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ABSTRACT

Background: Glucova Active Tablet is a proprietary Ayurvedic formulation with ingredients reported for anti-hyperglycemic,
anti-hyperlipidemic activity and antioxidant properties. Objective: Evaluation of anti-diabetic activity of Glucova Active
Tablet on Type | and Type Il diabetic model in rats. Materials and Methods: Experimental Type | diabetes was induced in
24 albino rats with intra-peritoneal injection of streptozotocin (50 mg/kg). Type |l diabetes was induced in 18 albino rats by
intra-peritoneal injection of streptozotocin (35 mg/kg) along with high fat diet. The rats were divided in 5 groups for Type |
model and 4 groups for Type Il model. Normal control group was kept common for both experimental models. Glucova Active
Tablet (108 mg/kg) treatment was provided for 28 days twice daily orally. Fasting blood glucose level, serum lipid profile and
liver anti-oxidant parameters like superoxide dismutase and reduced glutathione was carried out in both experimental models.
Pancreas histopathology was also done. Statistical analysis were done by 'analysis of variance' test followed by post hoc
Tukey’s test, with significant level of P < 0.05. Results and Discussion: Glucova Active Tablet showed significant effect on
fasting blood glucose level. It also showed significant alteration in lipid profile and antioxidant parameters. Histopathology
study revealed restoration of beta cells in pancreas in Glucova Active Tablet treated group. Conclusion: Finding of this study
concludes that Glucova Active Tablet has shown promising anti-diabetic activity in Type | and Type |l diabetic rats. It was
also found showing good anti-hyperlipidemic activity and anti-oxidant property.
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INTRODUCTION

The greatest increase in prevalence is expected to occur
in Asia and Africa.”” The increase in incidence of diabetes

Diabetes mellitus (DM) is the most common metabolic
disorder. It is characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action, or
both. As per Wotld Health Otganization (WHO), at least
171 million people (2.8% of worldwide population) were
suffered from diabetes in year of 2000.” It is estimated that
by the year 2030, this number may almost be doubled.”!
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in developing countries follows trend of urbanization
and lifestyle changes, perhaps most importantly a
“Western-style” diet.

Diabetes mellitus is classified into two types, insulin-
dependent diabetes mellitus (IDDM, Type I) and
non-insulin-dependent diabetes mellitus (NIDDM, Type II).
Type I diabetes is an autoimmune disease characterized by a
local inflammatory reaction in and around islets of pancreas
that is followed by selective destruction of insulin-secreting
B cells. Type II diabetes is characterized by peripheral
insulin resistance and impaired insulin secretion.!!

Management of diabetes without any side effects is still a
challenge in the medical field, as presently available drugs
for diabetes have one or more adverse effects.”’ Since the
existing drugs for the treatment of DM do not satisfy our
need completely, the search for new drugs will continue.
In recent years, herbal remedies for the unsolved medical
problems have been gaining importance in the research field.

Glucova Active Tablet is a such proprietary Ayurvedic
formulation which contains extract of Enicostenima littorale
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(Mamajjak) whole plant,* Prerocarpus marsupinm (Vijayasar)
Bark, ™ Momordica charantia (Karela) Fruit,® Tinospora
cordjfolia (Guduchi) Stem,”! Gymnema sylvestre Madhunashini)
Aetial,® Syzygium cuminii (Jamun) Seed,!"! Azadirachta
indica Neem) Leaves,""! Caesalpinia crista (Latakaranj) Seed,!"”
Swertia chirata (Kiratatikta) Aetial,"™ Curcuma longa (Haridra)
Rhizome," Enblica officinalis (Amalaki) Fruit!" and powder
of Pramehahar Kwath,'! Piper nigrum (Marich) Fruit,!'”
Zingiber officinale (Shunthi) Rhizome,'"! Piper longum (Pippali)
Fruit.'l Research article supported that Glucova Active
Tablet is quality-based proptietary ayurvedic formulation."
It is a proprietary Ayurvedic medicine manufactured and
marketed by Vasu Healthcare Pvt. Ltd., Vadodara. Majority
of ingredients of Glucova Active Tablet are well reported
in Ayurvedic texts and scientific research publications
for anti-hyperglycemic, anti-hypetlipidemic activity and
antioxidant property. However, no such evidence was found
which proves safety and efficacy of such combination.

