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Abstract  
Rat models of adjuvant arthritis were established, and anti-corticotropin release hormone serum 

injection in the lateral ventricles and electroacupuncture at right Jiaji (EX-B2) were performed. The 

pain threshold was decreased at 45 and 60 minutes after injection of the anti-corticotropin release 

hormone serum. Electroacupuncture at Jiaji can resist this effect. Immunohistochemical staining 

results showed that the expression of corticotropin release hormone in the hypothalamic paraven-

tricular nucleus was greater in the electroacupuncture + anti-corticotropin release hormone serum 

group compared with the anti-corticotropin release hormone serum group. The expression of corti-

cotropin release hormone was correlated with the pain threshold. The effect of endogenous corti-

cotropin release hormone in pain modulation can be obstructed by anti-corticotropin release hor-

mone serum. The analgesia of electroacupuncture can partially resist the depressed pain threshold 

caused by injection of anti-corticotropin release hormone serum. The analgesic effect of electroa-

cupuncture is associated with the corticotropin release hormone content in the hypothalamus. 
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Research Highlights 
(1) Endogenous corticotropin release hormone plays a certain role in pain modulation, but this effect 

can be obstructed by anti-corticotropin release hormone serum. (2) Electroacupuncture can delay 

the decrease in the pain threshold following anti-corticotropin release hormone serum injection.   

(3) The analgesic effect of electroacupuncture is associated with the corticotropin release hormone 

content in the hypothalamus. 

 

 

INTRODUCTION 

    

Corticotropin release hormone has a strong 

correlation with pain
[1]

. Corticotropin release 

hormone can accommodate nociceptive 

stimuli in each layer of the neural system as 

a neurohumor or neuromediator through 

activation of intercellular signals
[2]

. 

Corticotropin release hormone injection in 

the lateral ventricles can interrupt the 

physiologic reaction of locus coeruleus 

neurons from stimulating sciatic nerves of 

anesthetized rats
[3-4]

. Corticotropin release 

hormone inhibits electrophysiological 

activity of the thalamic and hypothalamic 

paraventricular nuclei, which are involved in 

pain
[5]

. Numerous studies have 

demonstrated the analgesic and 

anti-inflammatory effects of corticotropin 

release hormone
[6-8]

. Corticotropin release hormone is an important endogenous trigger 

www.nrronline.org 

mailto:qiaoyunying@sohu.com


Qiao YY, et al. / Neural Regeneration Research. 2012;7(21):1630-1636. 

 1631 

point in inhibition of inflammatory pain
[9]

. 

Electroacupuncture exerts analgesic effects by activating 

the endogenous analgesia system, resulting in the 

release of many neurotransmitters such as noradrenaline, 

5-serotonin, and endogenous opiate. Exploration of the 

association of electroacupuncture analgesia and 

corticotropin release hormone is important to treat 

inflammatory pain and to investigate the mechanism 

underlying electroacupuncture analgesia. Exogenous 

corticotropin release hormone strengthens the analgesic 

effect of electroacupuncture
[10]

. There are few studies 

regarding the analgesic effects of electroacupuncture on 

endogenous corticotropin release hormone levels.  

Acupuncture at Jiaji (EX-B2) exerts analgesic effects by 

regulating the endogenous analgesia system
[11-13]

. Pain 

was induced by nociceptive stimuli in the sciatic nerves 

of rats with adjuvant arthritis and transmitted to the L3-5 

spinal cord from the dorsal root ganglia
[14]

. A good 

analgesic effect can be obtained by electroacupuncture 

at Jiaji.   

This study observed the influence of anti-corticotropin 

release hormone serum injection on electroacupuncture 

analgesia and corticotropin release hormone expression 

in the hypothalamic paraventricular nucleus after 

electroacupuncture, explored the role of endogenous 

corticotropin release hormone during electroacupuncture 

analgesia and the effect of electroacupuncture on the 

corticotropin release hormone level, and further clarified 

the mechanism of action of electroacupuncture analgesia 

in inflammatory pain models of rats with adjuvant 

arthritis.  

