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Foreword

I am honored to provide a foreword to this book, Experimental Acupuncturology. I 
congratulate Professor Jaung-Geng Lin and his team of experts on successfully 
completing this compilation of scientific evidence corroborating the clinical effects 
of acupuncture in various physiological and psychological conditions.

Formal recognition by the WHO and UNESCO as to the use and efficacy of acu-
puncture science in modern medicine has encouraged significant investment into the 
research and development of acupuncture science among top-ranking health science 
research institutions in China, Taiwan, Japan, Korea, France, and the USA.

This book features the use of acupuncture as a scientifically verifiable treatment 
for significant health-related issues including analgesia, drug addiction, depression, 
cognitive deficits, chronic itch, peripheral nerve regeneration, stroke, diabetes mel-
litus, sleep regulation, and gastrointestinal function. In this book, authors of chapters 
describe the mechanisms underlying the therapeutic effects of acupuncture in each 
condition, verifying the millennium-long and subjective experience. Discussions of 
preclinical experimental results in this book offer indisputable evidence as to how 
acupuncture modulates various aspects of the mammalian system, often leading to 
dramatic, measurable, and sustained improvements in disease- related symptoms. 
This book provides a new direction and guidance as to how the medical community 
can proceed with acupuncturology in modern prevention and precision medicine.

The editor of this book, Professor Lin, is the first Taiwanese scholar to ever 
receive a PhD in Acupuncture Science. In 1980, he received the Highest Golden 
Burnoose Award from the Kingdom of Saudi Arabia. Since then, he has received 
countless worldwide awards. His long-standing work in the clinic and laboratory 
has accrued abundant long-term experience in acupuncturology over many years. 
This wealth of experience places Dr. Lin in a unique position to effectively support 
the current and future medicinal community, both now and in the future. Indeed, 
since 2012, Dr. Lin has been recognized as an expert by the WHO and UNESCO; 
both organizations continue to seek his expertise and advice on acupuncture.

With yet more scientific evidence awaiting publications, I look forward to read-
ing more chapters in future.

Taichung, Taiwan Chancellor Wen-Hwa Lee
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Editor’s Preface

I am a medical doctor and also a Chinese medical doctor. I have always been pas-
sionate about general surgery, internal medicine, and Chinese medicine. My interest 
in acupuncture practice led me to work initially in Taipei Veterans General Hospital, 
where I was assigned to practice and provide medical service in Saudi Arabia from 
1979 to 1980. Over my 40 years of practice, I have used acupuncture to successfully 
treat pain, anxiety, and insomnia and other disorders. Over that time, many world-
wide national leaders and famous people have been treated with my acupuncture 
treatment.

From my understanding, the classic literature describes the effects of acupunc-
ture according to personal experience only. The mechanisms underlying acupunc-
ture effects have not yet been elucidated. Modern medicine needs animal studies to 
explore these mechanisms.

To answer this need, I encouraged my team of acupuncture research associates 
from China Medical University, National Taiwan University, and Da-Yeh University 
to contribute their clinical experience for this book. Their selected topics cover a 
brief history of acupuncture, how acupuncture affects analgesia, addiction, depres-
sion, itch, peripheral nerve regeneration, stroke, diabetes mellitus, cognitive defi-
cits, and sleep disorders. In an effort to make this book even more useful, I also 
invited contributions from Professor Jen-Hwey Chiu at National Yang-Ming 
University, Professor Litscher Gerhard at the Medical University of Graz in Austria, 
and Professor Xinyan Gao at the Chinese Academy of Traditional Chinese Medicine, 
Beijing, China. These experts have added chapters covering details on moxibustion, 
laser acupuncture, and the effects of acupuncture in gastrointestinal function. This 
book has been proofread by Ms. Iona MacDonald, and I would like to extend my 
special appreciation and thanks to her.

This book aims to provide new direction and guidance on how the medical com-
munity can proceed with acupuncturology in the modern era of preventive and pre-
cision medicine. I hope that this book will prove to be an important reference for 
researchers devoted to the study of acupuncture and that it will serve as a textbook 
of experimental acupuncturology for medical students and clinicians.

Taichung, Taiwan Jaung-Geng Lin 
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1A Brief History of Acupuncture: 
From Traditional Acupuncturology 
to Experimental Acupuncturology

Chin-Yi Cheng and Jaung-Geng Lin

Abstract
The practice of acupuncture guided by the meridian theory is first mentioned in 
the Yellow Emperor’s Classic of Internal Medicine. The basic theories and tech-
niques of acupuncture were established in the Eastern Han Dynasty. The first 
book to combine the theories and practices of acupuncture was the Systemic 
Classic of Acupuncture and Moxibustion, written by Huangfu Mi. In the Song 
Dynasty, Wang Wei-Yi designed two life-size male bronze statues, which are 
recognized as the earliest bronze acupuncture models to be used for teaching 
purposes. During the Ming Dynasty, The Great Compendium of Acupuncture and 
Moxibustion by Yang Ji-Zhou had a huge influence on the development of mod-
ern acupuncture. In the early twentieth century, the development of acupuncture 
fell into neglect. However, much research subsequently explored acupuncture 
using modern scientific techniques and methods. From the 1950s to the 1980s, 
acupuncture gained new life through exploration of traditional theories and 
modern research. Scientific techniques explored the essence of meridians, acu-
puncture analgesia and anesthesia, the characteristics of de qi, and the phenom-
enon of propagated sensations along channels. At the same time, the launch of 
academic conferences greatly advanced the quality of experimental acupunctur-
ology studies. The period from 1980 until now marks an important stage of 
development in experimental acupuncturology. Since the introduction of acu-
puncture in other countries including Japan, Korea, France, and the U.S.A., 
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 acupuncture has become more popular, developed rapidly, and has undergone 
systematic research.

Accumulating evidence reveals the benefits of acupuncture in treating various 
pathological conditions including pain, cardio-cerebrovascular diseases, neuro-
psychological disorders, drug addictions, itchy skin conditions, immune disor-
ders, and diabetes. Further analysis into the mechanisms of acupuncture is 
needed to determine future clinical applications for acupuncture.

Keywords
Acupuncture · Meridian · Acupuncture analgesia · Experimental 
acupuncturology

1.1  Historical Events of Traditional Acupuncturology

According to the Yellow Emperor’s Classic of Internal Medicine, which was written 
over 2000 years ago, acupuncture comprises an important part of traditional Chinese 
medicine (TCM) and has been used to treat a variety of illnesses, under guidance of 
the meridian theory (Zhou and Benharash 2014a; White and Ernst 2004). The 
meridian theory believes that the qi (vital energy) and blood flow continuously 
through the meridians, which connect with corresponding organs. Acupuncture 
stimulation corrects the imbalance of qi-blood-yin-yang in the meridians and the 
target organs, and activates the regulatory functions to restore a healthier balance, 
thereby relieving suffering from disorders (Kong et al. 2007; Yang et al. 2014). In 
the Eastern Han Dynasty, the famous medical doctor Zhang Zhong-Jing used acu-
puncture and moxibustion methods under Nanjing guidance to treat various dis-
eases, as described in his book Treatise on Febrile Disease (Zhang and Li 1999). 
During this period, the basic theories and fundamental techniques of acupuncture 
and moxibustion were established, but the precise location of acupuncture points 
remained unclear. Later, the renowned medical doctor Huangfu Mi wrote the 
Systemic Classic of Acupuncture and Moxibustion (256–282 A.D.), consisting of 12 
volumes with 128 chapters and describing 349 acupoints (Zhang and Li 1999; Jiang 
1985). This book details each of the organic meridians, the exact location of acu-
points, gives detailed indications and methods of manipulation, and is recognized as 
being the first book to combine the theories and practices of acupuncture and moxi-
bustion. It is also one of the most influential works available on acupuncture and 
moxibustion (Zhang et al. 2013). In the Tang Dynasty, the famous physician Sun 
Si-Miao compiled Prescriptions Worth a Thousand Gold for Emergencies (Bei Ji 
Qian Jin Yao Fang), in which a great deal of clinical experience in acupuncture 
treatment was recorded (Huang and Huang 2001). Subsequently, acupuncture was 
established over time as a special branch of medicine and continued to be developed 
and practiced, eventually becoming one of the most common types of therapy used 
in China (White and Ernst 2004). In the Song Dynasty, the famous acupuncturist 
Wang Wei-Yi was ordered by the government to revise the acupuncture classics, 
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with emphasis on acupoint locations and their related meridians. Wang Wei-Yi com-
piled the Illustrated Manual of the Bronze Man Showing Acupuncture and 
Moxibustion Points (1026 A.D.) and designed two life-size male bronze sculptures, 
with 354 acupoints recorded on their surfaces. These are recognized to be the earli-
est bronze acupuncture models for teaching and examination purposes (White and 
Ernst 2004; Lehmann 2013). At this time, the meridian theory becomes more practi-
cal for use. During the Ming Dynasty, The Great Compendium of Acupuncture and 
Moxibustion, written by Yang Ji-Zhou, was published. This book serves as the basis 
of modern acupuncture, containing clear descriptions of the functions of 365 acu-
points represented on the 14 meridians, and has greatly influenced the development 
of acupuncture (White and Ernst 2004). From the early period of the Qing Dynasty 
(around the 1640s) to the Opium Wars (1839–60), medical doctors demonstrated 
the superiority of herbal medicine over acupuncture, which became more and more 
neglected. Two publications that were released during this time are worth mention-
ing: the Golden Mirror of Medicine, written by Wu Qian in 1742, describes acu-
puncture in the practical form (Hanson 2003). In addition, Li Xue-Chuan compiled 
The Source of Acupuncture and Moxibustion in 1817 (Soldan et al. 2013), empha-
sizing the specificity of acupoints and systematically classifying the 361 acupoints 
on the 14 meridians.

1.2  Historical Events of Experimental Acupuncturology

With an increasing acceptance of Western medicine in China at the beginning of 
the twentieth century, governmental policies imposed a ban on traditional medicine 
and forbade its development, leading to the demise of TCM including acupuncture 
(White and Ernst 2004). However, the enormous need of the Chinese people for 
healthcare services meant that acupuncture was given a chance to develop and 
grow once more. At this time, many acupuncturists strove to elucidate the theories 
of acupuncture using modern science and technology. In 1934, Tang Shi-Cheng 
and his colleagues published a paper entitled The Technique and Principles of 
Electroacupuncture and the Study of Electroacupuncture, which proposed that 
electroacupuncture with pulsed current could be used in clinical practice (Fang 
et al. 2012). This is the first study to combine acupuncture with electric stimulation 
techniques. In the 1950s, acupuncture gained new life, as modern research began 
to investigate traditional theories. Acupuncture research institutes were established 
throughout China and acupuncture treatment became an integrated complementary 
therapy in hospital care. In addition, the Chinese government launched basic and 
clinical trials in acupuncture research (Wang et al. 2013). During this period, the 
study of the physical foundations of meridian channels was listed among key proj-
ects for Natural Science Development in China and acupuncture anesthesia was 
developed on the foundation of acupuncture analgesia (Dong 2013). A new subject 
was introduced–experimental acupuncturology–a method designed to probe acu-
puncture meridians and TCM points through the use of modern scientific tech-
niques and experimental methods (Tang 1991). From the late 1950s to the 1960s, 
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Western medicine theories began to integrate Chinese medicine. Multidisciplinary 
projects employed modern experimental techniques to investigate the principles of 
acupuncture therapy, including acupuncture analgesia. During this period, the 
study of acupuncture analgesia developed into acupuncture anesthesia, which has 
since been widely applied (Liu et al. 2007; Hu et al. 2009). Meanwhile, research 
began to use modern techniques to investigate the essence of meridian channels 
(Ma et al. 2003). In 1965, acupuncture analgesia was selected as a key issue in 
national scientific studies by the Health Department in China and Professor Han 
Ji-Sheng began his lengthy exploration of the principles of acupuncture analgesia 
and acupuncture treatments for drug addiction (Han 2009). This period is therefore 
recognized as the founding stage of experimental acupuncturology. In the 1970s, 
numerous laboratory and clinical studies confirmed that acupuncture treatment 
could be used to reduce levels of acute and chronic pain (Strauss 1987). Furthermore, 
the discovery of endorphins and natural opiate-like molecules provided evidence 
of acupuncture analgesia (Strauss 1987). Research has shown that acupuncture 
needle sensation, known as de qi, resulting in numbness, soreness, distension, 
heaviness, dull or sharp pain during acupuncture stimulation, is closely related to 
the action of analgesia and anesthesia (Kong et  al. 2007; Zhou and Benharash 
2014b). Research has also demonstrated that the qualities of de qi including speed, 
intensity and type can influence the effect of acupuncture treatment (Hu et  al. 
2014). Simultaneously, studies on propagated sensation along channels (PSC) 
received substantial attention in China (Beissner and Marzolff 2012). A group of 
“meridian channel-sensitive subjects” were discovered, which generated a moving 
sensation along the meridian channel in response to stimulation of an acupoint, 
termed the PSC phenomenon (Beissner and Marzolff 2012). From the 1950s 
through the 1970s, numerous investigations explored acupuncture, acupoints and 
meridian systems with use of modern scientific methods, such as acupoint injec-
tion (isotope), magnetic therapy, acupoint laser irradiation, measurement of elec-
tric impedance, infrared spectrum analysis, and infrared thermal imaging (Yang 
et  al. 2007). In June 1979, the First National Symposium of Acupuncture and 
Moxibustion and Acupuncture Anaesthesia was held in Beijing (Ballegaard et al. 
1986), marking the birth of a new academic discipline, experimental acupuncturol-
ogy. This period is recognized as being the maturing stage of experimental acu-
puncturology. After 1982, leading higher education institutes for Chinese medicine 
in Tianjin, Shanghai, Nanjing, Liaoning, and Shaanxi began to offer courses in 
experimental acupuncturology. In October 1986, the China Association of 
Acupuncture and Moxibustion was established in Shanghai, promoting the estab-
lishment and development of the experimental acupuncturology discipline. The 
First World Conference on Acupuncture and Moxibustion in Beijing in 1987 pro-
vided a significant advancement in the content and quality of experimental acu-
puncturology studies (Wang and Liu 1989). The period from 1980 until today is 
recognized as the developmental stage of experimental acupuncturology.

Ever since the introduction of Chinese acupuncture to Korea and Japan in the 
sixth century, acupuncture has formed a very important part of their traditional med-
icine (White and Ernst 2004). Between the 1940s and 1950s, Japanese researchers 
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explored the essence of meridians. Yoshio Nagahama first discovered the phenom-
enon of PSC in 1946 and reported his findings in 1950 (Zhuang et al. 2013; Li et al. 
2012). In 1952, Rokuro Fujita studied the electrical activity of acupoints and merid-
ians and proposed that the main cause of the meridian phenomenon is the transmis-
sion of changes elicited by muscle contraction. In 1955, Kazuo Nakatani and 
colleagues published their findings on “well-transmit sub-meshwork (Ryodoraku)” 
in the Journal of the Autonomic Nervous System and developed the renowned 
Ryodoraku adjustment therapy (Schmidt et al. 2002; Buts’ka 2006). In 1963, the 
North Korean scientist Bong-Han Kim declared that the novel threadlike structures 
(Bonghan ducts) exist on the surfaces of internal organs and could serve as the ana-
tomical basis of acupuncture meridians in human and animals (Shin et al. 2005; Lee 
et al. 2005). However, Bong-Han Kim’s discovery could not be reproduced (Shin 
et al. 2005).

Acupuncture was first introduced into Europe during the sixteenth century. 
France was the first country to accept acupuncture and the practice of acupuncture 
became more popular there after the late 1920s (Lu and Lu 2013; White and Ernst 
2004). In 1970, the France scientist Jean Borsarello used infrared thermal imaging 
to delineate meridians and acupoints in the human body (Wang et al. 2012). In 1984, 
Hungarian explorations found that meridian channels and acupoints have a higher 
metabolic rate and carbon dioxide release (Eöry 1984). In 1985, the French 
researcher Pierre de Vernejoul injected radioactive isotopes into specific meridian 
acupoints in patients and observed that the isotopes traveled the meridian pathway 
(de Vernejoul et al. 1985).

In the early 1800s, U.S. research demonstrated that acupuncture was an effective 
pain-management technique (Lu and Lu 2013). However, the pain-relieving effect 
of acupuncture did not attract significant interest in the U.S. and acupuncture 
remained virtually unknown in the U.S.A. until former President Nixon’s visit to 
China in 1972 (Lu and Lu 2013), which sparked a renewed interest in acupuncture 
in the U.S.A. (Turnbull and Patel 2007). In 1973, the U.S.  Food and Drug 
Administration approved acupuncture equipment as a class III medical device, 
which could be used only under appropriate research protocols (Medical assistance 
programs: sterilization procedures—1973). In 1974, the American Medical 
Association declared that acupuncture belonged within medical treatment modali-
ties (Schwartz 1981). Since then, numerous studies have been conducted in the 
U.S.A. and other countries exploring the effects and mechanisms of acupuncture 
under various pathological conditions. The findings that acupuncture stimulation 
causes the release of neurotransmitters, peptides and endorphins, clearly explained 
the effects of acupuncture from a modern biomedical and pharmacological basis 
(Lu and Lu 2013). In the face of increasing recognition and widespread uptake of 
acupuncture activities, the World Health Organization (WHO) conducted a sympo-
sium on acupuncture in June 1979 in Beijing, China and the participants drew up a 
list of 43 suitable diseases that can be treated with acupuncture (Ma et al. 2006). In 
1996, the WHO Consultation on acupuncture was held in Cervia, Italy and selection 
criteria were developed in a review of clinical studies, and participants listed 64 
medical problems considered suitable for acupuncture treatment (Lin et al. 2009). 
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In recognition of the great usefulness of acupuncture in pain relief, the U.S. National 
Institutes of Health 1997 Consensus Statement on acupuncture declared that there 
was sufficient evidence to expand acupuncture intervention into conventional medi-
cine (Lu and Lu 2013).

1.3  Published Literature on Acupuncture

Nowadays, much research seeks to evaluate the effectiveness of acupuncture and 
the underlying mechanisms of acupuncture treatment. Accumulating evidence 
reveals the benefits of acupuncture in treating various pathological conditions and 
its mechanisms are being clarified (Zhuang et  al. 2013). In general, acupuncture 
studies are divided into specific research areas including meridian channels, acu-
points, clinical acupuncture, and basic acupuncture. An extensive published litera-
ture exists on clinical and basic acupuncture; systemic PubMed searches identify 
thousands of clinical and basic research papers with “acupuncture” in the title 
(Hempel et al. 2014). The top three categories of acupuncture, ranked using pub-
lished clinical and basic acupuncture research, are pain and analgesia, cardio- 
cerebrovascular diseases, and neuropsychological disorders (Cai et  al. 2012). 
Moreover, there is an ever-growing literature on the efficacy of acupuncture in the 
treatment of addiction, the role of acupuncture in immunomodulation, and on its 
benefits in treating itching of the skin, and diabetes. Further analysis is required to 
clarify the effects and mechanisms of acupuncture in these conditions, to better 
determine future clinical applications.
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2Acupuncture Analgesia for Animals

Yi-Wen Lin and Jaung-Geng Lin

Abstract
Acupuncture is part of Chinese traditional medicine (TCM), and is an ancient 
system of healing that is well documented for its therapeutic effects in pain man-
agement. In ancient Chinese medical text, acupuncture is described as the pri-
mary treatment for several clinical problems, especially in pain management. In 
early times, acupuncture was practiced with primitive sharp stones or bamboo 
that have been replaced over time with ultra-fine needles. Acupuncture is the art 
of inserting fine needles into specific points on the skin, called acupoints, to initi-
ate a phenomenon such as de-qi. De-qi is a crucial indicator during acupuncture 
treatments, marked by some obvious feelings such as soreness, heaviness, full-
ness, numbness, migration. There are over 360 acupoints located along 14 main 
body meridians traversing the head, arms, legs and trunk. All meridians are sym-
metrical, traversing both sides of the body, except for the single meridians known 
as the Conception and Governor Vessels, which run along the body’s midline. In 
general, it is difficult to associate meridians with any anatomical or physiological 
structures. However, virtually all acupoints are located in deep tissues with abun-
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dant sensory nerve terminals, suggesting that a strong relationship exists between 
the meridian points and viscera in relation to nerve connection. It is thought that 
peripheral A and C fibers may mediate the afferent transmission of the acu-
puncture signals and ameliorate painful sensation. Recently, the World Health 
Organization (WHO) reported on the efficacy and safety of acupuncture 
treatment in over 30 effective symptoms, conditions and diseases. 
Acupuncture is most often used for pain relief, although it is also used for many 
other conditions.

Keywords
Acupuncture · Chinese medicine · Inflammatory pain · Fibromyalgia pain · 
Neuropathic pain

2.1  Introduction

The effectiveness of acupuncture in the relief of pain was first reported in the 
1970s by Johnson and colleagues (Johnson 1973). In ancient times, acupunctur-
ists used manual manipulation methods to achieve clinical benefits. Today, elec-
troacupuncture has become more popular, especially in pain management. 
Recently, several studies have suggested that acupuncture increases the release 
of endogenous opiates (Han 2003), serotonin (Chang et al. 2004) and adenosine 
(Goldman et  al. 2010) and thereby produces its anti-nociceptive effect. The 
major mechanism underlying acupuncture analgesia is the release of opiates in 
the CNS.  Transcutaneous electric stimulation of acupoints can reduce opioid 
intake and opioid adverse effects after intraabdominal surgery (Wang et  al. 
1997). Pretreatment with EA can reliably reduce postoperative analgesic 
requirements and side effects of analgesics in patients undergoing lower abdom-
inal surgery (Lin et al. 2002). Manual acupuncture can increase pain threshold 
accompanied by releasing morphine-like factor and further blocked by opioid 
receptor antagonist naloxone (Han 2003). Chen and Han indicate that EA anal-
gesia at 2 Hz is elicited in rats by activating μ opioid receptors (Chen and Han 
1992). In contrast, EA at 100 Hz can release dynorphins that bind to κ opioid 
receptors in the spinal cord of rats (Chen and Han 1992). Moreover, injection of 
κ opioid receptor antagonist reliably attenuates analgesia elicited by EA 2 Hz, 
whereas the analgesic effect of EA 100 Hz is alleviated by κ-opioid receptor 
antagonist treatment. Subsequently, mixed-frequency stimulation (2 and 
100 Hz) has been used to reduce acupuncture tolerance and increase the curative 
effect over that produced by single-frequency stimulation (Hamza et al. 1999). 
Ankle joint mobilization has been found to attenuate postoperative pain by acti-
vating the peripheral opioid system (Martins et al. 2012). Opiate receptors not 
only exist in the brain and spinal cord but also in peripheral sensory neurons 
(Stein 2003). Paradoxically, chronic opiate administration in humans has been 
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associated with hyperalgesia associated with hyperexcitability and functional 
remodeling of tetrodotoxin-resistant (TTX-R) Na+ and transient receptor poten-
tial vanilloid 1 (TRPV1) channels of sensory neurons (Ross et  al. 2012). In 
clinical medicine, opiates are the most commonly used and most powerful anal-
gesics available for severe acute and chronic pain. Opiate use is associated with 
a significant risk of systemic side effects including addiction, tolerance, respira-
tory depression, nausea, and more. As mentioned earlier, a novel and curative 
generation of opiates that target the peripheral site, is emerging. Opiates that 
have a peripheral site of action in inflamed tissue selectively activate peripheral 
opioid receptors and avoid centrally-mediated side effects. Acupuncture has 
important advantages over opiates in the treatment of pain, including conve-
nience, low costs, curative ability, and a lower risk of side effects.

Acupuncture has been reported to increase the release of adenosine at periph-
eral sites (Goldman et al. 2010). Needling can trigger a widespread increase in 
purines including adenosine and adenosine 5′-triphosphate (ATP), which is con-
sistent with an elevation in adenosine levels after tissue damage. The anti-noci-
ceptive effects of adenosine A1 receptors in both peripheral and central regions 
are well documented, but these agents are associated with dramatic site effects, 
especially in relation to the heart. Adenosine A1 receptor agonists reportedly 
reduce inflammatory and neurogenic pain. Evidence suggests that acupuncture 
reliably increases both ATP and adenosine at peripheral sites and thereby attenu-
ates inflammatory and neuropathic pain (Goldman et  al. 2010). These mecha-
nisms indicate that the adenosine A1 receptor (A1R) is crucial for acupuncture 
analgesia. Prostatic acid phosphatase (PAP) is expressed in nociceptive neurons 
and functions as an ectonucleotidase to increase adenosine concentrations ade-
nosine at the peripheral level. PAP reportedly exists in skeletal muscle located 
near the Zusanli acupoint, and serves as a rate-limiting ectonucleotidase that 
increases adenosine concentrations (Goldman et al. 2010; Quintero et al. 2007). 
As a result of this activation, painful peripheral neuropathy is eliminated in mice. 
Intravenous injection of adenosine can usually relieve postoperative pain and 
reduce opiate use (Gan and Habib 2007). The antinociceptive effects of PAP were 
evaluated in preclinical investigations to determine whether PAP sustains A1R 
activation followed by depletion of phosphatidylinositol 4,5-bisphosphate (PIP2) 
(Gan and Habib 2007). Intrathecal injection of human PAP (hPAP) can induce 
A1R-dependent antinociception in preclinical models of inflammatory pain and 
neuropathic pain (Sowa et al. 2010). The increase in adenosine levels induced by 
acupuncture has a short antinociceptive effect, peaking at 30 min (Goldman et al. 
2010). We urgently need to find a way of achieving prolonged biologic effects 
from acupuncture. Some researchers have suggested that injection of hPAP at 
BL40 acupoints provides a novel way of generating longer-lasting antinociception 
(Hurt and Zylka 2012).

The clinical use of acupuncture is associated with several advantages such as 
convenience, low cost, and fewer side effects, compared with pharmacologic 
therapy. In particular, acupuncture has demonstrated high efficacy in the relief 
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of pain-related symptoms. Electroacupuncture (EA) has demonstrated improve-
ments in several spinal cord injury (SCI) parameters: neurologic recovery 
scores; application of high-frequency EA at 75 Hz to the BL-62 and SI-3 acu-
points limits SCI-related damage to spinal cord neurons and axons (Wong et al. 
2003); and enhances recovery of bladder function in acute SCI (Liu et al. 2013). 
In a small study, manual acupuncture at the BL-33 acupoint reduced urinary 
incontinence in 15% of 13 patients with chronic SCI and improved incontinence 
by at least 50% in another 46% (Honjo et al. 2000). Almost all patients with SCI 
will suffer from pain symptoms, especially neuropathic and musculoskeletal 
pain (Cardenas and Jensen 2006; Widerstrom-Noga et al. 2001). The evidence 
in these studies suggests the effectiveness of acupuncture for SCI and its com-
plications. Animal experimental models suggest that several potential mecha-
nisms explain the beneficial clinical effects of acupuncture, including a reduction 
in glial fibrillary acidic protein (GFAP) in the injured cord, thereby inhibiting 
reactive astrocyte proliferation and reducing glial scar formation (Politis and 
Korchinski 1990), and a reduction in epidermal growth factor receptor (EGFR) 
levels, suggesting less scar formation Politis and Korchinski 1990. EA also 
reduces free radical formation, and down-regulates AQP-4 (aquaporin) expres-
sion after SCI, thereby inhibiting spinal cord edema that can produce secondary 
spinal cord damage. In addition, acute SCI models in animals have shown that 
EA reduces spinal cord atrophy, with a two-third reduction of anterior horn 
neuron loss, and reduces the acute stress response as measured by serum corti-
sol levels (Politis and Korchinski 1990). EA has also shown the potential to 
enhance spinal cord regeneration, with earlier and higher levels of laminin 
expression in the injured cord in EA-treated animals (Zhu 2002). Notably, Wu 
et al. reported that acupuncture reverses elevations in acetylcholinesterase and 
succinate dehydrogenase and reductions of acid phosphatase in the anterior 
horn of the spinal cord observed in experimental SCI, which could inhibit or 
delay the deterioration of those anterior horn cell neurons (Wu et  al. 1999). 
High-frequency EA causes release of dynorphins (Han 2003). In SCI patients 
with moderate to severe pain, acupuncture improved pain intensity and SCI-
related sequelae (Nayak et al. 2001).

Rheumatoid arthritis (RA) treatment includes disease-modifying antirheumatic 
drugs (DMARDs), which have proven to be beneficial in the treatment of 
RA. However, DMARDs can have a wide range of side effects, depending on the 
drug used, such as suppression of the immune system, leading to an increased risk 
of side effect (Galarza-Delgado et al. 2017; Nam et al. 2017). Acupuncture avoids 
these side effects and can effectively relieve RA-elicited symptoms and enhance the 
patient’s quality of life, especially in regard to pain management. Acupuncture is 
noticed to expand joint motion and improve emotion by modulating of immune 
system, nerve system, endocrine system, etc. The adjuvant uses of auricular EA 
resulted in significant short- and long-term treatment effects in the treatment of 
patients with RA (Bernateck et al. 2008).
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2.2  Inflammatory Pain

Inflammatory pain is disabling, and difficult to treat clinically. A number of animal 
models reproduce human inflammatory processes, such as the model of carra-
geenan-induced paw edema, via complete Freund’s adjuvant (CFA)-induced paw 
edema, capsaicin, collagen-induced arthritis (CIA), amongst others. Inflammatory 
pain is often associated with peripheral tissue damage, ischemia, hypoxia, acidosis, 
and aggregation of inflammatory mediators that can further increase pain sensitivity 
and lower the pain threshold (Steen et al. 1996; Walder et al. 2010). Damaged tissue 
also releases endogenous inflammatory factors that activate nociceptive fibers or 
nearby non-neural cells (mast cells, macrophages, platelets, and immune cells). 
Nerve terminals are induced by the inflammatory mediators to deliver painful sig-
nals (Julius and Basbaum 2001).

CFA and carrageenan are most often used to initiate a mice inflammatory pain by 
injecting into the peripheral site for inducing either cell immune or non-cell immune 
inflammatory pain (Ikeuchi et  al. 2009; Chen et  al. 2011; Huang et  al. 2013). 
Increased painful response was induced successfully and can be further divided into 
two pain subtypes. Painful sensation to harmful stimuli at original injection site is 
defined as primary hyperalgesia. For example, inflammatory pain sensation can be 
induced with carrageenan injected into the origin knee joint (Ikeuchi et al. 2009). In 
contrast, inflammatory mediators induced hyperalgesia to noxious stimuli maybe 
also induced outside of the injection site and often considered as secondary hyperal-
gesia. With this issue, both mechanical and thermal hyperalgesia of the hindpaw was 
induced in mice after carrageenan inflammation in the muscle (Sluka et al. 2007). 
Both acute and chronic inflammatory pain can be induced and further maintained for 
30 days. Pain is not only a single phenomenon but can be separated into different 
directions. Accordingly, emotional dimension from pain induction can also been 
associated with the feelings of unpleasantness that can infect unpleasant emotions 
secondary effects (Price et al. 2001). Pain can be further separated to at least four 
categories: nociceptive, inflammatory, neuropathic and idiopathic pain. Nociceptive 
and inflammatory pains are often acute and short-term effect. In contrast, neuro-
pathic and idiopathic pains can be maintained for at least for several months to years. 
Inflammatory pain models can now also be initiated for a longer time. Investigator 
can induce different duration of inflammatory pain according to which mediators 
they injected. Formalin test can be used to induce both inflammatory and non-inflam-
matory pain at different phase (Hunskaar and Hole 1987), and injection of carra-
geenan or CFA into the peripheral tissue to induce inflammatory pain. Neuropathic 
pain is more complicated with multiple etiological factors that caused by damage to 
nerve fibers by different manipulation. The manipulation can further affect the 
somatosensory system with a long-term effect. Bennett and colleagues have devel-
oped a partial nerve injury animal model by loose ligation of the nerve for the first 
time (Bennett and Xie 1988). Accordingly, several surgical strategies have been used 
by using cuts, ligations, freezing to induce neuropathic pain (Shields et al. 2003).

2 Acupuncture Analgesia for Animals
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Induction of inflammatory pain by injection of CFA, carrageenan or capsaicin into hindpaw

In acupuncture research, CFA injection is the animal model most commonly 
used to induce peripheral inflammatory pain (Chen et al. 2011; Huang et al. 2013). 
Advantages of the CFA model include its high rate of success in the induction of 
inflammatory pain, convenience, and low cost. The acupoints that are selected for 
inflammatory pain relief are GB30 and ST36 (as shown in Table 2.1, permit no. 
2017-061). Accurately locating those acupoints that are usually used in mice or rats 
is crucial for EA research. As shown in Fig.  2.1, GB30, GB34, ST36, SP6, and 
BL60 are usually selected for pain relief as according to advice given in the human’s 
atlas and ancient Chinese medicine.

2.3  Potential Mechanisms Underlying the Effects 
of Acupuncture in Inflammatory Pain

Recent articles have suggested that EA can reduce pain through a mechanism that 
reduces phosphorylation of N-Methyl-D-aspartate (NMDA) receptor (Ryu et  al. 
2008). Other researchers have found that 2 Hz EA at the Zusanli and Sanyinjiao 
acupoints reduces thermal hypersensitivity of the hind paw induced by CFA injec-
tion (Jang et al. 2011). The same result can be achieved by injecting dizocilpine, an 
NMDAR antagonist. The antinociceptive effects of these single agents may be 
increased by the combined administration of EA and dizocilpine. Notably, phos-
phorylation of ERK is increased during the inflammatory process and can be 
decreased by both dizocilpine and EA delivered to the spinal cord (Jang et al. 2011).

Central sensitization of nociceptive transmission may be initiated in inflamma-
tory, neuropathic, and postoperative pain syndromes, and NMDAR activation may 
further increase Ca2+ influx and activation of second messenger pathways underly-
ing painful sensations. Jung et al. reported that intracellular Ca2+ is a crucial target 
in analgesia associated with 2 Hz EA, and can be modulated through spinal NMDAR 
(Jung et al. 2010). NMDARs can also be regulated by several protein kinases and 
phosphatases, and it has been suggested that protein phosphatases 1 and 2A have a 
crucial role in EA-mediated analgesia through the regulation NMDA receptor phos-
phorylation in the spinal cord (Ryu et al. 2008).
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Wang et  al. used immunohistochemistry to demonstrate that DRG neurons 
expressing both IB4 and NR1 are dramatically increased after CFA-mediated inflam-
matory pain. This increase can be reversed by EA treatment, suggesting a specific 
role of NMDARs in IB4-positive nociceptive neurons (Wang et  al. 2006). 
Furthermore, medium-to-high frequency EA (10 and 100 Hz) reliably reduced CFA-
initiated inflammatory pain, and when EA was used simultaneously with a sub-effec-
tive dose of MK-801, the antinociceptive effect was prolonged (Zhang et al. 2005). 
Improved knowledge about the mechanisms of pain signaling has resulted in the 
technique of acupoint pharmacological injection, whereby pharmacological agents 
may be injected directly into acupoints for increased pain relief (Fig. 2.2).

2.4  Fibromyalgia Pain

Fibromyalgia (FM) is a puzzling muscle pain syndrome with chronic widespread 
and mechanical pain. The prevalence of this debilitating condition is approximated 
to be 2–8% of the population (five million adults in the U.S.) (English 2014; Clauw 

Fig. 2.1 EA manipulation 
with steel needles inserted 
into the ST36 and ST37 
acupoints

Fig. 2.2 Pharmacological 
injection of drugs into 
acupoint
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2014). FM is characterized by pain that is spread throughout the body, accompanied 
by fatigue, depression, memory problems, anxiety, sleep disturbances, and head-
aches. Chronic symptoms may affect the whole body, and the underlying disease 
mechanisms are unclear. Research indicates that FM results from an imbalance of 
several neurotransmitters in the central nervous system, including serotonin, dopa-
mine, and norepinephrine (Riva et al. 2012; Valim et al. 2013). Decreased levels of 
serotonin have been reported in the cerebrospinal fluid of FM patients, which sug-
gests that central inhibition of pain is reduced (Dadabhoy et al. 2008). Mental trau-
matic syndromes reduced hypothalamic-pituitary-adrenal (HPA) function, and 
long-lasting stress have also been associated with FM (Parker et  al. 2001). Both 
peripheral nerve activation and central sensitization may play crucial roles in the 
development of FM, a chronic pain syndrome that is defined by widespread pain for 
more than 3 months and the presence of more than 11 trigger points in 18 special-
ized points (Gerwin 2011). Given the lack of understanding of the disease etiology 
and the multitude of possible mechanisms, the treatment of FM is complex and 
many controversial approaches have been adopted, such as drug therapy, exercise, 
and dietary changes. Currently, there is no cure for FM, but clinicians usually pre-
scribe supporting therapy to ease pain symptoms and improve quality of life. Such 
treatment includes muscle relaxants, analgesics, antidepressants, and sedatives. 
Three medications commonly used in clinics for the treatment of FM are supported 
by the U.S. Food and Drug Administration (FDA): (1) pregabalin, a presynaptic 
voltage-gated calcium channel blocker that reduces synaptic transmission and 
thereby attenuates FM-related pain and sleep disturbances (Roth et al. 2014; Smith 
and Moore 2012); duloxetine, another agent that can ameliorate some FM symp-
toms, but is not universally effective and is associated with serious side effects 
(Häuser et al. 2014); and milnacipran, a serotonin-norepinephrine reuptake inhibi-
tor (SNRI) that was designed to treat FM has had moderate success but is accompa-
nied by adverse events, most commonly nausea (Trugman et al. 2014).

The development of treatment for FM has been limited and understanding 
remains poor as to the mechanisms underlying persistent pain signaling (Vierck Jr. 
2006; DeSantana and Sluka 2008). Many animal studies have used a model of FM 
induced by repeated acidic saline injections into the gastrocnemius muscle (GM). 
This chronic muscle pain model produces symptoms similar to those experienced in 
FM patients, with long-lasting, spreading mechanical hyperalgesia, fatigue, sympa-
thetic predominance, and altered central sensitization (Sluka et al. 2001; Pratt et al. 
2013; DeSantana et al. 2013). These FM animals are sensitive to antidepressants 
and anticonvulsants, but not to non-steroidal anti-inflammatory drugs (NSAIDS) 
(DeSantana and Sluka 2008). FM may result from activation of acid sensing ion 
channels (ASICs), vanilloid receptor 1 (TRPV1), or others. ASIC3 and TRPV1 are 
voltage-insensitive cationic channels that are gated by extracellular protons. 
Interestingly, decreases in tissue pH have been observed in animals with FM, isch-
emia, arthritis, tumors, or brain trauma, and protons have been shown to activate the 
terminals of nociceptors in situ. Recordings of peripheral dorsal root ganglion 
(DRG) neurons have shown that extracellular acidification induces inward currents 
with differing kinetics, ion selectivity, and pH dependence. Although much is 
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known about how ion channels give rise to peripheral sensation and central sensiti-
zation leading to FM pain, less is known about the mechanisms involved in FM pain 
signaling.

Several different physiological mechanisms may contribute to FM pain. NMDA 
receptors, ASIC3, TRPV1, calcium channels (Cav), and substance P (SP) have all 
been implicated as having roles (Sluka et al. 2003; Chen et al. 2010, 2014; Chen 
and Chen 2014). Dual acid saline injections activate the cAMP pathway in the 
spinal cord (Hoeger-Bement and Sluka 2003). Activation of ERK, a member of 
the MAPK family, has also been reported in the anterior paraventricular nucleus 
of the thalamus (Chen et  al. 2010). Administration of neurotrophin-3 reduces 
acid-induced chronic muscle pain (Gandhi et al. 2004), while pregabalin and the 
M-type voltage gated potassium channel activator flupirtine have also proven 
effective in treating muscle pain (Yokoyama et al. 2007; Nielsen et al. 2004). The 
development and maintenance of this type of chronic muscle hyperalgesia is asso-
ciated with changes in the amygdala and thalamus (Cheng et al. 2011; Chen et al. 
2010). However, information about the detailed mechanisms underlying FM 
remains very limited.

Controversy surrounds the efficacy and safety of opioids for treating FM pain 
syndromes. Much evidence suggests that opioids offer little help to FM patients suf-
fering from widespread pain, but some FM patients feel relief following opioid 
administration. In contrast, in an animal model, FM can be reduced by administer-
ing μ- or δ-opioid receptor agonists (Sluka et al. 2002), or glutamate receptor antag-
onists at the spinal cord level (Skyba et al. 2002). However, opioid use is not ideal 
in humans, due to the potential for tolerance and addiction. Acupuncture may be 
advantageous in treating complicated FM syndromes, as it has the ability to reduce 
pain, anxiety, depression, and sleep disturbance (Chen et al. 2011, 2012; Sniezek 
and Siddiqui 2013; Li et al. 2014; Mao et al. 2014).

2.5  Possible Mechanisms Underlying FM in Mice

Moderate-intensity aerobic exercise successfully attenuates mechanical hyperal-
gesia induced in mice by acidic saline injection and increases neurotrophin-3 
(NT-3) synthesis in skeletal muscle, and thus is an ideal model for FM.  The 
increase of NT-3 is similar to that observed in humans (Sharma et al. 2010). These 
researchers also describe a significantly greater increase in NT-3 protein in the 
GM compared with soleus muscle, which indicates that exercise can concisely 
induce NT-3 synthesis in a specific muscle target (Sharma et  al. 2010). Other 
researchers have indicated that low-intensity exercise alleviates mechanical 
hyperalgesia in the FM model through activation of the endogenous opioid system 
(Bement and Sluka 2005). This aligns with clinical phenomena showing a reduc-
tion in FM following low-intensity exercise or morphine injection (Hoeger-
Bement and Sluka 2003). Furthermore, a recent study demonstrated that injecting 
acidic saline (pH 4.0) into the GM in rats induces a bilateral mechanical hyperal-
gesia similar to that observed with FM in humans (ref). These researchers used 
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EA at 15 or 100 Hz for 20 min on 5 consecutive days at the ST36 and SP6 acu-
points. They suggest that there was a significant reduction of mechanical hyperal-
gesia in response to EA at 15 or 100 Hz.

2.6  Neuropathic Pain

Neuropathic pain is a physiological and pathological process of the somatosensory 
system that may originates from either the peripheral or central nervous system 
(Magrinelli et al. 2013). This pain state is characterized by a persistent stressor that 
can induce biological, physiological, and pathological alterations that further initi-
ate multiple neuropsychiatric disorders. Neuropathic pain can be very difficult to 
treat, with around 40–60% of patients achieving only partial relief. Moreover, with 
a prevalence rate of around 6.9–10% and associated high insurance costs, this dis-
order is a legitimate health concern (van Hecke et al. 2014). Sodium channel block-
ers, including carbamazepine and lamotrigine, are often used to relieve neuropathic 
pain such as trigeminal neuropathic pain (Di Stefano et al. 2014; Lauria et al. 2012). 
In animal studies, sciatic nerve ligation (SNL), sciatic nerve incision (SNI), and 
chronic constriction injury (CCI) are usually used in neuropathic pain studies 
(Fig. 2.3). Several different drug classes are used in the clinical situation, including 
antidepressants, opiates, and GABAergic drugs, all of which are accompanied by 
several side effects. Acupuncture offers an alternative therapy that is convenient, 
cheap, and with few side effects.

The threshold for LTP induction in C-fibers in spinal cord dorsal horn is lower in 
a rat model of neuropathic pain, and the amplitude of field potentials is higher in 
these rats (Xing et al. 2007). Interestingly, 2 Hz EA delivered at the ST 36 and SP 6 
acupoints can reliably reduce neuropathic pain by inducing LTD in C-fibers (Xing 
et al. 2007), and the analgesic effect is increased by administration of the NMDAR 
antagonist MK-801 or the opioid receptor antagonist naloxone. Li and colleagues 
reported that EA has antidepressive and anxiolytic effects in the neuropathic pain 
model in rats, accompanied by restoration of NR1 phosphorylation in the 

Fig. 2.3 Acupoints that 
are always used in animal 
EA experiments
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hippocampus (Li et al. 2014). Another study demonstrated that 2 and 15 Hz EA 
reduces CCI-induced neuropathic pain, accompanied by reductions in TRPV4 lev-
els in the cortex instead of the spinal cord (Hsu et al. 2014). Low-frequency EA 
attenuates cold hypersensitivity (allodynia) in rats that is mediated by the endoge-
nous opioid, but not noradrenergic, system (Moon et al. 2014). The antinociceptive 
effect of EA is partly mediated by inhibiting glial cell proliferation (Gim et  al. 
2011). EA can reduce mechanical and thermal hyperalgesia by simultaneously 
attenuating the expression of P2X3 receptors in DRG neurons from rats suffering 
from CCI induction. Evidence has also demonstrated that the analgesic effect of EA 
on chronic neuropathic pain is mediated by P2X3 receptors in rat dorsal ganglion 
neurons (Tu et al. 2012). The methodology of neuropathic pain is shown in Fig. 2.4. 
The most commonly used models for inducing neuropathic pain include sciatic 
nerve incision, ligation, and CCI. The CCI model reliably induces neuropathic pain 
by setting 4 loose ligatures around the sciatic nerve. The rats were administered 
isoflurane anesthesia and the sciatic nerve was exposed. A four 4–0 chromic gut 
sutures were tied loosely to the sciatic nerve to induce CCI model.

2.7  Animal Behavior for Pain Investigation

Animal behavior analysis is used to evaluate painful responses in animals. The von 
Frey filaments test and mechanical devices are used for measuring mechanical pain 
thresholds, the plantar thermal sensitivity (Hargreaves) test, tail-flick test, and the 
hot/cold plate for evaluating thermal analgesia (Mogil 2009; Langford et al. 2010), 
locomotor activity testing for fatigue, the open-field and forced-swimming tests for 
detecting depression.

Mechanical hyperalgesia of allodynia can be measured by testing the number of 
responses to stimulation with 3–5 applications of von Frey filaments. Furthermore, 
the electronic von Frey test can be used to record withdrawal force units in grams. 

