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Background: This study was focused to determine efficacy of primarily
dietary supplement like niacinamide when used alone in high or optimum
doses or in co-administration with newer gliptins like vildagliptin and to
compare with empirical noble antidiabetic drug; metformin.
Methods: Healthy male wistar rats weighing 150-250 grams were divided
into seven groups, six animals in each group. These groups were normal
control, diabetic control (placebo treated), metformin treated, vildagliptin
treated, niacinamide (optimum and high doses) treated and vildagliptin
and optimum dose of niacinamide (co-administered) treated groups of
diabetic rats. Diabetes was induced by freshly prepared streptozotocin (65
mg/kg), 15-20 minutes pretreated with niacinamide (230 mg/kg), both by
single intraperitoneal injection. The fasting blood samples were determined
by glucose oxidase method. Simple line and bar graph were used to depict
trends of FBS of different groups on day 0,7,14,21,28,35 and 42. One way
ANOVA post-hoc (Tukey’s HSD) test was used to compare the effect of drugs
on different group.

INTRODUCTION

D

iabetes is an established ailment prevalent since past many eras and it
continues as global threat with increasing trend over last few decades
[1]. According to “The International Diabetes Federation”, the worldwide
cases of Diabetes trend about 463 million adults (20-79 year) till year 2019
and 374 million people are at increased risk of developing type 2 diabetes so
that estimated rise of worldwide diabetic cases about 578 million people by
2030 and 700 million by 2045. Approximately 79% of adults with diabetes
belong to low and middle income countries. It has caused ~4.2 million
deaths so far alone in year 2019. About 10% of global health expenditure
($ 760 million) is spent on diabetic management every year [2]. Type 2
diabetes mellitus (T2DM) is a progressive metabolic disease where synthesis,
utilization of the insulin of both are impaired leading to hyperglycemia.
Clinicians are in search of complete cure of the disease so the quest for
developing newer antidiabetic agents is pursued rigorously by continuous
trial globally. To fight against diabetes currently we have many established
drugs like insulin and oral hypoglycaemic agents e.g. sulfonylurea, biguanides
and thiazolidinediones that play major role in the control and management
of this disease. In this series, development of newer drugs and other add on
therapy with lesser side effects need to be focussed to prevent Diabetes and
their complications.
Metformin is very popular and widely used as first line empirical therapy
and regarded as noble antidiabetic agent known to treat T2DM. But, it
should be avoided in patients with renal and hepatic impairment. The use
of metformin is contraindicated in patients with a serum creatinine 1.5
mg/dl or higher in male patients or 1.4 mg/dl or higher in female patients
also should not be used in patient with hypotensive states, cardiovascular,
respiratory diseases [3,4].
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Results: FBS of Group A remained static throughout study. Increasing trend
of FBS mean were noticed finally in group B and group F with 28.93% and
8.97% elevation respectively from initial reading. Maximum reduction in
mean FBS values were noted in group C (52.58%) followed by group G
(46.36%) and group D (42.94%) whereas small reduction of 10.85% was
noted in group E. Group F showed initial reduction followed by progressive
rise in FBS. Inter group comparison results of day 42 showed p-value ≥ 0.05
among metformin (group C), vildagliptin (group D) and co-administration of
vildagliptin with optimum dose of niacinamide (group G). Rest of treatment
groups were compared to each other to demonstrate p-value ≤ 0.001 or highly
significant changes in mean FBS value on day 42.
Conclusion: Vildagliptin and its co-administration with optimum dose of
niacinamide had more lowering of FBS as compared to vildagliptin alone.
Optimum dose of niacinamide treatment caused lowering in blood sugar but
high dose paradoxically raised FBS level of streptozotocin induced diabetic
rats.
Key Words: Metformin; Vildagliptin; Niacinamide; Streptozotocin; Coadministration; Tukey’s HSD test
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 [5,6]. It showed improved
efficacy over time (may be due to GLP-1-induced increase in beta-cell number
and mass) without weight gain and hypoglycemia which are common side
effects of insulin and other oral hypoglycemic agents [7,8]. These observations,
made during several clinical trials, suggest that 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 agent [9].
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. Like gliptins,
niacinamide may be appressed in prevention and possible cure of diabetes.
It is a form of vitamin B3 found in plant and animal sources, mostly used as
dietary supplement. Oral niacinamide is primarily indicated as medication
for preventing vitamin B3 deficiency and pellagra and many neuromuscular
disorders. [10]. Additionally, niacinamide has likely preventive role in
treating type II diabetes but its prime role as regular treatment is yet to
establish. Few previous studies have been carried out in past to support
its relevance. Yamada have shown disappearance of glycosuria and an
improvement in glucose tolerance during niacinamide therapy in insulindependent diabetes mellitus (IDDM) induced mice [11]. Niacinamide alters
beta function and blood sugar level in the dose and time dependent manner.
It was found helpful in preserving beta cell function of pancreas [12]. Since
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niacinamide indication in diabetes is mostly limited to its few complications
and associated comorbities if any. So, it should be planned to grow it as
mainstream therapy along with newer antihyperglycemic agents to ensure
better control of diabetes mellitus and associated neuropathy. Unique role of
niacinamide in protecting β cells of pancreas also found useful in preparing
diabetic rat experimental model along with streptozotocin which destroys β
cells unconditionally [13,14].
A very few supported literature on this study. Herein, purpose of our study is
to compare the antihyperglycemic effect among niacinamide and vildagliptin,
their co-administration and metformin.
METHODOLOGY
Preparation of animals
Healthy male wistar rats weighing between 150-250 grams were taken for the
present study. The animals were kept in clean and dry cages placed in animal
house with 12 h: 12 h light-dark cycle at room temperature and humidity.
The cages were floored with a layer of saw dust for absorption of urine of
rats as there would be excess of urination of diabetic rats. They were allowed
to acclimatize there for a period of one month and were fed with standard
laboratory diet consisting of germinated black gram; commercial feeds and
water were given ad libitum. Experiment was carried out with ethical norms
approved by Institutional Animal Ethics Committee (IAEC) Guidelines.
Only the healthy and active rats having fasting blood glucose of 140-200 mg/
dl were included in this study and sick or inactive rats with undesired fasting
blood sugar level were excluded from the study.
Grouping of animals
Total 60 male wistar rats found suitable for study. Out of which 6 rats
were grouped as normal control (Group A). Rest 54 rats were prepared for
induction of diabetes. 18 rats were disposed of, as two rats died and rest of
them found unsuitable for the study or failed to justify the inclusion criteria.
Finally, 36 rats were divided in six groups (B, C, D, E, F and G) other than
group A with six animals in each group.
Preparation of 0.1 M citrate buffer
0.1 M citrate buffer is required for preparing physiochemically stable STZ
solution. For this, 31.5 ml of citric acid was mixed with 18.5 ml of sodium
citrate and deionized water was further added to adjust final volume to 100
ml. The pH of citrate buffer solution was found to be 4.21 measured by a
sensitive pH meter, which was within required pH range of citrate buffer.

