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INTRODUCTION

Diabetes

Janardan Sharma, Rajiv Kumar

ABSTRACT

Background: The progressive nature of type 2 diabetes usually requires a
combination of two or more oral agents in long term. Studies have been done to
support its relevance. This study was made to observe the possible additive or
supra-additive effect of the co-administration of voglibose and vildagliptin
expecting it to be beneficial by enhancing the peptide GLP-1 activity which in
turn increases insulin secretion while decreasing that of glucagon in response to
rise in plasma glucose.

Methods: Healthy male wistar rats weighing 150-250 grams were taken for this
study. The animals were divided into five groups, six animals in each group.
These groups were normal control, diabetic control, vildagliptin treated,
voglibose treated and by vildagliptin and voglibose (co-administered) treated
group diabetic rats. Diabetes was induced by freshly prepared nicotinamide
followed by streptozotocin intraperitoneal injection. The fasting blood samples
were determined by glucose oxidase method. One way ANOVA test was used
to compare the effect of drugs on different group.

Results: Fasting blood glucose in normal control was found static. Diabetic rats
fasting blood glucose level subsequently increased in different weeks. The
animal treated by vildagliptin and voglibose orally has a better control of FBS
in comparison to diabetic control group. The animal treated by co-
administration of vildagliptin and voglibose had a better effect than vildagliptin
treated group and voglibose treated animal.

Conclusions: Vildagliptin and voglibose are effective in lowering blood
glucose level in albino diabetic rats but their combination has potentiating
effect.
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saxagliptin and linagliptin) are being proven as
milestones in treating diabetes.

is one of the common diseases whose

prevalence is increasing fastly worldwide. Its prevalence
was estimated to be 2.8% in 2000 and 4.4% in 2030.!
Insulin and oral hypoglycaemic agents like sulfonylurea,
biguanides and thiazolidinediones are the major drugs in
the management of this disease. However, complete cure
of the disease has been eluding physicians for centuries
and the quest for the development of more effective
antidiabetic agents is pursued relentlessly.

In this context, newer antidiabetic drugs like o

glucosidase inhibitors (acarbose, miglitol and most newer
drug voglibose) and gliptins (sitagliptin, vildagliptin,

www.ijbcp.com

Alpha glucosidase inhibitor, voglibose is an important
drugs in the management of diabetes mellitus. It has least
gastrointestinal symptoms as compared to other o
glucosidase inhibitor like acarbose.? It can also be used in
combination with other oral antidiabetic agents and
insulin. Vildagliptin and other DPP-4 inhibitors may play
an important role in the management and preservation of
T2DM, particularly being valuable in preventing the
development and progression of the disease, which has
not been possible till now with any other antidiabetic
agents.>*
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Oral therapy for type 2 diabetes, when used
appropriately, should safely assist patients to achieve
glycemic target with desired effectiveness and
tolerability. Therefore, the progressive nature of type 2
diabetes usually requires a combination of two or more
oral agents in long term.

Few previous studies have been done to support its
relevance. Yamaguchi M et al. assessed therapeutic role
of vildagliptin and voglibose and their combination.’®
They found co-administration led to remarkably better
pharmacodynamics response compared with each
treatment alone, including higher active GLP-1 and lower
glucose levels. Though level of vildagliptin decreased
when co-administered but the extent of DPP-4 inhibition
remains unchanged.® Better efficacy and tolerability was
found when it was given for long period and helped in
alleviating undesired consequences and progression of
diabetic complications.®

Supported literature regarding this are few; so this study
was done to compare the antihyperglycemic effect of
voglibose and vildagliptin in co-administration with each
individual drug alone.

METHODS

Healthy male wistar rats weighing between 150-250
grams were taken for this study. The animals were kept in
clean and dry cages, with 12:12 hours light-dark cycle at
room temperature (~24-28 °C). They were acclimatized to
the available housing condition for a period of 1 month.
Rats were fed with standard laboratory diet consisting of
soaked black gram and soyabean, commercial pellets and
water was given ad libitum. The whole experiment was
conducted in accordance with ethical norms approved by
institutional animal ethics committee (IAEC) guidelines.
Only the healthy rats having fasting blood glucose of
200- 250 mg/dl were included in this study.