Incision

Ligation

L4

L5
L6

Sciatic incision

CCI

Fig. 2.4 Methods to 
induce neuropathic pain
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Mice were put on a wire mesh platform fixed in a plexi-glass chamber and allowed 
at least 30 min acclimatization. A von Frey filament of 0.02 g for mice bending 
force would be used as a basal stimulation. Fine filaments were briefly applied 3–5 
times to each hind paw, average as pain threshold, with a 30-s interval between each 
application. The responses were then considered valid with an abrupt foot lift on 
application of the fine filament.

For thermal Hargraves’ test, the experimental mice were moved to a small 
chamber on a glass plate and calm down for more than 30 min. The accrue radi-
ant heat source was deliver directly to the hindpaw surface of mice through the 
clear glass and till the mouse significantly withdrew the hindpaw. The withdraw 
latency of hindpaw from the beginning of stimulation could be measured by 
using IITC analgesiometer. The radiant light intensity was set according to 
breed of mice to obtain a baseline response with a time approximately 10 s. To 
avoid harmful injury, we should turn down to machine within 30 s to minimize 
heat damage to the mice skin. Thermal hyperalgesia was measured 3–5 trials for 
average. Between trials a 10 min recovery period should be held. The thermal 
responses were measured and defined as the mean from 3 to 5 trials at each 
measure time point.

Alternatively, both hot and cold plate can be used for high and low thermal 
induced pain behavior. After induction of pain, animals were placed and measured 
parameters using a hot/cold plate (IITC Life Sciences, Woodland Hills, CA, USA). 
Five minutes of animal behavior were recorded by using a digital camera and were 
further analyzed offline using a personal computer. For hot and cold plate, we can 
analyze the duration of forepaw licking, the number of jumping instances, the 
latency for first jump, paw withdraw latency, paw withdraw number, rearing time 
and number. The tail flick test is often used in pain research, which is similar to hot 
plate test, by recording the responses to ho on the mice tail. The light beam is 
located and focused on the mice’s tail and record the tail withdraw latency. When 
the mice feel the high thermal and flick its tail, the time was recorded as its pain 
threshold. All pain experiments were tested prior to different kind of pain induction 
at different timing following injections. All tests should be performed at constant 
room temperature, and all stimuli should be applied since the mice were calm but 
not sleeping or grooming.

 Conclusions
In summary, based on introduction from this section, we conclude that 
Acupuncture is effective in treating pain syndrome including inflammatory, 
fibromyalgia, and neuropathic pain. Here we collective most therapeutic effect 
acupoints for treatment of different pain. We also introduce several approaches 
to induce animal pain model such as inflammatory, fibromyalgia, and neuro-
pathic pain. This section further describes the detail mechanisms underlying 
these pain syndromes. This knowledge will further helpful for doctors and 
researchers to address pain issue for drug development, acupuncture science, and 
novel technique investigations.
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3Electroacupuncture for the Treatment 
of Morphine and Cocaine Addiction

Yi-Hung Chen and Jaung-Geng Lin

Abstract
Opiate and cocaine are two major drugs of addiction. The first report to verify the 
success of electroacupuncture (EA) in the treatment of opiate addiction was pub-
lished in 1972. It stated that in opiate addicts, the application of EA to 4 body 
points and 2 ear points relieved the symptoms of opioid withdrawal. Dr. Wen’s 
method was subsequently modified in 1985 by the US National Acupuncture 
Detoxification Association (NADA). The so-called “NADA” protocol consists of 
a 5-point auricular acupuncture. In 2012, we systematically reviewed the evi-
dence from randomized clinical trials published in Chinese and English from 
1970 onwards. Most of these trials agreed that acupuncture was an effective 
strategy for the treatment of opiate addiction. The conditioned place preference 
(CPP) paradigm assesses the rewarding effects of a variety of drugs. Animal 
models have demonstrated that acupuncture affects the reinforcing effects of 
morphine and cocaine. Several animal studies have demonstrated that EA at 2 
and 100 Hz facilitates the recovery of ventral tegmental area (VTA) dopaminer-
gic neurons damaged by chronic morphine administration and up-regulates 
BDNF protein levels in the VTA.  In addition, EA has been found to reduce 
cocaine-induced seizures and death in basic studies. According to the evidence, 
EA effectively modulates mesolimbic dopamine neurons and thus reduces the 
effects of positive and negative reinforcement involved in opiate addiction.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-0971-7_3&domain=pdf
mailto:jglin@mail.cmu.edu.tw
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3.1  Opioid Addiction

Opioid addiction is a chronic, relapsing brain disease that requires long-term 
chronic disease management and takes a huge toll on society at many levels, 
directly or indirectly resulting in lost productivity, disrupted relationships, crime 
and violence, HIV and other infective diseases, and death (Hser et  al. 2001; 
McLellan et al. 2000). Methadone maintenance therapy has been used since the 
mid-1960s for the treatment of opioid addiction (Dole and Nyswander 1965, 
1966a, b; Riordan et  al. 1994) and is effective in the long-term treatment of 
severe opiate dependence (Ward et al. 1999). However, patients on methadone 
maintenance programs report a wide range of side effects, including constipa-
tion, dizziness, drowsiness, dry mouth, headache, increased sweating, itching, 
lightheadedness, nausea, vomiting and weakness.

3.2  Cocaine Addiction

Cocaine is heavily abused for its psychomotor stimulant properties (Haasen et al. 
2004). In 2015, it was estimated that 246 million people—around 5% of all people 
aged 15–64 years worldwide—used an illicit drug in 2013 (UNODC World Drug 
Report 2015). The global prevalence of cocaine use is currently estimated at ~0.4% 
of the adult population. Cocaine use remains high in Western and Central Europe, 
North America and Oceania (Australia), although there appears to have been a 
decline in use overall since 2010. In contrast, there has been a worldwide increase 
in the non-medical use of pharmaceutical opioids. Whereas patients with opioid use 
disorder who successfully manage to become abstinent through medically super-
vised withdrawal or other means are offered medication options for long-term main-
tenance treatment, no pharmacological option has as yet proven effective for cocaine 
dependence (EMCDDA 2015).

3.3  Acupuncture Treating Drug Addiction: Clinical Evidence

3.3.1  Early Studies

The first report to verify the success of electroacupuncture in the treatment of opiate 
addiction was published in 1972. Dr. H. L. Wen stated that in opiate addicts, the 
application of electroacupuncture to 4 body points and 2 ear points relieved the 
symptoms of opioid withdrawal (Cui et al. 2008).

Y.-H. Chen and J.-G. Lin
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3.3.2  A Protocol in Western Countries: NADA

Dr. Wen’s method was modified in 1985 by the US National Acupuncture 
Detoxification Association (NADA). The so-called “NADA” protocol consists of 
a 5-point auricular acupuncture, in which needles are inserted with no electrical 
stimulation bilaterally into the outer ear or auricle at the sympathetic, shenmen, 
kidney, lung, and liver points. The NADA protocol relieves withdrawal symptoms 
and prevents symptoms of craving (McLellan et al. 1993). Auricular acupuncture 
is used in substance misuse treatment centers worldwide (D’Alberto 2004; 
Margolin 2003).

In 2005, a protocol was published that describes how to place self-sticking 
electrodes to the skin at various acupoints, which are then subjected to electrical 
stimulation to ameliorate the signs of opiate withdrawal and prevent a heroin 
relapse. This device is called the Han’s acupoint nerve stimulator (HANS) (Cui 
et al. 2008).

3.3.3  Acupuncture Effectively Treats Opiate Addiction: Clinical 
Study Evidence

In 2012, we systematically reviewed the evidence from randomized clinical trials 
published in Chinese and English from 1970 onwards (Lin et al. 2012). Most of 
these trials agreed that acupuncture was an effective strategy for the treatment of 
opiate addiction. Our analysis groups the most frequently used points or sites for 
the treatment of opiate addiction according to their locations: points on the 
extremities: ST36 (Zusanli, 足三里), SP6 (Sanyinjiao, 三陰交), LI4 (Hegu, 合
谷), and PC6 (Neiguan, 內關); points and areas on the trunk: EX-B2 (Jiaji, 夾
脊), BL23 (Shenshu, 腎俞), EX-HN1 (Sishencong, 四神聰), GV20 (Baihui, 百
會), and GV14 (Dazhui, 大椎); and points on the ear: Sympathetic, Shenman, 
Kidney, and Lung.

3.3.4  Acupuncture for the Treatment of Cocaine Addiction: 
Clinical Study Evidence

Acupuncture has also been used in the treatment of cocaine addiction (Avants 
et al. 1995; Lipton et al. 1994; Mansvelder 2005; Margolin et al. 2002), although 
results have been equivocal, since not all of the research findings were posi-
tive (Margolin et al. 2002). Further research is needed into the effects of acu-
puncture on cocaine addiction, particularly in view of the fact that as yet, no 
medications provide effective treatment for cocaine dependence (Benavidez 
et al. 2013).

3 Electroacupuncture for the Treatment of Morphine and Cocaine Addiction
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3.4  Conditioned Place Preference (CPP): Assessment 
of Rewarding Effects

3.4.1  History

The conditioned place preference (CPP) paradigm assesses the rewarding effects of 
a variety of drugs (Carr et al. 1989; Schechter and Calcagnetti 1993; Tzschentke 
1998). Different designs and apparatuses are used by different laboratories. The 
basic characteristics of a typical CPP experiment involve the repeated pairing of 
environmental cues (i.e., the conditioned stimulus) with the stimulus of interest 
(e.g., drug, food), i.e., the unconditioned stimulus. These conditioned–uncondi-
tioned stimulus pairings are inter-mixed with a similar exposure to the other envi-
ronmental cue without the unconditioned stimulus. Over time, the conditioned 
stimulus will elicit responses similar to that with the unconditioned stimulus. 
Following this conditioning, animals undergo choice testing, in which they are 
given unrestricted exposure to both contexts without the unconditioned stimulus. 
Increased time spent in the paired environment relative to a control value is consid-
ered as evidence that the unconditioned stimulus was rewarding. A wide array of 
stimuli can condition an increase in preference, including access to “natural” appeti-
tive stimuli of food (Spyraki et al. 1982), water (Agmo et al. 1993), sweet fluids 
(Agmo and Marroquin 1997), conspecific interaction (Calcagnetti and Schechter 
1992), wheel running (Antoniadis et al. 2000), copulation (Meisel et al. 1996), and 
novel stimuli (Bevins and Bardo 1999). Under the appropriate conditions, cocaine 
and opiates have a rewarding effect, as indexed by the CPP (Bardo and Bevins 
2000).

3.5  Possible Mechanisms for Drug Addiction 
and the Interaction with Acupuncture

3.5.1  The Ventral Tegmental Area and the Nucleus Accumbens 
(NAc)

The mesolimbic dopamine system, or mesolimbic pathway, has strong associations 
with the development of drug addiction. Originating in the ventral tegmental area 
(VTA) in the midbrain, the pathway projects to regions in the brain, including the 
NAc and prefrontal cortex (Yang et al. 2008). Drugs of abuse increase dopamine 
levels in the NAc, resulting in feelings of well-being and pleasure, which positively 
reinforce the drugtaking (Peoples et al. 1998; Weiss et al. 1992). Conversely, opioid 
withdrawal reduces dopamine outflow in the NAc (Diana et al. 1996; Rossetti et al. 
1999), causing dysphoria and significant distress, which is negatively reinforcing 
(Weiss and Porrino 2002; Wise et al. 1995).

It is well known that opioids bind with specific opioid receptors in the nervous 
system to achieve their pharmacological effects. Three principal classes of opioid 
receptors exist; μ, κ, δ (mu, kappa, and delta), although as many as 17 have been 

Y.-H. Chen and J.-G. Lin
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reported, including the ε, ι, λ, and ζ (epsilon, iota, lambda and zeta) receptors. 
Activation of μ- and κ-opioid receptors affects dopamine neuron activity differently 
in the mesolimbic dopamine system (Mansvelder 2005; Margolis et al. 2003; Yang 
et al. 2008). μ-Opioid receptors are expressed upon inhibitory GABA interneurons 
in the VTA, so the activation of μ-receptors can hyperpolarize GABAergic neurons 
and disinhibit dopaminergic neurons (Johnson and North 1992), leading to increased 
dopamine release from the NAc. In contrast, the κ-receptors are expressed in pre-
synaptic dopaminergic nerve terminals in the NAc. Activation of the κ-receptor 
inhibits the dopaminergic neuron, leading to decreased accumbal dopamine release 
(Spanagel et al. 1992).

By binding to the dopamine transporter, cocaine inhibits catecholamine reuptake 
and increases synaptic dopamine levels in the mesocorticolimbic system, leading to 
increased activation of type 1 and type 2 dopamine receptors. The behavioral effects 
of cocaine are primarily due to the blockade of dopamine reuptake, although cocaine 
also blocks the reuptake of norepinephrine and serotonin. Psychoactive drugs that 
lead to addiction generally increase dopamine release within the nucleus accumbens 
(Yu et al. 2011).

3.5.2  Effects of Acupuncture on Drug Addiction

Manual acupuncture (MA) and EA are capable of triggering a chain of events that 
has been illustrated by preclinical data. Early studies focused on the effects of MA 
or EA on the opiate withdrawal syndrome. In a rat experimental model of morphine 
addiction, 100  Hz EA profoundly suppressed the opiate withdrawal syndrome, 
reducing wet shakes, teeth chattering, escape attempts, weight loss, and penile lick-
ing (p < 0.05), while 2 Hz EA resulted in a milder yet still significant suppression of 
escape attempts and wet shakes (Han and Zhang 1993). EA may suppress the opiate 
withdrawal syndrome by activating δ- and κ-opioid receptors and accelerating the 
release of dynorphin (Cui et al. 2000; Green and Lee 1998; Han and Zhang 1993; 
Wen and Ho 1982; Wu et al. 1999).

3.5.3  EA Reduces Morphine-Induced CPP

Further studies in animal models have demonstrated that acupuncture affects the 
reinforcing effects of morphine (see Table 3.1). Wang et al. reported that morphine-
induced place preference in rats is significantly suppressed by 2  Hz EA and 
2/100 Hz, but not by 100 Hz (Wang et al. 2000). Other research has shown that 
100 Hz EA significantly attenuates morphine-induced CPP, and that this effect is 
completely blocked by δ- and κ-opioid receptor antagonists, which suggests that the 
activation of δ- and κ-opioid receptors mediates the anti-craving effects induced by 
100 Hz EA (Shi et al. 2003).

EA at 2 Hz increased preproenkephalin mRNA levels (Spanagel et  al. 1992), 
whereas EA 100 Hz increased preprodynorphin (PPD) mRNA levels in the NAc 

3 Electroacupuncture for the Treatment of Morphine and Cocaine Addiction
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(Shi et al. 2004). Enzyme-linked immunosorbent assay (ELISA) confirmed a sig-
nificant up-regulation of brain-derived neurotrophic factor (BDNF) protein levels in 
the VTA in rats treated with 100 Hz EA after morphine abstinence (Chu et al. 2007). 
Morphine has been found to induce CPP and increase tissue contents of dopamine 
and its metabolites in the NAc; both effects are reversible with the use of EA (Ma 
et al. 2008).

The inhibitory effects of 2 Hz EA on the expression of morphine-induced CPP 
are mediated by the μ- and δ-opioid receptors but not the κ-opioid receptor, possibly 
via acceleration of both the release and synthesis of enkephalin in the NAc (Liang 
et al. 2010).

3.5.4  Low-Frequency EA Can Induce a Rewarding Effect

Several animal studies (Chu et al. 2007, 2008; Hu et al. 2009) have demonstrated 
that EA at 2 and 100 Hz facilitates the recovery of VTA dopaminergic neurons dam-
aged by chronic morphine administration and up-regulates BDNF protein levels in 
the VTA. This suggests that using EA to treat opiate addiction activates endogenous 
BDNF. CCP testing has also suggested that low-frequency EA produces a reward-
ing effect (Xia et al. 2011). This rewarding effect of EA is prevented by pretreat-
ment with the opioid receptor antagonist naloxone, the CB1 cannabinoid antagonist 
AM251, and the D1 dopamine receptor antagonist SCH23390, suggesting the 
involvement of their respective receptors (Xia et al. 2011).

3.6  Acupuncture Reduces Cocaine-Induced Behavioral 
Sensitization

As mentioned earlier, acupuncture treats cocaine addiction. However, the mecha-
nism of acupuncture in drug addiction remains unclear. In basic research, EA 
100 Hz inhibition of cocaine-induced CPP was reversed by pretreatment with nal-
oxone 10 mg/kg, but not at lower doses. The results suggest that the effect of EA on 
cocaine addiction is mediated by an endogenous k-opioid mechanism (Ren et al. 
2002).

A recent study performed immunohistochemical analyses to examine the influ-
ence of acupuncture upon locomotor activity and brain tyrosine hydroxylase (TH) 
expression in rats administered repeated injections of cocaine hydrochloride (15 mg/
kg, i.p. for 10 consecutive days) followed by one challenge injection on the fourth 
day after the last daily injection (Lee et al. 2009). Cocaine challenge substantially 
increased locomotor activity and TH expression in the VTA. Bilateral acupuncture 
treatment at the HT7 (Shenman, 神門) point for 1 min significantly inhibited these 
cocaine-induced effects (Lee et al. 2009).

Mechanical stimulation of HT7 suppresses cocaine-induced locomotor activity 
in a stimulus-, time-dependent manner, which is blocked by severance of the ulnar 
nerve or local anesthesia (Kim et al. 2013). Cocaine-induced locomotor activity is 
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suppressed after HT7 stimulation at frequencies of either 50 Hz or 200 Hz. No such 
effect is apparent through the blocking of C/Aδ-fibers in the ulnar nerve with resin-
iferatoxin, nor by direct stimulation of C/Aδ-fiber afferents with capsaicin. Kim 
et al. concluded that A-fiber activation of ulnar nerves originating from both super-
ficial and deep tissue is responsible for the effects of MA at HT7 on cocaine-induced 
locomotion. Acupuncture has been found to prevent stress-induced relapse of 
cocaine-seeking (Yoon et al. 2012). Acupuncture at HT7, but not at the control acu-
point (LI5), reduced reinstatement of cocaine-seeking and c-Fos expression in the 
NAc. This study suggests that acupuncture can regulate neuronal activation in the 
NAc shell to attenuate stress-induced relapse.

3.6.1  Acupuncture Reduces Cocaine-Induced Seizures 
and Death

Generalized tonic-clonic seizures and status epilepticus are common sequelae of 
cocaine abuse. Cocaine at higher doses can cause sudden death. Acupuncture is 
becoming ever more popular as a treatment modality for an array of ailments. We 
have previously characterized the protective profile of EA on cocaine-induced sei-
zures and mortality in mice (Chen et al. 2013). In that study, we treated mice with 
EA (2 Hz, 50 Hz, 100 Hz), or performed needle insertion without anesthesia at the 
Dazhui (GV14) and Baihui (GV20) acupoints before administering cocaine. 
Following a single intraperitoneal dose of cocaine (75 mg/kg), EA at 50 Hz applied 
to GV14 and GV20 significantly reduced the severity of cocaine-induced seizures. 
Moreover, needle insertion at GV14 and GV20 combined with EA at 2 Hz and 
50 Hz at both acupoints significantly reduced the mortality rate after a single lethal 
dose of cocaine (125 mg/kg). In the sham control group, EA at 50 Hz applied to the 
bilateral SI11 (Tianzong) acupoints did not protect the animals against cocaine-
induced effects. In addition, EA at 50 Hz applied to GV14 and GV20 failed to 
protect against seizures and lethality induced by local anesthesia with procaine. An 
immunohistochemistry study that investigated c-fos expression examined four 
brain regions: the paraventricular thalamus, the lateral hypothalamic area, the 
amygdala and the caudoputamen (Chen et al. 2013). Cocaine 75 mg/kg provoked 
c-fos expression in each region, while pretreatment with EA at 50 Hz at GV14 and 
GV20 decreased cocaine-induced c-fos expression in the paraventricular thalamus 
and lateral hypothalamic areas. Subcutaneous administration of the dopamine D3 
receptor antagonist SB-277011-A (30  mg/kg) failed to affect the severity of 
cocaine-induced seizures and prevented the effects of EA on cocaine-induced 
seizures.

This is the first report to show that EA reduces seizure severity and death caused 
by cocaine. We found evidence for involvement of the D3 receptor in the anticonvul-
sant effects of EA. Future research is needed to determine whether intra-anterior 
paraventricular thalamus injection of a D3 receptor antagonist prevents EA-induced 
anticonvulsive effects and antagonizes EA-induced c-Fos expression in the paraven-
tricular thalamus or reduces mortality induced by cocaine.

Y.-H. Chen and J.-G. Lin
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3.7  Future Directions

Much evidence shows that acupuncture effectively modulates mesolimbic dopa-
mine neurons to reduce the effects of positive and negative reinforcement involved 
in opiate addiction. Neurotransmitter systems involving opioids and GABA have 
been implicated in this modulation. However, much remains unclear regarding the 
action of acupuncture in addiction and this warrants future studies.
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4Acupuncture Treatment in Depression

Kuan-Pin Su, Li-Wei Chou, Mao-Feng Sun, 
and Jaung-Geng Lin

Abstract
Clinical evidence increasingly supports acupuncture treatment for depression. 
However, efficacy evaluations are beset by many critical challenges relating to 
the limited range of study designs and important conceptual differences 
between Chinese and Western medical systems. Recently, clinical researchers 
have attempted to overcome these problems by using a standard research 
approach for acupuncture designed to be appropriate for use in randomized 
controlled trials (RCTs) and also within the conceptual framework that is used 
in traditional Chinese medicine (TCM). This review summarizes and discusses 
the existing evidence-based medicine. The analysis examined data from 26 
RCTs (involving a total of 2618 patients) that investigated the effectiveness of 
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manual, laser or electroacupuncture treatment, used as monotherapy or as aug-
mentation therapy in patients with depression. The evidence supports the use 
of acupuncture as a safe and promising therapy. The antidepressant effects of 
acupuncture can be explained biologically in terms of regulating functions and 
effects upon monoamine neurotransmitters, anti-inflammation, and neuroplas-
ticity. However, significant placebo effects exist in all of the included studies. 
In order to decrease the placebo effect, a more appropriate study design for 
comparing verum and sham acupunctures might be to compare active and inac-
tive stimulation with laser acupuncture and with electroacupuncture. 
Depression is a heterogeneous disorder. For future research, it is important that 
clinical trials include TCM personalized medicine and that they identify sub-
types of depressed patients that would best suit specific styles and techniques 
of acupuncture.

Keywords
Acupuncture · Depression · Randomized controlled trials · Traditional Chinese 
medicine · Psychiatric disorder · Biological mechanism

4.1  Introduction

Major depressive disorder (MDD) is a serious psychiatric illness with a high life-
time prevalence rate of up to one-tenth or one-fifth and a disease that causes signifi-
cant loss of productivity, functional decline, and higher risk of mortality (WHO 
1999; Wittchen 2012). The growing burden of MDD is as evidenced by the projec-
tion that depression will become a leading cause of disease or injury worldwide by 
2020 (Murray and Lopez 1997). Importantly, depression has been identified as 
being the leading cause of disability worldwide and a major contributor to the 
overall global burden of disease (WHO 2016). Despite the availability of numerous 
antidepressants with different mechanisms of action, their clinical efficacy in the 
treatment of MDD remains poor for clinicians and patients alike (Su 2012; Su et al. 
2013), which makes this illness very difficult to treat and burdensome to patients 
and their families. Current conventional antidepressant treatments fail to meet clin-
ical needs in the real world and are limited by their reliance upon pharmacotherapy. 
Depression is highly heterogeneous, marked by inconsistent responses to treatment 
and very small therapeutic effects. It is critically important that novel and alterna-
tive treatments are developed for depression (Chen et al. 2011; Chiu et al. 2008; Su 
et al. 2013).

While there is increasing clinical evidence in support of the use of acupuncture 
in the treatment of depression, efficacy evaluations pose many critical challenges 
due to inherent limitations in study designs and important conceptual differences 
between Chinese and Western medical systems. Recent attempts to overcome these 
problems include the introduction of a standard research approach that is designed 
for adaptation into RCTs while still respecting the acupuncture conceptual 
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framework that is part of traditional Chinese medicine (TCM). The purpose of this 
review is to summarize and discuss the existing evidence on the effectiveness and 
mechanisms of acupuncture therapy for depression.

4.2  Major Depressive Disorder

4.2.1  Clinical Manifestations

The term depression encompasses a wide spectrum of conditions, ranging from a 
functional emotional reaction to an incapacitating clinical status. It can be differen-
tiated from a normal status of a transient sad mood response, to a symptom of vari-
ous psychiatric disorders. Whereas classic severe depression is seldom associated 
with an external precipitating cause, other forms of depression are often related to 
stressful life events. Furthermore, clinical depression does not usually remit when 
the external cause of these emotions dissipates and the mood is disproportionate to 
the cause. However, it is difficult to draw clear distinctions between depressive 
states associated with or without precipitating psychosocial factors.

A clinical definition of depression requires patients to have the following mani-
festation: (1) strong sad feelings or no strong feelings, (2) guilty, helpless or hope-
less feelings, or (3) a loss of interest in life. The diagnosis of depression is based on 
a mental status examination performed by experienced psychiatrists. Confirmation 
of the pathological state cannot be relied upon using evidence from self-rating 
scales or nonprofessionals (Chang et al. 2014b). The diagnosis of MDD requires a 
distinct change of mood that is accompanied by at least several psychophysiological 
changes, such as loss of interest or pleasure in activities, disturbances in sleep, appe-
tite, or sexual desire, loss of the ability to experience pleasure in work or with 
friends; suicidal thoughts, and slowing of speech and action (American Psychiatric 
Association 1994).

4.2.2  Biological Mechanisms

Depression is a highly heterogeneous disorder with a variable course, inconsistent 
response to treatment, and no clearly established pathological mechanism. Several 
etiological hypotheses have been proposed that are supported by both preclinical 
and clinical evidence (Belmaker and Agam 2008; Krishnan and Nestler 2008). The 
most widely accepted hypothesis is the monoamine theory, supported by the finding 
that many antidepressant agents produced their antidepressant effects by inhibiting 
reuptake of monoamine neurotransmission (Berton and Nestler 2006). The seroto-
nergic and noradrenergic systems originate in the nuclei raphes and locus coeruleus, 
respectively, and project over almost the entire brain, suggesting that they are capa-
ble of modulating many areas of feeling, thinking, and behaviors (Stahl and Briley 
2004). No specific biomarkers are available for clinical application for diagnosis of 
serotonin dysregulation in patients with depression. However, several studies have 
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shown that the common polymorphic variant of the serotonin transporter–linked 
polymorphic region (5-HTTLPR) causes reduced uptake of the neurotransmitter 
serotonin into the presynaptic cells in the brain and confers a predisposition to 
depression (Pezawas et al. 2005). In a well-known representative birth cohort study, 
the 5-HTTLPR was found to moderate the influence of stressful life events upon 
depression. Individuals with one or two copies of the short allele of the 5-HTTLPR 
exhibited more depressive symptoms, were more likely to be diagnosed with depres-
sion, and be suicidal in relation to stressful life events than individuals homozygous 
for the long allele (Caspi et al. 2003). This epidemiological study provides evidence 
of a gene-by-environment interaction, in which an individual’s response to environ-
mental insults is moderated by his or her genetic makeup.

A second commonly investigated theory suggests that depression is associated 
with impaired neuroplasticity and hippocampal neurogenesis (Duman et al. 1999; 
Santarelli et  al. 2003). Furthermore, animal studies suggest that the behavioral 
effects of chronic antidepressants may be mediated by an induction of neuroplasti-
city and neurogenesis in the brain (Santarelli et al. 2003). The hypothalamic-pitu-
itary-adrenal (HPA) axis is involved in dysregulation of neuroplasticity and 
neurogenesis and pathogenesis of depression (Pariante and Miller 2001). Physical 
or psychological stress is perceived by the cortical brain and transmitted to the 
hypothalamus, where corticotropin-releasing hormone (CRH) is released onto pitu-
itary receptors that then stimulate the secretion of corticotropin into plasma and 
activate the corticotropin receptors in the adrenal cortex to release the glucocorti-
coid cortisol. Evidence shows that cortisol and CRH are involved in depression 
(Belmaker and Agam 2008; Pariante and Miller 2001). Excess glucocorticoids 
reduce neurogenesis and induce atrophic changes in hippocampal subregions 
(Popoli et al. 2012), which contribute to the hippocampal volume reductions seen in 
depression (Duman and Charney 1999; Sapolsky 2000).

Accumulating evidence suggests that depression might be associated with acti-
vated inflammatory processes: e.g., depressed patients with elevated C-reactive pro-
tein (CRP), acute phase proteins, and pro-inflammatory cytokines (Maes et al. 2011; 
Raison et al. 2006; Su 2009, 2012). Children exposed to early-life adverse experi-
ences display enduring low-grade systemic inflammation in adulthood (Danese 
et  al. 2008), which is not only a risk factor for depression but also a feature of 
chronic physical diseases. The ‘inflammation theory’ explains the high comorbidity 
of physical illness in depression as a potential “interface between mind and body” 
(Su 2008). This theory is supported by the fact that interferon-alpha (IFN-α) induces 
clinical depression in up to 30% of patients with chronic hepatitis C virus infection 
(Su et al. 2010). Furthermore, our research has confirmed the notion that using an 
anti-inflammatory strategy such as omega-3 polyunsaturated fatty acids acts as an 
effective antidepressant in patients with depression (Chang et al. 2014a; Chen et al. 
2008; Lin et al. 2010, 2012; Su et al. 2008, 2014). Several biological mechanisms 
potentially play a role in this clinical phenomenon. For example, microglia, the resi-
dent macrophages of the brain, up-regulate expression of detrimental factors of 
reactive oxygen species such as nitric oxide via inducible nitric oxide synthase 
(iNOS) and induce oxidative stress, thereby contributing to the pathogenesis of 
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depression (Lu et al. 2013; Talarowska et al. 2014a, b). In contrast, anti-oxidative 
enzymes such as heme oxygenase-1 (HO-1) can reverse oxidative stress and may 
characterize antidepressant mechanisms (Gozzelino et al. 2010; Lu et al. 2010).

Interaction exists amongst the major dysfunctions in psycho-immuno-endocri-
nology in depression (Su 2012). For example, neuroinflammation reduces survival 
of serotonergic neurons (Hochstrasser et  al. 2011) and decreases neurogenesis 
(Song and Wang 2011), while antidepressants exert neuroprotection against microg-
lia-mediated neurotoxicity (Zhang et al. 2012a). Inflammation has been reported to 
predict development of depressive symptoms (Bonaccorso et al. 2001; Su 2012). 
Cerebrospinal fluid (CSF) concentrations of 5-hydroxyindoleacetic acid (5-HIAA) 
are associated with depressive symptoms induced by IFN-α (Raison et al. 2009). 
Other findings from studies investigating the inflammation theory provide mecha-
nistic insights by examining biomarkers such as plasma adrenocorticotropic hor-
mone (ACTH), cortisol (Capuron et al. 2003b), and serum tryptophan concentrations 
(Capuron et al. 2003a), and even alterations in brain function, as revealed in func-
tional imaging (Capuron et al. 2005).

4.2.3  Current Antidepressant Treatments Fail to Meet Clinical 
Needs

Clinical features, biological markers, and treatment outcomes are heterogeneous in 
depression. Thus, current diagnostic schemas contribute to difficulties in finding 
any reliable biological marker (Su and Balanzá-Martínez 2013). The heterogeneity 
of depression could also be reflected by the current classification system of mono-
amine reuptake mechanisms for antidepressant agents. For example, the selective 
serotonin reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhib-
itors (SNRIs) are the most commonly prescribed antidepressant agents. However, 
tianepine, which enhances serotonin reuptake, is also approved as an antidepressant 
treatment. Furthermore, other antidepressant agents have no involvement with sero-
tonin reuptake, such as the norepinephrine-dopamine reuptake inhibitors (NDRIs) 
and second-generation antipsychotics (SGAs). The existing evidence surrounding 
serotonin, norepinephrine and dopamine implies that the ‘monoamine hypothesis’ 
fails to elucidate the etiology of depression (Su 2012).

Current conventional treatments for depression rely mainly on pharmacother-
apy, but the outcomes from numerous large-scale clinical trials and meta-analytic 
reviews fail clinical needs in the real world. For example, SSRIs are considered to 
be the first-line pharmacotherapy for MDD. However, only 27% of MDD patients 
remitted after a 14-week, persistent and vigorous treatment regime in the 
Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study (Rush 
2007; Trivedi et al. 2006). In addition, one-third of patients remained significantly 
ill after 1-year-long, 4-stage, drug and non-drug treatments (Gaynes et al. 2008; 
Sinyor et al. 2010). Unfortunately, physicians still rely on “trial-and-error” when 
seeking the most appropriate medication for an individual patient (Santen et al. 
2011). The current situation of under-treatment and under-effectiveness of 
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available therapies is considered to be even worse in reality, because many patients 
refuse to take medications due to adverse effects and stigma relating to drug 
therapies.

The pathophysiology of depression is poorly understood, but is increasingly rec-
ognized as complex and multifactorial. According to the diagnostic criteria in the 
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5), and 
the International Statistical Classification of Diseases and Related Health Problems, 
10th Revision (ICD-10), individuals within the same diagnostic categories of MDD 
can have distinctly different clinical manifestations (Chang et  al. 2014b). 
Furthermore, the diagnostic classification does not provide reliable or predictive 
effects as to treatment efficacy and/or occurrence of treatment-related adverse 
effects. Accordingly, unsatisfactory outcomes of all antidepressant therapies cou-
pled with the small-to-moderate effect sizes from all biomarker studies and clinical 
trials makes it impossible to use a single hypothesis to explain the etiology of 
MDD. It is critically important that new treatments are developed for depression.

4.2.4  Chinese Medicine Theory in Depression

Traditional Chinese medicine (TCM) is based on individual patients’ patterns of 
diagnoses. In TCM theory, eight major parameters, yin (陰) and yang (陽), external 
(表) and internal (裡), cold (寒) and hot (熱), and deficiency (虛) and excess (實), 
describe the patterns of bodily disharmony. Additional systems, such as qi (氣), 
blood (血), and body fluid (津液) differentiation and zang fu (臟腑) (organ) differ-
entiation are also used. The onset of depression is often due to “damage” caused by 
extreme emotion. Liver qi (肝氣) is affected initially, followed by disharmony of the 
qi mechanism of the five viscera, particularly liver, spleen, and heart, resulting in a 
loss of regulation of the qi and blood. Liver depression (肝鬱) may repress the 
spleen and lead to consumption and damage of the heart qi (心氣). If the heart loses 
its nourishment and restfulness, heart shen (心神) (spirit) occurs, resulting in an 
unstable and depressed mood. Prolonged qi depression (氣鬱) will accumulate and 
transform into fire (火) (Yeung et al. 2015).

In 2015, a systemic review of Chinese herbal medicine treatment for depression 
included a total of 61 studies, 2504 subjects, and 27 TCM patterns (Yeung et al. 
2015). These researchers analyzed the top four commonly studied TCM patterns of 
liver qi depression (肝氣鬱結), liver depression and spleen deficiency (肝鬱脾虛), 
dual deficiency of the heart and spleen (心脾兩虛), and liver depression and qi 
stagnation (肝鬱氣滯). According to TCM theory, liver qi depression is an impair-
ment of the liver function, obstructing free movement of qi and resulting in stagna-
tion of qi in the liver. Liver depression and spleen deficiency is a pathological 
change in which the transporting and transforming function of the spleen is affected 
by depressed liver qi, leading to spleen deficiency. Dual deficiency of the heart and 
spleen is a condition in which both heart blood and spleen qi are deficient, leading 
to disordered heart function and an impairment of the transporting and transforming 
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function of the spleen. Liver depression and qi stagnation is a pathological change 
in which the liver is depressed, leading to impeded circulation of qi and stagnation 
of qi movement (WHO 2007).

Another RCT used acupuncture to treat depressed individuals after making a 
diagnosis based on the TCM patterns of differentiation (MacPherson et al. 2013). 
The primary and secondary zang fu syndromes were identified and the combined 
diagnoses revealed a predominant Liver Qi Stagnation cluster (66%) and a Spleen 
Deficiency cluster (34%). The typical symptoms of the Liver Qi Stagnation cluster 
along with depression might include irritability, frustration, restlessness, alternating 
moods, distension of the hypochondrium, and variations in muscle tension relating 
to stress, especially around the shoulders (Maciocia 1994). In Spleen Qi Deficiency, 
typical symptoms along with depression can include tiredness, loose stools, weak-
ness, feeling bloated after eating, a heavy sensation in the limbs, and possible loss 
of appetite (Maciocia 1994). In this trial, men were more likely to be diagnosed with 
the Liver Qi Stagnation cluster and women with the Spleen Qi Deficiency cluster.

As no “gold standard” exists in the classification of TCM patterns, their criteria 
can differ between TCM practitioners and doctors. Future studies using both 
Western and Chinese medicine systems in diagnosis and severity assessment may 
facilitate a wider understanding of this disorder and lead to an improved treatment 
of depression.

4.3  Overview of Acupuncture in Depression

Acupuncture involves the insertion of fine needles into the skin at specific sites 
(acupoints). The technique is often considered to be “traditional Chinese medi-
cine (TMC),” representing an ancient physiological system that believes health to 
be the result of harmony among bodily functions and between body and nature. In 
TMC, whole-body systems are thought to regulate through the normal flow of 
energy (qi). Disturbances in qi are thought to cause diseases. Acupuncture tech-
niques are believed to cure disease by restoring qi (Wang and Wu 2014). Efforts 
have been made to characterize the effects of acupuncture in terms of the estab-
lished principles of medical physiology upon which Western medicine is based 
(Berman et al. 2010).

Acupuncture has been used in a broad spectrum of health conditions, including 
clinical depression. Compared to conventional treatment, several potential advan-
tages are associated with acupuncture, including its low cost, low number of com-
plications, the ability to offer a personalized treatment program, and fewer adverse 
side effects (Consensus 1998). However, evaluation of the efficacy of acupuncture 
in the treatment of major depressive disorder (MDD) poses many challenges, in 
particular because of the conceptual differences between Chinese and Western med-
ical diagnostic systems. Recent investigations have attempted to overcome these 
difficulties by introducing a standard research approach that could be successfully 
adopted by RCTs while also respecting the TCM conceptual framework of 
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acupuncture (Schnyer et al. 2008). The main aim of this review is to summarize the 
evidence to determine whether or not acupuncture is effective in the treatment of 
depression.

4.4  Antidepressant Effects of Acupuncture

4.4.1  Methodology

This systematic review analysed evidence from published and unpublished RCTs 
comparing active acupuncture (manual, electrical, or laser) with control acupunc-
ture, no treatment (wait-list), pharmacological treatment, or massage in the treat-
ment of depression. Eligible studies included subjects aged over 18  years with 
MDD as defined by the Diagnostic and Statistical Manual of Mental Disorders, 
third or fourth Edition (DSM-III or IV).

The primary outcome measurements were reductions in severity of depression 
and improvements in depressive symptoms in clinician-rated and/or patient self-
reported rating scales e.g., the Hamilton Rating Scale for Depression (HAMD), 
Beck Depression Inventory (BDI), Patient Health Questionnaire (PHQ-9), and/or 
Clinical Global Impression (CGI) scale.

The electronic literature search was conducted using PubMed a language filter to 
include all studies written in English. RCTs that satisfied the inclusion criteria were 
retrieved and read in full text. All 26 RCTs included in this review satisfied the 
specifications in the revised CONSORT and STRICTA guidelines (Allen et  al. 
2006; Andreescu et al. 2011; Chen et al. 2014; Chung et al. 2012; Gallagher et al. 
2001; He et al. 2007; Luo et al. 1998; MacPherson et al. 2013; Man et al. 2014; 
Manber et al. 2004, 2010; Mischoulon et al. 2012; Qu et al. 2013; Quah-Smith et al. 
2005, 2013a; Röschke et al. 2000; Song et al. 2007; Whiting et al. 2008; Yeung et al. 
2011; Zhang 2005; Zhang et al. 2009, 2013).

4.4.2  Results

The trials contained a total of 2618 participants. Table 4.1 summarizes trial charac-
teristics main results. The average number of participants was 101. Treatment inter-
ventions lasted between 2 and 12 weeks, with the majority lasting 6 or 8 weeks. The 
primary outcome measurement in 22 of the trials was the HAMD score. Manual 
acupuncture (MA) was applied in 11 trials, electroacupuncture (EA) in 9 trials, their 
combination in 2 trials, and laser acupuncture in 2 trials.

There was evidence of high heterogeneity in the trial designs and methodologies, 
reflected by choice of active acupoints, sham techniques, control groups, treatment 
durations, treatment frequency, monotherapy/augmentation, uncontrolled medica-
tions, outcome measurements and statistical methods. For our analyses, we grouped 
the trials by similarity of study design.
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4.4.2.1  Medication Versus Acupuncture
Four studies compared the effect of antidepressants versus acupuncture. There was 
no evidence of significant overall superiority for acupuncture over medication (Luo 
et al. 1998; Song et al. 2007; Sun et al. 2013; Zhang 2005). However, the onset of 
antidepressant effect with both verum and sham acupuncture was significantly 
faster than that of fluoxetine in one study (Sun et al. 2013). In another study, acu-
puncture was slightly more effective than amitriptyline in the alleviation of anxiety 
and cognitive disturbance (Luo et al. 1998).

4.4.2.2  Acupuncture Plus Medication Versus Medication Only
Seven studies compared medication only (Western or traditional Chinese medicine) 
with medication augmented by acupuncture (Chen et al. 2014; Duan et al. 2011; He 
et al. 2007; Luo et al. 1998; Qu et al. 2013; Röschke et al. 2000; Zhang et al. 2009). 
Five of these trials demonstrated greater improvements in depressive symptoms 
with augmentation treatment compared with medication alone (Chen et al. 2014; 
Duan et al. 2011; He et al. 2007; Qu et al. 2013; Röschke et al. 2000). One study 
also compared specific versus non-specific acupuncture; there was no significant 
difference between the verum and sham acupuncture groups (Röschke et al. 2000). 
In another study, there was no significant difference in antidepressive effects 
between verum acupuncture/low-dose fluoxetine and sham acupuncture/high-dose 
fluoxetine, indicating that augmenting antidepressant therapy with acupuncture 
enables a reduced dosage of medication without loss of efficacy (Zhang et al. 2009).

4.4.2.3  Verum Versus Sham Acupuncture
Two different study designs were used in the RCTs to compare verum and sham 
acupuncture. In the first design, six trials compared acupuncture using specific ver-
sus non-specific acupoints for treatment of depression; five used MA (Allen et al. 
2006; Gallagher et al. 2001; Manber et al. 2004, 2010; Whiting et al. 2008) and one 
used EA (Andreescu et al. 2011). Only one study differentiated between the types 
of acupuncture and demonstrated the effectiveness of verum acupuncture (Manber 
et  al. 2010). Possibly, even non-specific acupoints produce therapeutic effects. 
Future study designs should account for the possible confounding effects of control 
groups.

The second study design compared active and inactive stimulation with laser 
acupuncture (Quah-Smith et al. 2005, 2013a) and with EA (Chung et al. 2012; Man 
et al. 2014; Song et al. 2007; Sun et al. 2013; Zhang et al. 2013). Interestingly, four 
out of these seven trials revealed positive findings in favor of verum acupuncture 
(Man et al. 2014; Quah-Smith et al. 2005, 2013b; Zhang et al. 2013). In contrast to 
non-differentiation in specific/non-specific acupoint designs, active/inactive stimu-
lation designs appear to offer a more appropriate way of providing a control group.

4.4.2.4  Adverse Effects
Adverse treatment effects were not mentioned in five out of 26 RCTs (Gallagher 
et al. 2001; Manber et al. 2004; Röschke et al. 2000; Song et al. 2007; Sun et al. 
2013). Acupuncture was generally considered to be safe and well-tolerated in the 
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remaining 19 RCTs, with some minor adverse effects including needle-related pain, 
bruising, mild bleeding and soreness at the site of needling. Six subjects reportedly 
discontinued study treatment because of needle-related pain or intolerability (Allen 
et al. 2006; Mischoulon et al. 2012; Yeung et al. 2011; Zhang et al. 2013). Four well-
controlled studies failed to show any obvious differences between the treatment and 
control groups (Andreescu et al. 2011; Chung et al. 2012; He et al. 2007; Man et al. 
2014). Non-specific adverse effects, including physical tiredness, headache, sleep 
problems, minimal transient fatigue and dizziness, were as likely to have been 
caused by depression as they were by acupuncture (Allen et al. 2006; Chen et al. 
2014; Luo et al. 1998; Manber et al. 2010; Quah-Smith et al. 2005, 2013a). One trial 
reported skin erythema of the acupoints in 80 patients (Zhang et al. 2009). No seri-
ous adverse events relating to acupuncture were reported in the largest study that 
included 755 subjects (MacPherson et al. 2013).

4.4.2.5  Acupoints
Selected acupoints were well-defined in 16 RCTs and not in the remaining 10, 
where the acupuncturist examined each patient using TCM diagnostic assessments, 
and selected acupoints based on TCM theory. They reported their prescription of 
acupoints for each patient at each session. The selection of acupoints was based on 
the differentiation of symptoms.

The most frequently chosen acupoints in the RCTs were positioned in the merid-
ians (channel) of the Du (governor vessel, GV), heart, spleen, pericardium and liver. 
The 10 most commonly used acupoints were DU20 (GV20, Baihui, 12 RCTs), HT7 
(Shenmen, 11 RCTs), SP6 (Sanyinjiao, 11 RCTs), Yintang (Extra-ordinary points, 
9 RCTs), PC6 (Neiguan, 8 RCTs), LR3 (Taichong, 6 RCTs), LI4 (Hegu, 5 RCTs), 
ST36 (Zusanli, 5 RCTs), Sishencong (Extra-ordinary points, 3 RCTs), and KI3 
(Taixi, 2 RCTs). The wide variation in study design and inadequate methodological 
quality makes it difficult to conclude which acupoints have a higher efficacy and 
which TCM patterns respond better to regular antidepressant medication.

