phosphorylate glucose upon ATP release from

mitochondria, allowing glycolysis to be carried out with high efficiency. This

evidence provides major support for the role of AKT activation in the

induction of glycolytic metabolism in the unique cancer metabolic signature

known as ‘‘Warburg effects.’’

Another change induced by insulin signals is lipid metabolism within

cells. Sterol regulatory element-binding proteins (SREBPs) are a family of

transcription factors that control cholesterol and lipid metabolism by up-

regulating lipogenic genes including fatty acid synthase (FASN), glycerol-3-

phosphate (GPAT), acetyl-CoA carboxylase (ACC) and stearoyl-CoA

desaturase 1(SCD1).91 Insulin treatment leads to rapid SREBP nuclear

accumulation and the expression of lipogenic genes.92 Recent studies suggest

that the AKT2 but not other PH domain-containing proteins such as atypical

PKC is responsible for this action of insulin.93,46,94 Studies found that GSK3b
phosphorylates T426 and S430 on SREBP.95 These two phosphorylation sites

promote the association between SREBP and SCF ubiquitin ligase and target

SREBP for proteasomal degradation.95 Therefore, by phosphorylating and

inhibiting GSK3b, PI3K–AKT signals may stabilize SREBP and thus acti-

vate lipid production. mTOR is also involved in the regulation of lipid

homeostasis.92

Furthermore, the growth and survival effect of PI3K signaling has been

shown to protect pancreatic b-cells from apoptosis and promote their

growth.96 Genetic studies have shown that this signaling pathway is needed

to maintain the mass of pancreatic islets and activation of the pathway leads to

improved tolerance to hyperglycemic induction due to the ability of pancreatic

b-cells to compensate for such effects.97,98 Constitutive expression of AKT or

components of insulin–IGF-1 receptor (IR) or substrates (IRS) or PI3K leads

to higher islet mass.99–101 On the other hand, deletion of various components,

such as AKT, GSK-3b, S6K, IR, IRS, mTOR or FoxO, has been shown to

result in smaller islets and reduced tolerance to glycemic challenge.29,102–107 We
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showed that deleting PTEN, the negative regulator of the pathway, leads

to increased islet mass particularly when animals age.108 These genetic

manipulations together suggest that enhancing the PI3K signaling pathway

may be needed to maintain the homeostasis of some tissues and inhibiting this

pathway as a cancer target may require targeted delivery to achieve the needed

efficacy.

7.4 Controversies in Targeting PI3K Signaling and
Therapies

The PI3K–AKT axis plays a pivotal role in cell growth, proliferation and

survival and its dysregulation is commonly linked with cancers. Studies over

the past decades have indicated that the constitutive activation of the PI3K–

AKT cascade is associated with a wide spectrum of human cancers, including

glioblastoma, ovarian cancer, breast cancer, hepatocellular carcinoma and

lung cancer. Most of the PI3K hyperactivation cases identified in tumors

resulted from different types of PTEN alterations such as mutation, silencing,

aberrant transcripts and allelic imbalance.1 In addition, PI3K alterations

such as p110a amplification, p85a mutation and p85–EPH fusion fre-

quently occurred in ovarian, breast and lymphoid cancers.109–111 Other PI3K

activations are due to AKT overexpression and amplification.112 Therefore,

both PTEN alterations and PI3K mutations are associated with tumorigenesis.

Specific inhibitors targeting PI3K–AKT signaling components have been

developed and provided promising opportunities in the field of translational

cancer research. Wortmannin and LY294002 are first-generation compounds

that have been used as PI3K inhibitors in vitro for many years. Administration

of both LY294002 and wortmannin have shown efficacy in xenograft cancer

models.1 However, neither LY294002 nor wortmannin has been developed for

clinical application due to excessive toxicity and unfavorable pharmacokinetic

properties. Recently, the second generation of PI3K inhibitors has been

developed and tested in human clinical Phase I/II trials, such as XL-147

(Exelixis, in combination with chemotherapy), PX866 (Oncothyreon),

BKM120 (Norvatis) and CAL101 (Calistoga Pharma). Overall, the PI3K

inhibitors can be divided into two classes. The first class is pan-PI3K inhibitors

that target all classes of IA PI3K isoforms in the tumor. These inhibitors (e.g.,

XL-147) are commonly tested in association with chemotherapeutic agents.

However, complications such as hyperglycemia and immunosuppression are

commonly observed with many PI3K inhibitors. For example, PX-886

(Oncothyreon)-treated animals experienced hyperglycemia and glucose intol-

erance.113 PI-103 (Genentech and Calibiochem), a PI3K inhibitor used in

melanoma therapy, promotes immunosuppression in a xenograph mouse

model.114 In order to reduce toxicity, the second class of PI3K inhibitors

targeting specific PI3K isoforms has also been developed. For example,

CAL101 (Calistoga Pharma), selectively targeting the PI3Kd isoform, showed

limited impact on the immune system and promising clinical efficacy in
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patients with chronic lymphocytic leukemia.115 In addition, recent studies have

shown a predominant role of p110b, but not p110a in some PTEN-null

cancers. Hence p110b-specific inhibitors might be more effective than general

or other isoform-targeting PI3K inhibitors in this subtype of cancer.116,117

These isoform-specific PI3K inhibitors might provide a therapeutic advantage

in certain cancer types.

As a prominent effector in PI3K signaling, AKT is also targeted by both

ATP-non-competitive (allosteric) and ATP-competitive inhibitors.118 Alloste-

ric AKT inhibitors, including Perifosine (Keryx Phase I/II) and MK-2206

(Merck Phase I), block AKT translocation to the membrane and the

subsequent AKT phosphorylation by disrupting the binding of the PH

domain to phosphoinositides.119 In contrast, ATP-competitive inhibitors such

as GSK690693 (GSK, Phase I) and VQD002 (Vioquest, Phase I) might not

block AKT phosphorylation and are commonly non-selective against AKT

isoforms. They are also poorly selective against related kinases due to a

conserved ATP binding domain across the kinome.120

The conflict between the anti-tumor and hyperglycemia/immunosuppression

effects of the inhibitors is reminiscent of the functions of PI3K–AKT as a pro-

growth and pro-survival signal. Blocking the action of this signaling pathway

suppresses the growth and survival of tumor cells. At the same time, activation

of immune cells depends on the same growth/survival signaling to induce the

immune system. Thus, pan-PI3K or AKT inhibitors are expected to suppress

the growth of tumor cells and block the activation of the immune system.

Similarly, activation of the PI3K–AKT pathway is needed for the clearance

of glucose. When this pathway is inhibited, insulin is incapable of inducing

the transport of glucose from the bloodstream to peripheral tissues. The

gluconeogenesis process that is shut down due to insulin–PI3K–AKT signaling

in the liver also remains active. These metabolic changes due to inhibition of

PI3K–AKT underlie the mechanisms for the hyperglycemic effects of the class

I PI3K inhibitors and some of the AKT inhibitors. The ability to specifically

target PI3K–AKT signaling without inducing immunosuppression and

hyperglycemia is necessary for moving these compounds to the clinic.

Targeting specific isoforms of the enzymes may prove to be promising in

this effort.
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CHAPTER 8

The Scientific Evidence for Using
Astragalus in Human Diseases

WILLIAM C. S. CHO

Department of Clinical Oncology, Queen Elizabeth Hospital, Kowloon, Hong

Kong

E-mail: williamcscho@gmail.com

8.1 Introduction

Radix Astragali prepared from the roots of Astragalus membranaceus (Fisch.)

Bge., also known as astragalus or Huangqi, is one of the most commonly used
and valuable traditional Chinese medicines (TCMs). Historically, Hunyuan

County of Shanxi Province in China is the geo-authentic producing area of

astragalus. According to tradition, geo-authentic TCMs define both authen-

ticity and quality. There are reports indicating that the content of active

components in astragalus depends on the interaction of genotype and

environment. At the varietal level, genetic properties appear to be more

important than environmental factors for pharmaceutical quality. At the

intraspecific level, environmental factors may be more important than genetic
properties.1

It has also been reported that the application of different proportions of

nitrogen, phosphorus and potassium increased the content of astragalus

polysaccharides (APS) and astragalosides, but had no distinct effect on the

content of total flavonoids. The effect on the content of polysaccharides

decreased in the order potassium . phosphorus . nitrogen, but the effect on
the content of astragaloside was nitrogen . potassium . phosphorus. As a

rule of thumb, nitrogen and potassium fertilizer application had more
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important effects on growth, yield and the contents of polysaccharides and

astragaloside in astragalus. During the medicinal plant cultivation process,

attention should be paid to the application of nitrogen and potassium

fertilizers and to making a balanced application of nitrogen, phosphorus and

potassium fertilizers.2

Traditionally, high-performance liquid chromatography (HPLC) coupled

with electrospray ionization time-of-flight mass spectrometry has been

developed for the qualitative and quantitative analysis of isoflavonoids and

saponins, and also for the quality control of astragalus and its preparations.

The selectivity, reproducibility and sensitivity are comparable to those of

HPLC with diode-array detection and evaporative light scattering detection
(ELSD). Extracted ion chromatograms using a narrow mass window for

quantification ensure that the chromatographic peaks are free from back-

ground or co-eluting interferences and the great enhancement of selectivity and

sensitivity allows the identification and quantification of low levels of

constituents in complex astragalus matrices.3

As expected, owing to the variability of growing conditions, the qualities of

astragalus vary, which can give rise to differences in clinical therapy. Detecting

adulteration is a routine requirement in pharmaceutical practice. Fourier

transform infrared spectrometry combined with a chemometric method has

been developed and demonstrated to be a useful tool to discriminate the

geographical origin and adulteration of astragalus.4

Nowadays, DNA barcoding provides distinction between astragalus and its

adulterants. DNA barcoding is widely applicable in species identification,

biodiversity studies, forensic analyses and authentication of medicinal plants.
Astragalus is commonly used in various Asian countries, including China,

Japan and Korea. However, in addition to the two species recorded in the

Chinese Pharmacopeia, there are 23 species from different genera including

astragalus, oxytropis, hedysarum and glycyrrhiza, which have been used as

adulterants not only in trading markets but also by the herbal medicine

industry. Moreover, two indels detected in the matK sequence are useful for

polymerase chain reaction (PCR) studies for distinguishing astragalus from its

adulterants. It has been suggested that the combined barcoding regions of
internal transcribed spacer and matK are superior barcodes for astragalus.5

8.2 Applications of Astragalus in the Treatment of
Various Diseases

Astragalus is often used in China for the treatment of heart disease, diabetes,

chronic hepatitis and nephritis and as an adjunctive therapy in cancer. In

Oriental countries, it is widely used to prevent and treat common colds and

upper respiratory tract infections. In Western countries, the most common use

of astragalus is as an immune support supplement to the daily diet and as an

immunostimulant to counteract the immune suppression associated with
cancer chemotherapy and radiotherapy. It has gained popularity since the
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1980s.6 Traditionally, astragalus is a tonic well known for its vital energy

tonifying, abscess draining, skin reinforcing, tissue generating and diuretic

actions. It is generally used in combination with other Chinese herbs. In TCM,

astragalus is often combined with other herbs, such as angelica and ginseng, in

various complex prescription formulas.7 Such herbal formulas have been used

for centuries in Asia to treat cancers, diabetes, kidney infections, strokes and

many other diseases.8,9

8.3 Immunomodulatory Effects of Astragalus

Astragalus is a TCM herb that has immunoregulatory and immunorestorative

effects in many diseases.10 Zhao et al.11 studied the effect of APS on

RAW264.7 macrophages and reported that APS increases the level of

cytokines including tumor necrosis factor alpha (TNF-a), granulocyte

macrophage-colony stimulating factor and the production of nitric oxide

(NO). Nuclear factor kappa B (NF-kB) protein levels are increased in response

to APS. Blocking NF-kB with a specific inhibitor resulted in decreased levels

of NO and TNF-a. These findings suggest that APS possess potent

immunomodulatory activity by stimulating macrophages and can be used as

an immunotherapeutic adjuvant.

On the other hand, Xu et al.12 investigated the effects of APS and

astragalosides on the phagocytosis of Mycobacterium tuberculosis by macro-

phages. Their study provided evidence that APS and astragalosides have

strong promoting effects on the phagocytosis of M. tuberculosis by

macrophages and the secretion of interleukin (IL)-lb, IL-6 and TNF-a by

activated macrophages.

Concerning the effects and mechanism of astragalus extract in macrophage

migration and immune response mediator release, Qin et al.13 determined the

activity of heparanase by a heparin-degrading enzyme assay. It was suggested

that astragalus extract may increase the release of immune response mediators

and cell migration via heparanase to activate the immune response in

macrophages.

The potential adjuvant effect of APS on humoral and cellular immune

responses to hepatitis B subunit vaccine was also investigated. Coadministration

of APS with recombinant hepatitis B surface antigen significantly increased

antigen-specific antibody production, T cell proliferation and cytotoxic T

lymphocyte activity. Production of interferon (IFN)-c, IL-2 and IL-4 in CD4+ T

cells and of IFN-c in CD8+ T cells was dramatically increased. Furthermore,

expression of the genes PFP, GraB, FasL and Fas was upregulated. In-

terestingly, expression of transforming growth factor beta (TGF)-b and the

frequency of CD4+ CD25+ Foxp3+ regulatory T cells (Treg cells) were

downregulated. Expression of Toll-like receptor 4 (TLR4) was significantly

increased by administration of APS. Together, these results suggest that APS is a

potent adjuvant for the hepatitis B subunit vaccine and it can enhance both

humoral and cellular immune responses via activating the TLR4 signaling
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pathway and inhibiting the expression of TGF-b and the frequency of Treg

cells.14

Among the humoral responses, Wang et al.15 showed that lysozyme activity

significantly increased after feeding with superfine powder of astragalus

supplemented diet for 20, 40 or 60 days. Furthermore, the lectin titer showed

significant enhancement after 20 and 60 days of feeding with APS-

supplemented diet. These results indicated that dietary intake containing

astragalus or its polysaccharides could enhance the immune responses and

improve resistance to infection.

8.4 Anti-Inflammatory Effects of Astragalus

APS has also been reported to possess anti-inflammatory activities.

Mechanistic studies indicated that APS strongly suppresses NF-kB activation

and downregulates the phosphorylation of ERK and JNK, which are

important signaling pathways involved in the production of TNF-a and IL-

1b. It has been demonstrated that APS can suppress the production of TNF-a
and IL-1b in lipopolysaccharide-stimulated macrophages by inhibiting NF-kB

activation and ERK/JNK phosphorylation.16

Foot ulceration, if not treated properly, will eventually result in amputation.

Inflammation may impede the wound healing process if not properly

controlled. In TCM, astragalus has been used for hundreds of years for many

kinds of ulcerated wounds. It is one of the Chinese herbs commonly found in

Chinese herbal formulas used for treating foot ulcers. It has been found that

one of the active ingredients, formononetin, could significantly inhibit NO

production.17

Apart from formononetin, new isoflavonoid glycosides and related

constituents from astragalus were also found to exhibit inhibitory activity on

NO production. Twenty-four secondary metabolites, including 16 isoflavo-

noids, seven astragalasides and one benzoquinone, have been isolated from

astragalus. Among these isolated isoflavonoids, (–)-methylinissolin 3-O-

b-D-(6’-acetyl)glucoside, (–)-methylinissolin 3-O-b-D-{6’-[(E)-but-2-enoyl]}

glucoside and calycosin 7-O-b-D-(6’’-acetyl)glucoside have been identified

as new compounds on the basis of spectroscopic analysis, in which (–)-

methylinissolin 3-O-b-D-glucoside was isolated from natural products for the

first time. The NO production inhibitory activity of the major compounds has

been assessed in lipopolysaccharide-stimulated RAW 264.7 cells. To identify

astragalus, a fingerprint method was developed using the HPLC–ELSD

method. Furthermore, characteristic peaks for the 11 major compounds in the

chromatogram were unambiguously confirmed.18

Astragaloside IV is the major active constituent of astragalus, and has been

widely used for the treatment of diseases in China for its antioxidant

properties. Xiong et al.19 showed that astragaloside IV significantly reduced

auditory brainstem response deficits, and also decreased the expression of

reactive oxygen species and active caspase-3. They suggested that the beneficial
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effect of astragaloside IV on impulse noise-induced hearing loss might be due

to its ability to inhibit reactive oxygen species and prevent apoptosis.

Astragaloside IV has also been widely used to treat cardiovascular disease.

Recent studies have shown that astragaloside IV could potentially protect the

heart from myocardial ischemic injury; the protective effects of astragaloside

IV in ischemia-reperfusion injury might be related to the upregulation of

several ATP-sensitive potassium (KATP) channel subunits and facilitation of

KATP currents.20 On the other hand, another study indicated that astragalo-

side IV was a novel regulator of hypoxia-inducible factor-1a and angiogenesis

through the PI3K/Akt pathway in human umbilical vein endothelial cells that

were exposed to hypoxia.21

Re-epithelialization is a crucial step towards wound healing. Recent research

has indicated that astragaloside IV could also mediate mouse keratinocyte

proliferation and migration via regulation of the Wnt signaling pathway.

Downregulating b-catenin to increase keratinocyte migration and proliferation

was one mechanism by which astragaloside IV could promote ulcerated wound

healing.22

Inhibition of inflammatory responses, acceleration of basal cell growth and

balanced synthesis of the extracellular matrix are important in the healing of

open cutaneous wounds. On evaluating the wound-healing effects of

astragalus, the astragalus extracts were found to accelerate cutaneous wound

healing significantly by suppressing inflammation and stimulating basal cell

growth in the wound area compared with epidermal growth factor as a positive

control. Promotion of basal cell proliferation and angiogenesis by the

astragalus extracts was remarkable in the early stages of wound healing,

resulting in a significant reduction in the duration of the wound-healing

process. These findings suggested that astragalus extracts could be useful in

enhancing cutaneous wound healing.23

Astragalus is often used in formulas for treating deficiency of vital energy

characterized by limb weakness, pale face and dizziness. Using a hemorrhagic

shock rat model to examine the effect of astragalus on intestinal mucosa injury

induced by ischemia–reperfusion, it was found that treatment with 20 g of

crude drugs per kilogram produced antioxidative effects in the intestinal

mucosa of rats after ischemia–reperfusion. Astragalus could partly attenuate

intestinal mucosa ischemia–reperfusion injury. These results suggested that

astragalus reduced intestinal mucosa injury induced by ischemia–reperfusion

in rats, at least in part, through its antioxidative effects.24

You et al.25 reported that TNF-a strongly increased the expression of

VCAM-1 and ICAM-1 accompanied by increased expression of phospho-IkB

and NF-kB proteins. However, the expression levels of VCAM-1 and ICAM-1

were reduced by astragalus extract in dose- and time-dependent manners, with

the strongest effect at a dose of 120 mg mL21 incubated for 4 h. This was

accompanied by significantly decreased expression of phospho-IkB and

inhibited activation of NF-kB. Immunofluorescence analysis also revealed

that oral administration of astragalus extract resulted in downregulation of

The Scientific Evidence for Using Astragalus in Human Diseases 157

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
53

View Online

http://dx.doi.org/10.1039/9781849737852-00153


adhesion molecules and decreased expression of macrophages in the aortic

endothelium of apoE2/2 mice. Astragalus extract could suppress the

inflammatory reaction and inhibit the progression of atherosclerotic lesions

in apoE2/2 mice. Their study demonstrated that astragalus extract possesses

an anti-atherosclerotic function and might be an effective anti-inflammatory

agent for the treatment of atherosclerosis, possibly acting via the decreased

expression of adhesion molecules.

Furthermore, astragalus extract 75 mg mL21 significantly increased the

proliferation, migration and tube formation on human umbilical vein

endothelial cells, and a study showed that astragalus extract exerted cardiac

protective and angiogenic effects in the ischemic injured heart. The activation

of AKT/GSK3b and AKT/mTOR pathways and elevated expression of

vascular endothelial growth factor (VEGF) may contribute to the promoted

neovascularization by astragalus extract.26

Sepsis remains the leading cause of death in intensive care units.

Uncontrolled systemic inflammation and an impaired protein C pathway are

two important contributors to sepsis pathophysiology. Based on the beneficial

effects of the saponin fraction from astragalus against inflammation, liver

dysfunction and endothelium injury, the potential protective roles and

underlying mechanisms of the saponin fraction from astragalus on poly-

microbial sepsis induced by cecal ligation and puncture were investigated in

mice. The findings suggested that the saponin fraction from astragalus was

able to restore the impaired protein C pathway and accounted for the

protective effects on polymicrobial sepsis in mice. The mechanisms of action

involved anti-inflammation and upregulation of the protein C pathway.27

8.5 Anticancer Effects of Astragalus

It has been well reported that astragalus has promising anti-tumor effects.28

APS is associated with a variety of immunomodulatory activities. The increase

in numbers of tumor-associated Treg cells may play a role in modulation of the

immune response against hepatocellular carcinoma (HCC). Li et al.29

demonstrated that APS could restore the cytokine balance in the tumor

microenvironment and suppress the expression of FOXp3 mRNA that inhibits

the immune suppressive effects of Treg cells. The application of APS in the

tumor microenvironment might act to enhance the antitumor effects of the

immunotherapy-based methods and consequently to increase the survival rate

in HCC.

Plant lectins have attracted great interest owing to their various biological

activities such as anticancer, antifungal and antiviral activities. It was reported

that astragalus lectin could exert antiproliferation effects on human cancer

cells. It could induce apoptosis in a caspase-dependent manner in chronic

myeloid leukemia cells. The cytotoxicity and apoptosis of these cells were

completely abolished in the presence of lactose or galactose.30

158 Chapter 8

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
53

View Online

http://dx.doi.org/10.1039/9781849737852-00153


On the other hand, astragaloside IV was found to reduce the protein

expressions of bax and caspase-3 and increase the protein expressions of bcl-2,

which improved the antiapoptosis mechanism of astragaloside IV on human

adenovirus type 3 (HAdV-3) in adenocarcinomic human alveolar basal

epithelial cells. These findings suggested that astragaloside IV possessed anti-

HAdV-3 capabilities and the underlying mechanisms might involve inhibition

of HAdV-3 replication and HAdV-3-induced apoptosis.31

Similarly, astragalus saponins (ASTs) could induce apoptosis in human

gastric adenocarcinoma (AGS) cells by activating caspase-3 with subsequent

cleavage of poly(ADP–ribose) polymerase. Furthermore, cell cycle arrest at the

G2/M phase was observed in AST-treated cells, leading to substantial growth
inhibition. The antiproliferative effect of AST was associated with the

regulation of cyclin B1, p21 and c-myc. Laboratory results indicated that the

number of AGS cells that invaded through the Matrigel membrane was

significantly reduced upon AST treatment, with concomitant downregulation

of the proangiogenic protein VEGF and the metastatic proteins metallopro-

teinase (MMP)-2 and MMP-9. ASTs could modulate the invasiveness and

angiogenesis of AGS cells in addition to its proapoptotic and antiproliferative

activities. These findings suggest that AST has the potential to be further
developed into an effective chemotherapeutic agent in treating advanced and

metastatic gastric cancer.32

Astragalus has been used to ameliorate the side effects of antineoplastic
drugs because of its immunomodulating nature. ASTs not only possessed

anticarcinogenic and proapoptotic properties in human colon cancer cells and

tumor xenograft, but also Auyeung et al.33 indicated that NSAID-activated

gene NAG-1 is a potential molecular target of AST in its antitumorigenic and

proapoptotic actions, which would have additive effects when used along with

PI3K–Akt inhibitors. This could facilitate the future development of a novel

target-specific chemotherapeutic agent with a known molecular pathway.

It is known that astragalus is capable of reducing the adverse effects of

conventional chemotherapy. A study investigated the sperm count and motility

in mice treated with cyclophosphamide (CP). CP treatment has detrimental

effects on the expression of cAMP-responsive element modulator (CREM), a
transcription factor that is highly expressed in male germ cells and is crucial to

post-meiotic germ cell differentiation. It was found that astragalus can restore

CREM at both the mRNA and protein levels. Astragalus could ameliorate

relative testes weight, sperm parameters and CREM expression against CP-

induced reproductive toxicity.34

8.6 Randomized, Placebo-Controlled Clinical Trials and
Meta-Analyses

PG2 is a partially purified extract of astragalus used as a complementary and

palliative medicine for managing cancer-related fatigue. There was a Phase II
double-blind, randomized placebo-controlled study on this novel infusible

The Scientific Evidence for Using Astragalus in Human Diseases 159

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
53

View Online

http://dx.doi.org/10.1039/9781849737852-00153


botanically derived drug. The results indicated that in the first 4 week cycle, PG2

administration resulted in a greater fatigue improvement response rate than

controls treated with normal saline alone. No major or irreversible toxicities

were observed with the PG2 treatment. Hence PG2 may be an effective and safe

treatment for relieving cancer-related fatigue among cancer patients.35

On the other hand, APS was reported to increase tumor response, stabilize

and improve performance status and reduce chemotherapy toxicity. A trial was

designed to determine whether APS injection integrated with vinorelbine and

cisplatin (VC) offered an improved quality of life (QoL) over VC for patients

with advanced non-small cell lung cancer (NSCLC). After three cycles of

treatment, there were significant differences in the overall patient QoL,

physical function, fatigue, nausea and vomiting, pain and loss of appetite

between the two study groups. These results indicated that the treatment with

APS integrated with VC significantly improved the QoL in patients with

advanced NSCLC compared with VC alone.36

Several recent meta-analyses supported the use of astragalus-based Chinese

herbal therapy combined with chemotherapy for advanced lung cancer,

nasopharyngeal carcinoma and HCC. A meta-analysis evaluated the evidence

from randomized trials to assess whether astragalus-based Chinese herbal

medicine combined with platinum-based chemotherapy could improve

survival, increase tumor response, improve performance status and reduce

chemotherapy toxicity in NSCLC. It was found that astragalus-based Chinese

herbal medicine might increase the effectiveness of platinum-based chemother-

apy compared with platinum-based chemotherapy alone.37

Another systematic review was conducted to assess the clinical efficacy of

astragalus-based TCM as a concomitant therapy for nasopharyngeal

carcinoma patients. The meta-analysis demonstrated a significant increase in

the number of patients with prolonged survival, enhanced tumor response,

improved Karnofsky performance status, reduced risk of adverse effects and

significant immunostimulation in those treated by astragalus-based TCM

combined with conventional cancer therapy versus patients using conventional

cancer therapy alone.38

A meta-analysis was also performed for clinical trials comparing astragalus-

based Chinese herbal therapy versus no Chinese herbal therapy given to HCC

patients receiving transcatheter arterial chemoembolization. The results

showed that astragalus-based Chinese herbal therapy was associated with a

significant rise in the number of patients with prolonged survival, improved

treatment response and non-deterioration performance status. This evidence

supported the use of astragalus-based Chinese herbal therapy to enhance the

efficacy of transcatheter arterial chemoembolization in HCC patients.39

8.7 Prospective

This chapter aims to provide scientific evidence for the application of astra-

galus in human diseases. Owing to its immunomodulatory, anti-inflammatory
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and anticancer effects, this herbal medicine is often administered to treat cancer,

heart disease, diabetes, chronic hepatitis and nephritis. Astragalus is also used as

an immune support supplement to daily diet and as an immunostimulant to
counteract the immune suppression associated with cancer chemotherapy and

radiotherapy. With increasing large-scale and stringent clinical trials, it is

expected that there will be more applications of astragalus in human diseases,

together with its integration with conventional Western treatments.
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9.1 Introduction

Non-communicable diseases (NCDs), mainly cardiovascular diseases, cancers,

chronic respiratory diseases and diabetes, are the world’s biggest killers and

require an urgent global response.1 The burden of death and disability

attributable to these diseases has major adverse social, economic and health

effects. In 2008, of the total 57 million deaths globally, 63% (36 million) were

due to NCDs and one-third of these NCD deaths were in people younger than

60 years old.2

The main risk factors for NCDs include tobacco use, foods high in saturated

and trans fats, salt and sugar (especially in sweetened drinks), physical

inactivity and alcohol consumption.3 The current burden of NCDs reflects
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past exposure to these risk factors and the future burden is determined by

current exposure. The WHO mentions that unless efforts are made, the disease

burden and mortality from these health problems will continue to increase.4 In

the light of the importance of addressing this disease burden, this chapter is

focused on the potential of traditional Chinese medicine (TCM) in preventing

cancer. Owing to the complexity of the nature of cancer, anti-inflammatory

activities of TCM will be the focus. Before we consider the pathogenesis and

mechanism of the disease and treatment, below we review cancer epidemiology

in brief.

9.1.1 Cancer Epidemiology

9.1.1.1 Global Trends

The burden of cancer, one of the NCDs, is a growing health concern

worldwide. It is already the leading cause of death in many high-income

countries and will become a major cause of morbidity and mortality in the

coming decades in every region of the world.5,6 Based on the GLOBOCAN

2008 estimates, about 12.7 million cancer cases and 7.6 million cancer deaths

are estimated to have occurred in 2008, with 56% of the cases and 64% of the

deaths in the economically developing world.7 Breast cancer is the most

common cancer in females, accounting for 23% of the total cancer cases and

14% of the total cancer deaths. Lung cancer is the leading cancer in males,

accounting for 17% of the total cancer cases and 23% of the total cancer

deaths.

9.1.1.2 Incidence and Mortality

In a recent population-based study on global cancer transitions according to

the Human Development Index (HDI), a marker of socioeconomic develop-

ment, the authors predicted an increase in the incidence of all-cancer cases

from 12.7 million new cases in 2008 to 22.2 million by 2030.8 In regions with

either high or very high levels on the HDI, breast, lung, colorectal and prostate

cancers accounted for half the overall cancer incidence burden. In medium

HDI regions, lung cancer is the most common cancer, ahead of stomach, liver

and breast cancers. In low HDI regions, cervical cancer was most common. In

men, cancers of the prostate, lung and liver were the most common cancers.

Breast and cervical cancers were the most common in women.

Cancer survival tends to be poorer in developing countries compared with

developed countries. A recent population-based study based on patients

diagnosed in the 1990s indicated substantially lower survival rates in parts of

Africa, India and the Philippines than for those diagnosed in Singapore, South

Korea and parts of China.9 The observed difference is most likely because of a

combination of later stage at diagnosis and limited access to timely and

standard treatment.
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The global burden of cancer will continue to increase because of the aging

population and adoption of cancer-causing behaviors, particularly smoking. It

is, therefore, important for countries to initiate and capitalize on preventive

strategies such as preventive programs (tobacco control), vaccination (for liver

and cervical cancer), screening/early detection and treatment, in addition to

public health campaigns promoting healthy diets and physical activity.10

9.1.2 Overview of Cancer Management

Cancer is a group of more than 100 different diseases that are characterized by

uncontrolled cellular growth, local tissue invasion and distant metastases.

There have been dramatic advances in cellular and molecular biology in the

last two decades that have led to a greater understanding of the nature of

malignant transformation. Progress made in early detection, diagnosis and

treatment of cancer has also positively affected cancer survival rates.

The goals of cancer treatment include cure, prolongation of life and relief of

symptoms. The selection of cancer treatment is guided by many factors,

including type and stage of disease, patient performance status, treatment

availability and treatment goals. Four primary modalities are employed in

the approach to cancer treatment – surgery, radiation, chemotherapy and

biological therapy.11,12 Surgery and radiation therapy provide the best chance

of cure for patients with localized cancers, but systemic treatment methods are

required for disseminated cancers.

9.1.2.1 Surgical Therapy

Surgery is the oldest treatment for cancer. It remains the treatment of choice

for most early stage solid tumors. The role of surgery in the treatment of

cancer patients includes the following: (1) definitive resection of the primary

cancer; (2) reducing the bulk of the disease (e.g., ovarian cancer); (3) resection

of metastatic disease with curative intent (e.g., pulmonary metastases in

sarcoma patients, hepatic metastases in colorectal cancer); (4) treatment of

oncological emergencies; (5) palliation; and (6) reconstruction and rehabilita-

tion. In each of the treatment intents, integration with other treatment

modalities can be essential for a successful outcome.

9.1.2.2 Radiation Therapy

Radiation therapy is the use of ionizing radiation to treat cancer. The aim of

radiation therapy is to deliver a precisely measured dose of radiation to a

defined tumor volume with minimal damage to the surrounding healthy tissue,

resulting in eradication of the tumor, maintaining a high quality of life and

prolongation of survival.

In addition to curative efforts, radiation therapy can be used for palliative

treatment and plays a major role in supportive care such as pain management.
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Better radiation therapy techniques, such as three-dimensional conformal
radiation therapy, stereotactic radiosurgery and brachytherapy (radioactive

seeds), which are designed to deliver high doses of radiation to tumors while

minimizing the doses delivered to nearby healthy tissue, are now widely

available. These advances have resulted in positive benefits to patients, such as

greater tissue, organ and limb preservation.

Recent research on the use of targeted agents in combination with radiation
may offer new opportunities.13,14 Enthusiasm for such strategies is fueled by

the first randomized controlled trial demonstrating a significant clinical benefit

from combining radiation with a molecular targeted agent, cetuximab, a

recombinant mouse/human chimeric monoclonal antibody against the

epidermal growth factor (EGF) receptor, in the treatment of head and neck

cancer.15 However, dosing and timing of these agents in relation to radiation

appear to be important in maximizing the benefit of such combinations, in

addition to appropriate selection of the tumor stage and histology.

9.1.2.3 Chemotherapy

Chemotherapy, including hormonal therapy, is the use of drugs to treat cancer.
Adjuvant therapy is defined as the use of systemic agents to eradicate micro-

metastatic disease following localized modalities such as surgery or radiation, or

both. Thus, it is prescribed to patients with potentially curable malignancies who

have no clinically detectable disease. The goal of systemic therapy in an adjuvant

setting is to improve treatment outcome and for curative intent. Drug therapy

may also be given in the neoadjuvant or preoperative setting, in an attempt to

shrink large tumors and to make them more amenable to later surgical resection

and possibly sparing critical organs and improving treatment outcome.

9.1.2.4 Biological Therapy

Biological therapies refer to the use of immunotherapy or ‘‘targeted therapies’’ to
treat cancer. Immunotherapy usually involves stimulating the host’s immune

system to fight the cancer. The agents used in immunotherapy are usually

naturally occurring cytokines, which have been produced with recombinant

DNA technology. Examples of agents used in immunotherapy include

interferons and interleukins (ILs). Targeted therapies include monoclonal

antibodies, tyrosine kinase inhibitors, proteosome inhibitors and others. As

described in the following, many TCM approaches have been tested for anti-

inflammatory activities targeting ILs, which hold promising potential for the
scientific understanding of the working mechanism of TCM in cancer prevention.

9.2 Methods

A full scientific literature search up to July 2012 was conducted in PubMed
using keywords such as ‘‘Cortex Moutan anti-inflammatory or anti-cancer’’

166 Chapter 9

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
63

View Online

http://dx.doi.org/10.1039/9781849737852-00163


with the herb name as the changing term for the use of TCM. The Latin names

for herbs such as Poenia rubra, Rhizoma corydalis, Faeces trogopterorum,

Rhizoma zedoariae and Cortex phellodendri were searched along with Cortex

moutan because these herbs are among those indicated for inflammation

and masses. Terms such as ‘‘anti-inflammatory,’’ ‘‘anti-inflammation,’’ ‘‘anti-

cancer’’ and ‘‘cancer’’ were also employed. For the TCM herbs used for tumor

treatment, the canons were used as references and the relevant formulas are

listed. Owing to the paucity of information on TCM, translation of Chinese

terms was done to the best knowledge of the authors and the translated names

may not be as standardized as done in other publications. Readers are referred

to original Chinese texts for all queries and interest.

9.3 Current Scientific Understanding of Cancer and
Inflammation: Pathogenesis of Cancer and
Inflammation

Carcinogenesis is a process involving multiple steps, including transition of

normal cells to pre-initiated cells and ultimately invasive carcinoma, thus

providing plentiful opportunities for cancer prevention using cancer chemo-

preventive compounds, including TCM.16,17 In general, tumor development

follows three distinct yet closely interrelated phases, namely initiation,

promotion and progression.18,19 When cells are exposed to oxidative stress,

DNA may suffer oxidative damage20 coupled with persisting aberrant

inflammation21 in addition to DNA adduct formation, leading to increased

genomic instability, enhanced neoplastic transformation and, if not stopped,

cancer may form. Recently, cancer-related inflammation (inflammatory

microenvironment) has been included as the seventh hallmark of cancer,22,23

which is an additional hallmark to the identified six hallmarks of cancer

summarized by Hanahan and Weinberg24 in 2000, namely (i) self-sufficiency in

growth signals, (ii) insensitivity to anti-growth signals, (iii) evading apoptosis,

(iv) sustained angiogenesis, (v) limitless replicative potential and (vi) tissue

invasion and metastasis. In 2011, Hanahan and Weinberg updated the

hallmarks of cancer in their latest review.25

Significantly, many preclinical studies have been conducted to study the

anti-inflammatory activities of TCM herbs by investigating the downstream

key transcriptional factor in inflammatory responses, nuclear factor kappa B

(NF-kB) (some references are listed in Table 9.1). Among those TCM herbs,

some have been found to have anti-inflammatory and anticancer properties

(Table 9.2), which suggests that the potential cancer prevention of TCM herbs

by anti-inflammatory activities is an important mechanism. From the TCM

perspective, the selection of the herbs in Tables 9.1 and 9.2 were based on

TCM use for the treatment of cancer as discussed in Section 9.2 (Methods) and

the following sections.

