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Abstract 
Objective: The objective is to observe the treatment effect of electro-acupuncture (EA) on core 
circadian clock gene Per2 and Bmal1 expression in hypothalamus of sleep-deprivation (SD) rats. 
Methods: Thirty-two Wistar male rats were randomly divided into 4 groups. Mice in the blank 
control group did not receive any treatment; the remaining groups were applied with para-chloro- 
phenylalanine (PCPA) 300 mg/kg intraperitoneal injection for 2 days. Diazepam group received 
intraperitoneal injection of Diazepam (0.9 mg/kg, i.p.) one time a day for 5 days, while M group 
was treated with saline (0.9 mg/kg, i.p.) at the same time. Rats in EA group were given EA treat-
ment, 20 minutes, once a day for 5 days, and rats in remaining groups were put into fixation-ma- 
chine for the same time everyday, lasting for 5 days. Rats were sacrificed after anesthesia at the 
8th day. Real-time PCR was adopted to detect the expression in clock gene Per2 and Bmal1 of each 
group. Results: Compared with blank control group, the expression of Per2 was significant de-
creased in PCPA model group (P < 0.05), the expression of Bmal1 was increased in PCPA model 
group (P < 0.05). Compared with PCPA model group, the expression of Per2 were significant en-
hanced in EA group and Diazepam group (P < 0.05). Simultaneously, compared with PCPA group, 
the expression of Bmal1 was no statistically significant in EA group and Diazepam groups (P > 
0.05). Conclusion: EA can significant up-regulate the expression of Per2 in SD rats, and down-re- 
gulate gene Bmal1 expression, and benefiting the weight of rats. Thus, EA is a potentially promis-
ing intervention to treat sleep-deprivation. 
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1. Introduction 
As we know, sleep is a normal phenomenon which cannot be fully explained yet in biology. Sleep and awaken-
ing regulate a basic neurobiological state by homeostasis of sleep and circadian rhymes cycle (approximately 24 
hours) [1]. Modern medical research showed that sleep disorders associated with the change of the circadian 
rhythm [2]. Acupuncture is widely used in insomnia clinically and empirically [3]. However, the potential neural 
mechanism underlying the therapeutic effects of acupuncture remains little known. As one of the most prevalent 
health complaints worldwide, sleep disorder leaded to a series of physiological changes and neuroethology alte-
ration. Researches showed that sleep disorder seriously affected the quality of life, and impacted many cognitive 
fields, including attention, memory, abstract ability and decision-making ability [4] [5]. There were fertile circa-
dian clock genes played an importance role in the master of circadian clock, suprachiasmatic nucleus (SCN), 
which residing in the hypothalamus of the brain [6]. SD is an alternative form of acute insomnia. As a classic 
medication, Diazepam has been indicated with lots of side-effects such as dependence, drug-resistance, and ga-
strointestinal reaction.  

Acupuncture as an effectively treatment in insomnia with fewer side-effect, by contrast, acupuncture treat-
ment plays an important role in sleep disorder. The study found that acupuncture was significant improved in-
somnia symptoms in the experiment [7]. A summary of clinic insomnia research confirmed the clinical effects of 
acupuncture for insomnia [8]. The present experiment demonstrated that acupuncture was activated specific 
cortex regions and showed significant difference with sham acupuncture group in SD patients [9]. Previous re-
search suggested that according to the polysomnogram recorded, acupuncture was effectively enhanced the 
quality of sleep [10]. In generally, SD belonged to the category of “sleepless” and “fatigue” in TCM and its dis-
eased region was in the brain, deficiency of yin-yang disharmony [11]. Furthermore, Shenting (GV24) and Bai-
hui (DU20) were located on top of head in anatomical structure. One research showed that acupuncture on 
Shenting (GV24) and Baihui (DU20) of Du meridian was significantly improved the effectiveness of acupunc-
ture in sleep disorder patient [12]. Summary about A-B classic of acupuncture and moxibustion recorded that 
acupuncture on DU meridian could “tranquilize and allay excitement”, and beneficially affected insomnia [13]. 

