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ABSTRACT: The ancient medicine acupuncture was used to treat the diabetes
and its complications. Our study was aimed to find out the hypoglycemic effect
of Acu-TENS electrical stimulation at bilateral Zusanli (ST36) acupoint in
streptozotocin (45 mg/kg/body weight/IP) induced diabetic rats. Diabetes was
induced in male albino wistar rats with the administration of single dose of
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streptozotocin(45mg/kg/body weight/IP). The fasting blood glucose level, body
weight, food and water intake were assessed periodically in the experimental
animals and its effect was compared with conventional anti-diabetic drug
(pioglitazone7.5 mg/kg/body weight). Zusanli acupoints was stimulated with
15HZ of 15MA high intensity and 5 sec pulse width for 5 minutes daily without
anaesthesia for 60 days. Acupoint ST36 shows significant reduction (p<0.01) in
blood glucose level and also restored the body weight, food and water intake in
treated rats and compared with anti-diabetic drug. The hypoglycemic effect of
ST36 acupoint may be due stimulation of energy flow Qi to balance Yin and
Yang and utilization of energy due to mild muscle twitching during stimulation.
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INTRODUCTION: Diabetes Mellitus (DM) is a
metabolic disorder characterised by hyperglycemia
(increase blood glucose) with abnormalities of
metabolism of carbohydrates, protein and fat due to
absolute or relative deficiency of insulin secretion
and varying degree of insulin resistance. The long
term complications of diabetes are micro-vascular
diseases (Retinopathy, Nephropathy, Neuropathy),
macro-vascular diseases (dyslipidemia, hyper-
tension, coronary heart disease, stroke, peripheral
vascular disease) and diabetic foot disorders * and
extremely costly in terms of longevity and quality
of life 2.
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Its global prevalence was about 8% in 2011 and is
predicted to rise to 10% in 2030 3. Type 2 (Non
Insulin Dependent Diabetes Mellitus), adult onset
with the age group of >40 years, occurs due to
combination of insulin resistance and beta cell
failure, which accounts for 85 - 95% of diabetes.
An important specific risk factor for type 2 diabetes
is obesity and physical inactivity.

Methods for controlling plasma glucose levels in
patients with diabetes include diet control, exercise
and medication. While medical treatment is
convenient and effective, certain treatment can
leads to serious side effects *. Patients with poorly
controlled type 2 diabetes who frequently use oral
hypoglycemic agents often present with unstable
glucose levels Researchers have, therefore,
searched for mild or complementary treatment
methods with no side effects to increase insulin
sensitivity °.
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Herbal medicine, dietary supplementation, yoga
therapy, hot tub therapy and acupuncture therapy
have been researched and explained the mechanism
of anti-diabetic effects ’. These therapies have
become increasingly popular for last several years
due to less adverse effects. Acupuncture, one of the
oldest and most commonly used forms of
alternative medicine has existed for more than 2500
years. Acupuncture therapy, though a traditional
Chinese Medicine (TCM), now-a-days practiced all
over the world mainly in U.S, Japan, Korea and
India ®,

The effectiveness of acupuncture in diabetes have
observed both reducing the symptoms and long
term complications of diabetes. According to the
theory of ancient medicine, health is a state of
balance between Yin and Yang, Qi and Xue and
five elements of wood, fire, earth, metal and water
° Qi or life energy flows through the body in
hypothesized channels called meridians and may be
accessed at several hundred points. The traditional
theory of acupuncture is based on the concept that
an imbalance of yang and vyin, through the
meridians, can be corrected by manipulation of
identifiable points close to the skin. Each acupoint
has distinct therapeutic actions. The stimulation of
acupoints can be achieved by either a mechanical
action of needling or electrical point stimulation *°.
Acupuncture therapy may be effective in treating
not only diabetes, but also in preventing and
managing complications of diabetes '*. The effects
of acupuncture on diabetes have been observed
experimentally and clinically 2. Acupuncture can
act on the pancreas to enhance insulin synthesis,
increase the number of receptors on target cells,
and accelerate the utilisation of glucose resulting in
lowering of blood sugar **.