In the present study, an attempt was made to investigate the
toxicity and anti-diabetic activity of Glucova Active Tablet
on Type I and Type 1I diabetic model in rats.

MATERIALS AND METHODS

Experimental animals

Albino Wistar rats (160-180 g) were procured from the Flair
Lab, Surat, India. The animals were housed in standard
polypropylene cages (three rats/cage) and maintained
under controlled room temperature (22 + 2°C) and
humidity (55 £ 5%) with 12:12 h light and dark cycle. All
the rats were provided with commercially available rat
normal pellets diet (NPD) and water ad /ibitum, prior to
the dietary manipulation. The guidelines of committee for
the purpose of control and supervision of experiments on
animals (CPCSEA), Govt. of India were followed. Prior
permission was taken from the institutional animal ethics
committee IAEC Protocol No. 984/11/03 for conducting
the study.

Drugs and chemicals

Glucova Active Tablet (Batch No. 102) was received
from Vasu Healthcare Pvt. Ltd., Baroda, Gujarat, India.
Streptozotocin (STZ) was purchased from Sigma Eldrich
Lab, Mumbai. The feed ingredients such as casein
and cholesterol (Sigma Eldrich Lab, Mumbai, India),
dl-methionine (Jubilant Pharma Company, Vadodara),
vitamin and mineral mix (Sarabhai chemicals, Baroda, India)
and yeast powder (Jubilant Pharma Company, Vadodara,
India) were procured from the commercial sources. Lard,
insulin (Eli Lilly, Gurgaon, India) and sodium carboxy methyl
cellulose (Na-CMC) (Sigma Eldrich Lab, Mumbai) were also
obtained from commercial sources. Sample of metformin was

received from Intas Pharmaceutical, India. The compound
was administered orally as suspension by mixing with
vehicle 1% Na-CMC. Dose of the test drug was fixed by
extrapolating the human dose to laboratory animals, based on
body surface area ratio as per the table of Paget and Barnes.

Acute toxicity study

Healthy female Wistar albino rats (210-240 g) were divided
into 2 groups of 3 animals each. The animals had free
access to water and food throughout the experiment,
except for the fasting period before the oral administration
of the single dose of the formulation. The formulation
was suspended in distilled water and administered by
gavages (orally) at single doses of 2000 mg/kg to 1% group
and single doses of 5000 mg/kg 2™ group. The general
behavior and mortality of the rats was continuously
monitored for 1 h after dosing periodically during first
24 h (with special attention given during the first 4 h.) and
then daily for a total of the 14 days. Changes in the normal
activity of rats, sigh and symptoms of toxicity and mortality
were monitored and recorded. Acute toxicity study was
carried out as per OECD Guidelines 423.1"")

Induction of Type | diabetes by STZ

Rats were fasted overnight. Then they were injected with
STZ at a dose of 50 mg/kg (citrate buffer pH 4.4, i.p.).
The induction of diabetes was confirmed by determination
of high fasting blood glucose level with polydipsia and
polyuria on the fifth day of STZ administration. Rats with
fasting blood glucose level >200 mg/dL were selected for
expetimentation.”!

Induction of Type Il diabetes by high fat diet-fed
and STZ

The rats were kept on dietary regimens consisting HFD (58%
fat, 25% protein and 17% carbohydrate, as a percentage of
total kcal) ad libitum, for the initial period of 2 weeks. After
2 weeks, the rats were injected with low dose of STZ (35
mg/kg in citrate buffer pH 4.4, i.p.). Before and after 7 days
of STZ injection, body weight and plasma glucose (PGL)
were measured. The rats with the non-fasting blood glucose
level of 300 mg/dL were considered as diabetic. Food and
water intake of the animals were also measured. The rats

were allowed to continue to feed on their respective diets
till the end of the study.”"