Traditional Chinese Medicine: Anti-Inflammation for Cancer Prevention 167

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
63

View Online

http://dx.doi.org/10.1039/9781849737852-00163


T
a
b
le

9
.1

P
re
cl
in
ic
a
l
st
u
d
ie
s
o
f
T
C
M

w
it
h
a
n
ti
-i
n
fl
a
m
m
a
to
ry

a
ct
iv
it
ie
s.

T
es
t
m
o
d
el
s

T
es
t
co
m
p
o
u
n
d
s
a
n
d
m
et
h
o
d
s

O
u
tc
o
m
e
ef
fe
ct
s

R
ef
.

L
ip
o
p
o
ly
sa
cc
h
a
ri
d
e
(L
P
S
)-

in
d
u
ce
d
a
cu
te

lu
n
g
in
ju
ry

(A
L
I)

m
o
d
el

in
S
p
ra
g
u
e–

D
a
w
le
y
ra
ts

P
a
eo
n
o
l,
a
n
a
ct
iv
e
co
m
p
o
n
en
t

o
f
M
o
u
ta
n
co
rt
ex

ra
d
ic
is
,
a

co
m
m
o
n
ly

u
se
d
T
C
M

a
n
a
lg
es
ic
,

a
n
ti
p
y
re
ti
c
a
n
d
a
n
ti
-i
n
fl
a
m
m
a
to
ry

a
g
en
t

D
ec
re
a
se
d
h
is
to
p
a
th
o
lo
g
ic
a
l
sc
o
re
s,
m
y
el
o
p
er
o
x
id
a
se
-

re
a
ct
iv
e
ce
ll
s
a
n
d
in
d
u
ci
b
le

n
it
ri
c
o
x
id
e
sy
n
th
a
se

ex
p
re
ss
io
n
in

lu
n
g
ti
ss
u
e;

d
ec
re
a
se
d
p
ro
in
fl
a
m
m
a
to
ry

cy
to
k
in
e
tu
m
o
r
n
ec
ro
si
s
fa
ct
o
r
a
lp
h
a
(T
N
F
-a
),
IL

-1
b
,

IL
-6

a
n
d
p
la
sm

in
o
g
en
-a
ct
iv
a
te
d
in
h
ib
it
io
n
fa
ct
o
r-
1
in

b
ro
n
ch
o
a
lv
eo
la
r
la
v
a
g
e
fl
u
id

3
2

T
y
p
e
II

co
ll
a
g
en
-i
n
d
u
ce
d

a
rt
h
ri
ti
s
(C

IA
)
m
o
u
se

m
o
d
el

H
er
b
a
l
ex
tr
a
ct
s
fr
o
m

T
ra
ch
el
o
sp
er
m
i

ca
u
li
s
(T
C
)
a
n
d
M
o
u
ta
n
co
rt
ex

ra
d
ic
is
(M

C
)

In
h
ib
it
io
n
o
f
in
fl
a
m
m
a
ti
o
n
:
d
ec
re
a
se
d
cl
in
ic
a
l
a
rt
h
ri
ti
s

in
d
ex
,
h
is
to
lo
g
ic
a
l
d
ef
o
rm

a
ti
o
n
o
f
jo
in
ts
,
se
ru
m

le
v
el
s
o
f

rh
eu
m
a
to
id

a
rt
h
ri
ti
s
b
io
m
a
rk
er
s
a
n
d
T
h
1
-r
el
a
te
d

re
sp
o
n
se
s.
S
u
p
p
re
ss
io
n
o
f
th
e
a
ct
iv
a
ti
o
n
o
f
th
e

tr
a
n
sc
ri
p
ti
o
n
N
F
-k
B
a
n
d
a
ct
iv
a
to
r
p
ro
te
in

(A
P
)-
1

3
3

L
P
S
-i
n
d
u
ce
d
in
fl
a
m
m
a
ti
o
n

in
ra
t
p
ri
m
a
ry

m
ic
ro
g
li
a
a
n
d

6
-h
y
d
ro
x
y
d
o
p
a
m
in
e-
in
d
u
ce
d

o
x
id
a
ti
v
e
d
a
m
a
g
e
in

co
rt
ic
a
l

n
eu
ro
n
s

P
a
eo
n
o
l

In
L
P
S
-t
re
a
te
d
m
ic
ro
g
li
a
:
in
h
ib
it
io
n
o
f
in
d
u
ci
b
le

n
it
ri
c

o
x
id
e
sy
n
th
a
se

(i
N
O
S
)
a
n
d
cy
cl
o
o
x
y
g
en
a
se

2
(C

O
X
-2
),

d
ec
re
a
se
d
n
it
ri
c
o
x
id
e
a
n
d
p
ro
st
a
g
la
n
d
in

E
2
(P
G
E
2
)

p
ro
d
u
ct
io
n
.
In

6
-h
y
d
ro
x
y
d
o
p
a
m
in
e-
tr
ea
te
d
co
rt
ic
a
l

n
eu
ro
n
s:
d
ec
re
a
se
d
re
a
ct
iv
e
o
x
y
g
en

sp
ec
ie
s
p
ro
d
u
ct
io
n

3
4

O
v
a
lb
u
m
in
-s
en
si
ti
ze
d
B
A
L
B
/c

m
ic
e,

a
ir
w
a
y
in
fl
a
m
m
a
ti
o
n

a
n
d
h
y
p
er
-r
es
p
o
n
si
v
en
es
s
in

a
m
o
u
se

m
o
d
el

o
f
a
ll
er
g
ic

a
st
h
m
a

P
a
eo
n
o
l

D
ec
re
a
se
d
to
ta
l
in
fl
a
m
m
a
to
ry

ce
ll
a
n
d
eo
si
n
o
p
h
il
co
u
n
t
in

b
ro
n
ch
o
a
lv
eo
la
r
la
v
a
g
e
fl
u
id
,
IL

-4
a
n
d
IL

-1
3
le
v
el
s
in

b
ro
n
ch
o
a
lv
eo
la
r
la
v
a
g
e
fl
u
id

a
n
d
to
ta
l
im

m
u
n
o
g
lo
b
u
li
n

E
le
v
el
s
in

se
ru
m
,
eo
si
n
o
p
h
il
ic

in
fl
a
m
m
a
ti
o
n
a
n
d

m
u
cu
s-
p
ro
d
u
ci
n
g
g
o
b
le
t
ce
ll
s
in

th
e
a
ir
w
a
y
s

3
5

T
h
e
a
th
er
o
sc
le
ro
ti
c
m
o
d
el

d
ev
el
o
p
ed

in
ra
b
b
it
s
fe
d
a

h
ig
h
-f
a
t
d
ie
t
fo
r
1
2
w
ee
k
s

P
a
eo
n
o
l

S
ig
n
if
ic
a
n
t
im

p
ro
v
em

en
t
in

a
th
er
o
sc
le
ro
ti
c
p
la
q
u
e.

D
ec
re
a
se
d
b
lo
o
d
le
v
el
s
o
f
T
N
F
-a
,
IL

-1
b
a
n
d
th
e

tr
a
n
sl
o
ca
ti
o
n
o
f
N
F
-k
B
to

th
e
n
u
cl
eu
s
a
n
d
li
p
id

p
er
o
x
id
a
ti
o
n

3
6

168 Chapter 9

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
63

View Online

http://dx.doi.org/10.1039/9781849737852-00163


T
a
b
le

9
.1

(C
o
n
ti
n
u
ed
)

T
es
t
m
o
d
el
s

T
es
t
co
m
p
o
u
n
d
s
a
n
d
m
et
h
o
d
s

O
u
tc
o
m
e
ef
fe
ct
s

R
ef
.

IL
-1
b
-s
ti
m
u
la
te
d
ra
t

sy
n
o
v
io
cy
te
s

B
io
a
ct
iv
it
ie
s
o
f
et
h
y
l
a
ce
ta
te

a
n
d

et
h
a
n
o
l
ex
tr
a
ct
s
o
f
M
o
u
ta
n
co
rt
ex

fr
a
ct
io
n
s
a
n
d
p
u
re

co
m
p
o
u
n
d
s

p
a
eo
n
o
l,
p
a
eo
n
if
lo
ri
n
a
n
d

p
en
ta
g
a
ll
o
y
lg
lu
co
se

In
h
ib
it
io
n
o
f
T
N
F
-a

sy
n
th
es
is
a
n
d
IL

-6
p
ro
d
u
ct
io
n
b
y
th
e

p
u
ri
fi
ed

co
m
p
o
u
n
d
s

3
7

R
a
t
p
er
it
o
n
ea
l
m
a
st

ce
ll
s

(R
P
M
C
s)

a
n
d
cy
to
k
in
e

p
ro
d
u
ct
io
n
fr
o
m

H
M
C
-1

P
en
ta
H
er
b
s
fo
rm

u
la

(P
H
F
)

co
n
ta
in
in
g
C
o
rt
ex

m
o
u
ta
n
,
C
o
rt
ex

p
h
el
lo
d
en
d
ri
,
F
lo
s
lo
n
ic
er
a
e,

H
er
b
a

m
en
th
a
e
a
n
d
R
h
iz
o
m
a
a
tr
a
ct
y
lo
d
is

P
H
F
,
C
o
rt
ex

m
o
u
ta
n
a
n
d
H
er
b
a
m
en
th
a
e
si
g
n
if
ic
a
n
tl
y

a
tt
en
u
a
te
d
h
is
ta
m
in
e
re
le
a
se

a
n
d
p
ro
st
a
g
la
n
d
in

D
(2
)

sy
n
th
es
is
fr
o
m

R
P
M
C

a
ct
iv
a
te
d
b
y
a
n
ti
-I
g
E

a
n
d

co
m
p
o
u
n
d
4
8
/8
0
;
C
o
rt
ex

m
o
u
ta
n
w
a
s
th
e
o
n
ly

h
er
b
th
a
t

a
ff
ec
te
d
cy
to
k
in
e
p
ro
d
u
ct
io
n
in

H
M
C
-1

3
8

L
P
S
-i
n
d
u
ce
d
IL

-8
p
ro
d
u
ct
io
n

in
th
e
h
u
m
a
n
m
o
n
o
cy
ti
c
ce
ll

li
n
e
T
H
P
-1

T
et
ra
h
y
d
ro
p
a
lm

a
ti
n
e,

fo
u
n
d
in

C
o
ry
d
a
li
s
rh
iz
o
m
a

In
h
ib
it
io
n
o
f
L
P
S
-i
n
d
u
ce
d
IL

-8
p
ro
d
u
ct
io
n
in

a
d
o
se
-

d
ep
en
d
en
t
m
a
n
n
er
,
ex
tr
a
ce
ll
u
la
r
si
g
n
a
l-
re
g
u
la
te
d
k
in
a
se

a
n
d
p
3
8
M
A
P
K

p
h
o
sp
h
o
ry
la
ti
o
n

3
9

L
P
S
-s
ti
m
u
la
te
d
m
o
u
se

m
a
cr
o
p
h
a
g
e
R
A
W

2
6
4
.7

ce
ll
s

C
u
rd
io
n
e
fr
o
m

th
e
rh
iz
o
m
e
o
f

C
u
rc
u
m
a
ze
d
o
a
ri
a

In
h
ib
it
io
n
o
f
th
e
p
ro
d
u
ct
io
n
o
f
P
G
E

2
a
n
d
C
O
X
-2

m
R
N
A

4
0

1
2
-O

-T
et
ra
d
ec
a
n
o
y
lp
h
o
rb
o
l-
1
3
-

a
ce
ta
te

(T
A
P
)-
in
d
u
ce
d

in
fl
a
m
m
a
ti
o
n
o
f
m
o
u
se

ea
rs

1
1
a
n
ti
-i
n
fl
a
m
m
a
to
ry

se
sq
u
it
er
p
en
es

fr
o
m

rh
iz
o
m
e
o
f
C
u
rc
u
m
a
ze
d
o
a
ri
a

S
u
p
p
re
ss
io
n
o
f
th
e
T
P
A
-i
n
d
u
ce
d
in
fl
a
m
m
a
ti
o
n
o
f
m
o
u
se

ea
rs

b
y
7
5
a
n
d
5
3
%

b
y
fu
ra
n
o
d
ie
n
e
a
n
d
fu
ra
n
o
d
ie
n
o
n
e,

re
sp
ec
ti
v
el
y
,
a
t
a
d
o
se

o
f
1
.0

m
m
o
l;
a
ct
iv
it
ie
s
a
re

co
m
p
a
ra
b
le

to
th
a
t
o
f
a
st
a
n
d
a
rd

a
n
ti
-i
n
fl
a
m
m
a
to
ry

a
g
en
t,
in
d
o
m
et
h
a
ci
n

4
1

H
u
m
a
n
h
ep
a
ti
c
m
y
o
fi
b
ro
b
la
st

ce
ll
s
(h
M
F
)

W
a
te
r
ex
tr
a
ct
s
o
f
Z
ed
o
a
ri
a
e
rh
iz
o
m
a

In
h
ib
it
io
n
o
f
h
M
F

g
ro
w
th

(I
C
5
0
5

8
.5

m
g
m
L
2
1
),
th
ro
u
g
h

ea
rl
y
C
O
X
-2
-d
ep
en
d
en
t
re
le
a
se

o
f
P
G
E

2
a
n
d
cA

M
P
a
n
d

d
el
a
y
ed

C
O
X
-2

in
d
u
ct
io
n

4
2

L
P
S
-a
ct
iv
a
te
d
m
a
cr
o
p
h
a
g
es

1
,7
-B
is
(4
-h
y
d
ro
x
y
p
h
en
y
l)
-1
,4
,6
-

h
ep
ta
tr
ie
n
-3
-o
n
e
fr
o
m

C
u
rc
u
m
a

ze
d
o
a
ri
a

In
h
ib
it
io
n
o
f
N
O

sy
n
th
es
is
a
n
d
th
e
ex
p
re
ss
io
n
o
f
iN

O
S

4
3

Traditional Chinese Medicine: Anti-Inflammation for Cancer Prevention 169

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
63

View Online

http://dx.doi.org/10.1039/9781849737852-00163


T
a
b
le

9
.1

(C
o
n
ti
n
u
ed
)

T
es
t
m
o
d
el
s

T
es
t
co
m
p
o
u
n
d
s
a
n
d
m
et
h
o
d
s

O
u
tc
o
m
e
ef
fe
ct
s

R
ef
.

L
P
S
-a
ct
iv
a
te
d
R
A
W

2
6
4
.7

ce
ll
s

X
a
n
th
o
rr
h
iz
o
l,
a
se
sq
u
it
er
p
en
o
id
,

fr
o
m

th
e
rh
iz
o
m
e
o
f
C
u
rc
u
m
a

x
a
n
th
o
rr
h
iz
a
R
o
x
b
.

(Z
in
g
ib
er
a
ce
a
e)
,
se
sq
u
it
er
p
en
o
id
s

b
-t
u
rm

er
o
n
e
a
n
d
a
r-
tu
rm

er
o
n
e

fr
o
m

th
e
rh
iz
o
m
e
o
f
C
u
rc
u
m
a

ze
d
o
a
ri
a
R
o
sc
o
e
(Z
in
g
ib
er
a
ce
a
e)

A
ll
in
h
ib
it
ed

a
ct
iv
it
ie
s
o
f
C
O
X
-2

a
n
d
iN

O
S

4
4

L
P
S
-a
ct
iv
a
te
d
m
a
cr
o
p
h
a
g
es

1
,7
-B
is
(4
-h
y
d
ro
x
y
p
h
en
y
l)
-1
,4
,6
-

h
ep
ta
tr
ie
n
-3
-o
n
e
a
n
d

p
ro
cu
rc
u
m
en
o
l
fr
o
m

C
u
rc
u
m
a

ze
d
o
a
ri
a

In
h
ib
it
io
n
o
f
T
N
F
-a

p
ro
d
u
ct
io
n

4
5

L
P
S
-a
ct
iv
a
te
d
B
V
2
ce
ll
s
(a

m
o
u
se

m
ic
ro
g
li
a
ce
ll
li
n
e)

a
n
d

p
ri
m
a
ry

m
o
u
se

m
ic
ro
g
li
a

M
et
h
a
n
o
l
ex
tr
a
ct

o
f
C
o
rt
ex

p
h
el
lo
d
en
d
ri

In
h
ib
it
io
n
o
f
L
P
S
-s
ti
m
u
la
te
d
T
N
F
-a
,
IL

-1
b
a
n
d
N
O

in
b
o
th

ce
ll
s;
m
ec
h
a
n
is
m

in
v
o
lv
ed

in
h
ib
it
io
n
o
f
L
P
S
-

st
im

u
la
te
d
p
h
o
sp
h
o
ry
la
ti
o
n
o
f
E
R
K

a
n
d
a
ct
iv
a
ti
o
n
o
f

N
F
-k
B

4
6

T
P
A
-i
n
d
u
ce
d
in
fl
a
m
m
a
ti
o
n
o
f

m
o
u
se

ea
rs

E
th
a
n
o
l
ex
tr
a
ct
s
o
f
C
o
rt
ex

p
h
el
lo
d
en
d
ri
ch
in
en
si
s
(E
C
P
C
)
a
n
d

C
o
rt
ex

p
h
el
lo
d
en
d
ri
a
m
u
re
n
si
s

(E
C
P
A
)

B
o
th

E
C
P
C

a
n
d
E
C
P
A

si
g
n
if
ic
a
n
tl
y
d
ec
re
a
se
d
th
e
ea
r

th
ic
k
n
es
s,
m
y
el
o
p
er
o
x
id
a
se

a
ct
iv
it
y
a
n
d
th
e
re
a
ct
iv
e

o
x
y
g
en

sp
ec
ie
s
le
v
el
,
a
ls
o
in
h
ib
it
io
n
o
f
th
e
p
ro
te
in

a
n
d

m
R
N
A

le
v
el
s
o
f
T
N
F
-a
,
IL

-1
b
,
IL

-6
a
n
d
C
O
X
-2

4
7

C
a
rr
a
g
ee
n
a
n
-i
n
d
u
ce
d
m
ic
e
p
a
w

ed
em

a
2
0
0
0
y
ea
rs

o
f
C
h
in
es
e
re
ci
p
e
H
u
a
n
g
-

L
ia
n
-J
ie
-D

u
d
ec
o
ct
io
n
(H

L
JD

D
)

to
tr
ea
t
in
fl
a
m
m
a
ti
o
n
:
R
h
iz
o
m
a

co
p
ti
d
is
,
R
a
d
ix

sc
u
te
ll
a
ri
a
e,

C
o
rt
ex

p
h
el
lo
d
en
d
ri
a
n
d
F
ru
ct
u
s
g
a
rd
en
ia
e

E
x
h
ib
it
ed

a
n
ti
-i
n
fl
a
m
m
a
to
ry

ef
fe
ct

4
8

170 Chapter 9

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
63

View Online

http://dx.doi.org/10.1039/9781849737852-00163


T
a
b
le

9
.2

P
re
cl
in
ic
a
l
st
u
d
ie
s
o
f
T
C
M

w
it
h
a
n
ti
-i
n
fl
a
m
m
a
to
ry

a
n
d
a
n
ti
ca
n
ce
r
a
ct
iv
it
ie
s.

T
es
t
m
o
d
el
s

T
es
t
co
m
p
o
u
n
d
s
a
n
d
m
et
h
o
d
s

O
u
tc
o
m
e
ef
fe
ct
s

R
ef
.

H
u
m
a
n
h
ep
a
to
ce
ll
u
la
r

ca
rc
in
o
m
a
(H

C
C
)
ce
ll
li
n
es

B
E
L
-7
4
0
4
,
S
M
M
C
-7
7
2
1

a
n
d
M
H
C
C
9
7
-H

in
vi
tr
o

C
y
to
to
x
ic
it
y
o
f
p
a
eo
n
o
l
w
a
s

co
m
p
a
re
d
w
it
h
th
a
t
o
f
5
-

fl
u
o
ro
u
ra
ci
l
(5
-F
U
)

D
o
se
-d
ep
en
d
en
t
in
h
ib
it
io
n
o
f
th
e
p
ro
li
fe
ra
ti
o
n
o
f
a
ll
th
re
e

h
u
m
a
n
H
C
C

ce
ll
li
n
es
;
th
es
e
co
m
p
o
u
n
d
s
le
d
to

th
e

u
p
re
g
u
la
ti
o
n
o
f
th
e
a
n
ti
-o
n
co
g
en
e
P
T
E
N

a
n
d
th
e

d
o
w
n
re
g
u
la
ti
o
n
o
f
th
e
o
n
co
g
en
e
A
K
T
;
p
a
eo
n
o
l
in
d
u
ce
d

D
N
A

fr
a
g
m
en
ta
ti
o
n
in

B
E
L
-7
4
0
4

3
0

M
u
ri
n
e
g
a
st
ri
c
ca
n
ce
r
ce
ll

li
n
e
m
o
u
se

fo
re
st
o
m
a
ch

ca
rc
in
o
m
a
(M

F
C
)
a
n
d

h
u
m
a
n
g
a
st
ri
c
ca
n
ce
r
ce
ll

li
n
e
S
G
C
-7
9
0
1

P
a
eo
n
o
l

In
vi
tr
o
,
d
o
se
-d
ep
en
d
en
t
in
h
ib
it
io
n
o
f
ce
ll
p
ro
li
fe
ra
ti
o
n
a
n
d

in
d
u
ce
d
a
p
o
p
to
si
s,
re
d
u
ce
d
th
e
ex
p
re
ss
io
n
o
f
B
cl
-2

a
n
d

in
cr
ea
se
d
th
e
ex
p
re
ss
io
n
o
f
B
a
x
.
T
re
a
tm

en
t
to

M
F
C

tu
m
o
r-
b
ea
ri
n
g
m
ic
e
ca
u
se
d
si
g
n
if
ic
a
n
t
tu
m
o
r
re
g
re
ss
io
n

4
9

H
u
m
a
n
u
m
b
il
ic
a
l
v
ei
n

en
d
o
th
el
ia
l
ce
ll
s
(H

U
V
E
C
s)

a
n
d
H
T
-1
0
8
0
fi
b
ro
sa
rc
o
m
a

ce
ll
li
n
e

P
a
eo
n
o
l
o
x
im

e,
a
p
a
eo
n
o
l
d
er
iv
a
ti
v
e

In
h
ib
it
io
n
o
f
b
a
si
c
fi
b
ro
b
la
st

g
ro
w
th

fa
ct
o
r
(b
F
G
F
)-

m
ed
ia
te
d
a
n
g
io
g
en
es
is
in

H
U
V
E
C
s
a
n
d
p
ro
-s
u
rv
iv
a
l

a
ct
iv
it
y
in

H
T
-1
0
8
0
fi
b
ro
sa
rc
o
m
a
ce
ll
li
n
e:

d
ec
re
a
se
d
th
e

le
v
el
s
o
f
P
I3
K
,
p
h
o
sp
h
o
-A

K
T
a
n
d
V
E
G
F

5
0

H
u
m
a
n
h
ep
a
to
m
a
(H

ep
G
2
)

ce
ll
s

G
a
ll
ic

a
ci
d
(G

A
),
a
ct
iv
e
co
m
p
o
u
n
d

fr
o
m

R
a
d
ix

p
a
eo
n
ia
e
ru
b
ra
;
a
ct
iv
e

co
m
p
o
u
n
d
fr
o
m

R
a
d
ix

a
st
ra
g
a
li
,

d
es
ig
n
a
te
d
R
A
-C

C
o
m
b
in
a
ti
o
n
o
f
G
A

a
n
d
R
A
-C

si
g
n
if
ic
a
n
tl
y
in
d
u
ce
d
G
2
/M

ce
ll
cy
cl
e
a
rr
es
t
a
n
d
a
tt
en
u
a
te
d
th
e
o
n
co
g
en
ic

tr
a
n
sf
o
rm

a
ti
o
n
:
th
e
fo
cu
s
fo
rm

a
ti
o
n
a
n
d
a
n
ch
o
ra
g
e-

in
d
ep
en
d
en
t
g
ro
w
th

5
1

H
u
m
a
n
b
re
a
st

ca
n
ce
r
ce
ll
s

(M
D
A
-M

B
-2
3
1
)

C
o
m
b
in
a
ti
o
n
o
f
ez
h
u
(R

h
iz
o
m
a

cu
rc
u
m
a
e)

a
n
d
y
a
n
h
u
su
o
(R

h
iz
o
m
a

co
ry
d
a
li
s)

in
a
ra
ti
o
o
f
3
:2

(e
zh
u
to

y
a
n
h
u
su
o
;
re
fe
rr
ed

to
a
s
E
3
Y
2
)

E
3
Y
2
m
a
rk
ed
ly

re
d
u
ce
d
ce
ll
in
v
a
si
o
n
a
b
il
it
y
,
in
d
u
ce
d

cy
to
ch
ro
m
e
c
re
le
a
se

a
n
d
si
g
n
if
ic
a
n
tl
y
su
p
p
re
ss
ed

th
e
le
v
el

o
f
p
-E
R
K

5
2

O
rt
h
o
to
p
ic

im
p
la
n
ta
ti
o
n
o
f

L
ew

is
lu
n
g
ca
rc
in
o
m
a

(L
L
C
)

B
er
b
er
in
e
in

P
h
el
lo
d
en
d
ri
co
rt
ex

M
a
rk
ed

in
h
ib
it
io
n
o
f
tu
m
o
r
g
ro
w
th

a
n
d
ly
m
p
h
a
ti
c

m
et
a
st
a
si
s
b
y
th
e
co
m
b
in
a
ti
o
n
tr
ea
tm

en
t
o
f
b
er
b
er
in
e
a
n
d

a
n
a
n
ti
ca
n
ce
r
d
ru
g
,
C
P
T
-1
1
,
a
s
co
m
p
a
re
d
w
it
h
ei
th
er

si
n
g
le

tr
ea
tm

en
t
a
lo
n
e.

A
n
ti
-a
ct
iv
a
to
r
p
ro
te
in
-1

(a
n
ti
-A

P
-

1
)
tr
a
n
sc
ri
p
ti
o
n
a
l
a
ct
iv
it
y
o
f
b
er
b
er
in
e
in
ih
ib
it
ed

L
L
C

ce
ll
s
th
ro
u
g
h
th
e
re
p
re
ss
io
n
o
f
ex
p
re
ss
io
n
o
f
u
ro
k
in
a
se
-

ty
p
e
p
la
sm

in
o
g
en

a
ct
iv
a
to
r
(u
-P
A
)

3
1

Traditional Chinese Medicine: Anti-Inflammation for Cancer Prevention 171

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
63

View Online

http://dx.doi.org/10.1039/9781849737852-00163


9.4 TCM Perspective of Cancer

9.4.1 Classical View of Masses, Growth or Inflamed Symptoms

The observation of tumors and the pathogenesis of tumors have been

mentioned in various classical canons of TCM. Excessive growth is one of the

characteristics of tumors. Tumors as known in the modern era of medicine can

be categorized as benign or malignant types as opposed to tumors that were

defined in TCM – which were differentiated by their motility and texture.

TCM does not specify how a benign or malignant tumor should take shape as

they were never defined in this context; nevertheless, it is understood that the

pathogenesis of tumors may involve various mechanisms according to TCM
differentiation, e.g., loss of coordination between the organs, Qi 氣 and blood

血 stagnation and blood stasis. Blood stagnation is a situation where the blood

does not circulate optimally whereas blood stasis refers to pathological

hematoma or congealing blood that usually causes pain. While Qi stagnation

causes the formation of Jia 瘕 (soft mobile tumor), blood stasis would be

the basis of the formation of Zheng 癥 (hard non-mobile tumor). Other

pathological definitions, including Ji 積 (aggregation) and Ju 聚 (accumula-

tion), explain the different etiologies of tumors. However the natures of Ji and
Ju tend towards not being inflammatory; Ji has a swelling form causing

stationary pain and Ju has no swelling form and causes inconsistent sensations.

Furthermore, Ju syndrome is mainly caused by Qi stagnation and is clinically

characterized by Qi gathering in the abdomen with wandering and distending

pain whereas Ji syndrome results from blood stasis and appears clinically as

fixed abdominal masses. These masses are normally located in the liver, spleen,

stomach and intestine.

Yong 癰 (pruritic tumor) and Zhong 腫 (swollen tumor), two further

different types of tumors, could have closer etymological backgrounds that

explain a growth or tumor that is pruritic and inflamed.

Detailed expositions on tumors can be found in numerous classical canons.

For example, the Synopsis of the Golden Chamber (Jin Kui Yao Lue 金匱要略)

devoted a chapter to the description of pathogenesis, pathology and treatment

for pruritic swellings. The Yellow Emperor’s Classic of Internal Medicine

(Huang Di Nei Jing 黃帝内經) detailed systematically the characteristics of Ji,

Ju, Yong and Zhong in Chapter 81. The Detailed Analysis of Epidemic Warm

Diseases (Wen Bing Tiao Bian 溫病條辨) listed diagnoses and treatments for

febrile diseases with concomitant masses.

Following the general pathway, every tumor growth has a starting point

where cold accumulates and blood becomes stagnated. Once the congealing

mass has formed the tumor, it is difficult to revert. The inflammation process

begins with heat generated from blood accumulation. Over a long time where

heat lingers, the growth process would erode flesh (myofibril tissue) into pus.

Pus is a secretion of intense inflammation that could erode tendons which are

in the proximity and eventually bone that attaches to the tendon. Bone that is
affected by the inflammation will have impaired marrow capacity. When
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marrow is reduced to lower capacity, the blood supply cannot be replenished at

an optimal rate and thus results in a weak constitution. With a weaker

constitution, the organs will be driven into compensatory conditions in order

to supply or strengthen their constitution to reach homeostasis and eventually

the compensated organ will overwork, resulting in insufficiency and impaired

function that could be fatal.

Most early stages of tumor pathogenesis may appear somewhat painful and

not inflamed. These stages are said to have characteristics of Ji or Ju. In later

stages when the tumors advance, they may become painful inflammatory

tumors which will have characteristics of Yong or Zhong. However, it should

be clarified that certain Yong symptoms in the lung and intestine could take the

forms of acute appendicitis, colitis or bronchitis; they do not necessarily

become cancerous, but are nevertheless fatal.

Tumor growth, from the TCM perspective, is further classified by its

patterns and affected organs. The often reported but not exhausted list of

tumor growth is as follows: tumor growth on the neck, brain, shoulder, throat,

axilla, breast, lung, abdomen, lower abdomen, anus, knee, popliteal area,

ankle, dorsal area of the foot, plantar area of the foot, sides of the foot and

toes. However, we restrict our review of classical canons, formulas and herbs

to those only for internal medicine, specifically in the region of the abdomen

and pelvis.

9.4.2 Inflammation as the Clinical Sign

Employing the examination techniques of TCM practice, inflammation can

usually be palpated to feel for the temperature regardless of cancerous growth.

If the temperature is warmer than the superficial skin, the growth can be

pruritic. If the temperature is latent and non-superficial, the growth should not

be pruritic. For growth that is located underneath deep tissue, other physical

symptoms determined through tongue examination, pulse examination or self-

reported information can be used to understand inflammation of the growth in

the body. Physical examination skills are not within the scope of this chapter;

interested readers are referred to The Foundations of Chinese Medicine.26

9.4.3 Contemporary Understanding of Masses (Zheng Jia Ji Ju)

Masses may take specific shapes on palpation, and can be large or small, soft

or hard. Patients demonstrate clinical symptoms such as nausea, vomiting,

weakness, anorexia and emaciation, and pain usually precedes the formation

of masses.27,28

Two types of masses, Ji 積 and Ju 聚, are usually considered together owing

to their similar manifestation. In general, their etiology is a result of (i)

irregular emotions, (ii) improper diet, (iii) external contraction of cold–

dampness or (iv) secondary to other diseases.27,28 Ju, as mentioned earlier, is a

Qi disorder thus is thought to be a less severe symptom than the Ji, a syndrome
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that has advanced into blood stasis and is associated with internal organs that

are painful and distended. The common syndrome patterns of Ju syndrome are

described in Table 9.3. On the other hand, according to Liu and Liu27 and

Peng,28 abdominal masses in terms of Ji can be categorized into three stages

according to the syndrome patterns (Table 9.4).

Another two types of masses, Zheng 癥 and Jia 瘕, are specific mass

growths in or around the uterus. The gynecological syndrome patterns can

be divided into blood stasis due to Qi stagnation, syndrome of accumulation

of phlegm–dampness and syndrome of stagnation of damp–heat. The

understanding of Zheng Jia is that Jia 瘕 (soft mobile tumor) is a result of

Qi-related illnesses and has the characteristic of a mobile mass with unfixed

pain, while Zheng 癥 (hard non-mobile tumor) is a result of blood stasis and

has the characteristic of a hard mass with fixed pain. The therapeutic

principles are similar to those of Ji Ju; using herbs that promote circulation,

break blood stasis, dissipate mass, cool heat and regulate Qi were the

considerations. Table 9.5 describes the common pathologies of Zheng Jia

and the respective treatments.

An abdominal mass is a typical internal medicine disorder that would be

considered a tumor based on common practical knowledge in TCM. Xiao

Yao San (Carefree Powder), Liu Mo Tang (Decoction of Six Ground

Substances), Jin Ling Zi San (Melia Powder), Shi Xiao San (Stasis-Relieving

Powder), Ge Xia Zhu Yu Tang (Decoction for Relieving Stasis Below the

Diaphragm), Ba Zhen Tang (Eight Treasures Decoction), Hua Ji Wan

(Mass-Dissipating Pill), Xiang Leng Wan (Cyperus and Sparganium Pills),

Cang Fu Dao Tan Wan (Atractylodes-Poria Phlegm-Dissipating Decoction)

and Dai Huang Mu Dan Tang (Rhubarb and Moutan Bark Decoction) are

among the important formulas that are used for treating masses (Zheng Jia

Ji Ju). The multitude herbs that are indicated for swelling, painful tumors

have many actions with selected properties corresponding to symptom

patterns. Herbs that regulate Qi stagnation (for treating symptoms of aching

pain, i.e., Rhizoma corydalis and Rhizoma zedoariae), stimulate blood

circulation and remove blood stasis (symptoms of sharp pain, i.e., Faeces

trogopterorum, Flos carthami), dissipate dampness (phlegm dampness, i.e.,

Poria) and cool heat accumulation (i.e., Poenia rubra and Cortex moutan) are

among the chief herbs. Herbs that are able to warm the interior, drain water,

relieve food retention and stabilize and restore form are assistant and envoy

herbs. From the perspective of masses, herbs specific to acting on the

symptoms distension and pain were selected in this chapter. The next section

is dedicated to the associated formulas and herbs that are indicated to treat

inflammation.

In general TCM understanding, a few herbs are indicated for dissolving

masses; for example, Bie Jia Carapax Trionycis, Shui Zhi Hirudo Nipponica,

Mang Chong Tanabus and Shan Jia Squama Manitis are among the

recognized herbs in the traditional canons, i.e., Treatise on Febrile Disease,
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Synopsis of the Golden Chamber and Detailed Analysis of Epidemic Warm

Diseases. We performed searches on PubMed with these herbal names and

found no work in relation to the investigation of their anti-inflammatory or

anticancer properties. Further scientific research in this respect is warranted.

9.4.4 Contemporary Understanding of Pelvic Inflammation

Inflammation is the manifestation of heat generated from dampness from the
perspective of TCM. Inflammation in special sensory organs is not discussed

here because it rarely forms cancers. Only the internal organs in the pelvic

region will be discussed since pelvic inflammation is a sign of cancer. As

described by Liu and Liu (Chapter 34, p. 297),27 patients with chronic pelvic

inflammation suffer from distension and pain in the lower abdomen. Vaginal

discharge, low-grade fever, fatigue, weakness and lassitude are observed. A

tender uterus that could be accompanied by masses is noticeable. The

leukocyte count in the blood is often elevated. Fluid in the posterior fornix and
thickening of the fallopian tubes with fluid accumulation can be seen through

ultrasound scanning. Pelvic inflammation and adhesion can be confirmed by

laparoscopy or culdoscopy. According to TCM, the pathology is the result of

the accumulation of dampness and heat. The symptoms, therapeutic principle

and treatment are described in Table 9.6.

9.5 Selected TCM Herbs That Are Indicated for
Inflammation and Masses

A recent study on about 190 000 TCM prescriptions for 30 types of cancers

found that each prescription consists of an average of two formulas and four

herbs.29 Furthermore, based on the effects of formulas and the natures of herbs

that have been frequently prescribed for cancers, it has been proposed that
cancers are a ‘‘warm and stagnant’’ syndrome in TCM, suggesting that anti-

inflammatory regimens could be indicated for better prevention and treatment

of cancers. In the previous two subsections, the combination of the key herbs

that were indicated in treating bothmasses and inflammation were examined. As

a result, a number of herbs that were indicated were compiled from the formulas.

