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Abstract 

Acupuncture has been adopted as pain-relieving treatment for 2000 years in Chinese 
Medicine. Its analgesic effect was generally believed, for the most part, mediated by 
an opioid mechanism, especially for low frequency electro-acupuncture (EA). 
However, clinical studies have shown that the relief of pain and the associated 
inflammatory symptoms are not reversed by naloxone, an opioid receptor antagonist. 
Thus non-opioid mechanisms also played an important role in mediating the 
anti-inflammatory effect of EA, but the exact mechanism remains to be elucidated. 
We hypothesized that vagal efferents, which has been recently found to have 
immunomodulating function, play a role in EA anti-inflammation. The objectives of 
this study were, first, to establish a reversible blocking method for cervical vagus 
nerve (CVN) blockade, and second, to test the effect of vagal blockade on the 
anti-inflammatory effect of EA. 
 
To develop a model of reversible vagal blockade, a cotton ball soaked with 
lignocaine (0.1ml, 1%) was applied epineurally on each side of the exposed CVN for 
30 or 45 minutes, followed by washing with saline. By recording the EMG activity 
evoked by stimulation of the CVN at the esogastric junction, the conduction of the 
CVN was monitored. It was found that the CVN was blocked immediately when the 
lignocaine-containing cotton ball was in place, and the threshold returned to baseline 
approximately 60 minutes after removal of the cotton ball and washing. Thus, a 
method to block the CVN reversibly for a controlled period of time was developed. 
 
The effects of vagal blockades, either reversibly with lignocaine or irreversibly with  
nerve transection, were tested with the EA anti-inflammatory model as follows. SD 
Rats of 220-250g were anesthetized with chloral hydrate (400mg/kg, i.p.). After 
CVN blockade, EA stimulation, which consisted of 4Hz, 0.4-0.6mA, was applied at 
Zusanli (ST36) and Sanyinjiao (SP6) on the left hind limb for 45 minutes. 
Carrageenan (CA, 0.1ml, 1%) was injected on the planter surface of the left hind paw, 
and changes in paw volume were recorded for 4 hours with a plythesmometer. 
Results from rats with CVN epineural anesthesia failed to demonstrate significance 
differences between Lignocaine and Saline groups having EA (n=7). For the 
irreversible blockade series (n=9 in each group), Vagotomy+EA caused a maximum 
of 18.01±1.24% (mean±SEM) increase in paw volume, which demonstrated an 
reduction of anti-edematous effect of EA compared with Sham+EA (14.91±1.40%, 
mean±SEM). However, there was still significant difference with the non-EA 
controls (Vx and Vo) with the increase in paw volume of 21.12±1.22% and 
21.44±2.62% (mean±SEM) respectively. Thus, the anti-edematous effect of EA was 
reduced by Vagotomy. 
 
In conclusion, the current findings showed that vagus nerve played a partial role in 
mediating the anti-inflammatory effect of EA, and supported the theory that 
somato-parasympathetic reflex pathway was involved in EA anti-inflammation. 
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摘要 (Chinese Translation) 

 

針灸在臨床上治療痛症的應用，已有兩千年多的歷史。一般認為針灸(尤其是低

頻電針)的鎮痛機理，主要與阿片樣(opioid)系統有關，但從臨床研究所得，針灸

所致的鎮痛效果，以及伴隨炎症的緩解，均不能由鈉洛酮(naloxone)所逆轉，因

此推斷非阿片樣系統在電針抗炎機理中起了重要的作用，唯具體機理尚未明

暸。由於最近有報導指迷走神經輸出有調控免疫系統的作用，因此筆者亦假設

迷走神經通路在針灸抗炎機理中起重要的作用。本課題旨在設計一個可逆的頸

部迷走神經阻斷的模型，以及測試阻斷迷走神經通路對針灸抗炎的影響。 

 

在第一部份中，茲設計可逆迷走神經阻斷的模型如下：將一個棉球注入 0.1 毫

升 1%利多卡因，放置於已清晰暴路的頸部迷走神經幹(CVN)上，於 30 或 45 分

鐘後撤走，並以生理鹽水沖洗。透過記錄遠端食道肌電圖活動情況，可監測由

近端 CVN 至食道的電激信號傳導。結果發現利多卡因的棉球置於 CVN 時可立

刻阻斷其電生理活動；於棉球撤走後 60 分鐘，CVN 的閾值回復初始的水平。

由此可見透過利多卡因神經表層麻醉(表麻)的方法可調控 CVN 中斷的時間，可

作為可逆 CVN 阻斷的模型。 

 

第二部份則透過 CVN 表麻或切除術，分別測試可逆及不可逆的迷走神經通路阻

斷對針灸抗炎的影響。茲采用針灸抗炎模型如下：220-250 克 SD 大鼠以水合氯

醛(400mg/kg, i.p.)全麻，行 CVN 表麻或切除術後，以 4 Hz、0.4-0.6mA 的電針左

側刺激足三里(ST36)及三陰交(SP6)45 分鐘，於左腳掌伸側注入角叉菜膠

(Carrageenan, 0.1ml, 1%)，並量度其後四小時的腳掌容積變化。實驗結果如下：

接受電針的表麻組(L+EA)和其對照組(S+EA)在腳掌容積變化上未見差異(n=7)。

接受電針的切除組(Vx+EA)使腳掌容積有最高 18.01±1.24% (平均±SEM)，相比其

對照組(Vo+EA)的 14.91±1.40% (平均±SEM)，顯示切除組有減低電針抗炎的效能

的趨向；但相比於未接受電針的切除組(Vx)及對照組(Vo)，分別為 21.12±1.22% 

及 21.44±2.62% (平均±SEM)仍有明顯差異，顯示 CVN 切除術在一定程度上減低

電針抗炎的效能。 

 

縱上所述，迷走神經在電針抗炎機理中起了部份的作用，揭示針灸可能透過「機

體─副交感反射通路」產生抗炎作用。 
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Chapter One: 

Introduction 

1.1 Literature Review 

1.1.1 Acupuncture in brief 

Acupuncture has been one of the important means of treatment in Traditional 

Chinese Medicine. With a history up to 2500 years, it has been described in detail 

that acupuncture, a stimulation by needles and heat on specific identifiable points on 

the body surface called acupoints, is responsible for healing diseases that caused by 

the stagnancy of qi and blood flow along the meridians [1]. In the modern world, 

acupuncture is accepted as one of the most popular modes of alternative medicine, 

and interest in acupuncture research has been rising. Many types of acupuncture 

have been established, including manual, electro-acupuncture and transcutaneous 

electrical nerve stimulation (TNS). NIH Consesnus Conference on Acupuncture 

recognized that acupuncture has shown efficacy in a number of pain conditions, 

including postoperative pain, headache, menstrual cramps, tennis elbow, 

fibromyalgia etc, and over 1 million Americans are currently receiving acupuncture 

each year [2]. 

 

Although acupuncture has been applied for therapeutic means for thousands of years, 

the underlying mechanism was not systemically studied until the last few decades. 

Acupuncture is a type of somatic stimulation in nature, involving many levels of the 
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nervous system and most of the existing neurotransmitters and reflex pathways [3]. 

Han & Terenius reviewed many previous works, and concluded that endophines,  

monoamines including 5-hydroxytryptamine (5-HT) and norephinephrine (NE), 

acetylcholine (Ach) and γ-aminobutyric acid (GABA) system were found to be 

involved in EA stimulation [4]. 