model by administering freshly prepared nicotinamide followed by
streptozotocin by single intraperitoneal injection. For this, animals were
deprived of food overnight and only were allowed access to water. By next
day, firstly, each animal of group B, C, D, E, F and G were administered
nicotinamide 230 mg/kg. After 15-20 minutes streptozotocin 65 mg/kg was
given to each animal of these groups [13]. Animals were held with its ventrum
exposed and head pointed downward. This caused upward movement
of abdominal viscera towards the animal’s diaphragm to avoid accidental
puncture of organs. Then, 1 ml disposable syringe with 26 gauge needle was
gently inserted into the abdominal cavity in the lower right quadrant. The
needle was directed towards the animal’s head at 15-20 degrees angle and
inserted approximately 5 mm to avoid any possible injury to the caecum and
urinary bladder. After induction, the rats were given 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 7 days for stabilization
of diabetes and acclimatization under these circumstances. The rats having
fasting blood glucose levels 140-200 mg/dl were used for the study.
Drugs
The information related to drugs and chemicals are as follows:
Niacinamide, 100 gram powder
Streptozotocin (sterile powder) 1 gm vial
Metformin, 500 mg tablets
Vildagliptin 50 mg tablets
Preparation of niacinamide for treatment
Daily optimum dose of niacinamide was considered 1 g/kg to produce sugar
lowering effects on diabetic rats [12]. It was 18 mg (1000 mg x 0.018) for 200
g of rat in two divided doses. 180 mg of niacinamide powder was measured
and dissolved in 20 ml of 1% gum acacia to prepare uniform suspension. 1
ml containing 9 mg per dose was required for 200 g of rat. Now according
to weight of each rat of this test group E, drug was titrated and administered
twice daily using gavage tube. Only freshly prepared suspension were used
each day.