We screened herbs that were categorized as ‘‘heat-relieving herbs,’’ ‘‘circulation-

promoting herbs’’ and ‘‘blood stasis-removing herbs’’ exclusively. We narrowed

down the herbs to Cortex moutan, Poenia rubra, Rhizoma corydalis, Faeces
trogopterorum, Rhizoma zedoariae and Cortex phellodendri because these herbs

are frequently indicated for inflammation andmasses. Searches in PubMed were

performed as described in the Section 9.2 and the resultant publications were

analyzed. The studies found demonstrated that Cortex moutan, Poenia rubra,

Rhizoma corydalis, Rhizoma zedoariae and Cortex phellodendri have anti-

inflammatory activities that involve major IL mechanisms, i.e., through the NF-

kB pathway (Table 9.1) and some of them have demonstrated anticancer

activities (Table 9.2). Scientific tests of the use of TCM herbs in comparison to
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or together with conventional chemotherapy30,31 have been conducted and the

results are promising. However, no report on the anti-inflammatory activity of

Faeces trogopterorum was found.

9.6 Conclusion

It is challenging to provide scientific bases for the long and historical use of

TCM for the treatment of cancer, as the concept of cancer according to the

classical canons of TCM is rather different fromWestern ideas. As such, at this

stage, it is even more challenging to provide scientific bases for the cancer

preventive properties of TCM. However, we attempted to explore the scientific

bases of TCM in cancer prevention as we believe that aberrant inflammation,

the seventh hallmark of cancer, is one of the underlying etiological causes by

definition of both the modern scientific understanding of the disease itself and
the historical TCM perspective. This chapter has reviewed the modern

treatment modalities for cancer and it is hoped that the TCM used for cancer

according to the definition of TCM canons will be tested more in a modern

approach and form the basis for cancer prevention using TCM as many of the

TCM products do have anti-inflammatory activities, which is critical in cancer

prevention as gathered from our latest understanding of carcinogenesis.
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CHAPTER 10

Treatment of Stroke with Dan
Shen, Salvia miltiorrhiza

JAMES DAVID ADAMS JR

School of Pharmacy, University of Southern California, Los Angeles, CA

90089, USA

E-mail: jadams@usc.edu

10.1 Pathophysiology of Stroke and Its Causes

The majority of strokes are caused by an embolism in one of the cerebral

arteries. However, atherosclerosis of the carotid and cerebral arteries is a

frequent finding in stroke patients.1–4 Men are more likely to suffer from

atherosclerotic plaques leading to strokes.5 Women are more likely to suffer

from emboli leading to strokes.5 However, in China, strokes are three times

more common than heart attacks and are frequently hemorrhagic, which

means they have a much higher rate of mortality than non-hemorrhagic

strokes. Devices to remove emboli and stents to facilitate the recanalization of
atherosclerotic plaques are treatments sometimes used in stroke patients.6–10

These devices have safety issues associated with them since they can cause

hemorrhage and embolism in their own right. However, patients can benefit

from the use of these devices, even when the use is delayed, for as long as 90

days after a stroke. What are the causes of embolism and atherosclerosis in

most strokes? Embolism may involve a change in blood coagulation such that

clots form more easily. These clots eventually may dislodge and form thrombi

in arteries that may occlude blood flow. Hypercoagulability is not a normal
condition and involves changes in blood clotting factors or changes in clot

breaking factors. Atherosclerosis involves plaque formation in arteries such
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that plaque material may occlude arterial flow. Emboli may occur when clots

form on plaques or when plaque material breaks off into the bloodstream.

Embolism increases during abdominal obesity associated with visceral fat

accumulation, called the metabolic syndrome.11,12 Obesity occurs in as many

as 75% of adults in some countries. Visceral fat secretes adipokines, such as

leptin, resistin, tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6) and

visfatin, which are inflammatory proteins.13 Embolism involves higher levels of

C-reactive protein, fibrinogen and factor VIII that are secreted by visceral

fat.12 Another adipokine of interest is plasminogen activator inhibitor type 1.14

C-reactive protein increases platelet adhesion to endothelial cells. Plasminogen

activator inhibitor type 1 increases thrombus and embolus formation since it

inhibits fibrinolysis. It does this by inhibiting tissue plasminogen activator and

urokinase that are the major enzymes involved in dissolving clots. High

fibrinogen levels can lead to high fibrin levels and more coagulation. The

conversion of fibrinogen to fibrin is catalyzed by thrombin that increases in

patients at risk for a stroke.15 Factor VIII is a clotting protein that can lead to

more clotting. Platelet aggregates in the blood are found at higher levels in

patients at risk of stroke.16

Atherosclerosis greatly increases during the metabolic syndrome.14,17,18

Heparin binding epidermal growth factor like growth factor and platelet-

derived growth factor are secreted by visceral adipocytes.19–21 Both of these

adipokines stimulate angiogenesis and arterial hypertrophy that are the first

steps in atherosclerosis. Toxic lipids, such as ceramide and the endocannabi-

noids, are produced more abundantly during visceral obesity. Ceramide

overproduction is toxic to the kidneys and leads to hypertension. The

endocannabinoids cause inflammatory adipokine secretion from visceral fat.

These adipokines, such as resistin, TNF-a, IL-6, leptin and angiotensinogen,

lead to dysfunction of endothelial cells and wall defects. Platelets and

neutrophils adhere to these defects due to the secretion of adhesion molecules.

Neutrophils and monocytes are stimulated by visfatin, leptin and oxidized

LDL-C to begin an inflammatory reaction in the walls of arteries and produce

foam cells. The inflammation and foam cell proliferation produce plaques that

grow to occlude arteries. Alternatively, plaques can become unstable and cast

emboli due to an increase in matrix metalloproteinase activity in macrophages

that is stimulated by C-reactive protein.

There are millions of patients who suffer strokes every year throughout the

world. The vast majority of strokes are caused by visceral obesity, as discussed

above. Visceral fat accumulation leading to stroke is not always associated

with clinically defined obesity, especially in aged patients who are inactive.

There are other causes of stroke. Atrial fibrillation is sometimes associated

with embolus formation leading to stroke. This may be due to areas of partial

blood stagnation in the atria. Atrial fibrillation is most commonly associated

with congestive heart failure. Visceral fat accumulation is a cause of congestive

heart failure since several adipokines cause cardiac hypertrophy and

damage.22–25 Atrial fibrillation-associated embolism is usually, but not always
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successfully, prevented with anticoagulants.26,27 Patients must stay on antic-

oagulants for the rest of their lives and suffer from the toxicity of these drugs,

including hemorrhage.

Smoking can be a cause of stroke since nicotine is toxic to endothelial cells and

causes atherosclerosis and embolism.28 Even second-hand smoke can cause

stroke.29 Marijuana smoking can also cause stroke, since it causes intracranial

stenosis.30 Alcohol consumption can cause stroke since it leads to visceral fat
accumulation.31 Other causes of stroke include hormone replacement therapy32

and eating high-fat diets, especially diets containing meat.33,34 Sickle cell disease

is an uncommon cause of stroke. Polycythemia and use of erythropoietin can

cause strokes in cancer patients. Young athletes who abuse blood packing and

erythropoietin-like drugs can suffer from strokes.

The above discussion demonstrates that most strokes can be prevented or

at least delayed by adopting lifestyle changes. However, health insurance

companies do not usually pay for preventive measures. Governments encourage

people to live healthy lifestyles, but pay little towards establishing prevention

programs. Modern lifestyles are centered around high-fat fast foods, insufficient

exercise, smoking (in some countries) and excessive drinking. Obesity is

considered normal and occurs in the majority of adult Americans, as can be

seen on the Centers for Disease Control website. In the old days, prior to the

1950s, obesity was uncommon and considered unhealthy. Stroke was much less

common in those days and occurred mostly in aged people. In China, it was

considered disrespectful to the ancestors to be obese, since each person got their

body from their ancestors.

10.2 Prevention of Stroke

‘‘Not smoking, maintaining a healthy weight and controlling blood sugar,

blood pressure and cholesterol may add 10 years of life’’ according to the

Centers for Disease Control. In the book released by the Centers for Disease

Control, Prevention Works: CDC Strategies for Heart-Healthy and Stroke-Free

America (available at http://www.cdc.gov/dhdsp/docs/Prevention_works.pdf),

strategies for stroke prevention are detailed, namely: control high blood

pressure, control high blood cholesterol, know signs and symptoms, call for

emergency medical help, improve emergency response, improve quality of care

and eliminate disparities. These disparities refer to the fact that in 2002, 41%

more black Americans than white Americans died from stroke. The signs of a

stroke are FAST: Face – is the smile symmetrical?; Arms – can both arms be

raised without drooping?; Speech – is the speech slurred or strange?; Time – as

soon as symptoms are seen, get emergency medical help. The reason why the

Centers for Disease Control say that time is important is because thrombolytic

therapy, such as tissue plasminogen activator, must be administered within
about 3 h to be effective. These same symptoms are used by the National

Stroke Association. These measures are a step in the right direction, but fall

short of what could be effective prevention.
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A more adequate stroke prevention program should involve maintaining

low body fat, such as 4% in men and 12% in women. Each patient should find

the body composition that allows them to maintain good health. Physical

endurance should involve about 1 h of aerobic exercise daily, such as walking,

running, bicycling, swimming or other activities. Smoking anything should be

avoided. Alcohol consumption should be no more than one drink every day. In

addition, a lacto-ovo vegetarian diet should be encouraged in adults. This diet

avoids high-fat meats, since fats are addictive and overconsumption of fat

leads to visceral fat accumulation.

Tissue plasminogen activator is used in only a few percent of stroke patients

since it is difficult for neurologists to visit patients within the 3 h time window.

In addition, patients may not visit a hospital within the first 3 h of suffering a

stroke. Tissue plasminogen activator can cause hemorrhage in patients and

such hemorrhages can be devastating. Its use in patients above the age of 90

years is controversial, since these patients may fare worse with the drug than

they would without it.

10.3 Salvia miltiorrhiza – Dan Shen and Its Uses

Salvia miltiorrhiza (Bunge) Lamiaceae is a deciduous perennial sage found in

Asia that grows to 60 cm high. It has pinnately divided leaves that are basal

and on the stem. Each leaflet is elliptical and may have serrate edges. The

flowers occur in whorls and are blue and claw shaped with an upper and a

lower lip. The roots are dark red (dan in Chinese). The plant is found in grassy

areas and near streams at low elevations.

The plant contains many compounds, including monoterpenoids, diterpe-

noids, salvianolic acids and a recently discovered lignan.35–37 The monoterpe-

noids include danshensu, caffeic acid, protocatechualdehyde, rosmarinic acid

and others (Figure 10.1). Danshensu in Chinese means the active compound in

dan shen. It is 3-(39,49-dihydroxyphenyl)-(2R)-lactic acid. These compounds are

water soluble. There are many diterpenoids, such as tanshinone IIA,

cryptotanshinone, miltirone, tanshindiol B and others (Figure 10.2). The

diterpenoids are not water soluble but are lipid soluble. There are also many

salvianolic acids, such as salvianolic acid A, lithospermic acid B and others

(Figure 10.3). These compounds are water soluble. The lignin is called XH14,

which is 2-(39-methoxy-49-hydroxyphenyl)-5-(3-hydroxypropyl)-7-methoxybenzo

[b]furan-3-carbaldehyde (Figure 10.4). This compound is water soluble. All of

these compounds have pharmacological activities.

Most of the active compounds in S. miltiorrhiza have poor oral

bioavailability. Tanshinones upregulate efflux transporters in the gut, thereby

decreasing their own bioavailability.38 In fact, the elimination of danshensu is

hastened by other compounds in S. miltiorrhiza.39 Protocatechuic aldehyde

given intravenously increases the area under the curve and decreases the

clearance for danshensu, salvianolic acid A and salvianolic acid B.40 However,

protochatechuic aldehyde may have poor oral bioavailability since it is likely a
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substrate for aldehyde dehydrogenase. Most of the monoterpenoid and

tanshinone compounds have half-lives of about 3–4 h.41 The salvianolic acids

have oral half-lives of 3.3 h for salvianolic acid A and 4 h for salvianolic acid

B.42 The oral bioavailability of salvianolic acid B is 2%.42 Danshensu crosses

the blood–brain barrier, but not salvianolic acid B or protocatechuic

aldehyde.43 Tanshinones bind to lipoproteins in the blood and have oral

bioavailabilities in rats of about 4–5%.44 Cryptotanshinone is converted to

tanshinone IIA by cytochrome P450. Tanshinone IIA is converted to

tanshinone IIB, hydroxytanshinone IIA and other compounds by cytochrome

P450.43 The tanshinones interact with several forms of cytochrome P450 and

can inhibit or induce several forms.44,45 Several potential drug interactions

between S. miltiorrhiza-derived tanshinones or salvianolic acids and other

drugs have been investigated, including midazolam,46,47 caffeine,48 metopro-

lol,49 tolbutamide50 and warfarin.51 None of these potential interactions have

been reported in human clinical trials.

The pharmacology of S. miltiorrhiza involves interactions with signaling

mechanisms, especially extracellular signal regulated kinase (ERK), janus

activated kinase (JAK), mitogen activated protein kinase kinase (MEK),

activator protein-1 and nuclear factor kappa B (NF-kB) pathways.42,44 By

interacting with these signal transduction pathways, the compounds inhibit the

actions of TNF-a, angiotensin-II, IL-6, inducible nitric oxide synthase and

peroxisome proliferator activated receptor gamma. The compounds also inhibit

Figure 10.1 Monoterpenoids from Salvia miltiorrhiza.
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the expression of plasminogen activator inhibitor type 1, matrix metalloprotei-

nases 2 and 9, cyclooxygenase-2, adhesion molecules (monocyte chemotactic

protein-1, VCAM-1 and ICAM-1), vascular endothelial growth factor and other

proteins. The S. miltiorrhiza compounds involved in these interactions are the

tanshinones and salvianolic acids and have similar and overlapping mechanisms

of action. These compounds may potentiate or synergize the actions of each

other. It is of note that several atherogenic actions of the adipokines discussed

above are inhibited by S. miltiorrhiza (Figure 10.5).

The lignan from S. miltiorrhiza, XH14, inhibits peroxisome proliferator

activated receptor gamma induction of the expression of several adipokines,

including visfatin and resistin.52 Similarly, tanshinone IIA and S. miltiorrhiza

extracts inhibit the expression of several adipokines, including several inter-

leukins, TNF-a, monocyte chemotactic protein-1 and C-reactive protein.53–55

15,16-Dihydrotanshinone I is an inhibitor of steroid and mineralocorticoid

Figure 10.2 Tanshinones from Salvia miltiorrhiza.

Treatment of Stroke with Dan Shen, Salvia miltiorrhiza 191

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
86

View Online

http://dx.doi.org/10.1039/9781849737852-00186


receptors and alters the expression of several genes involved in the metabolic

syndrome.56

The actions of tanshinone IIA on matrix metalloproteinases appear to be

important in the prevention of cardiac fibrosis.57 Tanshinones also inhibit Bcl-

2-induced cardiac myocyte apoptosis.58 Endothelial cells of the blood–brain

barrier are also protected by tanshinone IIA, resulting in less cerebral edema

after cerebral artery occlusion.59 This protection may be from inhibition of

adhesion molecule production, activation of calcium influx,60 activation of

potassium channels, 60,61 inhibition of NADPH oxidase or other mechanisms.

NADPH oxidase is a transmembrane enzyme found mainly on monocytes and

Figure 10.3 Salvianolic acids from Salvia miltiorrhiza.

Figure 10.4 Lignan from Salvia miltiorrhiza.

192 Chapter 10

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

01
86

View Online

http://dx.doi.org/10.1039/9781849737852-00186


neutrophils that forms extracellular reactive oxygen radicals that may damage

endothelial cells. Activation of calcium and potassium channels appears to be

how S. miltiorrhiza extracts dilate cerebral arteries.

Salvianolic acid A inhibits platelet aggregation by inhibition of phosphoi-

nositide 3-kinase.62 This results in less fibrinogen adherence and less clotting.

Tanshinone IIA inhibits platelet aggregation by increasing thromboxane B2

levels.63 Thromboxane A2 is involved in clotting and is converted into

thromboxane B2, which is not active. S. miltiorrhiza extract downregulates

proteinase activated receptor-1 on platelets that is involved in thrombin

binding and inhibits aggregation.64 The mechanisms of action of the salvi-

anolic acids and tanshinones may be additive or synergistic in terms of

inhibition of platelet aggregation and blood clotting.

The neuroprotective and stem cell stimulating properties of S. miltiorrhiza

have recently become of interest. Various studies have found that S.

miltiorrhiza, salvianolic acid or danshensu can protect the brain from amyloid

accumulation.65–71 The tanshinones have been shown in several publications to

inhibit acetylcholinesterase and may be of interest in the treatment of

Alzheimer’s disease.66,72 Stem cell survival may be involved in neuroprotective

mechanisms in the brain. Salvianolic acid B has been shown to protect stem

Figure 10.5 Actions of tanshinones (T) and salvianolic acids (S) showing sites of
inhibition by dashed lines. TNF-a, tumor necrosis factor alpha; TNFR,
TNF-a receptor; VCAM-1, vascular cell adhesion protein-1; ICAM-1,
intercellular adhesion molecule-1; MCP-1, monocyte chemotactic
protein-1; MMP-2 and -9, matrix metalloproteinase-2 and -9; COX-2,
cyclooxygenase-2; JAK, janus kinase; STAT, signal transducer and
activator of transcription; AngII, angiotensin-II; AT1R, angiotensin-II
receptor 1; PKC, protein kinase C; c-fos, a protein produced by the FOS
gene; c-jun, a protein produced by the JUN gene; AP-1, activator protein-
1; MEK, mitogen activated protein kinase kinase; p-ERK1/2, phos-
phorylated extracellular signal regulated kinase 1 and 2; NOX, NADPH
oxidase; ROS, reactive oxygen species; Bcl-2, B-cell lymphoma-2 protein.
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cells through an MEK/ERK pathway.73 Salvianolic acids stimulate the growth

of endothelial stem cells and neural stem cells.74,75

10.4 Salvia columbariae and Its Uses

Salvia columbariae Benth., chia or golden chia, is an annual sage found in

California, Utah and Arizona. It grows to about 1 m high and has basal,

pinnate leaves up to 10 cm long. The flowers grow in whorls, are blue, tubular

and up to 1 cm long. Seed clusters form from the flowers and contain many

black seeds about 1 mm in diameter. The roots are brown. A related species,

Salvia hispanica, also called chia, grows in Mexico and Guatemala. Mexican

chia has been cultivated since pre-Columbian times. The US Department of

Agriculture lists the nutrients in 28 g of Mexican chia seeds as 4 g of protein,

9 g of fat and 11 g of fiber. The fat is 57% a-linolenic acid, an omega-3 fatty

acid.

S. columbariae is traditionally used as a treatment for stroke and heart

attack.76 The entire plant, roots, stems, leaves and seeds can be used. However,

in a patient who has just suffered a stroke, the seeds are easiest to use. This is

done by mixing about 10–20 g of seeds into about 100–200 mL of water with

stirring for 15 min until a thin gel forms. The gel is given orally to the patient,

three times daily for 2 months. The dose can then be decreased to once or twice

daily for 4 months. The patient is also instructed to perform mild daily exercise

such as walking and careful use of paralyzed limbs for 6 months or more.

Unfortunately, S. columbariae has not been tested in stroke clinical trials.

The plant contains cryptotanshinone, tanshinone IIA and miltionone II.76

In addition, b-sitosterol lithospermate is present (Figure 10.6) and is the

primary salvianolic acid.77 Tanshinones are abundant in the plant with

cryptotanshinone being the most abundant. The pharmacology of tanshinones

is discussed above. The pharmacology of a-linolenic acid is complex and

controversial. The clinical evidence for cardiovascular protective effects of

a-linolenic acid is mixed, with some trials showing mild effects and others

showing no effects.78 The evidence for protective effects or beneficial effects in

stroke are even more inconsistent.78

a-Linolenic acid is known to decrease diastolic blood pressure and increase

HDL-cholesterol in humans.79 The fatty acid also protects humans against

kidney disease.80 Low intake of a-linolenic acid appears to be a risk factor for

stroke.81 Soluble IL-6 receptor levels were lower after intake of a-linolenic acid

in a twin study.82 This implies that the action of IL-6 is inhibited or altered by

the fatty acid. However, a-linolenic acid administration in humans lowers

plasma adiponectin levels.83 Adiponectin is the protective adipokine that is

produced by non-obese visceral fat cells.

Mice and rats fed a-linolenic acid are protected against the development of

atherosclerosis and develop cardioprotection.84,85 This protection is associated

with lower levels of TNF-a and IL-6. Of course, a-linolenic acid is a normal

human nutrient. The human body has found uses for the nutrient itself and its
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metabolites. The metabolites of a-linolenic acid inhibit platelet aggregation,86

and are involved in altering the expression of fatty acid metabolic enzymes.87

In addition, metabolites of a-linolenic acid interact with transient receptor

potential cation channel vanilloid 1 in the spinal cord and can cause pain.88

The effects of a-linolenic acid on lipoxins, protectins, resolvins and other

beneficial eicosanoids are not known.

S. hispanica, another chia, has been tested in laboratory experiments and

clinical trials. The seeds have been found to alter eicosanoid levels and

metastasis in cancer cells in vitro.89 The seeds form a gel that can be used in

cooking due to the mucoproteins on the seeds that are rich in glutamic acid,

arginine and aspartic acid.90,91 The seeds improve adiposity and normalize

hypertriglyceridemia and insulin resistance in obese rats.92 However, the seeds

Figure 10.6 Structure of b-sitosterol lithospermate.
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do not help obese people lose weight or alter inflammatory adipokine levels or

blood eicosanoid levels, even though postprandial blood glucose decreases.91,93

Diabetic patients benefit from S. hispanica therapy with decreases in blood

pressure, C-reactive protein levels, fibrinogen levels and hemoglobin A1C

levels.94 a-Linolenic acid and eicosapentaenoic acid blood levels increased in

the study. It appears that S. hispanica should be given in doses large enough to

increase blood a-linolenic acid levels in order to achieve a therapeutic effect.

10.5 Clinical Evidence with Salvia miltiorrhiza – Dan
Shen in Stroke

It is very important to realize that treatment of stroke with any plant medicine,

such as S. miltiorrhiza, involves concomitant exercise and may require 6

months or more of therapy. In China, exercise typically involves tai chi,

although yoga and other mild forms of exercise may be beneficial. S.

miltiorrhiza therapy typically involves two or more weeks of daily intravenous

therapy that is followed by recovery for the next three or more months.

Therapy rarely involves S. miltiorrhiza alone, but is usually supplemented

with other, beneficial plants. The plants that are added to the therapy are

chosen by the physician and are based on what the patient needs and what

the physician knows will be beneficial. In other words, the treatment is

individualized to fit the needs of the patient. The most common forms of
treatment are fufang danshen and gegen danshen. Fufang refers to the addition

of Panax notoginseng root (also called Panax pseudoginseng) or Dalbergia

odorifera. Gegen refers to Pueraria lobata root.

A complete recipe for danshen is as follows:35 ‘‘30 g of the roots of

Astragalus membranaceus and Hedysarum coronarium, 10 g of cinnamon twig

(Cinnamomum verum), 10 g of peach kernel (Prunus persica), 10 g of safflower

(Carthamus tinctorius), 12 g of Angelica sinensis root, 12 g of the rhizome of

Ligusticum chuanxiong, 12 g of the root of Paeonia rubra, 12 g of earthworm

(Lumbricus sp.), 30 g of the root of S. miltiorrhiza and 15 g of the root of

Achyranthis bidentata. The ingredients are added to water and boiled for an

hour or two until the required volume is attained. The preparation is
administered orally to the patient. Other plants can be added to this as needed

by the patient for severe blood stasis, deficiency of qi and some other

conditions.’’ In other words, Pueraria lobata, Panax pseudoginseng, Dalbergia

odorifera or other plants can be added to suit the patient’s needs. Astragalus

membranaceus is normally used in S. miltiorrhiza preparations since it has been

shown in clinical trials to improve therapy.

The clinical trials with S. miltiorrhiza have been reviewed and even analyzed

in meta analysis.35,95 Many of the 33 published clinical trials found beneficial

effects in angina pectoris and other heart patients.35 Several trials used 50 mg

of purified tanshinone IIA injections in heart or stroke patients. These

injections were not found to be superior to intravenous injections of S.

miltiorrhiza extract containing 50 mg of tanshinone IIA. Later work found
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that fufang danshen or gegen danshen were as good or better than S. milti-

orrhiza alone. The 22 stroke clinical trials are summarized in Table 10.1. Few

of the clinical trials were placebo controlled because placebos are considered

unethical since it is known that S. miltiorrhiza is effective. Effective stroke

therapy means that patients survived and recovered from paralysis sufficiently

to be able to function without assistance.

10.6 Conclusion

Unfortunately, stroke prevention in Europe and the USA is still mired in the

use of drugs, endarterectomy and stents.96 The list of drugs that have been

tested in randomized, placebo-controlled, double-blind clinical trials is huge:

aspirin, ticlopidine, clopidogrel, sarpogrelate, triflusal, terutroban, cilostazol,

warfarin, rivaroxaban, apixaban, ximelagatran, dabigatran, idraparinux and

polypills. Polypills are combinations of aspirin, antihypertensives and anti-

hyperlipidemic agents. All of these agents suffer from major disadvantages,

especially the fact that they are all toxic and must be used for the remainder of

the patient’s life. In addition, the drugs may work in one gender but not the

other. They also suffer from genetic problems as there are great genetic

variations in the efficacy and toxicity of these drugs to certain patients. Sadly,

medical science in the USA and Europe will continue to search for pills to give

patients instead of helping patients with lifestyle issues.

The understanding of stroke is changing outside China. Stroke used to be

considered a rapid event that permanently altered a patient’s brain with 6 h.

However, the use of stents and other intra-arterial devices can be delayed for

up to 90 days and still be beneficial to patients. Patients used to be told that

paralyzed limbs would never recover. However, physical therapy of up to

several months duration has been shown in clinical trials to reverse or partly

reverse paralysis after stroke.97 The Chinese and American Indians have

known for many years that exercise can reverse stroke-induced paralysis. How

does exercise benefit stroke patients? Exercise stimulates the production of

stem cells throughout the body, even the brain.98 Despite the dogma that brain

neurons cannot regenerate, stroke patients can recover from paralysis. The

human body has evolved with exercise and continues to need exercise today.

Stroke patients need to re-establish their bodies balance by exercising.

Western medicine continues to hinder itself seriously with the pathological

insistence on the use of single purified drugs. Plant medicines, such as S.

miltiorrhiza or S. columbariae, are superior to any single purified drug. Plant

medicines are called fraudulent or dangerous in the USA by the National

Center for Complementary and Alternative Medicine, even though there is a

long history of the use of plant medicines in the USA. Of course, it is easier to

dose and evaluate drug interactions for single purified drugs. Cancer, AIDS,

tuberculosis and other diseases are routinely treated with multiple drug

therapy. Even hypertension and hypercholesterolemia are routinely treated

with two or three drugs. Clearly, even in the USA, there is an appreciation that
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healing can benefit from multiple drugs. This should be extended to plant

medicines. Funding agencies outside China should seriously consider funding

studies to investigate plant medicines in stroke clinical trials.
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CHAPTER 11

Drug Discovery from Traditional
Chinese Medicine for
Neurogenesis: Implications for
Stroke and Neurodegenerative
Diseases

JIANGANG SHEN* AND XINGMIAO CHEN

School of Chinese Medicine, Research Centre of Heart, Brain, Hormone and

Healthy Aging, The University of Hong Kong, Hong Kong SAR, China

*E-mail: shenjg@hkucc.hku.hk

11.1 Background

Stroke and neurodegenerative diseases are aging-related diseases. Stroke is the

second most common cause of death and a leading cause of adult disability

worldwide.1 In China, the age-adjusted stroke prevalence ranges from 259.86

to 719 per 100 000 people per year.2 Neurodegenerative diseases are diseases

associated with aging-related progressive neurological function deficits,

including Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s

disease and multiple sclerosis. AD is the most common neurodegenerative

disease and is characterized by progressive cognitive decline leading to a need

for complete care within a few years after clinical diagnosis. It is a major cause

of dementia. The global prevalence of dementia in people aged over 60 years

was estimated to be over 24 million in 2001 and is expected to double every 20
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years, affecting more than 80 million people worldwide by 2040.3–5 The

prevalence of senile dementia in China was estimated to be about 6–7 million

with an incidence of 5–7% of people over 65 years of age, of which AD

accounts for 50–60% cases.6 PD is the second most common neurodegen-

erative disease and is characterized by motor deficits, such as resting tremor,

bradykinesia, rigidity and postural reflex impairment. Motor deficits in PD

are due to the degeneration of the dopaminergic neurons of the pars

compacta of the substantia nigra, leading to loss of dopamine in the

striatum. Overall incidence rates for PD were estimated at 410–529 per

100 000 at ages over 55 years.7 The median incidence at 65 years or above in

the USA was estimated at 160 per 100 000 person-years.8 A cross-sectional

prevalence study revealed 277 PD cases from a total of 29 454 people aged 55

years or older in Beijing, estimating 1.7 million people with PD in China.9

With increases in aging populations, it is expected that stroke and

neurodegenerative diseases will become major disease burdens in public

health worldwide.

Stroke and neurodegenerative diseases share a common feature, the loss

of functional neurons and glial cells in the brain and spinal cord. For

instance, different types of neurons and glial cells die in a short time period,

several days, during acute ischemic stroke. The death of dopamine (DA)

neurons gradually occurs in PD and many types of hippocampal and

cortical neurons are lost in AD.10 In recent decades, tremendous efforts have

been made to develop therapeutic approaches for improving clinical

outcomes for post-stroke disability and neurodegenerative diseases.

Nevertheless, clinical outcomes have not improved. For example, recombi-

nant tissue-plasminogen activator (rt-PA) is the only FDA-approved drug,

but it has a 3 h golden time window with the potential risk of hemorrhagic

transformation. Although many neuroprotective drugs are effective in

animal models, they failed to pass clinical trials. Current FDA-approved

drugs for AD, including the acetylcholinesterase inhibitors (ACEIs)

donepezil, galantamine and rivastigmine and the N-methyl-D-aspartate

(NMDA) antagonist memantine, do not halt the progress of the disease.

Levodopa is considered the most effective and best tolerated PD drug to

date.11 Levodopa provides good control of the symptoms of PD, but motor

complications often develop after long-term use. Other drugs including

dopamine agonists, catechol-O-methyltransferase inhibitors or monoamine

oxidase type B inhibitors have also been proposed as adjuvant therapies

with levodopa, but there have potential adverse events and safety issues for

long-term use.12 Overall, current pharmacological therapies are not able

either to arrest or reverse the progression of these diseases. Accordingly,

there is an urgent need to develop novel and effective medications for stroke

and neurodegenerative diseases.

The discovery of adult neurogenesis shed some light on the development of

new therapeutic approaches for stroke and neurodegenerative diseases. neural

stem/progenitor cells (NSCs) can potentially develop into new functional
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neurons in the adult central nervous system (CNS).13,14 Adult neurogenesis

mainly occurs in the subgranular zone (SGZ) in the dentate gyrus (DG) of the

hippocampus and the subventricular zone (SVZ) adjacent to the lateral

ventricle.15,16 Enhanced neurogenesis has been reported in hypoxic NSCs in

vitro17,18 and in ischemic brains of neonatal mice,19 adult rats20 and aged

humans in vivo.21 Enhanced neurogenesis by either stem cell transplantation or

stimulation of endogenous neurogenesis could partly recover damaged brain

function, bringing hope for brain repair treatment.

NSC transplantation is a promising cell therapeutic strategy.22 Impaired

formation of new hippocampal neurons from innate NSCs contributes to

memory impairment and cognitive decline in AD.23 Preclinical evidence

indicates that stem cell therapy holds great potential for the replacement of

cholinergic cells in AD.24 Transplantation of stem cell-derived DA neuron

precursors also brings substantial benefits for PD.25,26 Owing to ethical and

technical limitations, however, there is still a long way to go for clinical

applications of NSC transplantation. The pool of endogenous NSCs of adult

brain provides attractive cell sources for regeneration therapy. For drug

discovery, most efforts have focused on stimulating endogenous NSCs to form

new functional neurons and preventing the death of the neurons in the CNS.

For instance, memantine, a drug for AD, was revealed to increase neurogenesis

in DG and SVZ with enhanced learning and memory.27 Therefore, the

development of new approaches targeting endogenous NSCs could be an

important direction for drug discovery.

Recently, several stem cell-based high-throughput screening platforms

have been built for searching for bioactive compounds to improve

neurogenesis.28–31 Many chemically synthesized compounds or natural

compounds were screened for promoting NSC proliferation and modulating

differentiation. Some of the compounds are promising drug candidates.

However, there is still a long way for a drug candidate to travel from bench

to bedside. In contrast to Western medicine, traditional Chinese medicine

(TCM) has been practiced for more than 2000 years in China. Many

medicinal herbs were used for treating stroke, AD and PD patients for

centuries with accumulated cases of successfully improved recovery of

neurological functions. These medicinal herbs are very efficient resources for

seeking drug candidates to promote neurogenesis. In this chapter, we briefly

review current progress for drug discovery from Chinese herbal medicines.

This review consists of three components: (1) classical TCM theory and

scientific studies on Chinese herbal medicine for stroke, AD and PD

treatments, (2) current progress with molecular targets and signaling path-

ways for neurogenesis and (3) progress in exploring active compounds,

herbal fractions and formulas for neurogenesis. We hope to provide an

overall picture about herbal medicine research for regeneration therapy and

shed light on future developments for drug discovery.
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11.2 Classical TCM Theory and the Scientific Basis of
Chinese Herbal Medicine for Stroke, AD and PD
Treatments

TCM is a comprehensive medical system characterized by its own theoretical

basis and practical experiences. The records of clinical symptoms related to

stroke, AD and PD can be traced back to 2000 years ago, originally from the

Yellow Emperor Canon of Inner Medicine, the earliest medical textbook in

China. According to TCM theory, the dynamic balance of Yin and Yang is

essential for human health, and disharmony of Yin and Yang is the

pathological basis of diseases. Based on the holistic concept of TCM, human

health is closely related to the following essential aspects: (1) environmental

factors; (2) psychological factors; (3) diet and life style; and (4) constitution,

congenital essence and Qi (vital energy). Stroke and neurodegenerative

diseases are considered pathological states caused by disharmony of Yin and

Yang. To restore balance, TCM practitioners generally integrate different

therapeutic approaches and protocols including Chinese herbal medicine,

acupuncture, Qi-gong, Taiji, mental regulation therapy and others. Here, we

briefly introduce classical TCM theory and current progress in Chinese herbal

medicine for stroke and PD and AD.

11.2.1 Stroke

In TCM theory, stroke is called Wind Stroke and is defined as ‘‘a condition

mainly characterized by sudden collapse and loss of consciousness, deviation

of the tongue and mouth, hemiplegia, slurred speech or only deviation of the

tongue and mouth and hemiplegia without collapse.’’ Wind Stroke is

considered to be the consequence of exposure to mixed pathological states

including long-term abnormal diet and life style, stress and abnormal

psychological stress. Patients with constitutions deficient in Gan-Ying and

Shen-Ying are susceptible to pathological factors and have greater chances of

being attacked by Wind Stroke. A Wind Stroke stroke is attributed to reversed

flow of Qi and Blood, which produces Wind, Fire, Phlegm and Blood Stasis,

subsequently inducing cerebral thrombosis or cerebral hemorrhage. Wind

Stroke can be catalogued into Meridian Stroke (Superficial and mild), Zang-fu

Stroke (Deep and severe) and Sequela.32 Therapeutic approaches and formulas

are specifically used for different clinical patterns of syndrome differentiation.

More than 100 Chinese herbs have been reported for the prevention and

treatment of stroke.33 For example, Tianma Gouteng Decoction and Zhengang

Xifen Decoction can be used for preventing Wind Stroke or Meridian Stroke at

the stages of primary hypertension and transient ischemic attack (TIA). At the

acute stage of stroke, Angong Niuhuang Wan and Lingjiao Guoteng Decoction

are suitable for excessive syndrome with Gang-Yang and Gang-Wind whereas

Shenfu Decoction can be used for deficiency of Yang Qi in Zang-fu Stroke. For

Sequela, Jieyu Dan is used for relieving the symptoms of deviation of the
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tongue and mouth, hemiplegia and slurred speech with the syndrome of

Phlegm and Blood Stasis whereas Buyang Huanwu Decoction is generally

applied for neurological deficits and dysfunction with Qi deficiency-induced

Blood Stasis. In recent years, much effort has been expended in exploring the

scientific basis of TCM formulas for stroke treatment. For example, Tianma

Gouteng Decoction (TGD) has been shown to reduce blood pressure,

ameliorate cognitive impairment and protect ischemic brains experimentally

and clinically.34–36 Owing to the poor design of clinical trials, however, a recent

systematic review challenged its clinical efficacy for primary hypertension.37

Buyang Huanwu Decoction is a classical formula for post-stroke disability.