 

1.1.2 Acupuncture analgesia and the opioid system 

Acupuncture first became well known because of its analgesic effect, and it drew the 

focus of many research works in this topic in 1980’s. The endogenous opioid system 

was generally accounted for the effect of EA analgesia in many previous studies [4]. 

Change in endorphin level has been one of the focuses of studies. Tang et al found 

that EA alternating 2-15Hz raised brain endorphin content with radioreceptor assay, 

which accounted for the prolongation of tail flick latencies in rats [5,6]. The 

involvement of endorphin was also supported by other studies. For example, 

intravenous administration of D-amino acids in rats, which partially inhibits the 

breakdown of endophine, potentiated the analgesic effect of EA without changing 

the basal pain threshold [7].   Furthermore, previous studies showed that 

administration of naloxone, an opioid receptor antagonist, could reverse the 

analgesic effect of EA in various human and animal models [8-11]. Significant 

attenuation of EA analgesia has been shown by microinjection of naloxone into 

periaqueductal gray (PAG), suggesting the possibility that EA triggered the release of 

endorphins into PAG [12,13]. 
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1.1.3 Acupuncture anti-inflammation: non-opioid mechanism implicated 

While the endogenous opioid system was important in EA analgesia, it did not 

explain all the pain-relieving effect of EA. It was showed that low-frequency EA 

analgesia was mainly opioid dependent but unlikely in high-frequency EA [14,15]. 

Clinical studies also found that the opioid-dependent mechanism last for a short 

duration, while the analgesic effect brought by EA last for longer time and not 

reversed by naloxone [16-18]. It has been observed clinically that when treating 

inflammatory related conditions, the pain-relieving effect of acupuncture lasted for 

days [Zhang SP, personal communication]. Therefore it is believed that acupuncture 

may have a non-opioid dependent anti-inflammatory effect to contribute the relief of 

clinical pain. 

 

Inflammatory response is an innate self-defense mechanism in response to pathogens 

and cell injury. On the other hand, the body also has the own anti-inflammatory 

mechanism to avoid uncontrolled damage. Several autonomic pathways have been 

described in the negative-feedback mechanism in inflammatory response. The 

hypothalamic- pituitary-adrenal (HPA) axis, sympathetic pathway, sympatho-adrenal 

pathway and, the most newly described, parasympathetic pathway where found 

active in regulating the inflammatory responses [19]. For example, stimulation of 

vagal efferents inhibited LPS-induced systemic inflammation [20].  

 



   

 4

The anti-inflammatory properties of acupuncture had been determined in a number 

of studies [21-23]. However, experiments in Dr. Zhang’s lab found that the effect of 

acupuncture anti-inflammation was not blocked by administration naloxone, RU486, 

methysergide, phentolamine or propranolol, implying that the opioid, HPA, 

serotoninergic and sympathetic pathway were not indispensable in EA 

anti-inflammation. [Zhang SP, personal communication]. The parasympathetic 

pathway remains to be the point of interest as to whether there is any correlation with 

EA anti-inflammation. 

 

1.1.4 The cholinergic anti-inflammatory system 

Acetylcholine (ACh), being the main neurotransmitter of parasympathetic system, 

was found to suppress immuological responses. Macrophages releases inflammatory 

cytokines like TNF and IL-1β when being stimulated, but were found inhibited on 

administration of ACh in lipopolysaccharide(LPS)-stimulated macrophage cultures 

[20,24]. Endothelial cells of peripheral blood vessel, which express IL-1β to attract 

phagocytes on carrageenan-induced injuries, contain functional muscarinic receptors 

[25,26]. These may be the reason that localized injection of ACh had been found to 

reduce carrageenan-induced edema of hind paw in rats [27].  

 

The cholinergic system was found involved in acupuncture. In previous studies, 

noxious input by acupuncture increased local ACh concentration, and administration 

of ACh antagonist such as atropine reduced the effect of acupuncture analgesia [4]. 
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Vagal activation altered bowel function and changed heart rate, and cholinergic 

vasodilation in the cerebral and facial vascular beds were found following 

acupuncture-like stimulation [28-31]. Since EA could trigger the cholinergic 

activation, it was therefore conceivable that acupuncture achieved the 

anti-inflammatory effect through the cholinergic system.  

 

The cervical vagus nerve, being the tenth cranial nerve, is a major route for 

parasympathetic efferents that accounts for the majority of ACh release. Recent 

studies showed that stimulation of vagal efferents attenuated the inflammatory 

response, such as inhibiting LPS-induced systemic inflammation [20]. The 

parasympathetic pathway was then emphasized as an important inflammatory reflex 

[24]. 

 

Taken together, a hypothesis was made that the vagus nerve played a role in EA 

anti-inflammation. The effect of vagal blockade, by reversible and irreversible means, 

on EA anti-inflammation was examined. As there has been no previous study 

concerning the characteristics of reversible vagus nerve blockade, a method for 

reversible vagal block in rat was therefore designed for the test. Thus, the objectives 

of this study were: 

1.  To establish a reversible blocking method for cervical vagus nerve, and 

 2.  To examine the effect of vagal blockade on the anti-inflammatory effect 

of electro-acupuncture (EA). 
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1.2  Model Design and Related Works 

In this project, the main objective was to examine the effect of vagal blockade on the 

anti-inflammatory effect of electro-acupuncture (EA). The animal model and the 

experiment protocols like inflammatory induction, acupuncture and vagus nerve 

blocks were carefully considered in the following sections. Some of these models 

were based upon previous studies and some were deduced in theory or from present 

knowledge. Trial runs were done to test the feasibility of any ideas or uncertainties.  

 

1.2.1 Animal model  

Inflammatory induction, acupuncture and vagus nerve manipulation would be 

applied in the subject. An ideal model for this project should fulfill three criteria. 

First, the subject should be able to provide a known nervous system that is easy to 

access. Second, the acupoints should be accurately located and precisely accessed in 

each subject. Third, for the validity of a blind-controlled experiment, large number 

of subjects of little variation should be available. Human model is not suitable in this 

project.  

 

In this experiment, Sprague-Dawley (SD) rat of 250-300g was chosen because of its 

general availability and the convenience to work on its vagus nerve trunk. In a trial 

run, both side of the cervical vagal trunk in rats of this size could be clearly 

separated by naked eyes within 10 minutes and a segment of 10-15mm could be 

exposed for experiment. Acupuncture points could be accurately located by 
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anatomical landmarks and ordinary acupuncture needle could apply. 

 

1.2.2 Inflammatory model 

A well-controlled inflammatory model should hold the following characteristics. 

First, the severity of inflammation could be quantitatively measured. Second, no 

complication or side effect should be induced by the inflammation. Local, compared 

with systemic inflammation, seems to be better controlled and therefore selected. 

 

The inflammatory model applied in this project was modified from the previous 

studies done by Ceccherelli [22,23]. In his work, capsaisin was intraplantarly 

injected in the hind paw of rats. Neurogenic inflammation caused hind paw edema of 

the rats. The paw volume was measured with a plethysmometer and the severity is 

evaluated in that of percentage increase. In this project, carrageenan, a substance 

that has shown more effective in inducing swelling than capsaicin, was used instead. 

The change paw volume changes were recorded for 4 hours. 

 

In the trial run, 1mg in 100µL of carrageenan was intraplantarly injected in the left 

hind paw of rats and peripheral signs of inflammation including rubor, calor and 

tumor were observed. No obvious complication, such as hyperthermia and 

tachycardia, was seen. Pain and irritation was supposed in the inflammation as 

withdrawal movement was observed upon consciousness. As noxious input could be 

a variable to the degree of inflammation [32], the rats were subjected to anesthesia 
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throughout the experiment. 

