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Introduction

Acupuncture has traditionally been used in 

Oriental medicine for the treatment and preve- 

ntion of various diseases and for the control of 

pain
1-3)

. It is known that acupuncture modulates 

neurotransmitter functions in the central nervous 

system (CNS)
2,3)

 and possesses such various 

positiveeffects as analgesia, promotion of hom- 

eostasis, induction of changes in the microcir- 

culatory network, and improvement in brain 

circulation
3,4)

.

The Choksamni (zusnali) acupoint (ST36), 

near the kneejoint of the hind limb 1mm 

lateral to the anterior tubercle of the tibia, is 

one of the most effective acupuncture points 

for brain diseases with a wide range of analgesic, 

spasmolytic, and homeostatic effects
5-7)

. Exper- 

imental studies have shown that acupuncture 

on ST36 stimulates cell proliferation in the 

dentate gyrus under pathologic conditions, incl- 

uding ischemia and diabetes
2,5)

. Acupuncture 

on ST36 also decreased neuronal cell death 

following hemorrhage or ischemia in animals, 

thus demonstrating the neuroprotective effect 

of the ST36 against brain damage
8,9)

.
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Background :Acupuncture has been used as a clinical treatment in Oriental medicine for various diseases including 

pain relief. The descending pain control system of periaqueductal gray (PAG) is a powerful pain control system in 
mammalians. Expression of c-Fos is used as a marker for stimuli-induced metabolic changes of neurons.

Objective : In the present study, the effects of acupuncture on analgesic effect in visceral pain were investigated 

through the writhing reflex and c-Fos expression in ventrolateral PAG (vlPAG) area using immunohistochemistry in mice.

Method :For the writhing test, mice were divided into five groups. Immediately after finishing the behavioral test, 

the animals were weighed and overdosed with Zoletil. After a complete lack of response was observed, the brains 

of the mice were dissected into serial coronal sections, and c-Fos immunohistochemistry was performed. Statistical 
analysis of all data was performed using one-way ANOVA.

Result :The present results showed that acupuncture affected the writhing reflex and that Choksamni (zusnali) 

acupoint and aspirin significantlysuppressed acetic acid treatment-induced increased writhing reflex, and the expression 

of c-Fos in vlPAG was significantly increased in the acupunctured group. 

Conclusion :The present study suggests that acupuncture has an antinociceptive effect on acetic acid-induced 

visceral pain by increase of c-Fos expression in mice. Aspirin also showed analgesic effect, however the mechanism 
is different from the acupuncture.
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Transmission of nociceptive information may 

be altered by many neuronal circuits within the 

CNS
10)

. The descending pain control system 

consists of three major components: the peria- 

queductal gray (PAG) of the midbrain, the 

rostroventral medulla including the nucleus 

raphe magnus, and the spinal dorsal horn. 

Descending modulation of spinal nociceptive 

neurones from the periaqueductal gray matter 

(PAG) is one of the most extensively studied 

pain control systems
11)

. PAG is rich in opioid 

receptors and opioid peptidesopiates are known 

to produce analgesia by activating descending 

pain control pathways, especially at the level 

of the PAG
12,13)

. It is well documented that 

endogenous opioid peptides can activate PAG 

output neurons by inhibitory interneurons
14,15)

, 

and also reported that the analgesic effect 

induced by stimulation on the ventralateral 

PAG (vlPAG) is abolished by opioid antagonist 

naltrexon. 

c-Fos is an immediate early gene, expression 

of which is used as a marker for stimuli- 

induced metabolic changes of neurons, and is 

also induced in the CNS under various condi- 

tions
16-18)

. Mapping of the brain areas associated 

with the analgesic effects represented by c-Fos 

expression in either anesthetized or restrained 

animals has provided useful information for 

the understanding of its mechanisms of action. 

In the present study, to gain insights into 

analgesic mechanism of acupuncture controlling 

acetic acid-induced visceral pain, we investigated 

the effect of acupuncture on c-Fos expression 

in the vlPAG region.