Buyang Huanwu Decoction consists of seven items, Astragalus membranaceus,

Angelica sinensis, Paeonia lactiflora, Ligusticum chuanxiong, Carthamus

tinctorius, Prunus persica and Lumbricus, in a ratio of 120:4.5:3:3:3:3:3. The

formula was reported to promote neurogenesis, reduce infarction volume and

improve neurological function in post-stroke animal models and human

subjects.38–40 Further studies are necessary to explore the scientific basis of

these formulas and to conduct well-designed randomized controlled trials

(RCTs) to verify their efficacies and safety.

11.2.2 AD

In TCM theory, AD is a type of dementia and is defined as ‘‘a kind of mind

disease which results from dysfunction of vital activities due to brain atrophy,

mainly manifested as dullness and stupidity.’’32 Dementia is generally

recognized as a pathological state of Shen-Qi Deficiency, Shen Essence

Deficiency, Pi-Qi Deficiency or Xin-Qi Deficiency and also Stagnation of

Blood and/or Phlegm.41 AD can be classified into several types of clinical

patterns, including Shen Essence Deficiency Syndrome, Gan-Shen Yin

Deficiency Syndrome, Pi-Shen Yang Deficiency Syndrome, Qi Stagnation

and Blood Stasis Syndrome, Phlegm Turbid Blocking Orifice Syndrome and

Xin-Gan Fire Syndrome. Among them, Blood Stagnation and Shen Qi/Shen

Essence Deficiency are common clinical patterns in dementia. Yigan San (also

named Yukukansan or TJ-54) is a classical TCM formula used for dementia.

Yigan San consists of seven herbs, Angelica acutiloba, Atractylodes lancea,

Bupleurum falcatum, Poria cocos, Cnidium officinale, Uncaria rhynchophylla

and Glycyrrhiza uralensis, in a ratio of 3:4:2:4:3:3:1.5. Clinical RCTs revealed

that Yigan San improved behavioral and psychological symptoms of

dementia,42,43 which include aggression, agitation, screaming, wandering,

hallucinations and delusions. Yigan San reduced cholinesterase inhibitor-

resistant visual hallucinations in dementia patients.43 Yigan San improved

psychiatric symptoms and sleep structure in dementia patients.44 The

mechanisms of action are related to regulating multiple signal pathways, such

as the glutamatergic neurotransmitter system, the serotonin receptor and

excitotoxicity.45
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Danggui Shaoyao San (DSS), also called Toki-shakuyaku-san or TJ-23, is

another well-known TCM formula for dementia. DSS was recorded in the

Synopsis of Prescriptions of the Golden Chamber, which was compiled by

Zhong-Jing Zhang in the Han dynasty. DSS is composed of six raw herbal

materials, Angelica sinensis (Oliv.) Diels, Paeonia lactiflora Pall., Ligusticum

chuanxiong Hort., Poria cocos (Schw.) Wolf, Atractylodes macrocephala Koidz

and Alisma orientalis (Sam.) Juzep. DSS treatment alleviated b-amyloid (Ab)

cognitive dysfunction,46 decreased the content and deposition of Ab, improved

neuronal activity and synaptic plasticity and enhanced spatial learning and

memory in a spatial cognition of senescence-accelerated mouse prone 8 model,

an aged rodent cognitive impairment model.47 In addition, Suhexiang Wan

(SHXW) has been used for the treatment of seizures, infantile convulsions,

stroke and so forth. KSOP1009, a modified recipe of SHXW, improved

memory impairment and reduced Ab levels in a Tg-APPswe/PS1dE9 AD

mouse model. KSOP1009 consists of an ethanol extract of eight herbs, resin of

Liquidambar orientalis Miller, seed of Myristica fragrans Houtt., rhizome of

Cnidium officinale Makino, lumber of Santalum album L., fructus of Piper

longum L., flower buds of Eugenia caryophyllata Merrill et Perry, pollen of

Typha orientalis Presl. and root of Salvia miltiorrhiza Bunge.48 It is necessary

to conduct preclinical experiments and well-designed RCTs to evaluate the

efficacies of these formulas on AD patients.

Many herbal extracts and pure compounds have been screened to test their

memory-improving effects for drug discovery in recent years. Huperzine A, an

alkaloid isolated from Huperzia serrata (Qiancengta), was proved to have anti-

AChE activity49 and reduce the formation of Ab.50 Clinical trials revealed that

huperzine A significantly improved cognitive function in AD patients51 and

vascular dementia patients.52 A recent review summarized the herbal formulas,

herbs and active compounds with potential to improve memory in senile

dementia. Poria cocos, Radix et rhizome ginseng, Radix polygalae, Radix et

rhizome glycyrrhizae, Radix Angelica sinensis, Rhizoma acori tatarinowii, Semen

ziziphi spinosae, Radix rehmanniae, Radix ophiopogonis and Rhizoma zingiberis

were listed as the top 10 herbs for improving memory. Multiple mechanisms,

including estrogen-like, cholinergic, antioxidant, anti-inflammatory, antia-

poptotic, neurogenetic and anti-Ab activities, were discussed. The active

compounds, including sinapic acid, tenuifolin, isoliquiritigenin, liquiritigenin,

glabridin, ferulic acid, Z-ligustilide, N-methyl-b-carboline-3-carboxamide,

coniferyl ferulate, 11-angeloylsenkyunolide F and catalpol, revealed potential

value for senile dementia.53 Therefore, Chinese herbal medicine provides vast

resources for drug discovery for AD treatment.

11.2.3 PD

PD was first described by James Parkinson in 1817. However, in TCM, precise

records for the clinical symptoms of PD and its preliminary treatment can be

dated back to 2000 years ago. PD shares similar symptoms to tremor, with the
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definition of ‘‘a disease marked by shaking or tremoring of head or extremities

due to brain marrow losing nourishment and tendons, vessels and extremities

being out of control.’’32 The Yellow Emperor Canon of Inner Medicine

described the symptoms of tremor and stiffness and the pathogenesis of

tremor: ‘‘Wind refers to the symptoms of shaking and dizziness, resulting from

the dysfunction of the Gan and the symptoms of stiffness and spasm result

from Wind or Dampness.’’ The symptoms such as limitation of movement,

postural disturbances, stiffness and tremor were described in the chapter

‘‘Pulse and Essence Theory.’’ Zhang Zihe (1156–1228 AD) was the first to

describe a typical case of PD in the book Rumen Shiqin (Confucian’s Duties to

Their Parents). The reported PD-similar case was 600 years earlier than James

Parkinson’s report.54,55 According to TCM theory, PD can be classified by

several different clinical patterns, containing ‘‘Gan-Shen Yin Deficiency

Syndrome,’’ ‘‘Qi-Blood Deficiency Syndrome,’’ ‘‘Qi-stagnation and Blood-

Stasis Syndrome,’’ ‘‘Phlegm Stagnation Syndrome,’’ and ‘‘Shen-Yang

Deficiency Syndrome.’’56 There are more than 200 prescriptions with 193

Chinese medicinal materials used for PD treatment in the literature. A

multiple-center, randomized, double-blind and placebo-controlled trial

revealed that Bushen Huoxue Decoction (BHD), a TCM formula for

reinforcing Shen and activating blood circulation, improved motor function,

shortened rise time in the 10 m back and forth test and relieved muscle tension

in PD patients.57 BHD also improved test scores for UPDRS II, PDQ-39 and

PDSS and quality of life of PD patients.58 BHD upregulated expression of the

orphan receptor (Nurr1) and tyrosine hydroxylase (TH) in rat brains with

PD.59 Many Chinese herbs or herbal extracts attenuate the degeneration of

dopamine neurons and corresponding symptoms in neurotoxin-, 1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine (MPTP)- and 6-hydroxydopamine (6-

OHDA)-induced PD models in vitro and in vivo. A review summarized the

herbal extracts and compounds for PD, including green tea polyphenols,

catechins, panax ginseng, ginsenoside, EGb 761, polygonum, triptolide from

Tripterygium wilfordii Hook, polysaccharides from the flowers of Neriu

mindicum, oil from Ganoderma lucidum spores, huperzine, stepholidine, etc.

These herbs or herbal extracts may promote neuronal survival and neurite

growth and facilitate functional recovery by invoking distinct mechanisms

such as dopamine transporter inhibitor, monoamine oxidase inhibitor, free

radical scavenger, chelator of harmful metal ions, modulator of cell survival

genes and signaling, antiapoptosis activity and improving brain blood

circulation.60 Isorhynchophylline (IsoRhy), a major tetracyclic oxindole

alkaloid isolated from Uncaria rhynchophylla (Miq.) Jacks, stimulated

autophagy in neuronal cells and reduced pathogenic protein aggregates in

neurons.61 The major chemical structures with anti-Parkinsonian activities

include catechols, stilbenoids, flavonoids, phenylpropanoids, lignans, pheny-

lethanoid glycosides and terpenes.62 More than 20 clinical trials revealed that

herbal formulas had therapeutic effects on motor function and daily living

activities.55 However, a systematic review revealed that there is insufficient
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evidence to prove the efficacy and safety of various treatments with Chinese

herbal medicines for PD because of the poor design of clinical trials and

potential publication bias.63

In summary, many experimental data and clinical trials indicate that

Chinese herbal medicine has potential value for stroke and neurodegenerative

diseases. However, evidence is still insufficient to support the use of Chinese

herbal medicine to improve outcome or slow the progression of those diseases.
With increasingly aging populations, there is an urgent need to seek more

effective therapeutic strategies for stroke and neurodegenerative diseases. The

combination of Chinese herbal medicine and stem cell biology will be a new

direction for drug discovery.

11.3 Current Molecular Targets and Signaling
Pathways for Neurogenesis

NSCs can potentially develop into new functional neurons in the adult CNS.

Enhanced proliferation has been proved in hypoxic NSCs in vitro17,18 and in

ischemic brains of neonatal mice,19 adult rats20 and aged humans in vivo.21 In

post-stroke brains, at 1–2 weeks after transient global ischemia, newly formed

neuronal cells from NSCs could migrate into the granule cell area and promote

functional recovery.64 However, endogenous NSCs have only limited capacity

for growth and differentiation into new functional neurons and spontaneous

brain repair seems to be insufficient to recover from neurological deficits in

most cases. The major obstacles include the following: (i) most of the newly

proliferated NSCs are unable to form new neurons and integrate into the

neurological network; and (ii) there is poor survival of the new neuroblasts 4

weeks after stroke.65 To overcome those obstacles, pharmacological interven-

tions that stimulate neurogenesis could be a promising strategy for recovery

from neurological deficits. For example, combined treatment with basic

fibroblast growth factor (bFGF) and epidermal growth factor (EGF)

stimulated massive regeneration and triggered repair of hippocampal

pyramidal neurons after stroke. Therefore, the development of new molecular

targets is critical for drug discovery to improve endogenous neurogenesis.

Adult neurogenesisis a multistep process that requires the proliferation of

NSCs, differentiation into the specific neuronal cell type, migration, survival

and integration into existing neural networks.66–68 All of these steps are

important for neurogenesis and responsible for the success of regeneration

therapy. Signaling pathways involved in the regulation of adult neurogenesis

are very complex. The signal molecules come not only from the NSCs

themselves but also from the microenvironment or neurogenic niche. The

neurogenic niche plays a crucial role in determining where and how

neurogenesis can occur. A recent review summarized the cellular signaling
involved in modulating adult neurogenesis: Sonic hedgehog (Shh), miR-124,

Sox2, Tlx and Wnt–b-catenin signaling pathways are important for regulating

proliferation; basic helix–loop–helix (bHLH) transcription factors such as
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Asc1, Neurog2 and Tbr2 and epigenetic factors such as Gadd45b, MBD1,

MeCP2 and Mll1 are necessary for regulating neuronal differentiation and

maturation; IGF-1 and Shh are essential for neuroblast migration; Extrinsic

factors including BDNF, FGF-2, GABA, glutamate and NT-3 are necessary

for regulating neuronal survival, dendritic arborization, synaptic plasticity and

synapse formation; Intrinsic factors including DISC1, Klf-9, NeuroD1, Cdk

and cAMP response element (CRE)-binding protein (CREB) participate in

dendritic arborization, synaptic integration, neuronal survival and matura-

tion.69 With progress in stem cell biology, we believe that more and more

signaling pathways and their networks will be found and these signaling

molecules will be new molecular targets for adult neurogenesis. In the next

section, we briefly introduce the roles of Wnt–b-catenin, Notch, phosphati-

dylinositol 3-kinase (PI3K)–Akt, extracellular signal-regulated kinase (ERK)

and caveolin-1 signaling pathways in regulating adult neurogenesis. In

addition, we discuss the roles of topical factors and free radicals in modulating

adult neurogenesis.

11.3.1 Wnt–b-Catenin Pathway

b-Catenin is a central component of the Wnt–b-catenin signaling pathway. The

interaction between Wnt protein and its receptors triggers recruitment of Axin

to the plasma membrane and inhibits b-catenin phosphorylation and

degradation. The accumulation of b-catenin in the cytoplasm leads b-catenin

translocation into the nucleus to form a complex with the T-cell factor/

lymphoid enhancer factor (TCF/LEF) family, subsequently activating target

genes. In the activation of the Wnt–b-catenin pathway, the first step is that

Wnt interacts with the receptor protein Frizzled (Fzd) and the co-receptor low-

density lipoprotein receptor-related protein 5/6 (LRP5/6). The Wnt–Fzd

receptor complex forms a ternary cell surface complex with the co-receptor

LRP5/6. After translocation into the cytoplasm, Wnt signaling mediates

phosphorylation of Dishevelled, which, in turn, inactivates GSK-3b. Wnt

signaling regulates GSK-3b activity by physically displacing complex GSK-3b
from a member of regulatory binding partners, consequently preventing the

phosphorylation and degradation of b-catenin.70

The Wnt–b-catenin pathway plays an important role in neural development.

It participates in axis formation, midbrain development and oncogenesis.71–73

Experimental evidence indicates that the Wnt–b-catenin pathway is associated

with AD.74,75 Removing b-catenin resulted in remarkable defects in developing

brains whereas overexpressing b-catenin led to enlarged brains and an

expanded neural precursor population.76,77 Blockade of Wnt signaling by

either a secreted mutant Wnt protein or a b-catenin inhibitor, Axin, reduced

adult hippocampal stem/progenitor cell (AHPs) proliferation and neuronal

differentiation in vitro and completely abolished neurogenesis.78,79 Con-

sistently, activation of Wnt signaling promoted AHPs proliferation and

neuronal differentiation in vitro and increased neurogenesis in vivo.78,79 GSK3b
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inhibitors were reported to enhance neuronal differentiation of NSCs and

promote neurogenesis in vivo.31 Therefore, the Wnt–b-catenin pathway can be

a crucial target for screening drugs for neurogenesis.

11.3.2 Notch Signaling Pathways

Notch signaling pathways play critical roles in the maintenance, proliferation

and differentiation of NSCs.80 As cell surface transmembrane receptors, notch

proteins mediate multiple cellular functions through cell–cell interactions. Four

paralogs of the notch gene (Notch1–4) and five ligands (Jagged1 and 2; Delta1,

2 and 3) have been identified. Notch proteins contain extracellular EGF,

which interacts with Delta, Serrate and Lag domains. In the process, Notch is

cleaved and releases an intracellular domain (NICD). Upon release, the NICD

translocates to the nucleus and represses or activates transcription factors.

Jagged1/Notch1 signaling can regulate stem cell self-renewal, proliferation

and differentiation. It maintains NSC self-renewal, induces proliferation and

modulates glial and neural fates by activating the downstream pathway NICD,

hairy enhancer of Split (Hes1, Hes5) and so on.81 Reduced Jagged1/Notch1

signaling was reported to decrease NSCs proliferation both in vitro and in vivo

in experimental models.82 Conversely, administration of Notch ligands

activated the Jagged1/Notch1 pathway and increased the proliferation of

NSCs in the SVZ.83 Focal cerebral ischemia can activate Notch1 signaling and

promote proliferation of NSCs in the SVZ of adult brains.84 In addition,

Notch1 signaling can mediate crosstalk of NSCs and endothelial cells in

microenvironment niches. Endothelial cells can release soluble factors to

stimulate the self-renewal of NSCs and inhibit their differentiation via

activating Notch and Hes1.85 Notch signaling modulates glial and neural

fates in a stepwise manner, first by inhibiting neuronal fate and promoting glial

fate and second by inducing astrocyte differentiation. The Notch-mediated

inhibition of neuronal differentiation is achieved by inhibiting neighboring

cells from becoming the same cell type. Taken together, these findings indicate

that Notch signaling is important for adult neurogenesis.

A high-throughput screening study has been performed to seek Hes1 dimer

inhibitors for neuronal differentiation.86 Several natural compounds have been

found to reduce Hes1 dimer formation, including lindbladione, lycogarubin B,

lycogaric acid A, lyoniside and nudiposide.86 It is necessary to investigate how

these compounds regulate and reduce Hes1 dimer formation and evaluate

further their effects on promoting neurogenesis in different experimental

animal models of stroke and neurodegenerative diseases.

11.3.3 Phosphatidylinositol 3-Kinase (PI3K)–Akt and
Extracellular Signal-Regulated Kinase (ERK) Pathways

PI3K–Akt and ERK signaling pathways regulate diverse cellular processes

including proliferation, survival and malignant transformation. Akt and ERK
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signaling promote proliferation, migration and maturation of neural pro-

genitor cells via regulating their downstream targets, including HIF-1a,

GSK-3b and CREB. HIF-1a, a principal mediator of hypoxic adaptation,

modulates Wnt–b-catenin signaling by enhancing b-catenin activation and

expression of the downstream effectors LEF-1 and TCF-1 in hypoxic

embryonic stem (ES) cells and NSCs. HIF-1a deletion impairs hippocampal

Wnt-dependent processes, including NSC proliferation, differentiation and

neuronal maturation.87 GSK-3b can function as signaling nodes to regulate

and orchestrate the diverse cellular responses involved in the process of

neurogenesis via affecting its downstream signaling components including

HIF-1a, HIF-2a and b-catenin. CREB is required for EGF-induced cell

proliferation and serum response element activation in NSCs isolated from

the forebrain subventricular zone of adult mice.88 Experimental studies

revealed that inactivation of Akt–CREB by either pharmacological inhibition

or the expression of a dominant negative Akt inhibited AHPs proliferation.89

Vanadium, a stimulator of PI3K–Akt and ERK, increased NSC proliferation

in DG and promoted the migration of newborn neurons in ischemic brain.90

In addition, PI3K–Akt and ERK also regulate many mitogens, including

basic fibroblast growth factor (FGF-2), Shh and insulin-like growth factor 1

(IGF-1). Thus, PI3K–Akt and ERK signal pathways can be important

molecule targets for adult neurogenesis.

11.3.4 Trophic Factors

NSCs are in close proximity to blood vessels and are surrounded by glial cells

to form a microenvironmental niche. The proliferation and differentiation of

NSCs and neural growth depend on microenvironment niche signals, including

many trophic factors and cytokines. For example, EGF and FGF-2 increase

neurogenesis in vitro and in vivo.91,92 Intraventricular administration of EGF

improved forelimb asymmetry with increased neuronal differentiation and cell

migration from SVZ to cortex in different stroke models.93,94 Overexpression

of FGF-2 can improve the standardized disability scale with increased

neurogenesis in a permanent ischemic stroke model.95 Another important

factor is vascular endothelial growth factor (VEGF), which improves recovery

from neurological deficits through enhancing neurogenesis, neuromigration

and angiogenesis in ischemic brain injury.96–99 Brain-derived neurotrophic

factor (BDNF) promotes adult NSC survival in vitro and its overexpression

increases newly generated neurons in the olfactory bulb (OB).100 IGF-1

promotes neuron and oligodendrocyte differentiation of adult NSCs in

vitro101,102 and stimulates neurogenesis in vivo.103 Transforming growth factor

alpha (TGF-a) infused into rat striatum led to migration of NSCs from SVZ to

the infusion sites.104 Platelet-derived growth factor (PDGF) promotes

neuronal differentiation,105 while ciliary neurotrophic factor (CNTF) increases

astroglial differentiation.60 Drug discovery targeting these factors and their
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downstream signaling pathways or directly regulating their release will be

beneficial for promoting neurogenesis.

11.3.5 Free Radicals

Free radicals, including reactive oxygen species (ROS) and reactive nitrogen

species (RNS), play important roles in the pathological process of stroke and

neurodegenerative diseases. ROS are believed to be cytotoxic factors.106–108

However, recent studies showed that low-concentration H2O2 promoted NSC

self-renewal and neuronal differentiation. Genetic or pharmacological

strategies to decrease endogenous ROS formation reduced cell proliferation

in SVZ.109,110 As many compounds from TCM have polyphenol structures to

harbor antioxidant effects, which also possess pro-oxidant effects by

generating ROS under some conditions, it will be of interest to explore

potential concentration-related effects of these compounds in regulating adult

neurogenesis.

RNS, including NO and ONOO–, also participate in modulating neurogen-

esis under both physiological and pathological conditions. NO appears to play

dual roles in adult neurogenesis. A non-selective NO synthase (NOS) inhibitor,

NG-nitro-L-arginine methyl ester (L-NAME), and an nNOS inhibitor, 7-

nitroindazole (7-NI), increased NSC proliferation and neuronal differentia-

tion; while an NO donor blocked NSC proliferation and promoted astrocyte

differentiation.111,112 nNOS knockout mice showed more NSC proliferation

and higher survival rates of newly formed mature neurons than wild-type

mice.113 Conversely, NO derived from iNOS or eNOS promoted neurogenesis

in ischemic brain.114,115 A recent study reported that nNOS derived from

neurons and neural stem cells had opposite roles in regulating neurogenesis.

The NSCs treated with the nNOS inhibitor N5-(1-iminobut-3-enyl)-L-ornithine

(L-VNIO) or nNOS gene deletion exhibited significantly decreased prolifera-

tion and neuronal differentiation, indicating that NSC-derived nNOS is

essential for neurogenesis.The NSCs co-cultured with neurons displayed a

significantly decreased proliferation. Deleting nNOS gene in neurons or

scavenging extracellular NO abolished the effects of co-culture, suggesting that

neuron-derived nNOS, a source of exogenous NO for NSCs, exerts a negative

control on neurogenesis. The study proposed that NSC-derived nNOS

stimulates neurogenesis via activating telomerase, whereas neuron-derived

nNOS could repress neurogenesis by supplying exogenous NO that hinders

CREB activation, in turn reducing nNOS expression in NSCs.116 The

neurogenesis-promoting or cytotoxic effects appear to be mainly dependent

on NO concentration. The NO donor NOC-18 at 10 mM increased cell

proliferation, whereas at 100 mM it inhibited cell proliferation.117 In a

neurovascular niche, NO-induced VEGF signaling mediates an inducible

positive feedback signaling loop between NSCs and brain microvascular

endothelial cells, providing for homeostasis of the resident NSCs and

BMECs.118
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In ischemic brain, when NO and O2
2 are simultaneously produced, they

react together extremely rapidly, at a rate close to the diffusion limit, to form

peroxynitrite (k2 5 4.7 6 109 M21 s21). Peroxynitrite is far more active than

its precursors.119 The reaction rate of NO and O2
2 is much higher than in their

reactions with other biomeolecules. Peroxynitrite is well known to be a

cytotoxic factor in many pathological conditions including stroke and

neurodegenerative diseases. However, recent studies indicated that peroxyni-

trite stimulated endothelial cell proliferation and tube formation and new

blood vessel growth.120 Peroxynitrite was also responsible for the hypoxia-

induced increase in pulmonary artery smooth muscle cell proliferation.121 The

peroxynitrite donor 3-morpholinylsydnoneimine chloride (SIN-1) promoted

NSC proliferation.122 The mechanisms include ONOO2mimicking VEGF

activity,123 increasing VEGF mRNA124 and activating ERK1/2 pathway.125

However, how peroxynitrite switches its cell proliferation functions into

cytotoxicity remains to be addressed. Given that many herbal products for

promoting neurogenesis contain many antioxidant ingredients, it is important

to understand how ROS and RNS affect adult neurogenesis and further

investigate whether the antioxidant properties of the herbal products

contribute to their modulating effects on adult neurogenesis.

11.3.6 Caveolin-1

Caveolins are 22 kDa proteins found in caveolae, plasma membrane

invaginations (50–100 nm). Caveolins consist of three subtypes, caveolin-1

(Cav-1), caveolin-2 (Cav-2) and caveolin-3 (Cav-3). The subtypes of Cav-1 and

Cav-2 are widely expressed in neuronal cell types and brain regions,126–128

whereas cav-3 is muscle specific.129 As integral membrane proteins, caveolins

are the structural proteins of caveolae and are essential to caveolae structure

formation. Caveolins physically interact with a large number of proteins via

the caveolin scaffold domain (CSD).130 The binding proteins contain the CAV-

binding site, ‘‘QXQXXXXQ’’ or ‘‘QXXQXXXXQ,’’ where Q is phenylalanine,

tyrosine or tryptophan and X is any amino acid residue. Proteins with these

character domains include eNOS, iNOS, nNOS, matrix metalloproteinases

(MMPs), EGF receptor and aquaporin. Caveolins can also negatively regulate

a variety of cellular signal pathways, such as G proteins, Src tyrosine kinases,

ras, estrogen receptors, protein kinase C, integrins, MAP kinase and EGF-

R.131,132 Caveolins can bind and regulate these proteins and participate in

multiple cellular activities, including mitogenic signaling,133 apoptosis,134,135

cholesterol transport,136 cancer progression and metastasis,137,138 and cardi-

ovascular functions.139

Cav-1 plays diverse roles in proliferation and differentiation of various cell

systems. Cav-1 inhibits cellular proliferation and differentiation in many cell

types, including embryonic fibroblasts,140 mesangial cells,132 endothelial

cells,141 neuroblastoma cells142 and cancer cells.143 Cav-1 promotes liver

regeneration by regulating lipid metabolism144 and has a dual role in the
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proliferation of vascular smooth muscle cells.145 Cav-1 participates in post-

injury reactive neural plasticity. Cav-1 decreases neurite outgrowth and

branching and neurite density in injured differentiated PC12 cells142 and blocks

the formation of neurites and phosphorylation of Erk upon bFGF treatment in

N2a cells.146 Cav-1 appears to be a critical protein in cell fate decision of neural

progenitor cells for neurogenesis. Cav-1 deficiency mice showed increased NSC

proliferation in the SVZ of adult mouse brain.147 Our recent studies suggest that

Cav-1 can inhibit neuronal differentiation by reducing expression of VEGF and

phosphorylation of signal transducer and activator of transcription 3 (p-

STAT3), Akt and MAPK in both post-ischemic brains in vivo and hypoxic NSCs

in vitro.148 In addition, Cav-1 can inhibit oligodendroglial differentiation

through modulating b-catenin expression and promote astroglial differentiation

of NPCs through regulating Notch1/NICD and Hes1 expression in NSCs.149,150

Therefore, Cav-1 could be a new molecular target for drug discovery to regulate

the proliferation and cell fate decision of NSCs.

11.4 Drug Discovery from TCM for Improving
Neurogenesis

Experimental and clinical studies revealed that many compounds, herbal

extracts and TCM formulas have potential therapeutic value for attenuating

the progressive loss of functional neurons and restoring neurological function

in stroke and neurodegenerative diseases. They could promote neuronal

survival and neurite growth and facilitate neurological functional recovery by

acting on different cellular signaling pathways and regulating diverse

molecular targets. In this section, we particularly focus on research strategies

and current progress on studies of the active compounds, herbal extracts and

TCM formulas with potential for promoting neurogenesis and their relevant

molecular targets and mechanisms.

11.4.1 Screening Active Compounds and Extracts from Herbs for
Improving Neurogenesis with In Vitro Cultured Stem/
Progenitor Cell Models

The in vitro cultured stem/progenitor cell models provide a high-throughput

platform for initially screening drug candidates. Embryonic stem cells, adult

neural stem/progenitor cells from different species and immortalized NPCs

have been applied for drug screening. There are two general strategies and

criteria for the selection of drug candidates. One is based on previous

experimental and clinical reports or the direct experience of TCM practitioners

in the treatment of stroke, AD and PD in human subjects; the other is to screen

the potential drug candidates by targeting particular signaling molecules with

experimental or/and bioinformatics approaches. Drug screening based on the

first strategy appears to be more efficient and widely accepted for studies of

Drug Discovery from Traditional Chinese Medicine for Neurogenesis 217
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herbal medicine since multiple signaling molecules and targets are involved in

the regulation of neurogenesis. In the literature, the identified active compounds

and fractions are mostly from herbs used for stroke and neurodegenerative

diseases with previous experimental and clinical trial reports. MLC901 is a

simplified formula from a State Food and Drug Administration (SFDA)-

registered botanical drug, MLC 601, originally developed from a TCM formula

named ‘‘Danqi Piantang Jiaonang,’’151 which contains Radix astragali, Radix

salvia miltiorrhizae, Radix paeoniae rubra, Rhizoma chuanxiong, Radix angelicae

sinensis, Carthamus tinctorius, Prunus persica, Radix polygalae and Rhizoma

acori tatarinowii. Previously double-blind randomized, controlled trials showed

that Danqi Piantang Jiaonang could improve the recovery of neurological

function in stroke patients. MLC901 was reported to increase the proliferationof

human ESC-derived progenitors.152 The active compounds contributing to

those activities remain to be addressed.

Tables 11.1–11.3 summarize current progress on the identified compounds,

fractions and herbal formulas for improving neurogenesis by various stem/

progenitor cell models. For example, salvianolic acid B (Sal B), an active

compound from Salvia miltiorrhiza, was initially screened from 45 medicinal

herbs used for stroke, AD and PD. In an in vitro cellular experiment, Sal B was

found to promote NPC self-renewal and proliferation of rat embryonic neural

stem cells through modulating the PI3K–Akt signaling pathway.153 Further

studies on an ischemic stroke rat model confirmed its effects, showing that even

delayed post-ischemic treatment with Sal B improved cognitive impairment in

ischemic rat brain.154 EGb761 is a standard extract of Ginkgo biloba, a medicinal

herb for the treatment of stroke, AD and PD. Bilobalide is a unique ingredient of

Ginkgo biloba whereas quercetin is a representative antioxidant component. A

recent study revealed that bilobalide, quercetin and EGb 761 all promoted

proliferation of rat hippocampal progenitor cells and embryonic brain cells.

They share the same signaling pathway by mediating phosphorylation of

CREB.155,156 Animal experiments in AD models consistently revealed that EGb

761 increased cell proliferation and promoted new mature neuron formation in

the DG and SVZ in TgAPP/PS1 mice via restoring CREB phosphorylation.156

Baicalin is a flavonoid compound isolated from Scutellaria baicalensis G.

Baicalin was previously reported to promote the differentiation of human

umbilical cord blood mesenchymal stem cells and rat bone marrow stromal cells

into neurons.157,158 Recently, we found that baicalin down-regulated p-stat3 and

Hes1 and upregulated NeuroD1 and Mash1 (Asc1) in cultured embryonic

NPCs. Furthermore, baicalin promoted neural differentiation but inhibited glial

formation, indicating that baicalin could regulate cell fate decision in embryonic

NPCs.159 Tenuigenin and Polygala tenuifolia root extract are isolated and

extracted from Polygala tenuifolia, a medicinal herb used for improving

insomnia and memory. They were reported to improve NSC proliferation and

neuronal differentiation.160,161 Similar cases also include ginsenosides Rg5162

and Panax notoginseng saponins,163 wolfberry polysaccharides164 and epime-

dium flavonoids.165 Nevertheless, most of these studies are very primary.
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Several experiments addressed the potential molecular targets and signal

pathways, such as PI3K–Akt,153 Notch,159 ERK,166,167 and BDNF.155 How

those compounds regulate signaling and molecule targets and whether they

directly bind these proteins or indirectly affect their activities and expression

remain to be addressed. Bioinformatics and databases appear to be important

tools for addressing those questions. After conducting initial screening of
the active compounds in cellular models, it is a promising strategy to use

bioinformatics approaches and database systems for understanding their

molecular targets. More importantly, in vivo animal experiments are essential

to confirm their bioactivities and evaluate the potential value of drug candidates.

11.4.2 Applications of Stroke, AD and PD Models for Identifying
Active Compounds, Fractions and Formulas for Promoting
Neurogenesis

In recent decades, efforts have been made to seek active compounds and

fractions from herbs and herbal formulas for improving neurogenesis with

Table 11.3 TCM formulas with the effect of promoting neurogenesis in
cellular models.

Formula Plant origin
Effect on
neurogenesis Cells

Potential
pathway Ref.

MLC901 Radix astragali,
Radix salvia
miltiorrhizae,
Radix paeoniae
rubra, Rhizoma
chuanxiong,
Radix angelicae
sinensis,
Carthamus
tinctorius, Prunus
persica, Radix
polygalae,
Rhizoma acori
tatarinowii

Proliferation
(cell
density) q

Human ESC-
derived
progenitors

152

Buyang
Huanwu
Decoction-
containing
serum

Radix astragali
membranaceus,
Radix
angelicae
ainensis, radix
Paeonia rubra,
Rhizoma
chuanxiong,
Semen
persicae,
Flos carthami,
Lumbricus

Neurite
outgrowth q

Rat
embryonic
neural
stem/
progenitor
cells

168

Neuronal
differentiation
(NF+)

Drug Discovery from Traditional Chinese Medicine for Neurogenesis 221
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different animal models of stroke, AD and PD. However, progress appears to

be unsatisfactory. Although some compounds are promising for promoting

neurogenesis in in vitro cellular experiments, they are not always effective in

animal experiments owing to bioavailability, pharmacokinetic and pharmaco-

dynamic problems. Few well-designed studies on the effects and mechanisms of

isolated compounds, fractions and herbs or herbal formulas for promoting

neurogenesis have been reported in the literature.

Tables 11.4–11.6 summarize the compounds, fractions and herbal formulas

for promoting neurogenesis in animal models in vivo. For example, Buyang

Huanwu Decoction (BYHWD) has been a classical formula for post-stroke

disability for 300 years. Previous cellular experiments revealed that NSCs

treated with BYHWD-containing serum had increased neuronal differentia-

tion and neurite outgrowth.168 To demonstrate the efficacy of BYHWD on

improving neurogenesis and recovering neurological function, we investigated

the effects of the whole formula and its herbal components on neurological

behavior performance and infarction volume in focal cerebral ischemic rats.

The neurological deficit scores and infarction volumes were measured at days

3, 7 and 14 after 30 min of middle cerebral artery occlusion. The results

showed that BYHWD and its herbal components significantly improved

neurological behavior performance and reduced infarction volume in the

ischemic brains. By immunohistochemical staining with the thymidine analog

5-bromo-29-deoxyuridine (BrdU), we found that the formula stimulated the

proliferation of the progenitors in the hippocampus and SVZ in the ischemic

brains. Its mechanisms were related to regulating VEGF and its receptor Flk-1

in ischemic brains.40,169 We are working to identify the active compounds and

the synergic effects of its active compounds for regulating adult neurogenesis

and exploring their potential molecular targets. Fuzhi San is a herbal formula

used for improving learning and memory in AD. A recent study revealed that

increased proliferation of neural progenitor cells and prolonged survival of the

newborn cells in the hippocampal DG of SAMP-8 aging mice improved

learning and memory.170 Fuzi polysaccharide-1, a water-soluble polysaccharide

isolated from Fuzi, promoted NSC proliferation and differentiation into new

neurons and had antidepressant effects through regulating BDNF signaling in

aged mice.171 Different herbal extracts such as the aqueous extract of Liuwei

Dihuang Tang and Nelumbo nucifera rhizome and the methanol extract of

Zizyphus also promoted proliferation and increased spatial learning ability.172

Icariin, an active component extracted from Herba epimedii, enhanced

neurogenesis and improved spatial learning and memory activities.173

Overall, current progress indicates that Chinese herbal medicine is an

important resource for drug discovery to promote adult neurogenesis and

improve the recovery of neurological function in stroke and neurodegenerative

diseases. Although the precise mechanisms and molecular targets of herbal

medicines are still unclear, current studies are providing novel insight into drug

discovery and representing a step forwards in fighting aging-related diseases.
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11.5 Conclusion and Perspectives

In this chapter, an attempt has been made to provide a comprehensive picture

of classical therapeutic strategies of TCM, current studies on molecular targets

for drug discovery and research progress on the active compounds, fractions

and formulas for stroke and neurodegenerative diseases. Chinese herbal

medicine represents a large chemical library for seeking single molecules that

are being finally developed into new drugs for the treatment of stroke, AD and

PD. Many compounds or extracts from Chinese herbal medicine have been

studied for their effects on neurogenesis and neurological function with both in

vitro and in vivo experimental systems. Current progress indicates that some

active compounds, fractions and even herbal formulas hold potential for this

purpose. Although the strategy may be promising and efficient, it is still

premature for some herbal products to be developed into new drugs. Much

effort needs to be devoted to evaluating the efficacy and safety of the herbal

products, to explore the active components and clarify their mechanisms of

action.