4.4.3  Discussion

In this review, 26 acupuncture RCTs investigated the effectiveness of acupuncture 
alone or in combination with manual, laser or EA in with the treatment of depres-
sion. Acupuncture was compared with active controls of medication or non-specific 
acupuncture, or with inactive controls of routine care or sham acupuncture. This 
review identified significant placebo effects in all 26 studies, which is consistent 
with clinical trials of depression in general. It is therefore very important to improve 
the design of the placebo (sham) arm, by for example using Streitberger non-inva-
sive acupuncture needles (Zhang et al. 2013), to differentiate the effects of verum 
from those of sham acupuncture in future research.

In most of the head-to-head clinical trials, acupuncture and medication did not 
differ significantly in reducing depressive symptoms. Evidence suggests that acu-
puncture might be more effective than medication in the reduction of specific 
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symptom clusters such as anxiety somatization and cognitive disturbance (Luo et al. 
1998), and that the onset of antidepressant effects of acupuncture might be faster 
than that with antidepressant drugs (Sun et al. 2013). However, these findings should 
be interpreted with caution because they were not conducted under double-blind 
conditions. Conducting appropriate head-to-head comparisons between medication 
and acupuncture require the study design to have one arm with “verum acupuncture 
and placebo” and the other arm with “sham acupuncture and the compared drug.”

Medication combined with acupuncture might produce additional benefits over 
medication alone. Five trials showed greater improvements in depressive symptoms 
when an acupuncture intervention was added to the medication treatment (Chen 
et al. 2014; Duan et al. 2011; He et al. 2007; Qu et al. 2013; Röschke et al. 2000). 
However, since both verum and sham acupuncture were better than medication 
alone, the placebo effect cannot be ruled out (Röschke et al. 2000).

The influence of placebo upon study outcomes can be reduced by comparing 
active and inactive stimulation with laser acupuncture (Quah-Smith et  al. 2005, 
2013a) and with EA (Chung et al. 2012; Man et al. 2014; Song et al. 2007; Sun et al. 
2013; Zhang et al. 2013). Two studies that compared active and inactive laser acu-
puncture showed clear superiority with active treatment. EA was associated with 
positive antidepressant results in another couple of studies (Man et al. 2014; Zhang 
et al. 2012b). In comparisons between manual and EA interventions, between-group 
differences did not reach significance (Chen et al. 2014; Qu et al. 2013). In sum-
mary, active/inactive stimulation designs might be more appropriate than specific/
non-specific acupoint designs for providing a control group in acupuncture research.

Significant adverse events relating to acupuncture are grouped under three cate-
gories: mechanical injuries, infections and other adverse events (Norheim 1996). 
The main reason as to why most clinical trials prefer acupuncture points placed on 
the limbs, rather than on the trunk, is to avoid the very severe event of pneumotho-
rax. All of the RCTs included in this review applied acupuncture to acupoints on the 
head and limbs. Thus, there were no reports of pneumothorax. Acupuncture was 
generally reported to be safe and well-tolerated by the trials in this review, although 
five of them did not report adverse events (Gallagher et al. 2001; Manber et al. 2004; 
Röschke et al. 2000; Song et al. 2007; Sun et al. 2013). Adverse events were consis-
tent with those of previous acupuncture studies, and included needle-related pain, 
bruising, mild bleeding and soreness. Subjects rarely discontinue acupuncture 
because of needle-related pain or intolerability. No serious adverse events relating 
to acupuncture treatment were reported in any of the studies in this review.

4.4.4  Methodology Problems and Limitations

The most significant problem facing generalization of clinical trial results is small 
sample size, which is often exacerbated by high dropout rates, preventing the ability 
to effectively detect minor differences between acupuncture and control treatments. 
Moreover, the significant placebo effect compounds the difficulty of detecting any 
small differences between active and control interventions. A small effect of 
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antidepressant treatment is expected to be defined as being around 0.2–0.3. An ade-
quately-sized study sample ensures that even small effects are detected and prevents 
false positive results. For the detection of antidepressant effects, an adequate sample 
size for double-blind RCTs is deemed to be between 100 and 200 patients with 
MDD (Gibertini et al. 2012). A higher number is needed if the control treatment is 
associated with large placebo effects. In this review, the average sample size was 
101 patients, but this was significantly inflated by the one study that recruited 755 
patients (MacPherson 2014); excluding this trial reduced the average sample size to 
74 patients. Notably, a common problem encountered in acupuncture research is the 
availability of suitable control interventions. For example, sham acupuncture may 
demonstrate antidepressive efficacy despite being delivered into a non-specific loca-
tion (i.e., needle insertion avoiding acupuncture points and meridians) (Birch 2004; 
Lewith et al. 2006; MacPherson et al. 2010).

Trials of acupuncture have often been criticized for providing insufficient details 
of the intervention. Such details are necessary for facilitating interpretation of the 
trial data and for making judgments regarding transferability and generalizability. 
The STandards for Reporting Interventions in Clinical Trials of Acupuncture 
(STRICTA) recommendations were included as part of the Consolidated Standards 
of Reporting Trials (CONSORT) family of reporting guidelines in 2010 and are now 
recommended as a framework for better reporting of interventions in clinical trials 
of acupuncture. Some studies use two active control treatment arms (head-to-head, 
superiority comparisons), which is strengthened by the convenience to replicate in 
clinical practice. The lack of inactive controls is usually challenged by the con-
founding placebo effects.

The issue of diagnostic frameworks is worth considering when assessing the 
relevance of these trials in clinical practice. TCM patterns of symptoms, signs and 
diagnoses do not fit within a Western framework. TCM pattern differentiation is a 
diagnostic conclusion of the pathological changes of a disease state based on an 
individual’s symptoms, physical signs, appearance of the tongue, and form of pulse. 
Western medicine diagnoses of depression may be diagnosed differently within 
Chinese medicine, depending on the overall pattern. Although it is believed that 
pattern-based TCM treatment will provide better efficacy, scant study data exist as 
to the additional benefits of TCM pattern differentiation. Although we were able to 
report the pattern diagnoses used by the studies in this review, the procedure and 
quality of the diagnostic process remains unclear. Such uncertainties would inevita-
bly lead to discrepancies in the selection of acupoints for antidepressant treatment. 
According to TCM principles, TCM practitioners and acupuncturists routinely indi-
vidualize their treatments to match the inherent variations presented by their 
patients. Usually, treatments in pragmatic acupuncture trials usually allow practitio-
ners to vary their treatments in this regard.

Meta-analysis was not possible in this review due to differences in study design 
and low methodological quality. Further studies are needed that are of better meth-
odological quality to allow research to define the efficacy of acupuncture and ensure 
that acupoints are selected according to a pattern-based treatment in depression.
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4.5  Biological Mechanisms for Acupuncture in Depression

Biological mechanisms underlying the antidepressant effects relating to acupunc-
ture treatment remain unclear, for several reasons. First, the majority of studies have 
been conducted in animals; it is difficult to generalize animal findings to humans. 
Second, acupuncture activates peripheral nerve fibers in a non-specific way, which 
means that it is difficult to systematically study responses. Third, the acupuncture 
experience is dominated by a strong psychosocial context, which includes expecta-
tions, beliefs, and the therapeutic milieu (Berman et al. 2010). However, despite 
these limitations, some physiological phenomena associated with acupuncture have 
been identified.

Acupuncture indisputably alters levels of certain neurotransmitters, such as nor-
epinephrine, serotonin, and dopamine, which play key roles in the neuropathogen-
esis of depression (Cabyoglu et al. 2006; Chein and Zakaria 1974; Han 1986; Kwon 
et al. 2012a, b; Park et al. 2012; Yu et al. 2013). For example, the regulation of the 
5-hydroxyindole-3-acetic acid/serotonin (5-HIAA/5-HT) ratio and serotonin trans-
porter expression by acupuncture stimulation were associated with acupuncture-
induced benefits in an animal model of depression (Park et al. 2012). In a chronic 
depression model in mice, acupuncture produced antidepressant-like effects relat-
ing to its modulation of tryptophan-kynurenine and dopamine metabolism in the 
brain (Kwon et  al. 2012b). In addition, acupuncture stimulation significantly 
reduced the 3,4-dihydroxyphenylacetic acid/dopamine (DOPAC/DA) ratio relating 
to maternal separation-induced depression-like behaviors in another animal model 
of depression (Kwon et al. 2012a), indicating that acupuncture plays an important 
role in the functional recovery of the prefrontal-limbic system in depressive 
illness.

Acupuncture enhances neurogenesis and neuroplasticity (Chung et al. 2014; Gao 
et al. 2011; Hwang et al. 2010; Luo et al. 2014; Nam et al. 2013; Sun et al. 2013; 
Witzel et al. 2011), a crucial determinant of antidepressant effects (Duman et al. 
1999; Santarelli et al. 2003). For example, a review of preclinical studies found that 
acupuncture induces neurogenesis via up-regulation of brain-derived neurotrophic 
factor (BDNF), glial cell line-derived neurotrophic factor, basic fibroblast growth 
factor and neuropeptide Y, and activation of the function of the primo vascular sys-
tem (Nam et al. 2013). In young rat brains, BrdU/NeuN double labeling revealed a 
significant increase in the number of newly differentiated neurons following EA 
treatment (Gao et al. 2011). EA also ameliorates reductions in proliferating cells 
and differentiated neuroblasts in the rat dentate gyrus induced by diabetes (Chung 
et al. 2014). In rats with focal ischemic injuries, acupuncture treatment was associ-
ated with neurogenesis and regulation of GSK3beta/PP2A expression (Luo et al. 
2014). In humans, both fluoxetine and acupuncture treatment restored the normal 
concentration of glial cell line-derived neurotrophic factor (GDNF), which plays an 
important role in the pathogenesis of MDD (Sun et al. 2013). In addition, both EA 
and acupressure improved maladaptive neuroplasticity in humans, as measured by 
magnetoencephalography (Witzel et al. 2011).

4 Acupuncture Treatment in Depression



60

Anti-inflammatory and antioxidative effects induced by acupuncture might 
be related to its antidepressant effects (Choi et al. 2010; Kwon et al. 2012b; Lao 
et al. 2001; Liu et al. 2004; Shiue et al. 2008; Song et al. 2009, 2014; Yu et al. 
2013). In a chronic inflammation-induced depression model in murine, acu-
puncture has antidepressant-like effects due to its modulatory effects on trypto-
phan-kynurenine metabolism and dopamine metabolism in the brain (Kwon 
et al. 2012b), indicating that anti-inflammatory effects from acupuncture. The 
neuroprotective effects of acupuncture may be partly mediated via inhibition of 
inflammation and microglial activation (Choi et al. 2010; Liu et al. 2004). In a 
rat model of persistent pain and inflammation, acupuncture delayed the onset 
and facilitated the recovery of inflammatory hyperalgesia and suppressed 
inflammation-induced spinal Fos expression in neurons (Lao et al. 2001). EA 
significantly reduced the release of pro-inflammatory cytokines and organ dys-
function after LPS challenge by activating the cholinergic anti-inflammatory 
pathway in animal models (Song et al. 2014) and decreased levels of nitric oxide 
and leukotriene B4 (Carneiro et al. 2010). In humans, both EA and fluoxetine 
induced anti-inflammatory effects by reducing interleukin-1β, while EA treat-
ment also restored the balance between Th1 and Th2 systems by increasing 
levels of tumor necrosis factor-α and decreasing levels of interleukin-4 (Song 
et al. 2009).

 Conclusions
Acupuncture has been widely used as an alternative treatment for depression and 
offers a safe and effective promising therapy in future clinical applications. The 
biological mechanisms underlying acupuncture are relevant to its antidepressant 
effects. Supportive clinical evidence is accumulating, but evaluating the efficacy 
of acupuncture poses many critical challenges for study designs. Depression is 
heterogeneous and every intervention produces only small effects. Thus, it is 
important to identify those patients who will be most responsive to acupuncture 
treatment.

The use of acupuncture in the treatment of depression is supported by person-
alized medicine inherited from TCM. Many different styles and manipulations 
exist for acupuncture; it is of great clinical interest to investigate specific acu-
puncture manipulations for specific subtypes of depression. In addition, there is 
much room for improvement in the clinical research methodological quality. 
More clinical evidence is needed to endorse the use of acupuncture as an alterna-
tive treatment for depression.
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5Acupuncture and Itch: Basic Research 
Aspects
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Abstract
Acupuncture has been used in traditional Chinese medicine for over 2500 years. 
Clinical evidence supports the efficacy of acupuncture in the treatment of itch. In 
particular, acupuncture can relieve histamine-induced itch, refractory uremic 
pruritus and neurogenic pruritus. However, very little clinical evidence is avail-
able as to how acupuncture can assist in itch. Preclinical investigations into itch 
typically use rodents, in which scratching behavior reliably serves as a behav-
ioral readout of itch. Typically, researchers count the numbers of hindlimb 
scratch bouts at the site of an injected pruritogen in the nape of the neck. Using 
murine models of itch, we have demonstrated that EA at Hegu (LI4) and Quchi 
(LI11) or cold stimulation at LI11 significantly attenuates pruritogen-induced 
scratching behavior. This chapter discusses evidence suggesting that this effect is 
mediated by the inhibition of microglial activation in the spinal cord.

Keywords
Itch · Pruritogen · Mouse · Acupuncture · Microglia

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-0971-7_5&domain=pdf
mailto:jglin@mail.cmu.edu.tw


68

5.1  Introduction

5.1.1  Definition of Itch

Itch has long been recognized as an “unpleasant sensation that elicits the desire to 
scratch” (Bergasa 2008; Carlsson and Wallengren 2010). Modern definitions 
describe itch as “a common symptom that may be associated with a specific derma-
tologic condition or systemic disease. The cause of itch can be multifactorial or due 
to a single underlying disorder” (Fazio and Yosipovitch 2018).

5.1.2  Pathology of Itch

Itch may be widespread or localized, without any obvious cause. Besides the skin, 
itch may occur in the epithelium of the conjunctivae, mouth, nose, pharynx, ano-
genital area, and trachea (Twycross et al. 2003).

No unique peripheral receptors for pruritus have been identified. However, the 
specificity of the itch stimulus is related to connections at the spinal level, where a 
specific class of dorsal horn neurons is located (see Fig. 5.1). From the spinal cord, 
the stimulus transmits via the lateral spinothalamic tract to the thalamus and on to 
the cerebral cortex to cause the sensation of itch. The sensation of pruritus is trans-
mitted by unmyelinated C-fibers with a slow conduction velocity and extensive ter-
minal branching (Schmelz et  al. 1997). These fibers are distinct from those that 
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Fig. 5.1 Itch-specific 
neural pathway (adapted 
from Ikoma 2006). DRG 
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transmit pain: it is now recognized that separate sets of neurons mediate itch and 
pain input from the peripheral nerve (Galatian et al. 2009).

Gastrin-releasing peptide (GRP) has been recognized as a key neurotransmitter 
in the itch sensation. GRP receptors (GRPRs) are expressed in the superficial dorsal 
horn, and pharmacological inhibition and genetic deletion of GRP signaling path-
ways can reduce itch responses (Sun and Chen 2007; Sun et al. 2009). Recently, 
another neuropeptide, natriuretic precursor peptide B (NPPB), has been indicated as 
a neurotransmitter in spinal cord that provokes scratching behavior in mice (Mishra 
and Hoon 2013).

5.2  Itch Classification

Although the pathophysiology of most clinical itch conditions is not completely 
understood, operational classifications are needed for clinical use. The following 
definitions are taken from a review of itch published in 2003 by the Lancet 
(Yosipovitch et al. 2003):

“Pruritoceptive itch
 Itch originating in the skin, due to inflammation, dryness, or other skin damage, is 

termed pruritoceptive and is transmitted by C nerve fibres. Examples are itch due to scabies, 
urticaria, and reactions to insect bite.

Neuropathic itch
 Itch that arises because of disease located at any point along the afferent pathway is 

called neuropathic itch. Five Post-herpes zoster neuropathy and the itch occasionally asso-
ciated with multiple sclerosis and brain tumours are in this category.

Neurogenic itch
 Neurogenic itch is defined as that which originates centrally but without evidence of 

neural pathology, such as the itch of cholestasis, which is due to the action of opioid neuro-
peptides on μ-opioid receptors.

Psychogenic itch
 The fourth type of itch is psychogenic, as in the delusional state of parasitophobia. 

This classification is both clinically relevant and informative as to the pathomechanisms of 
pruritus.”

5.3  Modulators for Itch and Pain

Evidence has revealed that the peripheral mediators and/or receptors responsible for 
itch and pain broadly overlap (Ikoma et al. 2006). Some of them are described as 
follows:

5.3.1  Histamine

Histamine is the best-known pruritogen. Activation of H1 receptors can increase 
vasodilation of vascular endothelium. In general, histamine-induced itch and wheal 
and flare in the skin can be suppressed by H1 antagonists (Morita et  al. 2005). 
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However, H1 antagonists are ineffective in many pruritic diseases, such as atopic 
dermatitis (Klein and Clark 1999). Other histamine receptors such as H4 receptors 
have been indicated as playing an independent role in pruritus (Bell et al. 2004).

5.3.2  Interleukins (ILs)

Specific neuronal pathways for itch have only recently been discovered. IL-6 has 
been proposed to play a role in the pathophysiology of some types of itch (Ikoma 
et al. 2006). IL-31 has been found to induce pruritic dermatitis in mice (Dillon et al. 
2004; Sun et al. 2004), which indicates a special role for IL-31 in pruritus.

5.3.3  Protease-Activated Receptors

Microbes and plants, as well as inflammatory cells, can induce the production of 
proteases, which in turn activate protease-activated receptors (PARs). Recently, 
PAR-2 has been implicated in pain (Cottrell et al. 2003) and itch (Steinhoff et al. 
2003). Intradermal (i.d.) injection of PAR-2 agonists induced scratching in mice 
(Shimada et al. 2006; Tsujii et al. 2008; Ui et al. 2006). The scratching behavior 
induced by PAR-2 is histamine-independent and PAR-2 is considered to be a non-
histaminergic mechanism for itch.

5.3.4  Mas-Related G Protein-Coupled Receptors (Mrgprs)

The mouse genome contains approximately 50 identified Mas-related G protein-
coupled receptor (Mrgpr) genes, grouped by their sequence homology into the 
MrgprA, MrgprB, MrgprC and MrgprD subfamilies, located only in the small-diam-
eter sensory neurons in the dorsal root ganglia (DRG) and trigeminal ganglia (Dong 
et al. 2001; Zylka et al. 2003). MrgprA3 and MrgprC11, which belong to the sensory 
neuron-specific Mrgpr family, play key roles in histamine-independent pruritus. 
Activation of MrgprA3 by the antimalarial chloroquine leads to acute itch in rodents 
and intolerable itch in some patients (Wilson et al. 2011), while mast cell pruritogens 
released during allergic inflammation target MrgprC11 (Lee et al. 2008).

5.3.5  Peripheral μ- and κ-Opioid Receptors

Pruritus is a well-known side effect of treatment of opioids administered for pain 
relief (Friedman and Dello Buono 2001). There is growing evidence, however, that 
opioid receptors and endogenous opioid agonists are also functional in the skin, and 
they have been found on peripheral nerve fibers, keratinocytes, and immune cells 
(Bigliardi et al. 2009). Recent evidence indicates that the μ-opioid receptors medi-
ate itch, whereas the κ-opioid receptors suppress itch. Stimulation of the κ-opioid 
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receptor was found to inhibit μ-opioid receptor effects both centrally and peripher-
ally (Inan et al. 2009; Pan 1998; Umeuchi et al. 2003).

Since μ-opioid receptors may mediate itch, μ-opioid receptor antagonists, such 
as naltrexone and naloxone, have been used to treat chronic pruritus (Metze et al. 
1999; Terra and Tsunoda 1998; Zylicz et al. 2005). Several double-blind, placebo-
controlled studies have proven the efficacy of systemically applied naltrexone and 
naloxone in hepatogenic pruritus (Bergasa et al. 1995; Terg et al. 2002; Wolfhagen 
et al. 1997). On the other hand, a κ-opioid receptor agonist has been used to treat 
uremic pruritus (Nakao and Mochizuki 2009).

5.4  Itch Is Frequently Poorly Controlled by Antihistamines 
and Other Treatments

Antihistamines are used to relieve itching caused by various allergies, but they fail 
to lessen itch in skin, liver, or kidney diseases. Gabapentin (a GABA analog) and 
cholestyramine (an anion exchange resin) have been clinically tested, but an effica-
cious treatment against itch remains to be identified (Bergasa 2008; Patel et  al. 
2007). Pruritus may be a debilitating condition in some patients, and treatment is 
often ineffective (Fazio and Yosipovitch 2018).

5.5  Acupuncture

Acupuncture has been used in traditional Chinese medicine for over 2500 years (Wu 
1996). Its practice is becoming more widespread worldwide (Conference 1998). In 
1998, the US National Institutes of Health stated that acupuncture is useful for treat-
ing particular conditions and that it has fewer side effects than other medical proce-
dures, such as surgery or pharmaceuticals (NIH 1998).

5.6  Acupuncture and Pruritus: Acupuncture Treatment Is 
Effective for Itch in Clinical Studies

Several small, placebo-controlled studies have evaluated the effect of acupuncture 
on histamine-induced itch and other pruritus conditions. Hegu (LI4; 合谷) and 
Quchi (LI11; 曲池) are commonly used acupoints.

5.6.1  Acupuncture Decreases the Histamine-Induced Itch 
Response

In experimentally-induced itch in healthy volunteers, acupuncture at Quchi (LI11) 
reduced histamine-induced flares, duration and intensity of itch, but had little or no 
effect on the itch onset time or maximal itch intensity (Belgrade et al. 1984). Another 
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study has examined whether acupuncture can prevent histamine-induced itch 
(Lundeberg et al. 1987). In that study, itching was induced by intradermally-injected 
histamine in ten healthy volunteers who then underwent ‘placebo-acupuncture’ 
(superficial insertion of needles), manual acupuncture (MA), and electroacupunc-
ture (EA) (2 and 80 Hz) sessions, in a crossover fashion. When applied intraseg-
mentally (proximal to the injection site) prior to the induction of itch on the arm, 
MA and EA significantly reduced subjective itch intensity. In more recent research, 
acupuncture at Quchi (LI11) prevented skin prick test histamine-induced itch in 
healthy volunteers (Pfab et al. 2005).

5.6.2  Acupuncture Decreases Pruritus Scores in Patients 
with Refractory Uremic Pruritus

Che-Yi et al. tested the effects of acupuncture on pruritus scores in patients with 
refractory uremic pruritus. The acupuncture group received acupuncture at the LI11 
acupoint 3 times weekly for 1 month, while the control group received acupuncture 
at a non-acupoint 2 cm laterally from the elbow, for the same number of treatment 
sessions. In the acupuncture group, pruritus scores were reduced from baseline by 
about 50% after acupuncture and at the 3-month follow-up visit; the controls expe-
rienced no such change (Che-Yi et al. 2005).

5.6.3  Acupuncture Alleviates Itching in Patients 
with Neurogenic Pruritus

Another study retrospectively examined the symptomatic relief of acupuncture in 
16 patients with neurogenic pruritus. The majority (75%) of patients experienced 
total resolution of symptoms, as evidenced by VAS scores (Stellon 2002).

5.7  Basic Research on the Acupuncture Treatment of Itch Is 
Limited

Many studies have examined the effect of acupuncture and EA on pain, but few 
studies have examined their effect on pruritus; the antipruritic mechanism of EA 
remains unclear.

5.8  Animal Models of Pruritogen-Induced Scratching 
Behavior

Animal models of itch can be performed in rodents. As itch is always accompa-
nied by a desire to scratch, scratching behavior is used as an indicator of itching 
intensity. This can be measured by counting numbers of hindlimb scratch bouts 
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directed to the site of subcutaneous (s.c.) injection or i.d. microinjection of a pru-
ritogen to the nape of the neck (Akiyama et al. 2009; Kuraishi et al. 1995; Nojima 
and Carstens 2003).

5.8.1  GNTI-Induced Scratching

5′-Guanidinonaltrindole (GNTI) is a selective κ-opioid receptor antagonist (Jones 
and Portoghese 2000) that elicits immediate and excessive scratching in mice 
(Cowan and Inan 2009; Kuraishi et al. 1995). The scratching behavior induced by 
s.c. injection of GNTI to the neck is abolished by the κ-opioid agonist, nalfurafine 
(Cowan and Inan 2009).

5.8.2  Compound 48/80-Induced Scratching

Compound 48/80 induces a rapid release of inflammatory mediators such as hista-
mine from mast cells in the connective tissue and skin (Enerback 1966; Koibuchi 
et al. 1985). S.c. injection or i.d. microinjection of compound 48/80 to the nape of 
the neck induced scratching behavior in mice, which was effectively suppressed by 
various H1 antagonists (Inagaki et al. 2002).

5.8.3  5-HT-Induced Scratching

5-HT (5-hydroxytryptamine or serotonin) is a common neurotransmitter located in 
the gastrointestinal tract and nervous system that exerts excitatory and inhibitory 
effects by activating 5-HT receptors. 5-HT is also considered to be a pruritogen 
(Yamaguchi et al. 1999). Although only weak pruritus is elicited in human skin, i.d. 
application of 5-HT induces significant scratching behavior in rodents, which is 
most probably mediated by peripheral 5-HT2 receptors.

5.9  Itch-Related Scratching Behavior Is Associated 
with c-Fos Expression in the Superficial Dorsal Horn 
of the Spinal Cord

5.9.1  A Tool to Visualize the Pathway Involved in the Integration 
of Noxious Inputs

C-Fos is an immediate early gene. Its activation generates the immunologically 
detectable nuclear protein Fos (Curran and Morgan 1995; Morgan and Curran 
1991), which is widely used to indicate neuronal activation pathways involved in 
noxious inputs. The dorsal horn neuron is at the origin of nociceptive integration, 
where strong Fos expression follows nociceptive stimuli. Fos or c-Fos expression 
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indicates populations of neurons that are activated or excited by nociceptive input 
(Buritova et al. 1997; Munglani et al. 1996).

5.9.2  Pruritogen-Induced c-Fos Expression

Nojima and Carstens (2003) reported spontaneous itch-related scratching behavior 
and associated c-Fos expression in the superficial dorsal horn of the spinal cord in a 
rat model of dry skin. Subsequent studies reported that GNTI and compound 48/80 
provoked c-Fos expression in different neurons at the lateral side of the dorsal horn 
(Inan et al. 2009).

The expression of Fos in the dorsal horn provides the single best technique for 
visualizing the individual neurons activated by noxious inputs in awake and mobile 
animals (Buritova et  al. 1997; Coggeshall 2005; Hunt et  al. 1987; Nojima et  al. 
2003, 2004).

5.10  Recent Results

Han et al. (2008) reported an antipruritic effect of acupuncture in a rat model of 
hindlimb scratching. Their results suggest that acupuncture and EA stimulation are 
effective treatments for scratching induced by i.d. injection of 2% 5-HT (20 μL) into 
the rostral back in rats. We have performed a series of studies to characterize the 
protective profile of EA on pruritogen-induced itch.

5.10.1  EA at LI4 and LI11 Attenuates Scratching Behavior 
and c-Fos Expression Induced by GNTI

Our recent study revealed that EA at LI4 and LI11 attenuates scratching behavior 
and c-Fos expression induced by GNTI in anesthetized mice (Chen et al. 2013). 
Figure 5.2 shows the positioning of the acupuncture needles and the electric stimu-
lator used in the study. Two needles were inserted into the LI4 and LI11 acupoints. 
To test the effects of EA at different frequencies on pruritogen-induced scratching 
behavior, the mice were divided into three groups in each pruritogen test: (1) con-
trol, (2) 2 Hz EA, and (3) 100 Hz EA. Mice started scratching at 2–3 min after GNTI 
(a κ-opioid receptor antagonist; 0.3 mg/kg; s.c. behind the neck). Strong, stereo-
typic behavior continued throughout the 40-min observation period.

As shown in Table 5.1, the application of EA 2 Hz to the LI4 and LI11 acupoints 
attenuated GNTI-induced scratching; no such effect was seen with EA 100 Hz.

This study also determined the effects on GNTI-induced scratching behavior of 
EA 2 Hz applied to bilateral ST36 acupoints. As shown in Table 5.2, application of 
EA at 2 Hz to bilateral ST36 did not affect GNTI (0.3 mg/kg)-evoked scratching.

As reported by Inan et al. in 2009, GNTI significantly increased the number of 
c-Fos-positive nuclei on the lateral side of the superficial layers of the dorsal horn in 
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cervical spinal cord sections compared to the saline control group. While EA 2 Hz 
by itself had no significant effect on c-Fos expression, pretreatment with EA 2 Hz 
significantly reduced the number of c-Fos-positive cells induced by GNTI (Chen 
et al. 2013).

5.10.2  EA at LI4 and LI11 Attenuates GNTI-Induced Spinal 
Microglial Activation

Microglia are glial cells that are responsible for immune function in the CNS. It has 
been indicated that microglia participate in the initiation and progression of neuro-
logical disorders. Recent research revealed that scratching behavior induced by GNTI 
and compound 48/80 is accompanied by an acute activation of microglial cells in 

Fig. 5.2 Photograph of a 
mouse under isoflurane 
anesthesia with 
acupuncture needles 
administering EA at the 
Hegu (LI4) and Quchi 
(LI11) acupoints

Table 5.1 EA 2 Hz administered to the LI4 and LI11 acupoints attenuated GNTI-induced scratch-
ing, whereas EA 100 Hz had no such effect

Control EA 2 Hz EA 100 Hz
Number of scratches 
mean ± S.E.M.

477.7 ± 48 
(n = 20)

290.6 ± 36.1 
(n = 14)a

398.3 ± 53.7 
(n = 14)

ap < 0.05 compared with control

Table 5.2 EA to the bilateral ST36 acupoints at 2 Hz did not affect GNTI-induced scratching

Control EA 2 Hz
Number of scratches mean ± S.E.M. 438.1 ± 41.1 (n = 8) 427.2 ± 55.4 (n = 6)

5 Acupuncture and Itch: Basic Research Aspects



76

the spinal cord of mice (Zhang et al. 2015). We therefore tested whether EA sup-
presses pruritogen-induced microglial activation. The results found that EA (2 Hz) 
at LI4 and LI11 effectively reduced the scratching response and activation of 
microglia in the spinal cord induced by GNTI (Lin et al. 2016). This suggests that 
EA may be a useful treatment for itch and also for disorders involving microglial 
dysregulation.

5.10.3  Cold Stimulation

The effects of cold stimulation on acupoints have not previously been addressed. 
Our group examined the effects of different thermal stimulations at murine LI11 
upon scratching behavior elicited by compound 48/80 (Tsai et al. 2014). We also 
assessed whether ruthenium red (a non-selective transient receptor potential [TRP] 
channel blocker) pretreatment at LI11 modifies the antipruritic effects of thermal 
stimulation.

The number of scratches in mice injected with compound 48/80 was 290.1 ± 20.9 
bouts/30 min. Itch behavior was significantly reduced to 139.8 ± 31.9 bouts per 
30 min in mice treated with 20°C (cold) stimulation at LI11, whereas stimulation at 
5, 15, 25, 35, or 45°C had no such effects, suggesting that 20°C is an optimal tem-
perature for cold stimulation at LI11 for attenuating pruritogen-induced scratching. 
Interestingly, 20°C stimulation at the sham acupoints (located at the midpoint of the 
acromial part of the deltoid muscle) had no effect on scratching induced by com-
pound 48/80. Similarly to the previous study (Chen et al. 2013), cold stimulation at 
LI11 attenuated increases in c-Fos expression induced by compound 48/80 in the 
cervical spinal cord. Interestingly, injecting mice subcutaneously with ruthenium 
red (0.5 μmoL/site) at LI11 5 min before 20°C stimulation lowered the antipruritic 
effect of cold stimulation. These results demonstrated that cold stimulation at LI11 
appears to attenuate pruritogen-induced scratching behavior via a TRP-related 
pathway.

 Conclusions

The sensations of pain and itch share many interactions in acute transmission and 
sensitization processes, but they have many differences as well. Pain sensation 
evokes withdrawal behavior, while itch evokes scratching as a reflex or conscious 
mechanical stimulation to relieve the hazardous stimulant and act as a helpful 
warning of potential hazards (Ikoma et al. 2006). Separate sets of neurons medi-
ate itch and pain input from the peripheral nerve. Primary afferents for pain sen-
sation are mechano-sensitive and mechano-insensitive Aδ- and polymodal 
C-fibers (Andrew and Craig 2001; Schmidt et al. 2000), whereas primary affer-
ents for itch sensation are histamine-activated mechano-insensitive C-fibers 
(Schmelz et al. 1997) and cowhage-activated mechano-sensitive fibers (Namer 
et al. 2008). Histamine stimulates neurons that project to the posterior part of the 
ventromedial nucleus of the thalamus (Andrew and Craig 2001), whereas pain 
stimulates neurons that project to the ventroposterior lateral nucleus of the thala-
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mus (Craig 2002). Much clinical and basic research evidence has proven the 
efficacy of acupuncture in pain relief. However, scant evidence exists as to the 
efficacy of acupuncture in itch. Our studies have shown that EA at LI4 and LI11 
or cold stimulation at LI11 can significantly attenuate pruritogen-induced 
scratching behavior in mice (Fig. 5.3). Studies into acupuncture for itch treat-
ment are expected to attract more attention and research in the near future, with 
a growing familiarity of the animal model of itch and greater understanding of 
the neurotransmission of itch.
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6Effects of Acupuncture on Peripheral 
Nerve Regeneration
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Abstract
While Western medicine focuses on the use of surgery or drug treatment in the 
repair of peripheral nerve injury, the use of non-surgical physical stimulation in 
nerve repair is attracting increasing attention. As a part of traditional Chinese 
medicine, the practice of acupuncture has spread worldwide and is used to treat 
various diseases and symptoms. A search of the keywords “acupuncture” and 
“peripheral nerve regeneration” in the online bibliographic databases covering 
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the clinical medicine literature, including MedLine and PubMed, reveals a 
wealth of related literature, including experimental animal models, in vitro test-
ing and clinical studies, suggesting that acupuncture improves the symptoms of 
nerve damage. This chapter reviews the effects of different types of stimulation 
(traditional acupuncture, electro-acupuncture, or stem cell transplantation as an 
adjuvant therapy) on promoting repair following peripheral nerve damage caused 
by various conditions (including traumatic injury, degenerative diseases, or side 
effects of chemotherapy). We propose future directions for research into the use 
of acupuncture in nerve regeneration.

Keywords
Acupuncture · Nerve regeneration · Neurotrophin · Diabetic peripheral neuropa-
thy · Chemotherapy-induced peripheral neuropathy

6.1  Introduction

Peripheral nerve injury and degeneration, whether caused by traumatic injury, dis-
eases (such as Alzheimer’s disease, diabetes, and stroke) (Ho et al. 2014a; Zhang 
et al. 2014; Lin et al. 2014) or cancer treatments, reduce patients’ quality of life and 
impose a heavy burden on their families. Many researchers have focused on the 
effective treatment or repair of the damaged nerve. However, nerve repair is diffi-
cult. For damage over short lengths, such as stab and scratch wounds, nerves can be 
repaired with wound healing and the severed nerve fiber can self-regenerate. 
However, in cases of massive damage, such as that involving broken limbs (Yoo 
et al. 2003), disease-induced damage (Schröder et al. 2007) or nerve degeneration 
caused by chemotherapy drugs (Wong and Sagar 2006; Franconi et al. 2013), the 
lengths are beyond self-regeneration capacity and the nerve damage may become 
permanent (Lundborg et al. 1982). This difference in regeneration capacity may be 
explained by the structure of the nerve. In general, the nerve structure includes the 
cell body (soma), dendrites, axon, and the surrounding myelin sheath. The electrical 
signals are received by dendrites, sent to the cell body, then transmitted by axons out 
of the cell body. In the peripheral nervous system, the surrounding Schwann cells 
form myelin sheaths to support and insulate axons, increase the speed of signal 
transmission and conduct action potentials (Kagitani et al. 2010).

If the nerve is transected, a temporary loss of nerve function may occur. The 
distal end of the nerve may degenerate and die, while the proximal end near the cell 
body can grow towards the distal end at the speed of about 1–2 mm/day (Detrait 
et al. 2000). Meanwhile, the demyelinated Schwann cells and the surrounding endo-
neurial tubes formed by the basal lamina, release neurotrophic substances and func-
tion as scaffolds to support axonal growth toward the distal end. If the distance is too 
great, the distal nerve is unable to receive a steady, prolonged supply of nutrients, 
leading to progressive degeneration and death of the nerve fibers, as well as the 
formation of neurofibromatosis. Alternatively, the lack of formation of long 
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endoneurial tubes prevents the axon from growing to the distal end, leading to the 
failure of nerve regeneration (Yoo et al. 2003; Wang et al. 2011b; Chang et al. 2011; 
Chen et al. 2004, 2005b, 2008).

In nerve damage caused by disease, problems with regeneration are usually due 
to inadequate blood flow. For example, in patients with diabetes, long-term hyper-
glycemia, abnormal blood lipid level, and an elevated inflammatory response lead 
to abnormal thickening of blood vessel walls, inadequate nutrient supply, and 
reduced blood permeability. In other scenarios, a reduced blood oxygen level and 
higher inflammation index may lead to an environment with higher chemical factors 
or lower neurotrophic factors, leading to nerve damage (Lin et al. 2014; Piao and 
Liang 2012; Yao et al. 2012; Kao et al. 2013; Kennedy and Zochodne 2005, 2000). 
About 20–30% of patients with diabetes exhibit various types of nerve damage; the 
prevalence is as high as 50% in patients aged over 60 years. Symptoms include a 
sensation of numbness, tingling or burning in extremities, an occasional sense of 
imbalance, or complete loss of sensory functions (such as touch, pressure, cold, 
heat, and pain) in the extremities (Young et al. 1993).

Chemotherapy drugs invariably damage normal cells (Windebank and Grisold 
2008). Chemotherapy-induced peripheral neuropathy (CIPN) is a common treat-
ment-related adverse effect of several commonly used cancer treatments, including 
docetaxel and cisplatin. Although the symptoms of discomfort can be reduced by 
limiting or decreasing the drug dosage, the sensory or motor nerves may still be 
affected (Wolf et  al. 2008). The neurotoxic mechanism can cause mitochondrial 
damage, axonal atrophy and myelin degeneration, thereby depriving the dorsal root 
ganglia (DRG) neurons of their barriers, and resulting in symptoms of peripheral 
pain, numbness, or neuropathic pain (Podratz et al. 2011).

In certain injuries, the damage results in nerve fiber degeneration or a neuroma 
developing at the nerve stump, preventing functional recovery. Currently, surgical 
treatments, including direct suture repair, nerve grafting and the use of nerve con-
duits, are commonly used to repair the damaged nerve. Nerve endings, as well as the 
related nerve membrane and blood vessels, are sutured under a microscope of high 
magnification. Successful operations depend on the length of nerve damage. For 
damage extending over a significant length, nerve grafting is commonly used. 
Autografts can avoid immune rejection and have a good postoperative recovery rate 
in clinical practice; however, they have limited availability and may cause donor site 
damage. In contrast, allografts or xenografts induce immune rejection and have 
poor physical properties (Ide 1996; Fowler et al. 2015; Fawcett and Keynes 1990). 
Use of nerve conduits to bridge nerve gaps shows enormous potential, providing a 
scaffold for attached migration of the regenerating nerves, and avoiding a second 
surgery and pressure on the nerve, due to the use of biodegradable materials used in 
nerve conduits (gelatin, chitosan, polyester materials polylactic acid [PLA], polyg-
lycolic acid [PGA], and poly lactic-co-glycolic acid [PLGA]). Although many suc-
cessful cases have been reported (Lin et al. 2014; Wang et al. 2011a, b; Chen et al. 
2005a, b, 2008, 2013; Chang et al. 2007; Lu et al. 2007; Hsiang et al. 2011a, b; 
Huang et al. 2011), nerve conduits are ineffective for degenerative neuropathy and 
damage in areas where surgical treatment is impossible.
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6.2  Application of Acupuncture in Nerve Repair

Traditional Chinese acupuncture techniques have become a valuable alternative 
tool or form of complementary medicine used increasingly by Western medical 
practitioners (Mayer 2000). In 2007, Schröder et al. reported the use of acupunc-
ture stimulation in restoring the conducting capability of lesioned nerves. At 1 
year after treatment, nerve conduction studies revealed symptomatic and objec-
tive improvement in 76% of the patients in the experimental group, as compared 
with only 15% of the control group. Investigations using functional magnetic 
resonance imaging (fMRI) to examine the effect of acupuncture on the brain 
reveal that acupuncture stimulation at specific acupoints induces activity in the 
corresponding brain areas (Bai and Lao 2013). Western clinical literature pro-
vides evidence showing that acupuncture exerts beneficial stimulation to nerves 
(Mayer 2000).

6.2.1  Nerve Transection Injury

Peripheral nerve transection injury is usually repaired by surgery (Nawabi et al. 
2006). The use of complementary acupuncture or electro-acupuncture on animal 
models has recently advanced and has become the mainstream approach in com-
plementary medicine (Ide 1996; Chen et al. 2001; Inoue et al. 2003; de Albornoz 
et  al. 2011). In 2001, Chen et  al. (2001) used a silicon rubber tube as a nerve 
conduit to bridge a 1-cm long gap in a rat model of sciatic nerve injury and then 
applied acupuncture stimulation. Six weeks after implantation of the conduits, 
animals that received acupuncture in the experimental group exhibited a more 
developed and complete nerve structure. In further examinations into the differ-
ence between traditional acupuncture and electroneedling stimulation (Ho et al. 
2013), low-frequency electro-acupuncture was found to potentiate the nerve-
growth promoting effect. The animal behavior study also found that rats with 
sciatic nerve injury exhibited signs of sensory and motor function recovery after 
6 weeks of treatment with electro-acupuncture at acupoints GB30 and GB34. In 
particular, gait analysis indicated that electro-acupuncture significantly improved 
motor function recovery (Hoang et al. 2012).

Clinically, many case studies have indicated that acupuncture may promote 
nerve repair. In an analysis of 100 patients with acute spinal cord injury, neuro-
logical recovery was better amongst patients in the experimental group treated 
with electro-acupuncture at points S13, BL62, and others (Wong et al. 2003). In 
2010, a study using intermittent direct current (DC, 100 Hz, 20 min) to stimu-
late patients with injured peripheral nerves (including functional nerve palsy, 
axonal truncation, and truncated nerve) showed that in most patients (except 
those with axonal truncation), motor function was restored (Inoue et al. 2011), 
indicating that it is feasible to use acupuncture to aid nerve repair in clinical 
practice.
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6.2.2  Disease-Related Nerve Damage

Diabetic peripheral neuropathy (DPN) is a common complication of diabetes 
(Harati 1987; Younger 1998; Pinzur 2011). Stroke is also likely to cause hypoxic 
neuronal necrosis (Palumbo et al. 1978). For disease-related nerve damage, which 
affects broader areas and cannot be easily treated by surgery, acupuncture is an 
attractive alternative treatment.

A review published in 1976 (Becker et al. 1976) described how DC electrical 
stimulation with acupuncture needles could affect nerve repair by promoting the 
proliferation of Schwann cells. A 1989 study by Cameron et al. (1989) showed that 
using continuous electro-acupuncture stimulation (10 Hz, 8 h or more each day) to 
treat streptozotocin (STZ)-induced diabetic rats restored the conduction velocity 
(CV) of the anterior tibial nerve to a level (no significant difference) comparable to 
that in control rats. This research group published another paper in 1993, using the 
same animal model and stimulation condition to explore the effects upon the pero-
neal sciatic nerve (Cameron et  al. 1993). In this study, acupuncture stimulation 
increased the CV by 60%. The group also proposed that the increased blood flow 
and metabolism induced by the electrical stimulation led to the effective repair of 
the damaged nerve.

In 2012, Chen et al. constructed a rat model of diabetes, using a silicon rubber 
tube as the nerve conduit, and applied continuous electro-acupuncture stimulation 
(1 mA, 2 Hz, 15 min each day) for 3 weeks. They found that after electrical stimula-
tion, in animals with or without diabetes, the propagation delay time was shortened, 
the CV was increased, and the proportion of macrophages in the regenerated tissue 
increased. Tissue section analysis also revealed that the electrical stimulation effec-
tively increased the density of axons and the endoneurium area. Moreover, the index 
values of the diabetic rats were restored to levels similar to those in control rats 
(normal animals) (Yao et al. 2012). In 2013 (Kao et al. 2013) and 2014 (Lin et al. 
2014), the same group examined the effects of different frequencies (0, 2, 20, and 
200 Hz) and currents (1, 10, and 20 mA) on neural conduit-mediated repair of the 
sciatic nerve in a rat model of diabetes. Under conditions of the same current level 
(1 mA) and different frequencies, a higher frequency (200 Hz) had better effect on 
nerve regeneration in diabetic rats. In the experiments with different current levels, 
complete nerve regeneration was found in the 10-mA group.

Many clinical reports have also confirmed the treatment effect of acupuncture on 
DPN. In 1998, Abuaisha et al. published the results of a clinical trial, in which 64 
patients with DPN, 29 of whom had already received general pain treatment, 
received acupuncture treatment. Ten weeks after treatment with acupuncture, 77% 
of patients who completed the course felt a significant improvement in pain. Another 
treatment cycle of 18–25 weeks led to a reduced dosage of pain medications in 67% 
of the patients. Among them, 21% became pain-free and stopped the medications. 
None of the patients showed side effects after acupuncture treatment.

In 2014, a randomized controlled trial (RCT) explored the role of acupuncture on 
the management of DPN.  The experimental group received a 10-week course of 
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acupuncture stimulation at acupoints LV3, K13, SP6, SP10, ST36, and others. 
Compared with the control group given placebo treatment, patients in the experimen-
tal group exhibited significant improvement when assessed with the Leeds Assessment 
of Neuropathic Symptoms and Signs (LANSS), LANSS scale the Sleep Problem 
Scale (SPS), the lower limb pain Visual Analogue Scale (VAS), the Measure Yourself 
Medical Outcome Profile (MYMOP), and blood pressure measurements (Richardson 
and Vincent 1986). In addition, diabetes-related discomfort was reduced.

