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Objectives : We examined mutual inhibitory effects of combined acupoints in arthritic pain induce by carrageenan(CA). Electro-

acupuncture(EA) is considered a potentially useful treatment for arthritis. Although the analgesic effect of acupuncture is well 

documented, little is understood about its biological basis. There are many previous studies of positive effect of combined 

acupoint, this study was conducted to see the mutual inhibitory effects produced by combined acupoint(ST36 and PC7) on arthritic 

rats. Methods : For the induction of inflammatory pain rat model, CA was injected into the knee joint cavity. There are four groups; 

EA was applied to bilateral PC7 acupoints(PC7 group), ST36 acupoints(ST36 group), and both PC7 and ST36 acupoints(ST36+PC7 

group) except for the control group. The pain level were assessed to determine the change in weight bearing force. We also 

examined the COX-2 expression in dorsal horn using immunohistochemistry and western blot analysis. Results :  The ST36+PC7 

group data showed the significant reduction of weight bearing force and the induction of COX-2 protein expression compared 

with the ST36 group. Conclusions : Simultaneous EA applied to the ST36 and PC7 acupoints reduced the analgesic effect of the 

ST36 group on knee inflammatory pain.
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Introduction

Electroacupuncture is considered a potentially useful treat-

ment for arthritis, also many studies have reported the effect 

of EA on inflammatory pain1-4). The EA analgesia is a com-

plicated neuronal process mediated by many different neuro-

transmitters and mediators, such as endogenous opioids5,6), 

adenosine7), many inflammatory mediators and other bio-

active substances. 

EA at the ST36 acupoint is well used in inflammatory pain 
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model and the analgesic effect has been revealed7-9). In 

clinical situations electroacupuncture(EA) on ST36 acupoint 

is practiced for the treatment of osteoarthritic(OA) pain. 

Traditionally, simultaneous acupuncture to two or more acu-

points including ST36 acupoint has been used to improve 

acupuncture induced effects10-12). But, According to frequen-

cy of EA, location of combined acupoints, number of com-

bined acupoints10,11,13,14), studies showed various effect.

We asked whether there is mutual inhibitory effects of 

combined acupoints. We had chosen the PC7 acupoint as a 

nominee having inhibitory effect on analgesic action of ST36 

acupoint throughout pre-experiment. We investigated the 

change of pain behavior using Weight bearing Test and the 

changes in the expression of a number of mediator in the 

spinal cord using COX-2 western blot analysis and immuno-

reactive analysis.

The aim of this study was to investigate that the possibility 

of negative effect of combined acupoints are related with the 

analgesic effects of EA.

Materials and Methods

1. Experimental animals

The experiments were performed on 16 young adult male 

Sprague-Dawley rats(200∼250 g, Hyochang Science, Daegu, 

Korea). The animals were housed in pairs in plastic cages 

with soft bedding and were provided access to food and 

water ad libitum under a reversed 12/12 hour light-dark 

cycle(dark cycle: 8:00 A.M.∼8:00 P.M.). All animals were 

acclimated for 7 days before beginning the experiments. All 

experimental procedures were carried out in accordance 

with the Animals(Scientific Procedures) Act 2008(Korea) and 

all complied with the recommendations of the National 

Institute of Health’s Guide for the Care and Use of Laboratory 

Animals. The study was also approved by the Ethics Commi-

ttee on Animal Research at Pusan National University 

(PNU-2012-0085). For peripheral inflammation induction, the 

animals were injected with 50 μl of 2% lambda CA(Sigma, 

St. Louis, USA) in 0.9% normal saline into the synovial cavity 

of the right knee joint under isofluorane anesthesia(3% to 

induce and 1.5% to maintain in mixed N2O/O2 air).

2. Experimental procedures

All animals received the carrageenan(CA) treatment. The 

rats were divided randomly into four treatment groups: the 

control group(n=7, without EA treatment), the ST36 group 

(n=7, with EA treatment at ST36), the PC7 group(n=7, with 

EA treatment at PC7), and the ST36+PC7 group(n=7, with EA 

treatment at ST36 and PC7 simultaneously). 

3. Electroacupuncture treatment

For EA stimulus, two stainless steel acupuncture needles, 

0.25 mm in diameter and 40 mm in length, were inserted into 

specific acupuncture points[ST36, PC7] at a depth of 5 mm 

and electrical stimulation was applied by a Pulsemaster 

Multi-channel Stimulator SYS-A300(World Precision Instru-

ments, Inc., Berlin, Germany). EA treatment was performed 

two times which were right after 2% CA injection and 2 hours 

after CA injection on the bilateral sides with a stimulus of 

1 mA and 10 Hz for 30 min. The procedure was performed 

with the animals under gaseous anesthesia with iso-fluorane 

in mixed N2O/O2 air. ST36 acupoint is on the anterior aspect 

of the leg, lateral to the tibial tubercle on the midway of 

anterior tibialis muscle15). PC7 acupoint is on the anterior 

aspect of the forearm, between the tendons of the palmaris 

longus and the flexor carpiradialis tendon, on the palmar 

wrist crease. 