 

 

RESULTS 

 

Quantitative analysis of experimental animals  

A total of 30 rats with a stable pain threshold were 

chosen. Rat models of adjuvant arthritis were 

established by injecting Freund’s adjuvant 3 days after 

burying the tube in the lateral ventricle. Three rats from 

each group had incorrect tube positions in the lateral 

ventricle and were replaced by new rats. The pain 

threshold results in three rats were not reliable and were 

eliminated upon analysis. The rat models were equally 

and randomly divided into three groups: the model group 

(injection of saline in the lateral ventricles), 

anti-corticotropin release hormone serum group 

(injection of anti-corticotropin release hormone serum in 

the lateral ventricles), and electroacupuncture + 

anti-corticotropin release hormone serum group 

(electroacupuncture at Jiaji + injection of 

anti-corticotropin release hormone serum in the lateral 

ventricles). Data of one rat from each group were used to 

select the concentration and temperature of primary 

antibodies during immunohistochemistry. A total of 24 

rats were included in the final analysis.  

 

Effects of anti-corticotropin release hormone serum 

injection and electroacupuncture on pain threshold  

The pain threshold was significantly decreased at 60 

minutes after injection of anti-corticotropin release 

hormone serum in the lateral ventricles (P < 0.05). The 

pain threshold was significantly increased after 

electroacupuncture at 45 and 60 minutes following 

injection of anti-corticotropin release hormone serum  

(P < 0.05; Table 1).  

 

Effects of anti-corticotropin release hormone serum 

injection and electroacupuncture on corticotropin 

release hormone expression in the hypothalamic 

paraventricular nucleus 

The expression of corticotropin release hormone 

neurons in the hypothalamic paraventricular nucleus 

was reduced after injection of anti-corticotropin 

release hormone serum (P < 0.05) and increased 

when electroacupuncture was performed (P < 0.01; 

Table 2).  

Under light microscopy, there were numerous 

corticotropin release hormone-positive neurons in the 

hypothalamic paraventricular nucleus in the 

electroacupuncture + anti-corticotropin release hormone 

serum group (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 1  Comparison of pain threshold (second) at different time points in each group 

Group 
Before injection Immediately after 

injection 

15 minutes after 

injection 

30 minutes after 

injection 

45 minutes after 

injection 

60 minutes after 

injection 

75 minutes after 

injection 

Model 7.62±1.72 15.4±7.54b 9.88±3.42 9.69±1.50 7.45±0.77 8.42±0.65 8.00±0.32 

Anti-CRH serum 7.97±1.29 12.84±1.57b 7.41±0.27 8.43±1.95 6.42±0.46b 5.44±0.66ac 6.76±0.79 

EA+anti-CRH serum  8.56±0.98d 12.09±2.48b 8.19±1.35 8.62±1.74 8.45±1.55d 7.13±1.24bd 8.81±1.29 

 
aP < 0.05, vs. the same moment with the model group; bP < 0.05, cP < 0.01, vs. before injection; dP < 0.05, vs. the same moment with the an-

ti-corticotropin release hormone (CRH) serum group. The thermal stimulation latency (second) was taken as the pain threshold. The data are 

expressed as mean ± SD (n = 8). The result is the average value of three repeated measure data. The repeated measure analysis of variance 

and multivariate analysis of variance were used to compare the data in different groups. EA: Electroacupuncture. 

Table 2  Expression of corticotropin release hormone 
(CRH) in the hypothalamic paraventricular nucleus in dif-

ferent groups 



Qiao YY, et al. / Neural Regeneration Research. 2012;7(21):1630-1636. 

 1632 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pain threshold at 60 minutes after anti-corticotropin 

release hormone serum injection was positively 

correlated with corticotropin release hormone 

expression in the hypothalamic paraventricular 

nucleus  

Linear correlation analysis showed that the partial 

correlation coefficients of the pain threshold and integral 

absorbance in the model group, anti-corticotropin release 

hormone serum group, and electroacupuncture + 

anti-corticotropin release hormone serum group were 

0.738, 0.936, and 0.933, respectively. The partial 

correlation coefficients of the pain threshold and average 

absorbance were 0.768, 0.951, and 0.948 respectively. 

These results indicate that corticotropin release hormone 

expression is positively correlated with 

electroacupuncture and anti-corticotropin release 

hormone serum injection. 