At the molecular level, the functions of the core clock transcription factors Clock, bmal1 bind to E-box and 
activate transcription of PRY ( Per1, Per2) , and CRY (Cry1, Cry2) genes from which subsequently negative 
feedback transcription is initiated [14] [15]. It was demonstrated that clock genes play a circadian-independent 
role in sleep homeostasis [16]. As core circadian clock genes, it was indicated a significant relation between 
Per2 and advanced sleep phase syndrome [17]. By lasting research showed that sleep deprivation decreased 
Bmal1, Clock and Napas2 binding to specific clock genes, and thereby influenced circadian rhythm [18]. 

Previous experiments were mostly about the mechanism of acupuncture which generally discussed the relev-
ance with neurotransmitter inhibitors [19] and immunologic factors [20]. But there was little exploration to re-
veal the relevance with circadian clock gene. Thereby, the object of study was to reveal the potential mechanism 
about the effect of electro-acupuncture on expression of circadian clock Per2 and Bmal1 genes in sleep-depri- 
vation rats. 

2. Materials and Methods 
2.1. Animals Preparation  
Thirty-two 9-week-old Wistar male rats (220 ± 20 g) were purchased from Experiment Center of Southern 
Medical University, License number: SCXK <Guangdong> 2011-0015, 44002100004077. Experimental ani-
mals were raised in a control environment with a temperature of 20˚C ± 1˚C, humidity of 50% in experiment 
center of Jinan University. The animals were housed in accordance with the guidelines for care and use of ani-
mals in scientific research-register animal facility. Experiment time is from 8 a.m. to 5 p.m. All the animals were 
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feed one week before intervention. These rats were randomly divided into 4 groups by random number table 
method, with 8 rats in each group.  

2.2. Reagents and Consumables 
Diazepampill (batch number 1401161) were purchased from Tianjing JinYao Co., Ltd. (Tianjing, China). PCPA 
(para-chlorophenylalanine) (batch number H110130000) were purchased from TCI Co., Ltd. of Japan. Sodium 
pentobarbital (batch number 69020100) were purchased from Beijing chemistry Co., Ltd. (Beijing China). The 
needles (0.25 mm × 25 mm) purchased from Hualun acupuncture of Suzhou Co., Ltd., Suzhou China). EA in-
strument (batch number G6805-2) was purchased from Qingdao XingShen instrument Co., Ltd. (Qingdao Chi-
na). EP tube (2 ml) were purchased from Shanghai RuiJie biological engineering Co., Ltd. (Shanghai China) 

2.3. Groups and Intervention 
Animals (n = 32) were randomly divided into four groups as depicted in Table 1.  

Mice in the blank control group received no treatment. 
PCPA model and intervene: para-chlorophenylalanine (PCPA), a tryptophan hydroxylase inhibitor, used to 

establish sleep-deprivation model in rats. In our previous research, we used PCPA model method can success-
fully established sleep-deprivation model [20] PCPA with depletion serotonin was dissolved in physiological sa-
line (PS) and administrated at 300 mg/kg [21] on 1st day, 2nd day. PCPA was administrated to the three inter-
vention group: including M group, D group, and EA group. After that, M group received intraperitoneal injec-
tion with the same amount of normal saline D group were received intraperitoneal injection of Diazepam (0.9 
mg/kg i.p.) [22] once a day for 5 days , Rats in EA group were given EA treatment once’ a day for 5 days, and 
rats in remaining groups were put into fixation-machine (restrain) for the same time everyday, lasting for 5 days. 
Specific intervention is shown in Table 1.  