4. Behavioral test: weight bearing measurements

To confirm that CA-induced inflammatory pain occurred 

in the rat knee, we measured the weight-bearing force(WBF) 

ratio using a weight-bearing device(Acculab Pocket pro 

250-B, PA, USA) 2 days before and 1, 4, 8 h after the injection 

of CA. The detailed procedure used to measure the WB ratio 

is explained elsewhere16).

5. Western blotting

Lumbar enlargement segments of the spinal cord were 

removed, The L4-5 spinal cord segment was first isolated. 
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Fig. 1. Effect of electroacupuncture on weight bearing of rats with
arthritis.
The ratio of weight bearing value to body weight were plotted. 
Data are expressed as percent changes compared with responses
before the induction of inflammatory pain. In control group, 
Weight Bearing Force(WBF) was reduced 4 h after CA injection. 
In ST36 group, EA treatment to ST36 suppressed CA-induced pain
at 4 h compared with control group(*ST36 vs. CON, p＜0.05). In
contrast, combined EA treatment to ST36 and PC7 did not 
suppressed CA-induced pain at 4h after CA injection(**ST36 vs.
ST36+ PC7, p＜0.001), #CON : control group(n=7), PC7: EA to 
PC7(n=7), ST36 : EA to ST36(n=7), ST36+PC7: EA to both ST36
and PC7(n=7).

The dorsal horns were homogenized in 50 mM Tris/HCl, 1 

mM EDTA, pH 7.4, PIC(protease inhibitor cocktail, Roche 

Inc.) 250 mM sucrose, 1 mM DTT and grided by using Pellet 

pestle(sigma-aldrich, USA). Following a 30 min inverting in 

cold(4oC), the mixture was centrifuged at 13,000 g for 20 min 

in a(4oC), then the supernatant was taken. Thus obtained 

supernatant was quantified by BCA protein assay and then 

was submitted to SDS-polyacrylamide gel electrophoresis(5% 

stacking, 12% running gel) and transferred to nitrocellulose 

membranes(AmershamTM HybondTM-ECL, CE Healthcare, UK). 

The membrane was shaken for 1 h at room temperature in 

Tris-buffered saline(TBST) pH 7.6 and 5% skim milk and 

incubated overnight at 4oC with Primary antibodies; the 

COX-2(mouse) polyclonal antibody(Cayman Chemical, Ann 

Arbor, MI, USA) diluted 1:1,000 in 3% BSA/TBST. This was 

followed by application of antimouse secondary antibody 

conjugated to horseradish peroxidase(Thermo scientific, Rock-

ford, USA). COX-2 protein was detected by chemilumi-

nescence using by ImageQuant LAS4000(GE Healthcare, Bu-

ckinghamshire, England).

6. Immunohistochemistry

The L4-6 segments of the spinal cords were fixed in 4% 

paraformaldehyde and immersed in 30% gradient sucrose for 

48 h at 4oC for cryoprotection. Frozen tissue were sectioned 

at 30μm-thick on a freezing microtome(CM3050S, Leica 

biocyctems, Wetzlar, Germany). All the sections were blocked 

with CAS-block(Invitrogen-Molecular Probes, Inc., Camorillo, 

CA, USA) for 9 mins at room temperature(RT) after being 

pretreated with 2% H2O2 in PBS for 20 min and incubated 

with mouse anti-COX-2 at a dilution 1:500(Cayman Che-

mical, Ann Arbor, MI, USA) following primary antibodies 

overnight in PBS at 4oC. After washed with PBS containing 

Tween-20(PBST), the sections were incubated with the 

secondary antibody, biotinylated goat anti-mouse IgG(Vector 

Laboratories Inc., Burlingame, CA, USA) or biotinylated goat 

anti-rabbit IgG(Vector Laboratories Inc., Burlingame, CA, 

USA) for 2 h at RT and then washed with PBST. Immu-

noreactivity was visualized by incubating the sections in a 

solution consisting of 0.05% 3,3-diaminobenzidine(DAB) for 

approximately 1 min 40 sec. The stained sections were exa-

mined with Zeiss AxioScope A1 microscope, and images were 

captured with a Axiocam ICc3 camera.

7. Statistical analysis

The data is expressed as the mean±standard error of mean 

(SEM). Statistical analyses were conducted using a student’s 

t-test or by one way analysis of variance(ANOVA) followed 

by a Holm-Sidak post-hoc test. p values ＜0.05 were con-

sidered significant.