Our study required preparation of type 2 diabetic model with moderate
hyperglycemia (140-200 mg/dl) to demonstrate reversal of blood glucose
level after giving test doses of proposed and established antidiabetic drugs.
We followed most widely accepted and popular Pellegrino Masiello model
of pre treatment with nicotinamide (230 mg/kg) before administering
streptozotocin (65 mg/kg) both intraperitoneally needed for successful
induction of type 2 diabetes in wistar rats [13].

Daily high dose of niacinamide was considered 1-4 g/kg to produce
detrimental effects on diabetic rats [12]. On an average 63 mg (3500 mg x
0.018) for 200 g of rat in two divided doses was taken as high dose treatment.
630 mg of niacinamide powder was measured and dissolved in 20 ml of 1%
gum acacia to prepare uniform suspension. 1 ml containing 31.5 mg per dose
was required for 200 g of rat. Now according to weight of each rat of this test
group F, drug was titrated and administered twice daily using gavage tube.
Only freshly prepared suspension were used each day

Preparation of streptozotocin (STZ)

Preparation of the other drugs

Pure streptozotocin has alkaline pH approx. 7.4 itself. STZ was freshly
prepared because it is unstable in both water and saline, though freely
soluble. It was stabilized in 0.1 M citrate buffer to achieve required pH
(ranges between 4.0 - 4.5). Stability of streptozotocin brings about increase
in its half-life which is pre-requisite for successful induction of diabetes. It
was administered in strength of dose 65 mg/kg body weight [13]. For this,
520 mg of STZ powder was dissolved in 40 ml of freshly prepared ice cold
0.1 M citrate buffer, so that 1 ml contained 13 mg of STZ required for 200
gram of rat. Required dose was further delivered to each rat intraperitoneally
according to their weight using 1 ml disposable syringe with 26 gauge needle.

The tablet metformin was triturated and a uniform suspension was made
using 1% gum acacia. This was prepared by 500 mg of tablet dissolving in 50
ml of gum acacia suspension. 18 ml (~180 mg of drug) of this suspension was
diluted with addition 2 ml of deionized water to make 20 ml of suspension,
so that 1 ml contained 9 mg (500 mg multiplied by 0.018) of desired amount
of drug for 200 g of rat. Now according to weight of each rat of this test
group C, drug was titrated and administered using gavage tube. Only freshly
prepared suspensions were used each day.

