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Abstract  

Background:  Diabetes mellitus (DM) is a major interna-
tional health problem characterized by an absolute or relative  

deficiency in the production or action of insulin, which results  
in hyperglycemia. Acupuncture is a part of traditional Chinese  

medicine (TCM) and is most commonly used form of alter-
native medicine, its modulatory effects are mediated by  
regulation of physiological state of the human body.  

Aim of Study:  The present study was designed to evaluate  
the possible ameliorating role of Electroacupuncture (EA) on  
the changes of fasting glucose, insulin, glycosylated hemo-
globin HbA1c, C peptide levels, liver glycogen and glucose  
produced by kidneys in diabetic rats.  

Material and Methods:  Sixty adult male albino rats were  
used in this investigation, divided into following groups: Non-
diabetic (C), diabetic (D), diabetic insulin treated (D+I),  
diabetic (EA) treated (D+E) and diabetic insulin and EA-
treated (D + I + E). Blood samples were collected for estimation  
of fasting blood glucose (FBG), insulin, (HbA1c) and C  
peptide levels. Liver and kidneys are removed for estimation  

of liver glycogen and glucose produced by kidneys.  

Results:  Significant decrease in fasting blood glucose  
level, (HbA1c,) and glucose produced by kidneys with signif-
icant increase in serum insulin, C peptide and liver glycogen  
in both diabetic insulin treated and diabetic (EA) treated  
groups compared with the diabetic group, but with significant  
change between the two groups. There was insignificant  
change between diabetic insulin and EA-treated (D+I+E)  
group and non-diabetic (C) group. Conclusion: EA can be  
used as an adjuvant therapy in diabetic rats.  

Key Words:  Electroacupuncture – Acupoints – C peptide –  
Rats.  

Introduction  

DIABETES  mellitus (DM) is a major international  
health problem characterized by an absolute or  
relative deficiency in the production or action of  
insulin, which results in hyperglycemia [1] . Unfor-
tunately, long term insulin administration in patients  
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with DM resulting in insulin resistance, therefore,  
researchers have searched for complementary treat-
ment methods with no side effects to increase  
insulin sensitivity [2] .  

Physiologically, preproinsulin is converted to  
proinsulin in endoplasmic retinaculum of beta cells  
of pancreas by microsomal enzymes, the proinsulin  
is converted to insulin and C peptide in Golgi  
apparatus then secreted into the portal circulation  
in equimolar concentrations [3] . Additionally, liver  
clears a significant portion of insulin in a first pass,  
but C-peptide does not undergo hepatic extraction  
and its half-life is about 10 times longer than that  
of insulin. Thus, serum C peptide is used as a  
marker for monitoring endogenous insulin produc-
tion rather than serum insulin level [4] .  

Acupuncture is a part of traditional Chinese  
medicine (TCM) and is most commonly used form  
of alternative medicine. It is a meridian-based  
therapy, through which needles are inserted into  
specific points on the body, each of which has  
distinct therapeutic actions. According to (TCM),  

when an acupuncture point is stimulated, treatment  
effects tend to occur on the corresponding parts of  
the body [5] . The aim of this work is to study the  
possible ameliorating role of EA on the changes  
of fasting glucose level, insulin level, HbA1c, C  
peptide, liver glycogen and glucose produced by  
kidneys in diabetic rats.  

Patients and Methods  

The present study was carried out at Physiology  
Department, Faculty of Medicine, Menoufia Uni-
versity, Egypt at July 2017.  

Equipments:  Electro-needle therapy device for  
electro acupuncture (KWD-808 II, Multi-purpose  
health device, China) and Stainless steel acupunc-
ture needle.  
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Chemicals:  Streptozotocin, (STZ) (Sigma  
Chemical Company, USA), kits for estimation of  

serum glucose (Biodiagnostic Company, Egypt),  
kits for estimation of glycosylated hemoglobin  

(Riomidi, France), insulin ELISA kits (DRG In-
struments GmbH, Germany), C-Peptide ELISA  

Assay Kit (Eagle Biosciences, USA), kits for esti-
mation the rate of hepatic glycogenesis (glycogen  
powder, trichloroacetic acid and silver sulfate,  

Biodiagnostic Company, Egypt) and kits for esti-
mation the rate of renal gluconeogenesis (X.keto-
glutarate powder, Biodiagnostic Company, Egypt).  