Experimental design for Type | diabetes

The experimental animals were divided into five groups, six

animals in each group. Normal control group was common

for Type I and Type 11 diabetic model.

e Group-1 served as Normal control

*  Group-2 served as Type I Diabetic control [50 mg/kg
once (i.p.) of STZ]

¢ Group-3 served as Type I Diabetic rats treated with
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Glucova Active Tablet [108 mg/kg twice daily, p.o., for
28 days]
*  Group-4 served as Type I Diabetic rats treated with
Metformin [100 mg/kg twice daily, p.o., for 28 days]
e Group-5 served as Type I Diabetic rats treated with
insulin [6 unit/kg daily, i.v., for 28 days].

Experimental design for Type Il diabetes

The experimental animals were divided into four groups, six

animals in each group. Normal control group was common

for Type I and Type 11 diabetic model.

*  Group-1 served as Normal control

e Group-2 served as Type 1I Diabetic Control [HFD
for 28 days + STZ (35 mg/kg once i.p.) on 15" day
of HFD]

*  Group-3 served as Type 1l Diabetic rats treated with
Glucova Active Tablet [108 mg/kg twice daily, p.o., for
28 days]

*  Group-4 served as Type 1l Diabetic rats treated with
Metformin [100 mg/kg twice daily, p.o., for 28 days].

Blood sample collection

After treatment, leaving 12 hours fasting period, blood
samples were collected from rats under light ether
anesthesia from retro orbital plexuses in clean dry
centrifuge tubes. Samples were allowed to clot for 30 min
at room temperature. Sera from the samples were obtained
by centrifugation after 30 min at 4000 rpm, then divided
into aliquots and kept at 2-8°C for further assay of lipid
profile and other biochemical parameters while serum
glucose was determined immediately.

Biochemical parameters

Biochemical parameters such as fasting blood glucose
(FBG) level, serum cholesterol, serum triglyceride, serum
high density lipoprotein (HDL), serum low density
lipoprotein (LDL) and serum very low density lipoprotein
(VLDL) were carried out using auto analyzer (Merck,
Germany).

Anti-oxidant parameters of liver homogenates like super
oxide dismutase (SOD) and reduced glutathione (GSH)®!
wete also carried out.

Estimation of Super oxide dismutase

0.5 mL of tissue homogenate, 0.5 mL of cold distilled
water, 0.25 mL of ice-cold ethanol and 0.15 mL of
ice-cold chloroform were mixed well using cyclomixer
for 5 min and centrifuged at 2500 rpm for 15 min at
4°C. To 0.5 mL of supernatant, 1.5 mL of carbonate
buffer (pH 10.2) and 0.5 mL of 0.4 M ethylenediamine
tetra-acetic acid (EDTA) solutions were added. The
reaction was initiated by the addition of 0.4 mL of
epinephrine bitartrate (3 mM) and the change in optic

density/min was measured at 480 nm against reagent
blank. SOD activity was expressed as units/mg of protein.
Change in optical density/minute at 50% inhibition of
epinephrine to adrenochrome transition by the enzyme
was taken as the enzyme unit. Calibration curve was
prepared by using 1-12 units of SOD.

Estimation of reduced glutathione

GSH contents were measured after precipitation of
protein with 10% (w/v) chilled trichloroacetic acid and
equal volumes (0.2:0.2 mL) of supernatant and 10%
trichloroacetic acid were centrifuged at 5000 rpm for
30 min. by using cooling centrifuge. The supernatant
thus obtained was used to estimate GSH content.
0.25 mlL supernatant was mixed with 1.0 mL, 0.3 M
disodium hydrogen phosphate solution (pH 8). 0.125 mL
DTNB- 5,5 — dithiobis-2-nitrobenzoic acid (prepared in
1% w/v sodium citrate) was added just before measuring
the absorbance at 412 nm using UV spectrophotometer.
Different concentrations of GSH were also processed
similatly to prepare a standard curve.*!

Histopathology of pancreas

Whole pancreas from each animal was removed after
sacrificing the animal under anesthesia and it was collected
in 10% formalin solution and immediately processed by
paratfin technique. Section of approximately 5 Wm thickness
was cut and stained by hematoxylin and eosin (HandE).
Then sections were examined under microscope to evaluate
structural changes in beta cells.

Statistical analysis

Analysis was done with the help of standard statistical
software, Graph pad prism version 5. Data was expressed
as Mean £ Standard Error of Mean. Different groups were
compared with analysis of variance (ANOVA) and same
group in different time points with repeated measures
ANOVA followed by post hoc Tukey’s test. A p < 0.05 was
considered as statistically significant.