 

1.2.3 Acupuncture model 

The acupuncture design was based on the following two ways. First, highlighted 

effect of nearby acupoints from the site of injury was suggested by the ancient 

Chinese medical theory [33] and shown with previous experiments [34], and 

therefore selected. Second, the model should be well controlled, in another words, 

quantitatively adjustable and observable. 

 

In this project, acupoints Zusanli (ST36) and Sanyinjiao (SP6) of the left posterior 

limb were selected in this experiment. These points are located with the aid of 

anatomical landmarks, similar to the method that has been used to locate them in 

human subjects. ST36 is located on 5mm on the lateral side of tuberositas tibiae, 

with tibalis anterior and tibalis posterior beneath the surface. SP6 is located on 5mm 

above malleolus medialis with Tibalis posterior and flexor hallucis longus beneath 

the surface [35]. These acupoints were ipsilateral to the inflammatory site and were 

all innervated by the sciatic nerve.  

 

For the mode of acupuncture, the stimulation by Electro-acupuncture (EA) with 

specified intensity, duration and frequency could be more controllable than manual 

acupuncture. Therefore EA with stimulation of fixed pattern was preferable so as to 

minimize the inter-subject variation of experiment conditions.  
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In contrast to the acupuncture stimulation, sham acupuncture is often applied as the 

control to see the efficacy of acupuncture treatment. However, the mechanism of 

acupuncture, rather than the efficacy, was focused in this project. Untreated 

acupoints were therefore regarded as the control to give a better contrast to the effect 

of EA. 

 

1.2.4 Vagal block model 

The following points are considered on the vagal block design. First, the vagus nerve 

function should be proved completely disrupted during the acupuncture period. 

Second, the manipulation should be quick and safe to avoid stress, deep injuries or 

hazard to the subject.  

 

However, these criteria appear paradoxically in theory. Vagus nerve, as the tenth 

cranial nerve, runs along the medulla, cervical, thoracic and gastric area, innervates 

the motor activity of larynx and pharynx, and the smooth muscle and glands of the 

gastrointestinal, pulmonary and cardiovascular system. It also project signal to the 

solitary tract and hypothalamus for other high-order responses, including the 

regulation of immunological responses [24,36]. Therefore, complete disruption of 

vagal nerve activity itself means disruption of various vital systems that may be 

hazardous to the subject. 

 



   

 10

1.2.4.1 Cervical vagotomy 

Cervical vagotomy is a common method for easy and complete vagal disruption. For 

example, Borovikova et al tried bilateral cervical vagotomy and showed that vagus 

nerve excision worsen the endotoxin-induced inflammation [20].  

 

In a trial run, cervical vagus nerve transection caused immediate bradypnea, which 

the breathing rate reduced from 40 per minute to 25 per minute in average. Such 

change of breathing pattern could be remarked as sign of vagal nerve disruption.  

 

Although cervical vagotomy provides absolute disruption of vagal activity that is 

favorable in this experiment, it has two drawbacks. First, it blocks the vagal activity 

far more than the acupuncture period, which is a little bit deviated from the original 

design of limited blocking during the acupuncture period. Second, 

vagotomy-induced bradypnea may mean the danger of poor ventilation throughout 

the experiment. As many essential systems are innervated by the vagus nerve, some 

more unseen complications were believed.  

 

1.2.4.2 Reversible blocking method for cervical vagus nerve 

To fulfill the criteria of limited blocking during the acupuncture period, reversible 

block technique of vagus nerve was looked for. However, the characteristic of 

reversible vagal blockade was not found in previous studies. Several common 

methods of reversible nerve block were subjected to trial, so as to find out anyone 
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suitable to apply in cervical vagus nerve.  

 

Physical methods of nerve block include vagotomy, surgical ligation and cooling. 

Vagotomy is normally not considered as reversible, and its trial have been discussed 

in previous section. Surgical ligation with a thread was tried, but suitable knotting 

method remains a difficulty. In a trial run, half-knots were found loosing during the 

experiment. Surgeon’s tie caused obvious permanent damage to the nerve trunk, as 

indicated by alternation in appearance and diminished EMG recording, which will be 

discussed later. Cool-block, which means the contact of nerve with cooling agent, 

are commonly used techniques for reversible nerve blockade for short duration 

[37,38]. However, stable bilateral cool-block of vagus nerve would be technically 

demanding in small animal as rats, although it has been achieved in larger animals 

such as dogs [39,40]. 

 

Pharmacological methods usually mean administration of local anesthetics by 

different means. In a trial run, different volume and concentration of lignocaine and 

xylocaine (lignocaine with adrenaline) were found capable to cause bradypnea after 

“para-tracheal” injection or epineural application on nerve trunk. The breathing rate 

was found resumed after some 30 minutes or immediately rinsing. Comparing the 

two means of drug application, there was high risk of damaging the trachea or large 

blood vessels like carotid arteries in “para-tracheal” injection. In the trial run, several 

rats died within 3 minutes after injection, and some of them were found with 
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hematoma in the cervical area on autopsy. For epineural application of drug, it was 

somehow more achievable, but surgical wound was unavoidable for open 

manipulation. The optimum dosage regime and effective blocking period were 

unknown in both cases in vivo, although such information is available for individual 

fibers in vitro [41]. 

 

1.2.4.3 Vagal activity recording methods 

In order to prove the efficacy of the above blocking method, quantitative observation 

of the effect on vagal activity should be done. Vagal activity could be obtained as 

electromyography (EMG) signal of esophageal or gastric peristaltic pattern, through 

stimulation of cervical vagus nerve or medulla oblongata [42,43]. 

 

A cervico-esophageal setup was prepared as follow: a pair of platinum electode was 

used to hook the proximal part of cervical vagus nerve on one side, which was 

exposed by cervical incision and dissociation from the carotid artery. A pair of sewn 

wire electrode made of coated copper wire was implanted on the wall of distal 

esophagus and was connected to a computer chart on the other side. A train of 

esophageal EMG pattern of latency about 10ms could be obtained when either side 

of vagus nerve was stimulated with isolated pulses of 1mA. Open manipulation like 

epineural application of local anesthetics on the distal cervical vagus nerve. In a trial 

run, lignocaine or xylocaine was tested. The EMG signal disappeared on application 

of anesthetics, and gradually recovered some time later. 
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A medullo-esophageal setup was also attempted for the case of closed manipulation 

of cervical nerve. By means of stereotaxic technique, the vagal nuclei were located at 

–3.7 – 4.2mm (AP, antero-posterior), ±0.9mm (ML, medial-lateral) and +2mm (DV, 

dorsi-ventral) from the interaural point [44]. However, no clear esophageal EMG 

signal was identified. On stimulating the specified point, EMG activity so recorded 

were not changed by “para-tracheal” injection. The closed manipulation such as 

“para-tracheal” injection was therefore not tested and therefore abandoned. 

 

1.2.4.4 Summary on vagal block model 

Apart from vagotomy, there have been no previous studies concerning the 

characteristics for vagal blockade in rats. A series of trial works were done to look 

for a good model of the following two criteria: proved disruption of vagal activity in 

terms of esophageal EMG, and proved reversibility to minimize complications. The 

attempts were listed as follows: 

Attempted vagal manipulations for blockade 
Category Vagal Manipulation Remarks 

Vagotomy Adopted as irreversible blockade 
Vagal Ligation Difficult to control the tightness of the thread 

– unavoidable permanent damage 

Physical 

Cool-block Technical limitation – not attempted 
Open manipulation: 
epineual application of 
local anesthetics  

Able to perform reversible block;  
Tested with esophageal EMG signal in 
cervico-esophageal setup – carried on for 
further investigation. 