With the globally increasing popularity of and expenditure on herbal

therapies recently, drug discovery from these natural extracts has attracted

more attention. TCM herbs offer a great and unique source of both single

compounds and complex combinations of compounds for drug screen-

ing. US and Chinese scientists have jointly established a library of 202

authenticated medicinal plant and fungal species and about 10 000 standard

fractions from these materials.174 Several natural products from plants have

become frontline drugs for diseases, such as paclitaxel, vinblastine and

camptothecin for cancer therapy.175 We believe that similar cases will

occur for drug discovery for the treatment of stroke and neurodegenerative

diseases.

Finally, we should keep clearly in mind that adult neurogenesis involves

multiple signal networks, and many of these are as yet unknown. The complex

network for controlling neurogenesis makes drug development extremely

difficult. How can simply targeting several signaling pathways and molecules

achieve the goals of globally adjusting the abnormal network systems? TCM

practitioners generally use herbal formulas as a holistic treatment by targeting

multiple signaling pathways. Without considering the synergic effects of

different compounds and fractions, we would shift the direction from the right

track and make it difficult to achieve our goals. On the other hand, Chinese

medicine aims to restore the harmony of the whole body rather than only

targeting the brain. Further studies should be conducted to explain how

Chinese medicine works to restore the balance of Yin and Yang on a scientific

basis. With the development of proteomics, metabonomics and bioinformatics,

we have powerful tools to open up this complex world. We believe the

development of Chinese herbal medicine will be beneficial for the therapy of

stroke and neurodegenerative diseases.
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Abbreviations

Ab b-amyloid

ACEI acetylcholinesterase inhibitor

AD Alzheimer’s disease
AHP adult hippocampal stem/progenitor cell

BDNF brain-derived neurotrophic factor

bFGF basic fibroblast growth factor

BHLH basic helix–loop–helix

BrdU thymidine analog 5-bromo-29-deoxyuridine

Cav caveolin

CNS central nervous system

CREB cAMP response element (CRE)-binding protein
CNTF ciliary neurotrophic factor

EGF epidermal growth factor

ERK extracellular signal-regulated kinase

ES embryonic stem cells

DG dentate gyrus

FGF-2 fibroblast growth factor 2

Fzd Frizzled

HES hairy enhancer of Split
PI3K phosphatidylinositol 3-kinase

IGF-1 insulin-like growth factor 1

IsoRhy isorhynchophylline

L-NAME NG-nitro-L-arginine methyl ester

L-VNIO N5-(1-iminobut-3-enyl)-L-ornithine

MMP matrix metalloproteinase

MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

6-OHDA 6-hydroxydopamine
7-NI 7-nitroindazole

NMDA N-methyl-D-aspartate

NO nitric oxide

NOS nitric oxide synthase

NSC neural stem/progenitor cell

OB olfactory bulb

PD Parkinson’s disease

PDGF platelet-derived growth factor
RCT randomized controlled trial

ROS reactive oxygen species

RNS reactive nitrogen species

rt-PA recombinant tissue-plasminogen activator

SGZ subgranular zone

Shh Sonic hedgehog

SIN-1 3-morpholinylsydnoneimine chloride

STAT3 signal transducer and activator of transcription 3
SVZ subventricular zone
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TCM traditional Chinese medicine

TCF/LEF T-cell factor/lymphoid enhancer factor

TGF-a transforming growth factor alpha

TH tyrosine hydroxylase

VEGF vascular endothelial growth factor
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CHAPTER 12

Medicinal Uses of Seaweed in
Traditional Chinese Medicine

ERI OSHIMA

Consultant, San Diego, CA, USA

E-mail: eoshima@usc.edu

12.1 Background

12.1.1 Introduction

Throughout the coastal regions of the world, diverse species of edible seaweed

are harvested, and from ancient times seaweed has been part of the daily diet in

many cultures. It is a popular food ingredient consumed by hundreds of millions

of people in China, Korea, Japan, the Philippines,Malaysia, Indonesia, Vietnam

and Polynesia, and also Ireland, the North Sea regions and maritime Canada. In

Asia, seaweed is a popular daily food ingredient. In Europe and Canada,

seaweed has been known as an important source of nutrition such as laverbread

(Porphyra sp.) from Wales, dulse (Palmaria palmata) from Iceland and ‘‘Irish

moss’’ (Chondrus crispus) from maritime Canada.1

Traditional Chinese medicine (TCM) has recorded numerous species of

seaweed in the Chinese materia medica. Medicinal uses of seaweed are known

globally. Traditional healers from ancient Greece, South America and

Polynesia used seaweed as herbal remedies.1,2 Today, the Chumash Native

American healer from Southern California uses kelp (Fucus vesiculosus) for

alleviating edema and pain from the lower extremities by wrapping them with

large fronds of kelp.3 Epidemiological observations demonstrated potential
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links between dietary seaweed and health benefits, which has inspired the

global community to look for biochemical explanations.

This chapter provides an overview of TCM uses of seaweed. Because pre-

ventive medicine is an important teaching of TCM and seaweed has been a

food ingredient for as long as the history of TCM, both aspects of seaweed are

discussed. The focus is on the macroalgae species commonly found in Chinese

materia medica (Table 12.1).

First, the TCM classics and TCM historical background (Table 12.2) are

outlined, with explanations of basic TCM theory and TCM diagnostic methods

based on systematic evaluations of disease symptoms. Next, TCM herbal theory

is explained, followed by therapeutic uses of seaweed. The discussion of modern

research starts with an overview of bioactive substances. It is a condensed

compilation of excellent reviews by many authors (Tables 12.3 and 12.4). In the

clinical section, several controlled trials and case reports involving dietary

seaweed are discussed (Table 12.5). The last section focuses on TCM hospital-

initiated clinical trials, highlighting the recent increase in reporting activity and

quality assessment. Reports of human TCM studies with seaweed are outlined.

Finally, safety information is provided, followed by a concluding section

summarizing the totality of evidence (Table 12.6).

12.1.2 Uses in Industry

Seaweed is cultivated and harvested on a large scale. According to the 2003

report from the Food andAgricultural Organization of the United Nations, 7.5–

8 million tons of wet seaweed were used worldwide annually.4 The total annual

value was US $5.5–6 billion, of which $5 billion was from direct human

consumption. The popularity of dietary seaweed has been growing. China and

Korea are the largest producers of brown seaweed and Japan of nori (Porphyria

sp.). Worldwide, seaweed ingredients are important for the food processing

industry. The commercially important polysaccharides are agar, alginates and

carrageenans used as food binding, gelling and texturing agents and also food

stabilizers and emulsifiers. Furthermore, polysaccharides are versatile agents in

research laboratories. Agar, for example, is a well-known media material for

microbiology. Agar and carrageenans are extracted from red algae and alginates

from brown algae. In agriculture, seaweed has been used as fertilizer in northern

Europe. The kelp ash made from bladderwrack (Fucus vesiculosus) is well

known. For animal and fish farming, seaweed was added to the feed to increase

the nutrient content and promote growth. The pigments from red algae,

phycobiliproteins, are used in the food industry as natural colorants.4

In the healthcare product industry, countless numbers of marketed dietary

supplements are manufactured from ingredients extracted from seaweed, such as

dietary fibers, antioxidants, minerals and micronutrients. Cosmetic lotions and

creams may contain hydrocolloidal polysaccharides extracted from seaweed.

Pharmaceutical research has been testing the dietary seaweed constituents in

various disease models in an effort to identify potential therapeutic agents. A
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Table 12.1 Common seaweed in Chinese materia medica.

Botanical name
Latin binomials Chinese name Other names Notes

Brown algae: Phaeophyceae (Class)
Undaria pinnatifida
(Harvey) Suringar

裙帶菜 わかめ Popular food
Qún dài cài Wakame

Mieok

Laminaria japonica
Areschoug

海帶 昆布

Hăi dài, Kūn bù
and Hăi zăo are
common herbal
ingredients

Hăi dài Kombu

Kombu is a source
of umami flavor

Kelp

Ecklonia kurome
Okamura

昆布 クロメ
Kūn bù Kurome
鹅掌菜
É zhăng cài

Sargassum spp.: 海藻 ホンダワラ類

1. S. pallidum (Turner)
C. Agardh

Hăi zăo Hondawara-rui

2. S. kjellmanianum
Yendo

1. 馬尾藻 3. Hizikia
fusiformis

3. S. fusiforme (Harvey)
Setchell

Mă wěi zăo
ひじき

4. S. thunbergii (Mert.)
O. Kuntze

2. 海黍子
Hijiki

5. S. tortile C. Agardh

hăi shŭ z1̌
4. 海虎尾
Umitoranoo

3. 鹿尾菜

5. ヤレモク
Lù wěi cài

Yaremoku
羊栖菜
Yáng qi- cài
4. 鼠尾藻
Shŭ wěi zăo

Nemacystus decipiens
(Suringar) Kuckuck

水云 水雲 Popular food
Shu1̌ yún Mozuku

Red algae: Rodophyta (Phylum)
Porphyra spp.: 紫藻 Nori Paper-thin sheet used

for wrapping sushiP. tenera Kjellman Zǐ zăo Gim
紫菜
Zǐ cài
甘紫菜
Gān zǐ cài

Caloglossa leprieurii
(Montagne) J. Agardh

鷓鴣菜 Anthelmintic
Zhè gū cài Kainic acid
美舌藻
Měi shé zăo

Digenea simplex 海人草 海人草 Anthelmintic
Hăi rén căo Kai nin so Kainic acid

マクリ
Makuri

Eucheuma gelatinae 麒麟菜 キリン藻
Qı́ lı́n cài Kirin so

Gelidium amansii 石花菜 天草 Laxative
Shı́ huā cài Tengusa 寒天, kanten (agar

agar) food additive
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Table 12.1 (Continued)

Botanical name
Latin binomials Chinese name Other names Notes

Gracilaria spp. 龙鬚菜 龍鬚菜 しらも Source of agar
Lóng xū cài Shiramo

Green algae: Chlorophyta (Phylum)
Ulva lactuca Linnaeus 石蓴 Sea lettuce Popular food ingredient

Shı́ chún アオサ
Aosa

Enteromorpha spp.: 干苔 Dried moss

Industry-scale use as
additives for farm
animals and fish feed;
human food additives;
dietary supplements

1. E. clathrata Gān tái 青海苔
2. E. prolifera 1. 条浒苔 Aonori
3. E. compressa Tiáo hŭ tái
4. E. intestinalis 2. 浒苔

Hŭ tái
3. 扁浒苔
Biăn hŭ tái
4. 肠浒苔
Cháng hŭ tái

Codium fragile
(Suringar) Hariot

水松 ミル Anthelmintic
Shu1̌ sōng Miru
刺松藻 海松
Cı̀ sōng zăo Umimatsu

Blue–green algae: Cyanophyceae (Class)
1. Nostoc commune var.
flagelliforme

1. 发菜 1. 髪菜 1. Filamentous seaweed,
delicacy food

2. Nostoc commune
Vaucher

Fà cài Hassai
2. 石くらげ
Ishikurage

Plants
Zostera marina
Linnaeus

大叶藻 Sea grass Flowering plants
Dà yè zăo Common eel

grass

Sources (websites last accessed 9 July 2012):

National University of Ireland, Galway, AlgaeBase, http://www.algaebase.org.

Complementary and Alternative Healing University, Chinese Herb Dictionary, http://alternative-

healing.org/.

J. Zhou, G. Xie and X. Yan, Encyclopedia of Traditional Chinese Medicines, Springer, Heidelberg,

2001, Vol. 5, p. 601.

National Taiwan Museum, Seaweeds Net of Taiwan, http://web.ntm.gov.tw/seaweeds/home.asp.17

小药箱, www.xiaoyaoxiang.com (in Chinese).

医学百科, http://www.wiki8.com (in Chinese).

中药剂_中医世家, http://www.zysj.com.cn/zhongyaocai/ (in Chinese).

State Food and Nutrition Consultant Committee, 浅论浒苔的开发与利用, http://www.sfncc.org.

cn/Z_Show.asp?ArticleID52033 (in Chinese).18

浙江海洋药用藻类资源调查研究初报, X. Chen, J. Zhejiang Coll. Tradit. Chin. Med., 2000, 24 (2),

65–68 (in Chinese).

和漢三才圖會 卷第九十七 水草 藻類 苔類 寺島良安, Yabtyan 20081124, http://homepage2.nifty.

com/onibi/wakan97.html (in Japanese).
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product based on carrageenans was tested in large human clinical trials for viral

illness. The results were negative for efficacy, but the product was shown to be

safe.5 The anticoagulant activity of fucoidan has been intensively studied

because of its potential as a therapeutic agent.6

12.1.3 General Characteristics

Dietary macroalgae used for TCM are classified into brown, red, green and

blue–green algae, taxonomically called Phaeophyceae, Rhodophyta, Chlo-

rophyta and Cyanophyceae, respectively. This classification is based on the

photosynthetic pigments. Such pigments are evolutionarily significant because

they enable the algae to absorb sunlight in its aquatic habitat where varying

degrees of the light spectrum are available. The major classes of photosynthetic

pigments are chlorophylls, carotenoids and phycobiliproteins. Seaweed

extracts iodine and bromine from seawater. Iodine is an essential nutrient

for humans to synthesize thyroid hormones. Seaweed probably uses such

halide molecules for defending itself from the harsh environment.7 The surface

of seaweed is covered with viscous materials consisting of polysaccharides that

aid in defending itself from mechanical damage and infections. The seaweed

described in Chinese materia medica has diverse morphology from several

meters long to a few centimeters growth in brown and green algae, respectively.

AlgaeBase (www.algaebase.org) is an excellent source of information about the

taxonomy, morphology and worldwide distribution of seaweed.

12.1.4 Nomenclature

The seaweed from Chinese materia medica has multiple names: the Latin

binomials, the names in Chinese, colloquial English and other languages. For

example, in the USA, often the Japanese name is printed on food product

packages, such as nori, wakame and kombu. The corresponding Chinese names

are zǐ cài, qún dài cài and hăi dài, respectively, with the Latin binomials Porphyra

tenera Kjellman, Undaria pinnatifida (Harvey) Suringar and Laminaria japonica

Areschoug, respectively. Moreover, kombu in Japanese and kūn bù in Chinese

refer to different brown algae even though the written Chinese characters are the

same and the pronunciation is very similar. Table 12.1 sets out the Latin

binomials, Chinese, English and other names in a side-by-side listing.8

12.2 TCM Theory

12.2.1 Classics

In the beginning, knowledge of herbal medicine was passed on to generations

through verbal teaching. Around 300 AD, Shén Nóng Běn Cǎo Jīng, The God

Emperor Shennon’s Classic Book of Plants, was written (Table 12.2).9–14 It is

known as the first Chinese materia medica. Probably in the later Han dynasty,
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the first volume of Huáng Dı̀ Nèi Jīng, The Yellow Emperor’s Inner Classic, was

written. It is considered the first written textbook explaining the fundamental

theory of TCM. Among the many volumes, Sù Wèn, The Plain Questions, is

the most famous. Basic TCM theory is that a person has an interactive

relationship with the energy from the Universe, the five elements of the Earth,

the four seasons, the internal body organs, the body surface, everyday diet and

the mind’s emotional state. A healthy person is in a state of good balance in

this dynamic network. The goal of TCM treatment is to maintain balance and

to recover from imbalance.11–14

From the beginning, disease prevention was recognized as one of the main

tasks of TCM.11–14 Huáng Dı̀ Nèi Jīng explains the term wèi bı̀ng as referring to

the state when the disease symptoms are not yet manifested, but a person may

have a propensity or risk factors for developing illness. In contrast, jı̀ bı̀ng is a

state where a person has already developed the symptoms. It is important to take

care of wèi bı̀ng in order to prevent the onset of disease symptoms and also to

treat jı̀ bı̀ng to avoid further exacerbation of symptoms. For disease prevention,

TCM regards daily diet andmedicine as sharing the same therapeutic function.15

The Treatise on Cold Damage Disorders, Shāng Hán Lùn, was written

around 200 AD.9–14 It is the first TCM textbook that explains the systemic

evaluation of disease symptoms. It is believed that ‘‘cold damage’’ refers to

acute epidemic diseases common to that time, such as influenza or bacterial in-

fections with fever and diarrhea transmitted through drinking water. It

describes the methods of analyzing the patient’s physical signs and symptoms

Table 12.2 TCM classics.9–14

Title
Year written
Author Significance

神农本草经 300s AD First written Chinese materia
medica; compilation of verbal
knowledge passed down over
generations

Shén Nóng Běn Căo Jīng Anonymous
The God Emperor Shennon’s
Classic Book of Plants

黄帝内经
Huáng Dı̀ Nèi Jīng
Yellow Emperor’s Inner Classic

Probably later Han
dynasty
(206 BC–220 AD)a

One of the earliest descriptions
of the fundamental
philosophy of TCM

Anonymous

伤寒论 y220 AD One of the earliest textbooks
describing the fundamental
principles of TCM treatments
by analysis of symptoms and
determination of imbalance
in the body

Shāng Hán Lùn Zhāng Jī
Treatise on Cold Damage
Disorders

Zhāng Zhòng Jǐng

本草纲目
Běn căo gāng mù
Chinese materia medica

Ming dynasty
(1590 AD)

Lǐ Shı́ Zhēn

Well-quoted Chinese materia
medica to this day

aMetropolitan Museum of Art, Heilbrunn Timeline of Art History: Han Dynasty, http://www.

metmuseum.org/toah/hd/hand/hd_hand.htm (last accessed 9 July 2012).
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systematically by examining several categories of TCM entities. The principal

concept is that disease manifestations are influenced by Yin and Yang, the flow

and quality of Qi, the meridian channels running through the body and the

condition of the outer and inner body. The Qi can arise from the solid organs

or from circulating blood; it may be flowing smoothly or constrained, nutritive

or defensive or having Yin or Yang quality. Through careful evaluations of the

patient, the patterns of symptoms called zhèn are determined. A total of eight

patterns, bā zhèng, are systemically reviewed in order to determine the nature

of the imbalance. In Shāng Hán Lùn, a symptom pattern-based diagnostic

method was first described as bā gāng biàn zhèng, i.e., differentiation of the

patterns or syndromes based on the eight principles.11–14

Following the publication of the above classics, TCM textbooks were published

one after another: for example, the new interpretations and additional volumes to

Table 12.3 Useful reviews: bioactive compounds in dietary seaweed.

Title Highlights Ref.

Marine algal constituents Comprehensive nutritional analysis;
tables of nutrient values
comparing brown, red and green
algae

Yuan 20081

Nutritional value of edible
seaweeds

Comparison of nutritional values of
seaweed with other natural food
items

MacArtain
et al. 200740

Bioactive compounds in
seaweed: functional food
applications and legislation

Comprehensive detailed review
including tables of useful
references for each category of
bioactivity

Holdt and
Kraan 201126

Medicinal and pharmaceutical
uses of seaweed natural
products

Therapeutics-focused review
including chemical structures

Smit 200435

Antioxidants from
macroalgae: potential
applications in human health
and nutrition

Useful tables of antioxidant
compounds

Cornish and
Garbary
201048

Dietary seaweed and human
health

Table of observational studies
showing possible link between
dietary seaweed and disease risk
reduction

Brownlee et al.
201125

Anti-inflammatory
compounds of macro algae
origin

Comparison of various seaweed
extraction methods

Jaswir and
Monsur
201149

Fucoidan structure and
bioactivity

Comprehensive and useful review Li et al. 20086

Therapies from fucoidan
multifunctional marine
polymers

Recent update and therapeutic
applications discussed

Fitton 201129
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the classics; elaborations of diagnostic methods; subspecialties covering gyneco-

logical, pediatrics, epidemic diseases and other special cases; updated materia

medica; herbal medicine textbooks; and acupuncture and moxibustion text-

books.9,10 In the 1500s, Lǐ Shı́ Zhēn thoroughly studied volumes ofmateria medica

written before his time. He then compiled the old master’s knowledge together

with his own and authored Běn Căo Gāng Mù in 1590. It is considered one of the

most comprehensive books of Chinese materia medica.11–14

TCM materia medica is digitized; several sites are listed in Table 12.1. Well-

known herbs and herbal formulas can be found in numerous TCM herbal

dictionaries, glossaries and inventories accessible through Chinese and bilingual

sites.

12.2.2 Concept of Interdependence and Balance

The TCM philosophy of the Universe is that all phenomena belong to either

Yin or Yang.11–14 The positivity of Yang and negativity of Yin together create a

state of good balance. The Earth consists of five elements: Fire, Wood, Metal,

Earth and Water. TCM has a solid organ-like concept, zàng. There are five

zàng including the heart, liver, lungs, spleen and kidneys. The fŭ organs are

equivalent to the hollow organs in the body i.e., the large and small intestines,

gall bladder, urinary bladder and stomach. The five zàng and fŭ organs, the

Table 12.4 Summary of nutrients and bioactive compounds in dietary
seaweed1,26

Nutrients

Bioactive compounds Brown algae Red algae Green algae

Polysaccharides
Soluble dietary fiber

Alginic acid
Fucoidan
Laminarin

Agar
Carrageenans

Polyuronides
(highly branched
polysaccharides)

Minerals
I, K, Ca, Mg, Fe, Zn,
Cu, Mn

Mineral content up
to 39.8% dry weight

High iodine

Mineral content
up to 43.6%
dry weight

Mineral content up
to 29.2% dry
weight

Proteins
Essential amino acids
Taurine

U. pinnatifida
Protein: 18% dry
weight

P. tenera
Protein: 38 %
dry weight

Lectins

E. compressa
Protein: 32%
dry weight

Lectins

Omega-3 fatty acids
EPA
Sterols

Stearidonic acid
Fucosterol

High EPA
DHA
Desmosterol

DHA
Mixture of sterols

Photosynthetic
pigments

Chlorophyll
Fucoxanthin

Chlorophyll
Phycoerythrin

Chlorophyll

B vitamins
Polyphenols
Choline

Phlorotannins Vitamin B12 Vitamin B12
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five elements of the Earth, the planets in the Universe, the four seasons and Yin

and Yang are all interconnected and influence each other. The interdependent

relationship is Fire–Mars–summer–heart–small intestine; Wood–Jupiter–

spring–liver–gall bladder; Metal–Venus–autumn–lung and large intestine;

Earth–Saturn–intermediate season–spleen and stomach; and Water–

Mercury–winter–kidney and urinary bladder.11–14 Within the body, the Qi,

xuě (blood) and jīn yè (all other body fluids) travel through multiple channels

called jīng luò or meridians into and around five zàng and six fŭ anatomical

organ-like entities.11–14

A person exists in a dynamic network of Yin and Yang interdependent

states. TCM views that an imbalance of Yin and Yang can result in disease

Table 12.5 Human controlled clinical studies and case reports with dietary
seaweed.

Health focus Subjects Seaweed, source Ref.

Postprandial
glycemic
response

12 healthy women in Spain Porphyra tenera
Northern Spain

Goñi et al.
200051

Type 2 diabetes
mellitus

20 Korean subjects with type
II diabetes

Sea tangle and sea
mustard (brown
algae)

Kim et al.
200852

Korea

Metabolic
syndrome

17 subjects in Ecuador with
metabolic syndrome

Undaria pinnatifida
(Harv.) Suringar

Teas et al.
200953

Patagonian coast
of Argentina

Estrogen
progesterone
metabolism

3 pre-menopausal women in
northern California with
abnormal menstrual cycles

Fucus vesiculosus
North Atlantic

Skibola
200454

Estrogen
phytoestrogen
metabolism

15 healthy women of
European descent in
Massachusetts

Alaria esculenta
(L.) Greville

Northeastern
shores of North
America

Teas et al.
200955

Herpes viruses
Active and latent
infection

15 subjects with active or
latent infection with herpes
virus

Undaria pinnatifida
Tasmania,
Australia

Cooper et al.
200256

HIV-AIDS 11 subjects with HIV in
South Carolina

Undaria pinnatifida
(Harvey)
Suringar

Teas and
Irhimeh
201257

Patagonian coast
of Argentina

Spirulina
(Arthrospira
platensis)

California
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symptoms. Diseases usually manifest as zhèng, i.e., disease symptom patterns

similar to a ‘‘syndrome.’’ There are eight guiding principles to evaluate disease

patterns, i.e., bā gāng biàn zhèng.11–14 A combination of eight factors is based

on excess or deficiency, hot or cold, exterior or interior of the body and Yin or

Yang. Identification of zhèng is achieved by asking questions, listening,

observing and examining the patient to detect various external and internal

factors such as excessive eating or drinking habits, fever, erythema or pallor,

presence of pains, abdominal mass, irregularity or weakness in the rhythm,

strength and pattern of the peripheral pulses and changes on the tongue

surface. Also, the quality and strength of voice, breath pattern and odor,

energy level, mental acuity and state of mind such as agitation and irritability

versus calmness are evaluated. Manifestation of disease symptoms is organized

in eight patterns, called bā zhèng. Based on the examination, the pattern of

symptoms is determined and the patient’s imbalance is diagnosed. The TCM

practitioner appropriately selects the herbal prescription that will help

counteract the factors causing imbalance.11–14

Table 12.6 Totality of evidence: TCM medicinal uses of seaweed.

Source Findings

TCM herbal theory Herbal properties of seaweed:
Cold, salty and/or bitter; drains fluids downwards, softens and
eliminates hardness, dissipates nodules and disperses
accumulations; enters liver, stomach, kidney meridian
channels; Yang invigorating (Section 12.2.4)

Chinese materia
medica

Indications:
Chronic inflammation; fever, coughs, bronchitis, sticky sputum,
phlegm stagnation, simple goiter, cervical lymphadenopathy,
tumor, hepatocirrhosis, blood stasis, food stagnation, fluid
accumulation with edema, vitamin deficiency, constipation
and scrofula, antiparasitic agents; for obstetrics, labor
induction (Section 12.2.4)

Translational: Bioactive chemicals and nutrients:
Positive research
data in vitro and
animal studies

Dietary fibers, sulfated polysaccharides, fucoidan, carrageenans,
alginates; iodine and other minerals; proteins and essential
amino acids; omega-3 fatty acids and sterols; chlorophyll,
fucoxanthin and phycobiliproteins; polyphenols and
phlorotannins (Section 12.3.1 and Table 12.4)

Epidemiological
observations

Association with reduced risk:
Colon, rectal and prostate cancer, type II diabetes, obesity,
osteoporosis, breast cancer (Section 12.3.2)

Human controlled
clinical studies
(Non-TCM)

Positive effects from small studies:
Estrogen and progesterone levels, viral infection and symptoms,
postprandial glycemic response, metabolic syndrome and type
II diabetes (Section 12.3.2 and Table 12.5)

TCM human
clinical studies

Positive results are difficult to interpret; unique TCM RCT
design is needed (Sections 12.3.3.1 and 12.3.3.2)
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12.2.3 Herbal Theory

TCM herbal medicine is the practice of selecting the right principal herbs and

compatible herbal combinations that can correct imbalance as determined by an
evaluation of symptoms. Profound knowledge of the herb’s therapeutic

properties and the disease syndrome is required. The textbook by Yang offers

an excellent teaching of herbal theory including the therapeutic properties of

seaweed.16 Herbs possess four main temperatures, hot, warm, cold or cool, plus

neutral temperature. According to each practitioner’s experience, the less clear

cut temperature ranges may be assigned to a herb; for instance, thin or thick hot

and thin or thick cold refer to the temperature quality from the body’s superficial

surface and deeper parts. Herbs are assigned flavor groups: pungent, sweet,
bitter, sour, salty and bland, based on the property of action in the body rather

than the actual taste in the mouth. Additionally, aromatic and astringent flavors

exist. One herb may have two or three flavors. By applying the knowledge of

diverse flavor and temperature patterns of the herbs, an herbalist can create

unique sets of herbal combinations to treat various disease symptoms. Herbal

prescriptions are individualized. The unique combination of herbs is applied to

the individual patient’s unique case. Therefore, it is possible that two herbalists’

prescriptions for the same patient may not be exactly identical. 11–14,16

One of the important properties of herbs is the direction of travel in the

body. Herbs enter the body and travel through the meridian channels. Each

herb possesses a tendency to enter one main meridian or sometimes a secondary

meridian. Each herb has a direction of travel in the body such as upwards,

downwards, outwards or inwards. The direction of movement is an important

property of herbs. It is important to correct stagnation of the flow of Qi, blood,

other body fluids and phlegm as well as water metabolism and non-functioning

meridians.11–14,16

In TCM, a combination of herbs is usually prescribed. Selected first is the

principal herb with therapeutic action matched to the particular patterns of

zhèng, the syndrome. Together, supportive herbs that can perform synergistic

effects may be prescribed. To alleviate the side effects or sometimes to improve

the overall taste, additional herbs may be added.16 Usually, a mixture of dried

herbs is prescribed as a decoction. They are first soaked in water, then boiled

and strained. The liquid is the decoction that is divided into portions and

ingested over the course of a day. In some cases, the herbs are formulated into
a pill form made from an edible binder material.

12.2.4 Medicinal Uses of Seaweed

Although diverse species of seaweed are listed in the Chinese materia medica,

the TCM descriptions of therapeutic actions are very similar except that a few

of them possess anthelmintic property.16–18 TCM characterizes seaweed as

having a salty flavor and cold temperature. Some seaweed species have both

salty and bitter flavors. Seaweed in general enters the body through the liver,
stomach and the kidney meridian channels. Hăi zăo and kūn bù used together
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may also enter the lung meridians. The therapeutic action in the body is to

drain fluids downwards, soften and eliminate hardness, dissipate nodules and

disperse accumulations.16 It has Yang invigorating quality. It has been

prescribed for many conditions relating to chronic inflammation, stagnation,

swelling, tumors and water imbalance. Some of the conditions are fever,

coughs, bronchitis, sticky sputum, phlegm stagnation, simple goiter, swelling

in the neck with cervical lymphadenopathy, tumor, hepatocirrhosis, blood

stasis, food stagnation, fluid accumulation with edema, vitamin deficiency

(scurvy, beriberi), constipation and swelling of the scrotum (scrofula).16–19

Furthermore, well-known anti-parasitic seaweeds are zhè gū cài and makuri

(Cologlossa sp. and Digenea sp., respectively). For obstetrics, Laminaria sp. has

been used for induction of labor or as an agent to enhance uterine contractions

to induce placental detachment after birth.19

With the combination of salty flavor and cold temperature, seaweed has the

ability to transform phlegm. In TCM, phlegm is a pathological fluid product

that can cause stagnation of Qi, resulting in Yang Qi deficiency. According to

TCM phlegm theory explained by Clavey, it can be visible and lodge in the

respiratory tract as a sticky fluid or it can be invisible and internal.20

Invisible phlegm can accumulate in any part of the body and result in

complicated symptoms. For instance, in the chest and ribs, local obstruction

may cause pain and uncomfortable sensations in the area surrounding the

heart to the back, or it may block upward and downward movement of Yin

and Yang, causing imbalance in the heart and kidneys with insomnia,

palpitations and lower back pain, or in the stomach it may cause nausea and

vomiting, loss of appetite and distension in the upper abdomen.20 Chronic

stagnation of internal phlegm may lead to the formation of a mass or tumor if

other pathological factors exist.16 An important advantage of seaweed is that it

can alleviate phlegm stagnation that may cause many complicated disease

symptoms.

Using seaweed as the principle ingredient, a herbalist can add other

compatible herbs to make a special prescription tailored to the individual

patient’s needs. The brown algae hăi zăo (Sargassum sp.), kūn bù (Ecklonia

sp.) and hăi dài (Laminaria sp.) are common seaweeds used in a prescription.

Often, the full Latin binomials are not mentioned. Hăi zăo may have stronger

actions for dissipating nodules whereas kūn bù may have stronger action in

softening hardness. Hăi zăo may be recommended for treating goiter and

scrofula and kūn bù for hepatosplenomegaly, liver cirrhosis and tumors.16 The

common herbal combination for goiter is hăi zăo yù hú tāng (Sargassum

decoction for the Jade hot pot soup) with hăi zăo and kūn bù as the principle

ingredients. Another less common prescription is jú hé wán (Tangerine seed

pill) for unilateral scrotal swelling in which all three above seaweeds are

included.16

According to classical teaching, hăi zăo (Sargassum sp.) andRadix glycyrrhizae

(licorice root) are an incompatible combination and should not be used together.

In practice, however, the combination is sometimes prescribed. A recent article
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from the TCMUniversity reviewed the literature from 1979 to 2010 where hăi zăo

yù hù tāng decoction was used with licorice.21 The study concluded that in

practice, hăi zăo yù hù tāng decoction and licorice root have been used together

and no reports of adverse effects were found.

As a general precaution, TCM advises not to use downward-draining herbs in

certain situations. Because downward-draining herbs may drain Qi and blood

circulation downwards, they should not be prescribed as the only medication for

diarrhea, heavy menstruation and pregnancy. For serious abdominal conditions

that require immediate attention such as intestinal obstruction, appendicitis,

cholecystitis and pancreatitis, patients must be evaluated by Western medical

examinations first. TCM advises that only after that, a TCM practitioner can

prescribe downward-draining herbs.16

12.3 Modern Research

12.3.1 Bioactive Substances in Seaweed

Throughout the history of TCM, seaweed has been used both as a medicine and

as a health food. Cultures where TCM has been practiced have incorporated

seaweed as part of the daily diet. Many epidemiological studies have shown that

dietary seaweed is associated with reduced risk of chronic diseases associated

with diet.22–25 Such observations inspired global research interest in dietary

seaweed. The following is a compilation of several excellent reviews and

biochemical research studies focusing on the constituents in dietary seaweed

commonly found in Chinese materia medica (Table 12.3). The table of nutrients

and bioactive compounds was prepared highlighting the uniqueness of each of

the brown, red and green algae group (Table 12.4).

12.3.1.1 Dietary Fiber

Seaweed has a high dietary fiber content. The total dietary fiber is classified as

polysaccharides. According to the proximate composition analysis by Yuan,

total dietary fiber ranged from 30.8 to 74.6% dry weight in brown algae, from

24.7 to 59.4 % in red algae and from 28.5 to 55.4% in green algae.1 The health

benefits of dietary fiber are well known. Insoluble dietary fiber functions as a

bulking agent in the gut similarly to a laxative. Soluble dietary fiber (SDF) has

the capacity to hold water and form colloidal gel in the gut. This viscous

material can absorb luminal lipids and cholesterol dissolved in the bile acids.

This process can eventually lead to a decrease in serum cholesterol and glucose

levels.1,26 Examples of such hydrocolloids are agar, alginates and carragee-

nans. Agar, isolated from red algae, is a food additive and a molding agent for

Japanese confectionaries (kanten). Alginates extracted from brown algae are

used in various industries from food processing, pharmaceuticals, chemicals,

animal feeds to cosmetics. Carrageenans are sulfated polysaccharides extracted
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from red algae species, with a long history of use in the food industry as food

additives and binding agents.

Digestion of SDF takes place in the colon by the colonic microflora.27 The

bacterial fermentation process enables the host to extract energy from SDF by

producing short-chain fatty acids. In the case of sulfated polysaccharides, the

digestion mechanism is not well known. Recently, a study implicated possible

horizontal gene transfer from the marine bacteria to the host microflora

isolated from Japanese individuals. 28 The genes coding for porphyranases that

act on porphyran, a sulfated polysaccharide of red algae, may have been

transferred from the marine bacteria attached to dietary red algae such as nori

to the Japanese colonic bacteria.

12.3.1.2 Sulfated Polysaccharides

Among the sulfated polysaccharides, fucoidans are isolated from brown algae.

They are composed of sulfated fucose-rich polysaccharides. Fucoidans have been

tested in various cell lines and animal disease models relating to inflammation,

neoplasia, oxidation, coagulation, viral infection and other diseases. The groups

of Li, Holdt and Fitton reported numerous positive results implicating fucoidan’s

important role in health maintenance and prevention from harmful effects.6,26,29

The anti-inflammatory function of fucoidan is well known. Fucoidan has

been shown to interact with the cell surface adhesion molecules called selectins

that aid lymphocytes to migrate during inflammation.29 By blocking selectins,

fucoidan can inhibit leukocyte migration and adhesion to inflammation sites.

In another study, fucoidan-containing extracts were obtained from Sargassum

hemiphyllum and tested in the mouse macrophage cell line activated by

lipopolysaccharide (LPS). The sulfated polysaccharide extract reduced the

secretion of pro-inflammatory mediators including nitric oxide (NOS), IL-1b,
IL-6 and TNF-a. Also, a reduction was observed in the mRNA expressions of

IL-1b, inducible NOS and cyclooxygenase-2 and the protein levels of nuclear

factor kB.30 Furthermore, studies have shown that fucoidan can block the

complement cascade system of immunity resulting in the inhibition of pro-

inflammatory anaphylatoxin synthesis. It is speculated that this may be the

mechanism for the antiallergic activity of fucoidan.29

Antioxidant activity of sulfated polysaccharides has been demonstrated in

Laminaria japonica, Fucus vesiculosus, Ecklonia kurome, Porphyra sp. and Ulva

sp.26 Fucoidan from L. japonica was shown to significantly inhibit the increase

in lipid peroxides in the serum, liver and spleen of diabetic mice; a correlation

may also exist between the molecular weight, the sulfate content and the anti-

oxidant activity.6

In viral infection, fucoidan has been shown to block viral replication by

blocking the binding of viral particles to the host cells. Antiviral activity

against herpes simplex viruses, HSV-1 and HSV-2 and other enveloped viruses

including human immunodeficiency virus (HIV) and human cytomegalovirus

(CMV) were demonstrated. Recently, a small clinical study was conducted
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with 13 Japanese patients suffering from human T-lymphotropic virus type-1

(HTLV-1) infection with HTLV-1 associated myelopathy/tropical spastic

paraparesis (HAM/TSP).31 The patients received 6 g per day of fucoidan

obtained from Cladosiphon okamuranus for 6–13 months. The results showed a

42.4 % decrease in the HTLV-1 proviral load without affecting the host

immune cells. Proviral load is an important indicator of clinical outcome. In

the same study, it was also demonstrated in-vitro that fucoidan inhibited the

cell-to-cell transmission of HTLV-1; however, the viability of infected cell line

was maintained.