Nerve damage caused by disease often results from a lack of nutrients or insuf-
ficient blood supply. Acupuncture can increase blood flow and metabolism, and 
increase the proportion of macrophages in the damaged areas. Macrophages secrete 
high levels of growth factors and accelerate the clearance of necrotic tissue, thereby 
effectively improving nerve regeneration in rat models of diabetes. Clinical trials 
have also shown that acupuncture reduces discomfort in patients with DPN and 
enables them to return to a normal lifestyle without pain medications.

6.2.3  Nerve Damage Caused by Chemotherapy Drugs

Chemotherapy-induced peripheral neuropathy (CIPN) is one of the major side 
effects of cancer therapy, with an incidence of about 30–40% (Windebank and 
Grisold 2008; Fernandez et  al. 2014). Currently, chemotherapy drugs including 
platinum drugs, taxanes, and interferon alpha are associated with the well-known 
side effect of degenerative nerve damage (Wong and Sagar 2006; Franconi et al. 
2013; Wolf et  al. 2008; Windebank and Grisold 2008; Fernandez et  al. 2014; 
Quasthoff and Hartung 2002; Visovsky et al. 2007). Vitamin E (Pace et al. 2003; 
Argyriou et al. 2005), calcium/magnesium infusion (Gamelin et al. 2008), gluta-
mine (Gwag et al. 1997; Wang et al. 2007a), glutathione (Cascinu et al. 1995; Smyth 
et al. 1997), and other preparations have been used to prevent peripheral neuropathy, 
but the mechanisms that improve nerve regeneration are not yet established 
(Pachman et al. 2011).

Many studies have explored the protective effect of acupuncture on CIPN 
(Dorsher 2011; Dyson-Hudson et  al. 2007; Trinh et  al. 2004; Lee et  al. 2005; 
Richardson and Vincent 1986; Pomeranz 1989; Inoue et  al. 2008; Madsen et  al. 
2009; Gavronsky et al. 2012). In 2006, Wong and Sagar (2006) reported that acu-
puncture stimulation at acupoints CV6, ST36, LI11, EX-LE10, EX-UE9, etc. led to 
a significant improvement in pain in 80% of patients with CIPN, with no side 
effects. A case report by Bao et al. (2011) described how a 48-year-old male patient 
with myeloma, who had severe pain and paralysis of the leg after bortezomib treat-
ment, received acupuncture at acupoints L14, SJ5, LI11, ST40, EX-LE10, etc. 
Initially, the pain was relieved for only a few hours. Subsequently, the patient gradu-
ally became pain-free and the dosage of pain medication was reduced. After 14 
acupuncture treatments, the patient stopped his pain medication and was able to 
return to a normal work schedule.

In 2011, a report by Donald et  al. described the effects of acupuncture upon 
CIPN.  Eighteen patients received acupuncture treatment on the same day of 
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chemotherapy; this continued for six cycles of chemotherapy (cycles were repeated 
every 6 weeks). The needle remained in situ for 30–45 min each time and the acu-
points were selected based on the areas of discomfort that the patients complained 
about. The results showed that 80% of the patients reported an improvement in 
symptoms following their course of acupuncture, a reduction in analgesic use, and 
an improved sleeping pattern. The results also indicated that the more effective acu-
points were SP6, ST36 and LV3 in 14 patients.

In 2013, Ogawa et al. observed that acupuncture was effective in treating tax-
ane- and oxaliplatin-induced nerve degeneration. Six patients who had undergone 
chemotherapy were treated with acupuncture. For each treatment, the needle 
remained in situ for 30 s to 1 min, and the patients received 4–6 treatments in 3 
months. Acupoints CV12, CV4, ST25 and K12 were used in all patients. In addi-
tion, based on different conditions, the following points were used: LR8, LR14, 
SP3, LR13, LU9, LU1, K17, GB25, PC7, CV17, CV6, CV4, ST36, BL20, BL13, 
BL18, and BL23. All patients showed improvement in pain and some had no pain 
after the treatment. Two of the cases showed apparent improvement after only 1–2 
treatments.

CIPN not only causes pain and discomfort, but also lowers quality of life. Current 
studies indicate that acupuncture does reduce the pain and related side effects, and 
is a safe and effective method.

6.3  Influence of Acupuncture on Neurotrophins

The neurotrophin (NT) family regulates neuronal growth and differentiation, and 
maintains the survival of neurons (Gordon 2009; Ernfors 2001; Kaplan and Miller 
2000). Upon peripheral nerve damage, a large amount of endogenous NTs is 
secreted to promote the repair or regeneration of the damaged nerve. When the con-
centration of NTs is insufficient in the body, axon regeneration is disrupted and the 
activity of Schwan cells is reduced, resulting in neurological dysfunction (Manni 
et  al. 2010). Increasing the concentration of NTs in vivo is an important way to 
promote nerve regeneration or repair.

The literature shows that acupuncture is very effective for pain and numbness 
caused by peripheral nerve damage, and encourages sensory and motor functional 
recovery, indicating the ability of acupuncture to stimulate the secretion of NTs and 
increase the ability of the nerve system to repair and regenerate itself and the speed 
of regeneration. Acupuncture is therefore a promising complementary medical tech-
nique for promoting nerve repair and regeneration.

6.3.1  Nerve Growth Factor (NGF)

NGF is the first identified NT; it plays important roles in the growth, differentiation, 
and functional maintenance of neurons (Gordon 2009; Allen et al. 2013; Thoenen 
and Sendtner 2002). NGF also promotes nerve regeneration and functional recovery 
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following nerve damage (Lindsay 1988). Studies have found that in patients with 
type 1 or type 2 diabetes, NGF levels are reduced, which results in DPN (Pittenger 
and Vinik 2003).

Many studies have explored the efficacy of acupuncture on DPN. In 2007, Dong 
et al. used electro-acupuncture stimulation at acupoints BL23 and ST36 in an STZ-
induced rat model of DPN and examined NGF levels using immunostaining and 
polymerase chain reaction (PCR) techniques. Their results indicated that electro-
acupuncture not only significantly increases NGF levels and its mRNA expression, 
but also treats DPN symptoms (Dong et al. 2007). Nori et al. published a study in 
2013 showing that electro-acupuncture stimulation at ST36  in an STZ-induced 
DPN rat model, twice a week for 3 weeks (2 Hz, 180 ms), regulated NGF expres-
sion, which in turn affected DPN symptoms caused by damage of the DRG (Nori 
et al. 2013).

Another study found that in a rat model of inherited retinitis pigmentosa (IRP), 
daily application of electroneedling stimulation at low frequency for 25 min over 11 
days increased the expression of NGF and the NGF binding receptor TrkA, as well 
as blood flow and thickness of the outer nuclear layer (ONL). Moreover, electronee-
dling stimulated the secretion of brain-derived growth factor (BDGF), thereby pro-
tecting and promoting nerve repair (Pagani et al. 2006).

6.3.2  Other NTs

In addition to NGF, brain-derived neurotrophic factor (BDNF) is an important fac-
tor that has often been discussed and used in nerve repair and regeneration. In 2002, 
Liang et al. studied the use of electro-acupuncture in a rat model of Parkinson’s 
disease (PD). They found that, compared with other low-frequency stimulations, 
BDNF mRNA levels increased significantly with high-frequency stimulation 
(100 Hz, 24 times). In addition, the ventral mid-brain dopaminergic neurons were 
protected from degeneration (Liang et al. 2002). With regard to animal models of 
spinal cord injury, Xinjia et al. (2002) found that in a rat model, electro-acupuncture 
increased the expression of BDNF and tyrosine receptor kinase B (TrkB), and pro-
moted nerve regeneration and repair of an injured spinal cord.

Currently, many studies have demonstrated an increase in BDNF levels by acu-
puncture stimulation and its beneficial effect in treating nerve damage (Isackson 
1995; Wang et al. 2005a; Chen et al. 2007; Jeon et al. 2008). Given that BDGF is a 
brain-derived factor, most studies have used models of brain or spinal cord injury. 
For the repair of peripheral nerves, more studies have focused on NGF and glial cell 
line-derived neurotrophic factor (GDNF). GDNF, originally isolated from rat gli-
oma cells, has been shown to have a protective effect on dopaminergic neurons, and 
therefore is often studied in the treatment of PD (Kaplan and Miller 2000; Allen 
et al. 2013; Thoenen and Sendtner 2002). In 2003, Liang et al. reported that high-
frequency electro-acupuncture stimulation increased GDNF mRNA levels, pro-
vided nutrients for dopaminergic neurons, improved repair of the damaged area and 
accelerated nerve regeneration. In 2005, Wang et al. explored the treatment of DRG 
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damage with acupuncture in a cat model. They found that stimulation at acupoints 
ST32, ST36, GB39, SP6, etc. improved DRG repair and increased the expression of 
GDNF and fibroblast growth factor-2 (FGF-2) (Wang et al. 2005a, b).

GDNF can also protect peripheral nerves and provide them with nutrients 
(Frostick et al. 1998). In an animal model of sciatic nerve injury, the mRNA expres-
sion of GDNF receptor á-1 (GFRá-1) in the DRG was elevated, indicating the 
involvement of GDNF in peripheral nerve repair (Höke et al. 2000). Similarly, in 
another study, after electro-acupuncture stimulation at GB30 and GB34 (alternating 
60 Hz for 1.05 s and 2 Hz for 2.85 s), mRNA levels of GDNF and GFRá-1 in the 
DRG were increased in a rat model, reducing the pain caused by chronic constric-
tion injury (Dong et al. 2005).

6.3.3  Other growth factors

Insulin-like growth factor 1 (IGF-1) promotes cell growth and proliferation. 
Current studies also indicate that IGF-1 can promote axon outgrowth (Mizisin 
et al. 2004; Chen et al. 2006). In 2009, Wang et al. discussed the efficacy of electro-
acupuncture on spinal cord injury in a rat model. They found that during the grad-
ual recovery of spinal cord injury, many growth factors, including fibroblast growth 
factor (FGF-1), IGF-1, and ciliary neurotrophic factor (CNTF) were secreted, indi-
cating beneficial roles in nerve repair and regeneration (Wang et al. 2009). In 2007 
and 2009, Wang et al. (2007b) and Liu et al. (2009) reported the involvement of 
neurotrophin (NT)-3 and -4 in nerve repair and regeneration, respectively, under 
acupuncture stimulation.

Nerve repair and regeneration result from a series of complex regulatory pro-
cesses, during which the involved growth factors increase gradually. Although many 
studies have indicated a prominent effect of acupuncture on nerve repair and regen-
eration, its association with growth factors and the detailed relationship, including 
the concept of Yinyang, Qi, and the five elements, still need to be further investi-
gated in order to improve the understanding between traditional Chinese medicine 
and Western medicine practitioners.

6.4  Future Direction of Acupuncture in Nerve Regeneration

Many studies have confirmed that acupuncture can promote nerve regeneration. In 
2001, Chen et al. compared the effect of regular acupuncture with that of electro-
acupuncture on peripheral nerve regeneration. They found that the electro-acupunc-
ture group exhibited better results than the traditional acupuncture group in terms of 
the number of regenerated axons, the number and areas of newly-formed blood 
vessels, and the maturity of nerve structure (Chen et al. 2001). In 2003, a study by 
Inoue et al. compared the difference between the distal cathode needle and distal 
anode needle. They showed that nerve regeneration was better and faster in the dis-
tal cathode group, indicating that electro-acupuncture with a distal cathode 
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orientation was superior in nerve regeneration (Inoue et  al. 2003). However, for 
damage involving large areas or long nerve tissue, acupuncture treatment alone is 
inadequate; a combination with the nerve conduit technique permits the repair 
length of the damaged nerve to be increased (Lin et al. 2014; Kao et al. 2013; Chen 
et al. 2013; Ho et al. 2014b). With advances in our understanding of stem cells and 
stem cell technology, several studies have reported on how acupuncture influences 
stem cells (Ho et al. 2014a). In 2011, Yan investigated the effect of electro-acupunc-
ture on mesenchymal stem cells (MSCs) and spinal cord regeneration. The data 
indicated that electro-acupuncture promoted the differentiation of MSCs, nerve 
fiber growth, and NT-3 secretion, and accelerated nerve repair and regeneration 
(Yan et al. 2011). A combination of acupuncture with nerve conduit technology and 
stem cell regeneration and differentiation could possibly surpass the current limita-
tions in nerve regeneration and repair.
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7The Effect of Acupuncture on Stroke

Chin-Yi Cheng and Jaung-Geng Lin

Abstract
Thrombolytic therapy is of proven benefit in ischemic stroke but its associated 
risk of intracerebral hemorrhage has encouraged the search for alternative medi-
cines, including acupuncture treatment. In clinical research, acupuncture has 
exhibited significant effects on motor dysfunction, shoulder-hand syndrome, 
balance impairment, cognitive impairment, and dysphagia in the subacute or 
chronic stage of stroke. During cerebral ischemia, pathological processes 
including inflammatory response, oxidative stress, and apoptosis are evoked, 
which exacerbate cerebral ischemia-reperfusion (I/R) injury. In animal models 
of cerebral ischemia, acupuncture (electroacupuncture [EA] or manual acu-
puncture) stimulation provides neuroprotective effects through the downregula-
tion of inflammation-related molecules (including tumor necrosis factor-α 
[TNF-α], interleukin [IL] -1β, IL-6, matrix metalloproteinases [MMPs], chemo-
kines, and aquaporins) and enzymes (cyclooxygenase-2 [COX-2] and myelo-
peroxidase [MPO]), and modulation of oxidative stress-related molecules 
(including malondialdehyde [MDA], superoxide dismutase [SOD], glutathione 
peroxidase [GSH-Px], and gamma-glutamylcysteine synthetase [γ-GCS]) in the 
ischemic area. The anti-apoptotic effect of acupuncture can be attributed to the 
upregulation of anti-apoptotic proteins (Bcl-2 and Bcl-xL), and downregulation 
of pro-apoptotic proteins (Bad and Bax) and caspases (including caspase-3, 8, 
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and 9) through various signaling pathways. Acupuncture stimulation also 
induces neurogenesis through modulation of BrdU/nestin, collapsin response 
mediator  protein-4 (CRMP-4), microtubule-associated protein-2 (MAP-2), reti-
naldehyde dehydrogenases, dopamine D2 receptors, astrocytes, and glycogen 
synthase kinase-3β (GSK-3β) protein phosphatase 2A (PP2A) expression in the 
ischemic area.

Until now, acupuncture has exhibited promising effects in ischemic stroke in 
clinical and basic research. High-quality studies are required to clarify these 
effects, which could potentially be applied clinically in the future.

Keywords
Acupuncture · Cerebral ischemia-reperfusion injury · Inflammatory response · 
Oxidative stress · Apoptosis · Neurogenesis

7.1  Introduction

Stroke is the third leading cause of death worldwide and a leading cause of serious 
long-term disability in the elderly (Wu et al. 2006). Due to an aging population 
and high-fat diets, the incidence of stroke is rising and the average age of first 
stroke is becoming ever younger (Wu et al. 2010; Zhuang et al. 2014). The long-
term disability associated with stroke places a heavy financial burden on the fam-
ily and wider society (Zhuang et  al. 2014; Mapulanga et  al. 2014; Wang et  al. 
2014). Stroke can be classified into two major categories: ischemia and hemor-
rhage, with ischemic stroke accounting for about 80–85% of all strokes (Wang 
et al. 2012b). In clinical practice, the optimization of management of patients with 
acute ischemic stroke is an integrated and systematic approach with thrombolysis, 
which provides a higher rate of improved early outcome, including pre-existing 
disabilities (Wang et al. 2012b; Gumbinger et al. 2014). Intravenous administra-
tion of recombinant tissue plasminogen activator has been approved to treat eli-
gible patients with acute ischemic stroke within a 4.5 h time window of stroke 
symptom onset (Gumbinger et  al. 2014; Dharmasaroja and Pattaraarchachai 
2011). Clinical trial results indicate that the effects of thrombolytic therapy are 
time-dependent with a strong association between earlier treatment and favorable 
outcome (Gumbinger et al. 2014). In contrast, thrombolytic therapy beyond the 
4.5 h time window is associated with a marked increase in mortality and serious 
side effects, including intracerebral hemorrhage, brain edema, and angioedema 
(Gumbinger et al. 2014; Balami et al. 2013b). Statistical approaches for detecting 
the treatment of acute ischemic stroke revealed that only 1.8–2.1% of patients in 
the USA receive thrombolytic therapy within the therapeutic time window 
(Kleindorfer et al. 2008). The limitations of thrombolytic therapy in acute isch-
emic stroke have fueled the search for alternative treatments (Balami et al. 2013a; 
Elijovich and Chong 2010).
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7.2  The Clinical Efficacy of Acupuncture in Stroke

Chinese physicians have used acupuncture to treat various disorders, including 
post-stroke disabilities, for centuries (Wu et al. 2010; Park et al. 2001). Like many 
other traditional Chinese medicines, acupuncture has been shown to be effective for 
the treatment of stroke, and it has long been used by Chinese doctors to improve 
motor, sensory, speech, and neurological functional recovery after stroke (Liu 2006; 
Wu et al. 2006; Liu et al. 2014). Nowadays, a large number of studies have evalu-
ated the efficacy of acupuncture in adult patients with disability after stroke. Post-
stroke spasticity is more commonly formed in upper limbs and causes difficulties in 
walking and activities of daily living. Therefore, treatment of post-stroke spasticity 
is the main goal of rehabilitation (Park et al. 2014). Wang et al. (2014) reported that 
electroacupuncture (EA) at the Zeqian (EX-UE, A32), Shounizhu (EX-UE), Shaohai 
(HT 3), and Neiguan (PC 6) (50 Hz, 20 min per session, twice per week) for 6 weeks 
effectively reduced upper-extremity spasticity in chronic stroke patients (Wang 
et al. 2014). A meta-analysis of randomized controlled trials evidence revealed that 
acupuncture plays an adjuvant role in modulation of spasticity induced by alpha-
motor neuron activity (Park et al. 2014). A study by Zhou et al. (2014) showed that 
the floating-needle therapy performed through the needles inserting at sites 5–10 cm 
away from myofascial trigger points, combined with routine rehabilitation training, 
exerts beneficial effects in post-stroke shoulder-hand syndrome (Zhou et al. 2014). 
Warm acupuncture stimulation at the Waiguan acupoint (TE 5), combined with acu-
puncture stimulation at the Jianyu (LI 15), Jianjing (GB 21), Quchi (LI 11), Wangu 
(SI 4), Yangchi (TE 4), and Hegu (LI 4) acupoints, with routine rehabilitation train-
ing, significantly improves post-stroke shoulder-hand syndrome (Meng and Wen 
2014). Zhao et al. (2014) demonstrated that acupuncture at the Shuigou (GV 26), 
Baihui (GV 20), Neiguan (PC 6), and Baxie (EX-UE 9) acupoints effectively 
improve the activities of the hemiplegic hand and daily life (Zhao et al. 2014). A 
systematic review and meta-analysis conducted by Wu et al. (2010) revealed that 
acupuncture may help in post-stroke rehabilitation and provides benefit in the reor-
ganization process by increasing perfusion within peri-infarct areas (Wu et  al. 
2010). Another study found that acupuncture, inserted into acupoints located on the 
extensor of the upper limbs and flexor of the low limbs, combined with scalp acu-
puncture, applied to dingzhongxian (MS 5) and dingnie qianxiexian (MS 6) on the 
affected side exerted satisfactory effects on motor dysfunction in the subacute phase 
of ischemic stroke (Chen et al. 2014c). A similar study conducted by Tang et al. 
(2012) revealed that scalp acupuncture (MS 6) combined with acupuncture stimula-
tion at the Neiguan, Jianyu, and Sanyinjiao (SP 6) acupoints (once daily and 
20 days’ duration) improved upper limb movement and function in stroke patients 
(Tang et  al. 2012). Liu et  al. (2012) reported that acupuncture applied to the 
Sanyinjiao, Taixi (KI 3) (located on the extensor side), Jiexi (ST 41), Shenmai (BL 
62), and Yanglingquan (GB 34) (located on the flexor side) acupoints (once daily 
and for 1 month’s duration) improved motor function and daily living activities 
among patients with drop foot after stroke (Liu et  al. 2012). A meta-analysis of 
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scalp acupuncture in the treatment of acute ischemic stroke showed that scalp acu-
puncture therapy improves neurological deficit scores and the clinical effective rate 
when compared with Western conventional medicines (Wang et al. 2012b). Balance 
plays a critical role in maintaining an independent daily life. Muscle weakness, 
spasticity, and hemiplegia caused by stroke will result in impaired balance, which 
critically affects quality of life (Liu et al. 2009; Huang et al. 2014). Therefore, bal-
ance is one of the most powerful prognostic indicators of functional independence 
after stroke and is a very important issue during rehabilitation processes (Huang 
et al. 2014; Liu et al. 2009). One study found that acupuncture stimulation at the 
Baihui and 4 spirit acupoints (1.5 cun anterior, posterior, left and right laterals from 
the Baihui acupoint, respectively) increased muscle strength of knee extensors and 
hip flexors in paralyzed limbs, indicating an immediate effect on the improvement 
of balance function in stroke patients (Liu et al. 2009). Acupuncture stimulation at 
the Yanglingquan and Zusanli (ST 36) acupoints for 20 min (twice a week, with the 
course lasting for 3–4 weeks) combined with conventional physiotherapy exerted 
beneficial effects on static balance for stroke patients with a low Brunnstrom stage 
(Huang et al. 2014). Patients with stroke in the basal ganglia have an obvious defi-
ciency in the sensorimotor function on the contralesional side of the body (Chen 
et al. 2014a). Previous studies have demonstrated that acupuncture can regulate the 
function and connectivity of sensorimotor areas of normal healthy people (Hui et al. 
2009; Fang et al. 2009). Chen et al. (2014a) reported that acupuncture stimulation at 
the Waiguan acupoint regulates the functional connectivity between the sensorimo-
tor areas of the intra-hemisphere and inter-hemisphere, and that it provides benefi-
cial effects by enhancing the cooperation between the left (unaffected) thalamus and 
the right (affected) motor areas to promote the regulation of the sensorimotor func-
tion on the right side of the body (Chen et al. 2014a). Another study conducted by 
Xie et al. (2014) found that acupuncture stimulation at the Yanglingquan acupoint 
(120 times per min and for 1 min in duration) induces a strong connectivity between 
the cerebellum and primary sensorimotor cortex in stroke patients, and which may 
improve integration of movement and motor learning (Xie et al. 2014). Cognitive 
impairment is one of the most common disorders caused by stroke (Haring 2002; 
Yang et al. 2014). Approximately 25–35% of stroke survivors presents with cogni-
tive impairments within the initial 3  months and up to 32% of patients exhibits 
persistent cognitive deficits for up to 3 years after a first-ever stroke (Liu et al. 2014). 
Therefore, pos-stroke cognitive impairment is becoming a major public health prob-
lem worldwide (Yang et al. 2014). A recently published meta-analysis suggests that 
acupuncture has a positive effect on restoring cognitive function after stroke, and 
that this effect is closely related to the increased velocity of blood flow (Liu et al. 
2014). Yang et al. (2014) demonstrated that acupuncture stimulation at the Baihui 
and Shenting (GV 24) acupoints, combined with computer-based cognitive training, 
is more effective than conventional treatment in the management of cognitive dys-
function after stroke (Yang et al. 2014). A systematic review and meta-analysis sug-
gest that acupuncture has no effect on post-stroke mortality and disability (Zhang 
et al. 2014a). However, acupuncture may provide beneficial effects in treatment of 
post-stroke neurological impairment and dysfunction, particularly post-stroke 
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dysphagia (Zhang et  al. 2014a). In contrast, several studies have concluded that 
there is no evidence that acupuncture improves motor function in patients with 
stroke (Wu et al. 2006; Kong et al. 2010; Zhu et al. 2013b). Reviews and evaluations 
of acupuncture (body and scalp acupuncture) and post-stroke rehabilitation found 
no clear evidence of the effectiveness of acupuncture in the subacute or chronic 
phase after stroke (Wu et al. 2006; Zhu et al. 2013b). A systematic review conducted 
by Kong et  al. (2010) also found no effectiveness of acupuncture on promoting 
functional recovery after stroke (Kong et al. 2010).

Despite ongoing debate concerning the effect of acupuncture on rehabilitation 
following stroke, generally speaking, acupuncture provides positive effects in motor 
dysfunction, spasticity, shoulder-hand syndrome, hemiplegia, balance impairment, 
cognitive impairment, and dysphagia during the subacute or chronic stage of stroke.

7.3  The Effects of Acupuncture in Cerebral Ischemic Models

7.3.1  The Anti-inflammatory Effects of Acupuncture

Inflammatory response has been shown to play a detrimental role in brain damage 
after acute cerebral ischemia-reperfusion (I/R) injury (Lan et  al. 2013). During 
cerebral ischemia, blood-brain barrier (BBB) dysfunction promotes leukocytes 
trafficking into the central nervous system (CNS), resulting in blood-borne leuko-
cytes adhesion to the endothelial surface and then infiltration into brain paren-
chyma (Cayrol et  al. 2008). The transmigration and invasion of the ischemic 
territory by leukocytes is closely related to the activation of microglia/macrophages 
and astrocytes (Iadecola and Alexander 2001). Activated microglia/macrophages 
migrate toward brain parenchyma and undergo further activation in the ischemic 
core, and then release proinflammatory mediators, including proinflammatory 
cytokines, chemokines, nitric oxide (Bonomini and Rezzani), superoxide free radi-
cals, and proinflammatory transcription factors (Loane and Byrnes 2010; Iadecola 
and Alexander 2001). During post-ischemic inflammatory responses, the transcrip-
tion factor nuclear factor (NF)-κB upregulates proinflammatory cytokines produc-
tion. Increased inflammatory cytokines, such as tumor necrosis factor (TNF)-α and 
interleukin (IL)-1β, subsequently upregulate the expression of adhesion molecules, 
including intercellular adhesion molecule-1, selectins, and integrins, which further 
facilitate leukocyte migration and infiltration, leading to exacerbation of ischemic 
brain damage (Oeckinghaus and Ghosh 2009; Iadecola and Alexander 2001). Lan 
et al. (2013) reported that cerebral I/R injury is tightly regulated by the Toll-like 
receptor 4 (TLR4)/NF-κB pathway, and inhibition of TLR4/NF-κB signaling is a 
promising target for anti-inflammatory therapy. EA stimulation at the Quchi and 
Zusanli acupoints (1/20 Hz and 0.01 mA) markedly reduced infarct volume and 
neurological deficits after 2  h of middle cerebral artery occlusion (MCAo) fol-
lowed by 24 h of reperfusion. EA provides neuroprotective effects against cerebral 
I/R injury by suppressing the expression of TLR4, NF-κB, TNF-α, IL-1β, and 
IL-6 in the ischemic area (Lan et al. 2013). Proinflammatory mediators, such as 
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cytokines and matrix metalloproteinases (MMPs), are released by resident microg-
lia and infiltrating leukocytes, and play a critical role in the disruption of the BBB 
and development of brain edema in the early stage of cerebral ischemia. Aquaporin 
(AQP)-4 and AQP-9 both induce brain edema by accelerating water transport 
across the BBB into the brain parenchyma (Bonomini and Rezzani 2010; Xu et al. 
2014). A previous study conducted by Xu et al. (2014) demonstrated that EA stim-
ulation at the Baihui and Zusanli acupoints (2  Hz, 1  mA, for 20  min duration) 
significantly reduced brain infarction volume and neurological scores after 2 h of 
MCAo followed by 24 h of reperfusion. EA exerts beneficial effects against brain 
edema through downregulation of MMP2, AQP-4, and AQP-9 expression in the 
ischemic boundary zone (Xu et al. 2014). Elango and Devaraj (2010) demonstrated 
that cerebral I/R injury can initiate inflammatory cell activation and infiltration 
(detected by myeloperoxidase [MPO] assay) in the penumbra area, whereas phar-
macological inhibition of MPO activity attenuates proinflammatory cytokine 
expression (Elango and Devaraj 2010). Xiao et al. (2012) found that heat-sensitive 
moxibustion at the Dazhui (GV 14) acupoint (once daily, 35 min duration, for 3 
consecutive days) provides neuroprotection against cerebral infarction by sup-
pressing MPO, IL-1β, and IL-2 expression in the ischemic area after 2 h of MCAo 
followed by 72 h of reperfusion (Xiao et al. 2012). A previous study conducted by 
Qin et al. (2013) aimed to investigate the effect of EA against inflammation in the 
hippocampus and found that EA stimulation at the Baihui, Hegu, and Taichong 
(LR 3) acupoints (2/100 Hz, 1 mA, for 20 min duration) exerts neuroprotective 
effects against cerebral I/R injury via downregulation of IL-1β and inhibitor of 
NF-κB kinase β (IKK-β) (required for activation of NF-κB) expression in the hip-
pocampus at 12, 24, and 48 h after MCAo (Qin et al. 2013). A similar study con-
ducted by Chen et  al. (2012b) revealed that EA stimulation at the Baihui and 
Zusanli acupoints (20 min duration, once daily) significantly decreased IL-1β and 
TNF-α expression in the ischemic regions at 12, 24, 48, 72, 96, and 144 h after 
MCAo (Chen et al. 2012b). Wang et al. (2012c) showed that EA stimulation at the 
Shuigou and Neiguan acupoints significantly decreased IL-1 receptor (IL-1R) and 
TNF receptor (TNFR) mRNA and protein expression in the ischemic area after 1 h 
of MCAo followed by 6 and 12 h of reperfusion (Wang et al. 2012c). A previous 
study of scalp-acupuncture conducted by Zhou et al. (2008) also found that EA 
stimulation at the MS 6 and Dingnie Houxiexian (MS 7) (2/100 Hz, 2 mA, for 
20 min duration) ameliorated neurological deficits and decreased expression of the 
proinflammatory cytokines IL-1β and TNF-α in the plasma and ischemic regions 
after 1 h of MCAo followed by 24, 48, or 72 h of reperfusion (Zhou et al. 2008). 
Another study of scalp acupuncture conducted by Zhang et al. (2009) demonstrated 
that EA stimulation at the Baihui and Qubin (GB 7) acupoints (2/100 Hz, 2 mA, 
30  min duration, once daily) significantly decreased neurological deficits and 
downregulated the expression of cyclooxygenase-2 (COX-2) and NF-κB in the 
ischemic area after 1  h of MCAo followed by 24, 48, and 72  h of reperfusion 
(Zhang et al. 2009). In a previous study of MCAo, acupuncture stimulation at the 
Shuigou and Neiguan acupoints markedly reduced levels of the IL receptor, type 1 
(IL-1R1) and TNF receptor, type 1 (TNFR-1) mRNA and protein in the ischemic 
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regions 3 h after cerebral ischemia (Wang et al. 2012c). Chemokines are a type of 
cytokines that have the ability to induce chemotaxis on target cells and act as a 
critical enhancer during the post-ischemic inflammatory response (Shichita et al. 
2012; Jin et al. 2013). Monocyte chemotactic protein-induced protein 1 (MCPIP1) 
has been shown to be a negative regulator of macrophage activation (Liang et al. 
2008). Therefore, MCPIP1 plays an anti-inflammatory role in suppression of pro-
inflammatory cytokine production (Jin et al. 2013). A preconditioning study con-
ducted by Jin et  al. (2013) showed that EA stimulation at the Baihui acupoint 
(2/15 Hz, 1 mA, 30 min duration, for 2 consecutive days) significantly reduced 
cerebral infarction and induced MCPIP1 expression in the ischemic area after 1.5 h 
of MCAo followed by 24 or 48 h of reperfusion, indicating that MCPIP1 plays a 
role in cerebral ischemic tolerance (Jin et al. 2013). It is known that α7 nicotinic 
acetylcholine receptor (α7nAChR)-dependent cholinergic signaling can downreg-
ulate the release of high mobility group box 1 (HMGB1), which enhances the 
inflammatory response in acute cerebral ischemia (Wang et al. 2004; Kim et al. 
2008). Another preconditioning study conducted by Wang et al. (2012a) revealed 
that EA stimulation at the Baihui acupoint (2/15 Hz, 1 mA, 30 min duration, for 5 
consecutive days) reduced cerebral infarct size and neurological deficits after 2 h 
of MCAo followed by 72  h of reperfusion. EA exerts beneficial effects against 
HMGB1 release through the activation of α7nAChR in the ischemic penumbra 
(Wang et al. 2012a). During the acute stage of cerebral ischemia, excitatory neu-
rotransmitter glutamate release and causes excitotoxicity by initiating high levels 
of calcium influx, exacerbating the inflammatory response and cerebral ischemic 
injury (Lee et al. 2000). Glutamate transporters play a vital role in homeostasis of 
extracellular glutamate and excitatory amino-acid transporter 2 (EAAT2) is the 
most abundant form of glutamate transporter in the brain (Fang et al. 2002). Zhu 
et  al. (2013a) found that EA preconditioning at the Baihui acupoint (2/15  Hz, 
1 mA, 30 min duration, once daily for 5 consecutive days) decreased neurological 
scores and infarct volume and increased EAAT2 expression in the ischemic area at 
24 h after reperfusion. The results indicate that EA preconditioning protects against 
cerebral infarction by activating EAAT2 (Zhu et al. 2013a).

From this evidence, we conclude that the neuroprotective effects of EA stimula-
tion against cerebral I/R injury might be mediated by downregulation of proinflam-
matory mediators (including TNF-α, IL-1β, IL-6, MMPs, chemokines, and 
aquaporins), enzymes (including COX-2 and MPO), receptors (including IL-1R1, 
TNFR-1, and TLR4), and the transcription factor NF-κB, and by upregulation of 
α7nAChR and EAAT2 expression in the ischemia area (Fig. 7.1).

7.3.2  The Antioxidative Stress Effects of Acupuncture

Cerebral ischemia and reperfusion generate large amounts of reactive oxygen spe-
cies (ROS), which disrupt antioxidant defense, and directly impair mitochondrial 
homeostasis and energy production (Seo et  al. 2010; Zhang et  al. 2014b). The 
generation of ROS, such as the superoxide anion radical, involves the 
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mitochondrial electron transport chain and plays a critical role in brain damage 
after cerebral I/R (Zhang et al. 2014b; Noh et al. 2011). Under conditions of oxida-
tive stress, free radicals attack macromolecules, including nucleic acid, lipids, and 
protein, and then generate deoxyguanosine (a marker of oxidative stress to DNA), 
malondialdehyde (MDA) (a marker of lipid peroxidation) and 4-hydroxy-trans-
2-nonenal (a marker of lipid peroxidation) in the acute stage of cerebral ischemia 
(Chen et al. 2011; Cheng et al. 2008). Oxidative stress triggers apoptosis and exac-
erbates cerebral infarction during cerebral I/R injury (Chen et al. 2011). In con-
trast, endogenous antioxidant enzymes, including superoxide dismutase (SOD), 
glutathione peroxidase (GSH-Px) and catalase play a pivotal role in decreasing 
oxidant production and preventing oxidative stress during cerebral ischemia (Chen 
et al. 2011; Guo et al. 2011). An increased in SOD activity catalyses dismutation 
of the superoxide anion into H2O2. Subsequently, the increase in GSH-Px breaks 

Cerebral ischemic injury

Microglial/macrophage activation BBB disruption

Leukocyte adhesion and infiltration
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glutamate release

Proinflammatory
mediators

Proinflammatory
enzymes

Proinflammatory
receptors

Transcription
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HMGBI

Free radicals

Cellular oxidative stress

Anti-apoptotic proteins
(Bcl-2 and Bcl-xL)

Apoptosis
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Anti-apoptotic signaling
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Fig. 7.1 The flowchart shows the anti-inflammatory, antioxidative, and anti- apoptotic effects of 
acupuncture in cerebral ischemic injury. BBB blood brain barrier, HMGB1 high mobility group 
box 1, EAAT2 excitatory amino-acid transporter 2, α7nAChR α7 nicotinic acetylcholine receptor, 
MDA malondialdehyde, SOD superoxide dismutase, GSH-Px glutathione peroxidase, γ-GCS 
gamma-glutamylcysteine synthetase, Trx thioredoxin. Thin solid lines with arrowheads indicate 
the pathological processes of cerebral ischemic injury. Thin dotted lines with arrowheads indicate 
downregulation. Thick solid lines with arrowheads indicate upregulation of protein expression 
induced by acupuncture. Thick dashed lines with arrowheads indicate downregulation of protein 
expression induced by acupuncture
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down H2O2 into water molecules, preventing H2O2-induced hydroxyl radical for-
mation (Liu et al. 2006). Vascular dementia is the second most common form of 
dementia in the elderly (Roman et  al. 2002). Research findings suggest that 
decreased blood flow to the brain and oxidative stress might contribute to the brain 
damage associated with vascular dementia (Liu et al. 2006). Liu et al. (2006) dem-
onstrated that EA stimulation at the Danzhong (CV17), Zhongwan (CV12), Qihai 
(CV6), Xuehai (SP10), and Zusanli acupoints markedly increased the activation of 
SOD and GSH-Px in the hippocampus 21 days after MCAo in an experimental 
model of multi-infarct dementia (Liu et al. 2006). A similar study conducted by 
Zhang et al. (2014b) found that EA stimulation improves cognitive function and 
cerebral blood flow in multi-infarct dementia. Furthermore, EA stimulation pro-
vides neuroprotection against oxidative stress by upregulating the expression of 
mitochondrial SOD and GSH and downregulating MDA expression and superox-
ide anion production in the ischemic area (Zhang et  al. 2014b). Gamma-
glutamylcysteine synthetase (γ-GCS) is involved in GSH synthesis and plays a role 
in neuroprotection (Pocernich and Butterfield 2012). A previous study conducted 
by Shen et al. (2012) reported that EA stimulation at Baihui and Dazhui acupoints 
(3 Hz, 1–3 mA, for 30 min duration) protects neurons against oxidative stress via 
the enhancement of γ-GCS protein, and human γ-GCS mRNA and protein expres-
sion in the ischemic cortex after 2 h of MCAo followed by 24 h of reperfusion 
(Shen et al. 2012). In a review study, He et al. (2009) concluded that acupuncture 
stimulation at Jing acupoints reduces cerebral infarction by scavenging free radi-
cals in cerebral ischemia (He et al. 2009). The thioredoxin system (TS), comprised 
of thioredoxin (Trx) and Trx reductase and nicotinamide adenine dinucleotide 
phosphate as the electron donor, is involved in many cellular function and plays an 
important role against oxidative stress through the suppression of disulphide group 
formation (Silva-Adaya et al. 2014; Siu et al. 2005). Trx is a regulator of cellular 
function in response to oxidative stress, playing a role in cell survival after focal 
cerebral I/R injury (Siu et al. 2005). Siu et al. (2005) reported that EA stimulation 
at the Fengchi (GB 20) and Zusanli acupoints (2 Hz, 0.7 V, and 0.5 ms duration) 
upregulates the activation of TS, thereby preventing ROS-induced disulphide 
group formation in the ischemic area after 1 h of MCAo followed by 4 days of 
reperfusion (Siu et al. 2005).

Based on these results, we conclude that EA stimulation provides neuroprotec-
tion against oxidative stress by scavenging free radicals, downregulating the expres-
sion of MDA, and upregulating the expression of SOD, GSH-Px, γ-GCS, and TS in 
the cerebral ischemic area (Fig. 7.1).