Pharmaco- 
logical 

Close manipulation: 
para-tracheal injection 
of local anesthetics 

High risk of damage in surrounding blood 
vessels; Failure in medullo-esophageal setup 
– fail to test its efficacy. 
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In conclusion, epineural lignocaine application was selected as the reversible 

blocking method for the cervical vagus nerve. Before that, it was subjected to further 

investigation for blocking-period characteristics with the cervico-esophageal setup, 

as discussed in next chapter. Vagotomy was adopted for the irreversible blocking 

series. 
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Chapter Two: 

Methods  

2.1 Experiment 1 –The Characteristics of Epineural Vagal Blockade 

In this series of experiment, the efficacy and blocking-time characteristics of 

anesthetic effect by means of epineural application of lignocaine on cervical vagus 

nerve (CVN) was studied. This was to judge whether epineural lignocaine anesthesia 

is a suitable model of reversible CVN blockade for further parts of this project. 

 

2.1.1 Animal Preparation.  

The experimental procedures were approved by Department of Health of Hong Kong 

under the Animals (Control of Experiments) Ordinance. This experiment was 

performed on six Sprague-Dawley (S.D.) rats weighting 260-300 grams. The rats 

used each day were administered a first i.p. dose of 400mg/Kg of freshly prepared 

chloral hydrate (Fluka, #23100) and supplemental dose of 40mg if necessary.  

 

2.1.2 Recording Electrode Implantation.  

A 3-cm incision of was made 1.5 cm from the left of midline below the ribcage, and 

the esogastric junction was exposed after deflecting the liver. A paired of coated 

copper wire, sewn as recording electrodes, were implanted on the lower end of 

esophagus. The incision was sutured up with one end of recording electrode 

connected to the recording device, consisting of a microelectrode amplifier (X-cell 3, 
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FHC, USA), an oscilloscope (Hewlett Packard, USA) and a computer chart recorder 

(Powerlab, ADInstruments, Australia) outside of the body.  

 

2.1.3 Stimulation Electrode Installation.  

A 2.5-cm incision of was made at midline above the sternum. After dissecting up the 

sternohyoid muscle and splitting up the sheath of carotid artery, the cervical vagus 

nerve trunk (CVN) of each side was exposed. One side of CVN was isolated and 

hooked with the fixed stimulation electrodes, and the other side when finished. The 

electrodes were connected to a pulse stimulator (A-M systems, USA). A trigger 

channel was connected to the computer chart. The final model setup is illustrated in 

figure 2.1.  

 

2.1.4 Stimulation tests.  

In the experiment timeline, stimulation tests were done at Initial, Pre-lig, Pre-wash 

and each 10 minutes interval up to 60 minutes after washing as in figure 2.2. The 

pulse was specified as biphasic single burst of duration 0.5x10-4s, with inter-pulse 

period 4.99s. At each stimulation test the following data were collected in the 

computer chart: (1) The response evoked by vagal stimulation of various intensity 

including 10mA, 5mA, 2mA, 1mA and 0.5mA. (2) The threshold current at the time, 

by seeking for the lowest intensity of stimulation that produces a stable recognized 

waveform. 
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Fig. 2.1. The schematic drawing of cervico-esophageal setup. A cotton ball containing 0.1 ml of 
1% lignocaine (indicated by dotted arrow) was placed around the distal end of the exposed CVN to 
achieve epineural blockade. Its effect was evaluated by stimulating the proximal CVN and recording 
the evoked EMG response from the esogastric junction.  

Fig.2.2. The Experiment Timeline. Lignocaine was applied on CVN for 30 or 45 minutes and was 
washed. Stimulation Tests to obtain the threshold and onset of transmission were done at initial 
stage, Pre-lig, pre-wash, and 10 minutes interval after washing (indicated by up-straight arrows) . 
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2.1.5 Lignocaine application.  

At Pre-lig, a cotton ball of 20-25mg was injected with 0.1ml of Lignocaine 1% 

(Zuellig) and was placed on the distal part of CVN. Pulses of 10mA were triggered 

to monitor the blocking period, which lasted for 30 minutes (LIG30 group) or 45 

minutes (LIG45 group). At Pre-wash, the cotton bud was removed and the nerve was 

rinsed 3 times by saline solution.  

 

2.1.6 Data analysis.  

The threshold and onset of esophageal EMG activities evoked by stimulation of the 

vagus nerve were measured. Data were analyzed with the StatView for Windows 

(SAS Institute Inc.) computer software, and the results were presented as the mean ± 

SEM (standard error of mean). Values from post-anesthetic blockade were compared 

with the corresponding baseline value for each nerve using paird t-test. Difference 

between the means was considered significant when p<0.05. 



   

 19

2.2  Experiment 2 - Effect of vagal blockades on the anti-inflammatroy 
effect of electroacupuncture 

The aim of this experiment is to prove the involvement of vagus nerve in the 

electro-acupuncture anti-inflammatory mechanism. In this section, both of the 

cervical vagal nerves (CVN) of rats were subjected to blockade, by reversible and 

irreversible means, and such effect on the electro-acupuncture anti-inflammatory 

model was observed. 

 

2.2.1 Animal Preparation and grouping 

The experimental procedures were approved by Department of Health of Hong Kong 

under the Animals (Control of Experiments) Ordinance. This experiment was 

performed on Sprague-Dawley (S.D.) rats weighting 220-250 grams from the animal 

house of the Chinese University of Hong Kong. The rats were administered a first 

intraperitoneal dose of 400mg/Kg of chloral hydrate (Fluka, #23100) and 

supplemental dose of 40mg if necessary. They were kept warm with an electric 

blanket at 36-38°C. 

The rats were divided into 4 groups in each series of experiment as follow. 

Vagal manipulation Experiment 
Series Grouping Block with Control with Acupuncture Inflammation 

induction 
LA Lignocaine - Yes 

SA - Saline Yes 

L Lignocaine - No 

Reversible 
block 
series 

(Epineural 
lignocaine 
anesthesia) 

S - Saline No 

Intra-planter 
injection of 
carrageenan 

(CA) 
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VxA Vagotomy - Yes 

VoA - Sham 
Operation Yes 

Vx Vagotomy - No 

Irrevesible 
block 
series 

(Bilateral 
cervical 

vagotomy) 
Vo - Sham 

Operation No 

Intra-planter 
injection of 
carrageenan 

(CA) 

 

2.2.2 Vagal Manipulation 

Two different techniques had been employed to achieve vagal blockade: reversible 

with local anesthetics and irreversible with vagal transection. 

 

2.2.2.1 Reversible blockade 

In reversible block series, local anesthetics were applied on the vagus nerve during 

the acupuncture period for the experimental groups and saline for the control group. 

A 1.5-cm incision of was made at midline above the sternum. After dissecting the 

sternohyoid muscle and isolation of carotid artery, the cervical vagus nerve trunk of 

each side was exposed. For LA and L a cotton ball was injected with 0.1ml of 

lignocaine (1% Zuellig) and placed epineurally on each side of the vagus nerve, and 

the change in general condition like change in breathing rate was noticed. 0.9% 

saline was used instead for SA and S. The cotton balls were left for 45 minutes 

during acupuncture period. Right after acupuncture, all the cotton ball were removed 

and the vagal area were rinsed 3 times by 0.9% saline. The wound was sealed with 

suture. 
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2.2.2.2 Irreversible blockade 

In irreversible block series, vagus nerve were transected in the experimental groups 

and left intact for the control group. A 1.5-cm incision of was made at midline above 

the sternum. After dissecting up the sternohyoid muscle and isolation of carotid 

artery, the cervical vagus nerve trunk of each side was exposed. For VxA and Vx, 

the vagus nerve was transected, and the change in general condition like change in 

breathing rate was noticed. The nerve was left without cutting in VoA and Vo. The 

vagal area was inspected for bleeding, and rinsed with saline if necessary. After 

vagal manipulations the wounds were sealed by suture.  