The antitumor activity of fucoidan is well known, but the detailed mecha-

nism of action is not yet known. It is speculated that immunomodulation

may play a role in the antitumor effects. Studies have shown that fucoidan

can interact with the enzymes involved in metastasis, reduce solid tumor size

in animal models and directly kill tumor cells in vitro.6,26 Fucoidan may

inhibit tumor metastasis by inhibiting the enzymes involved in tumor cell

migration and implantation processes such as matrix metalloproteases,

hyaluronidases and elastases. The antitumor action may also be due to the

inhibition of tumor cell adhesion to various substrates. In animal models of

solid tumors, tumor size reduction may be secondary to antiangiogenesis

activity. Fucoidan exhibited direct tumor killing of human HS-sultan cells

via the caspase and ERK signaling pathway.6,26 In immunomodulation,

tumor cell destruction may be mediated by enhancement of the type 1 T-

helper cell and natural killer cell responses. In gamma-ray irradiated rats,

fucoidan enhanced the recovery of immunological function by inhibiting

apoptosis in splenic lymphocytes.32

The anticoagulation properties of fucoidan have been intensively studied

because of the potential to develop a natural oral anticoagulant. Anti-

coagulation activity is mediated by the inactivation of thrombin and binding to

the heparin cofactor.6,29

In the stomach, fucoidan demonstrated protective effects on the human

gastric mucosa infected with Helicobacter pylori by preventing the adhesion of

bacteria to the gastric mucosa.6,33 In the liver, fucoidan exhibited antifibrosis

activity in the rodent liver fibrosis model.29 For lipid metabolism, fucoidans

improved rat hypercholesterolemia and hyperlipidemia.6 Neuroprotective

effects from amyloid toxicity and radiation were reported in vitro with rat

neurons and neuronal stem cells respectively. Neuroprotection was also

observed in the mouse Parkinson’s disease model.29

Carrageenans are sulfated linear galactans extracted from red algae species.

Three forms, kappa, lambda and iota, exist with characteristic gel-forming

properties.26 Carrageenans possess anticoagulant activity through antithrombo-

tic effects. Carrageenans demonstrated antiviral activity in vitro by blocking the

adsorption stage of HSV virus infection. Carrageenan gels demonstrated in vitro

anti-HIV activity. The product, Carraguard, underwent a Phase III clinical trial

in South Africa enrolling 6000 non-pregnant HIV-negative women. However,

the study concluded that the product was not effective in preventing HIV
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transmission from male to female although it was safe for vaginal use.5

Carrageenans are ‘‘generally regarded as safe’’ (GRAS) by the US Food and

Drug Administration (FDA). The pro-inflammatory molecules of carrageenans

used in biology research probably have different molecular weights from the

therapeutic forms.26

12.3.1.3 Minerals

Well-known TCM herbal remedies for goiter use brown algae as the main

herbs. Historically, the common cause of goiter was iodine deficiency. Seaweed

is known for its high content of iodine. The brown algae in general have the

highest iodine content. The analysis by Yuan1 showed that in Laminaria spp.

and Sargassum spp., the iodine content ranged from 2 to 10,000 mg g21 dry

weight and from 30 to 3,000 mg g21 respectively. In comparison, the values for

Ulva spp. (green algae) were 20–250 mg g21. One study averaged the values

from ten Laminaria species obtained worldwide, which showed 1,542 mg g21

dry weight.34 In this study, the estimated iodine contents of Japanese kombu

and wakame were 2,353 and 42 mg g21, respectively. The daily iodine intake in

Japan was estimated to be 1,000 to 3,000 mg per day. In comparison, the

United States Recommended Daily Allowance of iodine for people over 14

years of age and not pregnant is 150 mg per day. Seaweed also contains other

important minerals, including potassium, calcium, magnesium, iron, zinc,

copper and manganese. The mineral contents fluctuate seasonally.1

12.3.1.4 Proteins

Protein content was in general higher in red algae, with Palmaria tenera having

37.8% dry weight, Enteromorpha compressa (green algae) 32.4% and Undaria

pinnatifida (brown algae) 18%.1Most species contained all of the essential amino

acids. Within the non-essential amino acids, the proportions of aspartate and

glutamate were relatively high. In P. palmate, aspartate content was 18.5% and

glutamate content was 9.9% of the total amino acids. In Sargassum spp., the

proportions were 9.99% and 11.4%, respectively. Aspartate and glutamate are

the chemical basis of umami in seaweed used for food flavoring. Seaweed also

contains taurine, a natural chemical similar to the amino acids. Taurine is

important in the production of bile acids. Its antihypertensive, hypocholester-

olemic and antioxidant activities were reported.26

Lectins are carbohydrate-binding proteins of non-immune origin. Bioactive

lectins have been isolated from various red and green algae, includingUlva spp.,

Gracilaria spp. and Eucheuma spp. Lectins are known to play a role in various

protein–carbohydrate interactions. Bioactivities have been demonstrated in

many studies relating to host–pathogen interaction, cell–cell recognition,

induction of apoptosis, antiadhesion, metastasis and differentiation, recognition

and binding of carbohydrates including viruses, bacteria, fungi and parasites.26
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Kahalide F is a depsipeptide isolated from green algae, Bryopsis spp. It

showed antitumor activities in the lung, colon and prostate cancer cell lines.26,35

It has a potentially unique mechanism of action as an antitumor agent by acting

on lysosomal membranes. The compound is undergoing clinical development as

a therapeutic agent for lung carcinoma.

Peptides isolated from Porphyra yezonensis and Hizikia fusiformis showed

angiotensin-converting enzyme (ACE) inhibitory activity. Extracts of U.

pinnatifida exhibited hypotensive effects in a rat hypertensive model. In a study

comparing ACE inhibitory activities among various species of brown and green

algae,Ecklonia cava (brown algae) showed the highest ACE inhibitory activity.26

12.3.1.5 Lipids

Seaweed has in general low lipid contents ranging from as low as 0.3% to

7.2% dry weight.1 Seaweed supplies essential polyunsaturated fatty acids

(PUFAs). According to Yuan’s analysis, the contents of C18:2n-6, C18:3n-3,

C20:5n-3 [eicosapentaenoic acid (EPA)] and C22:6n-3 [docosahexaenoic acid

(DHA)] were 0.69–10.03, 0.23–11.97, 1.01–33.1 and 0.80–12.9% of total fatty

acids, respectively.1 EPA was the highest in red algae, Gracilaria changgi

(33.1%) and Palmaria spp. (24.05%). Brown algae had an EPA range of 5.50–

9.43%. In this analysis, DHA was detected only in U. lactuca (0.80%) and G.

changgi (12.9%) and not in the brown algae. The beneficial health effects of

PUFAs are well known. PUFAs have been shown to reduce pro-

inflammatory cytokine production in inflammatory immune responses.

PUFAs have antiatherogenic and antithrombotic activity, which can exert

cardioprotective effects.36

Seaweed contains various types of sterols such as cholesterol and fucosterol

from brown algae and desmosterol from red algae. Fucosterol and desmosterol

showed hypocholesterolemic effects in animal models.1,26 Fucosterol had anti-

inflammatory properties in LPS-induced macrophages.37

12.3.1.6 Pigments

Seaweed contains chlorophylls and other unique photosynthetic pigments.

Among the carotenoids, fucoxanthin, isolated from brown algae, is known

for its various biological activities. Antioxidant activities were demonstrated

by many studies which reported that fucoxanthin was a strong scavenger of

reactive oxygen species.38 In the inflammatory reaction, fucoxanthins

reduced the production of inflammatory cytokines and mediators. Anti-

neoplastic activity of fucoxanthin was shown as an apoptosis-inducing

property.38 In another study, antiobesity effects were observed in mice,

probably due to the regulation of mitochondrial uncoupling protein 1 in

white adipose tissues.39
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The unique photosynthetic pigments isolated from red algae belong to the

phycobiliproteins. Red algae contain mainly phycoerythrin. Various bioactiv-

ities were reported in inflammation, cardiovascular protection, antitumor

effects and antioxidation.26

12.3.1.7 Micronutrients

Seaweed contains both water- and fat soluble-vitamins. Variable amounts of

vitamins A, B, C and E (tocols and tocotrienols) are present.1 Seaweed is a

non-animal and non-fish source of vitamin B12. Porphyra spp. contained

0.323 mg of vitamin B12 per gram dry weight and Enteromorpha spp. contained

0.636 mg.1 Another study showed that Ulva lactuca can provide 0.625 mg of

vitamin B12 per gram dry weight.40 Seaweed contains the essential nutrient

choline and also polyphenols, including catechins and phlorotannins. Brown

seaweed is a rich source of phlorotannins. The phlorotannins obtained from

Ecklonia cava from Korea showed cytotoxic activities against cultured human

tumor cell lines and ACE inhibitory activity.41,42 Also, phlorotannins showed

inhibitory effects on ADP-induced platelet aggregation in Sargassum

thunbergii from China.43

12.3.1.8 Toxins

Kainic and domoic acids are potent neuronal agonists and excitatory amino

acids. They are used in neurophysiological research and are also known for

antiroundworm toxicity. The kainoids are structurally related to glutamic and

aspartic acids. TCM uses seaweed containing kainoids, i.e., Caloglossa

leprineurii and Digenea simplex, as anthelmintic agents.35 A human study

from China published in 1965 reported that an oral dose, probably a

decoction, of Caloglossa leprineurii was effective in elimination of ascarids.44

Poisoning from seaweed is rare. A review by Smit described reported cases

of poisonings from red algae species.35 In 1991, poisoning from polycaverno-

side A was documented in Guam after consumption of Polycavernosa tsudai.45

According to the literature, P. tsudai is closely related to Gracilaria edulis. In

Japan, a fatal poisoning was reported in 1993 due to prostaglandin E2 from

consumption of ogonori, G. verrucosa. In 1994, non-fatal poisoning was re-

ported in Hawaii from aplysiatoxins found in G. coronopifolia.46

12.3.1.9 Variations

Among the various species of seaweed, the biochemical constituents are not

uniform. Wide variations exist among the species and the red, green and brown

algae groups. Even within the same species, seasonal variations are observed.

The minerals, proteins, fatty acids, photosynthetic pigments, phytosterols and

vitamins all showed such fluctuations.1 Furthermore, coastal habitats and

geographical locations influence environmental factors, which may lead to
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biochemical variations even within the same species. Any of the above factors

can influence the nutritive value and biological potency of the whole seaweed

or the extracts. It is therefore important to record not only the species identity

but also, if possible, the date and costal location of the harvest. The study from

Alexandria, Egypt, illustrates this point. Seasonal variations in antioxidant

activity were measured in Enteromorpha compressa extracts prepared by

several extraction methods. The study showed antioxidant activity measured

by DPPH methods was highest in the spring in crude ethanolic extracts.47

12.3.2 Human Clinical Studies with Dietary Seaweed

As outlined in 12.3.1, translational research continues to provide positive

results from bioactive substances in dietary seaweed. Recent observational

studies from Korea and Japan showed associations between the consumption

of dietary seaweed and positive health effects in type II diabetes, osteoporosis,

obesity, cardiovascular mortality, allergic rhinosinusitis and breast cancer.25

Another recent observational study showed that even in young Japanese

children, an inverse relationship was observed between high intake of dietary

seaweed and blood pressure.50

It is important to understand the strength and weaknesses of various human

research methods intended to show a substance–disease relationship. The FDA

Guidance for Industry: Evidence-Based Review System for the Scientific Evalu-

ation of Health Claims – Final 2009, written in English, Chinese and Hindi,

offers guidance in properly designing observational studies and randomized con-

trolled clinical trials.

Stronger data from translational research and observational studies support

TCM uses of seaweed; however, it is not well known how the bioactive

substances are absorbed and function positively in the human body. Recently,

several controlled clinical studies were conducted with dietary seaweed in-

terventions. Even though the studies were too small to draw any general

conclusions about efficacy, causality or safety, they may trigger further interest

in initiating larger trials. The study subjects consumed either brown or red

seaweed and the investigators measured parameters related to glycemic res-

ponse, type II diabetes mellitus, metabolic syndrome, estrogen metabolism and

viral infection (Table 12.5).

A study conducted in Spain evaluated dietary seaweed and glycemic response in

12 healthy 20 to 24-year-old female subjects.51 The nori alga (Porphyra tenera)

from northern Spain was powdered and encapsulated at 500 mg per capsule. First

the baseline glycemic response was obtained by measuring postprandial blood

glucose levels after ingestion of white bread containing 50 g of starch. The next

day, each of the subjects ingested six capsules with white bread containing 50 g of

starch. The results showed a sharp decrease in postprandial glucose peaks.

A study from Korea reported the effects of dietary brown seaweed in patients

with type II diabetes mellitus.52 Twenty diabetic subjects were randomized to

either a seaweed supplementation group or a control group. Dried brown
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seaweed was powdered and formed into pills and taken orally by the subjects

three times per day, equivalent to 48 g of seaweed per day. After 4 weeks, fasting

blood glucose and the 2 hour postprandial blood glucose decreased significantly

in the group who had taken seaweed pills compared with the group without

seaweed. The serum total triglycerides also decreased significantly, with a

significant increase in high-density lipoprotein cholesterol; however, the total

cholesterol and low-density lipoprotein values were not affected. The effects may

have been due to the 2.5-fold increase in soluble dietary fiber intake compared

with the control group. Blood analysis showed an elevation in antioxidant

enzyme activities in blood samples obtained from the seaweed supplementation

group.

The effects of dietary seaweed in the metabolic syndrome were evaluated in a

double-blind crossover study.53 The subjects were 27 men and women from

Ecuador who were non-seaweed consumers and had at least one parameter of

the metabolic syndrome. Wakame, Undaria pinnatifida, harvested in Argentina

was powdered and encapsulated at 500 mg per capsule. Subjects were assigned

to one of two groups. Group 1 received 4 weeks of placebo followed by 4 weeks

of 4 g per day of seaweed (four capsules twice per day). Group 2 took 4 weeks

of 4 g per day of seaweed followed by 4 weeks of 6 g per day (six capsules twice

per day). The study concluded that daily intake of 6 g per day, which is similar

to the average daily intake in Japan, showed positive effects with a reduction in

systolic blood pressure in one hypertensive man and a reduction in the waist

circumference of one woman.

The next two studies reported the effects of dietary seaweed on estrogen and

progesterone metabolism. The case report from Northern California included

three premenopausal women with abnormal menstrual cycles.54 Daily intake

of either 700 mg or 1.4 g of encapsulated powdered brown seaweed, Fucus

vesiculosus, showed improvement in menstruation with a prolongation of the

duration of cycles. Also, antiestrogenic effects were observed with a reduction

in the serum 17b-estradiol levels and an increase in progesterone levels. This

pilot study led to further investigations on the binding affinity of F. vesiculosus

to the estrogen and progesterone receptors.55

The role of dietary seaweed in estrogen and phytoestrogen metabolism was

evaluated in a double-blind crossover study enrolling 15 healthy postmeno-

pausal women of European descent in Massachusetts, USA.56 The subjects

were randomized to two groups. One group took seaweed for 7 weeks, and

during the seventh week a daily soy protein isolate, isoflavones, was also con-

sumed. Another group took placebo for 7 weeks with a soy protein challenge,

i.e., daily isoflavones during the seventh week. After a 3 week washout period,

the subjects were crossed over to the alternate group. The seaweed dosage was

5 g per day (10 capsules) prepared from powdered brown alga, Alaria sp.,

harvested along the northeastern shores of North America. The results showed

that of the five subjects who were equol excreters, soy increased urinary equol

excretion (equol is a metabolite of soy isoflavones; it is produced by intestinal

bacteria in some people). The combination of seaweed and soy further
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increased equol excretion. The results showed that the seaweed supplementa-

tion dose was inversely associated with serum estradiol levels. The investi-

gators speculated on a possible role of seaweed in modulating colonic bacteria.

The last two studies reported clinical cases of viral illness and positive effects

of dietary seaweed. The first study reported beneficial effects of Undaria

pinnatifida from Tasmania.57 The formulation was ingested by patients who

presented with acute or latent infections from the herpes group virus including

herpes simplex virus type 1, type 2, Epstein–Barr virus and herpes zoster virus.

Fifteen subjects with active infection and six patients with latent infection were

enrolled. The dosage for 15 patients with active herpetic viral infections was

2.24 g (four capsules) per day, which was within the range of average daily

seaweed consumption in Japan. Six patients with latent infection were given

1.12 g (two capsules) per day, except one patient who took four capsules per

day. The treatment was associated with increased healing rates in patients with

active infection. In vitro experiments showed that seaweed had mitogenic

effects on human T-cells.

A recent study in South Carolina evaluated the effects of dietary seaweed in

patients with HIV infection.58 Patients were not required to be on anti-

retroviral therapy and were referred to the study because of declining CD4 cell

counts and increasing viral load. The first part of the study was a 3 month

safety study. After 3 months, additional patients were recruited for a longer

duration of therapy. Five and six patients participated in the shorter and

longer studies, respectively. Patients were randomly assigned to one of the

three treatment arms: Undaria pinnatifida from the Patagonian coast of

Argentina or spirulina (Arthrospira platensis) from California or both. The

daily dose regimens were 5 g of Undaria (10 capsules); 6 g of spirulina (10

capsules) or a combination (10 capsules with 2.5 g of Undaria + 3 g of

spirulina). The results showed that dietary seaweed was non-toxic to the

subjects with HIV infection who had never consumed seaweed. The Undaria-

only and Undaria and spirulina combination groups demonstrated some

effects. Quality of life indicators showed improvement at 3 weeks. The CD4

cells and HIV-1 viral loads remained stable. One subject who continued in the

study for 13 months showed significant improvement in CD4 counts and

decreased HIV viral load. The investigators speculated that dietary seaweed

may offer immediate support for people with HIV.

The above controlled studies and case reports indicated potential causality

between dietary seaweed intake and health benefits. Combined with the results

from observational studies, positive human research data indicating health

benefits of dietary seaweed have been accumulating. In contrast, TCM has a

unique standard of practice in evaluating and treating illness in which the

principal herb is prescribed with multiple other herbs with synergistic effects.

The TCM standard practice makes it challenging to quantify the effectiveness

of medicinal uses of an herbal ingredient. In recent years, rapidly increasing

numbers of TCM clinical studies and case reports have been published in

Chinese and international journals.
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12.3.3 TCM Clinical Studies – Herbal Uses of Seaweed

Researchers at Sı̀chuān, China, analyzed 3,159 TCM randomized controlled

trials (RCTs) conducted in China, Hong Kong and Taiwan during 1965–2008
and published in either Chinese or foreign journals.59 The meta-analysis

performed quality assessment of the clinical trial design, focusing on the rando-

mization and blinding methods. From 1993 to 2007, Chinese and foreign

journals published 2,535 and 374 RCTs, respectively. The number of reports

published between 1965 and 1993 was relatively small. For the RCTs published

in Chinese journals, the proportion of reports with adequate randomization was

increased, but not that of blinding methods. In contrast, TCMRCTs reported in

foreign journals showed a large improvement in both parameters. The survey
concluded that many of the TCM RCTs reported in Chinese journals during

1993–2007 lacked key information and it was difficult to interpret the studies.

The results of this survey showed the limitations of applying conventional RCT

design standards to the TCM system.

12.3.3.1 Seaweed in TCM Clinical Studies

The following are five human studies from 2002 to 2010 that reported positive

effects of seaweed used as herbal therapy. A 2002 clinical study in Běijīng
examined endothelial cell injury in atherosclerosis and protective effects of a

herbal liquid formulation taken daily for 2 months.60 Subjects were patients

with a diagnosis of coronary artery disease with stable angina pectoris with

hypertension, mild to moderate cerebral arteriosclerosis or primary hyperli-

pidemia. Thirty subjects received the test formulation, and 31 subjects in the

positive control group received 20 mg per day of lovastatin, a cholesterol-

lowering drug. The TCM intervention was a liquid formulation containing

Radix ginseng rubra as the principal herb with Fructus crataegi and Sargassum

sp., a brown alga, as the supporting herbs. The TCM rationale for the formula

was to reinforce deficient spleen Qi, eliminate phlegm and dampness, remove

blood stasis and eventually to prevent the formation of atherosclerosis. The

results showed that both the herbal formulation and lovastatin significantly

decreased total cholesterol, low-density lipoprotein cholesterol, apolipoprotein

ApoB-100 and Apo-AI. Triglyceride levels decreased in the test group only.

Also, the level of plasma endothelin decreased significantly in the test group.

Adverse reactions were unremarkable.
In 2002, investigators from Zhèjīang treated patients with chronic gastritis for 1

month with a capsule formulation containing Shı́ huā cài, a red algaGelidium sp.61

A total of 140 patients with chronic gastritis were randomized to the test group of

100 patients and the control group of 40 patients who receivedYang- Wei-Chong-

Ji, a commercial herbal prescription used for gastritis. The results showed the test

and the control group had similar effectivenesses of 95 and 92.5%, respectively.

A 2007 case report from Guăngdōng and Jiāngxī discussed the effectiveness

ofHăi zăo, Sargassum sp. (brown alga) and licorice in treating 120 women with
mammary gland hyperplasia.62 The prescription was a combination of nine
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herbs including Hăi zăo and licorice. The study design allowed the

investigators to prescribe any of the ten additional herbs as needed according

to the individual patient’s needs. The results showed 92.5% total effectiveness.

No toxic side effects or allergic reactions were observed.

A 2006 case report from Shănxī included 34 patients with uterine muscle

tumor who were treated with brown algae, Hăi zăo and Kūn bù (Ecklonia sp.)

and nine other herbs in a decoction.63 Additional herbs were prescribed as
needed according to each individual situation. The treatment showed an

effectiveness of 82.35% after three courses of therapy.

A 2010 study in Guăngdōng investigated 108 patients with thyroid

enlargement (goiter) treated with Hăi zăo yù hù tāng herbal prescription, the

main ingredients of which are brown algae, Hăi zăo and Kūn bù.64 The

comparator group consisted of 116 patients who took a non-seaweed-

containing herbal mixture, Xiāo yáo săn. The parameters used for determina-

tion of efficacy were the reduction of the enlarged glands, progression to
surgery, blood tests of thyroid function, clinical examination of the mass and

overall symptoms. The study design allowed patients with hyperthyroidism to

receive additional herbs as needed. The study concluded that Hăi zăo yù hù tā

ng showed only a short-term efficacy and cautioned the use of iodine-

containing Hăi zăo and Kūn bù for patients with hyperthyroidism and goiter

when no surgery was planned.

The above studies illustrated some of the challenges of designing TCM

controlled trials. For example, seaweed was one of the ingredients in a mixture of
herbs and it is difficult to evaluate the effects of a single ingredient. The study

design allowed the investigators to prescribe additional herbs as needed for each

individual patient. This is a common practice in TCM because the treatment is

personalized; however, it makes it difficult to interpret the efficacy results. In

terms of the formulation or manufacturing-related matters, the identity and

source of herbal ingredients, Latin binomials, methods of preparation of the

capsule or liquid formulation were not sufficiently provided. Comparing the

English and Chinese reports, the 2002 Beijing study written in English contained
the most detailed information.

12.3.3.2 Reporting Quality Improvement

Over the last 5 years, progress has been made in improving the quality of

reporting TCM RCTs. In 2007, Consolidated Standards for Reporting Trials
of Traditional Chinese Medicine (CONSORT for TCM) was published in

English and Chinese for public comment.65 The Committee consisted of

experts from China, Hong Kong, Canada and the USA. The 2011 Update re-

commended transparency in several aspects of TCM study design, including

the rationale for study design, diagnostic criteria, key information about in-

tervention, outcome definition and safety reporting.66

The Update emphasized the importance of clearly explaining the overall

rationale of the study design so that readers can understand the validity of the
study. Because TCM has a unique system of determining diagnosis based on
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identification of key zhèng (patterns) of disease manifestations, the diagnostic

criteria for patient selection must be explained in terms of zhèng imbalance or,

where possible, both TCM and Western terms. The rationale for selecting the

herbal combinations for both therapeutic interventions and controls must be

explained.

For TCM interventions with oral herbal prescriptions, detailed information

about the herbal formula is crucial because ideally, the results must be

reproducible. The authors consider the following to be the crucial information:

the rationale for herbal combinations, botanical species identity, chemical

identity and pharmacological evidence for each active ingredient, dosage,

treatment regimen and, if a proprietary formula, the product name and the

manufacturer’s information. It is not uncommon for a TCM practitioner to

modify herbal prescriptions according to an individual situation. In that case,

the rationale must be clearly explained and the change recorded. If a positive

control medicine was used, detailed information should be included. The

medicinal herbs must be free of impurities and contamination. The

methodology used to ensure the quality of herbs should be reported, including

the source of the herbs, place of harvest, methods used for validating the active

ingredients and the control used for standardization. When a placebo was

manufactured, the inactive ingredients must be disclosed.

It is also emphasized that safety reporting of side effects and adverse events

(AEs) is necessary. The known side effects of the herbs should be described and

the assessment methods for each AE and rationale for treatment explained. If

AEs occur, they must be disclosed and the interpretation should be made in

terms of TCM theory and conventional medicine if applicable.

From the Chinese regulators, the initiatives to advance research in TCM

were recently announced. On 25 April 2012, the Center for Drug Evaluation of

the State Food and Drug Administration (SFDA) announced that a special

project will be launched.67 The purposes are to focus on the analysis of existing

data from TCM-based diagnosis and therapy, to promote new clinical methods

for evaluating the efficacies of new syndrome-based TCM, to evaluate

standards for TCM diagnosis and therapy and to establish clinical trials

guidelines unique to TCM.

As illustrated above, recently, international research experts from both

TCM and Western medicine as well as the Chinese regulators have been

working diligently towards promoting transparency in TCM. Probably the

new standard will be a blend of the unique TCM syndrome-oriented system

and the conventional disease-oriented approach.

12.4 Safety

Brown alga is known for its high content of iodine. The average for 10

Laminaria species obtained worldwide was 1,542 mg g21 dry weight.34 Even

though dried seaweed is soaked and washed before cooking and the mineral

contents absorbed may be reduced, people with pre-existing thyroid conditions
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are recommended to consult healthcare professionals before taking excessive

amounts of dietary seaweed because iodine may cause negative effects on

abnormal thyroid function.68

One recent prospective study in Japan showed that high consumption of

dietary seaweed was associated with higher risks of thyroid papillary

carcinoma in postmenopausal women, but not in premenopausal women.69

The investigators speculated that the increased risk may have been due to an

antiestrogenic activity of seaweed. As Chen et al. discussed, estrogens may

promote thyroid cancer cell proliferation and growth via estrogen receptor

alpha (ERa).70 The expression of ERa on papillary thyroid carcinoma was

higher in premenopausal than postmenopausal women. Also, in vitro, seaweed

extract was able to block the binding of estradiol to ERa. Overall, the authors

speculated that postmenopausal women having lower levels of ERa expression

on the thyroid cancer cells received less protective advantage from dietary

seaweed, which may have resulted in a higher risk of thyroid cancer.

Alternatively, it may have been possible that the higher risk of cancer was

associated with a higher intake of iodine from dietary seaweed; however, this

study was limited in several ways. Because older women in Japan tend to

consume higher amounts of seaweed, in this study the higher seaweed

consumers were also older and postmenopausal. The determination of seaweed

consumption was performed solely using questionnaires and other possible

dietary sources of iodine were not investigated, and no samples were collected

for quantifying iodine in the body. The authors therefore concluded that a

different prospective study is needed to investigate iodine intake and cancer

risk.

Seaweed and seaweed-based dietary supplements have been shown to

contain various bioactive substances. It is possible that any such substances

may manifest physical effects and/or interact with pharmacological agents. It is

therefore important to communicate to healthcare professionals or ask

patients about consumption of seaweed or seaweed containing dietary

supplements as recommended by Obasanjo.71 For example, bladderwrack

(Fucus vesiculosus) may influence gut motility due to alginates and may lower

blood pressure because of ACE inhibitory activity. High regular consumption

of brown algae may cause an increased intake of iodine, which may influence

thyroid function tests. Also, glycemic response and blood glucose values could

be modified. The anticoagulation effects of sulfated polysaccharides may

influence blood coagulation parameters. Moreover, the presence of vitamins

and micronutrients in seaweed may influence laboratory values.72

Even though seaweed is a good source of important minerals, it may

accumulate undesirable heavy metals. Seaweed grown in seawater contaminated

with heavy metals such as lead, mercury and cadmium may accumulate these

pollutants. It has been shown that hijiki (Sargassum fusiforme) can accumulate

inorganic arsenic harmful to human health. The Food Standards Agency in the

U.K. advised consumers not to eat hijiki because of its content of inorganic

arsenic.73
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Seaweed for human consumption is harvested domestically or around the

world. Contamination with pesticides and pollutants may occur during farming,

harvesting or processing. Contamination can also occur during the manufacturing

stage, including liquid extraction, formulation, encapsulation and packaging.

Because assurance of product safety is the most important issue for consumers, a

set of standards were established over the years through the consumer feedback

system followed by industry improvement efforts and public health initiatives by

regulators. As outlined by Lee et al., a set of performance standards safeguards the

quality of farmed food products, dietary supplements and pharmaceutical

products such as Good Agricultural Practice, Good Manufacturing Practice,
Good Supply Practice and, in the case of animal testing and human sample

testing, Good Laboratory Practice and Good Clinical Laboratory Practice,

respectively.74

12.5 Conclusion – Totality of Evidence

TCM uses seaweed as a medicine and as a health food. Modern biochemistry

research has supplied abundant positive data supporting the health-promoting

bioactivity of seaweed constituents (Section 12.3.1 and Table 12.4). Large

epidemiological studies have shown that dietary seaweed appears to be

associated with a lower risk of developing chronic diseases associated with diet.

Recently, small controlled clinical trials were conducted to investigate dietary

seaweed and health effects. Measurable pharmacodynamic effects were reported

on glycemic response, type II diabetes, the metabolic syndrome, estrogen

regulation and viral illness (Section 12.3.2 and Table 12.5). Over the past 20

years, increasing numbers of TCM hospitals have been reporting results from

RCTs in Chinese and foreign journals; however, meta-analysis has shown that

the results are difficult to interpret because of a paucity of key information

relating to biochemistry and manufacturing of the herbal ingredients, and study

design. Currently, therefore, the TCM uses of seaweed are validated mostly

by translational biochemistry research, epidemiological observations and the

data from a small number of non-TCM controlled human clinical studies

(Table 12.6). While there is a strong historical and cultural basis for medicinal

uses of seaweed, currently the positive results from TCM human clinical trials

are difficult to interpret. That being said, it is a time of transformation. Over the

past 5 years, dialogue between the experts from both TCM and biometric-

oriented Western style clinical research has been actively taking place. A unique

TCM-focused clinical trial design may be applied to seaweed TCM studies in the

near future.
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CHAPTER 13

The Preventive Effect of
Traditional Chinese Medicinal
Herbs on Type 2 Diabetes
Mellitus
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13.1 Introduction

13.1.1 Diabetes Statistics

Diabetes mellitus (DM) is a chronic disease resulting from endocrine

dysfunction. According to the World Health Organization in 2011, y364

million people globally suffer from DM, with projections that DM-related

deaths will double from 2005 to 2030.1 In 2004, 3.4 million people died directly

from the consequences of high blood glucose. The growing concern is the

epidemic growth of obesity and the increase in the elderly population, which

will continue to increase the prevalence of DM.
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The Centers for Disease Control estimate that in the USA alone, 25.8

million Americans, or 8.3% of the population, suffer from DM, with 7 million

currently undiagnosed.2 DM is higher, 26.9%, in the elderly (aged 65 years or

older). However, it has also quickly become a disease observed in younger

patients. Almost 2 million adults over the age of 20 years were newly diagnosed

with DM in 2010. More alarmingly, 35% of adults over the age of 20 years and

50% of the elderly had pre-diabetes, which equates to 79 million people in the

USA. DM is the primary cause of renal failure, non-traumatic lower-limb

amputations and newly diagnosed retinopathy.

DM is the seventh leading cause of mortality of Americans. The risk of

death is twice in those with DM than those without the disease of similar age.

Both heart disease and stroke are 2–4 times higher in patients with DM

compared with those without DM and about two-thirds of DM patients have

hypertension. DM is related to 44% of all newly diagnosed cases of renal

failure. Peripheral neuropathy is also prevalent in DM patients. Between 60

and 70% of DM patients have mild to severe nerve damage, resulting in

reduced sensation in the feet or hands, decreased digestion of food, erectile

dysfunction and carpal tunnel syndrome. Reduced blood flow and peripheral

neuropathy resulting in nerve damage may result in infections that require

amputation of lower limbs. Over 60% of non-traumatic lower-limb amputa-

tions are related to patients with DM. Cardiovascular-related diseases account

for more than 70% of deaths in patients suffering from DM.3

13.1.2 Pathology and Therapeutics

DM is the result of a combination of genetic susceptibility, environmental

influences and increased calorie consumption, of which fat is the most

important element.

Type 1 DM (T1DM) is considered an autoimmune disorder which causes the

destruction of pancreatic b-cells, although the exact pathogenesis is unknown.

At present, there is no effective way to prevent T1DM.

Type 2 DM (T2DM), a rapidly growing health concern in both developed

and developing nations, accounts for over 90% of diabetic cases globally.4,5

T2DM is thought to start with a state of insulin resistance which will cause the

normally insulin-responsive tissues to become relatively refractory to insulin’s

effect. Although insulin resistance can be overcome by increasing insulin

secretion from pancreatic b-cells at early stages, b-cells eventually fail to

compensate for the insulin resistance of the target tissues due to the loss of or

decreased renewal of b-cells. The disorder typically develops gradually,

without obvious symptoms at the onset, and is frequently diagnosed either

by elevated blood glucose in routine screening tests or after the disease has

become severe enough to cause polyuria and polydipsia. Obesity is the single

most important factor for T2DM and 80% of patients are obese. In many

cases, insulin resistance is the result of obesity and sedentary lifestyle, although

the molecular predisposition is poorly understood. Many investigators have

Preventive Effect of Traditional Chinese Medicinal Herbs on Type 2 Diabetes 269

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

02
68

View Online

http://dx.doi.org/10.1039/9781849737852-00268


described insulin receptors and post-receptor signaling defects as other po-

tential pathological mechanisms.

T2DM is associated with multiple comorbidities and complications. DM

education, prevention and care are complex and should be designed to be

patient specific. Physicians, nurses, pharmacists and dieticians are often

recruited as a balanced healthcare team in managing a patient’s DM. The

American Diabetes Association promotes DM self-management education, a

process in which the patient is equipped with the knowledge and skills to

provide self-care, manage crisis and make lifestyle interventions.4,5 Table 13.1

lists the most frequently prescribed drugs currently used in the treatment of

T2DM.

13.2 Prevention of T2DM

The prevention of T2DM could be classified into four stages: primordial,

primary, secondary and tertiary level strategies.6 Primordial interventions

include dietary and lifestyle modifications such as reduction of fat or salt

intake, increase of physical activity and weight loss in the healthy population.

Primary intervention is initiated at the stage of impaired fasting glucose/

impaired glucose tolerance. At this juncture, it is still possible to prevent the

progression to T2DM with the use of pharmacological agents in addition to

the aforementioned lifestyle modifications. When patients require secondary

prevention, it involves retarding the development of diabetic complications.

Tertiary prevention encompasses the treatment of specific diabetic complica-

tions and to mitigate morbidity and mortality. Hence the prevention of

diabetes can be applied in all stages of T2DM. Conceptually, there is no

significant difference in the approaches between the treatment and prevention

of T2DM. However, diabetic patients require more aggressive drug therapy

and frequent monitoring.

The primordial stage is also termed pre-diabetes.6–8 Patients with pre-

diabetes have a fasting blood glucose (FBG) level of 100–125 mg dL21 (5.6–

6.9 mmol L21), a 2 h plasma glucose concentration following an oral glucose

tolerance test (OGTT) of 140–199 mg dL21 (7.8–11.0 mmol L21) or an

HgbA1C of 5.7–6.4%. Treating pre-diabetes to prevent progression to overt

diabetes could be significantly beneficial. Maintaining the blood glucose level

in the normal range prevents diabetic complications.8 Identification of

individuals with pre-diabetes provides an opportunity to treat those who are

at high risk for developing overt T2DM.