Materials and Methods

1. Experimental Animals

Experiments were performed on male ICR 

mice, weighing 32 - 36 g. Each animal was 

housed at a controlled temperature (20±2°C) 

and was maintained under 12 h light and 12 h 

darkness (lights on from 07:00 h to 19:00 h), 

with food and water made available ad libitum. 

The experimental procedures were performed 

in accordance with the animal care guidelines 

of the NIH and the Korean Academy of Medical 

Science.

2. Writhing test

Mice were divided into five groups:the 

normal saline-injection group (normal group), 

the acetic acid-injection group (control group), 

ST36-acupunctured and acetic acid-injection 

group, the non-acupoint-acupunctured and acetic 

acid-injection group, and aspirin-treated and 

acetic acid-injection group (n = 10 in each group). 

The mice were injected intraperitoneally with 

0.2 ml of 1.5% acetic acid. Immediately after 

injection, the mice were placed in a large glass 

cylinder. The numbers of abdominal stretches 

were counted for 30 min after acetic acid injection.

3. Acupuncture and treatments

In the acupunctured groups, acupunctural 

treatment was given to the mice before acetic 

acid injection. For acupunctural stimulation at 

ST36, stainless acupuncture needles of 0.1 mm 

diameter were bilaterally inserted into ST36 

and left in place for 20 min. In the non- 

acupuncture groups, in same condition to acup- 

unctured group except both hips were used for 

the acupunctural stimuli(Fig. 1). In the aspirin- 

treated group, 100 mg/kg aspirin was injected 

intraperitoneally 1 h before acetic acid injection.

4. Tissue preparation 

Immediately after finishing behavioral test, 

the animals were weighed and overdosed with 
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Zoletil 50
®
 (10 mg/kg, i.p.; Vibac Laboratories, 

Carros, France). After a complete lack of response 

was observed, the mice were transcardially 

perfused with 4% paraformaldehyde (PFA) in 

100 mM phosphate buffer (PB, pH 7.4). The 

brains were dissected, postfixed in the same 

fixative overnight, and transferred into a 30% 

sucrose solution for cryoprotection. Serial coronal 

sections of 40 μm thickness were made using a 

freezing micritome (Leica, Nussloch, Germany).

5. c-Fos Immunohistochemistry

For analyzing c-Fos expression in vlPAG, 

20 sections on average were selected from 

each brain region spanning from bregma -4.24 

to -4.96 mm. For visualization of c-Fos expression, 

c-Fos immunohistochemistry was performed. In 

brief, the sections were drawn from each brain 

and incubated with rabbit anti c-Fos antibody 

(1:1,000, Santa Cruz Biotechnology, CA, USA) 

and the for another 1 h with biotinylated anti- 

rabbit antibody made in goat as a secondary 

antibody. Bound secondary antibody was then 

amplified with VECTASTAIN
®
 Elite ABC Kit 

(Vector Laboratories, Burlingame, CA, USA). 

The antibody-biotin-avidin-peroxidase complexes 

were visualized using 0.02% 3,3’-diaminobenzidine 

(DAB) with nickel and the sections were finally 

mounted on the gelatin-coated slides.

6. Data analysis.

The area of vlPAG region was measured 

and the number of c-Fos positive cellsin the 

vlPAG were counted and expressed as the 

number of cellsper mm
2
 of vlPAG region. All 

measurements on immunohistochemistry were 

made using image with digital camera attached 

to light microscope (Olympus, Tokyo, Japan) 

and the Image-Pro Plus
®
 software (Media Cyb- 

ernetics Inc., Silver Spring, MD, USA).

Statistical analysis of all data was performed 

using one-way ANOVA followed by Tukey’s 

HSD post-hoc test. Results are presented as the 

mean ± standard error of the mean (SEM). 