 

 

DISCUSSION  

 

The analgesic effect of corticotropin release hormone 

was correlated with the dose
[15-16]

. The effective dose lies 

within a narrow range of micrograms when corticotropin 

release hormone exerts an analgesic effect from the 

intracalvarium
[17-18]

. Results from this study demonstrated 

that the pain threshold was decreased at 45 minutes and 

lowest at 60 minutes following anti-corticotropin release 

hormone serum injection. The analgesic effect of 

electroacupuncture was also reduced at 60 minutes after 

anti-corticotropin release hormone serum injection, 

suggesting that endogenous corticotropin release 

hormone participates in the pain modulation in rats with 

adjuvant arthritis and in the analgesic function of 

electroacupuncture. This effect can be obstructed by 

anti-corticotropin release hormone serum. The main 

mechanism is that the amount of endogenous 

corticotropin release hormone decreased when 

anti-corticotropin release hormone serum was injected, 

resulting in decreases in both the pain threshold of rats 

with adjuvant arthritis and the analgesic effect of 

electroacupuncture. The probable mechanism of 

participation of endogenous corticotropin release 

hormone in pain modulation and the analgesic effect of 

electroacupuncture is that the physiological dose of 

corticotropin release hormone is regulated by non-opioid 

peptide mechanisms
[19-22]

, which are correlated with the 

hormone
[23]

. 

Electroacupuncture can exert an analgesic effect through 

opioid peptide release
[24]

. Electrical stimulation at a 

certain frequency can induce the release of thyroxine 

release factor
[25]

. Therefore, peripheral electric 

stimulation exerts an analgesic effect through central 

neuropeptide release
[26]

. In the present study, the pain 

threshold of the electroacupuncture + anti-corticotropin 

release hormone serum group decreased slowly and 

Group 
Average absor-

bance value 

Integrated      absor-

bance value 
  

Model  0.20±0.032 282 476.79±46 105.25   

Anti-CRH serum  0.09±0.02a 128 862.43±122 229.20a   

Electroacupuncture+ 

anti-CRH serum  

0.27±0.02b 403 070.00±10 696.78b   

 aP < 0.05, vs. model group; bP < 0.01, vs. anti-CRH serum group. 

The data of the analysis are the average values of eight samples in 

each group. The results are expressed as mean ± SD (n = 8). 

One-way analysis of variance was used to compare the intergroup 

differences.  

Five fields of positive cells from each slide were photographed. 

Image Pro Plus 5.1 software was used to analyze the integrated 

absorbance of the five fields in each slide. The ratio of the integral 

absorbance to the area represents the average absorbance. 

Figure 1  Morphology of the corticotropin release 

hormone (CRH)-positive neurons in the hypothalamic 
paraventricular nucleus (light microscopy, 
diaminobenzidine staining, ×400).  

(A) Model group.  

(B) Anti-CRH serum group.  

(C) Electroacupuncture + anti-CRH serum group.  

The CRH immunoreactive substances exhibited yellow 
granules in the hypothalamus (red arrow), gathering in the 
perinuclear cytoplasm.  

The CRH-positive neurons exhibited spindle and spherical 
shapes. Some positive cell bodies had one or two 
dendrites (black arrow). The cell body and dendrites were 
stained yellow. 

A 

B 

C 
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transiently, suggesting that electroacupuncture can slow 

down and delay the decrease in the pain threshold 

following anti-corticotropin release hormone serum 

injection. The mechanism is that electroacupuncture 

stimulates endogenous corticotropin release hormone 

release, and corticotropin release hormone expression 

then increases from activation of the endogenous 

analgesia system, resulting in neutralization of a small 

amount of anti-corticotropin release hormone serum.  

The hypothalamic paraventricular nucleus is a part of the 

endogenous analgesia system. Electroacupuncture 

exerts an analgesic effect through the neurons in 

hypothalamic paraventricular nucleus to activate opiate 

receptors and adjusts the transmission of nociceptive 

signals from endogenous analgesia descending 

inhibitory systems
[28]

. Corticotropin release hormone is 

extensively distributed in the central and peripheral nerve 

tissue, and corticotropin release hormone expression is 

highest in hypothalamic paraventricular nucleus cells. 

Electroacupuncture exerts an analgesic effect and 

simultaneously regulates corticotropin release hormone 

expression in inflammatory areas in rats with adjuvant 

arthritis
[27]

. What are the effects of electroacupuncture on 

corticotropin release hormone-positive neurons in the 

hypothalamic paraventricular nucleus? 

In the present study, the pain threshold was decreased 

and the number of corticotropin release 

hormone-positive neurons was significantly reduced 

following anti-corticotropin release hormone serum 

injection in rats with adjuvant arthritis. Corticotropin 

release hormone expression in the hypothalamic 

paraventricular nucleus was increased when the pain 

threshold was increased in the electroacupuncture group. 