 

2.2.3  Electro-acupuncture 

Acupuncture was applied in LA, SA, VxA and VoA. Two acupuncture points were 

identified as follows. Zusanli (ST 36) was located at the junction of proximal 1/5 and 

distal 4/5 of the distance between the lateral condyle of the tibia and lateral 

mallelous, 2mm lateral to tuberositas tibiae. Sanyinjiao (SP 6) was located at the 

junction of proximal 4/5 and distal 1/5 of the distance between the medial condyle of 

tibia and medical mallelous, between the tibia and fibula. Two stainless steel 

acupuncture needles were inserted on the above acupoints on the left hind limb. 

They were connected to a constant-current EA machine (CEFAR Acus II, Sweden), 

emitting low frequency (4Hz) rectangular wave pulses (450us) for 45 minutes. The 

stimulation intensity was tuned to 0.6-0.8mA, which was just enough to cause 

distinct twitches of the limb. The setup could be referred to figure 2.3. For L, S, Vx 

and Vo, they received no acupuncture and were left for 45 minutes. 
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2.2.4  Induction of Inflammation  

Acute inflammation was induced by carrageenan lambda (1%) (CA) immediately 

after electro-acupuncture pre-treatment. The solution were freshly prepared by 

dissolving carrageenan lambda powder in deionized water in 1ml/10mg ratio and 

heated 3 times in boiling water for 10 seconds. 0.1 ml was subcutaneously injected 

on the planter surface of the right lower limb, which is the ipsilateral side where 

acupuncture had been applied. 

 

2.2.5  Paw volume measurement 

The lateral mallelous of each rat were marked with a permanent marker. Paw volume 

was measured with the use of a plethysmometer (Ugo Basile), filled with wetting 

Figure 2.1 The 
Acupuncture points. 
Acupoints Zusanli (ST36) 
and Sanyinjiao (SP6) of 
the left posterior limb 
were selected in this 
experiment. Acupuncture 
needles of 0.25mm in 
gauge, 13mm in length 
were inserted on the 
acupoints and were 
connected to the two 
electrodes of a digital 
pulse stimulator. 
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solution consisted with 0.4g/L sodium chloride and surfactant. The right hind paw of 

each rat was inserted in the measuring chamber of the plethysmometer until the 

lateral mallelous reaches the meniscus. The paw volume of pre-CA injection, and 

1-hour interval up to 4 hours were taken.  

 

2.2.6  Data analysis 

The percentage increases in paw volume from pre-Ca injection were calculated. Data 

were analyzed with the StatView for Windows (SAS Institute Inc.) computer 

software, and the results were given as the mean ± SEM (standard error of mean). 

Analysis of variance (ANOVA), followed by Fisher’s PLSD procedure for post-hoc 

comparison, was used to verify the significance between two means. P values of less 

than 0.05 were considered significant. 
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Chapter Three: 

Results 

3.1  Experiment 1 –The Characteristics of Epineural Vagal Blockade  

Data were obtained from 11 vagus nerves in 6 rats. The cotton ball soaked with 

lignocaine was left in contact with the vagus nerve for 30 minutes for 5 nerves 

(LIG30) and 45 minutes for 6 nerves (LIG45). One rat died before the second nerve 

was recorded.  

 

3.1.1 The blocking characteristic of a single nerve 

Figure 3.1 illustrated a typical example of esophageal EMG changes evoked by 

suprathreshold stimulation (10mA) of cervical vagus nerve during control, 

lignocaine blockade and the post-wash period. Upon lignocaine application, the 

intensity of signal decreased and became undetectable within 1 minute. No EMG 

response was evoked when the lignocaine-containing cotton ball was in place. Signal 

returned immediately after removal of lignocaine-containing cotton ball and washing 

with saline, but the onset was delayed and threshold was elevated (not shown in the 

figure). The latency and threshold returned to the pre-lignocaine baseline after 60 

minutes.  

 

3.1.2 The stimulation-response curve 

The response evoked by CVN stimulation was measured in terms of peak-to-peak 
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voltage, and the response along the time was compared with that evoked by initial 

stimulation. Figure 3.2a,b showed the stimulation-response curves along the time for 

LIG30 and LIG45 respectively. The result was similar in both groups as follows. 

First, the response dropped to minimum immediately when the lignocaine ball was 

in place. Second, when the lignocaine ball was removed and washed, the response 

increased in different rate. For example, in figure 3.2a, the black squares standing for 

5mA stimulation, had evoked a higher response than the red rhombus, standing for 

2mA stimulation. This suggested the gradual decrease in threshold of stimulation, 

and that means the recovery was indicated by higher intensity of stimulation than in 

lower intensity. Third, the recovery reached a plateau of 90.27±1.31% (mean±SEM) 

at 60 minutes, indicating some degree of irreversible damage of nerve. An example 

of esophageal EMG changes evoked by different stimulation was illustrated in 

Figure 3.3. 

 

3.1.3 The threshold and latency changes 

As no obvious difference was observed in the latency and threshold of evoked EMG 

responses between the groups of nerve, data from these 11 nerves were considered 

together. The threshold of evoked EMG response increased dramatically after 

lignocaine application, and return towards the pre-lignocaine baseline more 

obviously than the return of latency of EMG response evoked by suprathreshold 

stimulation.  
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The change in threshold was shown in fig 3.4a. The mean threshold of electrical 

stimulation for evoking esophageal EMG response was 0.30±0.02mA (s.e.m) before 

lignocaine application.  The threshold was not detected when the 

lignocaine-containing cotton ball was in place. Immediately after removal of 

lignocaine-containing cotton ball and washing with saline, the mean threshold was 

significantly higher than the baseline (p=0.005). The threshold decreased gradually, 

reaching a plateau at 50-60 minutes. Four nerves were tested for 180 minutes, but no 

further decrease in thresholds was observed after 60 minutes. The mean thresholds 

were 0.512±0.034mA (s.e.m) at 50 minutes and 0.479±0.034mA (s.e.m) at 60 

minutes. The difference was insignificant at 60 minutes compared with the 

pre-lignocaine baseline (p=0.067).  

 

As for the latency of response evoked by suprathreshold (10mA) stimulation, the 

phenomenon was similar but the recovery was less sensitive, as shown in figure3.4b. 

The initial mean latency was 10.69±0.65ms (s.e.m). After the blockade, the latency 

increased to 12.36±0.84ms (s.e.m), which was significantly different to the baseline 

(p=0.0189). In the 60 minutes’ time, the latency gradually decreased to 

11.25±0.55ms (s.e.m), but there was still significant difference with the baseline 

(p=0.0477). 
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Figure 3.1 Computer chart records showing esophageal EMG responses evoked by 
stimulation of the cervical vagus nerve. Pre-Lig. indicates the response evoked prior to 
lignocaine (Lig) blockade. The 6 time points below Lig. (marked with a black bar) indicate the 
EMG responses taken at the corresponding time at which the vagus nerve was blocked by epineural 
application of lignocaine. The 5 time points below Wash indicate EMG responses at the 
corresponding time after the vagus nerve had been washed by saline 
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Figure 3.2 The percentage of EMG response over the initial response evoked by electrical stimulation 
of cervical vagus nerve for (a) LIG30 and (b) LIG 45 group. Pre-Lig. indicates the response evoked prior 
to lignocaine (Lig) blockade, 100% by definition. Lig. Application indicates the minimal EMG responses 
during blockade. The 6 time points after Lig Removel & wash demonstrate different rate of recovery for 
different intensities of stimulation. 