Experimental animals:  
Sixty adult male albino rat of local strain,  

weighing (200-250) grams each were used in this  

work. Rats were got from a licensed trainer, kept  

on standard laboratory chow, water & libitum,  
housed in the animal house in cages measured  
70x70x60cm, 5 animals/cage under normal light/  
dark cycle and room temperature (24-30ºC) throug-
hout the study period. The animals were classified  
into the following groups.  

Group I: Control non diabetic (n= 12) (C) group:  

Rats were injected subcutaneously with saline in  

a dose of 0.2ml/100gm B.W/day, 6 days per week  

for 8 weeks.  

Group II: Diabetic non treated (n= 12) (D) group:  

Diabetes mellitus was induced by a single in-
traperitoneal injection of STZ (45mg/Kg) in 10  

mmol/L in citrate buffer (pH 4.5) [6] .  

Group III: Diabetic insulin treated (n= 12) (D+I)  

group:  
Diabetic rats were treated with mixtard insulin  

subcutaneously in a dose of 0.75 IU/100gm B.W,  

once daily, 6 days per week for 8 weeks [7] .  

Group IV: Diabetic (EA) treated (n=12) (D+E)  
group:  

Diabetic rats were submitted to EA on bilateral  
Zusanli acupoints or (ST-36) for 15 minutes three  
times/week [8]  for 8 weeks [9] .  

Group V: Diabetic insulin and EA treated (12 rats)  
(D+I+ E) group:  

Diabetic rats were treated with mixtard insulin  

subcutaneously in a dose of 0.75 IU/100gm B.W  
once daily, 6 days per week for 8 weeks and EA  
on bilateral Zusanli acupoints or (ST-36) for 15  
minutes three times/week for 8 weeks.  

Electroacupuncture (EA) technique:  EA needles  
were inserted to a depth of 5mm into the skin and  

underlying muscles at Zusanli acupoints (ST-36)  
bilaterally [10] . ST-36 is located at 5mm lateral and  

lower from the anterior tubercle of the tibia in rats  

[11] . EA apparatus was adjusted with electrical  
square pulse width (0.1ms, 1mA and 2Hz) were  
made. The positive charge was connected to the  

acupoint on the right leg and the negative charge  

on the left leg.  

Blood samples and biochemical assay:  
At the end of the experimental period (8 weeks).  

1- Rats were fasted for 12 hours, morning retro-
orbital venous blood samples were collected  
using fine heparinized capillary tubes for meas-
uring HbA1c. Other blood samples were col-
lected in a clean graduated centrifugal tube,  

were left for clotting for 30 minutes at room  

temperature and then centrifuged at 3000 rpm  

for 15 minutes. Serum samples was collected  
for estimation of fasting blood glucose, insulin  

and C peptide levels.  
2- Removal of the liver for estimation the rate of  

hepatic glycogenesis by spectrophotometer  

using calorimetric diagnostic kits purchased  
from Biodiagnostic Company (Cairo, Egypt),  

according to manufacturer's instructions.  

3- Removal of the kidneys for estimation the rate  
of renal gluconeogenesis by spectrophotometer  

using calorimetric diagnostic kits purchased  
from Biodiagnostic Company (Cairo, Egypt),  

according to manufacturer's instructions.  

Statistical analysis:  
The IBM company-SPSS program (Chicago,  

USA, SPSS Inc.) version 16.0 was used for analysis  

of data. The results were expressed as mean ±  SD.  
The significance of differences between groups  

was determined by one-way analysis of variance  

with the post hoc of Tukey's multiple comparison  

tests. p-values <0.05 were considered statistically  
significant.  

Results  

The presented Table (1) demonstrate the fasting  

blood glucose level, serum insulin, glycosylated  
hemoglobin and serum C peptide levels of the  
different experimental groups. The fasting blood  

glucose in diabetic (D) group was significantly  
higher (p<0.05) compared to control non diabetic  

(C) group. In diabetic insulin treated group (D+I)  

group, the fasting blood glucose was significantly  
higher (p<0.05) compared to the control non dia-
betic (C) and significantly lower ( p<0.05) compared  
to diabetic non treated (D) group. In diabetic EA  

treated group (D+E) group, the fasting blood glu- 
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cose was significantly higher (p<0.05) compared  
to (C) and (D+I) groups, significantly lower  

(p<0.05) when compared to the corresponding  

values of (D) group. In diabetic insulin and EA  

treated (D+I+ E) group, fasting blood glucose was  

significantly lower (p<0.05) compared to (D),  
(D+I) and (D+E) groups, insignificantly changed  

(p>0.05), compared to (C) group.  