Preparation of niacinamide for induction
Niacinamide was administered in single dose of 230 mg/kg body weight
before STZ injection to make desired type 2 diabetic model. For this, 4.6
gram of nicotinamide powder was measured using vacuum digital weighing
machine and dissolved in 100 ml of deionized water, so that 1 ml contained
46 mg of nicotinamide, required for 200 gram weight of rat. Doses titrations
were done according to weight of each rat using 1 ml disposable syringe with
26 gauge needle.
Induction of diabetes type 2 Diabetes was induced according to Masiello
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The tablet vildagliptin was powdered and a uniform suspension was made
using 1% gum acacia. Daily dose was 1.8 mg (100 mg x 0.018) for 200 g of rat
in two divided doses. It was prepared by 50 mg of tablet dissolving in 50 ml of
gum acacia suspension. 18 ml (approx. 18 mg of drug) of this suspension was
diluted with addition 2 ml of deionized water to make 20 ml of suspension,
so that 1 ml contained 0.9 mg (50 mg multiplied by 0.018) of desired dose
of drug twice daily for 200 g of rat. Now, according to weight of each rat of
this test group D, drug was titrated and administered twice daily using gavage
tube. Only freshly prepared suspensions were used each day.
Co-administration of vildagliptin and niacinamide
0.9 mg/ml of vildagliptin and 9 mg/ml of niacinamide as prepared above
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were co-administered twice daily to group E rats. Drugs were delivered
according to weight of each rat using gavage tube.
Drug administration to animals: All the seven groups (A, B, C, D, E, F
and G) animals were labeled separately and color coded with the help of
permanent marker. They were kept in different labeled cages enlisted with
their corresponding drug treatment category according to the Table 1 below:
After allowing 10 days for the induction and stabilization of diabetes, drugs
were administered from 10th day and this was considered as day 0 for the
treatment of group B, C, D, E and F. The doses of the drugs were 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 42 days. The fasting blood
samples were collected from all the groups on further days 0, 7, 14, 21, 28,
35 and 42. Blood glucose levels were determined by glucose oxidase method
as described below.
Estimation of blood glucose
Fasting blood glucose was estimated on day 0, 7, 14, 21, 28, 35 and 42 by
glucose oxidase method using Acu-check active glucometer. For this, the rats
were kept deprived of food overnight but allowed free access to water. Blood
samples were collected from the tail end of rats. The tail was cleaned by
sterile cotton with spirit and was cut 0.5 mm just enough to ooze out one
drop of blood. This was allowed on the proper reaction zone of the strip.
Then fasting blood sugar level was recorded and noted down in the master
chart. After taking the blood sample tail end of each rat was applied with
povidone iodine ointment using fresh cotton piece to prevent any sepsis.
RESULTS
The mean value of Fasting blood sugar of different groups group (A, B, C, D,
E, F and G) were calculated every weekend (on day 0,7, 14,21,28,35 and 42)
which were compiled in Table 2 as below:

mg/dl on 42 days. Fasting blood glucose in metformin treated (group C)
and vildagliptin treated (group D) in first week were 171.17 ± 18.433 mg/
dl and 167.67 ± 18.425 mg/dl and it had a decreasing tendency to reach
normal blood sugar level with FBS value 81.17 ± 2.994 mg/dl and 95.67
± 2.251 mg/dl respectively. However more decline was seen with group C
as compared to group D. Optimum dose of niacinamide treated group E
showed little decline in FBS mean value to 149.17 ± 11.197 mg/dl on day
42 from FBS reading 167.5 ± 17.614 mg/dl on Day 0. However high dose
niacinamide treated group F showed little increase in FBS mean value to
178.17 ± .279 mg/dl on day 42 from FBS reading 163.5 ± 18.141 mg/dl on
Day 0. Vildagliptin and niacinamide co-administered group G comparatively
demonstrated better control of blood sugar in 6 weeks treatment (with FBS
mean value to 89.67± 3.615 mg/dl on Day 42) than vildagliptin alone of
group D. Trends of blood sugar level on weekly reading from day 0 to Day 42
were depicted through in Figure 1.
FBS of Group A remained static throughout study with negligible changes
in mean FBS reading. Increasing trend of FBS mean were noticed in group
B and group F with 28.93% and 8.97% elevation respectively from initial
reading. Maximum reduction in mean FBS was noted in group C (52.58%)
followed by group G (46.36%) and group D (42.94%) whereas decline of
10.85% was noted in group E (Figure 2).
One-way ANOVA post-hoc analysis (Tukey’s HSD Test) found intergroup
p-values insignificant for group G with respect to group C (p=0.594) and to
group D (p=0.878). P-value was closely insignificant for group C vs group
D (p=0.071) on last reading taken on day 42. Otherwise all diabetic rat
groups under treatment showed highly significant p-value (p ≤ 0.001) when
compared to each other. Optimum dose niacinamide treated group E also
showed decreasing trends in FBS with p ≤ 0.05 when compared with high
dose niacinamide treated group F which had elevated last FBS reading (Table
3).