RESULTS

Acute toxicity study

The animals were observed for mortality and other toxic
symptoms for 14 days of observation period. No toxic
symptoms and mortality were found in both the dose level
during this study.

Evaluation of anti-diabetic potential of Glucova Active
Tablet on Type | and Type Il diabetes
Effect on fasting blood glucose level
Disease control animals of both experimental models
showed statistically significant (P < 0.001) increase in
blood glucose level as compared to normal control
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group. It indicates diabetes was effectively induced. After
28 days of pretreatment of Glucova Active Tablet in both
experimental models i.e., STZ and High Fat Diet + STZ
induced Type I and Type 11 diabetic, respectively, showed
significant reduction in elevated blood glucose levels. Data
represent that Glucova Active Tablet showed statistically
significant decreases (P < 0.001) in blood glucose level
in Type I and Type 1l diabetic models. As expected, in
metformin-treated rats, blood glucose level was found
significantly decreased in experimental models. Insulin
treatment also significantly reduced blood glucose level
when administered in Type I diabetic animals. Results are
found to be statistically significant in comparison with
diabetic control group [Tables 1 and 2].

Effect on lipid profile

Disease control group in both experimental models
exhibited statistically significant increase in serum
cholesterol and serum triglycerides as compared to normal
control group. Glucova Active Tablet significantly reduced
elevated level of serum cholesterol and serum triglycerides
in comparison to disease control group of Type I and

Type 11 diabetic model [Table 3]. Metformin treatment also
significantly reversed elevated level of serum cholesterol
and serum triglycerides. Insulin treatment did not show
any significant alteration in both parameters with respect
to disease control group [Table 3].

Serum HDL significantly increased where serum LDL
and VLDL level significantly decreased in Glucova
Active Tablet treated groups of Type I and Type 11
diabetic models [Table 4]. Comparison was carried out
with respect to disease control groups of respective
model. More significant effect was observed in Glucova
Active Tablet treated Type II diabetic rats in comparison
to Glucova Active Tablet treated Type I diabetic
rats [Table 4].

Effect on anti-oxidant biochemical parameters of
liver

Antioxidant parameters like SOD level and reduced
glutathione of liver was significantly increased in Glucova
Active Tablet treated groups in Type I and Type II diabetic
models. No significant change was observed in SOD

Table 1: Effect of Glucova Active Tablet on fasting blood glucose level in Type | diabetic rats

Groups

Fasting blood glucose level (mg/dL)

o day 7" day

14" day 21" day 28t day

115.48+08.20

415.10%45.77"%*
138.30+17.23%**

120.53+06.84

495.9137.43""
129.60+07.72%**

115.64+06.99

469.9243.63"#*
158.14+18.18%**

Normal control 117.46+08.06
370.96+56.54%*

322.88+51.99

120.2 3+07.97
389.31£50.94"**
149.10+08.07%**

Diabetic control
Glucova Active Tablet
treated
180.84+27.93%**

271.23+38.70% 221.95+35.19%**

126.92+06.36%**

Metformin treated 362.56+38.70 311.32+38.21

Insulin treated 362.25+25.41 218.47+37.64%** 135.40+06.82%** 119.68+04.72%**

All the values are expressed as mean+SEM (n=6) in each group. Where, *P<0.05, **P<0.01, ***P<0.001 when compared to diabetic control groups. While, #P<o.05,
##P<0.01, **#P<0.001 when compared to normal control group

Table 2: Effect of Glucova Active Tablet on fasting blood glucose level in Type Il diabetic rats

Groups Fasting blood glucose level (mg/dL)

oday 7t day 14" day 21" day 28t day

115.48+08.20

451.32£25.47"*
195.90+26.01%**

120.53+06.84
504.53%26.97"%*
122.54+08.65%**

115.64+06.99
475.51£23.44***
163.08+14.436%**

Normal control 117.46+08.06 120.2 3+07.97
£435.90£24.16%##

235.68+30.13%*

416.22£25.72%#%
354.37+26.28

Diabetic control
Glucova Active Tablet
treated
125.18+08.51%**

Metformin treated 373.00+47.61 276.73+50.91% 199.35%24.40%%* 163.34+15.60%**

All the values are expressed as mean+SEM (n=6) in each group. Where, *P<0.05, **P<0.01, ***P<0.001 when compared to diabetic control groups. While, #P<o.05,
##P<0.01, #*#P<0.001 when compared to normal control group