 
Fig. 3.3. Computer chart records showing change esophageal EMG responses by different 
stimulations. Each box shows the first 40 milliseconds of EMG responses of one single nerve. The rows 
stands for different stimulation intensities and the columns stand for the experiment timeline. PreLig. 
indicates the initial response evoked prior to lignocaine (Lig) blockade. Pre-wash indicates the  response 
obtained before washing. The 6 time points on the right indicate EMG responses at the corresponding time 
after the vagus nerve had been washed by saline. 
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Figure 3.3. Line graphs showing the means and standard errors (S.E.M.) of the esophageal EMG 
threshold (A) and latency (B) evoked by vagal nerve stimulation at different time points. The 
latencies were determined by suprathreshold stimulation (10 mA, 50 µs). The diamond in A and the dot 
in B closest to the left vertical axis indicate the mean baseline threshold and latency, respectively. The 
vagus nerve was completely blocked for the duration of epineural lignocaine application for 30 (n=5) 
or 45 (n=6) min, indicated by Lig. and Wash. The thresholds and latencies during the recovery (post 
Wash) period were compared with the respective baselines (*P<0.05, **P<0.01, t-test, n=11). 
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3.2 Experiment 2 - Effect of vagal blockades on the anti-inflammatroy effect 
of electroacupuncture 

3.2.1 Revesible blocking Series 

Data were obtained from 28 rats, 7 in each of the four groups LA, SA, L and S. The 

anesthetized subjects (LA, L) generally presented sudden bradypnea on application 

of lignocaine on both cervical vagus nerves, and gradually resumed after washing. 

Generally edema was seen in all paws after carrageenan injection. The mean 

percentage increase in paw volume and the standard error of mean (SEM) was 

shown in the following table:  

 Mean percentage of increase in paw volume (SEM) 
Time/hr n 0 1 2 3 4 

LA 7 0.00 (0.00) 14.41 (2.72) 17.73 (2.80) 18.76 (3.35) 16.59 (3.19)
SA 7 0.00 (0.00) 11.03 (1.48) 14.19 (1.52) 13.44 (1.57) 11.55 (1.18)
L 7 0.00 (0.00) 14.62 (2.03) 16.98 (2.03) 16.45 (2.06) 15.53 (2.00)
S 7 0.00 (0.00) 14.47 (1.62) 16.81 (1.72) 17.12 (2.04) 14.92 (2.06)

 

Figure 3.4 showed the mean and standard error (SEM) in percentage increase in 4 

hours after carrageenan injection among the four groups. An initial increase in paw 

volume of 11-14% and maximum of 13-19% at third hour were recorded. The group 

SA (purple square) seemed to have a lower degree of edema then the others in the 

figure. However, the differences among the groups were statistically insignificant 

(p=0.43, 0.65, 0.46, 0.43, for 1,2,3,4 hours, ANOVA).  

 

The effect of electro-acupuncture was not seen. The difference between LA (red 

diamond) and L (green triangle) was not significant (p=0.50,0.80,0.49,0.74 for 
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1,2,3,4 hours, Fisher’s PLSD), and also between SA (purule square) and S (black 

circle) (p=0.17,0.38,0.28,0.30 for 1,2,3,4 hours, Fisher’s PLSD). 

 

The effect of vagal anesthesia was not seen. The difference between LA and SA was 

not significant (p=0.42,0.24,0.12,0.12 for 1,2,3,4 hours, Fisher’s PLSD), and also 

between L and S (p=0.95,0.95,0.84,0.85 for 1,2,3,4 hours, Fisher’s PLSD).  

Fig. 3.4 The line graph showing mean and standard errors (S.E.M.) of percentage increase in paw 
volume from 1-4 hours after intraplantar carrageenan injection. Although visually the edema was 
smaller in SA group than the other three groups, there was no significant difference among the four 
groups. (p>0.4, ANOVA)  

 

3.2.2  Irreversible block series 

Data were obtained from 38 rats, 9 each in VoA and Vo, and 10 each in VxA, Vx. 

The bilateral vagotomized subjectes (VxA, Vx) generally presented sudden 
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bradypnea on transection of both cervical vagus nerves till the end of experiment. 

One rat in each VxA, Vx died during the experiment and therefore discarded. 

Stimulation of intensity within 0.4-0.6mA was used just to initiate the twitches of 

hind limb muscle during electro-acupuncture. 

 

Generally edema was seen in all paws after carrageenan injection. The mean 

percentage increase in paw volume and the standard error of mean (SEM) was 

shown in the following table:  

 Mean percentage of increase in paw volume (SEM) 
Time/hr n 0 1 2 3 4 

VxA 9 0.00(0.00) 15.35(1.38) 17.46(1.35) 18.01(1.24) 16.01(0.93)
VoA 9 0.00(0.00) 11.02(1.12) 13.37(0.95) 14.91(1.40) 14.25(1.90)
Vx 9 0.00(0.00) 17.33(1.97) 19.68(2.08) 21.44(2.62) 20.30(2.80)
Vo 9 0.00(0.00) 15.16(0.97) 20.08(1.16) 21.12(1.22) 20.77(1.24)

 

Figure 3.5 showed the mean and standard error (SEM) in percentage increase in 4 

hours after carrageenan injection among the four groups. An initial increase in paw 

volume of 11-17% and maximum of 14-21% at third hour were recorded.  

 

Electro-acupuncture could reduce the development of inflammation after 2 hours. 

The difference between VoA (purple square) and Vo (black circle) was significant 

after 2 hours of CA injection (p=0.060, 0.004, 0.042, 0.036 for 1,2,3,4 hours, 

Fisher’s PLSD). However, the anti-inflammatory effect was not seen when the vagus 

nerves were transected. The difference was insignificant between VxA (red diamond) 

and Vx (green triangle) until 4 hours after CA injection (p=0.177, 0.155, 0.062, 
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0.022 for 1,2,3,4 hours, Fisher’s PLSD). 

 

Concerning the effect of bilateral vagotomy, it does not affect the course of 

inflammation, as the difference between Vo and Vx was not significant (p=0.104, 

0.724, 0.234, 0.359 for 1,2,3,4 hours, Fisher’s PLSD). But it reduces the effect of 

acupuncture in some extent. The difference between VxA and VoA was significant 

for first 2 hours after CA injection (p=0.032, 0.049, 0.170, 0.481 for 1,2,3,4 hours, 

Fisher’s PLSD). 

Fig. 3.5 The line graph showing mean and standard errors (S.E.M.) of percentage increase in paw 
volume from 1-4 hours after intraplantar carrageenan injection. The difference between VoA and 
Vo were significant, and the difference between VxA and VoA were significant for first 2 hours, 
indicating that there was anti-edematous effect in electroacupuncture, and bilateral vagotomy reduced 
such effect in some extent. 
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Chapter Four: 

Discussion 

4.1  The Characteristics of Epineural Vagal Blockade 

4.1.1 EMG response as indication of total vagal activity 

The motor component of the vagal branch supplying the esophagus and the stomach, 

which was responsible for the evoked esophageal EMG response, contains a wide 

range of fiber sizes, comparable with that of the whole vagus trunk [45,46]. 