Results

1. Weight bearing measurements

As known in the published paper, we showed that the 

analgesic effect of EA treatment appeared 4 h after CA 

injection at ST36 group compared with control group. The 

PC7 group did not show any effect on pain behavior, there 

was no great difference between the control group and PC7 
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Fig. 2. Quantitative analysis of COX-2 in spinal cord using Western 
blotting.
(A)Representitive immunoblots images for COX-2 protein from 
spinal cord. (B)Densitometric quantifications of band intensities 
of COX-2. In ST36 group, there was statistically significant 
reduction of COX-2 protein compared with control group(con vs. 
st36 p＜0.050). In ST36+PC7 group, COX-2 protein of was 
increased in contrast with ST36 group(st36+PC7 vs. st36 p＜
0.050). *NOR: no injection, no EA treatment, CON: control group 
(n=4), PC7: EA to PC7(n=4), ST36: EA to ST36(n=4), ST36+PC7: 
EA to both ST36 and PC7(n=4). Analysis was done using a 
one-way ANOVA followed by Holm-Sidak post-hoc multiple 
comparison test. A p value of less than 0.05 was considered to 
be statistically significant.

Fig. 3. COX-2 immunohistochemistry in the dorsal horn 4h after
CA injection.
(A)CON: control group(n=5), (B)PC7: EA to PC7(n=5), (C)ST36: EA
to ST36(n=5), (D)ST36+PC7: EA to both ST36 and PC7(n=5). 
(E)The difference of COX-2 immunoreactivity in the ipsilateral 
spinal cord(*ST36 vs. ST36+ PC7, p＜0.05). Scale bar=100μm.

group in weight bearing force reduction. A significant weight 

bearing force reduction at 4 hr after injection was happened 

at the ST36+PC7 group in which the recovery(1 Day) was 

delayed as shown compared to other groups. There were 

statistically significant differences in response between the 

ST36 and ST36+PC7 group(Fig. 1). Analysis was done using 

a one-way ANOVA followed by Holm-Sidak post-hoc 

multiple comparison test. A p value of less than 0.05 was 

considered to be statistically significant.

　

2. Western blot analysis

We determined the induction of COX-2 protein in the 

spinal cord 4h after the CA injection using Western Blot 

analysis(Fig. 2). In the control group, COX-2 protein was 

up-regulated as expected compared with normal group(NOR: 

no injection, no EA treatment). The COX-2 protein of the ST 

36 group was down-regulated compared with control group. 

The PC7 group also was up-regulated as control group, but 

there were statistically no significant differences in response 

between the PC7 and CON group. In ST36+PC7 group, the 

expression of COX-2 protein increased compared with ST36. 

There were statistically significant differences in response 

between the ST36 and ST36+PC7 group.

3. Immunohistochemistry

To identify COX-2 expression in ipsilateral dorsal horn at 

4 hr after CA injection, we conducted immunohistochemistry. 

Our data showed that COX-2 immunoreactivity of ST36+PC7 

group was increased compared with ST 36 group(Fig. 3). 

There were statistically significant differences in response 

between the ST36 and ST36+PC7 group. 
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Discussion

Physiological pain is initiated by specialized sensory 

nociceptor fibers innervating peripheral tissues and activated 

only by noxious stimuli. The sensory inflow generated by 

nociceptors activates neurons in the spinal cord which pro-

ject to the cortex via a relay in the thalamus, eliciting pain. 

Pain has multiple mechanisms but each of which is subject 

to or an expression of neural plasticity-the capacity of neu-

rons to change their function, chemical profile, or structure. 

Neural plasticity in primary sensory and dorsal horn neurons 

is related to the pathogenesis of pain. Pain hypersensitivity 

is an expression of neuronal plasticity, the duration of which 

is determined by the particular patterns of activation, mo-

dulation, or modification occurring. These process is medi-

ated by many different neurotransmitters and modulators 

which are the target of many clinical treatment17).

The nociceptor input also activates the inhibitory noci-

ceptor transmission including neurotransmitters released 

from interneurons within spinal cord and supraspinal sources. 

The transmission of nociceptive information is subject to 

modulation at all levels of the neuraxis, from the dorsal horn 

rostrally. Afferent impulses arriving in the dorsal horn initiate 

inhibitory mechanisms that limit the effect of subsequent 

impulses. Inhibition occurs through local inhibitory inter-

neurons and descending pathways from the brain. A model 

of how this interaction occurs in relation to pain processing 

was proposed by Melzack and Wall in 1965, and has been 

termed the ‘gate theory’18). Although the gate theory does not 

completely resolve the specific mechanisms responsible for 

pain processing, it has clinical implications for modulation of 

spinal sensitization and it has been the possible explanation 

of acupuncture effects.