7.3.3  The Anti-apoptotic Effects of Acupuncture

The apoptotic mode of cell death is an active and defined process that requires 
activation of associated genes and synthesis of pathogenesis-related proteins (Chen 
et  al. 2014b). Apoptosis in the penumbra, occurring through various signaling 
pathways, is considered to be the major cause of cerebral infarct expansion 
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following I/R injury (Cheng et al. 2014a, b; Feng et al. 2013). During the cerebral 
I/R period, the number of apoptotic cells observed in the ischemic region peaks at 
24–48 h and lasts for up to 7 days of reperfusion (Zhao et al. 2011). There are two 
major caspase-dependent apoptotic pathways: the intrinsic apoptotic pathway, 
which involves the cytochrome c-mediated caspase cascade, and the extrinsic path-
way, which is activated by the death receptors (TNF-α and Fas ligand receptors) 
and caspase-8 (Elmore 2007; Cheng et al. 2014b). In the mitochondrial pathway, 
ischemic insults activate and oligomerize Bax and Bak, which subsequently cause 
the release of cytochrome c. The release of cytochrome c and dATP-dependent 
formation of apoptotic protease activating factor-1/caspase-9 complex (apopto-
some) then initiates the activation of caspase-3-mediated apoptosis (Cheng et al. 
2014b; Imao and Nagata 2013). The Bcl-2 family proteins, including Bcl-2, 
Bcl-xL, Bax, and Bad play pivotal roles in regulating the mitochondria-mediated 
apoptotic pathway. Neuronal death or survival is determined by the balance 
between proapoptotic (Bax and Bad) and anti-apoptotic (Bcl-2 and Bcl-xL) pro-
teins during cerebral ischemia (Sun et al. 2011; Zhu et al. 1999; Wang et al. 2009b). 
A reduced Bcl-2 (Bcl-xL)/Bax ratio shifts the balance toward apoptosis by trigger-
ing the release of cytochrome c, whereas an increased Bcl-2 (Bcl-xL)/Bax ratio 
will shift the balance toward anti-apoptotic effects by suppressing the release of 
apoptogenic factors from the mitochondria (Huang et al. 2010). Phosphorylated 
Bad inhibits its proapoptotic properties and enhances the anti-apoptotic action of 
Bcl-2 (Yip et  al. 2008). The phosphoinositide 3-kinase/protein kinase B (PI3K/
Akt) signaling pathway is a pivotal mediator that modulates cellular activation, 
inflammatory response, and apoptosis in cerebral ischemic injury (Chen et  al. 
2014b; Xue et al. 2014). Previous studies have identified that PI3K/Akt/glycogen 
synthase kinase 3β signaling plays a vital role in regulating cellular survival/death 
during I/R injury (Arslan et al. 2013; Li et al. 2012; Mullonkal and Toledo-Pereyra 
2007). Xue et al. (2014) found that EA stimulation at the Zusanli and Quchi acu-
points (4/20 Hz, 30 min duration, once daily for 3 consecutive days) significantly 
reduced neurological deficits and infarct volume after 2 h of MCAo followed by 
72 h of reperfusion. EA protects against cerebral I/R injury by upregulating the 
expression of phospho-Akt (p-Akt), phospho-bad (p-Bad) and Bcl-2, and increased 
the ratio of Bcl-2/Bax, while simultaneously downregulating the expression of Bad 
and Bax in the ischemic area, thereby preventing caspase-3 activation (Xue et al. 
2014). Members of the inhibitor of apoptosis protein (IAP) family, including 
X-linked IAP (XIAP), c-IAP1, c-IAP2, and survivin, participate in apoptosis regu-
lation by directly binding to caspases (-3, -7, and -9), and suppressing caspase-3 
activation and apoptosis following transient cerebral ischemia (Siegelin et  al. 
2005). Death receptor 5 (DR5) is a proapoptotic protein and its expression is medi-
ated by NF-κB (Shetty et al. 2005). Kim et al. (2013) showed that EA stimulation 
at acupoints (2 Hz and 1 mA) markedly decreased the expression of caspase-3, -8, 
-9, and DR5, while simultaneously increasing the expression of Bcl-2, Bcl-xL, 
c-IAP1, and c-IAP2 in the ischemic area in a rat model of MCAo. These results 
suggest that EA protects against mitochondria-mediated apoptosis through the 
inhibition of DR5 expression (Kim et al. 2013). Protein kinase A (PKA) is a second 
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messenger-dependent enzyme that controls a number of cellular functions by phos-
phorylating many substrates, such as cyclic AMP response element binding protein 
(CREB). CREB has been shown to play a pivotal role in synaptic plasticity and 
neuroprotection against apoptosis in cerebral ischemia (Tanaka 2001). A previous 
study using manual acupuncture showed that acupuncture stimulation at the Baihui, 
Shuigou, Quchi, Hegu, Neiguan, Zusanli, Sanyinjiao, and Taichong acupoints 
(30 min duration, once daily for 3, 7, or 14 days) exerts neuroprotective effects 
against apoptosis by increasing PKA expression in the ischemic cortex after 2 h of 
MCAo followed by 3, 7, and 14 days of reperfusion (Li et al. 2013). Brain-derived 
neurotrophic factor (BDNF) is a member of the neurotrophin family that plays a 
key role in neuronal survival. The binding of BDNF to the specific tyrosine kinase 
B receptor on neurons activates two signal transduction pathways: the PI3K and 
mitogen-activated protein kinase (MAPK) signaling (Sun et al. 2008). BDNF pro-
tects against apoptosis through the activation of Raf-1/MEK1/2/ERK1/2 signaling, 
which subsequently phosphates the 90 kDa ribosomal S6 kinase (p90RSK), lead-
ing to the phosphorylation of Bad and the inhibition of caspase-3-mediated apop-
tosis (Cheng et  al. 2014a; Sung et  al. 2011). Cheng et  al. (2014a) reported that 
EA-like stimulation at the Baihui and Dazhui acupoints (5 Hz, 2.7-3 mA, 25 min 
duration, once daily for 2 consecutive days) markedly reduced the infarct area and 
improved neurological function, while also increasing the expression of BDNF, 
phospho-Raf-1, phospho-MEK1/2, phospho-ERK1/2, phospho-p90RSK, and 
p-Bad, and decreasing the expression of cleaved caspase-3 and apoptosis in the 
ischemic cortex after 15 min of MCAo followed by 3 days of reperfusion. Results 
suggest that EA-like stimulation provides neuroprotection against apoptosis by 
activation of BDNF-mediated MEK1/2/ERK1/2/p90RSK/Bad signaling in mild 
transient MCAo (Cheng et al. 2014a). S100B exerts its neurotoxic effect at micro-
molar concentrations and is an effective biomarker in predicting the extent of brain 
edema and the severity of infarction (Cheng et al. 2014b; Tanaka et al. 2007). In 
mild transient focal cerebral ischemia, astrocytic S100B interaction with the recep-
tor for advanced glycation end products induces inflammation (cytokine)-mediated 
apoptosis in the ischemic penumbra, which triggers a delayed infarct expansion 
during the subacute stage (Cheng et al. 2014b). The extrinsic apoptotic pathway 
can be triggered by the binding of TNFα to the TNF receptor-1 (TNFR1), which 
activates the apoptotic TNFR1-associated death domain (TRADD)/Fas-associated 
death domain (FADD)/caspase-8 pathway and thereby elicits the cleavage of cas-
pase-3, leading to apoptosis (Yu et al. 2006). Cheng and colleagues (2014) further 
examined the effect of EA-like stimulation on delayed infarct expansion and found 
that EA-like stimulation effectively downregulates astrocytic S100B expression to 
provide neuroprotective effects against delayed infarct expansion through the mod-
ulation of p38 MAPK-mediated NF-κB expression. The regulatory effects contrib-
ute to the downregulation of the TNFα/TRADD/FADD/cleaved caspase-8/cleaved 
caspase-3 signaling in the cortical penumbra 7 days after reperfusion (Cheng et al. 
2014b). Previous studies also reported that BDNF inhibits neuronal apoptosis 
through upregulation of SOD and GSH after cerebral ischemia (Zhao et al. 2013). 
Zhao et al. (2013) demonstrated that EA stimulation at the Shenshu (BL 23), Geshu 
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(BL 17), and Baihui acupoints enhances endogenous BDNF mRNA expression, 
which may contribute to the inhibition of apoptosis in the hippocampus at 1 and 
7 days after MCAo (Zhao et al. 2013). Under unstimulated conditions, NF-κB is 
held inactive in the cytosol by the inhibitor of κB (IκB), whereas under pathologi-
cal conditions, IκB is phosphorylated by the IKK complex, which initiates proteo-
lytic degradation of IκB, leading to the release of NF-κB (Clark and Coopersmith 
2007). During cerebral ischemia, activated NF-κB translocates to the nucleus, 
where it binds to specific sequences of DNA and induces the expression of various 
target genes involved in apoptosis (Feng et al. 2013). Feng et al. (2013) reported 
that EA stimulation at the Baihui and Shenting acupoints (1/20 Hz, 30 min dura-
tion, once daily for 10 consecutive days) reduced neurological deficits and infarct 
volume and ameliorated cognitive impairment after 2  h of MCAo followed by 
14  days of reperfusion. EA protects against apoptosis through the inhibition of 
NF-κB-induced Bax and Fas expression in the ischemic area (Feng et al. 2013). 
The protein kinase C (PKC) family consists of 10 isozymes. In the CNS, isozymes 
PKCα, PKCβ1, PKCβ2, PKCγ, PKCδ, PKCε, PKCζ, PKCη, and PKCθ are present 
(Bright and Mochly-Rosen 2005). Results from previous studies suggest that PKC 
is activated and plays a detrimental role in the development of neurotoxicity in in 
vitro and in vivo models (Maiese et al. 1993; Hara et al. 1990). In a previous study 
of scalp acupuncture conducted by Wang et al. (2012d), EA stimulation at MS 5 
and Dingpangxian (MS 8) (2/15 Hz and 1 mA) decreased PKCγ and PKCδ expres-
sion, as well as numbers of apoptotic neuronal cells in the ischemic cortex at 4, 12, 
24, and 72 h after cerebral I/R (Wang et al. 2012d). Another study of scalp acu-
puncture showed that EA stimulation at MS 6 and MS 7 reduced neuronal apopto-
sis in the ischemic area after 2 h of MCAo followed by 24 h of reperfusion. The 
anti-apoptotic effect of EA can be attributed to the upregulation of Bcl-2 and 
downregulation of caspase-3 expression in the ischemic area (Chen et al. 2009). It 
is already known that PI3K can be activated by neurotrophic factors, such as BDNF 
and glial cell line-derived neurotrophic factor (GDNF). In addition, activation of 
PI3K/Akt signaling provides neuroprotection against apoptosis by increasing the 
Bcl-2/Bax ratio in cerebral ischemia (Janelidze et al. 2001; Noshita et al. 2001). 
Chen et  al. (2012a) demonstrated that EA stimulation at the Quchi and Zusanli 
acupoints decreased neurological deficits and infarct volume after 2 h of MCAo 
followed by 24  h of reperfusion. Furthermore, EA at these acupoints increased 
BDNF, GDNF, PI3K, p-Akt, and Bcl-2, and decreased Bax and TUNEL expression 
in the ischemic area. The data show that EA protects against apoptosis by activat-
ing PI3K/Akt signaling, and the anti-apoptotic effect of PI3K/Akt signaling can be 
further attributed to the increase of the Bcl-2/Bax ratio (Chen et al. 2012a). Zhao 
et al. (2011) reported that EA stimulation at the Shenshu, Geshu, and Baihui acu-
points provides beneficial effects against apoptosis in the ischemic hippocampal 
and cortical areas 7 days after cerebral ischemia (Zhao et al. 2011). A similar study 
conducted by Chung et  al. (2007) showed that acupuncture stimulation at the 
Zusanli and Hegu acupoints alleviates ischemia-induced apoptosis in the hippo-
campal dentate gyrus (Chung et  al. 2007). In a previous study of multi-infarct 
dementia, results concluded that manual acupuncture stimulation at the Tanzhong 

C.-Y. Cheng and J.-G. Lin



107

(CV 17), Zhongwan, Qihai, Zusanli, and Xuehai acupoints exerts neuroprotection 
against apoptosis through the increase of Bcl-2/Bax in the hippocampus 21 days 
after MCAo (Wang et al. 2009b). Chen et al. (2008) found that EA stimulation at 
the Shuigou and Baihui acupoints (2/15 Hz, 1 mA, 30 min duration) exerts an anti-
apoptotic effect by upregulating the mitochondrial membrane potential in the isch-
emic cortex (Chen et al. 2008). Heat shock protein 70 (HSP70) and HSP90 are the 
major molecular chaperones in the eukaryotic cytosol. HSP70 is known to regulate 
apoptotic cell death directly by inhibiting the expression of proapoptotic factors as 
well as indirectly by increasing the expression of anti-apoptotic factors, such as 
Bcl-2. HSP70 and HSP90 cooperate in a multichaperone complex in the regulation 
of misfolded or abnormal proteins for degradation (Giffard and Yenari 2004; 
Yamamoto et al. 2014). Sun et al. (2003) concluded that EA stimulation protects 
against apoptosis through the enhancement of HSP70 and restoration of HSP90 
expression in the ischemic area in a rat model of MCAo (Sun et al. 2003). During 
cerebral ischemia, c-Fos protein plays a vital role in the initiation of apoptosis in 
the hippocampus (Jiang et al. 2001; Jang et al. 2003). In a previous study, results 
showed that EA stimulation at the Zusanli and Hegu acupoints markedly decreased 
the number of c-Fos-, TUNEL-, and caspase-3-postive cells in the hippocampal 
CA1 region 10 days after bilateral common carotid artery occlusion, indicating that 
EA protects against apoptosis by suppressing c-Fos expression in the hippocampus 
(Jang et  al. 2003). Tropomyosin receptor kinase A (TrkA) is a member of the 
growth factor receptor family that controls synaptic strength and plasticity in the 
CNS (Stoleru et al. 2013). Previous studies reported that TrkA mediates the anti-
apoptotic effect of nerve growth factor (NGF) in neural tissue (Yoon et al. 1998; 
Emanueli et  al. 2002). Shi (1999) found that acupuncture stimulation reduced 
infarct volume and increased the expression of TrkA following cerebral ischemia, 
indicating that EA protects against apoptosis by enhancing TrkA expression in the 
ischemic area after cerebral I/R injury (Shi 1999). Active p-Akt promotes cell sur-
vival by suppressing apoptotic signaling and plays a pivotal role in modulating the 
balance between survival and apoptosis (Wang et  al. 2002). Wang et  al. (2002) 
showed that EA stimulation at the Baihui and Renzhong (GV 26) acupoints 
(3/20 Hz and 3 mA) upregulated Akt but downregulated caspase-9 expression in 
the penumbra area after 90 min of MCAo followed by 8 and 24 h of reperfusion. 
The results showed that EA provides neuroprotection by activation of Akt-mediated 
anti-apoptotic signaling (Wang et al. 2002). Several studies have shown that acu-
puncture preconditioning inhibits apoptosis by modulating various components of 
cellular signaling pathways. In the CNS, endocannabinoids: N-arachidonoyl-
ethanolamine (anandamide; AEA) and 2-arachidonoylglycerol (2-AG) act mainly 
through the activation of the central cannabinoid receptor type 1 (CB1), which is 
involved in the mechanisms of neuroprotection of cerebral ischemic precondition-
ing (Schomacher et al. 2006; Wang et al. 2011). Wang et al. (2009a) demonstrated 
that EA pretreatment (preconditioning) at the Baihui acupoint (2/15 Hz, 1 mA, 
30  min duration) reduced neurological deficits and infarct volume after 2  h of 
MCAo and 1 or 7 days of reperfusion. EA pretreatment increased AEA, 2-AG, and 
CB1 expression in the ischemic area and decreased neuronal apoptosis in the 
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penumbra, indicating that the anti-apoptotic effect of EA preconditioning is medi-
ated by the endocannabinoids system following cerebral I/R injury (Wang et al. 
2009a). Wang et al. (2011) further investigated the precise mechanism of EA pre-
treatment in modulating the endocannabinoids system and found that EA pretreat-
ment exerts neuroprotection against apoptosis by activating εPKC (PKCε)/CB1 
signaling, then increases the Bcl-2/Bax ratio in the ischemic penumbra 24 h after 
reperfusion (Wang et al. 2011). The oncogenic signal transducers and activators of 
transcription 3 (STAT3) is a transcription factor and also an intracellular signal 
transducer (Darnell Jr. 1997). During cerebral ischemic insult, phospho-STAT3 
(p-STAT3) translocates into the nucleus and regulates expression of anti-apoptotic 
genes, such as Bcl-2. Thus, STAT3 plays a pivotal role in neuronal survival in 
response to cerebral ischemia (Wang et al. 2013b; Zhou et al. 2013). In a similar 
study of EA preconditioning (Zhou et  al. 2013), EA stimulation increased the 
expression of p-STAT3 in the penumbra at 6 h, decreased neuronal apoptosis in the 
penumbra at 24 h, and reduced neurological deficits and infarct volume at 72 h 
after reperfusion. The data suggest that the anti-apoptotic effect of EA pretreat-
ment can be attributed to the activation of STAT3 signaling, which subsequently 
increases the ratio of Bcl-2/Bax in the peri-infarct area 24 h after reperfusion. The 
N-myc downstream- regulated gene 2 (NDRG2) is a specific marker that is highly 
expressed in astrocyte of the adult brain; NDRG2 is a novel p53-associated regula-
tor of apoptosis in cerebral ischemia (Li et al. 2014). EA pretreatment at the Baihui 
acupoint significantly decreased neurological scores, infarct volume and neuronal 
apoptosis after 2 h of MCAo followed by 24 h of reperfusion. The data suggest that 
the anti-apoptotic effect of EA pretreatment downregulates NDRG2 in astrocytes 
in the ischemic area (Wang et al. 2013a). A previous study of global cerebral isch-
emia (4-vessel occlusion) conducted by Zhou et al. (2011) reported that acupunc-
ture preconditioning at the Baihui acupoint (15 Hz, 2 mA, 30 min duration, once 
daily for 5 days) protects against apoptosis via the inhibition of caspase-3 expres-
sion in the hippocampal CA1 region (Zhou et al. 2011).

On the basis of the above data, we conclude that EA stimulation exhibits benefi-
cial effects against apoptosis through upregulation of anti-apoptotic proteins 
(including Bcl-2 and Bcl-xL), and downregulation of proapoptotic proteins (includ-
ing Bad and Bax) and caspases (including caspase-3, 8, and 9). The modulation of 
apoptosis can be further attributed to the upregulation of IAP, BDNF/MEK1/2/
ERK1/2/p90RSK/Bad, PI3K/Akt, HSP70/HSP90, Trk/NGF, AEA/2-AG/CB1, and 
STAT3 anti-apoptotic signaling pathways, and downregulation of DR5, TNFα/
TRADD/FADD, NF-κB/Bax, PKC, c-Fos, and NDRG2 apoptotic signaling path-
ways in the cerebral ischemic area (Fig. 7.1).

7.3.4  The Effect of Acupuncture on Neurogenesis

Animal studies have demonstrated that endogenous neurogenesis occurs in the sub-
ventricular zone (SVZ) and dentate gyrus of the subgranular zone (SGZ) in response 
to cerebral ischemia (Luo et al. 2014). Glycogen synthase kinase-3 (GSK-3) exists 
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as two isoforms, GSK-3α and GSK-3β. GSK-3β is involved in the modulation of 
various cellular functions, including differentiation, growth, proliferation, protein 
synthesis, and apoptosis (Jacobs et al. 2012). Protein phosphatase 2A (PP2A) nega-
tively regulates GSK-3β, and regulatory interventions to maintain a balance between 
increased GSK-3β and decreased PP2A activity exerts neuroprotective and neuro-
genesis effects after cerebral ischemia (Luo et al. 2014). BrdU is commonly used to 
investigate cell proliferation in living tissue. The intermediate filament protein nes-
tin can be used as a marker for the proliferative state of neural precursors (Wei et al. 
2002; Luo et al. 2014). Luo et al. (2014) reported that acupuncture stimulation at the 
Shuigou acupoint increased blood flow 3 days after MCAo, and increased BrdU/
nestin and PP2A but decreased GSK-3β expression in the ischemic area 7 days after 
MCAo. The data suggest that delivering acupuncture at this acupoint leads to neu-
rogenesis through regulation of GSK-3β/PP2A expression in permanent focal cere-
bral ischemia (Luo et al. 2014). In another study, EA stimulation at the Fengfu (GV 
16) and Jinsuo (GV 8) acupoints (2/60 Hz, 10 mA, 20 min duration) increased the 
expression of BrdU, collapsin response mediator protein-4 (CRMP-4, a marker for 
immature neurons), and microtubule-associated protein-2 (MAP-2, a marker for 
mature neurons) in the ischemic striatum after a transient MCAo. The data indicate 
that EA at these acupoints improves neuronal regeneration during the period of 
cerebral ischemia (Yang et al. 2005). Retinoic acid (RA) plays an important role in 
the normal development of the CNS and influences the early stages of forebrain 
development (Jung et al. 2007; Hong et al. 2013). Three retinaldehyde dehydroge-
nases (Raldh1, Raldh2, and Raldh3) may control the synthesis of RA needed for 
retina development (Niederreither et al. 2002; Mic et al. 2004). A previous study 
performed on RA signaling found that EA stimulation at the Zusanli and Quchi 
acupoints (5/20 Hz, 2–4 mA, 20 min duration) reduced neurological deficits and 
infarct volume, and increased Raldh1 and Raldh2 mRNA expression in the ischemic 
area after 2 h of MCAo followed by 7 and 14 days of reperfusion, indicating that EA 
stimulation exerts its beneficial effect on neurogenesis by activating RA signaling in 
the ischemic area following cerebral I/R injury (Hong et al. 2013). Numerous stud-
ies have reported that dopaminergic nigrostriatal projections regulate neural precur-
sor cell proliferation in the SVZ and SGZ (Veena et al. 2011; Baker et al. 2004; 
O’Keeffe et al. 2009). Dopaminergic neurons play an important role in the modula-
tion of neuroplasticity of corticostriatal synapse after cerebral ischemia, and dopa-
mine D2 receptor activation affects motor cortex plasticity (Valjent et al. 2005; Xu 
et al. 2013; Fresnoza et al. 2014). Xu et al. (2013) demonstrated that EA stimulation 
at the Fengchi acupoint (2  Hz, 3  mA, 20  min duration) decreased neurological 
scores and infarct volume after 90 min of MCAo and 7 days of reperfusion. EA 
stimulation also increased the expression of growth-associated protein 43, which 
indicates developing neural connections and neuroplasticity in dopaminergic neu-
rons. The data show that EA stimulation exerts its influences on neuroplasticity 
through the activation of dopamine D2 receptors (Xu et al. 2013). Xiao et al. (2013) 
reported that EA stimulation at the Quchi and Zusanli acupoints (30 min duration, 
once daily for 5 consecutive days) at the frequencies of 15 and 30 Hz decreased 
neurological deficits and increased the number of glial fibrillary acidic protein 
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immunoreactive cells in the ischemic area 5 days after MCAo. Experimental find-
ings suggest that EA stimulation exerts regulatory effects on neurogenesis through 
astrocyte-mediated synaptic plasticity (Xiao et al. 2013).

In consideration of all of these experimental results, we conclude that EA stimu-
lation provides its effects on neurogenesis through the upregulation of BrdU/nestin, 
CRMP-4, MAP-2, retinaldehyde dehydrogenases, dopamine D2 receptors, astro-
cytes expression, and regulation of GSK-3β/PP2A expression in the cerebral isch-
emic area.

 Conclusions
According to clinical trial evidence in ischemic stroke, acupuncture provides 
beneficial effects in motor dysfunction, shoulder-hand syndrome, balance 
impairment, cognitive impairment, and dysphagia. In several animal models of 
cerebral ischemia, acupuncture has shown promising effects including an anti-
inflammatory response, inhibition of oxidative stress, anti-apoptotic effects, and 
enhancement of stroke recovery through neurogenesis. High-quality clinical tri-
als are urgently needed to further identify the efficacy of acupuncture in the field 
of ischemic stroke.
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8Experimental Study 
of Electroacupuncture Therapy 
in Diabetes Mellitus

Shih-Liang Chang, Yu-Chen Lee, and Jaung-Geng Lin

Abstract
Aim and Background: Acupuncture and moxibustion was applied in the treatment 
of diabetes mellitus (DM), which was termed the Xiao-Ke syndrome in traditional 
Chinese medicine (TCM). Also, the metabolic syndrome (MS) is associated with 
an increased risk of cardiovascular disease and diabetes. Persistent hyperglycemia 
may exhaust beta cells, leading to their demise. Loss of beta cell mass and func-
tion are central to the development of both type I and II DM. Therefore, treating 
insulin resistance is important. Recently, the electric stimulation was combined 
with acupuncture named electroacupuncture (EA) in the treatment of diseases and 
there were serial experimental studies in DM from basic animal to clinical studies 
and recent investigations have explored the efficacy of EA for enhancing insulin 
sensitivity and suggested a hypoglycemic effect of EA for insulin resistance. This 
chapter will review and summarize the related studies. Materials and Methods: 
Firstly, the use of acupuncture in DM is introduced in ancient traditional Chinese 
medicine, and the using acupoints for treating DM in animal studies is summa-
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rized from modern basic experimental studies. Secondary, the classification of 
DM and experimental animal models in EA studies is illustrated and listed into 
type I & type II DM, then to illustrate DM animal models apply in the study of 
plasma glucose regulation. Finally, the passible mechanisms of EA in the regula-
tion of plasma glucose then is hypothesized also use the hypoglycemic effect to 
explore the interaction between EA and Drugs. Results: A serial animal studies 
had been studied in the EA regulating the plasma glucose in diabetic animal mod-
els or animal in insulin resistance state. Hypoglycemic activity of EA on the 
Zhongwan (CV12) and Zusanli acupoints (ST36) was obtained under anesthesia 
by the serial studies. EA stimulating cholinergic nerve via adrenal grand secreting 
EOPs for encourage insulin secretion from pancreas. Then, activating insulin sig-
naling pathway or non-insulin dependent by opioid receptor activation for lower-
ing plasma glucose. Also, serotonin, NO and FFA might involve in the EA 
stimulation for improving hypoglycemic effect or insulin sensitivity and depended 
on different acupoints or different frequencies induced different pathway of 
mechanism. Furthermore, there was certain interaction between EA and drugs 
(oral hypoglycemic agent, steroids, volatile anesthetics…etc.).

Conclusion: Although there were serial of animal studies and small samples 
size randomized control clinical trial (RCT) in human of combined therapy, large 
sample size and multiple centers of RCTs should be further studied for the lower-
ing plasma glucose or improving insulin sensitivity effect of EA stimulating on 
DM patients.

Keywords
Diabetes mellitus (DM) · Metabolic syndrome (MS) · Electroacupuncture (EA) · 
Experimental animal models · Mechanisms of hypoglycemic effect · Interaction 
between EA and drugs

8.1  The Use of Acupuncture in Diabetes Mellitus

In ancient China, acupuncture was used in the treatment of DM, which was termed 
the Xiao-Ke syndrome, characterized by the presence of polyuria (abnormally large 
production or passage of urine), polydipsia (abnormally great thirst) and polyphagia 
(excessive eating or appetite). In the Jin dynasty (265–420 AD), the “A-B classic of 
Acupuncture and Moxibustion” publication recorded acupoint locations used in the 
treatment of DM. In the Tang dynasty (618–907 AD), the acupoints were increased 
from 6 to 35, as recorded in the classic book, The Immortal Sun’s Precious 
Formulary. Before the Ming and Chin dynasty of China, By the time of the Ming 
dynasty (1368–1744 AD), the meridian theory was well developed, encompassing 
12 clinical channels and 2 other channels (Ren and Du) defining 361 acupoints. In 
historical clinical experience, the Lung, Spleen and Kidney channels, as well as 
some important acupoints such as Zhongwan (CV14), Zusanli (ST36) and … etc., 
all of which were involved in treatment of the Xiao-Ke syndrome (DM). The 

S.-L. Chang et al.



121

stimulation of the acupoints depended upon the instruction of Traditional Chinese 
Medicine (TCM) theory.

Since the end of the Chinese dynasties in 1912, many technologies (e.g., electri-
cal, laser) have been combined with acupuncture treatment. Electroacupuncture 
(EA) has recently received much research attention for its ability to enhance the 
activity of acupuncture (Lin and Chen 2011). Investigations into pain relief have 
demonstrated that different frequencies, i.e., high (100 Hz), middle (15 Hz) and low 
(2 Hz), have different effects on the opioid receptors (Han 2004). Opioid receptors 
have been found in pancreas cells and are closely related to the secretion of insulin. 
EA stimulation at the Zhongwan acupoint (CV12) lowers plasma glucose level in 
normal wistar rats and rat models with type 2 diabetes mellitus (NIDDM) (Chang 
et al. 1999). Investigations into the role of the adrenal gland in this hypoglycemic 
response to EA at middle frequency (15 Hz) in adrenalectomized normal rats (ADX) 
demonstrate that multiple sources of endogenous opioid peptides (EOPs) partici-
pate in the lowering of plasma glucose (Lin et al. 2004).

The MS is associated with an increased risk of DM and cardiovascular disease. 
In the USA, an estimated 34% of the adult population have MS; the prevalence 
increases with age (Saad et al. 2014). The exact mechanisms of the complex path-
ways of MS are yet to be determined. Most patients are older, obese, sedentary, and 
have a degree of insulin resistance. Insulin resistance plays a key role in the patho-
physiology of MS. In insulin-resistant states, pancreatic islets usually increase insu-
lin secretion to maintain normoglycemia, via expansion of the beta cell mass and 
enhanced beta cell function. Persistent hyperglycemia may exhaust beta cells, lead-
ing to their demise. Loss of beta cell mass and function are central reason to the 
development of both type 1 and II DM (Cerf 2013). Therefore, treating insulin resis-
tance is important. Recent investigations have explored the efficacy of EA for 
enhancing insulin sensitivity and suggest a hypoglycemic effect of EA for insulin 
resistance (Yin et al. 2014).

8.2  Using Acupoints for Treating DM in Animal Studies

According to the meridian theory, certain acupoints can be used to treat 
DM.  Traditional Chinese medicine (TCM) divides Xiao-Ke syndrome (DM) into 
three types: upper, middle and lower. Each type reflects the predominance of one of 
the three main symptoms (polydipsia, polyphagia and polyuria) and is intimately 
related to the viscera state of TCM, lung, spleen and kidneys, respectively. A clinical 
analysis of a patient’s overall symptoms should reveal which viscera state (i.e., lung, 
spleen, or kidneys) is predominantly involved and the focus of acupuncture treatment 
is on which acupoints are associated with the principal clinical manifestations 
(Covington 2001). In contrast, modern medicine theory analyses signs such as nerves 
and hormones to select the appropriate acupoints. When both aspects are considered, 
the prescription of acupoints should fit both TCM and modern medicine theory.

The Zhongwan acupoint (CV12) is located vertically on the conception vessel 
meridian along the median of the abdomen and horizontally 9 units above the upper 

8 Experimental Study of Electroacupuncture Therapy in Diabetes Mellitus



122

crest of the pubis bond. It is near the gastric organs, the pancreas in particular, and 
thus can be considered as stimulating insulin secretion. Moreover, the Zhongwan 
acupoints is located near the stomach Mu point, which has a marked regulating 
effect on stomach function. The Guanyuan (CV4) acupoint is located 2 units above 
the CV2 (the upper crest of the pubis bond) (Fig.  8.1a), also CV4 is the Small 
Intestine Mu point that has the regulating effect of small intestine on the absorption 
of nutrition including glucose (Chang et al. 1999). The Zusanli acupoint (ST36) is 
located on the anterior tibia muscle, approximately upper 1/6 to the length of lower 
leg below the knee, and belongs to the stomach meridian, which regulates gastric 
function (Chang et al. 2005). It is used to tonify deficient Qi or Blood. In TCM, 
treatment of all abdominal complaints involve the Zusanli acupoint (ST36) 
(Fig. 8.2). These three acupoints are usually selected in experimental studies explor-
ing the mechanisms and searching for evidence. Besides these three acupoints, oth-
ers may be selected as according to both TCM and modern medicine theory 
(Covington 2001) (see Table 8.1).

8.3  The Classification of Diabetes Mellitus 
and Experimental Animal Models in EA Studies

8.3.1  Classification of Diabetes Mellitus

DM is defined as a metabolic disease characterized by hyperglycemia resulting 
from defects in insulin secretion, insulin action, or both (Alberti and Zimmet 1998). 
Chronic hyperglycemia of DM is associated with long-term damage, dysfunction, 
and failure of various organs, especially the kidneys, eyes, nerves, heart and blood 

Right Lateral Lower Leg

Nonacupoint

Zusanli Acupoint

(+)

(-)

(+) (-)

a b

Fig. 8.1 (a) EA on the A: Zhongwan (CV12) and B: Guanyuan (CV4) acupoints of the rat (Chang 
et al. 1999); (b) Locations of acupoints and sham acupoints in the animal: (+) shows the positive 
charge connecting to the EA instrument; (−) indicates the negative charge connected to the EA 
instrument (Chang et al. 2005) (Reprint with permission from Diabetologia)
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(+) (-)

Cholinergic
Nerve

Target Organs
Ex: Muscle (glucose uptake)

Insulin

Pancreas
β-cell

Type 1

Type 2

EOPs

Medulla

AG

EA

Cortex

Fig. 8.2 Hypoglycemic effect of EA in different types of DM. The gray block and arrow indicate 
the main pathway of insulin-dependent DM (Type 1); the open arrows summarize the pathway 
suggested from previous study in non-insulin-dependent DM (type 2); the solid thin arrow indi-
cates the direction of stimulation. Type 1: insulin-dependent DM; Type 2: non-insulin-dependent 
DM; AG: adrenal gland; EOPs: endogenous opioid peptides; (+) (−): bilateral zusanli acupoints 
(ST-36) connected to the positive and negative pole of the EA apparatus (Lee et al. 2011b) (Reprint 
with permission from Evid Based Complement Alternat Med)

Table 8.1 Acupoints used to treat DM in rat studies

Acupoints Location Meridian Function
Zhongwan 
(CV12)

1 unit in acupuncture is defined as 1/14 of the 
distance between the top of xiphoid process and 
the upper crest of pubis bond. The CV12 acupoint 
is oriented vertically on the CV median of the 
abdomen and horizontally 9 units above the upper 
crest of the pubis bond (Chang et al. 1999)

Conception 
vessel

Meeting 
points
Front mu 
points 
(stomach)

Guanyuan 
(CV4)

Located at 2 units above the upper crest of pubis 
bond (Chang et al. 1999)

Conception 
vessel

Front mu 
points (small 
intestine)

Zusanli 
(ST36)

The ST36 acupoint is located approximately upper 
1/6 to the length of the lower leg on the anterior 
tibia muscle below the knee (Chang et al. 2005)

Stomach Tonify 
deficient Qi 
or blood
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vessels. The pathogenesis of DM usually classifies the disease into two classes, 
Type 1 diabetes: associated with beta cell destruction, usually leading to absolute 
insulin deficiency, and Type 2 diabetes: this is associated with predominantly impair 
insulin sensitivity with relative insulin deficiency, or predominantly an defect of 
insulin secretory with insulin resistance. Commonly used experimental models in 
DM relating to acupuncture research are listed in Tables 8.2 and 8.3.

Table 8.2 Chemically induced experimental animal models of diabetes mellitus

Animal models Classification Induction mechanism Possible use
STZ-IDDM rat Type 1 DM Chemical broken 

insulin secretion
Simple model of hyperglycemic 
for study non-insulin dependent 
hypoglycemic pathwayAlloxane-IDDM Type 1 DM Chemical broken 

insulin secretion
Neonatal 
STZ-NIDDM rat

Type 2 DM Chemical broken 
partial insulin 
secretion

For study the insulin secreting 
function

Steroid induced 
insulin resistance

Type 2 DM
SBR-large 
dose
SIIR-clinical 
dose

Steroid elevated 
plasma FFA

For study improving insulin 
resistance and explore relative 
mechanisms

Human long-
acting insulin 
repeated injection

Type 2 DM Induce insulin 
antibody

To realized insulin-related action

Fructose-induced 
insulin resistance

Type 2 DM Inhibition of pyruvate 
dehydrogenase kinase

To realize the metabolic 
improving effect

Table 8.3 Genetic experimental animal models of diabetes mellitus

Animal models Classification Induction mechanism Possible use
BB-rat Type 1 DM Genetic and spontaneous 

model autoimmune 
induce insulitis

Understanding 
mechanisms of type 1 DM

Fat Sand-rat
Psammomys obesus

Type 2 DM High fat diet induced 
insulin resistance
Genetic and spontaneous 
model

For study improving 
insulin resistance and 
explore relative 
mechanisms

Zucker Diabetic 
Fatty rat (ZDF)

Type 2 DM Genetic model is resistant 
to insulin without being 
hyperglycemic

For research on obesity 
and hypertension with 
insulin resistance.

Otsuka Long-Evans 
Tokushima Fatty rat 
(OLETF)

Type 2 DM Hereditary disorder As a model resemble those 
of human NIDDM with 
hereditary disorder

Goto-Kakizaki rats 
(GK)

Type 2 DM Genetic spontaneous type 
2 DM
Non-obese type 2 diabetic 
animal model

To inspect various 
pathologic mechanisms of 
T2DM
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8.3.2  Type 1 Diabetes Animal Model in Acupuncture Research

In the type 1 DM model, streptozotocin or alloxane destroy beta cells. Large doses 
of chemical agents with free radicals induce severe broken DNA for secreting insu-
lin that will form type 1 DM model (Oberley 1988). When used in low doses, or 
combined with a reducing agent such as nicotinamide, these agents induce less bro-
ken DNA for secreting insulin and thereby form the type 2 DM model (Szkudelski 
2012). The chemically-induced models of type 1 DM are usually more commonly 
used in the experimental lab, as they offer advantages of cost and time savings as 
compared with the genetic animal model. The main characteristic of type 1 DM is 
the autoimmune destruction of the pancreatic beta cells, leading to lack of insulin 
production, as observed in genetically-engineered strains of rodents that spontane-
ously develop autoimmune diabetes, such as the diabetes-prone BB rat (Chang et al. 
1999; Koevary et al. 1983).

Animal models of Type I DM lacking insulin are commonly used to study acu-
puncture or EA treatment involving the non-insulin dependent hypoglycemic path-
way, or to study the hypoglycemic effect of injected insulin. For example, use of 
15  Hz EA at the bilateral ST36 acupoints enhance the hypoglycemic effect of 
injected insulin in streptozocin (STZ)-induced diabetic rats (Chang et  al. 2006). 
Animals in the EA experimental group were anesthetized and subjected to the insu-
lin challenge test (ICT) and EA for 60 min. The control group was subjected to the 
ICT treatment, without EA stimulation. EA augmented the blood glucose-lowering 
effects of EA by activating the cholinergic nerves in rats that had been exposed to 
injected insulin i.p. This phenomenon may be related to the enhancement of insulin 
signaling transduction (Lee et al. 2011b).

The major hypoglycemic effect of EA focuses on the non-insulin dependent DM 
(type 2 DM). For example, a decrease in plasma glucose was observed in both nor-
mal rats and type 2 DM (NIDDM) rats after EA (15 Hz, 10 mA) for 30 min at the 
Zhongwan acupoint (CV12). In contrast, no significant effect on plasma glucose 
was observed in Type 1 (insulin-dependent) DM models (i.e., STZ-diabetic rats and 
genetic BB/W rats) (Chang et al. 1999). Application of EA to different acupoints 
STZ rats with type 1 DM has demonstrated a stronger hypoglycemic effect of the 
Zusanli acupoint (ST36) compared with that of the Zhongwan acupoint (Lin et al. 
2014). Further studies provide further support (Lee et al. 2011a, b). In another study, 
2  Hz EA was applied to bilateral ST36 acupoints in the experimental group for 
30 min, and to a non-acupoint area in the control group for 30 min, to compare the 
specific characters of these acupoints with non-acupoint in the hypoglycemic effect 
of EA (Chang et al. 2005). And this investigation into the insulin-dependent mecha-
nism of the hypoglycemic effect in STZ diabetic rats suggested that serotonin is 
involved in the hypoglycemic action of 2  Hz EA at bilateral ST36 acupoints in 
normal rats. This phenomenon was not found with EA at the CV12 acupoint, which 
contributes to the hypoglycemic effect by stimulating the adrenal gland to release 
EOPs (Lin et al. 2002, 2004).
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8.3.3  Type 2 Diabetes Animal Models in Acupuncture Research

Type 2 DM accounts for ∼90–95% of diabetes cases and involves individuals who 
have insulin resistance as well as relative (rather than absolute) insulin deficiency 
(at least initially). In the clinical experience, the treatment of EA may prevent devel-
oping type 2 diabetes. Acupuncture or EA is used for lowering plasma glucose to 
stimulate insulin secretion via opioid receptor activation (Chang et  al. 1999). 
Moreover, EA therapy can enhance insulin sensitivity, which is appropriate in the 
treatment of type 2 DM (Chang et al. 2006). Nitric oxide, serotonin and cholinergic 
nerve involvement, lowering free fatty acid effect that may elevating insulin sensi-
tivity (Lin et al. 2011). In the study that investigated this hypothesis, the intravenous 
glucose tolerance test (IVGTT) and ICT examined the influence of EA on insulin 
sensitivity in rats. 15 Hz EA at bilateral ST36 acupoints improved glucose toler-
ance. Thus, EA should be considered as an alternative method of pharmacological 
therapy for improving insulin resistance and/or increasing insulin-hypoglycemic 
activity in rats.

However, the type 2 DM model with the characters, relative insulin deficiency 
and/or insulin resistance are applied to study the treatments including acupuncture 
or EA that can improve insulin sensitivity and/or enhance insulin secretion for low-
ering the plasma glucose. For example, a neonatal STZ-induced non-insulin depen-
dent diabetic rat (NIDDM-rat) is an insulin deficiency model. The Zhongwan 
acupoint (CV12) EA was applied to this NIDDM-rat model and conclude that EA 
stimulation at the CV12 acupoint induces secretion of endogenous beta-endorphin 
which reduces plasma glucose concentration in an insulin-dependent manner 
(Chang et al. 1999). In this case, the hypoglycemic activity of EA stimulation disap-
peared in rats with insulin-resistance induced by an injection of human long-acting 
insulin repeated daily to cause the loss of tolbutamide-induced hypoglycemia. This 
insulin resistance model will help to realized insulin-related action. Also, a high fat 
diet induced induce insulin resistance Psammomys obesus report from the middle 
east, the diabetic Psammomys randomly into three groups: abdominal EA (real), 
back EA (placebo) and control (anaesthesia). Comparison of the decline in plasma 
glucose, throughout the 3 weeks, between the real and placebo groups by ANOVA 
statistic analysis was highly significant. Animal weight gain, fructosamine, serum 
insulin, triglycerides and cholesterol were not significantly different between real 
and placebo groups. The study concluded that the CV12 acupoint EA induces a 
sustained hypoglycaemic effect in diabetic Psammomys compared with EA at non-
specific points, without weight loss (Shapira et al. 2000).

There are still some chemical induced insulin resistance models like fructose 
induced insulin resistance model, steroid induced insulin resistance model even the 
gas anesthesia agent that will simulate different clinical situations and research the 
methods of clinical treatment. For example, a previous study reported the use of a 
large dose of steroid prednisolone to evaluate the effects of EA in a state of insulin 
resistance. The plasma levels of free fatty acids (FFAs) were estimated in steroid-
background rats (SBRs) and compared with those in healthy rats treated with nor-
mal saline. In addition, plasma glucose levels and plasma insulin levels were assayed 
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to calculate the homeostasis model assessment index (HOMA). The IVGTT was 
carried out to compare glucose tolerance. The normal Wistar was injected a single 
intraperitoneal of large-dose prednisolone (40 mg/kg) forming the SBRs were ran-
domly divided into EA-treatment and non-EA treatment groups and 15-Hz EA was 
applied to the bilateral Zusanli acupoints (ST36) to investigate its effects on insulin 
resistance. In addition to an ICT and IVGTT, the plasma levels of FFAs were mea-
sured and western blot was performed to help determine the effects of EA on the 
insulin resistant state. This study concluded that the insulin resistance was success-
fully induced by a large dose of prednisolone in male rats. This insulin resistance 
can be improved by 15 Hz EA at the bilateral ST36 acupoints, as shown by decreased 
plasma levels of FFAs and the elevated signal proteins, insulin receptor substrate 1 
(IRS-1) and GLUT-4 also recovered by this EA (Lin et al. 2009).

Besides, a similar to clinical dose of dexamethasone 1 mg/kg/day for 5 days, 
steroid induced insulin resistance was applied to explore the effect of EA on this 
common hyperglycemic situation by steroid induction. The SIIR rats were ran-
domly divided into the SIIR+EA group, which received 15  Hz EA at ST36 for 
60 min, and the SIIR group, which remained untreated. Plasma glucose and free 
fatty acid (FFA) levels were measured in serial blood samples taken without further 
manipulation and during ICT and IVGTT. IRS-1 and GLUT-4 were measured using 
Western blotting and expressed relative to β-actin. This study concluded that EA 
decreased the plasma FFA level and increased insulin sensitivity in SIIR rats and 
relative expression of IRS-1 and GLUT-4 were significantly increased by EA (Tzeng 
et al. 2016).

8.4  DM Animal Models Apply in the Study of Plasma 
Glucose Regulation

8.4.1  Chemically Induced Diabetic Animal Models

High-Dose Chemicals induce Type 1 DM: STZ [2-deoxy-2-(3-(methyl-3- 
nitrosoureido)-d-glucopyranose] is synthesized by Streptomycetes achromogenes. 
After administration by i.p. or i.v., it enters the pancreatic beta cell through the 
GLUT-2 transporter and causes alkylation of the DNA.  For induction of STZ-
induced experimental diabetes in male adult rats weighted 250–300 g (75–90 days), 
60 mg/kg of STZ i.v. was injected after a fasting period. Three days after degenera-
tion of beta cells, DM was induced in all animals. The diabetic and normal animals 
were kept in the metabolic cages separately and their body weight, consumption of 
water and food, urine volume, the levels of plasma glucose, plasma insulin and 
plasma C-peptide quantities in all animals were measured and then these quantities 
were compared. The weight loss, polyphagia, drink a lot of water and polyuria will 
be observed after STZ induction (Dufrane et al. 2006). Besides, the diabetic effect 
of alloxane (2,4,5,6-tetraoxypyrimidine; 5,6-dioxyuracil) is mainly attributed to 
the formation of free radicals and rapid uptake by the beta cells, which will break 
the insulin secretion to form type 1 DM animal model. Because the insulin 
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secretion function is totally blocked by the high-dose chemical, this model can be 
used to explore the treatment with non-insulin dependent hypoglycemic effect 
(Lenzen 2008).

Neonatal Low Dose induce Type 2 DM: STZ injected in rats during the neona-
tal period has usually led to the major features (polydipsia, polyphagia, polyuria, 
hyperglycemia and abnormal glucose tolerance) in a short period. Male Wistar rats 
(5-day old) were injected with STZ (150 mg/kg, i.p.) that apart of a decrease in 
pancreatic insulin content, this experimental diabetic model may promote a remark-
able and sustained picture of insulin resistance in adulthood that is strongly related 
to a loss in adipose mass. This experimental models of DM has been useful in 
understanding the complex pathogenesis of DM. Due to this model exist the partial 
insulin secretion function that can be used to explore the treatment with stimulating 
insulin secretion (Chang et al. 1999; Pai et al. 2009).

Steroid induced insulin resistance (SIIR) rat: Glucocorticoids, such as 
prednisolone, dexamethasone exerts their impact on metabolism through several 
different tissues in the body. In the presence of glucocorticoids there is an 
increase in adiposity as well as an increase in lipolysis, leading to elevated 
plasma FFA level in the circulation and an increase in insulin resistance. Post 
receptor insulin signaling defects such as a decrease in IRS-1 and GLUT-4 also 
contribute to insulin resistance, there is increased steatosis, causing insulin 
resistance in the liver, which is compounded by increased gluconeogenesis and 
hyperglycemia (Lin et  al. 2009; Tzeng et  al. 2016). In order to enhance the 
effect of insulin resistance in a short period, a large single dose of prednisolone 
40 mg/kg i.p. after the rats had fasted for 12 h was applied to explore the hypo-
glycemic effect of EA. The study concluded that the insulin resistance can be 
improved by 15 Hz EA at the bilateral ST36 acupoints, as shown by decreased 
plasma FFA levels and elevating the decreased IRS-1 and GLUT-4 (Lin et al. 
2009). A low dose of dexamethasone (1 mg/kg/day, i.p.) for 5 days was applied 
to simulate the clinical use. EA decreased the plasma FFA level and elevated the 
decreased insulin sensitivity and the decreased IRS-1 and GLUT-4 in this SIIR 
rats (Tzeng et al. 2016).

Human long-acting insulin repeated injection: this insulin resistance was 
induced by the repeated i.p. injections of long-acting human insulin (Monotard 
HM; 0.5  IU/kg) three times daily into adult male Wistar rats and was identified 
using the loss of tolbutamide-induced plasma glucose lowering action. The model 
with exogenous insulin resistance feature is facile to check the action like tolbuta-
mide for lowering the plasma glucose and to realize insulin-relative action (Chang 
et al. 1999).

Fructose-induced insulin resistance: as we know consuming fructose-sweet-
ened, not glucose-sweetened, beverages increases plasma lipids and visceral adi-
posity and decreases insulin sensitivity in overweight/obese humans. Therefore, 
Sprague-Dawley (SD) rats were fed a diet containing fructose 66% as a percentage 
of total calories for approximately 2 weeks. The hypertriglyceridemia and hyperin-
sulinemia were associated with hypertension in fructose-fed rats. This animal model 
is facile to realize the metabolic improving effect (Padiya et al. 2011).
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8.4.2  Genetic and Spontaneous Models

BB (Biobreeding)-rat was derived from outbred Wistar rats, and usually develop 
DM just after puberty and have similar incidence in females and males. The 
Diabetes-Prone BB (BBDP) rat spontaneously develops autoimmune Type 1 DM 
between 50 and 90 days of age. Spontaneous autoimmune DM in a Canadian col-
ony was first identified in 1974 and lead to the creation of two founder colonies 
from which all substrains have derived, one inbred (BBDP/Wor) and one outbred 
(BBdp). Diabetes-resistant BB rats (BBDR) have also been bred to act as controls. 
The BBDR rat has similar diabetes-susceptible genes as the BBDP, but does not 
become diabetic in viral antibody-free conditions. However, the BBDR rat can be 
induced to develope Type 1 DM in response to certain treatments such as regula-
tory T cell (T(reg)) depletion, virus infection or toll-like receptor ligation. These 
rat strains are invaluable models for studying autoimmune DM and the role of 
environmental factors in its development, of particular importance due to the influx 
of studies associating virus infection and human Type 1 DM (Bortell and Yang 
2012; Chang et al. 1999).

Psammomys obesus (fat sand rat) is a model of nutritionally induced Type 2 
diabetes mellitus (T2DM). Diabetes development and progression is very fast in 
Psammomys obesus. Psammomys is prone to developing hyperinsulinemia, hyper-
glycemia and obesity when transferred to a high-energy diet, also primary insulin 
resistance is a species characterization of Psammomys. They are four stages (1) 
normal glucose/normal insulin (2) hyperglycemia/normal insulin (3) hyperglyce-
mia/hyperinsulinemia (4) hyperglycemia/hypoinsulinemia. The animal will reach 
the irreversible hypoinsulinemic end stage of the disease, in which a marked 
reduction of β-cell mass is apparent, within 4–6 weeks of high caloric diet. The 
present review describes the Psammomys obesus of the Hebrew University col-
ony, with emphasis on its use for the study of β-cell dysfunction in T2DM (Shapira 
et al. 2000).

Zucker Diabetic Fatty rat (ZDF) a mutation occurred in a colony of outbred 
Zucker rats in the laboratory of Dr. Walter Shaw at Eli Lilly Research Laboratories 
in Indianapolis, inbreeding of selected pairs from this re-derivation was done in the 
laboratory of Dr. Richard Peterson at Indiana University Medical School (IUMS). 
An inbred line of ZDF rat was established in 1985. It’s a Genetic Model and resis-
tant to insulin without being hyperglycemic that is fed special diet (Purina #5008) 
to induce programmed and consistent development of Type 2 DM, which has 
emerged as a standard model of human type 2 DM.  This model is applied for 
research on obesity and hypertension with insulin resistance that is helpful to study 
the influence of EA on a genetic defect developing into insulin resistance and in the 
gene encoding the leptin receptor, resulting in severe dysregulation of appetite and 
body weight (Peplow 2015b; Peplow and Han 2014).