Table 3: Effect of Glucova Active Tablet on serum cholesterol and serum triglycerides level in
Type | and Type Il diabetic rats

Groups Serum cholesterol level (mg/dL) Serum triglycerides level (mg/dL)
Type | DM Type Il DM Type | DM Type Il DM
Normal control 97.06£04.51 97.06£04.52 47.13+03.35 47.13+03.35

200.72+06.87%## 102.31+10.76%## 99.56+04.15%##

71.68+02.37%**

Diabetic control

Glucova Active Tablet
treated

183.23+16.47%%#

113.12+07.28%** 114.65+05.83% %% 61.32+03.75%

105.50+05.64%** 59.87+04.56%*% 55.67+03.30% %%
Insulin treated 177.62%10.34 Not applicable 99.90+14.14 Not applicable

Metformin treated 101.51+09.63***

All the values are expressed as mean+SEM (n=6) in each group. Where, *P<0.05, **P<0.01, ***P<0.001 when compared to diabetic control groups. While, *P<o.05,
##P<0.01, ##*P<0.001 when compared to normal control group

100 Journal of Ayurveda & Integrative Medicine | April-June 2014 | Vol 5 | Issue 2



Soni, et al.: Evaluation of anti-diabetic activity of Glucova Active Tablet

level of Glucova Active Tablet treated Type 1 diabetic
rats [Table 5].

Histopathological findings

Histopathology of pancreas of normal control rat showed
normal cytoarchitecture of pancreatic cells [Figure 2a]. The
impact of treatment of Glucova Active Tablet on the structure
of the beta cells of pancreas was studied as compared to the
disease control group of representative model for Type

Figure 1: Histopathological pictures of pancreas of Type | diabetes.
(a) Diabetic control, beta cell destruction as indicate by arrow;
(b) Glucova Active Tablet treated, showing recovery of pancreatic beta
cell destruction as indicate by arrow; (c) Metformin treated, showing
recovery of pancreatic beta cell destruction as indicate by arrow;
(d) Insulin treated, showing minor recovery of pancreatic beta cell
destruction as indicate by arrow

I [Figure 1a] and Type 11 [Figure 2b] diabetes. Glucova Active
Tablet treated groups showed improvement in pancreatic
islets cell histopathology in both Type I [Figure 1b] and Type
II [Figure 2c| experimental models. Reference standard drug
treated groups for Type I diabetic model i.e., Metformin
treated [Figure 1c] and Insulin treated [Figure 1d] showed
significant recovery. In Type 1l diabetic model reference
standard metformin-treated group [Figure 2d] also showed
similar recovery like Type I diabetic model.

C(/" WA AT

Figure 2: Histopathological pictures of pancreas of Type Il diabetes.
(a) Normal control, showing normal cyto-architecture of pancreatic cells;
(b) Diabetic control, showing beta cell destruction and fat deposition as
indicate by arrow; (c) Glucova Active Tablet treated, showing recovery
of pancreatic beta cell destruction and fat deposition as indicate by
arrow; (d) Metformin treated, showing recovery of pancreatic beta cell
destruction as indicate by arrow

Table 4: Effect of Glucova Active Tablet on serum HDL, LDL and VLDL in Type | and Type |l diabetic rats

Groups Serum HDL (mg/dL) Serum LDL (mg/dL) Serum VLDL (mg/dL)
Type | DM Type Il DM Type | DM Type Il DM Type | DM Type Il DM
Normal control 53.06+02.96 53.06+02.96 77.88+02.10 77.88+02.10 13.26+00.97 13.26+00.97

Diabetic control 25.18+02.50%##

39.48+04.48*

26.5602.25%##

Glucova Active Tablet
treated

40.45+00.66%*

Metformin treated 40.58+01.59%

20Q.25+03.73% %%

45.09+03.05% %%

Insulin treated Not applicable

83.91+02.61%
61.72+02.62%*

61.88+04.77*%*
76.15+05.38

35.06£03.49%## 31.6301.94%##

18.15+02.61%*

97.08+03.43""