Table (1): Fasting blood glucose, serum insulin, glycosylated hemoglobin and serum C peptide levels in  

control non diabetic (C), diabetic (D), diabetic insulin treated (D+I) diabetic EA treated (D+E)  

and diabetic insulin and EA treated (D+I+E) gruops.  

C  D  D+I  D+E  D+I+E  

Fasting blood glucose  
(mg/dl)  

82.3±5  278±8.6*  116.2±4.4*#  152.8±6.6*#Ω  92.2±5.7#Ω∑  

Serum insulin (uIU/ml)  14.9±0.35  6.3±0.46*  11.5±0.36*#  8.8±0.31 *#Ω  14.5±0.28#Ω∑  
Glycosyated hemoglobin  4.4±0.34  9.2±0.35*  5.9±0.26*#  7.6±0.18*#Ω  4.6±0.32#Ω∑  

(HbA 1 c
) 

 

Serum C peptide (ng/ml)  1.95±0.31  0.5±0.02*  0.87±0.16*#  1.4±0.14*#Ω  1.85±0.24#Ω∑  

Results ate expressed as mean ±  S.D (n=12). Significance was considered when p-value≤  0.05.  
The marks *,#,Ω  and ∑  Indicate that values of C,D,D+I and D+E groups, respectively.  

Regarding serum insulin level, diabetic (D)  
group showed significantly lower insulin level  
(p<0.05) than control non diabetic group. In diabetic  

insulin treated (D+I) group, serum insulin was  

significantly less (p<0.05) than that of (C) group  
but significantly high (p<0.05) than that of (D)  
group. In diabetic EA treated (D+E), the serum  

insulin was significantly lower (p<0.05) compared  
to (C) and (D+I) groups, significantly higher  
(p<0.05) compared to (D) group. In diabetic insulin  

and EA treated (D+I+E) group, the serum insulin  
was significantly higher (p<0.05) when compared  
to the corresponding values of (D), (D+I) and  

(D+E) groups, insignificantly changed (p>0.05)  
when compared to the corresponding values of (C)  

group.  

On measurement of (HbA 1 c
), in diabetic (D)  

group, (HbA 1 c
) as percentage of normal Hb was  

significantly higher (p<0.05) when compared to  
control non diabetic (C) group. In diabetic insulin  
treated (D+I) group, (HbA 1 c

) level % was signifi-
cantly higher (p<0.05) when compared to (C) group  
and significantly lower (p<0.05) when compared  
to (D) group. In diabetic EA treated (D+E) group,  

(HbA 1 c
) level % was significantly higher (p<0.05)  

when compared to (C) and (D+I) groups, signifi-
cantly lower (p<0.05) when compared to (D) group.  
In diabetic insulin and EA treated (D+I +E) group,  
(HbA 1 c

) level % significantly lower (p<0.05) when  
compared to (D), (D+I) and (D+E) groups, insig-
nificantly changed (p>0.05), when compared to  
(C) group.  

Concerning serum C peptide level, in diabetic  

(D) group, it was significantly lower (p<0.05)  

when compared to control non diabetic (C) group.  
In diabetic insulin treated (D+I), serum C peptide  

was significantly lower (p<0.05) when compared  
to (C) group and significantly higher (p<0.05)  
when compared to the (D) group. In diabetic EA  

treated (D+E) group, serum C peptide was signif-
icantly lower (p<0.05) when compared to the (C)  

group and significantly higher (p<0.05) when  
compared to (D) and (D+I) groups. In diabetic  
insulin and EA treated (D+I+E) group, serum C  
peptide was significantly higher ( p<0.05) when  
compared to (D), (D+I) and (D+E) groups and  
insignificantly changed (p>0.05) when compared  
to (C) group.  

Liver glycogen and renal glucose levels:  

Fig. (1):  Illustrates the mean ±  SD of liver  
glycogen level in the different experimental groups.  