Otsuka Long-Evans Tokushima Fatty rat (OLETF) The characteristic fea-
tures of OLETF rats are: (1) late onset of hyperglycemia (age 18 weeks); (2) mild 
obesity; (3) clinical onset of DM mostly in males; (4) a chronic course of disease; 
(5) hereditary disorder; (6) the changes of pancreatic islets can be classified into 
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three stages from the primary inflammation to islets failure; (7) diabetic nephropa-
thy; These clinical and pathologic features of disease in OLETF rats are similar to 
those of human NIDDM. In OLETF rats, acupuncture treatment on the acupoint of 
abdominal and back significantly reduced plasma glucose levels, but not their body 
weight, suggesting that acupuncture therapy was effective in preventing the devel-
opment of type 2 DM (Kim et al. 2007).

Goto-Kakizaki rat (GK) it is a spontaneous type 2 DM and has been considered 
as one of the best non-obese type 2 diabetic animal model. GK rats exhibit valuable 
characteristic tools that are more or less common and functionally present in human 
DM patients. This animal model is considered appropriate to inspect various patho-
logic mechanisms of T2DM. Recently, a study applied the GK rat to explore the 
impact of plasma glucose and insulin. A significant decrease in fasting plasma glu-
cose levels and an increase in plasma insulin levels were observed during the fasting 
period in GK rats treated with abdominal EA (CV12 acupoint). Plasma glucose 
levels after glucose load were also significantly lower in GK rats treated with EA 
compared with controls (Ishizaki et al. 2009).

8.5  The Possible Mechanisms of EA in the Regulation 
of Plasma Glucose

8.5.1  Mechanisms of Hypoglycemic Effect

Since the 1999, an insulin dependent hypoglycemic effect was reported while using 
EA on the Zhongwan (CV12) and Guanyuan acupoints (CV4). This hypothesis is 
supported by an increase in plasma insulin after EA stimulation in normal wistar 
rats and type 2 diabetic rats. Participation of glucagon was ruled out because there 
was no change in plasma glucagon resulting from EA stimulation. In addition to an 
increase in plasma beta-endorphin, the plasma glucose lowering action of EA stim-
ulation at CV12 and CV4 acupoints was abolished by naloxone in a sufficient dose 
to block opioid receptors. Thus this study suggested that EA stimulation at the 
CV12 and CV4 acupoint induces secretion of endogenous beta-endorphin which 
reduces plasma glucose concentration in an insulin-dependent manner.

A whole picture had been reported in 2011 entitled “Electroacupuncture at the 
Zusanli (ST-36) Acupoint Induces a Hypoglycemic Effect by Stimulating the 
Cholinergic Nerve in a Rat Model of Streptozotocine-Induced Insulin-Dependent 
DM” (Lee et al. 2011a). The cholinergic blocking agents and adrenalectomy method 
has been applied in exploring the mechanisms of hypoglycemic effect by EA stimu-
lation on the acupoints of STZ induced type 1 DM. 15-Hz EA was applied for 
30 min to bilateral ST-36 acupoints after administration of Atropine (0.1 mg/kg, 
i.p.), or Hemicholinium-3 (5 μg/kg, i.p.) in non-adrenalectomized rats. Atropine and 
hemicholinium-3 completely blocked the plasma glucose lowering effects of 
EA. Also, a cholinesterase inhibitor, eserine was applied in this study, whereas eser-
ine led to a significant hypoglycemic effect. Therefore, EA at the ST-36 acupoint 
reduces plasma glucose concentrations by stimulating the cholinergic nerves. This 
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EA was also applied to STZ-ADX rats. Plasma glucose levels did not change sig-
nificantly. In addition, there were no significant differences in mean hypoglycemic 
activity between STZ-ADX rats with EA and without EA stimulation. The adrenal 
glands may play an important role in the hypoglycemic effect of this EA. Taken 
together, this finding indicate that hypoglycemic effect of EA is not only mediated 
by the cholinergic nerves but also by the adrenal glands (Fig. 8.2).

Furthermore, different acupoints or frequencies were compared and with differ-
ent hypoglycemic mechanisms. The different acupoints stimulation had been com-
pared the hypoglycemic activity between CV12 and ST36 acupoints. The EA 
stimulation on bilateral ST36 acupoint with higher hypoglycemic effect than stimu-
lating on CV12 and CV2 acupoint because of more complication neurotransmitters 
take part in. for example: serotonin involvement was obtained in the 2 Hz EA stimu-
lation (Chang et al. 2005); Also, different frequencies (2 and 15 Hz) stimulation on 
the same acupoints, Zhongwan acupoint (CV12) had been compared that was 
obtained the beta-endorphin come from adrenal gland by 2 Hz EA stimulation for 
lowering the plasma glucose (Lin et al. 2002) and multiple sources of EOPs was 
encouraged by 15 Hz EA stimulation (Lin et al. 2004).

8.5.2  Mechanisms of Improving Insulin Sensitivity

Can EA Stimulation improve the insulin sensitivity, especially in the insulin resis-
tant state? In 2000, a high-fat diet induced insulin resistant non-insulin-dependent 
DM model, Psammomys obesus was applied in the hypoglycemic effect of CV12 
acupoints EA study and proposed a sustained, non-insulin related, hypoglycemic 
effect of EA that implied not only stimulating insulin secretion but also enhancing 
insulin sensitivity for lowering plasma glucose (Shapira et al. 2000).

Further, the ICT and IVGTT were used to explore the insulin sensitivity on the 
Zusanli acupoints (ST36) by 15 Hz EA. Enhanced insulin sensitivity using EA was 
reported in 2006. The rats were divided into the control group (CG) and experiment 
group (EG) randomly. After fasting, plasma glucose levels and plasma insulin levels 
were assayed in the normal Wistar rats undergoing IVGTT. Plasma glucose levels 
and hypoglycemic activity were also evaluated in the normal Wistar rats and STZ 
diabetic rats during ICT. As the data showed, EA improved the glucose tolerance 
from 15 to 90 min (p < 0.005 compared with the plasma glucose levels of the CG) 
during IVGTT.  In addition, significant improvement in the Homeostasis Model 
Assessment (HOMA) index was found in the EG from 15 to 90 min (p < 0.005 
compared with the CG). More hypoglycemic activity was achieved in normal Wistar 
and STZ diabetic rats in the EG than in the CG (from 30 to 60 min) during ICT 
(Chang et al. 2006).

After EA improving insulin sensitivity was proposed by the of experiment ICT 
and IVGTT and the experience from EA hypoglycemic effect study that the cholin-
ergic nerve and NOS system may activate by 15 Hz EA on Zusanli acupoints (ST36) 
that can thus be hypothesized (Lin et al. 2014). A continuous study was further to 
realize the mechanism of EA in improving glucose tolerance (Fig.  8.3). The 
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cholinergic (Atropine, HC-3) and nitric oxide blocking agent (L-NAME) were 
injected alone or simultaneously to explore the relationship with cholinergic nerve 
and/or NO. Plasma glucose levels differed significantly between the EA and non-
EA control groups after the administration of atropine, HC-3 or L-NAME treat-
ments alone, but there were no significant differences in plasma glucose with 
combined treatment of L-NAME and atropine or L-NAME and HC-3. This EA also 
decreased plasma FFA levels and enhanced insulin signal protein (IRS-1) and nNOS 
activities in skeletal muscle during IVGTT. Therefore, EA stimulated cholinergic 
nerves and nitric oxide synthase for lowering plasma FFA levels to improve glucose 
tolerance that can thus be summarized (Lin et al. 2011).

8.5.3  Mechanisms of Improve Insulin Resistance State

Is there any improving insulin sensitivity effect of EA under insulin resistant state? 
As we know the large single large dose or long-term clinical dose steroids treatment 
may induce insulin resistance by elevating internal plasma FFA levels that may 
impair insulin signal transduction. According to the previous experience in the 
study of improving insulin sensitivity of EA that may reduce the plasma FFA for 
improving the insulin sensitivity (Lin et al. 2011; Yin et al. 2014). Therefore, these 
studies implied EA with the potential to improve steroid induced insulin resistant 
(SIIR) state. In 2009, A report entitled “Acute effect of electroacupuncture at the 
Zusanli acupoints (ST36) on decreasing insulin resistance as shown by lowering 
plasma free fatty acid levels in steroid-background male rats” had been obtained the 
evidence of EA improving SIIR induced by a large single large dose of prednisolone 
(Lin et al. 2009). Further, in 2016, another report entitled “15 Hz electroacupunc-
ture at ST36 improves insulin sensitivity and reduces free fatty acid levels in rats 
with chronic dexamethasone-induced insulin resistance” also had been obtain the 
evidence of EA improving SIIR induced by long-term clinical dose of dexametha-
sone treatment (Tzeng et al. 2016).

In these two studies, the insulin signaling proteins were also investigated. The 
large dose prednisolone suppressed the IRS-1 and GLUT-4 that recovered by 15 Hz 
EA on bilateral Zusanli acupoints (ST36). Also, these two signals were improved by 
this EA after long-term clinical dose of dexamethasone induced insulin resistance. 
Obesity and type 2 DM are associated with raised concentrations of insulin, satu-
rated fatty acids (e.g., palmitate) and cytokines (e.g., tumor necrosis factor-α, TNF-
α) both in the circulation and locally in the hypothalamus, which eventually lead to 
central insulin resistance. Palmitate activates the transcription factor NF-κB, which 
induces the expression of one of the main negative regulators of insulin signaling, 
suppressor of cytokine signaling 3. NF-κB induces endoplasmic reticulum stress 
that results in increased activity of c-jun N-terminal kinase (JNK), which in turn 
leads to inhibitory phosphorylation events on IRS proteins (Peplow 2015a). The EA 
also lowered plasma TNF-α in the obese ZDF rat, which exhibits insulin resistance 
and is a model of the MS (Peplow 2015b). That indicated EA with a close relation-
ship to plasma FFA and cytokines for improving insulin resistance.
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8.5.4  Microarray Approached in the Hypoglycemic Effect of EA

Since the EA activating EOPs as the mechanism of analgesia was reported, the 
intracellular cellular activating pathways including gene expression may be thought 
as the passible activating target for controlling EOPs synthesis. But the intracellular 
network of signaling proteins even the gene expressions are too complicate to be 
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Fig. 8.3 The mechanism of EA significantly improved the glucose tolerance and/or insulin sensi-
tivity. (1) The cholinergic antagonist or alone cannot block the improving effect. (2) Combined 
cholinergic antagonist with L-NAME blocks the improving effect. (3) EA decreased FFA and 
enhanced insulin signal protein (IRS-1) and nNOS activities. (4) EA stimulated cholinergic nerves 
and NOS to improve glucose tolerance G glucose, IRS-1 insulin receptor substrate 1, FFA free fatty 
acid, l-NAME L-NG-Nitrosarginine methyl ester, NO nitric oxide, nNOS neuronal nitric oxide 
synthase (Lin et al. 2011) (Reprint with permission from Neurosci Lett)
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approached until the DNA microarray technique had been proposed. The mass gene 
expressions can be screened at the same time that would be a tool for screen the 
change of EA for activating hypoglycemic effect. Recently, a microarray analysis 
was used to examine various signaling pathways that may contribute to the glucose-
lowering effect of 15 Hz EA at ST36 bilaterally in streptozotocin-induced diabetic 
rats and to screen for relationships between gene sets and DM. It was found that cell 
adhesion molecules and type 1 DM pathways were significantly associated with the 
hypoglycemic effect (Tzeng et al. 2015). That indicated EA with a close relation-
ship to immune response that may recover the inflammation and close relationship 
to hypoglycemic effect in STZ-induced diabetic rats. This is a pioneer approach the 
hypoglycemic activity of EA by DNA microarray, but a serial study should be fur-
ther explored after this screening for ensure the control of intracellular network 
under EA stimulation.

8.5.5  Interaction Between EA and Drugs

In recent years, acupuncture therapy is more and more popular in the world for 
treating disease. The opportunity of using EA and drugs such as oral hypoglycemic 
agents (OHA) in DM patients at the same time is elevated by this trend. Also, ste-
roids induced insulin resistance were recovered by EA stimulation in previous sec-
tion mentioned (Lin et al. 2009; Tzeng et al. 2016) that is also a type of interaction 
between EA and drugs. Another example showed that electro stimulating on the 
acupoints by (TENS) improving volatile anesthetics induced insulin resistance that 
is also a type of interaction between EA and drugs, like as against the disadvantages 
of volatile anesthetics (Man et  al. 2011). Can the EA therapy lower the dose of 
drugs? Is there any interaction such as: summation, synergism and against the dis-
advantages…etc.? That is an important issue worth for further investigations.

8.5.6  Interaction Between EA and Insulin

According to the theory of TCM, acupuncture has the effect of balance Yin-Yang 
and regulation in Chi and Blood. It is means that acupuncture can regulate the 
homeostasis even the bioability of drug via impact on the pharmacokinetic. In 2006, 
the EA and exogenous insulin were used on the normal Wistar rat and STZ-induced 
diabetic rat at the same time and compare with the control group without EA.

During the insulin background, more hypoglycemic activity in the 15 Hz bilat-
eral ST36 acupoints EA group (65 ± 8%) was noted than in the non-EA control 
group (30 ± 15%) 30 min after the start of insulin injecting to the normal Wistar rats 
(p < 0.05). Sixty minutes after the start of insulin injection, the hypoglycemic activ-
ity of the EA group (77 ± 7%) still was significantly higher than that of the non-EA 
control group (44 ± 14%; p < 0.001 using Student’s t-test). The STZ-induced dia-
betic rats showed the same trends as the normal Wistar rats, including that more 
hypoglycemic activity for the EA group (32 ± 17%) was noted than for the non-EA 
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control group (15 ± 9%) 30 min after the start of insulin injection (p < 0.05). Sixty 
minutes after beginning insulin injection, the hypoglycemic activity of the EA 
group (55 ± 22%) was higher than that of the non-EA control group (25 ± 15%) 
(p < 0.01) (Chang et al. 2006). That would be thought as a summation or synergism 
effect while the EA and insulin were applied at the same time.

8.5.7  Interaction Between EA and Rosiglitazone

The OHA are usually used in the clinical management of plasma glucose of DM 
patient. A class of insulin sensitizer thiazolidinedione (TZD) by activating peroxi-
some proliferator-activated receptors (PPARs), a group of nuclear receptors, with 
greatest specificity for peroxisome proliferator-activated receptor γ (PPARγ), this 
type of OHA generally decrease triglycerides and increase high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) that is suit 
for MS and type 2 DM with high lipids induced insulin resistance. As the previous 
reports show that EA had multiple mechanisms including stimulating insulin secre-
tion via EOPs. While combined both therapies TZD and EA may have a summation 
or synergism effect (Itoh et al. 1999).

In 2009, EA and Rosiglitazone were put together into normal Wistar and STZ-
neonatal induced noninsulin dependent DM. A marked hypoglycemic activity was 
observed in the normal Wistar rat TZD, TZD + EA and EA groups, with the response 
more significant in the TZD + EA group than in the TZD group. Among the STZ-
neonatal induced NIDDM rats, the hypoglycemic responses in the TZD + EA and 
EA groups were greater than in the TZD group. In both the normal and diabetic rats, 
plasma insulin levels was increased by EA or TZD + EA treatment, but not by TZD 
only (Pai et al. 2009).

Further in 2013, a randomized control clinical trial was report in the hypoglyce-
mic effect of TZD + EA compared with that of TZD only for T2DM patients. A total 
of 31 newly diagnostic T2DM patients, who fulfilled the study’s eligibility criteria, 
were recruited. The individuals were randomly assigned into two groups, the TZD 
group and the TZD + EA group. Changes in their plasma glucose, plasma FFA, and 
plasma insulin levels, together with their homeostasis model assessment (HOMA) 
indices, were statistically compared before and after treatment. Hypoglycemic 
activity (%) was also compared between these two groups. As the results showed 
that no significant difference was obtained in hypoglycemic activity between the 
TZD and TZD + EA group. The effectiveness of the combined therapy seems to 
derive from an improvement in insulin resistance and a significant lowering of the 
secreted plasma insulin rather than the effect of TZD alone on T2DM. The com-
bined treatment had no significant adverse effects. A lower plasma FFA concentra-
tion is likely to be the mechanism that causes this effect (Lin et al. 2013).

Although no significant difference in hypoglycemic activity between the patients 
in the TZD + EA group and the patients in the TZD group was identified, a trend 
towards a lowering of plasma glucose levels was found for the patients in both 
groups. These results are different from previous animal studies, which showed that 
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the plasma glucose lowering activity of TZD was increased by EA in both normal 
and T2DM rats (Pai et al. 2009). A number of conditions were different between the 
present study and the earlier animal studies, particularly in which the animal studies 
were carried out under general anesthesia, while the human subjects were fully 
conscious during the clinical trial. One possibility is that the plasma glucose lower-
ing effect in patients from the TZD + EA group may have been masked by environ-
mental factors, such as pain and stress during EA. Another possibility is that there 
may have been selection bias because a higher percentage of male patients were 
excluded because they were already being prescribed thiazolidinedione class drugs.

8.5.8  Interaction Between EA and Metformin

Metformin, marketed under the tradename Glucophage is the first-line medication 
for the treatment of T2DM. Metformin ameliorates hyperglycemia without promot-
ing weight gain, stimulating insulin secretion, or causing hypoglycemia. In addi-
tion, metformin has beneficial effects on circulating lipids linked to increased 
cardiovascular risk. The molecular mechanism of metformin is inhibition of the 
mitochondrial respiratory chain (complex I), activation of AMP-activated protein 
kinase (AMPK). The AMPK is an enzyme that plays an important role in insulin 
signaling, metabolism of glucose and fats, and the whole body energy balance, was 
required for metformin’s inhibitory effect on the production of glucose by liver cells 
for lowering plasma glucose (Zhou et al. 2001). The hypoglycemic mechanisms of 
EA including stimulating insulin secretion via EOP and intercellular insulin signal-
ing pathway for lowering plasma glucose. Therefore, a hypothesis was proposed 
that EA combined metformin would have better hyperglycemic effect than treating 
metformin alone because of combined the hypoglycemic mechanism activating 
AMPK and activating insulin signaling protein for lowering the plasma glucose.

In 2015, a report entitled “Electroacupuncture plus metformin lowers glucose 
levels and facilitates insulin sensitivity by activating mitogen-activated protein 
kinase (M APK) in steroid-induced insulin-resistant rats” The whole picture of this 
study was summarized in the Fig.  8.4. This study showed that EA-metformin 
resulted in a better greater insulin sensitivity, glucose-lowering effect, lower plasma 
FFA levels and higher levels of MAPK than metformin alone (p < 0.05) and con-
cluded that the glucose-lowering effect and increased insulin sensitivity associated 
with EA-metformin administration is governed, at least in part, by its ability to 
stimulate the activation of GLUT-4 via upregulation of MAPK expression.

8.5.9  Interaction Between EA and Sevoflurane

As we known that volatile anesthetics directly manipulate glucose homeostasis by 
affecting pancreatic insulin release and by inducing hyperglycemia (Desborough 
et al. 1998). Both sevoflurane and isoflurane anesthesia also impair glucose toler-
ance to the same degree are independent of agent and dosage up to 1.5 minimum 
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alveolar concentration (Tanaka et al. 2005). In the animal studies, EA stimulation 
can encourage insulin secretion and improving glucose tolerance and/or insulin sen-
sitivity (Chang et al. 1999, 2006). Therefore, there was certain interaction between 
EA and volatile anesthetics thus has been hypothesized that EA may against the 
disadvantages of volatile anesthetics in the impairment of glucose tolerance and 
insulin sensitivity.

In 2011, a small sample size RCT were reported entitled “Transcutaneous elec-
trical nerve stimulation on ST36 and SP6 acupoints prevents hyperglycemic 
response during anesthesia: a randomized controlled trial” The protocol and acu-
points are showed in Fig. 8.5. This study was designed a single-blind, randomized 
controlled clinical study of female patients, scheduled for elective hysterectomy. 
The 52 patients consented to enrolment and were assigned to receive either TENS 
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Fig. 8.4 Intracellular and extracellular insulin signaling factors in muscle cells. Diagram illustrat-
ing the intracellular GLUT-4 activation and translocation and extracellular (endocrine) mecha-
nisms of insulin signaling. FFAs impair insulin sensitivity by decreasing the levels of IRS-1 and 
GLUT-4. Accumulation of IRS-1 facilitates GLUT-4 vesicle exocytosis GLUT-4 translocation to 
cell surface. In addition, PPAR-γ plays the role of a GLUT-4 promoter in primary adipocytes, mak-
ing skeletal muscle cells more sensitive to insulin. Low-frequency EA causes muscle contraction 
and activates MAPK. Activation of MAPK leads to GLUT-4 expression. Key: plus signs indicate 
facilitation and minus signs indicate inhibition (Liao et al. 2015) (Reprint with permission from 
Acupunct Med)

8 Experimental Study of Electroacupuncture Therapy in Diabetes Mellitus



138

(n = 26) on bilateral ST36 and SP6 acupoints with continuous mode at a frequency 
of 15 Hz and the intensity of 10 mA synchronously for 30 min or non-stimulation 
(placebo group, n = 26) preoperatively. Hemodynamics, plasma glucose and plasma 
insulin were measured during general anesthesia.

As the results of this study showed, the plasma glucose, plasma insulin and 
HOMA index increased during induction of general anesthesia, surgical incision, 
and throughout the operation in the placebo group. Plasma glucose and plasma 
insulin levels as well as HOMA index were significantly lower in the TENS group 
as compared to the placebo group at different time points after discontinuation of 
TENS application treating on bilateral ST36 and SP6 acupoint. These results indi-
cate the positive effect of prevention of hyperglycemia and the increased sensitiv-
ity of plasma insulin in the TENS group that agreed the original hypothesis (Man 
et al. 2011).

 Conclusions
A serial animal studies had been studied in the EA regulating the plasma glucose 
in diabetic animal models or animal in insulin resistance state (Lin et al. 2014). 
Hypoglycemic activity of EA on the Zhongwan (CV12) and Zusanli acupoints 
(ST36) was obtained under anesthesia by the serial studies. EA stimulating cho-
linergic nerve via adrenal grand secreting EOPs for encourage insulin secretion 
from pancreas. Then, activating insulin signaling pathway or non-insulin depen-
dent by opioid receptor activation for lowering plasma glucose (Lee et al. 2011a). 
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Fig. 8.5 Study of interaction between EA and Sevoflurane; (a) HANS electro stimulator; (b) 
TENS stimulation on the Zusanli (ST36) and Sanyinjiao (SP6) acupoints before Sevoflurane anes-
thesia (c) study protocol (Man et al. 2011) (Reprint with permission from Eur J Anaesthesiol)
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Also, serotonin, NO and FFA might involve in the EA stimulation for improving 
hypoglycemic effect or insulin sensitivity and depended on different acupoints or 
different frequencies induced different pathway of mechanism (Lin et al. 2011). 
Furthermore, there was certain interaction between EA and drugs (OHA, ste-
roids, volatile anesthetics…etc.).

Although there were serial of animal studies and small samples size random-
ized control clinical trial (RCT) in human of combined therapy, (Lin et al. 2013; 
Man et al. 2011) large sample size and multiple centers of RCTs should be fur-
ther studied for the lowering plasma glucose or improving insulin sensitivity 
effect of EA stimulating on DM patients.
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9Experimental Models for Mechanistic 
Studies of Moxibustion

Jen-Hwey Chiu

Abstract
“Acupmoxa”, a word meaning “acupuncture” and “moxibustion”, combines 
ancient Chinese medical techniques that have maintained the well-being of 
Chinese people for many thousands years. The Western society is more familiar 
with acupuncture; moxibustion is less popular, most likely due to scant scientific 
data. Moxibustion reputably treats symptoms of “coldness” or “deficiency” and 
prevents various disorders.

Potential mechanisms underlying moxibustion include temperature- and 
non-temperature-related pathways. One type of moxibustion, local somato-
thermal stimulation (LSTS), is performed by using a heat source to and above 
the acupoint. Experimental models have used LSTS on skin acupoints PC6 
and LR 14 and measured the sphincter of Oddi’s pressure to determine Hsp 70 
expression in corresponding organs (heart and liver, respectively), to precon-
dition the animals and protect visceral organs against ischemia-reperfusion 
injury. LSTS is a remote preconditioning method that has potential clinical 
implications. Efficacy and safety data are needed from large-scale, double-
blind, randomized clinical trials to provide scientific data for Western 
researchers.

Keywords
Moxibustion · Thermal stimulation · Preconditioning · Heat shock proteins · 
LSTS

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-0971-7_9&domain=pdf
mailto:chiujh@ym.edu.tw


144

9.1  Clinical Relevance

“Acupmoxa”, a word meaning “acupuncture” and “moxibustion”, combines 
ancient Chinese medical techniques that have maintained the well-being of 
Chinese people for thousands of years (Cheng et al. 1987). Instead of acupunc-
ture, moxibustion is less known in western research, most likely due to lack of 
proved evidence.

Traditionally, moxibustion is applied with or without moxa-sticks, directly or 
indirectly onto acupoints of the human body (Lin 2009). Moxibustion reputably 
treats symptoms of “coldness” or “deficiency” and prevents various disorders. 
Moxibustion has proven efficacy in the treatment of cervical vertigo, dysmenor-
rhea, chemotherapy-induced leucopenia, vertigo, and various emergent condi-
tions (Wang et al. 2012; Xiaoxiang 2006; Yang et al. 2008; Zhao et al. 2007). A 
meta-analysis of clinical data has highlighted the inadequate evidence in sup-
port of the efficacy of moxibustion in many kinds of diseases or disorders, such 
as external cephalic version for breech position (Coyle et al. 2012), stoke (Lee 
et al. 2010b), and ulcerative colitis (Lee et al. 2010a), amongst others. Large 
scaled randomized controlled trials (RCTs) in humans are mandatory to 
assess the efficacy and safety of moxibustion. Moreover, sound experimental 
animal models are urgently needed to elucidate the mechanisms underlying 
moxibustion.

9.2  Experimental Models

9.2.1  Manipulation-Local Somatothermal Stimulation 
in the Experimental Setting

All the animal experiments performed in this article have been approved by a com-
mittee for experimental animals organized in National Yang-Ming University and 
all animals were cared for according to the “Principles of Laboratory Animal Care” 
(DHHS publication No. [NIH], revised 1996) regulations. The application of heat 
to skin area (acupoints) through the burning herbals on the surface of the body 
surface implicates many factors such as smoke, herbs, and fluctuations in tempera-
ture in the possible mechanisms underlying moxibustion, complicating the inter-
pretation of data with multisensory stimulations. Some researchers have overcome 
these difficulties by using temperature as the only stimulator (Chiu et al. 1998). In 
these experiments, LSTS was achieved via a heat generator above (at 0.5 cm) the 
acupoint without skin contact. Variations in skin temperature were achieved by 
4 min on and 5 min off (3 courses) of the heat generator. It takes 27 min to com-
plete one dose of LSTS. A 12-h interval is required to repeat ≥2 LSTS sessions. A 
temperature fluctuation above or below 42  °C was designed to avoid tolerance 
developing to heat-sensitive neural transmission. Beside, no skin burning or neural 
damage is observed.
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9.2.2  Anesthesia for Experimental Animals

This study used New Zealand White rabbits and cats of either sex weighing 2.5–
3.5 kg, or male Sprague-Dawley rats weighing 250–300 g, After fasting but with 
free access to water overnight, animals received adequate anesthesia. The depth of 
anesthesia was kept at steady status without affecting blood pressure, heart rate, or 
inducing a pain response to peritoneal traction. Respiration was controlled with a 
respirator through a tracheostomy tube.

9.2.3  Experimental Model for Measuring the Sphincter of Oddi 
Motility

Animals: Animals were placed in the supine position with a slow infusion of 5% 
dextrose in normal saline, and respiration was controlled with a respirator (model 
141, New England Medical Instruments Inc.) through a tracheostomy tube. The 
gallbladder (GB) and biliary trees were identified through an upper midline inci-
sion, and gallbladder pressure and sphincter of Oddi (SO) motility were measured 
as described previously (Slivka et al. 1994; Thune et al. 1990). In brief, after identi-
fication of the GB and biliary trees, the cystic duct was isolated and ligated, then 
cannulated with a catheter (OD = 1.57 mm) from the GB neck and secured with 
purse-string ties to prevent bile leakage from the cannulation site. After aspiration 
of the bile in the GB, 3 mL of normal saline was introduced and GB pressure mea-
sured. A tube (OD = 1.57 mm) was inserted upward into the proximal part of the 
common bile duct for bile drainage and a constantly perfused open-tipped catheter 
(OD = 1.57 mm) was placed into the distal part of the common bile duct. The distal 
tube was passed downward to where resistance was encountered and then with-
drawn 1 mm, where the SO pressure was measured. The abdomen was then closed 
in layers. The SO pressure was measured with an open-tipped catheter constantly 
perfused (0.3 mL/min) with physiologic warm saline (38  °C) and recorded on a 
multichannel polygraphic recorder. The bile output drained from the cannulated 
proximal common duct was collected with an autonomic sample collector and the 
amount recorded.

Parameter evaluation: Manometry tracings revealed a basal pressure superim-
posed by contraction (phasic contraction), inducing a maximum pressure. 
Occasionally, several peaks were summed together (i.e., summation peaks). Basal 
or tonic SO pressure was measured as the mean end-expiratory pressure during rest-
ing, while SO phasic contraction pressure was measured as the mean amplitude of 
the contractions above the tonic pressure as described previously (Thune et  al. 
1990). Notably, SO values of herbivorous animals, such as the possums and rabbits, 
differ considerably from those of carnivorous ones, such as humans and cats; SO 
responses to cholecystokinin 8 (CCK-8) are inhibitory in possums and rabbits, and 
excitatory in humans and cats (Chiu et al. 1998, 1999). Summation peak durations 
(expressed in seconds) were measured in rabbits, whereas in cats, the frequency 
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distribution of phase contractions was given by plotting the peak-to-peak intervals 
(PPI), also expressed in seconds. The manometric method was validated by an 
increase in SO pressure in rabbits and a decrease in SO pressure in cats, observed 
soon after injection of 100  ng/kg cholecystokinin octapeptide (CCK-8) (Sigma 
C2175).

Drugs: The mechanistic studies used the following pharmacological agents: 
phentolamine (P7547) 1.5 mg/kg, atropine sulfate (A0257), proglumide (P-4160) 
5  mg/kg/min, 30  μg/kg, propranolol (P0884) 2  mg/kg, and naloxone (N-7758) 
640 μg/kg.

9.2.4  Experimental Model for Evaluation of Heat Shock Protein 
70 (HSP70) Expression

Animals: After male Sprague-Dawley rats were adequately anesthetized, LSTS was 
applied at 0.5 cm above the PC 6 (Neiquan) acupoint left for three doses (Chiu et al. 
2003) or to the LR 14 (Qimen) acupoint right (Lin et al. 2001) for one dose, as 
mentioned above. The liver and the heart were obtained for Western blot analysis 
using antibody against Hsp70.

Parameter evaluation: Tissues were homogenized on ice in the presence of 
protease inhibitors, and the proteins were assayed according to Bradford’s method 
(Bradford 1976). Thirty micrograms of proteins was separated on a 7.5–10% 
SDS-polyacrylamide gel electrophoresis, transferred to a PVDF, blocked with 5% 
skim milk and then incubated with primary antibodies against Hsp70 (Hsp72). 
After washing and incubation with diluted biotin-conjugated secondary antibody, 
the proteins were detected using an enhanced chemiluminescence detection kit 
(ECL, Amersham Pharmacia Biotech., Inc., NJ, USA) and analyzed by autoradi-
ography. Anti-β-actin antibody was used as the internal control. The optical den-
sity values of the various bands was analyzed using a computer that was equipped 
with image analysis software (PhotoCapt, Vilber Lourmat, Marne LuVallee 
Cedex, France).

9.2.5  Experimental Model for Preconditioning Organs with LSTS

In anesthetized mice, LSTS was applied at 0.5 cm above left PC 6 (Neiquan) for 
three doses (Chiu et al. 2003) or acupoint right LR 14 (Qimen) (Lin et al. 2001) for 
one dose as mentioned above, to study the modulatory effect of LSTS precondition-
ing on hepatic Hsp70 expression. Mice were divided into two preconditioning 
groups: LSTS or control (no LSTS). The LSTS group received different doses of 
LSTS separated by 12-h intervals, applied on left PC 6 acupoint or right of the LR 
14 acupoint, followed by subsequent ischemia–reperfusion injury of the heart or the 
liver, as described in the following section.
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9.2.6  Experimental Model for Preconditioning Organs with LSTS 
Against Ischemia-Reperfusion (I/R) Injury

Ischemic–reperfusion (I/R) injury of the liver. The I/R injury rat model was per-
formed as described previously (Lin et al. 2001). In brief, male Sprague–Dawley 
rats were anesthetized and the liver was exposed through an upper midline incision. 
Two pieces of fine silk were looped along the right and left branches of the portal 
vein, hepatic artery, and bile duct. Ischemia of left/median lobes was maintained for 
60 min, followed by reperfusion of left/median lobes with immediate occlusion of 
the right lobe vasculature for another 60  min. One hour after completion of the 
reperfusion procedure, the initial ischemic–reperfused left/median lobes were 
resected for further analysis.

Ischemia/reperfusion (I/R) injury of the heart. I/R injury of the heart was per-
formed as described previously but with some modification (Lin et  al. 2001). In 
brief, after undergoing tracheotomy under adequate anesthesia, the animals were 
ventilated by a small rodent respirator and the fourth and fifth ribs were sectioned. 
The heart was then quickly externalized, inverted and a 6/0 silk ligature was placed 
around the left main coronary artery. The heart was repositioned in the chest and the 
animal was allowed to recover for 15 min. Those animals surviving after the end of 
I/R injury were euthanized early with an anesthetic overdose and the heart was har-
vested for further analysis.

9.2.6.1  Parameter Evaluation
Infarction size: After 180 min of reperfusion, the coronary artery was re-occluded 
and Evan’s blue (1%) was injected for 5 min into the aortic artery to mark the area at 
risk, which was excised and weighed. The occluded zone was expressed as the per-
centage of total ventricular weight. The excised ventricular tissue was sliced (1-mm) 
and incubated with tetrazolium dye (2,3,5-triphenyltetrazolium chloride 1% in nor-
mal saline) at 37 °C for 15 min in darkness, followed by immersion in a solution of 
4% formaldehyde overnight and the infarcted tissue zone (white) was measured.

Hemodynamic index: During the ischemia and reperfusion periods, vital signs 
such as HR, BP and ECG changes were recorded continuously using WAVE FORM 
data analysis software (MacLab data acquisition system, AD Instruments, Castle 
Hill, NSW, Australia). The number of and the incidence and duration of ventricular 
tachyarrhythmias, such as fibrillation (VF), ventricular tachycardia (VT) and ven-
tricular premature beats (VPB), were determined in the surviving animals.

Statistics: Data are presented as the mean ± S.E.M. All data were analyzed using 
GraphPad Prism V4.03 for Windows (GraphPad Software, San Diego California 
USA). Unpaired Student’s t tests or Mann-Whitney U tests were used to analyze the 
differences between two groups; concentration-dependent and time effects were 
analyzed using repeated measures one-way analysis of variance (ANOVA) followed 
by Dunnett’s test. The mortality rate was analyzed using Fisher’s exact test. A p 
value less than 0.05 was considered to be statistically significant.
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9.3  Results

9.3.1  LSTS on Acupoints Relaxes Oddi’s Sphincter Through 
Neural Release of Nitric Oxide

When LSTS was applied onto and at 0.5 cm above acupoint GB 24, manometry of 
sphincter of Oddi (SO) revealed decreases in the tonic pressure and phasic contrac-
tion pressure. LSTS-induced relaxation of SO was not blocked by pre-treatment 
with atropine, phetolamine, or propanolol, but could be blocked by L-NAME, then 
reversed by L-arginine not by D-arginine, suggesting that LSTS relaxes SO pressure 
via activation of the neural L-arginine/NO pathway. These LSTS-induced effects 
upon SO relaxation were not only observed in carnivorous animals (cat), but also in 
a herbivorous species (rabbit) and in humans (Chiu et al. 1998). Other research has 
demonstrated that LSTS on certain acupoints (BL 36, BL 40) relaxes the hypertonic 
anal sphincter in humans (Jiang et al. 1999), possibly via nitrergic neural release of 
nitric oxide (Jiang et al. 2000). Responses with both the SO and anal sphincters 
were temperature-specific (42  °C) and acupoint-specific, and involved the nitric 
oxide neurotransmitter.

9.3.2  LSTS on Peripheral Acupoints Induces Hsp70 Expression

To test the hypothesis that application of LSTS to the peripheral acupoint without 
contacting the skin surface induces Hsp70 expression in the corresponding visceral 
organ, LSTS was applied onto and above the LR14 or PC 6 acupointsand HspP70 
gene expressions in the liver and the heart were analyzed by Western blot and 
RT-PCR, respectively. Acupoints PC 6 and LR 14 are well-known in TCM for treat-
ment of heart and hepatobiliary disease, respectively. The study findings demon-
strated that LSTS at LR 14 induced Hsp70 expression in the liver, but not in the 
heart. In contrast, LSTS at PC 6 induced de novo Hsp70 expression in the heart, but 
not in the liver. These findings suggest that LSTS-induced visceral Hsp70 expres-
sion is meridian-specific (Chiu et al. 2003; Lin et al. 2001).

9.3.3  LSTS Preconditioning Protects the Organs Against 
Ischemia-Reperfusion Injury

When animals were preconditioned with three doses of LSTS on left PC 6 and the 
hearts were severed with I/R injury, significant decreases in the duration of 
arrhythmia and mortality rates were observed. Besides, an improvement in mito-
chondrial respiratory function compared with values seen in animals without prior 
LSTS preconditioning. Moreover, when animals were preconditioned with one 
dose of LSTS on right LR 14, followed by I/R injury of the liver, there were sig-
nificant decreases in liver enzymes (ALT/AST) and MDA formation compared 
with those not treated with LSTS or with three doses of LSTS (Chiu et al. 2003; 
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Lin et al. 2001). These results suggest that LSTS preconditioning on peripheral 
acupoints in certain meridians protects animals against subsequent I/R injury of 
corresponding organs.

 Conclusions

Moxibustion is an ancient Chinese medical technique. Temperature effects 
evoked by LSTS might partly explain how moxibustion works. Compared with 
whole-body hyperthermia or brief ischemia preconditioning, LSTS (an alterna-
tive to moxibustion without causing skin damage) is a preconditioning easy 
method that could apply for the prevention or treatment of I/R injury.
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10Acupuncture Elicits Neuroprotective 
Effect by Ameliorating Cognitive Deficits

Hsin-Ping Liu and Jaung-Geng Lin

Abstract
Dementia is a global epidemic, with the number of people with dementia steadily 
increasing worldwide each year. New therapeutic strategies are needed to treat 
cognitive impairment, to mitigate the growing demands this syndrome is placing 
on health and long-term care providers as the world’s population ages. Increasing 
scientific evidence indicates that acupuncture may be a clinically effective inter-
vention for people with cognitive impairment. In this study, we describe how 
acupuncture shows significant neuroprotective activity in the hippocampus of 
rodent models with impaired learning and memory ability. The evidence suggests 
that acupuncture may improve cognitive function in neurodegenerative diseases.

Keywords
Acupuncture · Cognitive impairment · Animal models · Neuroprotective effects

10.1  Chinese Medicine and Acupuncture

Chinese medicine has been practiced for thousands of years in ancient Chinese. The 
practice of acupuncture in clinic is growing in the worldwide. More than 64 symp-
toms have been endorsed by the World Health Organization (WHO) that can be 
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relief or beneficial effects from acupuncture treatment (WHO 2008). There are two 
major therapeutic strategies in traditional Chinese medicine (TCM); one is herbal 
medicine and the other is acupuncture and moxibustion. The therapeutic principles 
of TCM consist of the yin and yang theory, visceral manifestation theory, and the 
anatomical acupoints or meridians, which regulate bodily equilibrium (White and 
Ernst 2004). During acupuncture manipulation, practitioners stimulate trigger 
points (acupoints) by inserting fine needles into the skin, to regulate the circulation 
of qi and blood through meridians. The curative principles of qi and blood are char-
acterized as central ideas in TCM. Qi is considered to be the body’s energy that 
maintains vital essence and enhances blood circulation to remove wastes and 
increase nutritional supply, thereby promoting health. Acupuncture has been per-
formed for many centuries as a nonpharmacological therapy. Advantages offered by 
acupuncture over pharmacological therapies include fewer adverse reactions and an 
obvious therapeutic effect, especially in some conditions including pain, neurode-
generative diseases, sleep disturbance, and cardiovascular disease, amongst others 
(Gamer 2012; Ho et al. 2014; Li et al. 2012b; Zhao 2013). Increasingly, patients are 
considering TCM in conjunction with Western medicine to reduce medication bur-
den and relieve symptoms or treat disease.

While acupuncture has beneficial effects in the treatment of disease, various fac-
tors potentially influence therapeutic efficacy, including selection of acupoints, and 
parameters of needle manipulation, such as depth, frequency, and intensity (Goh 
et al. 2014; Lin and Chen 2008). Various techniques and animal models with homol-
ogous diseases are used to explore the underlying mechanisms of acupuncture. At 
the cellular level, Li et al. found that 1 Hz mechanical movement of needle inserted 
at the Zusanli (ST36) acupoint can elicit cytosolic Ca2+ oscillation and elevate 
β-endorphin levels in mouse hindlimb muscle fibers (Li et al. 2011). Other studies 
have shown that acupuncture treatment can change the expression of neurotransmit-
ters, growth factors and neurotrophic factors (Li et al. 2015b; Wang et al. 2002), 
suggesting that acupuncture stimulation at specific acupoints may trigger Ca2+ sig-
nal propagation through meridian tracks to activate different signaling pathways 
and regulate physiological functions, such as gene expression, reproduction, endo-
crine homeostasis, and neural transmission. Functional magnetic resonance imag-
ing (fMRI) studies demonstrate that acupuncture at Hegu (LI4) and Zusanli (ST36) 
mediates limbic system activity. Changes in activity have also been observed in 
sensorimotor cortices, thalamus and paralimbic regions when acupuncture is per-
formed at the Taichong (LV3), Xingjian (LV2), and Neiting (ST44) acupoints, sug-
gesting that the physiological effects of acupuncture action are exerted through the 
central nervous system (CNS) (Fang et al. 2009).

10.2  Cognitive Impairment

Aging is an irreversible and complex process that may involve many factors (genet-
ics, environmental factors, life experience, and nutrition). As they age, people gen-
erally exhibit a progressive decline in cognitive behavior. In the brain, the aging 
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process is at least partly correlated with higher oxidative stress, chronic inflamma-
tion or brain injury, and is usually accompanied by synaptic destruction and neuro-
nal loss. Excessive synaptic destruction and selective regional neuronal loss are 
often correlated with cognitive dysfunction and memory loss, are common features 
that are observed in some types of neurodegenerative disorders, including 
Alzheimer’s disease (AD), vascular dementia (VD), and Parkinson’s disease (PD) 
(De Marco et al. 2014; Emre et al. 2014; Iadecola 2013). Compared with the normal 
aging process, patients with AD or VD after ischemic injury exhibit more severe 
behavioral impairment. Medical interventions including cholinesterase inhibitors, 
such as donepezil, rivastigmine and galantamine, can temporarily increase acetyl-
choline (Ach) concentrations at cholinergic synapses and significantly slow AD 
progression (Tan et al. 2014). However, up to now, no curative therapy exists for this 
disease, so both pharmacological and nonpharmacological forms of treatment are 
used in attempts to alleviate the problems accompanying the aging process or 
dementia. In older people, adverse drug events may outweigh the benefits of pre-
scription drugs, so complementary and non-drug therapies that have fewer side 
effects, such as exercise, restriction of food uptake (also named caloric restriction), 
and social activities, have been seen as beneficial for delaying brain aging and 
potentially lowering the incidence of AD and age-related brain diseases (Horr et al. 
2015; Lautenschlager et al. 2014). As increasing evidence identifies the efficiency 
and mechanisms underlying TCM therapy, acupuncture is being recognized as a 
powerful therapeutic technique that provides symptom relief without adverse 
effects.

10.3  Acupuncture Therapy for Treatment of Cognitive 
Impairment in the Clinic

Acupuncture treatments produce their therapeutic efficacies in neurological dis-
eases through the CNS. Recently, fMRI has explored the central therapeutic mecha-
nisms underlying acupuncture stimulation of the human brain. This noninvasive 
technique exhibits brain activity in vivo and provides interactive connection signals 
between different brain areas, to immediately measure the effects of acupuncture. 
The hippocampus is an important area with memory encoding and retrieval, and is 
also a highly sensitive region relating to the process of cognitive decline. In AD 
patients, fMRI scanning has observed hippocampal atrophy and lower glucose 
metabolism, even in the early stages of the disease (Allen et al. 2007). Some fMRI 
reports involving AD patients and age-matched healthy controls have shown that 
acupuncture stimulation at the Taichong (LR3) and Hegu (LI4) acupoints enhances 
hippocampal connectivity with the frontal and lateral temporal regions and increases 
impaired brain areas showing default mode network (DMN) activity (Liang et al. 
2014; Wang et al. 2014b). Similar results have also been observed in patients with 
mild cognitive impairment (MCI) (Feng et al. 2012; Wang et al. 2012). Following 
acupuncture treatment, healthy human individuals appear to have a better working 
memory and less anxiety, as assessed by testing on the Automated Operation Span 
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Task (AOSPAN) and State-Trait Anxiety Inventory (STAI) (Bussell 2013). In addi-
tion, elderly patients with dementia given acupuncture treatment had significant 
improvements in sleep quality (Kwok et al. 2013). A recent review of clinical trial 
evidence demonstrates that acupuncture has therapeutic effects in neurodegenera-
tive diseases (Hsieh 2012).