62.47+01.62%** 17.04+01.71%%*

21.58+01.98%
29.97%04.93

16.33+01.65%**
Not applicable

55.71+03.05%**
Not applicable

All the values are expressed as mean+SEM (n=6) in each group. Where, *P<0.05, **P<0.01, ***P<0.001 when compared to diabetic control groups. While, #P<o.05,
##P<0.01, #*#P<0.001 when compared to normal control group, HDL=High density lipoprotein, VLDL=Very low density lipoprotein, LDL=Low density lipoprotein

Table 5: Effect of Glucova Active Tablet on anti-oxidant biochemical parameters of liver

Groups SOD level Reduced glutathione
(U/mg protein) (ug of GSH/mg protein)
Type | DM Type Il DM Type | DM Type Il DM
Normal control 9.42%0.31 9.42+0.31 101.89+4.32 101.89+4.32
Diabetic control 4.160.44" 4.4620.14"* 31.02+2.95%## 38.79+1.63%##
Glucova Active Tablet 5.84+0.19 6.05+0.35%** 46.91£2.87* 62.7225.84%*

treated
Metformin treated 7.07£0.30%**

Insulin treated 4.620.51

7.1620.35%*
Not applicable

64.92+2.99%**
35.53%2.73

70.71%4.47%%*
Not applicable

All the values are expressed as mean+SEM (n=6) in each group. Where, *P<0.05, **P<0.01, ***P<0.001 when compared to diabetic control groups. While, #P<o.05,

##P<0.01, #*#P<0.001 when compared to normal control group, GSH=Glutathione
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DISCUSSION

The present study was undertaken to investigate toxicity
as well as anti-diabetic, anti-hyperlipidemic and antioxidant
effects of Glucova Active Tablet in Type 1 and Type 11
diabetic rat models. Metformin and insulin both were
used as reference standard for Type I diabetic model
as in conventional line of treatment they are frequently
prescribed in Type I patients. In Type 11 model, metformin
is used as reference standard because it is well known drugs
for treatment of Type 1I diabetes.

Glucova Active Tablet showed significant decrease in
fasting blood glucose levels which was near to normal
control group of animals in both experimental models.
Insulin deficiency may be responsible for dyslipidemia.
Acute insulin deficiency initially causes an increase in free
fatty acid mobilization from adipose tissue.”" Glucova
Active Tablet significantly decreased both serum cholesterol
and triglyceride levels in both types of diabetic rat models.
There were also significant decrease in serum LDL and
VLDL levels in Glucova Active Tablet treated Type 1
and Type II experimental models as compared to their
respective diabetic control groups. Also significant increase
was observed in serum HDL level in Glucova Active Tablet
treated groups as compared to diabetic control group.
Metformin-treated animals have shown positive effects on
complete lipid profile whereas insulin-treatment showed
remarkable change in serum HDL level only.

It is now a known fact that oxidative stress plays a major role
in the pathogenesis of both types of diabetes mellitus. High
levels of free radicals and simultaneously declined antioxidant
enzyme levels lead to cell damage. In the present study,
diabetic control rats showed significant decrease in SOD
and reduced glutathione levels in the rat liver homogenates
compared to normal rats, indicating a dysfunction in
antioxidant defensive system in diabetes mellitus.?! Treatment
with Glucova Active Tablet showed significant increase in
level of antioxidant enzymes in Type I and Type 11 diabetic
rats. An antioxidant property of Glucova Active Tablet may
be due to presence of Momordica charantia (Karela), Tinospora
cordifolia (Guduchi), Curcuma longa (Haridra) and Emblica
officinalis (Amalaki). All these ingredients have been well
reported for having antioxidant property.

Treatment with Glucova Active Tablet also showed
restoration of beta cell of pancreas in both diabetic models
which indicates the efficacy of formulation at cellular level.

CONCLUSION

On the basis of study data it can be concluded that Glucova
Active Tablet has promising anti-diabetic activity against

Type I and Type 11 diabetic conditions. It also has showed
good anti-hyperlipidemic and anti-oxidant property which
can be attributed to synergistic effect of multiple herbal
ingredients of formulation.
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