Lifestyle modifications are the most common and effective ways of T2DM

prevention. However, certain pharmacological interventions have also demon-

strated efficacy in lowering the incidence or delaying the onset of the diabetes.9

In the Diabetes Prevention Program trial, the lifestyle modification was found to

decrease the incidence by 58% (from 11.0 to 4.8% per year), while metformin

(850 mg, twice daily) decreased the incidence of DM by 31% (from 11.0 to 7.8%)

in 3234 non-diabetic persons during 2.8 years.10 As such, metformin is the only
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current medication that has been advocated to be used in the prevention of

diabetes in high-risk populations such as those with a history of gestational

diabetes or morbid obesity and those with progressive hyperglycemia. In

addition, the a-glucosidase inhibitor acarbose reduced morbidity by 10% and

delayed the development of T2DM in patients with impaired glucose tolerance

in the STOP-Noninsulin-Dependent Diabetes Mellitus (STOP-NIDDM) trial.11

The thiazolidinedione troglitazone reduced the risk by 56% in the Troglitazone

in Prevention of Diabetes (TRIPOD) study.12

Of the anti-DM agents, metformin can mitigate the symptoms of T2DM.

However, whether the incidence of T2DM can be reduced after discontinuation

of the drug has not yet been determined. In addition, in the population with BMI

,30 and older than 60 years, metformin was not as effective as diet or exercise.13

Also, as with any prescription drug, it requires regular monitoring. It has

undesirable side effects, such as diarrhea, nausea, chest discomfort, flushes,

palpitations and hypoglycemia. Side effects must be considered especially when

the drugs are being used to prevent or delay diabetes rather than to treat it.14

13.3 The Historical Use of TCM Herbs for DM
Treatment

Five thousand years ago, the ancient Chinese invented a medical system based

on the Yin–Yang Theory to diagnose diseases and used many herbs for

treatment. This medical and pharmaceutical practice, dubbed traditional

Chinese medicine (TCM), has continued without interruption until the present

day. DM is identified in TCM due to lack of qi, toxin retention and blood

stasis in the body. Thus, TCM herbs which replenish qi, remove toxins and

promote blood circulation are frequently used to treat diabetic patients. TCM

herbs provide a good alternative to Western medications for DM prevention

due to their effectiveness, fewer side effects and lower cost.15–19

13.4 Frequently Used TCM Herbs

It has been reported that y800 plants are used in the control of DM as single

herbal extracts or in complex formulas, and more than 400 have been

demonstrated experimentally to be effective in vitro or in vivo.19 Many of the

pharmacological mechanisms can be classified as (1) reducing carbohydrate

absorption, such as inhibition of a-glucosidase, a-amylase and aldose re-

ductase, (2) stimulating insulin secretion, (3) increasing insulin sensitivity, (4)

increasing glucose uptake, (5) potentiating endogenous incretins, (6) being

antioxidant and decreasing b-cell apoptosis and (7) inhibiting hepatic glyco-

genolysis (see Figure 13.1).19–21 Since multiple chemicals are present in each

herbal preparation, some herbal medications may work via multiple me-

chanisms. In the following sections, we summarize the Chinese and English

literature and list the most effective TCM herbs under these identifiable
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mechanisms. Those with less or uncertain evidence are listed in Table 13.2.

Most of the studies have been conducted using in vitro systems and diabetic

animals. However, there has been an increase in randomized placebo-

controlled clinical trials. Table 13.3 lists recent and current DM clinical trials

with TCM herbs.

13.4.1 Individual TCM Herbs

13.4.1.1 Reducing Carbohydrate Absorption

13.4.1.1.1 Barringtonia racemosa

Barringtonia racemosa is an evergreen mangrove tree that grows in Bangladesh,

Sri Lanka and the west coast of India. Its bark and leaves are used for snake

bites, rat poisoning, boils and gastric ulcers. Its seeds are aromatic and useful

Figure 13.1 Mechanisms of anti-diabetic effects of TCM herbs.
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in colic and ophthalmic disorders. One of the major components of B.

racemosa is bartogenic acid. In vitro enzymatic studies showed that the hexane,

ethanol and methanol extracts in addition to bartogenic acid could inhibit the

intestinal a-glucosidase activity at concentrations ranging from 0.02 to

0.2 mg mL21. The methanol extract was most potent in suppressing the rise

in the blood glucose level in rats receiving maltose.22

13.4.1.1.2 Cassia auriculata

Cassia auriculata L. (Cesalpinaceae; common name: Tanner’s Cassia), a

common plant in Asia, has been widely used in TCM as a cure for rheumatism,

conjunctivitis and DM. The methanol extract of dried flowers of C. auriculata

was shown to have a-glucosidase-inhibitory activity and lowered the blood

glycemic response following maltose ingestion at a dose of 5 mg kg21.23

13.4.1.1.3 Syzygium cumini (L.) Skeels

Syzygium cumini (L.) Skeels, also known as Eugenia jambolana, Jamun, Jambu,

Black Plum or Black Berry, has frequently been used to treat DM in India17

and Brazil.24 Blood glucose, postprandial glucose, cholesterol and free fatty

acid reduction have been produced in experiments with diabetic rats.25–27

Extracts of S. cumini have shown a-glucosidase inhibitory activities.28,29

Hepatic enzymatic activities of G6P, glucokinase and phosphofructokinase

were significantly reduced in diabetic animals.29 Insulinase, which breaks down

insulin, was inhibited in b-cells isolated from both non-diabetic and diabetic

mice.30 Blood glucose levels were reduced as rapidly as 30 min after treatment.

Adenosine deaminase activity, which plays a role in modulating insulin, was
reduced in human subjects.31 However, two double-blind, randomized trials

involving non-DM32 and DM33 patients did not reduce postprandial glucose

levels.

13.4.1.2 Stimulating Insulin Secretion

13.4.1.2.1 Radix Rehmanniae Praeparata

Radix Rehmanniae, the root of Rehmannia glutinosa Libosch. (family
Scrophulariaceae), has a wide spectrum of pharmacological activities on the

blood, immune, endocrine, nervous and cardiovascular systems. It is commonly

prescribed to relieve febrile diseases, DM, epistaxis and skin eruptions in China.

The aqueous extract of Radix Rehmanniae was found to be effective in

promoting diabetic foot ulcer healing in rats through the processes of tissue

regeneration, angiogenesis and inflammation control and can potentially be

used to aid in the healing of diabetic foot ulcers in DM patients.34

Radix Rehmanniae contains catalpol, rehmannioside A, B, C and D,

phenethyl alcohol derivatives including leucosceptoside A and purpureaside C,
monocyclic sesquiterpenes and their glycosides.35
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Radix Rehmanniae showed hypoglycemic activity in normal and strepto-

zotocin (STZ)-induced diabetic mice. The postulated mechanisms of action are

stimulation of insulin secretion, regulation of glucose metabolism in DM rats

and reduction of hepatic glycogen content of non-DM mice.20,36

13.4.1.2.2 Gymnema sylvestre (syn. Periploca sylvestris Retz.)

Gymnema sylvestre is a traditional medicinal plant that grows in southern

China and India. It has been widely used as a remedy for DM and

gastrointestinal and genitourinary ailments. The major chemical components

include gymnemic acids I–VII, triterpenoid saponins (gymnemosides a–f and

gymnemoside W1–2), conduritol A and dihydroxygymnemic triacetate.37

Body weight and also pancreas and liver weight were increased in alloxan-

induced diabetic mice by oral administration of the leaf or callus extract of G.

sylvestre at 200 mg kg21. The effect of the extracts was similar to 4 units kg21

of insulin. The hepatic glycogen level was also increased (2.15–2.47 mg g21

versus 1.35 mg g21 for the extracts and control, respectively), which in turn

could stimulate the secretion of insulin.38 In STZ rats, the hexane, acetone and

methanol extracts decreased plasma glucose levels. The acetone extract was

found to be the most potent. Oral administration of 600 mg kg21 of the

acetone extract for 45 days decreased the glucose level from 443 to

114 mg L21. Dihydroxygymnemic triacetate was identified as the major active

component; at 5–20 mg kg21 it showed a significant effect on lowering the

blood glucose level by increasing plasma insulin levels.39

In a clinical trial, G. sylvestre extract proved to be beneficial in the

management of T2DM in patients. The subjects showed reduced polyphagia,

fatigue, blood glucose (fasting and postprandial) and HgbA1C in comparison

with the control group following an oral dose of 500 mg of herbal extract for a

period of 3 months.40

In another study, G. sylvestre extracts were shown to be able to regenerate b-

cells and increase the circulating insulin level by stimulating its secretion.38

13.4.1.2.3 Momordica charantia

Momordica charantia, also known as bitter melon, karela, balsam pear or bitter

gourd, is a popular vegetable. It has been used for the treatment of DM-related

conditions in southern China, India, the Caribbean and East Africa.19,41

The major components of M. charantia include eleostearic acid, stearic acid,

charantin, vicine, polypeptide-p and alkaloids.41

The methanol extract of M. charantia exhibited hypoglycemic effects in

diabetic male ddY mice at 400 mg kg21. It can also improve glucose tolerance

by inhibiting the absorption of carbohydrates from the gastrointestinal tract.

In several clinical trials, M. charantia decreased both fasting and postprandial

blood glucose levels in DM patients.
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M. charantia lowered blood glucose levels by increasing serum insulin

concentrations and improving b-cell function by suppressing peroxidation and

apoptosis. The ethyl acetate extract of M. charantia activated peroxisome

proliferator-activated receptors (PPARa and -c) and up-regulated the ex-

pression of the acyl-CoA oxidase gene in H4IIEC3 hepatoma cells. The extract

could also enhance insulin sensitivity and lipolysis and suppress postprandial

hyperglycemia in rats. In STZ rats, gluconeogenesis was inhibited by M.

charantia via down-regulation of hepatic glucose-6-phosphatase and fructose-

1,6-bisphosphatase activities and enhancement of glucose oxidation via up-

regulation of hepatic glucose-6-phosphate dehydrogenase. In adipocytes, the

momordicosides from M. charantia could stimulate glucose transporter-4

(GLUT4) translocation to the cell membrane. GLUT4 in turn increased the

activity of adenosine monophosphate-activated protein kinase (AMPK),

enhancing glucose uptake from the blood.42

13.4.1.2.4 Stephania tetrandra

The root of Stephania tetrandra S. Moore has been demonstrated to have anti-

inflammatory, antiallergic and hypotensive effects in experimental animal

studies.43

Its major components are alkaloids including tetrandrine, fanchinonline, bis-

benzylisoquinoline, protoberberine, morphinane and phenanthrene. Fang-

chinoline at 0.3–3 mg kg21 significantly decreased blood glucose and increased
blood insulin in STZ-diabetic mice by potentiating insulin release.20

13.4.1.3 Increasing Insulin Sensitivity and Lowering Blood
Glucose

13.4.1.3.1 Rhizoma Coptidis

The rhizome of Coptis chinensis Franch. of the Ranunculaceae family,

recognized as Rhizoma Coptidis (RC) in the Chinese Pharmacopeia with the

Chinese name Huang Lian, has been widely used in various formulas against

intestinal infection, diarrhea and inflammation. It also possesses antihyper-

tensive, antioxidant and hypoglycemic effects. Alkaloids including berberine,

palmatine, jateorrhizine, epiberberine and coptisine have been identified as its

major components. At an oral dose of 200 mg kg21, RC extract or berberine
was found to decrease blood glucose and serum cholesterol levels significantly

in high fat diet-fed mice. In alloxan-induced diabetic mice, berberine showed

an antihypoglycemic effect. Berberine antagonized the hyperglycemic effect

induced by intraperitoneal glucose or adrenaline in normal mice. The activity

of berberine was similar to those of both sulfonylureas and biguanides.20,44

Berberine could activate AMPK and acetyl-CoA carboxylase and thus

improve fatty acid oxidation. The antihyperglycemic effect might be related to

improvement of insulin sensitivity via either activation of the AMPK pathway
or induction of insulin receptor expression. Six quaternary protoberberine-type
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alkaloids were also found to be able to inhibit aldose reductase activity in vitro

using rat lens or human recombinant aldose reductase with an IC50

,200 mM.45,46 However, no in vivo studies have been performed to validate

this mechanism.

13.4.1.3.2 Radix Astragali

Radix Astragali is the dried roots of perennial herbs Astragalus membranaceus

(Fisch.) Bunge and Astragalus mongholicus Bunge (Fabaceae) from the

Leguminosae family. The herb can be used to consolidate the exterior of the

body and alleviate heat in the muscles by ascending positive qi. Other effects

include promoting diuresis, relieving edema and promoting skin wound/ulcer

healing and tissue/muscle regeneration.34,47

Radix Astragali contains many isoflavones and isoflavonoids (formonone-

tin, calycosin and ononin), saponins (astragaloside IV, astragaloside II,

astragaloside I and acetylastragaloside) and astragalus polysaccharides.48

Diabetic Sprague–Dawley rats showed an improvement in insulin sensitivity

and attenuation of fatty liver after treatment with Radix Astragali decoction

(500 mg kg21 i.p. daily) for 2 months, although blood glucose levels, b-cell

function and glucose tolerance were not improved. Astragalus polysaccharides

could reduce hyperglycemia and lead to indirect preservation of b-cell function

and mass via immunomodulatory effects on T1DM mice. In addition,

astragalus polysaccharides restored glucose homeostasis in T2DM mice/rats

by sensitizing the insulin effect. Formononetin, calycosin and ononin might

exert a synergistic hypoglycemic effect with fangchinoline in STZ-diabetic

mice, most likely by increasing insulin release.34,47

13.4.1.3.3 Eriobotrya japonica

The dried leaves of Eriobotrya japonica (Thunb.) Lindl., also called Folium

Eriobotryae, have been utilized for treatment of various diseases including

chronic bronchitis, cough and DM. The major components in Eriobotryae

Folium are triterpenes, sesquiterpenes, flavonoids and megastigmane glycosides.

These include ursolic acid, oleanolic acid, cinchonain Ib, procyanidin B-2,

chlorogenic acid and epicatechin.49–51 Co-fermentation of Folium Eriobotryae

and green tea leaf led to a preparation which could reduce the blood glucose level

by 23.8% at 30 min in maltose-loaded rats, but not in sucrose- and glucose-

loaded rats. hence the possible mechanism is maltase inhibition.52 The aqueous

extract and also a pure component, cinchonain Ib, enhanced insulin secretion

from INS-1 cells in a dose-dependent manner. An in vivo animal study showed

that the aqueous extract could transiently reduce blood glucose levels at 15 and

30 min post-dose, although an insulin secretion-enhancing effect was not

observed.53 A 70% ethanol extract exerted a significant hypoglycemic effect on

alloxan-induced diabetic mice at doses of 15, 30 and 60 g kg21.54 In another

study, Folium Eriobotryae extract with the major components of tormentic acid,
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maslinic acid, corosolic acid, oleanolic acid and ursolic acid was shown to

ameliorate high fat-induced hyperglycemia, hyperleptinemia, hyperinsulinemia

and hypertriglyceridemia. One of the possible mechanisms is the activation of

AMPK leading to an increase in insulin sensitivity.55

13.4.1.4 Increasing Glucose Uptake

13.4.1.4.1 Ginkgo biloba

The Ginkgo biloba tree, called a ‘‘living fossil,’’ can survive more than 1000
years.56 EGb 761, an extract from its leaves, contains ginkgo flavonoid

glycosides, terpene lactones and ginkgolic acids. It is one of the most frequently

used over-the-counter (OTC) herbal supplements in the USA.57 While ginkgo has

been studied in many clinical trials, it has been mostly sought for its presumptive

neuroprotective effects in the prevention and treatment of Alzheimer’s disease,

cerebrovascular disease and dementia58–60 while having favorable side effect

profiles.61 Other uses include treating intermittent claudication, tinnitus and

sexual dysfunction associated with antidepressant use and improving blood flow
in response to cold.62–65 EGb 761 also reduced atherogenesis in DM rats.66 In

DM rats, administration of EGb 761 increased glucose uptake into hepatic and

muscle tissues.67 In vitro assays with ginkgo showed a reduction in a-glucosidase

and amylase activities.68 Whereas in vitro and animal studies showed promise,

varying responses have been observed in human subjects. Kudolo’s group

studying healthy human subjects found no reduction in blood glucose levels with

an accompanying significant increase in plasma insulin levels.69 However, in

T2DM patients, ingestion of Ginkgo biloba extract might increase the hepatic
metabolic clearance rate of insulin, which leads to reduced plasma insulin levels

and elevated blood glucose.70 A double-blind, randomized clinical study

involving non-DM, pre-DM and DM patients showed that ginkgo did not

increase insulin sensitivity or reduce blood glucose levels.71 In another study, co-

administration of ginkgo with metformin did not alter the pharmacokinetics of

metformin and therefore it was considered safe for concomitant use.72

13.4.1.5 Potentiating Endogenous Incretins by Block DPP-4

The incretin degrading enzyme dipeptidyl peptidase-4 (DPP-4) is a new anti-

DM drug target and DPP-4 inhibitors are one of the newest classes of anti-DM

agents. Currently there are no reports showing inhibitory activity of TCM

herbs towards DPP-4.

13.4.1.6 Antioxidant and Inhibiting b-Cell Apoptosis

13.4.1.6.1 Tinospora cordifolia

Tinospora cordifolia, also called Guduchi, is a herbaceous vine of the

Menispermaceae family indigenous to the tropical areas of India, Myanmar

and Sri Lanka. The bioactive ingredients are alkaloids (palmatine, jatrorrhizine
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and magnoflorine), diterpenoid lactones, glycosides, steroids, sesquiterpenoid,

phenolics, aliphatic compounds and polysaccharides. It was reported to have

antispasmodic, antipyretic, antiallergic, anti-inflammatory, immunomodulatory

and antileprosy activities.17 Its anti-DM potential has been investigated in

diabetic mice. Treatment with a 70% ethanol extract (oral 100 or 200 mg kg21

for 14 days) caused a significant blood glucose reduction and suppressed the

increase in blood glucose levels after a 2 g kg21 glucose loading in normal rats.73

The underlying mechanism was amelioration of oxidative stress by reducing the

production of thiobarbituric acid-reactive substances. At 200 mg kg21, the

extract increased the expression of TRx and GRx. It can also adjust

carbohydrate metabolism and reduce gluconeogenesis by inhibiting glucose 6-

phosphatase and fructose 1,6-diphosphatase.74 Other possible mechanisms

include an increase of insulin release and inhibition of a-glucosidase.75

13.4.1.7 Inhibiting Hepatic Glycogenolysis

13.4.1.7.1 Trigonella foenum-graecum L.

Trigonella foenum-graecum L., better known as fenugreek seeds, is a traditional

remedy used by ancient Egyptians.76 Mishkinsky et al. first described the

hypoglycemic effects in rats taking fenugreek seeds in 1974.77 The amino acid

(2S,3R,4S)-4-hydroxyisoleucine (ID-1101) was isolated from fenugreek seeds

and demonstrated insulinotropic effects and increased peripheral glucose

uptake in vitro.78–80 A fraction containing soluble dietary fiber was shown to

decrease serum fructosamine levels significantly without affecting insulin levels

in murine DM models.81 The activities of hepatic enzymes hexokinase,

glucokinase, glucose 6-phosphatase and fructose-1,6-bisphosphatase were

reduced in DM rats.82,83 Trials involving non-DM patients and DM patients

showed decreases in plasma glucose levels. In a group of obese patients,

fenugreek fiber did not reduce postprandial blood glucose levels;84,85 however,

insulin levels were significantly higher in the fenugreek treatment arm than the

placebo arm. Subjects in the treatment arm also stated significantly higher

satiety and consumed less food.86

13.4.1.7.2 Catharanthus roseus

Catharanthus roseus is more commonly known as Cape periwinkle or rose

periwinkle. C. roseus contains many bioactive compounds including the vinca

alkaloids, which exert antimitotic and antimicrotubule actions that have been

effective in the treatment of a number of cancers.87–91 In vivo animal studies

using diabetic mice, rats and rabbits showed reductions in fasting glucose

levels.93,94 Glycogen storage in the liver was increased in rats treated with an

extract of C. roseus.95 The activity of the hepatic enzyme succinate

dehydrogenase was increased significantly whereas glucose 6-phosphatase

and lactate dehydrogenase were not significantly affected.
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13.4.1.8 Multiple Mechanisms

13.4.1.8.1 Radix Ginseng

Ginseng is found only in the northern hemisphere such as eastern Asia

(northern China, Korea and eastern Siberia) and north America. Radix

Ginseng is any one of 11 species of slow-growing perennial plants with fleshy

roots. The bioactivities largely depend on the geographical location and

processing method. The Chinese and Korean ginseng has higher hypoglycemic

activities than the American ginseng.19,96,97 At the 2003 American Diabetes

Association Annual Meeting, the antidiabetic effects of Korean red ginseng

and American ginseng were reported. American ginseng was able to lower

glycosylated hemoglobin A1C, whereas Korean ginseng could enhance insulin

sensitivity in tissues.98

More than 700 components have been identified in ginseng and, among

them, the major active components include ginsenosides (Rb1, Re, Rd),

polysaccharides, peptides and polyacetylenic alcohols.97 Ginsenosides are the

main active components in ginsengs, which comprise up to 4% of total

material.99

Radix Ginseng has been widely investigated for its antidiabetic activity in

both animal and human studies. The lipophilic components have better

hypoglycemic activities than the aqueous extract. Korean red ginseng (0.1-

1.0 g mL21) significantly stimulated insulin release from isolated rat pancrea-

tic islets. American ginseng (100 mg kg21) decreased serum levels of glucose

and HbA1C in diabetic rats.100 In two clinical trials, ginseng reduced

postprandial blood glucose, fasting blood glucose and HbA1C levels.

Multiple mechanisms have been identified. Ginseng has been shown to have

antioxidant properties. It also reduces b-cell apoptosis by up-regulating

adipocytic peroxisome proliferator-activated receptor c (PPAR-c) protein

expression. Ginseng impairs glucose absorption by decreasing glucosidase

activity. It may also increase insulin sensitivity in peripheral tissues.19 One of

the active components, ginsenoside Rb1, could enhance glucose transport by

inducing the differentiation of adipocytes via up-regulating the expression of

PPAR-c and C/EBP-a.101 In addition, ginsenoside Rb1 could increase GLUT-

4 activity leading to increased uptake of glucose from blood by adipocytes.102

13.4.1.8.2 Fructus Schisandrae

Fructus Schisandrae, with the common name of ‘‘five-flavor berry’’, is the fruit

of a deciduous woody vine, Schisandra chinensis, native to forests of northern

China and has been used in Chinese medicine to astringe the lungs and nourish

the kidneys, and is also used as a tonic, sedative and anti-DM agent. The major

components include lignans (schizandrin, gomisin A, angeloylgomisin H) and

polysaccharides.43

FS-60, a sub-fraction from the 70% ethanol extract, was identified to be

most potent as a PPAR-c agonist in 3T3-L1 adipocytes. FS-60 contains
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schizandrin, gomisin A and angeloylgomisin H. In pancreatectomized diabetic

rats, FS-60 lowered serum glucose levels during an OGTT which was close to

the fasting stage. During hyperglycemic clamp, FS-60 increased the first-phase

insulin secretion in diabetic animals, although it did not affect the phase II

insulin secretion.20 FS-60 increased first-phase insulin secretion (0–10 min) and

increased insulin sensitivity by ameliorating insulin resistance via stimulating

PPAR-c activity. It could also improve glucose homeostasis in diabetic mice by

inhibiting aldose reductase.103

13.4.1.8.3 Gegen

Gegen has been used for over 2000 years and is also known as Yegen, the

kudzu root and kudzu vine root.104 The original plant, Pueraria lobata, is

abundant throughout the world and is considered an invasive species

threatening the natural ecological system in various parts of the world.105

The root contains isoflavone and puerarin and has a variety of pharmacolo-

gical actions that may be effective in the treatment of hypertension,

hyperlipidemia and DM.106,107 Proposed mechanisms of action from in vitro

and in vivo studies include a-glucosidase inhibition, increased expression and

activity of PPAR-c, up-regulation of GLUT-4 mRNA, increased plasma

endorphins and preservation of pancreatic islets.108–110

13.4.1.8.4 Folium Mori

Folium Mori, the leaves of the mulberry tree (Morus alba L.), has been

traditionally used to treat diabetic hyperglycemia. The main bioactive

components are flavonoids, alkaloids and polysaccharides.99 Research showed

that Folium Mori exerts its anti-DM effect via multiple mechanisms. A major

alkaloid, 1-deoxynorimycin, is a potent inhibitor of a-glucosidase.111 In a

study in human subjects, it was demonstrated that a food-grade mulberry

powder enriched with this compound suppressed postprandial blood glucose

surge.112 A similar effect was observed in Goto-Kakizaki rats, a spontaneous

non-obese animal model for T2DM.113

In an 8-week study with high sucrose-fed KK-Ay mice with spontaneous

T2DM, mulberry leaf extract was shown to reduce insulin resistance in a dose-

dependent manner. Fasting blood glucose levels and urinary glucose levels

were significantly reduced by treatment with 3 and 6% extract in the diet. The

plasma insulin levels were significantly lower in the 6% group in comparison

with those of the control group and the 3% group.114

Mulberry leaf extract at 5-45 mg mL21 was able to increase glucose uptake

in a dose-dependent manner and enhanced the translocation of GLUT-4 in

adipocytes.115 It was also shown to ameliorate adipocytokines in white adipose

tissue in db/db mice, possibly through the mechanism of inhibiting oxidative

stress.116
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13.4.2 TCM Herbal Formulas

13.4.2.1 Wu-Ling-San

Wu-Ling-San consists of five TCM herbs including hoelen (Sclerotium Poriae

Cocos), alisma (Rhizoma Alismatis), polyporus sclerotium (Sclerotium

Polypori Umbrellati), bighead atractylodes rhizome (Rhizoma Atractylodis

Macrocephalae) and cinnamon twig (Ramulus Cinnamomi Cassiae). Wu-Ling-

San decreased elevated plasma glucose levels in STZ diabetic mice at

2.5 g kg21 per day. However the effect was not significant at a lower dose

of 0.5 or 1.5 g kg21 per day.117 The mechanism of action of Wu-Ling-San has

not been characterized.

13.4.2.2 Tong-Guan-Wan

Tong-Guan-Wan, consisting of cork, anemarrhena and cinnamon with the

major constituents mangiferin, berberine, cinnamaldehyde, timosaponin BII

and timosaponin AIII, significantly lowered blood glucose and HbA1C levels

and improved glucose tolerance in C57BL/KsJ db/db mice at oral doses of 62,

125 and 250 mg kg21. Serum triglyceride levels in db/db mice were also

significantly reduced, whereas high-density lipoprotein cholesterol levels were

significantly increased, after treatment with Tong-Guan-Wan.118

13.4.2.3 Rehmannia-Six

Rehmannia-Six is a formula that is commonly used in TCM to treat patients with

DM. The six herbs are Rehmannia glutinosa, Fructus Corni, Dioscorea sp., Poria

cocos, Alisma sp. and Paeonia suffruticosa. Rehmannia-Six appeared to have

beneficial effects on blood glucose, neuropathy and nephropathy. There is also

evidence of anti-inflammatory and antioxidant effects.119 Fructus Corni appeared

to be the major active component contributing to lowering blood glucose levels. It

could increase plasma insulin levels in a dose-dependent manner.120

13.4.2.4 Tang-Min-Ling

Tang-Min-Ling is an improved preparation of the Dachaihu decoction, which

has a history of human use of more than 2000 years. Tang-Min-Ling’s main

constituents are Coptis chinensis Franch., Scutellaria baicalensis Georgi,

Rheum officinale Baill. and Bupleurum chinense DC. Tang-Min-Ling has

positive effects on regulating glucose metabolism in T2DM patients in multi-

centered, randomized controlled clinical trials. Tang-Min-Ling also affects

serum lipid, leptin and adiponcetin after oral administration for 12 weeks in

Otsuka Long-Evans Tokushima fatty rats. The mechanism of action was

improving insulin resistance by increasing the levels of skeletal muscle AMPK

and GLUT-4.121
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13.4.2.5 NHF

NHF, consisting of Rhizoma Polygonati, Radix Rehmanniae, Radix Salviae

Miltiorrhizae, Radix Puerariae, Fructus Schizandrae and Radix Glycyrrhizae,
was studied in neonatal STZ-induced T2DM rats. Administration of NHF

significantly decreased blood glucose levels, food and water intake and body

weight. NHF treatment also significantly increased plasma insulin levels and

the number and size of insulin-immunoreactive cells in the pancreas. The

possible mechanisms for the anti-DM effect of NHF are increased insulin

sensitivity, GLUT-4 gene expression and an attenuation of hepatic PEPCK

gene expression.122

13.4.2.6 ADHF

ADHF is a recent antidiabetes herbal formula, which consists of eight herbs

(Radix Ginseng 17%, Radix Rehmannia 17%, Radix Astragali 10%, Radix

Trichosanthis 10%, Radix Ophiopogonis 10%, Radix Puerariae 10%, Fructus

Lycii 10% and Rhizoma Discoreae 10%).123 In a C57BL/6J mouse model of

diet-induced T2DM, intervention for 12 weeks using ADHF as a diet

supplement (4 and 8%) resulted in a significant inhibition of DM-related
changes in major organs and a significant reduction in circulating levels of

glucose and insulin.124 In this study, the 4 and 8% supplements showed similar

efficacy. The index of insulin resistance was remarkably reduced in the

treatment group (10-fold change). The blood insulin was increased in

comparison with the regular diet group, although lower than the diabetes

induction diet group. Blood glucose was reduced by 37% with the ADHF diet

more than the diabetes induction diet group. A significant reduction of

progressive damage to major target organs was also observed on addition of
ADHF to the diet.124

13.4.2.7 Yu-San-Xiao

The ingredients of Yu-San-Xiao are winged euonymus twigs, Chinese clematis,

burdock, lycium bark, lichi seed, ballon flower, turmeric and American

ginseng. Yu-San-Xiao was used to treat 30 T2DM patients for 1 month and

about 40% of patients showed significant improvements in blood glucose levels
such that the mean fasting blood glucose and postprandial blood glucose were

decreased by 32% and 41%, respectively. Other diabetic symptoms such as

thirst and hunger disappeared and glucose tests in urine became negative. The

preprandial insulin level was also decreased by oral Yu-San-Xiao, although the

postprandial insulin level was not significantly affected.18

13.4.2.8 Yi-Jin

Yi-Jin, consisting of Panax ginseng, Atractylodes macrocephala, Poria cocos

and Opuntia dillenii, showed similar efficacy in lowering blood glucose to
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phenformin, a biguanide, following multiple doses of 30 g kg21 in diabetic

mice. In a clinical trial completed in China, about 86% of patients showed

clinical improvements after taking Yi-Jin. The hypoglycemic effect might be

due to Yi-Jin’s ability to restore the function of pancreatic b-cells.18

13.4.2.9 Jin-Qi-Jiang-Tang

Jin-Qi-Jiang-Tang is composed of three herbs: coptis, astragalus and honey-

suckle. Jin-Qi-Jiang-Tang improved glucose tolerance in diabetic mice.

Honeysuckle has the ability to decrease blood sugar. Berberine in coptis also

possesses a glucose-lowering effect. Jin-Qi-Jiang-Tang improved insulin resis-

tance caused by hydrocortisone and decreased serum insulin levels in mice. In a

human study, Jin-Qi-Jiang-Tang improved insulin resistance. Jin-Qi-Jiang-Tang

not only prevented the progression from pre-diabetes to diabetes but also delayed

development of diabetic nephropathy. The combination of Jin-Qi-Jiang-Tang

and gliclazide decreased fasting blood glucose levels in T2DM patients. Another

randomized controlled trial is currently evaluating the effectiveness and safety of

Jin-Qi-Jiang-Tang for the treatment of patients with pre-diabetes.125

13.4.3 Combination of TCM with Western Drugs

Xiao-Ke-Wan contains extracts from Astragalus mongholicus, Ophiopogon

japonicas Ker-Gawl, Pueraria lobata and Hirudo nipponia and was combined

with glibenclamide in DM treatment. In an animal study, the herbal extract

improved microcirculation, which in turn might facilitate the effect of

glibenclamide.18

The combinational effect of Trigonella foenum-graecum L. total saponins

with sulfonylureas was explored in the treatment of T2DM patients who were

not well controlled by the latter alone. In a human trial of 69 T2DM patients,

23 were assigned to receive the hypoglycemic drug only and the rest received

the combination. The results showed that the combination had a better effect

in ameliorating clinical symptoms and the therapy was relatively safe. The

fasting blood glucose, 2 h postprandial blood glucose, HbA1C and clinical

symptomatic quantitative scores were remarkably decreased in the combina-

tion group, whereas no significant differences were found in BMI and hepatic/

renal functions.126

13.5 Concerns and Future Perspectives

The complexity of the chemistry and pharmacology of TCM herbs and TCM

physicians’ tendency to individualize formulas for different patients have

significantly hindered the systematic scientific investigation according to

Western medicine standards.127 In comparison with their Western counterparts,

the anti-DM efficacy of TCM herbs has not been extensively studied using
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randomized, double-blind clinical trials, although many animal studies have been

carried out. Hence the efficacy of most TCM herbs has not been well validated.

TCM herbs are generally thought to be relatively safe and with mild side

effects. On the other hand, their activities are usually not as potent as those of

Western medications. Hence high doses (sometimes as high as 10 g per day) are

necessary to achieve ideal therapeutic effects. In addition, the toxicity of herbal

products cannot be ignored. In some cases, the side effects could be very

serious. Most common complaints of herbal supplements ingestion are GI-

related, including stomach upset, diarrhea, constipation, nausea and vomiting.

Patients taking Ginkgo biloba were reported to be excessively energetic,

resulting in insomnia, short-term memory loss, increased appetite and

dermatological reactions.69,128 Ginseng abuse syndrome is a result of chronic

ingestion of excessive amounts of ginseng. This is characterized by hyperten-

sion and CNS stimulation, insomnia and nervousness.129 There is an increased

recognition that herbal medicines can alter the efficacy of co-administered

conventional drugs by affecting drug absorption, metabolism and/or elimina-

tion via interacting with the metabolizing enzymes and/or drug transporters’

activities, which may lead to variations in circulating drug concentrations.

When used in combination with established anti-DM medications, herbal

supplementation may predispose patients to an increased risk of hypoglyce-

mia. In vivo, in vitro and clinical studies are demonstrating that TCM herbal

medications may be involved in drug interactions. There are case reports of

Ginkgo biloba increasing the risk of bleeding in patients taking antic-

oagulants130–132 and non-steroidal anti-inflammatory drugs (NSAIDs).133

Ginkgo biloba also interacts with selective serotonin reuptake inhibitors, re-

sulting in the serotonin syndrome and thiazide diuretics resulting in decreased

efficacy. Cytochrome P450 enzymes are induced by Ginkgo biloba in cell

culture,134 rats135,136 and humans,137 so there are possible interactions with

other medications that are metabolized by the same enzymes.

There is evidence that fenugreek seeds also increase the risk of bleeding with

anticoagulants.138 Concurrent administration of ginseng and imatinib, an

antineoplastic agent, may increase hepatotoxicity.139 Ginseng has also been

shown to increase resistance to loop diuretics140 and produce additive effects

with estrogens.141

Many TCM herbal supplements contain a variety of bioactive ingredients,

providing additional therapeutic effects in addition to anti-DM activity. Owing

to the difficulty of identifying the relevant bioactive markers, the development

of methods for quality control remains a challenge.142 Factors such as the

source of the raw material and the subsequent extract preparation and delivery

can affect constituents presented in the final herbal product. Without effective

quality control methods, consistency of the herbal product may be com-

promised. Improved methods for quality control of herbal products, such as

bioactivity-guided pharmacokinetic methods and genomic fingerprint techni-

ques, have been explored. However, applying these techniques on a larger scale

in the pharmaceutical industry remains a major challenge.
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There are opportunities to advance TCM herbs for DM prevention and

treatment. We would like to categorize the approaches into the following:

1. To advance TCM herbs in the Western way, we can follow the example of

the biguanide metformin, the development of which into the most prescribed

anti-DM drug, has its root in galegine, a guanine derivative present in the

French lilac or goat’s rue (Galega officinalis).143 Most of the modern

research published used this methodology in an effort to identify a single

component for its anti-DM activity. However, this Western process has

proven to be long, expensive and inefficient.

2. To advance TCM herbs in the Chinese way, we should focus our resources

and efforts on a limited number of promising single herbs or formulas. A

prerequisite of this approach is to develop a standardized product based on

fingerprint or chemical/biological markers. Well-designed, placebo-con-

trolled, randomized clinical trials should subsequently be conducted to

confirm the efficacy.

3. An integrative way would combine a low dose of a proven Western drug

such as metformin with a standardized TCM herbal extract to provide the

benefit of proven efficacy with non- or low toxicity. This probably is a

shortcut to modernizing TCM products. In principle, this method has long

been adopted by clinicians in China to treat various diseases including

diabetes,144 albeit without standardization of the TCM preparations.