2.4. EA Intervention on EA Group 
The acupoints of Shenting (GV24) and Baihui (DU20) in Du meridian were chosen according to document [23] 
as shown in Figure 1. Shenting (GV24) is located in the median of frontalis. Baihui (DU20) is located in the 
median of the parietal bone. The needles (0.25 mm × 25 mm needle purchased from Hualun acupuncture of 
Suzhou Co., Ltd., Suzhou China) were Oblique-needled into Shenting (GV24) and Baihui (DU20) for about 2 - 
3 mm respectively. Thus, EA instrument (G6805-2 were purchased from Qingdao XingShen instrument Co., 
Ltd., Qingdao China) were connected with Shenting (GV24) and Baihui (DU20). The progress were handled as 
reported previously [24], alternated strings of dense-sparse frequencies (60 Hz for 1.05 s and 2 Hz for 2.85 s al-
ternately) The intensity was adjusted to induce a slight twitch of the head (≤1 mA) with the entire procedure 
lasting 20 min. EA treatment took once a day for 5 days. All the intervention was given by the same person.  

2.5. Behavior Observation and Weight Measurement  
Rats (N = 32) were subjected to behavior observation everyday before intervention. To observe the characteris-
tics including the change of hair and average food intake, and recording body weight (at 1st day, 3rd day, 5th 
day, 7th day, 8th day), drug were administrated according to forthwith weight of rats. 
 
Table 1. Experiment process for each group.                                                                              

Group Restrain Intervention 

C Yes None 

M Yes PCPA: 300 mg/kg (i.p.) + 0.9 mg/kg Saline: (i.p.) 

D Yes PCPA: 300 mg/kg (i.p.) + 0.9 mg/kg Diazepam: (i.p.) 

E Yes PCPA: 300 mg/kg (i.p.) + 20 min EA 
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Figure 1. Location of Shenting (GV24) and Baihui (DU20) in Rat.                                                    

2.6. Samples Obtaining 
The rats were stopped feeding food 4 hours before sampling at the 8th day on ZT8 (16:00), the rats were sacri-
ficed after anesthesia intraperitoneal injection of one percent sodium pentobarbital at 40 mg/kg BW. Hypotha-
lamus were gained on the ice, washed with saline, dried, numbered different groups into EP tubes and stored 
at −80˚C refrigerator. 

3. Quantitative RT-PCR 
Gene sequence of Per2 and Bmal1 were retrieved from Genebank (http://www.ncbi.nlm.nih.gov/), all the DNA 
primers were designed and synthesized by shanghai RuiJie biological engineering Co., Ltd. (Shanghai China). 
ACTB was selected to be the reference gene. Sequence of primers employed for RT-PCR and their anticipate 
PCR size is shown in Table 2. 

Use Trizol summary RNA extract reagent, extract summary RNA of hypothalamus issue and reverse-tran- 
script and synthesis cDNA 1st chain, expand PCR outcome of Per2, Bmal1 partly and measure mRNA content. 
Total RNA was isolated from 3 - 5 inflorescence samples using RNaEXTM Total RNA Isolation Solution (Ge-
neray, China). cDNA was synthesized from 4 μg total RNA using reverse transcriptase (Aidlab, China) and 
qRT-PCR analyses were performed on an ABI PRISM 7500 Real-Time PCR System (Applied Biosystems, 
USA). Specific process was following the document [25]. 

4. Statistically Analysis 
All data were analyzed by using SPSS13.0 software. Quantitative data are expressed as the mean ± standard 
deviation (X ± S). The single factor analysis of variance of completely randomized design was used for parame-
ter comparison between groups. P < 0.05 was considered statistically significant. 

5. Results 
5.1. EA Treatment Changes the Expression of Per2 Gene and Bmal1 Gene (Table 3) 
Compared with C group, the expression of Per2 were significant decreased in M model group (P < 0.05), the 
expression of Bmal1 were increased in PCPA model group (P < 0.05). Compared with PCPA model group, ex-
pression of Per2 were significant enhanced in EA group and Diazepam group (P < 0.05). Simultaneously, com-
pared with M group, the expression of Bmal1 were no statistically significant in EA group and Diazepam group 
(P > 0.05). Compared with D group, EA were no statistical differences in the expression of Per2 and Bmal1 
genes. 

http://www.ncbi.nlm.nih.gov/
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5.2. Effect of EA Treatment on Behavior and Incremental Value of Weight 
After 2 days PCPA intervention, compared with blank control group, rats in other 3 group showed Shaggy hair, 
decreased feed intake. Furthermore, incremental of weight was significant decreased on 3rd day in M group, D 
group and EA group (P < 0.01). These evidences coincide with the previous reports, thus proving successful 
model [20]. On the 5th day and 8th day, weight of rats was increased in all groups, no intergroup statistical dif-
ference (P > 0.05). On the 7th day, compared with model group, other 3 groups showed significant enhanced in 
incremental of weight. On incremental weight in total, compared with Diazepam group, EA group were in-
creased (P < 0.05). The results are shown in Table 4. 