Data from other studies have shown the beneficial
anti-obesity effect of acupuncture, which is the
most modifiable risk factor for type 2 diabetes. It
appears that the therapeutic effect of acupuncture
on diabetes is not the result of its action on one
single organ, but on multiple systems *. Electro
acupuncture (EA) is commonly used to stimulate
the acupoints, an invasive technique with needle
than manually. In this study, first time we shown
that transcutaneous electric nerve stimulation at
acupoints (Acu-TENS) therapy, an non invasive
method was selected to stimulate the acupoints,
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combines the advantages of electrical stimulation
and acupuncture therapy. There are several
acupoints to treat the diabetes. The objective of this
present study was to describe the effect of Zusanli
(ST36) acupoints on blood glucose, body weight,
food and water intake in normal and STZ- induced
diabetic rats.

MATERIALS AND METHODS:

Animal: Male albino Wistar rats (200-250 gm)
were used for the study. They were well ventilated
and housed at a controlled temperature with 12 h
light and dark cycles. Animals are fed with
standard laboratory diet and water was given with
ad libitum. Periodically assessed and compared the
fasting blood glucose, food and water intakes of the
rats.

Study Design: Animals were divided into four
groups with six animals in each group. The group |
were normal rats. Group Il rats were induced
diabetes with single dose of STZ (45 mg/kg/body
weight) intraperitoneally. The induction of diabetes
was conformed after 72 h by estimation of elevated
fasting blood glucose level above >250 mg/dl
included in the study. Group Il of rats received
STZ and treated with pioglitazone (7.5 mg/kg/body
weight) given intra orally daily. Group IV of rats
received STZ and treated with Zusanli acupoint
stimulation. Electrical stimulation was carried out
for 3-5 min daily at frequency of 15Hz, pulse width
5s, intensity 15mA, using Acu-TENS unit. The
positive and negative charges are given through
electrodes to the right and left Zusanli acupoints
(ST36), respectively.

FIG. 1: ZUSANLI (ST36) ACUPOINT WAS STIMULATED
WITH ACU-TENS OF LOW- FREQUENCY (15HZ), HIGH
INTENSITY AND THE PULSE WIDTH OF 5 SEC, FOR 5
MIN DAILY WITHOUT ANAESTHESIA FOR 60 DAYS

The experiment was carried out for 60 days and
blood sample was collected by retro-orbital venous
puncture. Fasting blood glucose was measured and
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compared periodically between the study groups.
The body weight, water and food intake of rats
were also measured and compared routine. This
study was approved by Institutional Animal Ethical
Committee (Reg.no, 889/po/ac/05/ CPCSEA /2011)
of Swamy Vivekandha College of Pharmacy,
Elayampalayam, Tiruchengode.

Statistical Analysis: The results were expressed as
Meanz SD. The fasting blood glucose level were
analysed by one-way ANOVA followed by Tukey
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post hoc test. The value of p< 0.01 was considered
as statistically significant.

RESULTS: A steady decrease and significant
reduction of fasting blood glucose with (p<0.01)
was observed in ST36 acupoint treated diabetic
rats. The bilateral ST36 acupoint stimulation was
restored the body weight in diabetic rats and Fig. 2
and 3 shows the significant reduction of food and
water intake of ST36 treated diabetic rats.