The animals were divided into five groups, six animals in
each group. These groups are normal control which were
treated by 1% gum acacia, diabetic control group which
were also treated with placebo 1% gum acacia after
inducing diabetes by streptozotocin, vildagliptin treated
group, voglibose treated group and by both vildagliptin
and voglibose (both the drugs were co-administered)
treated group in streptozotocin induced diabetic rats. The
rats were kept in different cages. All the cages were
appropriately labelled. Animals in each cage were also
labelled separately and colour coded with the help of
permanent marker.

After allowing 7 days for the induction and stabilization
of diabetes, drugs were administered from 7" day and this
was considered as day 0 for the treatment of group B, C,
D and E. The dose of the drugs was calculated on the
basis of body surface area.” Before starting treatment,
fasting blood glucose levels for day 0 were estimated for
all groups including group A. All the treatments were

carried out for a period of 28 days. The fasting blood
samples were collected from all the groups on further
days 7, 14, 21 and 28 day to determine the glucose level
by glucose oxidase method using accu chek active
glucometer.

Estimation of blood glucose

For the estimation of fasting blood glucose, the rats were
kept deprived of food overnight and were allowed free
access to water. Blood samples were collected from the
tail of rat. The tail of rat was cleaned with spirit cotton
and then it was cut 0.5 mm just enough to allow one drop
of blood to ooze out. One drop of blood was allowed on
the appropriate reaction zone of the strip. The level of
fasting blood sugar was recorded and noted down in the
master chart. After taking the blood sample betadine
ointment, using fresh cotton piece was applied to tail of
each rat to prevent any infection.

Drugs

The information related to drugs and chemicals are as
follows

e Voglibose (tablet Vogli 0.3 milligram, CIPLA
Pharmaceuticals)

e Vildagliptin (tablet Jalra 50 milligram, Novartis
India)

e  Streptozotocin (STZ)-(Streptozocin sterile powder) 1
gm vial, HIMEDIA, Patna

¢ Nicotinamide, 100 gram powder, ANIMED, Kolkata.

Preparation of the drugs

The tablet voglibose was powdered and a uniform
suspension was made using 1% gum acacia in a
concentration of 0.005 mg/ml as required per dose. Since
daily dose requirement of 200 gram rat (standard) is 0.01
mg, this was made by dissolving 0.3 mg voglibose tablet
in 60 ml of 1% gum acacia suspension, so that 1 ml
contained 0.005 mg (0.3 mg multiplied by 0.018) of the
drug. After weighing each rat of this test group, drug was
titrated and delivered orally twice daily using gavage
tube. Only freshly prepared suspensions were used each
day.

The tablet vildagliptin was powdered and a uniform
suspension was made using 1% gum acacia. This was
prepared by 50 mg of tablet dissolving in 50 ml of gum
acacia suspension. 18 ml (18 mg of drug) of this
suspension was diluted with addition 2 ml of deionized
water to make 20 ml of suspension. This contained 18 mg
in 20 ml of suspension so that 1 ml contain desired 0.9
mg (50 mg multiplied by 0.018) of drug. Now according
to weight of each rat of this test group, drug was titrated
and administered using gavage tube. Only freshly
prepared suspensions were used each day.
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Co-administration of voglibose and vildagliptin

0.005 mg/ml of voglibose and 0.9 mg/ml of vildagliptin
as prepared above was administered twice daily to group
E rats every day from day O to day 28 on morning and
evening time. According to weight of rats of this test
group, drug was titrated and administered using gavage
tube.

Preparation of 0.1 M citrate buffer®

For stability of streptozotocin, the ideal pH range to be
obtained was 4.0 - 4.5. For this, 31.5 ml of citric acid was
mixed with 18.5 ml of sodium citrate and this volume
was adjusted to 100ml by adding deionized water. The
pH of this solution was found 4.2.

Streptozotocin was dissolved in 0.1 M citrate buffer with
pH 4.2 and kept in 2-8°C. It was kept away from light
and was injected intraperitoneally to rat at dose of 60
mg/kg body weight with the help of disposable 1 ml
syringe and 26 gauge needles. Fasting condition was
maintained for 18 hours to induce diabetic condition in
rat.

Preparation of streptozotocin

STZ was freshly prepared because it is unstable. It was
administered in strength of dose: 60 mg/kg.® For this, 480
mg of STZ powder was dissolved in 40 ml of freshly
prepared ice cold 0.1 M citrate buffer, so that 1 ml
contained 12 mg of STZ required for 200 gram of rat.
This solution of STZ was titrated according to the
required total dose per animal and was administered
intraperitoneally using 1 ml disposable syringe with 26
gauge needle.