13.6 Conclusion

It is evident through this review of the literature that many TCM herbs possess

anti-DM activities. In particular, because of their empirically known safety

profiles, nutritional supplement status, multiple components for multiple drug

targets, low cost and easy access, TCM herbs such as ginseng and mulberry are

excellent candidates for long-term use for the prevention of DM. Consistency

in product integrity and quality clinical trials are essential in translating their

potential into reality.
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CHAPTER 14

Translational Approach to
Treating Diabetes Using
Acupuncture or
Electroacupuncture
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14.1 Introduction

Diabetes mellitus is an increasingly prevalent disease that can damage many

structures in the body. It was estimated that more than 285 million people in

the world had diabetes in 2009; this has risen to 347 million in 2011 and is

expected to increase to 438 million by 2030.1 A global health problem is

predicted over the next 10 years from the increased numbers of patients

requiring hospital treatment and/or nursing care at home. This dramatic and

disturbing increase is likely due to the spread of a Western-style diet to

developing nations which is causing rising levels of obesity, and also from an

increase in life expectancy due to improvements in the health of individuals

and populations and better access to health services. Complications of diabetes

include cardiovascular disease, chronic renal failure, retinal damage, nervous

system disease, amputation, fatigue, depression, and complications during
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pregnancy. Many of the adverse effects of diabetes are caused by elevated blood

levels of glucose and lipids, termed hyperglycemia and hyperlipidemia. There are

three main types of diabetes. In type 1 diabetes, the b-cells of the pancreas

produce insufficient or no insulin. In type 2 diabetes, the body is unable to use

effectively the insulin produced by the pancreatic b-cells, and is termed insulin

resistance. Gestational diabetes is a complication of pregnancy and develops

when the pancreatic b-cell reserve is insufficient to compensate for decreased

insulin sensitivity during pregnancy. Type 2 diabetes is the most common type

(.90%). Traditional Chinese medicine (TCM) using acupuncture or herbs has

been used to treat patients with diabetes for over 2000 years. Translational

research aims at applying the findings of basic research studies to clinical practice

to improve the health of patients through increased medical, physical and social

outcomes. Such studies may involve acupuncture or electroacupuncture.

14.2 The Basis of Acupuncture and Electroacupuncture

Acupuncture dates back at least 2500 years and has been widely practiced in

China and many other Asian countries.

The basic principles of acupuncture involve terms such as yin and yang, qi,

meridians and organ systems. Qi acts as the life force that circulates through

the body. It is accumulated, balanced, and enhanced by the dietary intake and

air. Disorder and illness are considered to be caused by an unbalanced,

obstructed and irregular flow of qi. Meridians are channels that carry qi

throughout the body, there being 14 meridians in the body of which 12 are

associated with organs and functions of the body. They are made up of

acupuncture points that form a specific pathway, there being about 400

acupuncture points in the body.2 The organ systems are energy systems in the

body that receive, rebuild, and regulate energy or qi. The organ systems not

only affect their associated organs, but also have an effect on other parts of the

body. The organs that the meridians are named after do not indicate the

physical area in which the meridian is located; rather, the organ name refers to

the body function that the meridian affects.

Acupuncture involves inserting needles at specific acupuncture points along

meridians on the body to correct imbalances of energy flow in the body.3

Needle stimulation at acupoints located along meridians can have a thera-

peutic effect on the disorder or illness because it increases or decreases qi flow,

rectifying the imbalance of energy. The meridians utilized in acupuncture

correspond to the trigger point patterns associated with myofascial pain.4

Electroacupuncture stimulates the acupoints using acupuncture needles

connected to a device that delivers a direct electrical current, and is effective in

correcting energy imbalance in the body. This technique is identical in principle

and practice with percutaneous electrical nerve stimulation.5 When electro-

acupuncture was used to stimulate the stomach 36 acupoint (ST36) in normal

rats or rats with experimentally induced hypertension, an increase occurred in

the production of nitric oxide (NO) and nitric oxide synthase (NOS) in the organs
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along the stomach meridian.6,7 Hypertension in these animals was characterized

by a deficiency in NO. The increased production of NO and NOS by electro-

acupuncture balances the deficiency and appears to reduce the symptoms of

hypertension. Furthermore, the depressor effect of electroacupuncture on ex-

perimental hypertension in dogs was prevented by pretreatment with naloxone,

indicating that the inhibition was related to endogenous opioids released in the

central nervous system during electroacupuncture.8 In contrast, acupuncture

decreased NOS expression in the periaqueductal gray area of rats with induced

diabetes,9 a disease which was characterized by high NO production.10 Hence

acupuncture at specific acupoints rather than at random points on the skin can

create chemical changes within the body to correct an imbalance.

Several studies have found that when acupuncture stimulates the sensory nerves

in the muscle, the spinal cord, midbrain, and pituitary gland are activated and

release neurochemicals such as endorphins, serotonin and noradrenaline to block

pain messages from reaching the brain.11 Through the secretion of various

chemicals from the brain that affect other organs in the body, acupuncture exerts a

strong homeostatic effect in normalizing the vital signs of body temperature, pulse

rate, respiration rate and blood pressure, and also the rate of formation of urine,

metabolic rate, sweating, blood electrolyte balance, and many other parameters.

14.3 Diabetes Causation

In type 1 diabetes, the insulin-producing b-cells of the pancreas are attacked

and destroyed by the immune system. Insufficient or no insulin is then pro-

duced by the pancreas. Type 1 diabetes develops most often in children and

young adults, but can appear at any age. Type 2 diabetes is the most common

form of diabetes, with 90–95% of people with diabetes having type 2. This form

of diabetes is associated with older age, obesity, family history of diabetes,

previous history of gestational diabetes, physical inactivity, and ethnicity.

About 80% of people with type 2 diabetes are overweight. Type 2 diabetes is

increasingly being diagnosed in children and adolescents. The pancreas is

usually producing sufficient insulin in type 2 diabetes, but the body is not able

to use the insulin effectively (insulin resistance). Gestational diabetes develops

in pregnant women who have never had diabetes before; it may precede the

development of type 2 diabetes.

As to the causes of diabetes, 70% has been attributed to aging and 30% to the

increased prevalence of other factors, with high blood pressure, obesity and

body mass the most important. The increasing prevalence of obesity is caused by

excessive calorie intake, suboptimum dietary quality, and sedentary lifestyle.

14.4 Diabetes Prevention and Treatment

Adequate treatment of diabetes is extremely important, in addition to blood

pressure control and lifestyle factors such as smoking cessation and maintaining

a recommended body weight.

Translational Approach to Treating Diabetes Using Acupuncture or Electroacupuncture 315

Pu
bl

is
he

d 
on

 3
0 

A
pr

il 
20

13
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/9
78

18
49

73
78

52
-0

03
13

View Online

http://dx.doi.org/10.1039/9781849737852-00313


Patients with high body mass index (BMI) are at risk of developing diabetes

and this disease has become increasingly more common as a greater proportion

of the population in many developed countries has less physical exercise and

increased dietary intake of saturated fats, leading to obesity and overweight. It

is essential for therapies to be established that lead to adequate control of

hyperglycemia and hyperlipidemia in patients with diabetes.

All forms of diabetes have been treatable with insulin, and type 2 diabetes

may be controlled with medications, diet modification, and exercise. Pancreas

transplants have had limited success in type 1 patients. Gastric bypass surgery

has been successful in many grossly obese patients with type 2 diabetes.

Recently, it has been shown that type 2 diabetes can be reversed in as little as 7

days by patients on a very low calorie diet of 600 calories per day. This was

associated with a lowering of plasma glucose and insulin and decreased

pancreatic and liver triacylglycerol stores.12 A lowering of blood glucose and

lipid levels may be attributable to normalization of pancreatic b-cell function

and insulin sensitivity. Increased physical activity, including brisk walking, also

significantly improves glycemic control among patients with diabetes.13

Gestational diabetes is a form of diabetes that occurs during the second half

of pregnancy and usually resolves after birth of the baby. A woman who

develops gestational diabetes is more likely than other women to develop type 2

diabetes later in life.

14.5 The Traditional Approach to the Treatment of
Diabetes

In TCM, diabetes is caused by an imbalance in the flow of qi in the meridians

and organ systems. This particular imbalance produces heat that depletes the

body’s fluids and causes symptoms such as fatigue, unexplained weight loss,

excessive thirst (polydipsia), excessive urination (polyuria), excessive eating

(polyphagia), impaired wound healing, susceptibility to infections, altered

mental status and blurry vision. A variety of techniques may be used during

treatment, including acupuncture, Chinese herbal medicine, lifestyle/dietary

changes and physical exercise. It focuses on regulating the circulation of

blood and qi and balancing the organ systems to improve pancreatic

function and to regulate internal heat and the depletion of fluids. The

acupoints used to treat diabetes are all over the body and lie on several

meridians.

Electroacupuncture has been reported to improve abnormal lipid metabo-

lism and reduce fat accumulation effectively in obese rats, possibly closely

associated with its effect in regulating the balance between leptin and insulin

concentrations.14 Muscle contractions occurring during electroacupuncture

function like a type of exercise and promote the release of endogenous opioid

peptides in rats.15,16 Exercise enhanced the secretion of b-endorphins and

insulin sensitivity in obese Zucker rats.17
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14.6 Clinical Trials and Experimental Animal Studies

The results of recently published studies to assess the effectiveness of

acupuncture and electroacupuncture to treat diabetes are summarized in

Tables 14.1–14.6. The studies are of clinical trials and experimental animal

models with type 1 or type 2 diabetes published up to December 2010.18–36

14.6.1 Acupuncture

Six clinical trials and one experimental animal study in rats were identified,
which together with the acupoints used in the clinical trials are summarized in

Tables 14.1–14.3.

14.6.1.1 Clinical Trials (Tables 14.1 and 14.2)

14.6.1.1.1 Blood glucose

Of the six human studies, three reported on blood glucose in patients with type

1 or type 2 diabetes and in two of these blood glucose levels were lowered
in fasting patients by acupuncture (2/2 fasting, 100% successful in having

hypoglycemic effect), whereas in the third study involving patients not

reported as being fasted there was no change in blood glucose. The other

studies were performed in patients with cancer or cardiovascular disease, senile

patients with impaired glucose tolerance and healthy subjects. For patients

with cancer or cardiovascular disease, blood glucose was lowered in patients

with hyperglycemia by acupuncture; for senile patients with impaired glucose

tolerance and measurements performed 2 h after breakfast there was a
decrease in blood glucose in patients receiving acupuncture in addition to

controlling diet, whereas for healthy subjects who were not reported as being

fasted there was no change in blood glucose compared with normal values.

Thus, in both of the two studies with patients having hyperglycemia,

acupuncture lowered blood glucose (2/2, 100% successful in having hypogly-

cemic effect).

14.6.1.1.2 Blood insulin

Two studies reported on blood insulin in patients with type 1 or type 2 diabetes
receiving acupuncture. In one of these studies, for patients with high insulin

secretion, plasma insulin levels were reduced at all test intervals except for

fasting plasma insulin; for the inadequate insulin group, plasma insulin

increased at all test intervals except at 3 h after load; for the deficient insulin

secretion group, plasma insulin was not changed at any test period of the oral

glucose tolerance test (OGTT). In the other study in which patients with

diabetes were not reported as being fasted, there was no notable change in

blood insulin. In a third study involving healthy subjects not reported as being
fasted, plasma insulin was decreased by acupuncture.
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Table 14.1 Clinical trials using acupuncture.

Study Acupuncture treatment

Subjects Measured outcomes of acupuncture treatment

Normal Diabetic Blood glucose

Omura et al.,

200718
Needle inserted into Omura’s

ST36 (true ST36) acupoint

Cancer, cardiovascular

disease

Decrease in high blood glucose in

patients with hyperglycemia

Ahn et al.,
200719

Patients randomized to two
styles of acupuncture: 4

patients received Japanese
style (Kiiko-Matsumoto’s
form) and 3 received TCM

style.

Type 1 and type 2, not
reported as being fasted

No notable change in blood glucose

Treatments delivered weekly for

a total of 10 treatments

Wu et al.,
200620

64 patients randomly divided
into two groups.

32 patients in the control group
treated with interference

therapy of controlling diet.
32 patients in the observation

group given acupuncture at
Yishu, Pishu, Sanyingjiao,

Zusanli (ST36) and other
points in addition to
interference therapy of

controlling diet. Acupuncture
performed 10 times as a

course of treatment

Senile with impaired
glucose tolerance;

patients not fasted
with measurements

performed 2 h after
breakfast

Decrease in postprandial blood glucose
in observation group of patients

receiving acupuncture in addition to
controlling diet and also in control

group of patients treated by
controlling diet, with a lower level in

observation group than in control
group

Jiang et al.,

200621
All patients given hypoglycemic

agents. When blood glucose
was stable for more than 3
months and medication for

diabetic peripheral
neuropathy was withdrawn

for more than 2 weeks,
patients were divided

randomly into 3 groups.

Type 2 with peripheral

neuropathy with
patients fasted for
blood glucose

measurements

Decrease in blood glucose in all 3 groups

30 patients received wrist–ankle

acupuncture (Group 1), 30
body acupuncture (Group 2)
and 30 Western medical

treatment (Group 3).
Treatment was given once

daily, 7 treatments
constituting a course, with a

2 day interval between
courses. In total 3 courses of

treatment were given
Chen, 198522 3 patients had juvenile-onset, 18

adult-onset and 5 old-age-

onset diabetes.
Acupoints were Pishu (UB20),

Geshu (UB17) and Zusanli
(ST36) with additional points

selected according to
symptoms and signs

Type 1 and type 2, fasting
and non-fasting patients

In the effective cases (21 out of 26),
fasting and 2 h postprandial blood

sugar lowered by acupuncture
treatment.

For high insulin secretion group (3
cases), blood glucose values at all test

intervals of oral glucose tolerance test
(OGTT) were decreased; for
inadequate insulin secretion group (12

cases), blood glucose values at all test
intervals of OGTT decreased; for

deficient insulin secretion group (3
cases), blood glucose showed a

tendency to increase
Szczudlik and

Lypka,
198423

10 patients received needles

inserted s.c. to Du20, Extra 1,
Extra 2 - symmetr., GB20-
symmetr., LI4 - symmetr.,

followed by injection of
0.1 mL 10% NaCl. Needles

kept in position for 15 min

Adults, not reported as

being fasted

Serum glucose not changed from normal

values in investigated subjects
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Table 14.1 Extended.

Blood insulin Blood lipids Blood flow Pain score Nerve conduction velocity

Decrease in high

triglycerides in patients
with hypertriglyceridemia

Improved circulatory

disturbances in patients
with hypertension

No notable change
in blood insulin

Decreased neuropathy-
associated pain in

patients receiving
Japanese acupuncture,
whereas the group

receiving TCM
acupuncture reported

minimal effects; both
acupuncture styles

lowered pain according
to McGill Short Form

Pain Score

Decrease in blood lipids in

acupuncture groups but
not in group receiving
Western medicine

Decrease in all pathological

changes relating to blood
flow in acupuncture
groups, but in group

receiving Western
medicine only blood

viscosity reduced

NCV increased in

acupuncture groups but
not in group receiving
Western medicine

For high insulin secretion
group, plasma insulin

levels reduced at all test
intervals except fasting

plasma insulin; for
inadequate insulin group,

plasma insulin increased
at all test intervals except
at 3 h after load; for

deficient insulin secretion
group, plasma insulin

was not changed at any
test period of OGTT

Plasma insulin decreased at

5 min after end of
acupuncture and
increased after next

30 min
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14.6.1.1.3 Blood lipids

One study reported on blood lipids in patients having type 2 diabetes with

peripheral neuropathy and there was a decrease in blood lipids in the two

groups of patients receiving acupuncture (wrist–ankle acupuncture, body

acupuncture) but not in the group receiving Western medicine. Another study

was performed in patients with cancer or cardiovascular disease and there

was a decrease in triglyceride levels in those patients with hypertrigly-

ceridemia by acupuncture. Thus, acupuncture decreased blood lipids or

triglyceride levels in these two studies (2/2, 100% successful in lowering blood

lipid/triglycerides).

14.6.1.1.4 Blood flow

One study reported on blood flow in fasted patients having type 2 diabetes

with peripheral neuropathy and there was a decrease in all pathological

changes relating to blood flow in groups receiving acupuncture (wrist–

ankle acupuncture, body acupuncture), but in the group receiving Western

medicine only blood viscosity was lowered. Another study reported on blood

flow in patients with cancer or cardiovascular disease and there was an

improvement in circulatory disturbances in patients with hypertension

receiving acupuncture. Hence acupuncture brought about improvements

relating to blood flow in both studies (2/2, 100% successful in improvements

to blood flow).

14.6.1.1.5 Pain score

One study reported on neuropathy-associated pain in patients with type 1 and

type 2 diabetes who were not reported as being fasted, with the pain being

lowered by acupuncture according to the McGill Short Form Pain Score.

14.6.1.1.6 Nerve conduction velocity

One study reported on nerve conduction velocity (NCV) in patients with type 2

diabetes with peripheral neuropathy and there was an increase in NCV in the

groups receiving acupuncture but not in the group receiving Western medicine.

14.6.1.2 Experimental Animal Studies (Table 14.3)

Following acupuncture, blood glucose was not lowered in adult rats with

streptozotocin (STZ)-induced type 1 diabetes and not reported as being fasted.

Blood flow in the footpad was lowered in weeks 1 and 2 but was not changed

in weeks 3 and 4 and NCV was increased at the third or fourth weekend of

acupuncture.
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14.6.2 Electroacupuncture

Two clinical trials and 14 experimental animal studies (n 5 11, rat, of which

two included mouse; n 5 1, mouse; n 5 1, rabbit; n 5 1, sand rat) were

identified and together with the electroacupuncture parameters and acupoints

in the rat studies are summarized in Tables 14.4–14.6.

14.6.2.1 Clinical Trials (Table 14.4)

16.6.2.1.1 Blood glucose and blood insulin

In one of the studies involving obese women receiving a 1450 kcal diet restriction

for 20 days, blood glucose was decreased and serum insulin increased in the

electroacupuncture group compared with the placebo electroacupuncture

group. In the other study, serum glucose in healthy subjects was not changed

from normal values and plasma insulin was decreased.

14.6.2.2 Experimental Animal Studies (Tables 14.5 and 14.6)

14.6.2.2.1 Blood glucose

For the studies in rats, blood glucose was decreased in type 2 diabetic animals by

electroacupuncture (3/3, 100% successful in having hypoglycemic effect); blood

glucose was mostly unchanged in type 1 diabetic animals by electroacupuncture

(5/6, 83% having no significant effect); blood glucose was lowered in normal

adult rats by electroacupuncture (6/8, 75% successful in having hypoglycemic

effect). These findings were for both non-fasted and fasted rats.

For the study with obese diabetic mice, blood glucose was decreased. In the

two studies using non-fasting and fasting normal mice, blood glucose was

lowered by electroacupuncture (2/2, 100% successful in having hypoglycemic

effect).

14.6.2.2.2 Blood insulin

Blood insulin was increased in type 2 diabetic and normal rats by

electroacupuncture (3/3, 100% and 2/3, 67% successful in increasing blood

insulin, respectively).

14.6.2.2.3 Blood lipids

In the study with obese diabetic mice, free fatty acid levels in blood were

decreased by electroacupuncture, but with no significant effect on triglycerides

or total cholesterol.

In non-diabetic mice, electroacupuncture had no effect on free fatty acids,

triglycerides or total cholesterol in blood.
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Table 14.5 Experimental animal studies using electroacupuncture.

Study Species, EA treatment

Experimental animals

Normal Diabetic

Liang et al.,
201126

Mouse: males, 16 db/db divided into two groups, n 5 8/group; 14
db/m divided into two groups. 3 Hz/0.5–0.8 mA, 10 min/day, 5

treatments/week, 8 weeks. Acupuncture needles inserted at
Zusanli (ST36) and Guanyuan (CV4) points; needles at these two

points were linked to Zusanli on the other side on the following
day

Non-diabetic
heterozygote litter

mates

Genetic obese diabetic

Pai et al., 200927 Rat: 36 males randomly divided into groups, n 5 9/group. 15 Hz/
10 mA, 30 min. Two acupuncture needles inserted into anterior

tibial muscles at both Zusanli (ST36) points

Adults, fasted for 12 h STZ neonatal type 2, fasted for
12 h

Ishizaki et al.,
200928

Rat: 27 males divided into EA group (n 5 13) and control group
(n 5 14). 15 Hz/10 mA, 90 min. Acupuncture needles inserted
into muscle layer at two points between top of xiphoid process

and upper border of pubic symphysis

Genetic type 2, fasted for 12–20 h

Higashimura

et al., 200929
Rat: 25 males; 2 weeks after STZ, randomly divided into groups.

20 Hz/10 mA, 10 min. Two acupuncture needles inserted into
right tibialis anterior muscle

STZ adults, type 1, not reported as

being fasted (n 5 7)

Chang et al.,

200630
Rat: males, normal and STZ diabetic rats divided randomly into

experimental and control groups, n 5 8/group. 15 Hz, 30 and
60 min. Acupuncture needles inserted into anterior tibia muscles
at both Zusanli (ST36) points

Adults STZ adults, type 1, fasted for 12 h

Tseng et al.,
200531

Rat: 7 animals. 2 Hz, 30 min, then after 90 min 2 Hz, 30 min
(n 5 2), 100 Hz, 30 min (n 5 2). Acupuncture needle inserted
5 mm deep at bilateral Zusanli (ST36) acupoints; 2 Hz (n 5 3) at

non-acupoints

Adults, fasted for 12 h

Lin et al., 200524 Rat: males divided randomly into groups, including normal (n 5

12) and EA groups (n 5 11/group). 4 or 20 Hz, 30 min/50 mA/
day, 4 weeks. Acupoints ST36, SP9 (positive charge), SP6, K3
(negative charge) in right lower limb

Adults STZ adults, type 1

Chang et al.,
200632

Rat: males. 2 Hz, 30 min.
Mouse: 2 Hz, 30 min.

Acupuncture needles inserted into anterior tibia muscles at both
Zusanli (ST36) points

Adults

Adults

STZ adults, type 1

Lin et al., 200433 Rat: males, randomly divided into adrenalectomized (ADX) and

sham groups (n 5 6/group).

Sham and ADX adults

Mouse: males

15 Hz, 30 min. Acupuncture needles inserted into muscle layer at
depth of 2 mm at Zhongwan and Gwanyuan acupoints on

abdomen

Reproduced by permission of Journal of Acupuncture and Meridian Studies (JAMS, 2012, 5, 1–10).
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Table 14.5 (Extended)

Measured outcomes of acupuncture treatment

Blood glucose Blood insulin Blood lipids Blood b-endorphin

Blood

flow

Nerve conduction

velocity

Blood glucose decreased in
diabetic mice

Insulin levels
maintained and

increased insulin
sensitivity in diabetic

mice

Free fatty acid levels
decreased in blood

of diabetic mice with
no significant effect

on triglyceride or
total cholesterol; no

effect on free fatty
acid, triglyceride or

total cholesterol
levels in blood of
non-diabetic mice

Blood glucose decreased in
normal rats and type 2

diabetic rats

Insulin secretion
increased in normal

rats and type 2
diabetic rats

Fasting blood glucose
decreased

Plasma insulin
increased during
fasting period

No change in plasma

glucose; response of
plasma glucose to insulin

increased
Blood glucose decreased in

normal rats and type 1
diabetic rat; response of
plasma glucose to insulin

increased in insulin
challenge test in normal

rats and type 1 diabetic
rats

No change in normal

rats and no increase
in normal rats
undergoing i.v. GTT

After 2 Hz EA blood
glucose decreased but

60 min after end of EA
blood glucose was
raised; blood glucose not

changed after a second 2
or 100 Hz stimulus at

90 min
No change in blood glucose

for normal and diabetic
rats following electrical
stimulation of acupoints

No change of blood

flow in footpad for
diabetic rats
following electrical

stimulation of
acupoints

compared with
normal rats

For diabetic mice, at

3rd or 4th weekend
of electrical
stimulation NCV

was increased

Plasma glucose decreased in
non-fasting (n 5 8) and

fasting normal rats (n 5

7) but not in fasting type
1 diabetic rats (n 5 7); a

small decrease in plasma
glucose occurred with

EA at non-acupoint in
normal rats (n 5 8);

plasma glucose decreased
in non-fasting (n 5 8)

and fasting normal mice
(n 5 7)

Plasma insulin
increased in fasting

normal rats

Plasma b-
endorphin

increased in
fasting normal
rats

Plasma glucose decreased in

sham rats (n 5 6) and
mice (n 5 9);

adrenalectomy partially
reduced plasma glucose

response to EA in rats (n
5 6) and mice (n 5 8)

Plasma insulin not

changed in ADX
rats

Plasma b-

endorphin not
changed in

ADX rats
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14.6.2.2.4 Blood b-endorphin

Blood b-endorphin was increased in normal rats by electroacupuncture (2/2,

100% successful in increasing blood b-endorphin).

14.6.2.2.5 Blood flow

There was no change in blood flow in footpad for type 1 diabetic rats following

electroacupuncture.

14.6.2.2.6 Nerve conduction velocity

NCV was increased in type 1 diabetic rats at the third or fourth weekend of

electroacupuncture.

Table (Continued)

Study Species, EA treatment

Experimental animals

Normal Diabetic

Zeng and Li,
200234

Rabbit: 14 males, 10 females. 25 min. Acupuncture needle inserted
into Weiwanxiashu and/or Zusanli acupoint

Alloxan adults, type 1

Lin et al., 200216 Rat: males, divided into ADX (n 5 9) and sham groups (n 5 8).

Mouse: males ADX (n 5 8) and sham (n 5 7).
2 Hz, 30 min. Acupuncture needles inserted into muscle layer at

Zhongwan and Gwanyuan acupoints

Sham and ADX

adults, fasted

Shapira et al.,
200035

Sand rat: 29 diabetic males randomly assigned to 3 groups:
abdominal EA, back EA and control. 15 Hz/80 mA, 30 min.

Acupuncture needles inserted 2 mm into muscle layer at
Zhongwan and Gwanyuan acupoints

Type 2

Chang et al.,
199915

Rat: males, divided into experimental groups and control group
(EA at non-acupoint). 15 Hz/ 10 mA, 30 min.). Acupuncture

needles inserted into muscle layer at Zhongwan (positive charge)
and Gwanyuan acupoints (negative charge

Adults Adults, genetic type 1 (BB/W), STZ
adults, type 1, and STZ neonatal,

type 2

Ikeda et al.,
199136

Rat: 56 males. 50 Hz/5 V, 10 min. Two acupuncture needles
inserted to deep muscle layer at Chuin acupoint; other acupoints

in abdomen also chosen and to front paw and to leg and thigh

Adults

Table 14.5 (Extended)
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14.7 Adipokines and Toxic Lipids

Recent studies have shown that alteration in the production of cytokines from

adipose tissue, also known as adipokines, may be responsible for initiating a

proinflammatory state in obese individuals and type 2 diabetic patients that

is responsible for the development of insulin resistance and endothelial

dysfunction, which is the initial stage in the development of atherosclerosis.

Adipokines include adiponectin, leptin, tumor necrosis factor alpha (TNF-a),

interleukin-6 (IL-6) and plasminogen activator inhibitor-1 (PAI-1). Increased
adipose tissue mass was associated with overexpression of TNF-a, IL-6 and

PAI-1 and underexpression of adiponectin in adipose tissue. Reduction of

adipose tissue mass through weight reduction in association with exercise

lowered TNF-a, IL-6 and PAI-1, increased adiponectin and was associated

with improved insulin sensitivity and endothelial function.37 In most patients

with gestational diabetes, abnormally high levels of leptin are found and

might increase the inflammatory process. Decreased levels of adiponectin in

gestational diabetes might further exacerbate insulin resistance.38 Evidence

Table 14.5 (Continued)

Measured outcomes of acupuncture treatment

Blood glucose Blood insulin Blood lipids Blood b-endorphin

Blood

flow

Nerve conduction

velocity

Plasma glucose and
glucagon decreased

following acupuncture
at Weiwanxiashu point

(n 5 8) but not when
acupuncture given at

Zusanli point alone
(n 5 8); decrease in

plasma glucose and
glucagon more
pronounced when

acupuncture given at
both Weiwanxiashu and

Zusanli (n 5 8)
Plasma glucose decreased in

sham rats and mice; no
effect in ADX rats and

mice

Plasma insulin

increased in sham
rats; no effect in

ADX rats

Plasma b-

endorphin
increased in

sham rats; no
effect in ADX
rats

Decrease in blood glucose
between real (abdominal

EA) and placebo groups
(back EA) throughout

the 3 weeks

Serum insulin not
changed between

real and placebo
groups

Plasma triglycerides
and cholesterol not

changed between
real and placebo

groups
Plasma glucose decreased in

normal rats (n 5 8) and

type 2 diabetic rats (n 5

8); no effect in type 1

diabetic rats (BB/W, n 5

8; STZ induced, n 5 7)

Plasma insulin
increased in normal

rats and type 2
diabetic rats

Plasma b-
endorphin

increased in
normal rats and

type 2 diabetic
rats; also

increased in STZ
type 1 diabetic

rats
Blood glucose levels

increased following EA

of middle upper
abdominal area;

stimulation of other
areas of abdomen or

front paw, leg or thigh
did not alter blood sugar

level

Table 14.5 (Extended)
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from human patients and animal models with type 2 diabetes indicates that

elevated glucose levels cause oxidative stress on pancreatic b-cells39,40 and that

the b-cells are very vulnerable during times of oxidative stress, having relatively

low activities of the major antioxidant enzymes superoxide dismutase, catalase

and glutathione peroxidase.41

Type 2 diabetes in human patients is frequently associated with obesity,

hyperlipidemia and hyperglycemia. Fatty acids are detrimental to b-cells when

present at elevated concentrations for prolonged periods of time, with adverse

effects such as decreased glucose-induced insulin secretion,42 impaired insulin

gene expression43 and increased cell death.44 Lipotoxicity occurs only in the

context of hyperglycemia, whereas glucotoxicity can occur in the absence of

hyperlipidemia.45

14.8 Conclusion

Central to the management of diabetes are treatment strategies targeting blood

glucose, blood pressure, triglycerides and low-density lipoprotein cholesterol

levels,46,47 together with lifestyle modifications. Such strategies lower the

risk of cardiovascular complications and also reduce the risk or slow the

progression of microvascular complications such as retinopathy and nephro-

pathy.48 The use of pharmacological agents and lifestyle modifications

including exercise, weight loss, reduced caloric and dietary fat intake and

cessation of smoking are strategies currently in use. Acupuncture has long been

used in TCM to treat hyperglycemia in human subjects.22 Several early studies

in both normal and diabetic rodents showed that electroacupuncture applied

on the abdomen or the legs had marked hypoglycemic effects by increasing

insulin secretion. Electrical stimulation on the abdomen accelerated glucose

consumption during an intravenous glucose tolerance test (GTT) in non-

diabetic rats and increases in both insulin secretion and sensitivity were

observed.49 Furthermore, electroacupuncture applied to the hind limb of STZ-

induced type 1 diabetic rats for 10 min, although not causing any significant

change in plasma glucose concentration, increased the response of plasma

glucose to insulin via excitation of somatic afferent nerves.29 It has been

suggested that glucose uptake in response to insulin can be augmented via

two mechanisms, muscle contraction itself and an afferent nerve-mediated

mechanism evoked by the muscle contraction (and/or muscle stimulation).29 In

anesthetized rats, high-frequency (20 Hz) electroacupuncture applied to hind

limb reflexively increased hepatic glucose output.50 Therapies involving

acupuncture alone or together with electrical stimulation could form an

important treatment strategy for the management of diabetic patients.

Of the six clinical trials using acupuncture, three were performed with

diabetic patients, one with patients having cancer or cardiovascular disease,

one with senile patients having impaired glucose tolerance and one with

normal healthy subjects. Acupuncture was successful in reducing blood glu-

cose in fasting diabetic patients, in hyperglycemic patients with cancer or
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cardiovascular disease and in senile patients with impaired glucose tolerance

given in combination with a controlled diet. For fasting diabetic patients,

blood insulin after acupuncture was only slightly elevated at fasting and at

30 min after glucose load in OGTT–IRT (oral glucose tolerance test and

insulin release test). Most of the diabetic patients treated had type 2 diabetes.

Interestingly, blood glucose was not changed in normal patients receiving

acupuncture but there was a decrease in blood insulin. In type 2 diabetic

patients with peripheral neuropathy, blood lipids were decreased by both

wrist–ankle acupuncture and body acupuncture. In the study with STZ-

induced type 1 diabetic rats there was no change in blood glucose following

acupuncture. These studies indicate that acupuncture is an effective treatment

for patients with type 2 diabetes, hyperglycemic patients with cancer or

cardiovascular disease and senile patients with impaired glucose tolerance.

Electroacupuncture treatment of obese women with caloric restriction diet

resulted in a decrease in blood glucose and an increase in blood insulin.

Although low-energy electroacupuncture did not change blood glucose in

normal healthy subjects, there was a decrease in blood insulin. The studies

performed in the rat indicated that electroacupuncture had a hypoglycemic

effect in type 2 diabetic and normal rats, with an increase in blood insulin.

However, it was only successful in reducing blood glucose in a small

percentage of type 1 diabetic rats. These findings suggest that electroacu-

puncture could be an effective treatment for obese patients with hyperglycemia

and also for patients with type 2 diabetes.

In acupuncture, point selection is the key to treatment. Specific points such

as Yishu (EX-B3), Pishu (BL20), Zusanli (ST36) can explicitly improve glucose

metabolism and enhance glucose tolerance, and Sanyinjiao (SP6) and Zusanli

(ST36) are selected to nourish the kidney and strengthen the spleen.51 Yishu

acupoint (EX-B3) is on the back, 1.5 cm lateral to the lower border of the

spinous process of the eighth thoracic vertebra. Pishu (BL20) is also on the

back, below the spinous process of the eleventh thoracic vertebra, 1.5 cm

lateral to the posterior midline. Zusanli acupoint (ST36) is located on the front

of the leg just below the knee and one finger width lateral from the anterior

border of the tibia. Sanjinjiao acupoint (SP6) is located four finger widths

above the tip of the medial malleolus of the tibia.

In TCM, the Zusanli (ST36) acupoint is considered a primer to control

blood glucose,52 whereas the Sanyinjiao (SP6) acupoint regulates not only

blood glucose but also gynecological conditions.53 In the human studies where

a decrease in blood glucose was caused by acupuncture treatment, the Zusanli

acupoint (ST36) was one of the acupoints used. Moreover, electroacupuncture

2 Hz stimulation at the Zusanli acupoint (ST36) in rats produced a greater

hypoglycemic response than stimulation at the Zhongwan acupoint which is

located on the upper abdomen, on the anterior midline 4 cm above the center

of the umbilicus.54 There was no change in blood glucose in fasting type 1

diabetic rats receiving 2 Hz stimulation for 30 min at acupuncture needles

inserted at both Zusanli (ST36) acupoints. However a decrease in blood
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glucose occurred using 15 Hz for 30 min at acupuncture needles inserted at

both Zusanli (ST36) acupoints. Thus frequency of stimulation is an important

factor in electroacupuncture response and 15 Hz stimulation provided an

effective treatment for lowering blood glucose in fasting type 1 diabetic rats

which was not found using 2 Hz stimulation or acupuncture alone.

Acupuncture and electroacupuncture can produce a prolonged and

sustained hypoglycemic effect by increasing insulin levels and/or elevating

insulin sensitivity. The insulin-dependent hypoglycemic effect produced by

electroacupuncture is possibly mediated by endogenous opioid peptides such

as b-endorphin and activation of serotonin.32 Acupuncture and electroacu-

puncture can also lower free fatty acids and lipid levels of blood plasma by

altering citrate or glucose metabolism in the liver.52,55 However, very few of the

studies examined reported on free fatty acids and lipid levels. Of those that did,

acupuncture decreased blood lipids in type 2 diabetic patients with peripheral

neuropathy and also lowered triglyceride levels in patients having cancer or

cardiovascular disease with hypertriglyceridemia. Future studies to examine

the influence of acupuncture and electroacupuncture on the expression in

adipose tissue of adiponectin, leptin, TNF-a, IL-6 and PAI-1 may provide

further understanding of the hypoglycemic effects of these two treatments.

Recently, preoperative application of transcutaneous electrical nerve stimula-

tion (TENS) at Zusanli (ST36) and Sanyinjiao (SP6) acupoints has been shown

to prevent a hyperglycemic response in human patients during anesthesia.56

Electroacupuncture had a greater hypoglycemic effect than TENS in STZ

diabetic rats.57 During hospitalization, y30% of patients will experience

hyperglycemia, with many not having diabetes or being undiagnosed. When a

patient is critically ill, for example after heart surgery, blood glucose levels tend

to increase – a condition termed stress hyperglycemia. This worsens outcomes in

seriously ill patients with higher medical costs, greater incidence of infection and

readmission to the hospital and increased mortality rates. Furthermore, a recent

study reported that 40% of elderly patients admitted to hospital had

hyperglycemia; excluding those patients already diagnosed with diabetes, 25%

of these patients were hyperglycemic.58 Electrical stimulation at selected

acupoints could have important clinical application in reducing hyperglycemia

in patients during anesthesia or surgery. Furthermore, acupuncture and

electroacupuncture have analgesic effects through the release of endorphins

and enkephalins, thereby increasing anesthesia in patients undergoing surgery.

The current chapter is an expansion and reevaluation of previous work.59
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