6. Discussion 
Lots of circadian clock regulate sleep and awakening in circadian rhyme, residing in our brain. Scientist think 
that the suprachiasmatic nucleus (SCN), residing in the hypothalamus of the brain, programs the body to follow 
a 24-hour rhythm. Every cell in our body named molecular clock drive our body circadian rhythm, as well as 
molecular clock in SCN. SCN is an endogenous mechanism drive circadian rhythm [26]. Circadian clock is de-
rived from positive and negative transcription feedback loops. They combine to drive circadian rhythm. In the 
positive feedback loop, Clock gene combined Bmal1 gene, to be transcription factor as heterodimers, induce 
transcription of Per and Cry genes at the E-box element include their promoters, and auto-inhibit of Per and Cry 
genes expression by their protein products PER and CRY. In the negative feedback loop, it is benefited by the  
 
Table 2. Sequence of primer employed for RT-PCR and their anticipated PCR product size.                                                    

Gene primer Oligonucleotide sequence 5’-3’ length (bp) 

Actb Front CCTAGACTTCGAGCAAGAGA 139 bp 

 Rear GGAAGGAAGGCTGGAAGA  

Per2 Front AGCCTCCTTGCTCCTACCA 101 bp 

 Rear GGATCTCGCACTTTCTTTTCA  

Bmal1 Front GCATACTACAAGCCAACATTTC 104 bp 

 Rear CTTCCCTCGGTCACATCC  

 
Table 3. The expression of Per2 mRNAm, Bmal1 mRNA in different treatment groups ( )s±x .                                                    

Group Per2 mRNA Bmal1 mRNA 

C 1.00 ± 0.00 1.00 ± 0.00 

M 0.45 ± 0.12▀ 1.34 ± 0.17▀ 

D 0.70 ± 0.20▀▲ 1.09 ± 0.15 

E 0.79 ± 0.12▀▲ 1.06 ± 0.12 

C is blank group, M is model group, D is Diazepam group, and EA is electro-acupuncture treatment group. ▲P < 0.01 vs. Model group; ▀P < 0.05 vs. 
blank group. 
 
Table 4. Value of increased weight in each group.                                                                        

Group N 3d (g) 5d (g) 7d (g) 8d (g) TOTAL (g) 