TABLE 1: EFFECTS OF ST36 ON FASTING BLOOD GLUCOSE LEVEL (mg/dl)

Groups Fasting Blood Glucose Level mg/dl (Mean £SD)
0" day 15" day 30" day 45" day 60" day
I(control) 91.83 +£24.95 97 £14.44 97.67 £10.11 99.67 £ 12.09 98.5 +15.42
11(STZ-induced diabetic, 45mg/kg) 262.33 +32.34 288.33 +21.37 308.83+14.46 337.67 +23.96 369.5 +27.18
I11(pioglitazone, 7.5mg/kg) 318.5 +37.37 103.5 + 47.53 98.83 +12.83 87.5+8.96 72.67 +10.54
IV (Zusanli acupointwith 15Hz) 293 +81.09 274.83 + 65.64 244 +£57.42 199.6 + 26.36 141.33 £21.97

The results were expressed as Mean+ SD. Comparison was done with one way ANOVA and Tukey test with (p<0.01) to control and diabetic group.

TABLE 2: EFFECTS OF ST36 ON BODY WEIGHT OF NORMAL AND STZ-INDUCED DIABETIC RATS

Weeks Body weight gm/rat (mean + SD)

Group | Group 11 Group Group

(control) (STZ-induced diabetic,45mg/kg) 111(pioglitazone,7.5mg/kg) 1\V(ST36,15Hz)
1% week 211.67+11.69 221.67 +11.69 220 +15.49 193.33+12.11
2" week 218.33 +14.72 215 +10.49 225+17.61 193.33 £9.83
3" week 226.67 £12.11 203.33 £8.17 220+ 17.89 208.33 £7.53
4" week 226.67 £5.16 193.33 +8.17 226.67 £ 15.06 221.67 £7.53
5" week 236.67 £10.33 190 + 8.94 230 £ 12.65 221.67 £7.53
6" week 248.33 £7.53 181.67 +7.53 236.67 £12.11 231.67+9.83
7" week 251.67 +£7.53 170+ 6.33 240+ 14.14 241.67 +9.83
8" week 268.33 +7.53 171.67 +11.69 248.33 £ 11.69 245 +12.25

The results were expressed as Meant SD. Comparison was done with one way ANOVA and Tukey test with (p<0.01) to control and diabetic group
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FIG. 2: EFFECTS OF ST36 ON FOOD INTAKE
(MG/RAT/DAY) OF NORMAL AND STZ-INDUCED
DIABETIC RATS The results were expressed as mean + SD.
Comparison was done with one way ANOVA and Tukey test
with (p<0.01) to control and diabetic group

DISCUSSION: In recent years, acupuncture
therapy has spread throughout the World. Various
chronic illness can be effectively treated with
acupuncture by inserting fine needles into the
specific acupoints on the skin of the patients. The
main concept of acupuncture is to stimulate Chi
(life energy) through around 365 acupoints within
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FIG. 3: EFFECTS OF ST36 ON WATER INTAKE
(ML/RAT/DAY) OF NORMAL AND STZ-INDUCED
DIABETIC RATS The results were expressed as mean + SD.
Comparison was done with one way ANOVA and Tukey test
with (p<0.01) to control and diabetic group

12 meridians in our body. In this study, we found
that Acu-TENS therapy at Zusanli acupoints
resulted in significant reduction in fasting blood
glucose level in streptozotocin induced type 2
diabetic rats. Diabetes is one of a major public
health problem Worldwide. But for patient
everyday medication and insulin was economically
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high compared to acupuncture treatment. Many of
the patient now-a-days showing interest towards
the alternative medicine mainly acupuncture
therapy. There are numerous specific acupoints to
treat diabetes but in several studies Zusanli(ST 36)
and Zhongwan (CV12) acupoints were commonly
selected and proved the effectiveness of electrical
acupuncture therapy in type 2 diabetes. Dr. Mehmet
and Cho Sha et al., explained electro acupuncture
has a significant influence in lower blood glucose
levels of type 2 DM, lowering cholesterol level,
decreasing free-fatty acid, eleminating diabetic
neuropathy and lowering body mass index > *°.
Fengxia Liang et al., explained the hypoglycemic
effect with low frequency (3HZ) electro
acupuncture stimulation at ST36/Zusanli acupoint
in type 2 diabetic mice *’.