Diabetic (D) group showed significantly lower  
liver glycogen level (11.6±0.54mg/g, p<0.05) than  
control non diabetic (C) group (35.3 ±0.33mg/g).  
In diabetic insulin treated (D+I) group, liver gly-
cogen, was significantly less (26.3 ±0.47mg/g,  
p<0.05) than that of (C) group but significantly  

high (p<0.05) than that of (D) group. In diabetic  
EA treated (D+E), the liver glycogen was signifi-
cantly lower (17.2±0.5mg/g, p<0.05) compared to  
(C) and (D+I) groups, significantly higher ( p<0.05)  
compared to (D) group. In diabetic insulin and EA  

treated (D+I+E) group, the liver glycogen was  

significantly higher (34.8±0.48mg/g, p<0.05) when  
compared to the corresponding values of (D), (D+I)  

and (D+E) groups, insignificantly changed (p>0.05)  
when compared to the corresponding values of (C)  

group.  
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Fig. (2):  Illustrates the mean ±  SD of glucose  
produced by kidneys in the different experimental  
groups.  

In diabetic (D) group, glucose produced was  
significantly higher (2.62±0.1mg/g, p<0.05) when  
compared to control non diabetic (C) group (1.34 ±  
0.05mg/g). In diabetic insulin treated (D+I) group,  
glucose produced was significantly higher (1.74±  
0.07mg/g, p<0.05) when compared to (C) group  
and significantly lower (p<0.05) when compared  

to (D) group. In diabetic EA treated (D+E) group,  
glucose produced was significantly higher (2.13 ±  
0.08mg/g, p<0.05) when compared to (C) and  
(D+I) groups, significantly lower (p<0.05) when  
compared to (D) group. In diabetic insulin and EA  
treated (D+I+E) group, glucose produced was  
significantly lower (1.48±0.16mg/g, p<0.05) when  
compared to (D), (D+I) and (D+E) groups, insig-
nificantly changed (p>0.05), when compared to  
(C) group.  

Fig. (1): Level of liver glycogen level (mg/g liver tissue)  
in control non diabetic (C), diabetic (D), diabetic insulin treated  
(D+I) diabetic EA treated (D+E) and diabetic insulin and EA  
treated (D+I+E) gruops. Results are expressed as mean ±  S.D  
(n=12). Significance was considered when p-value ≤0.05. The  
marks *,#,Ω  and ∑  indicate that values are significantly different  
when compared with the corresponding values of C,D,D+I and  
D+E groups, respectively.  

Discussion  

In the present study, following STZ injection  
there was a significant decrease in the serum insulin  
together with a significant increase in the serum  
glucose concentrations compared to the correspond-
ing values in the non-diabetic group. These results  
were in line with the reports of many researchers  
that stated that, following STZ injection in animals,  
almost β -cells undergo necrosis with consequent  
insulin deficiency and an overwhelming hypergly-
cemia [12] . In this work, insulin administration for  
8 weeks to the diabetic rats (in insulin treated  
group) could significantly change the serum insulin  
and the glucose levels compared to those obtained  
results of the diabetic group. In support with these  
findings, Stang & Story [13] , had found that insulin  
is the most effective medication that lowers blood  
glucose levels in diabetes. Insulin serves as the  
primary regulator of blood glucose by increasing  
glucose uptake in muscle and fat tissues. It stimu-
lates the translocation of the glucose transporter  

Fig. (2): Level of glucose produce by kidneys (mg/g wet  

renal tissue) in control non diabetic (C), diabetic (D), diabetic  
insulin treated (D+I) diabetic EA treated (D+E) and diabetic  
insulin and EA treated (D+I+E) gruops. Results are expressed  
as mean ±  S.D (n=12). Significance was considered when p-
value ≤0.05. The marks *,#,Ω  and ∑  indicate that values are  
significantly different when compared with the corresponding  
values of C,D,D+I and D+E groups, respectively.  