Preparation of nicotinamide

Single dose of 120 mg/kg of nicotinamide was required
for every rat (except group A) before streptozotocin
administration.® 2.4 gram of nicotinamide powder was
dissolved in 100 ml of deionized water, so that 1ml
contained 24 mg of nicotinamide, required for 200 gram
weight of rat. This solution of nicotinamide was titrated
according to the required total dose per animal and was
administered intraperitoneally using 1 ml disposable
syringe with 26 gauge needle.

Since this study requires type 2 diabetes mellitus model
with moderate hyperglycemia (200-250 mg/dl), Masiello
P et al introduced most acceptable and frequently used
diabetic model of intraperitoneal injection of
nicotinamide  before streptozotocin  induction  of
diabetes.®*

Induction of diabetes mellitus

Diabetes was induced by freshly prepared nicotinamide
followed by streptozotocin by single intraperitoneal

injection. For this, animals were deprived of food
overnight and were allowed free access to water. Firstly,
each animal of group B, C, D and E were administered
nicotinamide 120 mg/kg intraperitoneally and then
streptozocin 60 mg/kg was given to each animal of these
groups after 15-20 minutes of  nicotinamide
administration.> Animals were held with its ventrum
exposed and head pointed downward, this causes the
freely movable abdominal organs to move towards the
animal's diaphragm to avoid accidental puncture of
organs. A 1 ml disposable syringe with 26 gauge needle
was inserted into the abdominal cavity in the lower right
quadrant to avoid the caecum and urinary bladder. The
needle was directed towards the animal's head at an angle
of 15-20 degrees and inserted approximately 5 mm. After
induction, that animal were allowed to drink 5% dextrose
normal saline overnight to overcome the drug induced
hypoglycemia.®

After 72 hours of streptozotocin injection, fasting blood
glucose level was determined and induction of diabetes
was confirmed. The diabetic rats were allowed access to
tap water and normal laboratory diet freely, and were
maintained at room temperature in their cages for next 4
days for stabilization of diabetes and acclimatization
under these circumstances. The rats having blood glucose
levels 200-250 mg/dl were used for the study.

Statistical analysis

Statistical analysis of data was carried out by employing
analysis of variance. One way ANOVA test was used to
compare the effect of drugs on different group the effect.
Tukey’s HSD test was used for post-hoc analysis of
significant overall differences.

RESULTS

Streptozotocin induced diabetic rats showed reading in the
range of 210-227 mg/dl which confirmed the induction of
diabetes.

Fasting blood glucose in normal control (group A) was
static. There was no much difference in blood sugar in
different weeks in this group. Diabetic rats (group B)
fasting blood glucose was 219.33+6.022 at 1% week and it
was subsequently increased in different weeks. Fasting
blood glucose in vidagliptin treated (group C) in first
week was 216.17+7.574 and it had a decreasing tendency
to reach near normal blood sugar level. The animal of
group D which was treated by voglibose orally also had a
better control of FBS in comparison to diabetic control
group. The animal of group E which was treated by co-
administration of vildagliptin and voglibose had a better
effect than group C and group E group animal.
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Table 1: Changes in FBS in all groups on 0, 7, 14™, 21% and 28" day. All the values are expressed in

meanzstandard deviation.

Group E (voglibose and

normal control

diabetic control

vildagliptin

Day 0 83.33+1.751 219.33+6.022 216.17+7.574  218.17+7.494  218.33+7.062
Day 7 84.33+3.204 232.50+9.160 137.50+5.891  110.83+3.601  103.67+7.230
Day 14 84.50+2.345 247.67+8.710 129.17+#5.115 104.17+3.312  95.83%6.706
Day 21 84.00+1.095 258.50+10.330 121.17+#5.345  100.33+3.670  89.83%5.492
Day 28 84.67+1.366 271.33+9.092 115.83+5.636  99.17+2.927 88.67+6.683

The decline in FBS in group C was 36.4% on day 7,
40.2% on day 14, 43.94% on day 21and 46.4% on day 28.
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Figure 1: Changes in FBS in all groups on 0, 7™, 14",
21% and 28" day.