Patients suffering from stroke are at higher risk of vascular dementia (VD), and 
their quality of life correlates with the level of cognitive decline. Compared with 
healthy controls, patients with VD are subjected to high oxidative stress and have 
increased urinary 8-hydroxydeoxyguanosine (8-OHdG) levels, a potential marker 
of DNA oxidative stress due to free radical attack (Shi et al. 2012b). Acupuncture 
intervention can relieve VD-related symptoms, lowering 8-OHdG levels and 
increasing the Mini Mental State Examination (MMSE) score (Shi et al. 2012a), 
indicating that acupuncture stimulation increases antioxidative activity and improves 
cognitive function, resulting in better daily living abilities. Accumulating evidence 
supports the contention that acupuncture treatment increases activities in several 
brain regions which are closely related to memory and cognition. Thus, acupuncture 
treatment may become an alternative therapeutic medicine for patients with demen-
tia and cognitive impairment.

10.4  Acupuncture Effects on Animal Models with Cognitive 
Impairment

10.4.1  Experimental Designs

Animal experiments must be conducted in accordance with the Guide for the Care 
and Use of Laboratory Animals and be approved by the Institutional Animal Care 
and Use Committee. Researchers can choose from various acupoints located on the 
specific track of each meridian. Needle stimulation is made by either manual twist-
ing (manual acupuncture, MA) or electrical stimulation (electroacupuncture, EA). 
For clinical practice and to study mechanisms in animals, EA by electrical appara-
tus could have good repeatability and stable therapeutic efficacy because the inten-
sity of acupuncture stimulation can be determined by the frequency setting and a 
pulsed current. Control intervention groups consist of needle insertion into acu-
points located in different meridians or non-acupoints, such as at the tail and on the 
bilaterial hypochondrium.

The cognitive abilities of learning and memory can be assessed by performance 
on the passive avoidance test (PAT) and maze test. The PAT analyzes non-spatial 
ability of learning and memory. The apparatus composes of two adjoining compart-
ments, one illuminated and one darkened, separated by a guillotine door. The test 
begins by placing a mouse in the light space, and the latency period for entering the 
dark one is recorded. When the animal enters the dark compartment, the guillotine 
door closes immediately and mouse’s foot receives a slight electric shock. After 
training, mice are tested for their retention of the passive avoidance response. 
Typical studies into learning and memory behavior involve training rodents are put 
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into the Morris water maze (MWM) or radial arm maze to evaluate spatial cognitive 
ability with or without EA application. The maze test is a particularly useful tool for 
assessment of spatial discrimination and learning and memory ability in rodents. 
For the radial arm maze test, food pellets are placed in the same region each time. A 
rat is placed alone in the center of the maze and the experiment ended when all food 
is empty or 5 min has elapsed. The numbers of times the animals visit the baited and 
unbaited arms evaluate memory formation. The MWM is another way of analyzing 
spatial learning and memory. In the hidden platform trial, escape latency, swimming 
distances and swimming speed are collected for analysis. For the probe test, animals 
are allowed to swim freely in the platform-free pool and the percentage of time 
spent on the target quadrant is recorded.

To investigate whether acupuncture can improve cognitive function and associ-
ated mechanisms, such as biochemical activity or mRNA and protein expression, 
tools such as Western blot, enzyme activities, immunohistochemistry and reverse 
transcription-polymerase chain reaction (RT-PCR) analysis can assess activity 
changes of molecules, for example, choline acetyltransferase (ChAT), acetylcholin-
esterase (AchE), and cAMP responsive element binding protein (CREB). Brain 
activity can be measured by the micro-positron emission tomography (micro-PET) 
scan, a functional brain imaging technique that monitors blood glucose uptake by 
certain brain areas in vivo using the isotope-labeled 18F-fluorodeoxyglucose (18F-
FDG) tracer. These data reflect whether acupuncture stimulation enhances glucose 
metabolic activity and which brain areas mediate the effects of acupuncture.

10.4.2  Acupuncture and Animal Models

To study how to improve learning and memory, several animal models of cognitive 
impairments have been established. Some of these models focus on the potent neu-
rotoxicant effects that damage vulnerable neuronal populations, increase the risk of 
neurodegeneration and cause further behavior deficits. Anatomical and behavioral 
findings have shown that these models are attractive for degenerative diseases such 
as AD, which is the most common cause of dementia. The effects of acupuncture on 
cognitive impairment in animal studies are summarized in Table 10.1.

10.4.2.1  Chronic Corticosterone (CORT)-Induced Cognitive Deficits
Chronic stress, characterized by sustained release of hormones from the adrenal 
gland, exerts wide ranging effects in areas of the brain and can influence immune 
function and psychological performance such as anxiety, depression and cognitive 
tasks (Luine 2015). Epidemiological findings indicate that stressed people at higher 
risk of developing MCI, or even AD, compared with non-stressed individuals (Elgh 
et al. 2006). A chronic stress model in rats involves repeated administration of exog-
enous CORT. Elevated levels of CORT cause hyperactivity and dysregulation of the 
hypothalamic-pituitary-adrenal (HPA) axis, and disturbance of the glucocorticoid 
receptor (GR)-negative feedback circuit, causing brain damage and dysfunction. 
Hippocampal neurons are highly expressed GR, so prolonged or excessive exposure 
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to exogenous CORT results in neuronal damages and impairs hippocampus-depen-
dent cognitive abilities (Jameison and Dinan 2001; McEwen 2008; Wuppen et al. 
2010; Zhu et al. 2006). Moreover, the number of proliferating and surviving new 
neurons in the dentate gyrus (DG) also decreases under high CORT stimulation 
(Brummelte and Galea 2010).

Acupuncture treatment at the bilateral Sinmun (HT7) acupoints significantly 
alleviated cognitive impairment induced by elevated levels of CORT in rats; acu-
puncture stimulation prior to CORT administration modulated CORT-induced 
decreases in cholinergic immunoreactivity and increased brain-derived neurotrophic 
factor (BDNF) and CREB mRNA expression (Lee et al. 2012). Notably, manipulat-
ing acupuncture at the Sinmun (HT7) acupoint alone can exhibit such significant 
responses, compared with at the sham acupoint, Waiguan (TE5), or nonacupoint at 
the tail. Acupuncture also has benefits in chronic CORT-induced mental illness, 
such as anxiety or depression. Acupuncture at the bilateral Neiguan (PC6) acupoints 
before CORT injection significantly relieved depression-like behavior and restored 
neuropeptide Y (NPY) expression in the hypothalamus (Lee et al. 2009). Although 
the biological mechanisms of acupuncture are not yet clear, a recent study suggested 
that acupuncture can promote GR expression in the hippocampus and hypothalamus 
and thereby reduces excessive activation of the HPA axis from stressful stimuli 
(Wang et al. 2014a). These results indicate that increased GR protein induces nega-
tive feedback inhibition to lower glucocorticoid secretion from the adrenal cortex. 
Thus, acupuncture has the potential to benefit mental disorders and stress-related 
memory impairment.

10.4.2.2  Trimethyltin (TMT)-Induced Cognitive Deficits
The organotin compound TMT has potent neurotoxicant effects. As a byproduct 
of plastic and heat stabilizers and pesticides, exposure to TMT results in abnor-
mal neuropathological features, with profound impacts upon human health (Rey 
et al. 1984; Tang et al. 2010). TMT intoxication leads to selective neuronal loss 
in the limbic system and, in particular, in the hippocampus, as well as behavior 
alterations, including hyperactivity, aggression, seizure and impaired spatial 
memory performance (Geloso et al. 2011; Kreyberg et al. 1992). The mecha-
nisms involved in TMT-induced neurodegeneration are not yet clarified. They 
probably correlate with mitochondrial dysfunction, calcium-induced cytotoxic 
response, and inflammation (Lattanzi et al. 2013). Rats injected with TMT show 
decreases in cholinergic neurons and dopamine receptors and transporters in the 
hippocampus (Mignini et al. 2012; Park et al. 2012), and inhibition of GSK-3 
signaling by lithium-protected neurons against TMT-induced neurotoxicity 
(Kim et al. 2013). TMT-induced brain injury and impaired memory is therefore 
regarded as a useful tool for the study of neurodegenerative diseases, such as 
AD. However, scant evidence exists as to chemical entities, with no details on 
acupuncture treatment, as having neuroprotective effects on TMT-induced 
learning and memory deficits in the rat (Jung et al. 2013; Park et al. 2011; Shim 
et al. 2012).
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10.4.2.3  Scopolamine (SCO)-Induced Cognitive Deficits
Lower Ach transmission has often been associated with AD. SCO is a tropane alka-
loid compound that inhibits binding to muscarinic acetylcholine receptors 
(mAchRs). Repeated injection of SCO interferes with cholinergic synapses, causing 
neuronal injury and evoking cognitive dysfunction in the hippocampus (Burke 
1986; Elvander et al. 2004).

Acupuncture stimulation at the Baihui (GV20) acupoint suppresses learning and 
memory deficits in rats with chronic SCO administration, as assessed by behavioral 
assessments such as PAT and MWM analysis. Acupuncture treatment also signifi-
cantly restored memory-associated loss in cholinergic neurons by ChAT immuno-
histochemistry and increased BDNF and CREB expression in the hippocampus. 
These results demonstrate that performing acupuncture at the Baihui (GV20) acu-
points prior to SCO administration exhibits significantly neuroprotective effects 
against SCO-induced neuronal toxicity and impaired cognitive dysfunction (Lee 
et al. 2014).

10.4.3  Cognitive Deficits in the Senescence-Accelerated Mouse

The senescence accelerated mouse (SAM) was originally established through pheno-
typic selection of the AKR/J strain from Professor Takeda of Kyoto University, and 
is often considered as an appropriate mouse model for studying the mechanism of 
aging (Takeda et al. 1981). Senescence-prone (SAMP) mice are mainly character-
ized by an earlier onset of several physiological disorders and age-related increases 
in the degree of senescence, including loss of hair and reactivity, shortened lifespan, 
increased incidence of cataract, emotional dysfunctions, and impaired learning and 
memory, compared with senescence-resistant (SAMR) mice. Age-dependent altera-
tions of signal transduction also play roles in brain activity and aging process. For 
example, phosphorylation at serine 473 of Akt, which is involved in cell survival and 
anti-apoptotic effect, was significant decreased after 6 months in the hippocampus of 
senescence-accelerated mouse SAMP10, while aged SAMP10 mice showed obvious 
learning and memory impairments in the MWM test (Nie et al. 2009). In another 
series of SAMP mice, the SAM-prone 8 (SAMP8) is an autogenic senile murine 
strain with β-amyloid accumulation, characterized by upregulation of amyloid pre-
cursor protein (APP) expression with age (Butterfield and Poon 2005). Increases in 
Aβ production and decreases in hippocampal gene expression of neurotropic factors 
such as glial cell line-derived neurotrophic factor (GDNF), neurotrophin-3 (NT-3), 
and nerve growth factor (NGF), suggest that the molecular basis of the pathological 
changes induces brain dysfunction and age-related deficits in learning and memory. 
These phenomena are closely related to AD during the aging process, therefore 
SAMP8 is often used as an AD model to study the mechanism of aging and 
Aβ-mediated dementia (Butterfield and Poon 2005; Flood and Morley 1998; Tomobe 
and Nomura 2009). SAMP8 and its relative age-matched senescence-resistant inbred 
strains 1 (SAMR1) can be used to investigate whether acupuncture intervention can 
improve age-related deterioration of learning and memory.
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Accumulating evidence suggests that acupuncture improves learning and mem-
ory of middle-aged SAMP8 mice. Li et al. showed that acupuncture improved cog-
nitive deficits according to the MWM test and reduced neuronal loss in the 
hippocampal CA3 and DG regions (Li et al. 2012a). In addition, acupuncture has 
been shown to stimulate cell proliferation in the DG, indicating that increasing neu-
rogenesis might improve cognitive ability (Cheng et  al. 2008). Patients with AD 
exhibit abnormal glucose metabolism in the brain, and the rate of glucose metabo-
lism may reflect brain activity and homeostasis (Cunnane et al. 2011). In SAMP8 
mice, learning and memory deterioration with aging might reflect lower triose phos-
phate isomerase (TPI) activity in the hippocampus, an enzyme participating in gly-
colysis process. Zhao et al. found that acupuncture can increase hippocampal TPI 
activity, slow cognitive impairment, and regulate the glycolysis process during 
aging (Zhao et al. 2013). Similar findings have been observed in another study: fol-
lowing EA, the glucose uptake rate was higher in the hippocampus as determined by 
micro-PET scan and EA treatment improved learning and memory abilities. 
Although only three acupoints, Baihui (GV20), Shuigou (DU26), and Yintang (EX-
NH3) were used in EA manipulation, the therapeutic effects of AD were investi-
gated (Jiang et  al. 2015). In aged SAMP10 mice, acupuncture reduces oxidative 
damage by increasing gene expression, including Hsp84 and Hsp86, and has shown 
positive effects on transcriptional controls and neuronal activity via Y-box-binding 
protein (YB-1) upregulation in the hippocampus (Ding et al. 2006; Fu et al. 2009; 
Ohashi et al. 2011). Moreover, moxibustion intervention significantly increases lev-
els of cerebral neurotransmitters including serotonin (5-HT), dopamine (DA), and 
norepinephrine (NE) in aged SAMP8 mice compared to non-treated mice. The 
strength of this effect depends on the doses of moxa smoke and exposure time (Xu 
et al. 2013). The SAMP mice study shows that both acupuncture and moxibustion 
produce beneficial effects on neuronal functions including increased cell survival, 
proliferation, functional activity and neurotransmission, which strongly suggests 
that acupuncture and moxibustion have potential effectiveness in the anti-aging pro-
cess and improve age-related cognitive abilities.

10.4.4  AD Animal Model

AD is an irreversible, progressive neurodegenerative disorder characterized by 
accumulation of β-amyloid peptides and neurofibrillary tangles in the brain area. 
Patients with AD exhibit dementia, problems with language, loss of communicating 
and ability to care for themselves. Symptoms worsen over time, ultimately leading 
to death. The cognitive deficits observed in AD patients are widely believed to result 
from progressive synaptic dysfunction and neuronal loss, which is probably initi-
ated by the soluble oligomeric form of β-amyloid peptides, in particular the Aβ1–42 
(Lista et al. 2014). Injection of β-amyloid peptides into the brain region can be used 
to establish rodent models with AD by to inducing severe neurological damage, as 
well as learning and memory impairments. However, this animal model did not 
exhibit neurofibrillary tangles.
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Pretreatment of EA and moxibustion at the Baihui (GV20) and Shenshu (BL23) 
acupoints reduce the cognitive damage induced by β-amyloid peptides intracerebral 
injection, suggesting that acupuncture and moxibustion have a neuroprotective 
action in the hippocampus (Zhou et  al. 2014). Similar results have also been 
observed in another study, in which moxibustion performed before Aβ injection 
alleviated the ultrastructural change of the hippocampus, and neurons had fewer 
apoptotic features (e.g., pyknosis, nuclear invagination, and karyorrhexis) than non-
treated AD rats (Du et al. 2013). The mechanism underlying this beneficial effect 
may involve the Wnt signaling pathway through regulation of axin and β-catenin 
expression (Zhou et al. 2014). The notch signaling pathway has also been demon-
strated to have a neuroprotective function after EA treatment at the Baihui (GV20) 
and Shenshu (BL23) acupoints in the Aβ-induced AD rat model. EA treatment 
decreases neuronal apoptosis and promotes presynaptic protein expression, such as 
synapsin-1 and synaptophysin in the hippocampus (Guo et al. 2015). According to 
the above evidence, stimulation of acupoints by EA and moxibustion may poten-
tially be an effective therapy in the prevention and treatment of AD.

10.4.5  Modeling VD in Rats

Patients with VD usually experience brain lesions due to ischemic, ischemic-
hypoxic, or hemorrhagic pathological changes. VD is the second cause of dementia 
after AD (Leys et al. 2005), but there are limited medical or surgical treatments. 
Recently, investigators have established several models to mimic this cerebrovascu-
lar disease. To induce ischemia in the rats, the internal carotid artery was perma-
nently clogged with micrometer-sized blood clot emboli to establish a cerebral 
multi-infarction model (Li et al. 2015a) or bilateral middle cerebral artery occlusion 
(MCAO) by double silk suture ligation (Zhu et al. 2012). These models generally 
exhibit different severe levels of structural and functional dysfunction, and are usu-
ally accompanied by cognitive deficits.

Studies have observed that acupuncture stimulation at the Zusanli (ST36) acu-
point for 2 weeks significantly improves cognitive deficits in VD rats as assessed by 
the MWM test and increases pyramidal neurons in the hippocampus CA1 region (Li 
et al. 2015a). The mechanisms underlying acupuncture treatment may involve inhi-
bition of phosphodiesterase (PDE) activity, which increases cAMP concentration, 
and activates ERK and the cAMP/PKA/CREB signaling pathway to restore impaired 
long-term potentiation (LTP) and improve hippocampus cognitive function (Li et al. 
2015b). In another study, acupuncture protected hippocampal CA1 neurons from 
apoptosis by decreasing proapoptotic Bax gene and increasing antiapoptotic gene 
Bcl-2 expression (Wang et al. 2009). EA at the Baihui (GV20) acupoint reversed the 
electrical signals of impaired hippocampal LTP, and this was mediated by changes 
of N-methyl-D-aspartate (NMDA) and transient receptor potential vanilloid sub-
type 1 (TRPV1) receptors in the MCAO rat model (Lin and Hsieh 2010). Acupuncture 
can also increase cerebral blood flow and antioxidative enzymatic activities to 
reduce damage from oxidative stress and hypoperfusion-induced VD (Wang et al. 
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2004; Zhang et al. 2014). Other acupoints, including the Baihui (GV20), Dazhui 
(GV14), and bilateral Shenshu (BL23), have been applied in EA treatment. Zhu 
et al. found that EA stimulation significantly increased the activity of the p70S6 
kinase/ribosomal protein S6 signaling pathway in the hippocampus, which corre-
lates with neuronal survival and synaptic plasticity, alleviating memory impairment 
in MCAO rats (Zhu et al. 2012). Acupuncture intervention also mediates activity of 
glycometabolic enzymes, such as hexokinase, pyruvate kinase, and glucose 6 phos-
phate dehydrogenase, to increase glucose utility for improvement of brain function 
(Zhao et al. 2011). The study evidence shows that acupuncture and EA treatment 
provide neuroprotective effects against oxidative damage and sustain cell survival 
and neuronal transmission, to further improve cognitive ability in VD rats.

10.4.6  Other Studies

The hippocampus is considered to be a region involved in learning and memory 
because of its electric signals, LTP and long-term depression (LTD), cellular cor-
relates of synaptic transmission to modulate long-term activity. He et al. found EA 
at acupoints Zusanli (ST36) and Sanyinjiao (SP6) significantly enhanced LTP in the 
rat hippocampus, indicating that EA has the potential to improve electrical activity 
and alleviate memory loss (He et al. 2012). The DG of the hippocampus continues 
to generate new neurons throughout adulthood. Adult neurogenesis appears to be a 
general phenomenon in a wide range of species, including humans, primates, and 
rodents (Knoth et al. 2010; Leuner et al. 2007; Snyder et al. 2009). Newly generated 
cells in the hippocampus mature into functional neurons in the adult mammalian 
brain and play a potential role in learning and memory, because they connect with 
the original neuronal circuits and evoke electrical activity (van Praag et al. 2002). 
During the manipulation of acupuncture, neurogenesis is mediated in the hippocam-
pus (Cheng et al. 2008).

 Conclusions
Brain aging is a complicated process and individuals are at higher risk of devel-
oping AD with age. Nowadays, impaired learning and memory constitute most 
problems for the elderly, and the total population with dementia worldwide con-
tinues to grow, creating a financial burden for society and healthcare. Acupuncture 
could be an alternative therapy for treating neurodegenerative diseases. In the 
clinic, acupuncture treatment could help humans to improve their cognitive abili-
ties, however, more evidence is needed to demonstrate the effectiveness of acu-
puncture in cognitive dysfunction and AD.  In contrast, most animal studies 
demonstrate beneficial effects of acupuncture on cognitive impairment. 
Acupuncture intervention potentially exerts significantly physiological functions 
by inhibiting cell apoptosis, increasing the neuroprotective capacity of hippo-
campal neurons against neurotoxicant damage, regulating gene expression of 
neurotropic factors and neurotransmitters, promoting adult neurogenesis, 
and enhancing glucose uptake rate, to ameliorate impaired cholinergic activity 
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during aging. The more promising and successful outcomes from preclinical 
studies of potential treatments for cognitive impairment could be explored in 
clinical trials. While aging is a risk factor for the development of neurodegenera-
tive diseases, such as AD, using appropriate animal models with memory impair-
ment and exploring the effects of acupuncture may help us to apply acupuncture 
as a potential therapeutic approach for prevention and treatment of cognitive 
impairment worldwide.
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11Acupuncture on Sleep Regulation

Fang-Chia Chang, Pei-Lu Yi, and Jaung-Geng Lin

Abstract
Acupuncture or electroacupuncture (EAc) exhibits various therapeutic functions, 
such as relieving pain, reducing inflammatory responses, and alleviating sleep 
disruptions. In this chapter, we discuss the neuronal mechanisms involving the 
electroacupuncture of bilateral Anmian (EX17) acupoints on sleep regulation. 
We found that administration of 20-min EAc before the beginning of the dark 
period increases sleep, including rapid eye movement (REM) sleep and non-
REM (NREM) sleep. Intraperitoneal injection of a muscarinic receptor antago-
nist scopolamine attenuates the EAc-induced enhancement of NREM sleep and 
REM sleep. This signal is relayed to the caudal nucleus tractus solitarius (NTS), 
since lesion of caudal NTS blocks EAc’s effect on sleep. We further determine 
the role of opioid receptors in the EAc’s effect. Our results indicate that low fre-
quency (10 Hz) EAc-induced enhancement of sleep is mediated by the μ-opioid 
receptor in the NTS, rather than the κ- and δ-opioid receptors, while the κ-opioid 
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receptor in the NTS mediates the high frequency (100 Hz) EAC-induced sleep 
enhancement. The underlying mechanisms of the NTS opioid receptors involved 
in sleep regulation by EAc are similar to those of EAc-induced analgesia in the 
spinal cord. This chapter reveals the underlying mechanism of EAc-induced 
sleep enhancement.

Keywords
Anmian acupoint (EX17) · Cholinergic receptor · Electroacupuncture · Nucleus 
tractus solitarius (NTS) · Opioid receptors · Vagus nerve

11.1  Introduction

Normal human sleep consists of two different states; non-rapid eye movement 
(NREM) sleep and rapid eye movement (REM) sleep, which alternate in a sleep 
episode. The features of these two states are well characterized by the parameters 
recorded during sleep by polysomnography (PSG), which monitors brain waves on 
the electroencephalogram (EEG), muscle tone on the electromyogram (EMG), eye 
movement on the electromyogram (EOG), cardiovascular function on the electro-
cardiogram (ECG), as well as breathing functions and blood oxygen levels. NREM 
sleep can be further categorized into three separate stages: stages 1–3, which are 
followed in order upwards and downwards as sleep cycles progress. Stage 1 is the 
transitional state between wake and sleep and occurs at the beginning of sleep. 
Theta waves become dominant in stage 1 of NREM sleep (Kryger et  al. 2005). 
EEGs recorded from stage 2 are characterized by sleep spindles, with relatively 
unsynchronized brain waves (frequency of 11–15 Hz) and “K-complexes”, single, 
long delta waves that last for only 1 s (Kryger et al. 2005). Stage 3 of NREM sleep 
is the deepest sleep, dominated by delta waves (Kryger et al. 2005). Brain waves 
during REM sleep are characterized by low-amplitude and high-frequency EEGs, 
including theta waves, alpha waves and beta waves, similar to the EEGs acquired 
from wakeful states (Kryger et al. 2005). Muscle tone is highest during the wakeful-
ness, gradually declines during NREM sleep, and is at its lowest level during REM 
sleep (Kryger et al. 2005). The most common sleep disorder is insomnia. The mani-
festations of insomnia include an increased latency to sleep, fail to maintain sleep 
during nighttime, or the feel of non-refreshment after awake. Primary insomnia is 
lack of a significantly causative factor, while secondary insomnia is mainly caused 
by patient’s health conditions, such as medications, neurological diseases or mental 
illness. For example, stress (Cano et  al. 2008), depression (Berk 2009), anxiety 
(Brenes et  al. 2009), or health conditions (e.g., pain, arthritis, and fibromyalgia) 
may cause secondary insomnia (Belt et al. 2009). There are three different types of 
insomnia: (1) The transient insomnia is normally caused by an acute stressor or a 
disruption of circadian rhythm, which lasts less than 1 week; (2) The short-term 
insomnia is related to a long-lasting ongoing stressor, which lasts for 1–4 weeks; (3) 
The chronic insomnia is usually associated with severely causative factors and lasts 
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for over 4 weeks. Epidemiology indicates that 10–20% of the adult population expe-
rience moderate to severe insomnia (Kryger et al. 2005). Especially, a higher per-
centage (40–70%) of healthy elderly people are suffered from any types of chronic 
sleep disturbances (Van Someren 2005). The estimated health bills spending in 
insomnia in the United States is about $30~$107.5 billion each year (Walsh and 
Engelhardt 1999; Stoller 1994). These expenses mostly spend in the medical 
treatments (e.g., physician encounters and drug prescriptions), the consumption 
of medical services, the increased accident risk, and lost workplace productivity. 
The most common sedatives and hypnotics used for insomnia treatment are benzo-
diazepines and non-benzodiazepines. However, the currently used sedatives and 
hypnotics have issues on the inappropriate use, the drug dependence and severe side 
effects. Therefore, seeking alternative treatments to reduce the economic costs and 
to reinforce the therapeutic effects have become an important topic in insomnia 
treatment.

The procedure of acupuncture, in which thin needles are inserted into acupoints 
to deliver therapeutic effects, has been documented to alleviate pain, reduce inflam-
mation, and treat insomnia. Acupuncture has a success rate of around 90% in the 
relief of insomnia (Cheng 1985, 1986a, b). Acupoints that are documented in ancient 
Chinese literature to relieve insomnia include Anmian (EX17), Shenmen (HT7), 
Sanyinjia (SP6), Zusanli (ST36), Neiguan (PC6), Dazhui (DU40), Taichong (LR3), 
Tainzhu (BL10), Baihui (DU20), Bishu (BL20) and Zhongwan (RN12) (Cheng 
1986a, b; Lu et al. 1993). Although the therapeutic effect on improving insomnia is 
significant clinically, the theory underling acupuncture remains controversial. The 
neural mechanisms of acupuncture have been hypothesized in several researches. 
The spinal gate theory (Melzack and Wall 1965) and activation of particular neuro-
nal circuits, such as the opioidergic and monoaminergic systems (Cheng and 
Pomeranz 1979), have been hypothesized to involve in the acupuncture function, 
particularly in analgesia. Acupuncture reduces proinflammatory cytokines in the 
hypothalamus and subsequently suppresses febrile responses (Son et  al. 2002). 
Furthermore, evidence has demonstrated that the acupuncture effects may be medi-
ated partially by the activation of the vagus nerve (Wang et  al. 2002), and it is 
known that both vagotomy (Noguchi and Hayashi 1996) and blockade of choliner-
gic activity (Uvnas-Moberg et  al. 1992) suppress acupuncture-induced effects. 
Ascending vagus nerve signals primarily project to the caudal nucleus tractus soli-
tarius (NTS) in the dorsomedial medulla oblongata (Cottle 1964) and then project 
to the parabrachial nucleus, where located near the junction between pons and mid-
brain, then to the thalamus, hypothalamus, preoptic area, bed nucleus of the stria 
terminalis, amygdala and frontal cortex, where commonly belonging to the visceral-
limbic forebrain (Norgren 1978; Saper and Loewy 1980). The limbic forebrain 
regions have been implicated in sleep regulation, rather than the predominant cir-
cuits of the NTS via the reticular formation. Low frequency electrical stimulation of 
the NTS produces the synchronizing slow-wave sleep (SWS) in the cortices (Magnes 
et al. 1961). In contrast, lesioning of the caudal NTS causes desynchronized EEGs 
in sleeping animals (Bonvallet and Allen 1963). The opioidergic neurotransmitters 
in the NTS seem to be involved in the somnogenic effect, since microinjection of 
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morphine into the NTS provokes SWS enhancement, which can be blocked by nal-
oxone (Reinoso-Barbero and de Andres 1995). Based upon the evidence detailed 
above, we will discuss the hypothesis that the opioidergic circuits in the NTS medi-
ate the effects of acupuncture on sleep regulation.

In order to induce the “de-qi” sensation, the acupuncture needle is inserted into 
the acupoint and receives different kinds of manipulations, such as spinning, flick-
ing, or moving up and down, constituting acupuncture doses. However, it is difficult 
to control for uniform acupuncture doses through manual manipulation. Therefore, 
we used electroacupuncture (EAc), which delivers the continuous electric currents 
through needles to the acupoints and obtains the therapeutic effect in a same acu-
puncture dose. Some of the most effective acupoints used for insomnia treatment 
and well documented in the traditional Chinese literatures include Shenmen (HT17), 
Sanyinjiao (SP6) and Anmian (EX17). “Anmian” in Chinese means “goodnight 
sleep”; therefore, the Anmian acupoint is the primary target for investigations into 
the efficacy and mechanistic neural circuits of acupuncture on sleep regulation.

11.2  Animal Model and Methodology

All the experimental protocols described in this chapter have been approved by the 
Institutional Animal Care and Use Committee (IACUC) of the National Taiwan 
University. We used male Sprague-Dawley rats to study acupuncture effects on the 
sleep-wake activity. In this model, rats are anesthetized and are given analgesic and 
antibiotic medication to relieve pain and reduce surgical infection. Two EEG elec-
trodes are placed over the frontal and parietal cortices in the right hemisphere and a 
reference electrode is placed over the cerebellum. Electromyogram (EMG) elec-
trodes are also implanted into the neck muscle. In order to determine the underlying 
neural mechanism, a microinjection guide cannula is implanted directly into the 
NTS. The coordinates for the placement of EEG screw electrodes and the microin-
jection guide cannula were adopted from the Paxinos and Watson rat atlas (Paxinos 
and Watson 1998). Insulated leads from EEG and EMG electrodes are routed to a 
Teflon pedestal, which is cemented to the skull with dental acrylic. Rats are allowed 
to recover and habituated to a 12:12 h cycle of a light:dark rhythm for a week before 
the experiments. A tether connects the pedestal and the amplifier, and signals from 
the EEG and EMG electrodes are fed into the amplifier. The output from the EEG 
signals is routed to an analog bandpass filtering signals between 0.1 and 40 Hz. Gross 
body movement is also detected by an infrared-based motion detector, and the signal 
is converted to a voltage output and digitized into 1-s bins. The digitized signals are 
stored as binary computer files for subsequent analyses. Rats are hosted separately in 
individual recording cages in an isolated room, and they are freely moving in their 
cage. Water and food are available ad libitum. Determination of the vigilance state is 
visualized and scored by custom software written in LabView for Windows. The 
animal’s vigilance states are categorized into NREM sleep, REM sleep and wakeful-
ness. In rats, NREM sleep is characterized by synchronized EEG slow waves, a 
dominant delta frequency band (0.5–4.0 Hz), reduced EMG activity and lack of loco-
motion before and during entry. During REM sleep, the EEG is desynchronized and 
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amplitude is reduced, the EEG power density is dominant in the theta frequency 
(6.0–9.0 Hz), EMG activity is minimal, and phasic body twitches could be observed. 
During wakeful periods, rats are active, with protracted body movements and a high 
muscle tone, with an EEG amplitude similar to that observed during REM sleep, but 
power density values in the delta frequency band are generally greater than those in 
theta frequency band. Detailed methodology covering the acquisition and analysis 
procedures are supplied in a previously published paper (Yi et al. 2016).

In this chapter, we will discuss the effects on sleep when acupuncture is delivered 
at the bilateral Anmian (EX17) acupoints. An EAc stimulus is delivered through the 
stainless needles inserted bilaterally into the Anmian acupoint, with a depth of 
2 mm. The electrical stimulation is a train of biphasic pulses with the parameters of 
10 (low frequency) or 100 Hz (high frequency), a pulse duration of 150 ms, and a 
stimulus intensity of 3 mA (Yi et al. 2004; Cheng et al. 2011, 2012). The Anmian 
acupoint is located at the midpoint between the Yifeng (TH17) and Fengchi (GB20) 
acupoints. Yifeng (TH17) is on the depression posterior to the ear lobe, between the 
mandible and mastoid processes. Fengchi (GB20) is on the depression between the 
upper portion of the musculus sternocleidomastoideus and musculus trapezius. The 
location of the Anmian in rats is at the relative anatomical location between the 
sternocleidomastoideus muscle and the splenius capitis muscle (Yi et  al. 2004; 
Cheng et al. 2011, 2012). The manipulation of 20-min of EAc is delivered when rats 
are lightly anesthetized with ether isoflurane or ketamine/xylazine, and rats are fully 
awake 20–25 min later. The EAc is given 20 min prior to the beginning of the dark 
period, and sleep activity is recorded from the onset of the dark period, lasting for 
24 h. The rationale for carrying out the experiment in the dark is that manipulation 
expected to enhance sleep would be easy to observe when the rat is active and sleep-
ing less during the dark period. In contrast, a minimal sleep increase will not be easy 
to observe when the manipulation is performed during the light period when sleep 
activity is at its highest level. This method is a general way to fast screen the effect 
of a particular manipulation on sleep activity. Since we expected to observe sleep 
enhancement after EAc on the Anmian acupoints, we chose to conduct EAc before 
the beginning of the dark period and analyzed sleep alterations during the dark 
period. All of the substances used for pharmacological blockade were administered 
directly into the NTS.

11.3  Current Results

11.3.1  Effects of Anesthetics on Sleep-Wake Activity

Since the EAc was manipulated when rats were anesthetized, we needed to deter-
mine whether the anesthesia affects sleep-wake activity. Our results demonstrated 
that aerial anesthetization by isoflurane exhibits no change in sleep-wake activity 
(Yi et al. 2004). Similarly, isoflurane failed to alter any parameter of sleep architec-
ture or slow wave activity during SWS, suggesting that aerial anesthetic does not 
contribute to the subsequent sleep-wake alteration induced by EAc (Yi et al. 2004). 
However, anesthetization of rats for 25 min with ketamine/xylazine before the onset 
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of the dark period decreased both NREM and REM sleep during the few hours of 
the dark period (Cheng et al. 2011). Ketamine is a cyclohexanone derivative, which 
is clinically used as a dissociative anesthetic and is a non-competitive N-methyl-D-
aspartate (NMDA) receptor antagonist to block cation channels (Anis et al. 1983). 
Administration of the NMDA receptor antagonists ketamine and MK-801 at sub-
anesthetic doses produces robust and dose-dependent increases in SWS δ-rhythm 
(Feinberg and Campbell 1993, 1995). MK-801 induces the enhancement of physi-
ological sleep by increasing the metabolic rate in the hippocampus and other limbic 
structures, which may cause the suppression of NREM and REM sleep after recov-
ery from the ketamine anesthetization due to homeostatic compensation (Campbell 
and Feinberg 1999). However, the effect of ketamine on sleep suppression after 
anesthetic recovery does not mask our observation, because EAc is expected to 
increase sleep rather than decrease sleep.

11.3.2  Sleep Alterations After 10 Hz EAc Stimuli on Bilateral 
Anmian Acupoints

A single 20-min 10 Hz EAc stimulation of the bilateral Anmian acupoints did not 
change the amount of NREM sleep and wakefulness during the dark period. 
However, REM sleep was increased after the single 20-min 10 Hz EAc stimulation 
(Yi et al. 2004). When EAc stimulation (for 20 min at 10 Hz) is performed on two 
consecutive days, NREM and REM sleep increase during the dark period (Yi et al. 
2004). In contrast, when rats receive sham EAc on non-acupoints, no effect is 
observed on sleep-wake activity, which underlines the specificity of EAc upon 
Anmian acupoints on sleep regulation (Yi et al. 2004). Our results also demonstrate 
that the slow wave activity during SWS was not altered after the 20-min 10 Hz EAc 
stimulation on two consecutive days (Yi et  al. 2004). These results suggest that 
10 Hz EAc enhances the quantity of sleep, rather than the quality of sleep.

11.3.3  Scopolamine Blocks 10 Hz EAc-Induced Sleep Alterations

Activation of vagus nerves mediates the therapeutic effects of acupuncture (Wang 
et al. 2002), while suppression of vagal activity ether by vagotomy or blockade of 
cholinergic receptors reduces the effect of acupuncture (Noguchi and Hayashi 1996; 
Uvnas-Moberg et al. 1992). The caudal NTS primarily receives afferents from the 
vagus nerves (Cottle 1964) and is involved in sleep-wake regulation (Bonvallet and 
Allen 1963; Magnes et al. 1961). Previous findings suggest that the NTS mediates 
the effects of acupuncture (Huang et al. 1991). Therefore, we hypothesized that the 
effect of 10 Hz EAc-induced sleep enhancement is relayed through the NTS. The 
NTS contains a high density of muscarinic cholinergic receptors (Hyde et al. 1988). 
Administration of carbachol directly into the NTS increases REM sleep (Danguir 
and Saint-Hilaire-Kafi 1988), while electrical stimulation of the NTS increases the 
amount of NREM sleep and the synchronization of the delta rhythm in EEGs 
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(Bronzino et al. 1976; Cottle 1964; Golanov and Reis 2001). We first determined 
whether a cholinergic receptor antagonist blocks the sleep enhancement induced by 
10 Hz EAc. Systemic administration of the muscarinic receptor antagonist scopol-
amine dose-dependently blocks the enhancement of NREM and REM sleep after 
10 Hz EAc stimuli (Yi et al. 2004), but does not alter SWA during NREM sleep (Yi 
et al. 2004). This result suggests the involvement of cholinergic receptors in EAc-
induced sleep enhancement. However, pharmacological evidence demonstrates that 
cholinergic function mediates cortical activation and wakefulness (Domino et al. 
1968; Jouvet 1984) and our data have shown enhancement of NREM sleep after 
intraperitoneal administration of scopolamine in normal rats without EAc (Yi et al. 
2004). The effects of scopolamine on sleep have opposite effects upon rats treated 
with and without EAc, which can be explained by the fact that the muscarinic recep-
tors involved in the action of EAc differ from those that mediate spontaneous sleep. 
Cholinergic neurons in the basal forebrain are well-known for their involvement in 
cortical activation and wakefulness (Lo Conte et  al. 1982; Stewart et  al. 1984), 
which explains the effect of systemic application of scopolamine on sleep enhance-
ment. Nevertheless, cholinergic neurons in the caudal NTS may mediate sleep and 
involve EAc-induced sleep alteration. Therefore, we hypothesized that cholinergic 
neurons in the caudal NTS mediate EAc-induced sleep enhancement.

11.3.4  Bilateral NTS Lesion Blocks 10 Hz EAc-Induced Sleep 
Enhancement

To test our hypothesis, we lesioned the caudal NTS by applying a 15-s electrical 
current at 3  mA through two bipolar electrodes placed bilaterally in the caudal 
NTS. Our findings demonstrate that bilateral electrical lesion of the caudal NTS 
blocks the enhancement in NREM and REM sleep induced by 10 Hz EAc, but does 
not alter any parameter of sleep-wake activity in normal rats that do not receive EAc 
during the dark period (Yi et al. 2004). Since the caudal NTS mediates sleep regula-
tion, it is reasonable to expect that NTS lesioning will not change sleep-wake activ-
ity during the active (dark) period when rats are mostly awake. Our results 
demonstrate that a lesion essentially confined to the caudal NTS markedly blocks 
the effects of EAc on sleep activity, suggesting the mechanistic involvement of the 
caudal NTS in EAc.

11.3.5  Effects of Opioid Antagonists on 10 Hz EAc-Induced Sleep 
Enhancement

EAc increases β-endorphin levels in the arcuate nucleus of the hypothalamus, which 
mediates the analgesic effects of EAc (Han 2003). There are two anatomically dis-
tinct β-endorphin pathways in the brain; the first originates from the arcuate nucleus 
of the hypothalamus, while the other lies in the caudal NTS (Bronstein et al. 1993). 
Therefore, it is reasonable to hypothesize that the effect of EAc upon sleep 
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regulation is also caused by the function of endogenous opioid peptides in the cau-
dal NTS. Previous publications have shown that microinjection of morphine into the 
NTS gives rise to a dose-dependent enhancement of NREM sleep, which is blocked 
by naloxone, demonstrating the involvement of endogenous opioids in sleep 
(Reinoso-Barbero and de Andres 1995). Some reports have documented that the 
endogenous opioid system in the NTS could be activated in response to vagal acti-
vation (Ni et al. 1989; Zou et al. 1993). Based on the evidence, the effects of EAc 
on sleep-wake regulation may be mediated by activation of caudal NTS neurons 
directly via muscarinic receptors or via cholinergic receptor-mediated increase of 
endogenous opioids in the caudal NTS. We therefore sought to clarify the involve-
ment of endogenous opioids in the EAc effect.

Our results show that administration of three different doses of the broad-spec-
trum opioid receptor antagonist naloxone into the caudal NTS dose-dependently 
suppresses 10 Hz EAc-induced sleep enhancement (Cheng et al. 2011). This result 
implicates the involvement of opioid receptors of the NTS in EAc-induced sleep 
enhancement. Three main opioid receptors, including μ-, δ-, and κ-opioid receptors, 
are involved in the underlying mechanisms of EAc-induced analgesia. The endog-
enous opioids include endomorphin, dynorphin, enkephalin and β-endorphin. 
Endomorphin is a relatively pure μ-opioid receptor agonist, dynorphin is a κ-opioid 
receptor agonist, and enkephalin and β-endorphin are mixed μ- and δ-opioid ago-
nists (Han 2004; Waldhoer et  al. 2004). Different opioids and receptor subtypes 
mediate different frequencies of EAc on analgesia (Han 2004). Low-frequency EAc 
increases enkephalin, but not dynorphin, to induce analgesia, while the effect of 
high-frequency EAc on analgesia is due to an increase in dynorphin levels (Fei et al. 
1987). In addition, it has been demonstrated that both μ- and δ-opioid receptors 
mediate low-frequency EAc-induced analgesia, and that the analgesic effect of 
high-frequency EAc is mediated by κ-opioid receptors (Han et al. 1986; Chen and 
Han 1992). Our investigations explored the involvement of opioid receptors in sleep 
regulation after 10 Hz EAc. We found that administration of the μ-opioid receptor 
antagonist, naloxonazine, also dose-dependently blocks EAc-induced NREM sleep 
enhancement, whereas neither naltrindole (δ-opioid antagonist) nor nor-binaltor-
phimine (κ-opioid antagonist) exhibit effects upon EAc-induced sleep alterations 
(Cheng et al. 2011). This observation is similar to that observed by Dr. Han and his 
colleagues, who have reported that the analgesic effect induced by low-frequency 
EAc is mediated by μ- and δ-opioid receptors, while analgesia induced by high-
frequency EAc is mediated by the κ-opioid receptor (Han et al. 1986; Chen and Han 
1992).

11.3.6  Change of β-Endorphin Levels After 10 Hz EAc

Our results demonstrate that β-endorphin levels in the brainstem and hippocampus 
increase after 10  Hz EAc stimulation, suggesting the involvement of NTS 
β-endorphins (Cheng et  al. 2011). Furthermore, the EAc-induced increase of 
β-endorphin is blocked by microinjection of scopolamine into the NTS (Cheng 
et  al. 2011), which suggests that the activation of the endogenous opioidergic 
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system by 10 Hz EAc is mediated by cholinergic receptors in the NTS. This result 
is consistent with the previous finding that the μ-opioid receptor mediates the effects 
of 10 Hz EAc upon sleep alteration.

11.3.7  Effects of Opioid Antagonists on 100 Hz EAc-Induced 
Sleep Enhancement

Application of 100 Hz EA stimulation to the bilateral Anmian acupoints augments 
NREM sleep, with an effect that is similar to that observed after 10 Hz EAc (Cheng 
et al. 2012). EAc-induced sleep enhancement does not differ between 10 and 100 Hz 
applications (Cheng et al. 2011, 2012). Naloxone dose-dependently blocks 100 Hz 
EAc-induced enhancement of NREM sleep when it is administered directly into the 
caudal NTS (Cheng et al. 2012). To determine the specific involvement of opioid 
receptors in 100 Hz EAc, three different antagonists for μ-, δ- and κ-opioid recep-
tors were administered directly into the caudal NTS. Our results demonstrate that 
norbinaltorphimine, a κ-opioid receptor antagonist, exhibited a similar dose-depen-
dent effect on blocking EAc-induced enhancement of NREM sleep as that of nalox-
one, while naloxonazine (a μ-opioid receptor antagonist) and naltrindole (a δ-opioid 
receptor antagonist) had no such effect (Cheng et al. 2012). This result suggests that 
the effect of 100 Hz EAc on NREM sleep enhancement is mediated by the κ-opioid 
receptors, rather than the μ- and δ-opioid receptors.

These findings elucidate that distinct opioid receptors in the NTS mediate the 
NREM sleep enhancement through different opioid receptors; NREM sleep 
enhancement induced by 10 Hz EAc is mediated by μ-opioid receptors, while the 
sleep increase caused by 100 Hz EAc is the consequence of κ-opioid receptors. The 
underlying mechanisms of the NTS opioid receptors involved in sleep regulation by 
EAc are similar to those of EAc-induced analgesia in the spinal cord as reported by 
Han and his colleagues (Han et al. 1986; Chen and Han 1992). A diagram elucidat-
ing one hypothetical mechanism by which different frequencies of EA at Anmian 
(EX17) alter sleep is depicted in the Fig. 11.1.