GLUT4. EA therapy at (ST36) for 8 weeks to  
diabetic rats (in EA treated group) showed a sig-
nificant increase in the serum insulin and a signif-
icant decrease in the glucose levels compared to  
those obtained results from the diabetic group. The  
possible explanation was declared by Lee et al.,  
[14] , who had reported that, EA increases insulin  
production and improves insulin sensitivity through  
induction of endogenous β -endorphin secretion.  
ß-endorphins can induce insulin secretion through  

activation of opioid receptors in pancreatic beta  
cells and paracrine control of insulin. Also, Cho  
et al., [15]  stated that, EA is involved in activation  
of nerve fibers in the muscles at the point of inser-
tion sending impulses to the spinal cord and induc-
ing activation of pituitary, hypothalamus and mid  
brain. This results in increased levels of encephalin,  
endorphin and serotonin in brain tissue leading to  

increase insulin secretion. Another possible expla-
nation of the hypoglycemic effect of acupuncture  
is that, EA mostly lead to cholinergic nerve stim-
ulation that trigger the secretion of acetylcholine.  
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The secreted acetylcholine acts on certain receptors  

on pancreatic beta cells and stimulates insulin  

signaling pathway and insulin secretion, it also,  

affects secretion of insulin-like growth factor and  

insulin receptor substrate 1 (IRS-1) [16] . In addition,  
Suzukiet al., [17] , proved that EA enhances glucose  

consumption in peripheral tissues leading to re-
duced serum glucose level. Moreover, Peplow &  

McLean [18] , reported that EA decreases leptin  
hormone production by white adipose tissue and  
may lead to an increase in insulin secretion as  

leptin is known to reduce insulin secretion by  

pancreatic beta cells. Bingyan et al., [19] , stated  
another hypoglycemic mechanism for acupuncture,  

it restores pancreatic morphology and functions  
by regulation of Glucagon-like peptide-1 (GLP-1)  

signaling in the pancreas. Thereby decreases fasting  

blood glucose and up-regulates GLP-1R-GLUT4  

pathway in skeletal muscle to restore its glucose  

uptake. (GLP-1) stimulates synthesis and secretion  

of insulin and increases sensitivity of target tissues  

to insulin especially skeletal muscle.  

In this study, HbA 1 c% in the diabetic group  
was significantly higher than that of the non-
diabetic group. These results coincided with Na-
khaee et al., [20] , who had found that HbA1c%  
increases in STZ-induced diabetic rats and the rate  
of its increase was directly proportional to the  

hyperglycemic state. Clinically, HbA 1 c% measure-
ment reflects control of the mean blood glucose  

level over 2-3 months period in cases of DM.  

Therefore, follow of diabetic patients by measure-
ment of HbA 1 c% is considered a definitive sensitive  
index of long term control of diabetes and its  

consecutive decline is associated with reducing  
diabetic complications [21] . Insulin treatment for  
8 weeks to the diabetic rats resulted in a significant  

decrease in HbA 1 c% when compared to the corre-
sponding values in diabetic group. In support with  
these findings Bhatia & Aggarwa [22] , found that  
HbA 1 c% improves with administration of proper  
dose insulin in diabetic subject which indicates  

glycemic control over the last 3 months. Regarding  
EA treated group in the present study, the HbA1c%  
level was significantly lower when compared to  
the corresponding values in diabetic group. Con-
sistent with these results Meng et al., [23] , had  
found that EA at (ST36) decreases HbA 1 c% due  
to its beneficial effect for lowering blood glucose  

in diabetic patients.  

Actually, it is well established that, HbA 1 c
%  

is an insensitive measure for assessment of recent  
pancreatic beta cell function but measurement of  

C-peptide is an indicator of endogenous insulin  
secretion, which is co secreted with insulin in a  

one-to-one molar ratio [24] . In this work, C peptide  
level in the diabetic group was significantly lower  

than that of the non-diabetic group. In line with  
these findings Lee et al., [25] , demonstrated that  
serum C peptide level decreases in diabetes due  
to destruction of beta cell of pancreas. Insulin  
treatment for 8 weeks to the diabetic rats resulted  

in a significant increase in serum C peptide level  
when compared to the corresponding values in  
diabetic group. These results were consistent with  

the study of Crisman et al., [26] , who reported that,  
exogenous insulin administration is associated with  

increase in C peptide level, its administration may  
support glucose stimulated endogenous insulin  
secretion in insulin-sensitive subjects mostly by  
its autocrine effects. Regarding EA treated group  
in the present investigation, the serum C peptide  
level was significantly higher when compared to  
the corresponding values in diabetic group. These  
results show agreement with Subbulakshmi et al.,  
[27] , who found that EA at ST36 increased plasma  
C peptide due to increase endorphin secretion.These  
previous tests have argued that, hypoglycemic  