In our study, we found that the hypoglycemic effect
of Zusanli acupoint in diabetic rats. Hui- Ching Pai
et al., study shows EA (15HZ) at bilateral Zusanli
(ST36) acupoint stimulation with rosiglitazone
proves hypoglycemic effect due to an increase in
insulin secretion and through mediation of f-
endorphin in normal and STZ-induced type 2
diabetic rats *®. In this study, we stimulated Zusanli
acupoint with Acu-TENS apparatus and found the
significant reduction of fasting blood glucose and
compared with pioglitazone. Yu-Chen Lee et al.,
explained electroacupuncture at the ST36 acupoint
produces hypoglycemic effect due to stimulation of
cholinergic nerve in STZ- induced diabetic rats °.
In our study shows the Acu-TENS apparatus to
stimulate the Zusanli acupoint reduces the blood
glucose level may be due to selective stimulation of
muscle contraction in STZ induced diabetic rats.
According to Chung-Yuh Tzeng et al., explained
intracellular signalling pathways associated with
glucose- lowering effect of ST36 electro
acupuncture in STZ- induced diabetic rats *°.

In our study using Accu-Stimulator apparatus
shows the reduction of fasting blood glucose and it
was already stated P. V. Ingle et al., the decrease
in fasting blood glucose and lower level of TC, TG,
LDL and increase HDL with stimulation of ST36
acupoint with Accu-stimulator apparatus in type 2
diabetes ?°. According to the traditional Chinese
medicine, the acupuncture therapy can be practiced
either manual or electrical with Acu needles. Zhi-
Qi-Zhao et al., mentioned that in electro
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acupuncture, stimulating current is delivered to
acupoints via the acu needles connected to an
electrical stimulator. Instead of insertion of
acupuncture needles, a surface electrode on the skin
over the acupoints is also described as
electroacupuncture '°. Hence, in our study, we
selected Acu-TENS apparatus to stimulate the
Zusanli (ST36) acupoints acupoint with surface
electrode in rats which results a hypoglycemic
effect. Wu Zhiyuan et al., explained the effect of
TENS at specific acupoints (LI11, LI4, ST36, SP6)
on type 2 diabetes patients for 30 min for each
session and 5 times a week for 2 months.

In our study, stimulation of Zusanli acupoint for 5
minutes daily for 60 day treatment in diabetic rats
shows a significant decrease in fasting blood
glucose level (FBG). The Acu-TENS, a non-
invasive technique having the beneficial effect to
prevent risk of infection especially to the diabetic
patients 212,

Some previous research shows that the
transcutaneous electrical muscle stimulation with a
low stimulation frequency could be effective
method to enhance glucose metabolism 2> %%, We
selected Acu-TENS stimulator due its combined
effect of both electrical and acupoints stimulation.
Wu Zhiyuan et al., explained treatment with Acu-
TENS (10 HZ for 30 min) at acupoints in type 2
diabetes patients produced a beneficial effect on
blood glucose level %. Catalogna et al., explained
utilization of glucose and improve hepatic insulin
sensitivity in rats with peripheral electrical
stimulation (PES) treatment with 2-3 minutes . In
this study Acu-TENS with the frequency of 15 HZ
(low frequency) produced a positive effect in
reducing blood glucose level in type 2 diabetes.
Hence, the result of the present study suggests that
the non invasive acupuncture therapy is beneficial
and cost-effective treatment for the elderly type 2
diabetes mellitus patient.

CONCLUSION: The main advantages of Acu-
TENS therapy with low frequency and high
intensity electrical stimulation at bilateral ST36
acupoint causes muscle contraction and mild
muscular twitching which was similar to that of
physiological process of physical exercise. Hence,
this technique is used to the elderly diabetes
patients who were not able to perform physical
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exercise. We suggest Acu-TENS therapy be a
beneficial and economical non-invasive alternative
therapy for diabetic patients not only to control
diabetes but also to prevent its complication.
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