Moreover, similar susceptibilities to local anesthetic blockade have been observed in 

vagal fibers of different sizes [41,47]. For these reasons, the current findings should 

be applicable to the whole vagus trunk, although the current findings only concerned 

with vagal motor fibers supplying the smooth muscle of the esogastric junction.  

 

4.1.2 Vagal blockade characteristics 

The current data showed that epineural application of 1% lignocaine produced a 

predictable period of vagus nerve blockade, which was the duration of epineural 

application of lignocaine (30 or 45 minutes) plus about 60 minutes of recovery time 

after wash in terms of threshold. This is in contrast to previous studies, which show 

that the latency of response of individual fibers reach maximal recovery in 20 

minutes [41]. The terminal threshold of evoked EMG response did not return 

completely to the control level the current findings is consistent with previous 

studies, which have reported that the latency of individual fibers increased and some 
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of the fibers lost their response after lignocaine blockade [41]. The possible reasons 

for lost of response may include damage in the homeostatic condition of the model 

due to open surgery or lignocaine toxicity. 

 

4.1.3  Further investigation 

Although lignocaine anesthesia resulted in a 60-minute recovery after anesthetic 

removal washing, it may be still unsatisfactory for our experiment. Other new 

short-acting local anesthetics are also preferable. The cervico-esophageal setup may 

be applied so that the blocking characteristics to other new drugs could be 

established. 
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4.2  The Vagal Block Tests 

4.2.1 Inhibitory effect of vagal blockade 

Following electro-acupuncture, the carrageenan-induced hind paw edema of rat was 

significantly reduced by 30%. The anti-inflammatory effect of EA appeared to be 

more pronounced than that observed in the previous model, which used 

capsaisin-induced edema [22]. After bilateral vagotomy, the reduction of edema was 

only up to 16%1. The trend of attenuating effect by irreversible blockade supported 

the supposition of involvement of the cervical vagus nerve in electro-acupuncture 

anti-inflammatory mechanism. However, the difference in edema over 4 hours 

between vagotomy group and those without were not significant. Further 

investigation was suggested to see the certainty and duration of the attenuating 

effect.  

 

4.2.2 The unresponsiveness in reversible vagal block model. 

The reversible block series failed to demonstrate the effect of EA anti-inflammation, 

and neither the attenuation effect by the vagal block. The unresponsiveness was 

discussed as follows. 

 

Comparing the control groups of the two series of experiment, the saline-soaked 

control (S) obtained a less obvious level of edema, which was only up to about 17%, 

than the sham-operated control (Vo), which was up to about 21%. For the 

                                                        
1 Referring to the percentage decrease in edema, taken by (Vo-VoA)/Vo and (Vo-VxA)/Vo 
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acupuncture controls, the edema in SA and VoA were similar. This implied the 

placement of saline-soaked cotton ball on the vagus nerve, which was the only 

difference between them, also demonstrated attenuated the effect of acupuncture 

anti-inflammation, although it was not expected. The reason accounting for the 

attenuation was not clear. The irritating property of cotton fibers and the surgical 

damage might be responsible, and further experiments are required to determine the 

cause. 
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4.3  Further Discussion 

4.3.1 The parasympathetic EA anti-inflammatory pathway 

In this project, electro-acupuncture (EA) pre-treatment could reduce 

carrageenan-induced edema of hind paw in rats, and such anti-inflammatory effect 

was attenuated by bilateral vagotomy. Because the vagus nerve was the major 

efferent route of parasympathetic system originated from the brain, bilateral 

vagotomy was an effective way to cause the disruption of parasympathetic activity. 

Therefore, the current findings supported the most recently reported 

“parasympathetic anti-inflammatory pathway” proposed by Borovikova et al, who 

found that direct stimulation of bilateral cervical vagus nerve reduced systemic as 

well as local inflammation [20].  

 

The release of acetylcholine (ACh) is responsible for the immuological responses in 

inhibiting the release of inflammatory mediator in phagocytes. Localized injection of 

ACh had been found reducing carrageenan-induced edema of hind paw in rats [27]. 

Because the vagus nerve is a major source of ACh, this project suggested a probable 

release of ACh from vagal efferents following EA. It was proposed that EA could 

activate the anti-inflammatory mechanism through somato-parasympathetic reflex 

[28], as illustrated in figure 4.1. In this reflex, the afferent route was initiated by 

somatic stimulation of EA, integrated by spinal and supraspinal pathways, and the 

vagus nerve is the efferent routes to release ACh, which inhibited the inflammatory 

mediators, such as TNF, released by macrophages (denoted as Mφ) [24].  
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Figure 4.1 Schematic diagram of the proposed somato-parasympathetic reflex pathway for 
acupuncture. Acupuncture signal, as a somatic stimulus, is transmitted to the CNS (green) to activate 
the parasympathetic anti-inflammatory pathway (red), where excitatory signals pass through the vagus 
nerve to release ACh. On the other hand, acupuncture could cause muscle contraction and hence local 
release of ACh (blue). The ACh from both pathway can reduce the release of inflammatory mediators 
(such as TNF) by macrophages (denoted as MΦ). 

 

As the current findings only demonstrated attenuation, instead of a total abolition, by 

vagotomy, the somato-parasympathetic reflex appears to play only a partial role in 

meditaing the anti-inflammatory effect of EA. In this regards, it is important to note 

that acupuncture could cause local release of ACh at the point of stimulation and 

hence the reduction of inflammation [3, 48].  
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4.3.2 Clinical significance 

This series of experiments demonstrated a drug-independent mode of 

anti-inflammatory treatment, which had been adopted clinically for 2000 years in 

Chinese medicine. The elucidation of its anti-inflammatory pathway helped the 

deduction of clinical efficacy of acupuncture treatment.  

 

For example, in addition to the anti-inflammatory effect, acupuncture has activated 

the vagal efferents and hence the cholinergically innervated organs like the 

gastro-intestinal system. The parasympathetic system can increase gastric secretion 

and peristalsis activity, which may cause complications in duodenal ulcer patients. 

Although the side effect is less obvious than commonly used anti-inflammatory 

drugs like steroid and NSAIDs that cause cyclo-oxygenase inhibition, preventive 

measures like antacid pre-treatment are advised. Another example is that, if a patient 

received anti-cholinergic agent like atropine for some reason, the anti-inflammatory 

effect of acupuncture is likely to be blocked and therefore not suggested. 

 

Clinically, acupuncture is commonly applied on both acute and chronic cases of 

inflammation; although this project demonstrated the attenuation effect of EA on 

carrageenan-induced inflammation, which was limited to acute inflammation. Acute 

inflammation involves infiltration of phagocytes, while lymphocytes are additionally 

recruited in chronic inflammation. There may be further possible mechanisms for EA 

to modulate chronic inflammation. Nevertheless, EA-induced inhibition on 
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phagocytes could somehow reduce the condition of superimposed acute 

inflammation, which causes clinical symptoms like pain, on a chronic inflammatory 

site. 
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Chapter Five: 

Conclusions 

Acupuncture has been adopted as pain-relieving treatment for 2000 years in Chinese 

Medicine. Its analgesic effect was generally believed, for the most part, mediated by 

an opioid mechanism, especially for low frequency electro-acupuncture (EA). 

However, clinical studies have shown that the relief of pain and the associated 

inflammatory symptoms are not reversed by naloxone, an opioid receptor antagonist. 

Thus non-opioid mechanisms also played an important role in mediating the 

anti-inflammatory effect of EA, but the exact mechanism remains to be elucidated.  