Statistical results confirmed that the pain threshold is 

correlated with corticotropin release hormone expression 

following electroacupuncture and anti-corticotropin 

release hormone serum injection. Numerous studies 

have suggested that electroacupuncture can exert an 

analgesic effect through positive feedback to increase 

corticotropin release hormone expression in the 

hypothalamic paraventricular nucleus
[29-31]

. 

Electroacupuncture exerts an analgesic effect by 

upregulating the number of corticotropin release 

hormone-positive neurons in the hypothalamic 

paraventricular nucleus
[32]

 and increasing the 

endogenous corticotropin release hormone levels. 

Endogenous corticotropin release hormone is an 

important point of accommodation during 

electroacupuncture. There is another pathway of 

electroacupuncture analgesia other than the mechanism 

involving opioid peptides
[33]

, and acupuncture analgesia 

has been characterized by many pathways and links. 

However, the precise action pathway of corticotropin 

release hormone after increasing corticotropin release 

hormone contents during acupuncture analgesia and the 

association of corticotropin release hormone with other 

neurotransmitters and opioid peptides require further 

investigation.  

This research explored the relationship between 

electroacupuncture and endogenous corticotropin 

release hormone and indicated that electroacupuncture 

can increase the amounts of corticotropin release 

hormone in the body. These results indicate that we can 

use electroacupuncture to treat painful diseases with 

decreased corticotropin release hormone levels. 

Because electroacupuncture has the advantage of 

convenience and no side effects compared with other 

methods, it can be widely used in clinics. 

 

 

MATERIALS AND METHODS 

 

Design  

This was a randomized controlled animal experiment.  

 

Time and setting  

This experiment was conducted at the Experimental 

Center of the Affiliated Hospital of Shandong University 

of Traditional Chinese Medicine, China from March 2009 

to July 2010.  

 

Materials 

A total of 30 specific pathogen-free male Wistar rats aged 

2 months and weighing 200 ± 20 g were purchased from 

the Experimental Center of Shandong University, China 

(license No. SCXK (Lu) 20090001). The protocols were 

conducted in accordance with Guidance Suggestions for 

the Care and Use of Laboratory Animals, formulated by 

the Ministry of Science and Technology of the People’s 

Republic of China
[34]

. 

 

Methods 

Establishment of pain model of adjuvant arthritis 

rats  

A total of 0.1 mL of Freund’s adjuvant containing 1 g/L 

tubercle bacillus (Beijing Boaosen Biotechnology, Beijing, 

China) was subcutaneously injected into the right toe in a 

sterile manner. The finger pulp lightly touched the 

injection site for a moment and then relaxed. The right 

hock and toes become red and swollen at 4 hours after 

injection and peaked at 16 to 28 hours. The joint motion 

of the rats was limited; activities were obviously reduced, 

and the rats exhibited limping or leg-raising with an 

inability to touch the ground. Irritability and a decreased 

pain threshold were also displayed. The above-described 

symptoms indicated that the model of adjuvant arthritis 

rats was successfully established
[35]

. 
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Burying the tube in the lateral ventricles and 

injections  

The rats were intraperitoneally anesthetized with 10% 

chloral hydrate (300 mg/kg) and fixed on a ZH-B solid 

positioner (Anhui Huaibei Biological Equipment, Anhui 

Province, China). The tube (made with a No. 7 injection 

needle) was buried in the left lateral ventricle
[36-38]

      

(B: -0.8 mm, L: 1.6 mm, H: 4.0 mm) according to the 

stereotaxic atlas of rats
[36]

. When cerebrospinal fluid 

effused from the tube, the core was inserted (it was 

longer than the tube by about 0.5 mm) and fixed at the 

bone surface with glass ionomer cement and glass 

ionomer sticky solid-liquid. All surgical procedures were 

performed under sterile conditions, and penicillin G 

potassium was injected once a day (1 × 10
5
 U) for 3 

consecutive days to avoid infection. The pain threshold 

was detected, and microinjection into the lateral 

ventricles was then performed 7 days after model 

establishment. The core was pulled out during injection. 

The microinjector connected to the polyethylene pipe 

was inserted in a stainless steel tube of 0.3-mm external 

diameter for microinjection.  

According to the standard dose in the literature
[17-18]

, the 

anti-corticotropin release hormone serum was diluted 

with aqua pro injection at 1:100. The density of 

anti-corticotropin release hormone serum was 1.4 mg/mL, 

and the dose of injection was 5 μL. A total of 5 μL of 

saline was extracted with a microsyringe. The air bubble 

was extruded, and about 5 μL of anti-corticotropin 

release hormone serum (Beijing Boaosen Biotechnology) 

was extracted. The injection dose was 10 μL (5 μL 

medicine + 5 μL saline rinse solution). The injection was 

performed within 1 minute, and the needle was 

maintained for 1 minute.  