Frequencies of EA
at Anmian acupoints

Opioids released in NTS

Opioid receptors in NTS

Physiological effects

10 Hz 100 Hz

DYNβ-EN

m-receptors k-receptors

SWS enhancement

Fig. 11.1 EA 
electroacupuncture, NTS 
nucleus tractus solitarius, 
β-EN β-endorphin, DYN 
dynorphin, SWS slow-wave 
sleep
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11.4  Future Directions for Acupuncture Study

In our previous studies, we found that both 10 and 100  Hz EAc stimulation of 
Anmian acupoints before the beginning of the dark period increased NREM sleep 
during the dark (active) period in rats. Furthermore, we have found that EAc may 
activate the vagus nerve and relay the signals to the caudal NTS, as lesioning of the 
NTS blocks the effect induced by EAc. We also demonstrate that the opioid recep-
tors in the caudal NTS mediate the EAc-induced sleep alterations; the μ-opioid 
receptors are involved in the effects of 10 Hz EAc upon sleep, while the κ-opioid 
receptors mediate NREM sleep enhancement induced by 100 Hz EAc. All of these 
findings suggest that EAc low- or high-frequency stimulation on the bilateral 
Anmian (EX17) acupoints before the active period of the light:dark cycle increases 
sleep during the dark period in rats. Although we performed EAc before the active 
period and observed sleep alterations in the active period, this is the most efficient 
way to screen for the manipulation that is expected to exhibit a somnogenic effect, 
as according to the rationale that we mentioned earlier. Future research is needed to 
further confirm the effect of EAc upon the bilateral Anmian acupoints in an insom-
niac animal model. Our unpublished data and other researchers have established 
insomniac rat models by employing psychological stress, such as the cage exchange 
procedure (personal unpublished data; Cano et al. 2008). EAc will be given either 
before or after stress-induced insomnia.

Sleep can be easily disturbed by many medical and health conditions. For exam-
ple, it has been well documented that epilepsy and sleep reciprocally affect each 
other. Epilepsy is often accompanied by co-morbid sleep disruptions (Malow et al. 
1997; Stores et al. 1998). Notably, epilepsy-induced sleep disruptions further dete-
riorate and worsen seizure control (Bazil 2002). Furthermore, different stages of 
sleep influence epilepsy differently; REM sleep suppresses seizure activity, while 
NREM sleep facilitates epileptogenesis (Kumar and Raju 2001; Shouse et al. 2000). 
A therapy that possesses both epilepsy suppression and improvement of sleep dis-
turbance will become the most appropriate therapy for seizure control. Another 
example is Parkinson’s disease. The excessive somnolence in Parkinsonian rats 
induced by MG-132 and rotenone is mediated, respectively, by the pro-inflamma-
tory cytokines, tumor-necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) (Lu 
et al. 2010; Yi et al. 2007). The involvement of pro-inflammatory cytokines in the 
pathogenesis of epilepsy and Parkinson’s disease has been documented and dis-
cussed (Huang et al. 2016; Li et al. 2011; Nagatsu and Mogi 1998). Furthermore, 
acupuncture or electroacupuncture exhibits anti-inflammatory effects in the periph-
eral and central nervous systems (McDonald et al. 2013; Lan et al. 2013). Based on 
the evidence, acupuncture or EA seems to be an appropriate therapy to improve 
sleep disruptions induced by neurological disease. Our previous results also demon-
strate that the opioid receptors in the caudal NTS mediate effects on epileptogenesis 
and epilepsy-induced sleep alterations (Yi et al. 2013, 2013, 2015).

In this chapter, we have discussed the role of opioid receptors in the caudal NTS 
in mediating EAc-induced sleep alterations. Our results conclude that the enhance-
ment of NREM sleep induced by 10 Hz EAc is mediated by μ-opioid receptors, 
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while the increase in sleep caused by 100 Hz EAc is the consequence of κ-opioid 
receptors. The underlying mechanisms of the NTS opioid receptors involved in 
sleep regulation by EAc are similar to those of EAc-induced analgesia in the spinal 
cord as reported by Han and his colleagues (Han et al. 1986; Chen and Han 1992). 
Furthermore, acupuncture or EA not only improve sleep per se but are also associ-
ated with benefits in epileptogenesis and epilepsy-induced sleep alteration.
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Basic and clinical research on high-tech acupuncture has been performed at the 
Research Unit of Biomedical Engineering in Anesthesia and Intensive Care 
Medicine and the TCM Research Center at the Medical University of Graz in 
cooperation with partners in Asia since 1997. This book chapter focuses on the 
latest innovative aspects that underline the further enhancement and develop-
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12.1  Transcontinental High-Tech Acupuncture Network

High-tech acupuncture, that is the demystification of acupuncture by modern tech-
nical methods, is an important bridging in transcontinental research projects.

Basic research on high-tech acupuncture has been successfully performed in 
Graz since 1997 (http://litscher.info) using a broad spectrum of methods (Fig. 12.1). 
Main goal of this innovative project is to combine basic research on the topic of 
high-tech acupuncture with necessary further experimental and clinical pilot studies 
(age-related diseases including metabolic syndrome, chronic diseases, lifestyle-
related diseases etc.) in Asia and Europe for the first time.

Acupuncture has been used for medical treatment for thousands of years. A large 
number of empirical data is available but the technical quantification of effects was 
not possible up to now. Using needle, electro acupuncture or laser needle stimula-
tion and modern biomedical techniques, it was possible to quantify changes in bio-
logical activities caused by acupuncture (Litscher G. 2002, 2006a, b, c, d, e, 2007a, 
b, 2008, 2009, 2010a, b, c; Litscher G. and Schikora 2002; Litscher G. et al. 1999, 
2009; Zhang et al. 2008).

The patient is in Asia—the analysis for the efficacy of acupuncture is performed 
by experts in Europe (Graz). This “transcontinental teleacupuncture” is a way 
which promises and brought already new results in acupuncture research and was 
realized within one of our projects (Gao et al. 2012; Litscher G. 2010d, e; Wang and 
Litscher G. 2010). Firstly, this research has been performed on healthy volunteers in 
Graz, now within the last years the investigations are carried out over thousands of 
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kilometres: 24-h-electrocardiograms from patients are registered in China, and the 
data are transferred directly after the acupuncture treatment to an analysis computer 
at the Medical University of Graz. The acupuncturists in Asia are informed about 
the results immediately based on the analysis protocol. This innovation was intro-
duced in several meetings and high level publications (Shu et al. 2016). Apart from 
the China Academy of Chinese Medical Sciences in Beijing, there are important 
cooperations with the Beijing University of Chinese Medicine, the Capital Medical 
University in Beijing, the Heilongjiang University of Chinese Medicine in Harbin, 
the Hubei University of Chinese Medicine in Wuhan and the China Medical 
University in Taichung which is partly already reflected in many publications on the 
topic (see Fig. 12.2). Another important column is the completion of master theses, 
all of which are based on data acquired in Asia and Europe by the medical students. 
A special emphasis is also put on public relations, which is reflected by participa-
tion in important exhibitions and press reports.

The scientific output of the last 10 years of the acupuncture research at the TCM 
Research Center Graz at Medical University of Graz is shown in Fig. 12.3.

Within the last 10 years, altogether 186 first order outputs (publications in refer-
eed journals) have been published together with our colleagues in Asia. In addition, 
85 conference papers and proceedings have been published. Seventeen master the-
ses and dissertations from the Medical University of Graz were supervised in coop-
eration with partners in Asia. One important point was the use of partners’ research 
infrastructure and equipment: seven different types of equipment were used in 
China and Austria respectively. The project—the high-tech acupuncture network—
is interacting with several other teams in Austria, Europe, Asia and the USA.

Fig. 12.2 The network of high-tech acupuncture initiated by the TCM Research Center Graz

12 High-Tech Acupuncture Research: Laser Acupuncture
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12.2  Traditional Chinese Medicine (TCM) Research Center 
Graz

There are different applications of the laser in medicine. The invention of the laser 
celebrated its 55th anniversary in 2015, but there are still some areas especially in 
traditional medicine that require intensive innovative laser research. One of these 
research field is laser acupuncture.

TCM is booming and is effective: It has been practiced with great success for 
thousands of years, and interest to complement classical Western medicine has been 
increasing for many years. Graz has a central role in the study of TCM in the world. 
In 2007 the Research Center of TCM was established, and a global network of high-
tech acupuncture has been developed (see Fig. 12.2), which integrates the various 
national and international activities in research and teaching. The Medical University 
of Graz and the University Graz are the two Austrian universities doing research in 
the forefront.

The Research Unit of Biomedical Engineering in Anaesthesia and Intensive Care 
Medicine and the Research Unit of Complementary and Integrative Laser Medicine 
both at the Medical University of Graz have been dealing with acupuncture research 
for a long period. In this case, evidence-based, scientific work is the foundation. 
Consequently, all research is carried out on the basis of scientific methods (see also 
Fig. 12.1).

200 186 185

85

17 19
7

24

180

160

140

120

100

80

60

40

20

0

Scie
nt

ific
 P

ub
lic

at
ion

s

Con
f. 

Pap
er

s, 
Pr.,

Abs
tr.

Pre
se

nt
at

ion
s

The
sis

 &
 D

iss
er

ta
tio

ns

Res
ea

rc
h 

Pro
jec

ts

Awar
ds

App
oin

tm
en

ts

Acupuncture Research –
Medical University of Graz

Fig. 12.3 Scientific output of the acupuncture research at the TCM Research Center, Medical 
University of Graz (Head Prof. Gerhard Litscher)

G. Litscher



187

The interest of TCM in Europe has also grown in recent years. More than 70% of 
the Austrians want conventional Western medicine to be supplemented by comple-
mentary medicine. Similar data exist in Germany and Switzerland. The acceptance 
of TCM is very high, with an approval rate of 80%. However, not only the patients, 
even the doctors show a growing interest. For the city of Graz the establishment 
of the competence center will have long-term positive impacts: already existing 
cooperations with institutions that perform research in the field of TCM will be 
multiplied, and the know-how transfer between Austria and Asia will also be 
intensified.

12.3  Violet Laser Acupuncture

The first results concerning the ‘violet laser needle acupuncture’, were presented in 
2010 and 2011. Significant effects such as increases in blood flow in small vessels 
with the violet wavelength of 405 nm (Fig. 12.4) and a specially focused beam at the 
acupuncture point, despite low penetration depth were obtained.

Within joint research projects between Austria and Asia, first scientific results on 
this violet laser acupuncture method were published (Litscher G. et al. 2010; Wang 
et al. 2011). The violet laser is able to trigger a deqi feeling, which is usually typical 
only for needle acupuncture. This often manifests itself as a mild electric tingling.

For people in Asia, this deqi feeling is necessary for a successful treatment with 
acupuncture. With a red or infrared laser the stimulus is not immediately felt. This 
is different using the violet laser needle. Chinese adult volunteers reported a stimu-
lus, similar to a deqi feeling evoked by a metal needle. The acupoint Neiguan was 
stimulated and there was a significant decrease in heart rate associated with a pleas-
ant, stress-reducing feeling. This acupoint (Pericard 6) is located near the wrist 
crease should have a circulatory-regulating effect. This effect did not occur in a 
control study in which the violet laser was switched off. Further investigations, 
concerning the question whether this effect is also present in Europeans have to be 
performed.

Fig. 12.4 Example of a 
violet laser acupuncture 
‘needle’
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12.4  Yellow Laser Acupuncture

Many different kinds of lasers have been used in acupuncture and integrative medi-
cine within the last years. The first yellow laser for medical purposes was con-
structed in Germany in 2014 after several years of research and development. This 
system is available for example for non-invasive acupuncture treatment at the 
Medical University of Graz, where it is being used for evidence-based medical 
research at the Research Center for Traditional Chinese Medicine (Fig.  12.5) 
(Litscher D. et al. 2015a). Yellow laser represents a new option, e.g. in the field of 
laser acupuncture, in addition to the already existing red, near infrared, green and 
violet lasers. First evidence suggests that the yellow laser may be able to stimulate 
the mitochondrial respiratory chain at complex III (cytochrome) (Litscher D. et al. 
2015a).

Fig. 12.5 Yellow laser stimulation at the Medical University of Graz
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“Lifestyle-related diseases are a big problem in our society. For example stroke is one of the 
leading causes of death worldwide. But not only the elderly population is affected by this 
kind of diseases, also more and more young people are among the patients. A previous 
study from our research team had proven that the yellow laser could penetrate the skull, and 
therefore might be a promising new approach for the noninvasive stroke therapy. Also 
dementia is a big problem for our population. Mainly because of the movement in the age 
pyramid, experts assume that the incidence of dementia will show an enormous increase 
worldwide in the coming decades.” (Litscher D. et al. 2015a).

Another big problem, which is related to many of those lifestyle-related diseases, 
is hypertonic blood pressure (BP). In a study performed by our team (Litscher D. 
et al. 2015a), which was the first trial worldwide using yellow laser acupuncture, the 
effects of yellow laser on BP were investigated in volunteers. A significant decrease 
of the systolic BP was found. This might be an effect of the combination of all acu-
points used. Therefore one can assume that stimulation with yellow laser on the 
acupoints Baihui, Neiguan and Taichong (Fig.  12.6), applied one after another, 
could be useful in the treatment of hypertonic patients. We also compared the differ-
ence between female and male volunteers. In women the systolic BP decreased 
significantly, but not in men. This could appear because women might be more 
sensitive to the effects of yellow laser. Diastolic BP also decreased, but not signifi-
cantly (Litscher D. et al. 2015a).

One of the future aims of our research is to investigate whether simultaneous 
yellow laser stimulation of the acupoints mentioned above results in more pro-
nounced decreases in BP than the successive stimulation and to compare these find-
ings to those of the pilot study (Litscher D. et  al. 2015a). Other goals are to 
demonstrate possible effects of yellow laser, applied transcranially, on mean blood 
flow velocity in the middle cerebral artery. This is a very important topic in the field 
of laser therapy and might have promising positive effects in the treatment of life-
style-related diseases.

a b c

Fig. 12.6 Acupoints used in the first yellow laser acupuncture study. (a) Baihui, (b) Neiguan, (c) 
Taichong
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The yellow laser works with a wavelength of 589 nm and an output power of 
50 mW, and the fiber diameter is 500 μm. The one-channel Weberneedle yellow 
Endolaser system (Weber Medical, Lauenförde, Germany) is currently available at 
the Medical University of Graz. From the technical point of view, it is not easy to 
produce yellow laser light. Usually, a laser consists of an infrared laser diode and 
a so-called combo crystal. This pair of crystals produces the visible laser light. In 
this process, the combo crystal receives the necessary energy from the infrared 
diode. For a green laser, one crystal produces laser light of 1064 nm and the other 
one doubles the frequency, which means that the wavelength is divided in half, 
resulting in 532 nm, i.e. green light. For yellow laser light to be produced, 1340 nm 
is necessary. If these were simply frequency-doubled, the emitted laser light would 
be red, but if red and green light is mixed, the result is yellow light. It is, however, 
a disadvantage that at 1340  nm only very little light is emitted, so the infrared 
diode needs to have a large power. Moreover, special filters have to be used in order 
for the correct ratio of 1064 and 1340 nm to permeate. This makes the production 
expensive and complex, which is why yellow lasers are very expensive and accord-
ingly rare (Litscher D. et al. 2015a).

Baihui is located at electroencephalographic (EEG) electrode position Cz, on the 
continuation of the line connecting the lowest and highest points of the ear, on the 
median line of the head, and it is thought to be a very effective point, with a general 
sedative and harmonizing effect. The acupoint Baihui serves as acupuncture point, 
but is also used as transcranial stimulation area. It could be shown in a previous 
study (Litscher G. et al. 2015b) that the yellow laser is able to penetrate the human 
skull (Fig. 12.7).

Neiguan is located at the wrist, between the tendons of m. palmaris longus and 
m. flexor carpi radialis, 2 cun (1 cun = width of a person’s thumb at the knuckle) 

Fig. 12.7 Yellow laser (589 nm) can penetrate the human skull
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proximal to the transverse crease of the wrist, and it is a very important point in 
disorders of the upper abdomen and for heart disorders. Taichong is located on the 
dorsum of the foot, between the first and second metatarsal bones, 2 cun proximal 
to the margin of the web; it should be a very important point in the treatment of 
hypertension.

Laser in general and acupuncture and transcranial laser therapy in particular are 
exciting, future-oriented topics in the field of TCM and biomedical research. A large 
number of empirical data is available for needle acupuncture stimulation, but only 
few evidence-based data can be found for the different kinds of laser stimulation. 
Up to now, only one study concerning yellow laser acupuncture is published 
(Litscher D. et al. 2015a). Using optical stimulation and modern biomedical tech-
niques like blood pressure investigations, heart rate variability measurements and 
transcranial Doppler sonographic recordings, changes in different parameters can 
now be objectified under laser stimulation.

12.5  Teleacupuncture: Patient is in Asia, the Analysis 
in Europe

The so-called ‘transcontinental teleacupuncture’ is even more spectacular. First 
studies have been carried out successfully: 24-h registrations of the heart beat were 
recorded in patients in Asia with a system developed in Graz. Immediately after the 
treatment the heart beat data were sent from bedside computers in Beijing, Harbin 
and Wuhan over a distance of more than 7000  km for computer analysis at the 
Medical University of Graz (Gao et al. 2012, Litscher G. 2010d, e; Shi et al. 2013). 
Computer-based heart rate and heart rate variability measurements are important 
variables in this content.

Already the ancient medical expert Wang Shu-He (~220 BC.) stated: “If the 
heartbeat becomes as regular as the beating of the woodpecker or the dripping 
of rain on the roof the patient will be dead within four days.” A variable heart 
rate as a good sign of health is therefore already very well known. HRV repre-
sents percentage changes of consecutive ventricular complexes in the electro-
cardiogram, and is modulated by the blood-pressure control system, influences 
from the hypothalamus and especially by the vagal part of centres in the lower 
brain stem.

Figure 12.8 shows the improvement in health (sleep-wake cycle) of a 31-year-old 
female patient from Beijing over the course of more than 2 months. At the begin-
ning of treatment the sleep-wake cycle is not clearly marked. After ten acupuncture 
treatments the pattern has clearly changed. The therapeutic effect of acupuncture 
can be visualized not only subjectively, as described by the patient, but with com-
puter-based objective data (Litscher G. 2010d).

The innovative research on laser acupuncture (telecacupuncture) between Europe 
and Asia shows one thing clearly: Bridging the gap between Eastern and Western 
medicine has become reality thanks to modern technology.

12 High-Tech Acupuncture Research: Laser Acupuncture
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12.6  Innovative Research on Auricular Medicine

Auricular therapy has a long history. Ear acupoint research has been advancing 
step by step worldwide. Within our research center new developments and results 
from innovative research on auricular medicine have been published recently 
(Litscher D. and Litscher G. 2016; Litscher G. et al. 2011a, b; Niemtzow et al. 
2009; Rong et al. 2015; Round et al. 2013; Széles and Litscher G. 2004). The 
introduction of lasers into medicine brought besides the already existing stimula-
tion with needles, electricity, pressure and liquids an additional technique to 
auricular acupuncture. The latest scientific findings on auricular acupuncture 
with laser (infrared, red, blue, green and yellow) have been discussed in these 
publications in context to the evidence to clinical applications. Furthermore a 
new system for ear vibration stimulation and the resulting acute effects of vibra-
tion and manual ear acupressure on heart rate, heart rate variability, pulse wave 
velocity, and the augmentation index using new non-invasive recording methods 
has also been developed.

The reflex auriculo-cardiac (RAC; also vascular autonomic signal) is an impor-
tant method in auricular medicine. New methodological approaches for the detec-
tion and quantification of the RAC from the Medical University of Graz have been 
developed. A new high-resolution imaging technique for the registration of pulsa-
tory surface changes might allow the RAC to be quantified reproducibly for the first 
time. The methods combine innovative microscope systems, video analysis soft-
ware, special image processing software and visualization of biologically active ear 
points (Litscher G. et al. 2011a; Navrotsky et al. 2015). Even small, pulse-depen-
dent alterations of the skin surface can be clearly visualized.

Before
Acupuncture

After Ten
Acupuncture
Sessions

Fig. 12.8 Transcontinental teleacupuncture measurements between Europe (Graz) and Asia 
(Beijing). Sympathetic and vagal activity is shown during sleep and in the awake state
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European-Asian transcontinental basic and clinical high-tech auricular acupunc-
ture studies demonstrate the modernization of auricular acupuncture and the scien-
tific way from auricular therapy to auricular medicine (Fig. 12.9).

 Conclusion
Since 1997 the Research Unit of Biomedical Engineering in Anesthesia and 
Intensive Care Medicine and in succession the TCM Research Center Graz at 
the Medical University of Graz has been dealing with the demystification of 
acupuncture and examining, using non-invasive methods, how different stimu-
lation modalities (manual needle acupuncture, laser needle acupuncture, electro 
acupuncture) affect peripheral and central functions. However, as already men-
tioned several times, all aspects concerning the medical application of yellow 
laser stimulation are completely new, and only very few basic research on this 
topic exists up to now. Therefore basic research on this topic is absolutely nec-
essary to obtain evidence-based data before such systems can be used in clinical 
practice.
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Fig. 12.9 Auricular medicine research at Medical University of Graz
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13Acupuncture Regulation 
of Gastrointestinal Function by Selection 
of Homotopic and Heterotopic 
Acupoints
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Abstract
Functional gastrointestinal (GI) disorders, especially motor dysfunction of the 
GI tract are common in general population. Acupuncture has been widely adopted 
in the treatment of GI symptoms in China for thousands of years. During the last 
decades, the effects and mechanisms of acupuncture on gastrointestinal function 
have been investigated by numerous studies. In this chapter, we review studies on 
acupuncture regulating GI functions under normal or pathological conditions, 
including clinical observations and basic researches in experimental animals and 
put forward neurophysiological mechanisms. The concept of homotopic and het-
erotopic acupoints is raised by our research team to illustrate how to select acu-
points for visceral disorders. In addition we clarify that stimulation of homotopic 
and heterotopic acupoints may produce sympathomimetic and parasympathomi-
metic regulations on GI motilities, thus providing a potential discipline on acu-
points selection for GI dysfunctions.
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13.1  Introduction of Acupuncture Treatment 
of Gastrointestinal (GI) Disorders

Gastrointestinal (GI) disorders are commonly observed in clinical practices, includ-
ing variety of functional diseases in GI tract. Functional gastrointestinal disorders 
(FGIDs) are composed of a group of disorders with gastrointestinal (GI) symptoms: 
disturbance motility, visceral hypersensitivity, altered mucosal and immune func-
tion, gut microbiota, and signal processes in the central nervous system (CNS) 
(Drossman 2016). The most widely recognized FGIDs are functional dyspepsia 
(FD) and irritable bowel syndrome (IBS) (Oshima and Miwa 2015). GI diseases 
bring a large economic burden to societies. In 2004, it was estimated that GI dis-
eases affected about 60–70 million United States citizens, and to take up probably 
$142 billion in direct and indirect costs (Everhart and Ruhl 2009). Also previous 
studies have shown that the prevalence of FGIDs were 26.2% in Taiwan (Chang 
et al. 2012), 62% in Canada (Thompson et al. 2002) and 36.1% in Australia (Boyce 
et al. 2006). Modern medicine considers the development of the FGIDs to be associ-
ated with a variety of factors, as inflammation, eating disorders, emotional distress, 
and genetics. The pathogenic mechanism of FGIDs is still not completely under-
stood, and thus there is currently no specific treatment available (Drossman 2016; Ji 
et al. 2016).

Many patients seek complementary and alternative medicine to treat GI dis-
eases as conventional medical therapies either produce unsatisfactory results or 
have side effects (Michelfelder et al. 2010). Several lines of clinical (Li et al. 1992; 
Lin et al. 1997; Lux et al. 1994) and animal (Chen et al. 2008; Ouyang et al. 2002; 
Tatewaki et  al. 2003) studies prove that acupuncture has positive effects on GI 
disorders (Table 13.1). This chapter will summarize the existing evidence on the 
therapeutics and mechanisms of acupuncture for FGIDs. Among them, series of 
studies have been conducted in our laboratory to verify the hypothesis that the 
neural mechanisms of acupuncture on GI function are based on selection of homo-
topic and heterotopic acupoints, which will be also introduced in detail in this 
chapter.

13.2  Acupuncture on Gastric Function

Coordinated gastric motility is so important to the gut that dietary digestion and 
absorption of nutrients cannot take place without it. The gastrointestinal tract needs 
to generate not only simple contractions but coordinated contractions to produce 
peristalsis to transit luminal contents in order to complete the gut functions effec-
tively. Accommodation, pacemaking activity (myoelectrical activity), contractions 
and accommodation constitute gastric motility functions. Functional dyspepsia 
(FD) and gastroparesis are common gastric motility disorders. The characteristic 
symptoms of FD is postprandial fullnesss, early satiation, epigastric pain and burn-
ing without a readily identifiable organic cause (Tack et al. 2006). Gastroparesis, 
which is classified as diabetic, postoperative and idiopathic ones due to etiology, is 
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defined as severely delayed gastric emptying without mechanical obstruction (Abell 
et al. 2006).

Adequate clinical evidences suggest that acupuncture has curative effect on FD 
(Jin et al. 2015; Liu et al. 2008; Takahashi 2006; Xu et al. 2006) and diabetic gas-
troparesis (Chang et al. 2001; Wang 2004). Acupuncture at ST36 and PC6 enhanced 
gastric migrating motor complex (MMC) in conscious dogs (Qian et al. 1999) and 
in anesthetized rats (Sato et al. 1993). Reversely, manual acupuncture on abdominal 
acupoint inhibited gastric motility (Sato et al. 1993) and induced gastric relaxation 
through the somato-sympathetic pathway in anesthetized rats (Tada et  al. 2003). 
The neural pathways and transmitters mediating acupuncture effects via regulation 
of autonomic system has been explored in our group during the last decade.

We put an intrapyloric balloon to monitor gastric motility in anesthetized rats, 
and to detect the effects of acupoint or combined acupoints of different locations on 
gastrointestinal motility. (Li et  al. 2006, 2007). The intragastric pressure was 

Table 13.1 Effects of acupuncture on GI motility

Segments Subjects Methods Results References
Stomach Normal rats EA at ST36 or 

ST37
Increase Gao et al. (2012); Gao et al. 

(2016); Li et al. (2006, 
2007); Sun (2017)

Normal rats EA at ST25 or 
RN12

Decrease Gao et al. (2016); Li et al. 
(2006, 2007); Sun (2017)

Dogs with impaired 
gastric motility

EA at ST36 Increase Chen et al. (2008)

Jejunum Normal rats
Constipated rats
Diarrheal rats

MA at LI11 and 
ST37

Increase Qin et al. (2014)

Normal rats
Constipated rats
Diarrheal rats

MA at ST25 Decrease Qin (2013)

Normal kunming 
mice

MA at ST36 Increase Yuxue et al. (2015)

Normal kunming 
mice

MA at ST25 Inhibit

Normal rats EA at ST25 Inhibit Wang et al. (2014); Yu et al. 
(2016)

Colon Rats with stress EA at ST36 Inhibit Iwa et al. (2006)
Normal kunming 
mice

MA at ST36 Increase Yuxue et al. (2015)

Normal kunming 
mice

MA at ST25 Increase

Normal rats,
Constipated rats
Diarrhea rats

MA at LI11, 
ST37, ST25 and 
BL25

Increase Gao et al. (2015); Qin 
(2013)

Animals in this study was treated in strict accordance with the Guide for the Care and Use of 
Laboratory Animals of the National Institutes of Health. The protocol was approved by the 
Committee on the Ethics of Animal Experiments of China Academy of Chinese Medical Sciences 
(Approval Number: AE20110510-001)
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adjusted at 100 mm H2O by modulating the volume of the balloon via a T tube sys-
tem filled with warm water. The pressure was recorded with a data acquisition sys-
tem and bridge amplifier through a transducer connected to the intragastric balloon. 
This intraluminal balloon paradigm was commonly used in our study for gastroin-
testinal functioning recording. Subdiaphragmatic gastric vagus nerves or sympa-
thetic nerves innervating the stomach were dissected from peripheral tissue under 
microscope. Bipolar platinum electrodes were used to record activities of the vagal 
or sympathetic nerves. Discharges of the vagal or sympathetic nerves which ampli-
fied by a microelectrode amplifier were read through the data acquisition system. 
Laminectomy was performed in C8-T1 spinal cord in some rats for animal spinal-
ization. A reversible cold block was produced by frozen physiological saline or 
chordotomy was conducted.

Results of our studies, systemically observed in anaesthetized rats, demonstrated 
that effects of acupuncture stimulation at homotopic (segmental) acupints or hetero-
topic (non-segmental) acupoints from different parts of the body produced quite 
different regulations on gastric motility. Heterotopic acupoints to the stomach (T6–
10) which located at head, neck, upper limbs, upper chest-dorsum and lower dor-
sum, hindlimb and non-acupoin on tail enhanced gastric peristalsis during 
stimulation period (20–40s). Whereas homotopic acupoints to the stomach at 
abdominal and middle dorsum suppressed the gastric tonic motility with a rapid 
onset and the rhythmic wave of contractions (Li et al. 2007). The inhibitory effect 
of acupuncture on gastric motility was abolished after sympathectomy but with 
vagus nerve intact while the facilitative effect of acupuncture was destroyed after 
vagotomy but with entire sympathetic nerve. The facilitative effect of acupuncture 
at ST36 on gastric motility disappeared completely after spinalization, but the 
inhibitory effect was reserved (Li et al. 2007) (Fig. 13.1). Also according to Noguchi 
et  al., electroacupuncture stimulation to a hindpaw facilitate duodenal motility, 
which is a supraspinal reflex response involving vagal excitatory nerves. This 
enhanced duodenal response by electroacupuncture is not affected by splanchnic 
nerve cutting. (Noguchi et al. 2003).

The facilitative or inhibitory effects of heterotopic or homotopic acupoints were 
dependent on electroacupuncture (EA) intensity. High intensity of EA to activate 
Aδ/C fibers and low intensity to activate Aβ fibers were performed on the ipsilateral 
sural nerve (heterotopic acupoint). High intensity stimulation over Aδ/C fibers 
threshold inhibited gastric activity via activation of sympathetic nerves, whereas 
low intensity below Aδ fiber threshold had unapparent effect (Kametani et al. 1979). 
Su et  al. explored the “intensity-response” relationship between EA and gastric 
motility in rats. In his study, the half maximal facilitative or inhibitory intensity at 
ST36 or CV12 was 2.1–2.3 mA or 2.8 mA of EA in male adult Sprague-Dawley rats 
(Su et al. 2013).

Additional investigations suggested that EA regulation on gastric motility 
involved TRPV1 receptor, whereas effects of either heterotopic acupupoints or 
homotopic acupoints in ASIC3−/− mice were not of statistical significance (Su 
et al. 2013). Moreover, NMDA receptors (NMDARs) in dorsal motor nucleus of 
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the vagus nerve (DMV) gastric projecting neurons played a critical role in elec-
troacupuncture at ST36 enhancing gastric motility in anesthetized rats. 
Stimulating ST36 enhanced NMDAR-mediated synaptic transmission through 
inhibiting presynaptic μ-opioid receptors (Gao et al. 2012). Still in another study, 
we revealed that M2/3 receptors binding with acetylcholine released from cholin-
ergic neuronal endings were required for enhanced gastrointestinal transition 
produced by acupuncture at heterotopic acupoints, whereas β1/2 receptors affinity 
to norepinephrine from catecholaminergic ones were required for inhibitory gas-
trointestinal motility processes by acupuncture at homotopic acupoints (Gao 
et al. 2016) (Fig. 13.2).
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Fig. 13.1 Effect of acupuncture stimulation on gastric motility in rats with intact autonomic ner-
vous system (a, Normal); and after sympathectomy of bilateral splanchnic nerves but vagi intact 
(b); or after bilateral subdiaphragmatic vagotomy but sympathetic nerve intact (c), or after spinal-
ization at C8-T1 (d). It shows that in rats with autonomic nervous system intact, acupuncture at 
hindlimb (ST37, L5), heterotopic acupoint to stomach, had increased gastric motility by exciting 
parasympathetic nerve activity; this effect remained after sympathectomy, but was damaged after 
vagotomy. Whereas acupuncture at abdomen (ST25, T10), homotopic acupoint, inhibited gastric 
peristalsis by exciting sympathetic nerve discharge; this inhibition was consistent after vagotomy, 
but attenuated after sympathectomy. The effect of homotopic acupoint remained while the effect of 
heterotopic acupoint disappeared after spinalization at C8-T1 (Li et al. 2007; Sun 2017)
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Fig. 13.2 Effects of acupuncture at heterotopic (ST 37) (a) or homotopic (ST25) (b) acupoints on 
gastric motility in C57BL/6 wild type mice (WT), β1/2 adrenergic receptors knockout (β1/2-AR KO), 
cholinergic M2/3 receptors knockout (M2/3-R KO) mice. The inhibitory effect in WT by acupuncture 
at ST25 disappeared in β1/2-AR KO, but remained in M2/3-R KO; however, the excitatory effect in 
WT by acupuncture at ST 37 was abolished in M2/3-R KO, but not affected in β1/2-AR KO, indicat-
ing that β1/2-AR is required for inhibitory effect of homotopic acupoint, whereas M2/3-R was recog-
nized for excitatory influence of heterotopic acupoint (Gao et al. 2016)

13.3  Acupuncture on Small Intestinal Function

Gastrointestinal motility disorders also attribute to lots of small intestinal diseases, 
such as impaired accommodation, dumping syndrome, constipation and diarrhea. 
Somatic stimulation, as an effective treatment method for GI disorders, has been 
adopted in many studies for its convenience and low-cost property (Yin and Chen 
2010). Clinical research shows that acupuncture stimulation on abdomen is effec-
tive for eliminating diarrhea and abdominal pain syndromes, which suggesting that 
acupuncture may inhibit GI motility or alleviate gastrospasms (Anastasi et al. 2009; 
Huang et al. 2014; Zhou et al. 2013)

Previous studies displayed that stimulation at homotopic acupoints, reduced 
intraluminal pressure in rats with or without spinalization, while acupuncture at 
heterotopic acupoints, covering different segmental innervations in the spinal cord 
to visceral organs, induced GI facilitation only in complete spinal rats (Li et  al. 
2007). Qin et al. (2014) observed that acupuncture at heterotopic acupoints Quchi 
(LI11, containing afferents to C5 spinal dorsal horn) and Shangjuxu (ST37, L5), 
increased the amplitude of peristalsis waves and enhanced jejunal motility in nor-
mal rats, constipated and diarrheic rats. Homotopic acupoints, such as Tianshu 
(ST25, T10), reduced jejunal motility regardless of its original basic value. In addi-
tion, acupuncture on Dachangshu (BL25) caused no significant change on jejunal 
motility in normal, constipated, and diarrheic rats (Fig. 13.3).

Small intestinal motility exhibits two distinct motor patterns: fasting and feed-
ing. The typical manifestation in the fasting state is the migrating motor complex 
(MMC) as in stomach. Intestinal dysmotility includes absence of the MMC, impair-
ment of the MMC, such as impaired propagation of the MMC along the gut, post-
prandial hypomotility and hypermotility. In purpose of exploring acupuncture’s 
mechanism underlying regulation of intestinal function, Wang et al. observed the 
effect of acupuncture stimulation of ST25 on electrical and mechanical activities of 
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jejunum smooth muscle at different phases of inter-digestive MMC in normal SD 
rats and in rats with detached jejunum in vivo. The results in both normal SD rats 
and rats with detached jejunum showed that acupuncture could inhibit the jejunum 
activities at three phases of MMC (Su et al. 2014; Wang et al. 2014).

Based on previous studies, Qin et  al. used an A fiber selective demyelination 
agent and a C fiber blocker to determine the type of afferent fibers take effects dur-
ing acupuncture regulation of jejunal motility. Results showed that Aδ fibers medi-
ated the regulation of jejunal motility by manual acupuncture; whereas the role of C 
fiber was more significant in the regulation of jejunal motility by the same interven-
tion. They also observed that acupuncture at heterotopic acupoints (LI11, ST37 and 
BL25) led to excitatory effects on jejunal motility whereas homotopic acupoints 
(ST25) caused an opposite inhibitory effect on it, depending on the conditions of 
intestine, as normal, hypomotile, or hypermotile (Qin et al. 2014).

Parasympathetic nerves played a critical role in the excitatory regulation of intes-
tinal motility via acupuncture at heterotopic acupoints such as ST36, ST37 and 
Quchi (Luo et al. 2008; Yoshimoto et al. 2012). Acetylcholine(ACh), released by 
parasympathetic terminals, exerts excitatory effects on smooth muscle tissues by 
binding to muscarinic receptors (Goyal and Hirano 1996). Among the five distinct 
subtypes of muscarinic receptors, M2 and M3 receptors are preferentially expressed 
in gastrointestinal smooth muscle tissues (Eglen et al. 1996). Studies involving the 
recent utilization of mutant mouse strains lacking specific muscarinic receptor sub-
types suggested that both M2 and M3 receptors played direct roles in generating 
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Fig. 13.3 Effects of manual acupuncture at homotopic and heterotopic acupoints on jejunal 
motility in normal rats. Chart a is raw trace of jejunal motility and chart b is data statistics. 
Acupuncture at forelimb LI11 (C5) and hindlimb ST37 (L5), both heterotopic acupoints to small 
intestine, increased the amplitude of peristalsis waves. While acupuncture at abdomen homotopic 
acupoint ST25 (T10), decreased jejunal motility. BL25 (L3), also heterotopic acupoint did not 
have an apparent effect (Qin et al. 2014) (Reprint with permission from PLoS ONE)
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contraction in gastric and ileal smooth muscle tissues (Stengel et al. 2000; Unno 
et  al. 2005, 2006). In M2/3-R knocked out mice, acupuncture at ST25 not only 
decreased intragastric pressure and contraction frequency, but also reduced both 
intrajejunal pressure and contraction frequency (Gao et al. 2016). These phenotypes 
are attributed to the hallmark homotopic connection of ST25 to the stomach and 
jejunum, as well as ectopic connection to the distal colon.

Activation of Aδ and C fibers contributes to acupuncture’s regulation on auto-
nomic nervous function (Uchida et  al. 2000). The capsaicin receptor or transient 
receptor potential vanilloid-1 (TRPV1) receptor is a member of the TRP-cation-
channel superfamily (Rahmati 2012), and is mainly expressed on Aδ and C fiber. 
TRPV1 endings receptor acts as a sensor for heat, pH, and inflammation (Caterina 
et al. 2000), and it has also been shown to participate in mechanosensation (Bielefeldt 
and Davis 2008). Therefore, TRPV1 channels can be affected by the physical stimu-
lation associated with acupuncture, thus producing an autonomic response (Wu et al. 
2014). Yu et al. reported 2 mA and 4 mA EA stimulation at ST25 had significantly 
suppressed effects on jejunal motility in TRPV1−/− mice compared with that for 
wild type mice, suggesting that TRPV1 receptor may serve as one of the afferent 
pathway underlying the EA stimulation in regulating jejunal motility (Yu et al. 2016).

13.4  Acupuncture on Colonic Motility

Colon, as a storage organ, mainly plays a role in the absorption of water, electrolytes, 
and nutrients at same time. The motility of colon compromises individual phasic con-
tractions and giant migrating contractions. The individual phasic contraction, happen-
ing during the fasting and feeding states, is the basic unit of contractile activity and 
contains short-duration and long-duration contraction. In detail, short-duration con-
tractions last less than 15 s, long-duration contractions for 40–60 s in dog and human 
colon (Huizinga et al. 1985; Sarna et al. 1982, 1984; Sarna 1991). The motility of colon 
is activated by the ingestion of meal (gastro-colonic reflex), while it goes to sleep dur-
ing sleeping. The pattern of individual phasic contractions is complicated with a lack 
of specific dominant frequencies, which probably is related to the functions of the 
colon: storage. The giant migrating contractions play a vital role in the bowel move-
ment (Torsoli et al. 1971; Williams et al. 1987). Proximal colon is the main part that 
plays spontaneous mass movements and related giant migrating contractions. Previous 
study reported the mean migration distance is about 13 cm in dog colon (Sarna 1991). 
Numerous functional diseases are associated with disrupted colonic motility, such as 
irritable bowel syndrome (IBS), constipation and diarrhea. In a randomized controlled 
trial (RCT), 448 participants with Diarrhea-predominant irritable bowel syndrome 
(IBS-D) and functional diarrhea (FD) were recruited. Among them, 336 subjects were 
treated with EA (15 Hz, continuous-wave mode, 30 min, 4 weeks) at LI11, ST37, ST25 
and BL25. The results showed that the stool frequency was significantly decreased 
after 4 week therapy (Zheng et al. 2016). The author supposed that the effect of EA was 
through a positive regulation of gastrointestinal motility, brain-gut axis, and visceral 
hypersensitivity (Ma et al. 2014). The other similar RCTs showed that EA at bilateral 
ST25, SP14, and ST37 (10/50 Hz, 30 min, 30 min, 8 weeks) alleviated symptoms and 
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improved quality of life in patients with chronic severe functional constipation (CSFC) 
(Liu et al. 2016). The efficacy of EA on CSFC was considered to be in correlation with 
the improvement of intestinal motility via parasympathetic activation, induced by the 
acupoint stimulation (Gao et al. 2015; Li et al. 2007). Moreover, in 17 children with 
chronic constipation, needling at ST36, LI12 and LI4 gradually elevated the frequency 
of intestinal motility during the period of 10-week treatment (Broide et  al. 2001). 
According to the acupoints used by them and in our previous study (Gao et al. 2016; 
Qin et al. 2014), we concluded that parasympathetic system activated by acupuncture 
application played the role in the positive results. Additional, the other randomized 
clinical trial reported that EA can obviously improve stress urinary incontinence in 
women via stimulating BL33 and BL35 (Liu et al. 2017). It was indicated that the role 
of segmental parasympathetic nerve system played a role in acupuncture effect. 
Previous studies showed that EA could stimulate S3 via BL33 and the pudendal nerve 
via BL35 at the lumbosacral region. Thus, EA at the lumbosacral region could cause 
muscle contraction and stimulate pelvic floor muscle training (Wang and Zhang 2012), 
and improve the dysfunction of intrinsic urethral sphincter and pelvic floor muscles 
(Yoshimura and Miyazato 2012). Their studies on stress urinary incontinence also indi-
cated that segmental excitatory regulation of parasympathetic tone by acupuncture 
could be also effective on constipation, which is consistent with our later clinical trials 
in patients with constipation.

In recent years, our group investigated the mechanism of acupuncture efficacy on 
colonic motility. We observed the effect of manual acupuncture on the colonic 
motility by stimulating acupoints LI11, ST37, ST25 and BL25 at normal, consti-
pated and diarrheal rats respectively. It is known that the distal colon was innervated 
by the sacral parasympathetic nerve, which mainly originated from S1 spinal seg-
ment in rats, while the spinal segment of acupoints LI11, ST37, ST25 and BL25 are 
C5, L5, T10 and L3 respectively, indicating non-segmental innervations to colon. 
The results showed that needling at heterotopic acupoints augmented colonic motil-
ity in all rats, had nothing to do with the physiological or pathological state of the 
gastrointestine (Fig.  13.4). Besides, we also confirmed that acupuncture at 
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Fig. 13.4 Effects of acupuncture at different heterotopic acupoints on distal colonic motility in 
normal (a), constipation (b) and diarrhea rats (c). Acupuncture stimulation at forelimb (LI11), 
hindlimb (ST37), abdomen (ST25) and low back (BL25) are all heterotopic acupoints to colon, and 
either under normal condition or pathological conditions, acupuncture could promote colonic 
activities (Gao et al. 2016) (Reprint with permission from PLoS ONE)
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heterotopic acupoints promoted colonic motility via C-fibers, and M3 muscarinic 
receptors played a vital role in this process. M3 muscarinic receptors are mainly 
distributed in colon and bond by ACh (Stengel et al. 2000). Based on the results 
above, we further explored outputs of sympathetic and parasympathetic system in 
acupuncture-induced enhancement on colonic motility using β1/2 receptor-knockout 
mice and M2/3 receptor-knockout mice (Gao et al. 2016). The findings verified that 
M2/3 receptor played a direct role in the improvement of colonic motility via stimu-
lating heterotopic acupoints, while there was no relationship between β1/2 receptor-
knockout and acupuncture effect on colonic function whatever acupoints were 
stimulated. Therefore, it is quite clear that parasympathetic nerve plays an important 
role in acupuncture-induced enhancement on colonic motility.

 Conclusions
Based on the evidences from our laboratory as well as others, in both animals and 
humans, EA is effective in eliminating GI functional disorders. Acupoints and 
viscera innervated by the same spinal segment organize as a homotopic struc-
ture-functional unit via sympathetic control. Contrarily, acupoints innervated by 
the other spinal segment (non-segment) organize with the viscus as a hetero-
topic-unit via parasympathetic dominant. The neurologic mechanisms underly-
ing acupuncture are related to segmental or non-segmental innervation of 
acupoint with that of the gut.

The facilitative effects of heterotopic acupoints on GI motility attribute to the 
somato-parasympathetic reflex pathway, while the inhibitory effects of homotopic 
acupoints on GI function via the somato-sympathetic one (Fig. 13.5). The underly-
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Fig. 13.5 The spinal and supraspinal mechanisms underlying somato-visceral reflex. Activities of 
stomach (T6–10) and small intestine (T9–12) are inhibited through sympathetic efferent at spinal level 
when acupuncture conducted at ST25 (T10). ST37 (L5) and BL25 (L3) activate gastric, intestinal and 
colonic motility through parasympathetic pathway when the somatic afferent ascend to supraspinal 
levels. Acupuncture at BL32 (S2) increases colonic motility via sacral parasympathetic tone
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ing molecular mechanism refers to cholinergic M receptors and catecholaminergic 
β receptors on smooth muscles. NMDARs in the DMV of the brainstem are also 
involved as supraspinal regulation. Additionally, dominant innervations of auto-
nomic nervous system for different viscera should be taken into consideration. 
Both homotopic- and heterotopic-unit acupoints establish a homeostasis condition 
that somatic input regulates visceral functions to a balance. Our doctrine of hetero-
topic and homotopic acupoints sets up a novel explanation for acupuncture like 
somatic therapy and propose directions in acupuncture clinic for acupoints 
selection.
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