 

In this project, it was hypothesized that vagal efferents, which has been recently 

found to have immunomodulating function, play a role in EA anti-inflammation. The 

objectives of this study were, first, to establish a reversible blocking method for 

cervical vagus nerve (CVN) blockade, and second, to test the effect of vagal 

blockade on the anti-inflammatory effect of EA. 

 

A method of Epineural Vagal Anesthesia was developed. It was found that the 

EMG activity was blocked immediately when the lignocaine-containing cotton ball 

was in place. The stimulation-response characteristics showed that the threshold and 

latency of the blocked nerve returned to baseline approximately 60 minutes after 

removal of the cotton ball. The period of blocking was predictable and did not affect 

the recovery rate. This method of epineural lignocaine application was easy, 
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controllable and reversible to a large extent. Thus, this method was used for 

reversible vagal block in the later part of this project. 

 

The second part of this project was to see the effect of vagal blockade, either 

reversibly with lignocaine or irreversibly with nerve transection, on the EA 

anti-inflammatory model. Results from rats with reversible CVN epineural 

anesthesia failed to demonstrate significance differences between Lignocaine+EA 

and Saline+EA (n=7). For the irreversible blockade series (n=9 in each group), 

Vagotomy+EA caused a maximum of 18.01±1.24% (mean±SEM) increase in paw 

volume, which demonstrated a reduction of anti-edematous effect of EA compared 

with Sham+EA (14.91±1.40%, mean±SEM). However, there was still significant 

difference with the non-EA controls (Vx and Vo) with the increase in paw volume of 

21.12±1.22% and 21.44±2.62% (mean±SEM) respectively. Thus, the anti-edematous 

effect of EA was reduced by Vagotomy. This indicated the involvement of vagus 

nerve in acupuncture anti-inflammatory mechanism. On the other hand, the 

reversible block model failed to significantly demonstrate the same result due to 

unexpected failure in model design. The reason underlying the different results with 

two different types of vagal blockade is not known, and further studies are required 

to determine the cause. 

 

The current findings showed that vagus nerve played a partial role in mediating the 

anti-inflammatory effect of EA, and supported the theory that a 
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somato-parasympathetic reflex pathway was involved in EA anti-inflammation. In 

this reflex, the afferent route was initiated by somatic stimulation of EA, integrated 

by spinal and supraspinal pathways, and the vagus nerve is the efferent routes to 

release ACh, which inhibited the inflammatory mediators, such as TNF, released by 

macrophages. 

 

To conclude, this project demonstrates that the ancient practice of acupuncture can 

be studied and explained with concepts and techniques of neurobiology. The future 

development of acupuncture may depend upon the combination of ancient wisdom 

and modern science. 
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Appendix 

1. Experiment photographs 

 
Photo 1: Stimulation and 
Recording Devices. The schematic 
diagram on the left shows the 
connection of the devices. Red lines 
stand for the recording system, 
consisting of the recording electrode, 
microelectrode amplifier, CRO, 
speaker and computer chart. The 
green lines stand for the stimulating 
system, consisting of pulse stimulator 
and the stimulating electrode. 
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Photo 2: Recording electrode implantation. Copper wire sewn by epoxy gel was 
implanted on the smooth muscle of esogastric junction. The ends of copper wire 
were connected to the recording devices (photo 1). 
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Photo 3: Stimulation of cervical vagus nerve. After exposure of cervical vagus 
nerve (left vagus on the photograph) from the carotid artery, it was transferred on a 
platinum hook which was connected to the stimulator (photo 1). 
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Photo 4: The medullo-esophageal setup. A stimulating electrode was positioned 
at vagal nuclei by stereotaxic technique. The electrode was stimulated to see if any 
esophageal EMG signal was evoked. Such setup was designed for the test of 
“para-tracheal” injection of local anesthetics.  
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Photo 5: Electro-acupuncture. Acupuncture needles were inserted into acupoints 
Zhusanli (ST36) and Sanyinjiao (SP6) and were connected to an acupuncture 
machine (left). The stimulation parameters were: Pulse duration 450ms, Frequency 
4Hz, Stimulation time 45 minutes. The Intensity was gradually increased from 
zero to 0.5-0.7mA, the level just to cause twitching of the rat. 
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Photo 6: Intra-plantar injection of carrageenan. 1mg in 100µL of carrageenan was 
intraplantarly injected in the left hind paw of rats and peripheral signs of 
inflammation including rubor, calor and tumor were observed. 
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Photo7: Plethysmometer. It is the device for paw volume measurement. The Bath 
solution contains NaCl 4g/L and surfactant. 
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2. Manual for solution preparation 

2.1 Chloral hydrate 

Agent Chloral hydrate (Fluka, #23100) 

Dosage Initial dose 400mg/Kg i.p; supplement dose if necessary 

Storage Stock in powder form, kept in refrigerator 

Solution was kept in refrigerator and stored for 1 day at most. 

Preparation (1) 2 g of chloral hydrate powder was weighted with weighting 

paper and was transferred to a centrifuge tube. 

(2) 10 ml of deionized water was added into the centrifuge tube and 

was shaked by vortex.  

Resultant Solution: 200mg/ml, total volume 10 ml, which is 

enough to serve about 4 rats for the 6 hours experiment. 

Usage  Initial dose: 0.2 ml of resultant solution per 100g weight of rat, 

administered intraperitoneally.  

e.g. 250g of rat receives 0.5 ml of resultant solution. 

 Abdominal massage was followed if necessary. 

 The duration lasts about 1-1.5 hours. If the rat awakes, 0.2ml of 

resultant solution was administered intraperitoneally. 
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2.2 Carrageenan  

Agent Carrageenan lambda (Sigma C3889) 

Dosage 1 mg in 0.1ml, S.C. 

Storage Stock in powder form, kept in room temperature 

Solution must be freshly prepared each day of experiment. Solution 

keeping overnight was discarded. 

Preparation (1) 500µl of deionized water was added in an eppendorf. 

(2) 10 mg [0.0100g] of carrageenan lambda was weighted by 

weighting paper and was transferred to the eppendorf. 

(3) The eppendorf was added in boiling water for 10 seconds, 

followed by vortex.  

(4) When the powder dissolved, another 500µl of deionized water 

was added to the eppendorf. 

(5) The eppendorf was added in boiling water for 10 seconds, 

followed by vortex. This step was repeated for 2 times. 

Resultant solution: 10mg/ml, total 1.0 ml, which is enough to 

serve about 8 rats. 

Usage  0.1 ml of carrageenan was injected subcutaneously at the 

plantar surface of left hind paw of rat with a 30G syringe. 
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2.3 Bathing solution 

Agent Surfactant (Ugo Basile); Sodium Chloride 

Dosage NaCl ~4g/L + surfactant ~1ml/L 

Storage NaCl Stock in powder form, Surfactant in liquid form, both kept in 

room temperature 

Solution was stored in room temperature.  

Preparation (1) 0.3-0.4g of sodium chloride was weighted by a weighting paper 

and was transferred to a 1L jar.  

(2) 700 ml of deionized water was added to the jar. The solution 

was mixed for 1 minute. 

(3) 700µl of surfactant was added to the jar. The solution was mixed 

for 1 minute. 

Usage  200 ml of resultant solution was poured in the resultant tank. It 

was refilled if necessary. 

 The solution in the tank was replaced every week.  
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3.  Personal Publications 

Part of the work from this project was accepted in Scandinavian J. Lab. Animal Sci. in 

June 2003. 

The electronic copy could be accessed here: http://biomedicum.ut.ee/sjlas/30_2.htm 

 
 