Differences were considered significant for P < 

0.01

Results

1. Effect of acupuncture on writhing reflex 

in mice

The number of writhing reflexes in the normal 

group was 0±0. The number of writhing reflexes 

increased to 35.33±3.57 in the acetic acid- 

Right lateral lower leg

Zusanli acupolint

Non-acupoint

Fig. 1.
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injection group, but this number significantly 

decreased to 8.00±2.70 in the ST36-acupunctured 

and acetic acid-injected group. The number was 

32.33±5.20 in the non-acupoint-acupunctured and 

acetic acid-injection group, while the aspirin- 

treated and acetic acid-injection group showed 

significant decrease at 3.4±5.41.

The number of writhing reflexes was incre- 

ased by acetic acid injection, while acupuncture 

on ST36 and aspirin treatment with acetic acid 

significantly reduced the number of writhing 

reflexes. The present results showed that acup- 

uncture on ST36 alleviated visceral pain indu- 

ced by acetic acid (Fig. 2).

2. Effect of acupuncture on c-Fos expression 
in mice vlPAG

The number of c-Fos positive cells in the 
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vlPAG was 219.79±11.13 in the normal group. 

The number of c-Fos positive cells in the 

vlPAG was 245.20±10.61in the acetic acid 

injection group. This number increased to 

282.39±11.13 in the ST36-acupunctured and 

acetic acid-injected group. The number was 

241.85±6.52 in the non-acupoint-acupunctured 

and acetic acid-injection group and 246.81± 

6.60 in the aspirin-treated and acetic acid- 

injection group.

The present results showed that c-Fos expre- 

ssion in the vlPAG was increased by acupuncture 

on ST36, suggesting acupuncture on ST36 

activates the descending pain control system in 

the vlPAG region (Fig. 3).

Discussion

Acupuncture has been used for controlling 

various kinds of pain including lower back pain, 

chronic elbow pain, and toothache. Acupuncture- 

induced analgesia has been studied in patients 

with diabetic neuropathy and neuropathic animal 

models
19,20)

. 

Choksamni(zusnali;ST
36)

 is the converging 

point of the stomach meridians (ST) and has a 

character of regulating Ki(Qi) and blood, and 

strengthening spleen and stomach. Therefore, 

they are widely used for hemiplegia, hypertension, 

diseases of the digestive system, and enerv- 

ation
21)

. 

In the present results, intraperitoneal injection 

of acetic acid increased the number of writhing 

reflexes, showing that acetic acid induced visceral 

pain in mice. Acupuncture on ST36 suppressed 

the number of writhing reflexes, demonstrating 

that acupuncture on ST36 exerted analgesic 

effect on acetic acid-induced visceral pain. 

However, acupuncture on non-acupoints did not 

show analgesic effect.

c-Fos has been used to identify activated 

neurons within the CNS expressed rapidly by 

various stimuli. c-Fos protein appears 30 min 

after stimulation and its expression lasts a few 

hours depending on the type and strength of the 

stimuli. c-Fos has been considered as a marker 

for activated neurons
16,22,23)

. c-Fos expression 

represents activated neurons induced by various 

kinds of stimuli including noxious stimulation
24-27)

. 

c-Fos expression has been used to investigate 

the antinociceptive effect of acupuncture
28,29)

. 

The midbrain PAG is believed to be an 

important component in the endogenous pain 

control system
14)

. Neurons in the PAG of the 

midbrain are connected to the rostroventral 

medulla, and some neurons of the rostroventral 

medulla have inhibitory connections with neu- 

rons in the lamina of the spinal cord
30)

. Opioid 

peptides and opiates produce analgesia by 

activating the descending pain control system, 

especially at the level of the PAG
11,12,31)

. 

vlPAG is a crucial region for the descending 

control of the transmission of pain from the 

spinal cord dorsal horn. Several reports have 

indicated that electrical stimulation on the 

vlPAG selectively inhibited responses to noxious 

stimuli in a variety of pain test conditions
32-36)

. 

This antinociceptive effect of vlPAG has been 

reported in tail-flick tests and in long lasting 

tonic pain tests induced by subcutaneous injec- 

tions of formalin
37-41)

. Consistent evidences on 

the antinoceptive regulation of vlPAG have 

been provided
10,42)

. Acupuncture is known to 

activate PAG neurons
43)

. 