The effect of acupuncture reducing pain is a complicated 

neuronal process mediated by many different neurotran-

smitters and mediators. There are many experimental evi-

dences that many signaling molecules such as opioid pe-

ptides, serotonin, noradrenalin, dopamine, glutamate, γ- 

amino-butyric acid, nerve growth factor(NGF), many infla-

mmatory mediators and other bioactive substances may be 

involved in acupuncture analgesia. The analgesic effect of 

acupuncture is decreased at the supraspinal level when 

opioid receptor antagonists are given4,16). The blocking of 

serotonin receptors by serotonin synthesis inhibitors induced 

inhibition of acupuncture analgesia5,19). The analgesic effects 

of electroacupuncture(EA) are blocked by administering the 

precursor of noradrenalin, whereas it is potentiated by admi-

nistering intrathecally5). The activations of Dopamin D1 or D2 

receptor is unfavourable to the expression of EA after ef-

fect20). EA inhibits cycloxygenase-2 up-regulation in rat spinal 

cord after spinal nerve ligation21), and EA had a long lasting 

and better analgesic effect than COX-2 inhibitor in reducing 

neuropathic hypersensitivity22). EA modulates NGF in the pe-

ripheral nervous system, being effective for the treatment of 

diabetic polyneuropathy(DPN) symptoms23). EA counteracted 

the NGF-driven variation of substance P and transient re-

ceptor potential vanilloid type 1(TRPV1) response in both 

hind-paw skin as well as the corresponding dorsal root 

ganglia24). Render it down, EA-produced antihyperalgesia is 

mainly mediated by sensory nerve path-ways involving both 

spinal and supraspinal mechanisms10).

Besides, the effect of simultaneous acupuncture to two or 

more acupoints has been reported constantly. Han JS repor-

ted that a greater increase in pain threshold was produced 

when both LI4 and ST36 acupoints were stimulated simu-

ltaneously with acupuncture as compared with the results 

when either one of these two points was stimulated alone10). 

In addition, there is a report with no synergic effect that 

simultaneous EA applied to the SI6 and ST36 acupoints 

produced no synergic interaction, therefore has no beneficial 

effect for ankle-sprained pain compared to individual EA14).

Our results also showed EA on rat ST36 acupoint relieved 

pain and down-regulated COX-2 enzyme level in rat spinal 

cord in comparison with control group. But simultaneous EA 

of ST36 and PC7 points worsened hyperalgesia, induced 

COX-2 enzyme in spinal dorsal horn 4 hr after CA injection 

and hindered the recovery of inflammatory pain 1 day after 

injection. This results suggested simultaneous EA applied to 

the several acupoints could produce no synergic interaction, 

therefore had no beneficial effect and some acupoints com-
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bination could have harmful effects to treat specific site’s 

pain. This might be the clue that according to combined acu-

points EA treatment have various effects of inducing neuro-

transmitters, modulators on injury sites. In this study, the 

potential of unexpected effects derived from combination of 

acupoints suggests the requirement of more specific and 

delicate acupunctural treatment. Additionally, we propose 

well designed further studies are necessary to identify the 

related substances and mechanisms.
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국문초록

목적 : Carrageenan(CA)으로 유발시킨 슬관절염 동물 모델에서 족삼리와 대릉을 배오한 전침의 효과를 알아보기 위해 실험을 수행하였다. 

두 개 이상의 경혈에 동시에 자침함으로써 상승작용을 일으키는 연구는 많이 보고되었으나, 본 연구에서는 배합한 경혈(족삼리와 대릉)에 의

한 전침 진통 작용의 감쇄 효과가 발생할 수 있는지에 대해 알아보고자 하였다. 방법 : CA을 흰쥐의 슬관절강 내에 주입하여 염증성 통증을 

유발시켰다. 실험동물을 임의로 4군으로 배정하였다; PC7 군: 양쪽 상지 대릉 전침 군, ST36 군: 양쪽 하지 족삼리 전침 군, ST36+PC7 군: 

양쪽 상지 대릉과 양쪽 하지 족삼리 전침 군, CON: 무처치군. 통증 정도를 측정하기 위해서 weight bearing force의 변화를 측정하였고, 척수

의 후각에 유도된 COX-2 발현을 측정하기 위해 면역조직화학법과 western blot 분석을 실시하였다. 결과 : ST36+PC7군은 ST36군과 비교

하여, 행동실험에서는 weight bearing force가 유의하게 감소하였고, 면역조직화학법과 western blot 분석에서는 COX-2 발현이 상대적으

로 유의하게 증가하였다. 결론 : 이상의 실험결과를 통하여 족삼리와 대릉을 배오한 전침 자극은 슬관절염 모델에서 족삼리 전침의 진통 효과

를 감소시킴을 알 수 있었다.