effect of insulin was significantly higher than  

hypoglycemic effect of EA, these results were in  
agreement with Lee et al., [14] , who concluded that  
insulin therapy is the most accepted therapy for  
treatment of diabetes mellitus and has contributed  

to improved quality of life for diabetic people.  
Also, remaining undestroyed beta cells of pancreas  

by STZ (45mg/kg) does not produce more insulin  

than exogenous insulin administration in insulin  

treated group, On the other hand, in this study, a  
significant increase in C peptide level occurred in  
EA treated group when compared to insulin treated  
group. These results show agreement with Cabioglu  

& Ergene [28] , who found that EA at (ST36) in-
creased plasma C peptide and insulin level due to  

increase endorphin secretion from brain tissue and  

adrenal gland thus the remaining undestroyed beta  

cells of pancreas after STZ injection produced  

more endogenous insulin by EA therapy than insulin  
treatment. It was observed that, treatment of dia-
betic rats with insulin and EA combined therapy  
showed a significant decrease in the mean values  
of blood glucose and HbA 1c  and a significant  
increase in the mean values of insulin and c peptide  

when compared to the corresponding values in  
diabetic non treated group and insignificant when  

compared to the corresponding values of non-
diabetic group. This finding could be explained by  

Lin et al., [29] , who found that. Although, insulin  
therapy is the most accepted therapy for treatment  

of-DM, insulin resistance and insulin insensitivity  

can be developed by long time of its administration,  

In order to prevent insulin resistance, other methods  
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can be used to enhance insulin sensitivity as acu-
puncture. It enhances the glucose lowering effect  

of exogenous insulin and regulates the secretion  

of insulin.  

Moreover, in this study, STZ administration  
resulted in significant decrease in the mean values  
of liver glycogen and significant increase in the  

mean values of glucose produced by kidneys when  

compared to the corresponding values in non-
diabetic group. Basically, the decreased serum  

insulin level leads to a decrease of glucose utiliza-
tion by insulin-sensitive tissues such as skeletal  
muscle and adipose tissue and increases both he-
patic and renal glucose production by glycogenol-
ysis and gluconeogenesis. Also, insulin deficiency  
limits ability of diabetic liver to store glucose in  

the form of glycogen resulting in persistent hyper-
glycemia [30] . In insulin treated group, the liver  
glycogen was significantly higher and the glucose  

produced by kidneys was significantly lower when  
compared to the corresponding values in diabetic  
group. This can be explained by immediate action  

of insulin which stimulates glycogen synthesis by  
activation of glycogen synthase and promotes its  
dephosphorylation by inhibition of kinases such  
as protein kinaseA ( PKA) or glycogen synthase  
kinase 3 (GSK-3) and activation of protein phos-
phatase 1 (PP1) [31] . Also, Barthel & Schmoll [32] .  
proved that exogenous insulin regulates glucose  
metabolism by suppressing the expression of glu-
coneogenic enzyme genes for the key gluconeo-
genic enzymes phosphoeno lpyruvate carboxyki-
nase (PEPCK) and glucose-6-phosphatase (G-6- 
Pase) Regarding EA treated group, liver glycogen  

was significantly higher and the glucose produced  
by kidneys was significantly lower when compared  
to the corresponding values in diabetic group.  

These results were consistent with the study of  
Ma. [33] , who suggested that EA stimulation at the  
(ST36) induces secretion of endogenous beta-
endorphin that reduces plasma glucose concentra-
tion due to its ability to induce insulin secretion.  
By treatment of diabetic rats with combined insulin  

and EA therapy, there was a significant increase  
in the mean values of liver glycogen and significant  
decrease in the mean values of glucose produced  

by kidneys when compared to the corresponding  

values in diabetic group and insignificant when  
compared to the corresponding values in non-
diabetic group. In support with these findings,  
Chang et al., [8]  had found that EA at (ST36)  
improves glucose tolerance. Thus, EA could be  
considered as an adjuvant method for improving  

insulin sensitivity and enhancing its hypoglycemic  
activity in rats.  

Conclusion:  EA can be used as an adjuvant  
therapy in diabetic rats.  
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