C 8 8.12 ± 1.83 9.33 ± 3.76 11.28 ± 2.68▲ 5.22 ± 3.11 33.95 ± 6.93 

M 8 −11.26 ± 7.40▀ ▀ 6.62 ± 4.97 1.22 ± 3.94 2.99 ± 2.04 -0.43 ± 3.78▀ 

D 8 −14.51 ± 8.57▀ ▀ 8.19 ± 5.88 10.28 ± 3.01▲ 3.82 ± 3.41 7.78 ± 9.24♦ 

EA 8 −16.32 ± 6.22▀ ▀ 10.43 ± 3.09 14.66 ± 5.92▲ 5.33 ± 2.84 14.10 ± 1.57♦♦ 

C is blank group, M is model group, D is Diazepam group, and EA is electro-acupuncture treatment group. ▀P < 0.01 vs. C group; ▀ ▀P < 0.01 vs. C 
group; ▲P < 0.01 vs. M group; ♦P < 0.05 vs. C and M groups; ♦♦P < 0.05 vs. C, M and D groups. 
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reaction of Per gene combined with Cry gene, inhibit Clock gene and Bmal1 gene transcription. Thus, basic on 
the transcription and translation, auto-regulation feedback loop have been formed of relatively conservation way 
in vivo [27] [28] Per2 gene, as a negative feedback factor in circadian clock [29]. In addition to, previous re-
search on sleep-deprivation showed that, it could induce neuron activity in the SCN [30]. A research showed 
that 6 hours sleep deprived could induce the expression of Per2 gene [31]. Therefore, in this study, we focused 
on the change in the expression of Per2. In clinic, acupuncture, as know as an efficient therapy for the sleep dis-
order. According to our results show that, the expression of Per2 were decreased in sleep deprived rats, and 
up-regulated to the normal level (approximately the blank control group) in EA group. The result showed that 
EA treatment may regulate the expression of Per2 gene to adjust circadian rhythm, with the underlying mechan-
ism to be further studies. 

In present study, Per2 might take part in the limbic system; it has the double action of regulating emotion and 
visceral function. Degrade Per1 and Per2 could reduce intestinal activity in mice [32]. According to our results, 
on 3rd day, compared with blank control group, model group, EA group and Diazepam group showed signifi-
cant decrease in weight. The weight rebound after EA treatment and Diazepam treatment. Compared with Di-
azepam group, EA group showed statistical differences. Therefore EA treatment is superior in rebound weight, 
and may infer that EA is not merely adjusting sleep disorder but also benefit digestive system simultaneously, 
EA treatment shows advantage effect over Diazepam treatment. The potential mechanism is associated with the 
expression of Per2.  

As a positive feedback factor of circadian clock, Bmal1 gene, regulating circadian rhythm, and specific com-
bining with Clock gene as heterodimers, and inducing transcription of Per gene to form circadian rhythm [33]. A 
research suggested that melatonin was associated with the expression of bmal1 [34]. Furthermore, previous re-
search showed that expression of bmal1 directly rhythmic synthesis of histamine, and regulated sleep-awakening 
with the circadian clock cycle [35]. According to those experiment we concluded that the expression of Bmal1 
play an importance role in regulate sleep disorder. Simultaneously, scientist found that it has additional mechan-
isms after transcription in regulate the circadian clock [36]. According to our result, compared with blank con-
trol group, the expression of bmal1 increased definitely in model group. However, after EA treatment, the ex-
pression of Bmal1 gene showed downward tendency without statistically significant. According to our result and 
previous experiment, we suggest that EA treatment may not related with the expression of bmal1 gene directly. 
lHowever, According to the results of Table 4, compared with D group, EA showed a little advantage over D 
group but no statistical differences in the expression of per2 and bmal1 genes.  

In recent years many research focused on gene transcription level, nevertheless more and more evidences in-
dicated that post-translational modification play a significant role to control the stability of protein, and thereby 
influence many clock component [37] In post-translational level, such as microRNAs, phosphorylation [38]- 
[40], ubiquitination [41] and SUMOylation [42] have been demonstrated to regulate the circadian clock. Mi-
croRNAs219 (miR-219) was proved in regulating the length of the circadian rhythm. [43] Recent research 
demonstrated that miR-219 was positive modulators of clock-and bmal1 dependent Per transcription and the ex-
pression of miR-219 is regulated by bmal1 [44]. MiR-219 may play crucial roles in modulating the circadian 
clock. We suspect that the mechanism of EA treatment may take multilevel regulation in circadian clock gene 
by further research. 

7. Conclusion 
Our study proved that EA could significantly up-regulate the expression of Per2 in SD rats, and down-regulate 
and the expression of Bmal1, and benefit the weight of rats. It may regulate circadian rhythm through changing 
circadian clock gene (Per2, Bmal1) in vivo. In regulating the function of digestive system, EA treatment is better 
than diazepam treatment. We speculate that EA may associate to regulate circadian rhythm by inducing Per2 
gene in circadian clock mechanism. 
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Abbreviatıons 
EA: Electroacupuncture 
Per2: Period circadian clock 2 
Bmal1: Brain and muscle ARNT-like-1 
SD: Sleep-deprivation 
PCPA: para-chlorophenylalanine 
SCN: suprachiasmatic nucleus 
ACTB: β-Actin 
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