In this study, c-Fos expression in the vlPAG 

was increased only by acupuncture on ST36. 

The results suggested that acupuncture on 

ST36 should activate the descending pain 
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control system in the vlPAG region, exerting 

antinociceptive effect.

Aspirin is one of the widely usednon-steroidal 

anti-inflammatory drugs (NSAIDs), and it 

reduces synthesis of prostaglandins which are 

derived from arachidonic acid. Prostaglandins 

play key roles in inflammation in peripheral 

pain. Aspirin produces analgesic and anti-infla- 

mmatory effects through inhibiting cyclooxygenase 

enzyme activity. 

According to these results, aspirin significantly 

inhibited the number of acetic acid-induced 

writhing reflexes, demonstrating that aspirin 

exerted analgesic effect on acetic acid-induced 

visceral pain. However, c-Fos expression in the 

vlPAG was not significantly changed by aspirin, 

suggesting that the analgesic effect of aspirin 

is not associated with descending pain control 

system in the vlPAG
44,45)

. 

It suffices to say that acupuncture on ST36 

exerted analgesic effect on acetic acid-induced 

visceral pain, while acupuncture on non-acupointsdid 

not show analgesic effect. This analgesic effect 

of acupuncture on ST36 may occur through 

activation of the descending pain control system 

in the vlPAG. Further study is required to 

determine which mechanisms make aspirin and 

the acupuncture on ST38 analgesic act differently.

Conclusion

The present study suggests that acupuncture 

has an antinociceptive effect on acetic acid- 

induced visceral pain by increase ofc-Fos expression 

in mice. Aspirin also showed analgesic effect, 

however the mechanism is different from the 

acupuncture.

References

1. Carlsson CP, Sjolund BH. Acupuncture for 

chronic low back pain: a randomized placebo- 

controlled study with long-term follow-up. 

Clin. J. Pain. 2001;17:296-305.

2. Kim EH,Kim YJ, Lee HJ, Huh Y, Chung JH, 

Seo JC, Kang JE, Lee HJ, Yim SV, Kim CJ. 

Acupuncture increases cell proliferation in 

dentate gyrus after transient global ischemia 

in gerbils. Neurosci. Lett. 2001;297:21-24.

3. Sato A, Sato Y, Suzuki A, Uchida S. Neural 

mechanisms of the reflex inhibition and 

excitation of gastric motility elicited by 

acupuncture-like stimulation in anesthetized 

rats. Neurosci. Res. 1993;18:53-62

4. Cho ZH, Chung SC, Jones JP, Park JB, Park 

HJ, Lee HJ, Wong EK, Min BI. New findings 

of the correlation between acupoints and 

corresponding brain cortices using functional 

MRI. Proc. Natl. Acad. Sci. USA. 1998;95: 

670-2673.

5. Kim EH, Jang MH, Shin MC, Lim BV, Kim 

HB, Kim YJ, Chung JH, Kim CJ. Acupuncture 

increases cell proliferation and neuropeptide Y 

expression in dentate gyrus of streptozotocin- 

nduced diabetic rats. Neurosci. Lett. 2002;27: 

3-36.

6. Lin Y. Acupuncture treatment for insomnia 

and acupuncture analgesia. Psychiatry Clin. 

Neurosci. 1995;49: 119-120.

7. Wu MT, Hsieh JC, Xiong J, Yang CF, Pan 

HB, Chen YC, Tsai G,Rosen BR, and Kwong 

KK. Central nervous pathway for acupuncture 

stimulation: localization of processing with 

functional MR imaging of the brain-preliminary 

experience. Radiology. 1999;212:133-141.

8. Cho NH, Lee JD, Cheong BS, Choi DY, Chang 

HK, Lee TH, ShinMC, Shin MS, Lee JS, and 



(45)Acupuncture on ST36 Increases c-Fos Expression in vlPAG of Visceral Pain-induced Mice

45

Kim CJ. Acupuncture suppresses intra- striatal 

hemorrhage-induced apoptotic neuronal cell 

death in rats. Neurosci. Lett. 2004;362:141-145

9. Jang MH, Shin MC, Lee TH, Lim BV, Shin 

MS, Min BI, Kim H, Cho S, Kim EH, Kim 

CJ. Acupuncture suppresses ischemia-induced 

increase in c-Fos expression and apoptosis in 

the hippocampal CA1 region in gerbils. Neur- 

osci. Lett. 2003;347:5-8.