 

Electroacupuncture method 

A 15.0- × 0.3-mm Hua Tuo brand needle (Suzhou 

Medical Products Factory, China) was used for 

acupuncture at Jiaji (dissection position: the lateral side 

about 3 mm below the 3, 5 spinous process of the lumbar 

vertebra) 2 days after model induction. The standard of 

location and depth of needling was in accordance with 

Laboratory Animals Acupoint Icon by the Chinese 

Acupuncture Society of Experimental Acupuncture 

Research. Acupuncture was perpendicular to the 

muscular layer and then connected with a HANS Pain 

Treatment Instrument (Nanjing Joint Creation of the 

Economic Health Medical Technology, China). 

Electroacupuncture was performed with sparse waves at 

2 Hz and dense waves at 100 Hz. The strength was 1 mA 

for 30 minutes once a day for 7 consecutive days, and 

then the pain threshold was detected.  

Measurement of the pain threshold  

The pain threshold was detected at the right hind feet at 

various time points including before injection of saline or 

anti-corticotropin release hormone serum; at the moment 

of injection of saline or anti-corticotropin release 

hormone serum; and at 15, 30, 45, 60, and 75 minutes 

after injection in each group. In accordance with the 

method of a previous study
[39]

, a 35-W halogen projector 

lamp was used. The voltage was stable at 12 V. The 

distance of the lamp source and glass plate was adjusted 

to make the diameter of the radiation aperture 5 mm. The 

strength of the pyrogen was constant. The time (seconds) 

from shining to rats flinching was recorded and served as 

the thermal stimulation latency. The environment was 

kept quiet at 23 ± 2°C. The rats were placed in the bell 

glass (20 cm × 15 cm × 20 cm) of a radiant heat 

dolorimeter instrument (Institute of Biomedical 

Engineering, Chinese Academy of Medical Sciences, 

Beijing, China). The rats were able to freely run in the 

cage. The right hind feet of the rats were shined when 

the rats were quiet for 15 to 20 minutes in the cage. The 

response latency of thermal stimulation was detected 

three times, once every 6 minutes. The average 

response latency represented the pain threshold. The 

cut-off time of the response latency was 20 seconds to 

avoid tissue damage. The pain threshold was examined 

by one researcher at 8 a.m. to 12 a.m., and the results 

were handled by another person.  

 

Immunohistochemical staining of corticotropin 

release hormone expression in the hypothalamic 

paraventricular nucleus  

Heart perfusion was performed and hypothalamic tissues 

were obtained after the pain threshold was detected in 

each group. The above-described tissues were fixed in 

4% paraformaldehyde for 20 hours, embedded with 

paraffin, sliced into coronal sections, and 

immunohistochemically stained. The sections were 

deparaffinized and washed in PBS, then underwent 

antigen retrieval using microwaves. After washing with 

PBS, the specimens were treated with 3% H2O2 for    

10 minutes and washed again in PBS. The sections were 

blocked in goat serum at room temperature for        

20 minutes, incubated in primary antibody rabbit 

anti-corticotropin release hormone antibody (1:100) at  

4°C overnight, rinsed in PBS, and incubated with 

horseradish peroxidase-labeled goat anti-rabbit IgG 

(Wuhan Boster, China) for 20 minutes at 37°C. After 

washing with PBS, streptavidin-biotin complex was 

added for 20 minutes at 37°C. The specimens were 

washed with PBS, developed with diaminobenzidine, 

rinsed in distilled water, counterstained with hematoxylin, 

dehydrated, permeabilized, mounted, and photographed 

with a microscopic image system.  

Statistical analysis  

Measurement data were expressed as mean ± SD and 
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analyzed using SPSS 16.0 software (SPSS, Chicago, IL, 

USA). The results were compared using analysis of 

variance methods such as repeated measures and 

multivariate at different time points in different groups. 

The result of the repeated measures analysis of variance 

method differed according to the test of sphericity. If P < 

0.05 in the test of sphericity, it was not content with H-F 

conditions, and multivariate analysis of variance could be 

used to analyze the effect of interaction within subjective 

variables. If P > 0.05, one-way analysis of variance could 

be used (a = 0.05).  
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