Changes in FBS in all groups on 0, 7", 14", 21* and 28"
day. All the values are expressed in meanzstandard
deviation.
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Figure 2: Antihyperglycemic effect in different
treatment group in streptozotocin induced diabetic
model albino rats.

Antihyperglycemic effect of voglibose and vildagliptin
and their co-administration in streptozotocin induced
diabetic model of albino rats.

The decline in FBS in group C was 36.4% on day 7,
40.2% on day 14, 43.94% on day 21and 46.4% on day 28.
Group D shows FBS reading of moderate hyperglycemia
on day 0, further on day 7, 14, 21 and 28, the FBS
gradually decreases. Here the reduction in FBS was 49%
on day 7, 52.25% on day 14 and ~54% on day 21 and 28.
Thus in group D rats, decline was maximal on day 7 and
little fall was recorded on subsequent days. The reduction
in mean FBS in group E was 52.5% on day 7, 56% on day
14 and 59.4% on day 28. Maximum reduction of FBS was
seen in this group.

DISCUSSION

Statistical interpretation of this study shows that
vildagliptin have greater glucose lowering effect than
voglibose. The co-administration of voglibose and
vildagliptin has better efficacy than each individual drugs.
Both drugs delay gastric emptying and reduce appetite
due to enhanced GLP-1 activity.** This may be the
probable explanation of this potentiating effect of the co-
administration of voglibose and vildagliptin. Yamaguchi
M, Saji T, Mita S et al also found that the most
remarkable advantage of their co-administration was to
increase beta cell mass and function.®

Vildagliptin, a dipeptidyl peptidase-1(DPP-4) inhibitor,
decreases the inactivation of glucagon like peptide-1
(GLP-1) thereby increasing its secretion, accompanied
with a decrease in that of glucagon.’**® Important
vildagliptin-induced beneficial effects in type 2 diabetes
mellitus (T2DM ) include significant reduction in HB1Ac
(0.8-1.0%) along with a reduction in fasting as well as
postprandial plasma glucose.**** Similarly long term
treatment of voglibose induces enteroendocrine cells
which have potential contribution to the enhancing effect
on plasma active GLP-1 contents in gastrointestinal tracts
secreted during meal, so that endogenous GLP1 activity is
unexpectedly found to be ~1.6 fold increase in the lower
intestine and ~1.4 - 1.6 fold increase in colon. The
increased active GLP-1 level in the colon has significant
correlation with ~ 1.4 fold increase in gut gene expression
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levels of neurod 1 and ~2.6-3.1 fold increase in glucagon,
thereby increases the release of the glucoregulatory
hormone glucagon like peptide-1 (GLP-1) into the
circulation which contribute to their glucose lowering
effect, may have boosting effect on the gliptins.'®*" Also
Chronic administration of voglibose resulted in a 40-51%
decrease in plasma DPP-4 activity.'® In clinical studies
alpha glucosidase inhibitors was found to reduce HBAlc
by 0.5-0.8% , fasting glucose by ~1 mm and postprandial
glucose by 2.0-2.5 mm.?

Yamaguchi M, Saji T, Mita S et al. also showed that their
co-administration have better pharmacodynamic response
in comparison to individual drug alone. They have shown
that co-administration of vildagliptin and voglibose have
synergistic effect on achieving adequate glycemic
control.®

Potential  antihyperglycemic effect together with
achievement of glycemic target just in 7-21 days confirms
their efficacy comparable to traditional antidiabetic agent.
Maintenance of euglycemia throughout study not only
proves their effectiveness but may also suggest beta cell
(both mass and function) preserving role and their
insulinotropic activity in diabetes mellitus.***® It was
found to be safe oral preparation as mortality of animal
was not seen during study period.

Despite of these prospective advantages, these drugs are
still eluding researchers to recognize them as novel
antidiabetic agents, as long term side effects are yet to be
established.

In spite of its higher efficacy, long term effects and safety
of vildagliptin and voglibose have to be established in
clinical trials. The possibility of the combination therapy
of vidagliptin with voglibose as a better pharmacologic
molecule in refractory cases of type 2 diabetes mellitus
need to be evaluated.

CONCLUSION

Combination effect of Vidagliptin and voglibose are
much more efficacious then the individual drugs. Both the
drugs are effective in lowering blood glucose level in
albino diabetic rats but their combination has potentiating
effect.
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