10. Fields HL, Basbaum AI. Central nervous 

system mechanisms of pain modulation. In: 

Wall PD, Melzack R, editors. Textbook of 

pain. 4th ed. Edinburgh Churchill Livingstone. 

2000;p309-327

11. Fields HL, Heinricher MM, Mason P. Neurotr- 

ansmitters in nociceptive modulatory circuits. 

Ann. Rev. Neurosci. 1991;14:219-245

12. Renno WM, Mullett MA, Beitz AJ. Systemic 

morphine reduces GABA release in the lateral 

but not the medial portion of the midbrain 

periaqueductal gray of the rat. Brain Res. 

1992;594:221-232.

13. Mansour A, Fox CA, Akil H, Watson SJ. 

Opioid-receptor mRNA expression in the rat 

CNS: anatomical and functional implications. 

Trends Neurosic. 1995;18:22-29.

14. Basbaum AI, Fields HL. Endogenous pain 

control system: brain stem spinal pathways 

and endorphin circuitry, Annu. Rev. Neurosci. 

1984;7:309-338.

15. De Luca-Vinhas MC, Macedo CE, Brandao 

ML. Pharmacological assessment of the freezing, 

antinociception, and exploratory behavior org- 

anized in the ventrolateral periaqueductal gray. 

Pain. 2006;121(1-2):94-104

16. Dragunow M, Faull R. The use of c-fos as a 

metabolic marker in neuronal pathway tracing. 

J. Neurosci. Methods. 1989;29(3):261-265.

17. Morgan JI, Curran T. Proto-oncogene transc- 

ription factors and epilepsy. Trends Pharmacol. 

Sci. 1991;12:343-349

18. De Medeiros MA, Canteras NS, Suchecki D, 

Mello LE. Analgesia and c-Fos expression in 

the periaqueductal gray induced by electroacu- 

puncture at theZusanli point in rats. Brain Res. 

2003;973(2):196-204.

19. Goodnick PJ, Breakstone K, Wen XL, Kumar 

A. Acupuncture and neuropathy. Am.. J. Psyc- 

hiatry. 2000;157:1342-1343.

20. Hwang, B.G., Min, B.I., Kim, J.H., Na, H.S. 

Park, D.S., Effects of electroacupuncture on 

the mechanical allodynia in the rat model of 

neuropathic pain, Neurosci. Lett. 2002;320:49-52.

21. Kang BJ, Moon SK, Ko CN, Cho KH, Kim 

YS, Bae HS, Lee KS. Clinical Research on 

the Depressing Effect of Acupuncture Therapy 

at Kokchi(LI11) and Chocksamni(ST36) in 

Acute Stroke Patients With Hyperatension. J. 

Oriental Medicine. 1998;3:43-50.

22. Dragunow M, Robertson HA. Kindling stimu- 

lation induces c-fos protein(s) in granule cells 

of the rat dentate gyrus. Nature. 1987;329 

(6138):441-442.

23. Sagar SM, Sharp FR, Curran T. Expression of 

c-fos protein in brain: metabolic mapping at 

the cellular level. Science. 1988;240(4857): 

1328-1331.

24. Hunt SP, Pini A, Evan G. Induction of c-fos 

-like protein in spinal cord neurons following 

sensory stimulation. Nature. 1987;328:632-634.

25. Bullitt E. Expression of c-fos-like protein as a 

marker for neuronal activity following noxious 

stimulation in the rat. J. Comp. Neurol. 1990 

;296:517-530.

26. Bullitt E. Somatotopy of spinal nociceptive 

processing. J. Comp. Neurol. 1991;312:279-290.

27. Bullitt E, Lee CL, Light AR, Willcockson H. 

The effect of stimulus duration on noxious- 



(46) 29 1 (2008 3 )

46

stimulus induced c-fos expression in the rodent 

spinal cord. Brain Res. 1992;580:172-179.

28. He LF, Wang MZ, Gao M, Zhou JX. Acup. 

Electrotherap. Res. 1992;17:243-248.

29. Wang H, Li KY, Wu GC, Cao XD. c-Fos 

expression in spinal cord and brainstem 

following noxious stimulation and electroac- 

upuncture plus noxious stimulation. Acup. 

Electro Ther. Res. 1995;20:163-172.

30. Takeshige C, Sato T, Mera T, Hisamitsu T, 

Fang J. Descending pain inhibitory system 

involved in acupuncture analgesia. Brain Res. 

Bull. 1992;29:617-634.

31. Duggan AW. Electrophysiology of opioid 

peptides and sensory systems. Br. Med. Bull. 

1983;39:65-70.

32. Reynolds DV. Surgery in the rat during 

electrical analgeisa induced by focal brain 

stimulation. Science. 1969;164:444-445.

33. Mayer DJ, Wolfle TL, Akil H, Carder B, 

Liebeskind JC. Analgesia from electrical 

stimulation in the brainstem of the rat. Science. 

1971;24:1351-1354.

34. Giesler GJ, Liebeskind JC. Inhibition of 

visceralpain by electrical stimulation of the 

periaqueductal gray matter. Pain. 1976;2:43-48.

35. Coimbra NC, Tomaz C, Brandão ML. 

Evidence for the involvement of serotonin in 

the antinociception induced by electrical or 

chemical stimulation of the mesencephalic 

tectum. Behav. Brain Res. 1992;50:77-83.

36. Harris JA. Descending antinociceptive mech- 

anisms in the brainstem: their role in the 

animal’s defensive system. J. Physiol. Paris. 

1996;90:15-25

37. Yaksh TL, Yeung JC, Rudy TA. Systematic 

examination in the rat of brain sites sensitive 

to the direct application of morphine: obser- 

vation of differential effects within the peria- 

queductal gray. Brain Res. 1976;10:83-103.

38. Cannon JT, Prieto GJ, Lee A, Liebeskind JC. 

Evidence for opioid and non-opioid forms of 

stimulation-produced analgesia in the rat. 

Brain Res. 1982;5:315-321.

39. Morgan MM, Gold MS, Liebeskind JC, Stein 

C. Periaqueductal gray stimulation produces a 

spinally mediated, opioid antinociception for 

the inflamed hindpaw of the rat. Brain Res. 

1991;545:17-23.

40. Schul R, Frenk H. The role of serotonin in 

analgesia elicited by morphine in the periaqu- 

eductal gray matter (PAG). Brain Res. 1991; 

553:353-357.

41. Manning BH, Morgan MJ, Franklin KB. 

Morphine analgesia in the formalin test: 

evidence for forebrain and midbrain sites of 

action. Neuroscience. 1994;63:289-294.

42. De Luca MCZ, Brandão ML, Motta VA, 

Landeira-Fernandez J. Antinociception induced 

by stimulation of ventrolateral periaqueductal 

gray at the freezing threshold is regulated by 

opioid and 5- HT2A receptors as assessed by 

the tail-flick and formalin tests. Pharmacol. 

Biochem. Behav. 2003;75:459-466.

43. Lee JH, Beitz AJ. The distribution of brain 

stem and spinal cord nuclei associated with 

different frequencies of electroacupuncture 

analgesia. Pain. 1993;52:11-28.

44. Minghetti L, Levi G. Microglia as effector 

cells in brain damage and repair: focus on 

prostanoids and nitric oxide. Prog. Neurobiol. 

1999;54:99-125.

45. Garavito RM, DeWitt DL. The cyclooxyg- 

enase isoforms: structural insights into the 

conversion of arachidonic acid to prostaglan- 

dins. Biochem. Biophys. Acta. 1999;1441:278 

-287.