TABLE 1
FBS value (Mean ± Standard deviation) in mg/dl of different animal groups (A to G) under study on day (0,7,14,21,28,35 and 42)
Group

No. of rats

Drugs

Dose/day (Per oral)

A (normal control)

6

Vehicle
(Gum acacia 1%)

10 ml/kg body weight

B (Diabetic control)

6

Vehicle
(Gum acacia 1%)

10 ml/kg body weight

C (metformin)

6

Metformin

500 mg/70 kg body weight
[(500 mg × 0.018)/ml] OD

D (vildagliptin)

6

Vildagliptin

100 mg/70 kg body weight
[(100 mg × 0.018)/ml] in two divided doses BD

E (Optimum dose Niacinamide)

6

Optimum dose Niacinamide

1000 mg/70 kg body weight [(1000 mg ×
0.018)/ml] in two divided doses BD

F (High dose Niacinamide)

6

High dose Niacinamide

3500 mg/70 kg body weight [(3500 mg ×
0.018)/ml] in two divided doses BD

G (Vildagliptin+Optimum dose Niacinamide)

6

Vildagliptin+Optimum dose Niacinamide

100 mg/70 kg body weight+1000 mg/70 kg
body weight
[(100 mg × 0.018)/ml+(1000 mg × 0.018)/ml]
in two divided doses BD

TABLE 2
FBS value (Mean ± Standard deviation) in mg/dl of different animal groups (A to G) under study on day (0,7,14,21,28,35 and 42)
Day 0

Day 7

Day 14

Day 21

Day 28

Day 35

Day 42

Group A

85.67 ± 1.751

86.83 ± 1.722

86.5 ± 1.643

85.17 ± 1.329

84.83 ± 1.602

84.17 ± 2.041

84.33 ± 1.751

Group B

168.83 ± 16.952

179.5 ± 10.015

187.5 ± 15.136

199.83 ± 14.999

206.83 ± 10.381

212.33 ± 7.501

217.67 ± 6.772

Group C

171.17 ± 18.433

114.3 3 ± 8.238

100.67 ± 3.933

91.67 ± 4.633

86.17 ± 2.927

83.83 ± 3.125

81.17 ± 2.994

Group D

167.67 ± 18.425

134.33 ± 9.522

125.33 ± 6.743

110.17 ± 8.727

98.67 ± 3.266

96.83 ± 2.994

95.67 ± 2.251

Group E

167.33 ± 17.614

63.67 ± 17.072

160.5 ± 16.477

158.33 ± 15.253

155.17 ± 12.156

152.17 ± 11.911

149.17 ± 11.197

Group F

163.5 ± 18.141

159.17 ± 18.968

158.33 ± 18.041

160.67 ± 18.019

163.33 ± 17.580

170.33 ± 16.488

178.17 ± 17.279

Group G

167.17 ± 17.826

128.83 ± 11.566

116.33 ± 9.026

103.33 ± 5.785

91.83 ± 3.710

90.17 ± 3.488

89.67 ± 3.615
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Figure 1) Trends of FBS measured in all groups on day 0,7,14,21,28,35
and 42..

Figure 2) Groupwise FBS changes in different treatment groups of
streptozotocin induced diabetic rats under study.
TABLE 3
Inter group comparison of Fasting Blood sugar mean values on day 42 using One-way ANOVA post-hoc analysis (Tukey’s HSD Test)

4

S. No.

Group to Group
comparison

1

95% C. I.

Mean difference

S. E.

p- value

151.75

136.5

4.879

0

106.75

137.25

122

4.879

0

Group B to group E

53.25

83.75

68.5

4.879

0

4

Group B to group F

24.25

54.75

39.5

4.879

0

5

Group B to group G

112.75

143.25

128

4.879

0

6

Group D to group C

-75

29.75

14.5

4.879

0.071

7

Group D to group G

-9.25

21.25

6

4.879

0.878

8

Group E to group C

52.75

83.25

68

4.879

0

9

Group E to group D

38.25

68.75

53.5

4.879

0

10

Group E to group G

44.25

74.75

59.5

4.879

0

11

Group F to group C

81.75

112.25

97

4.879

0

12

Group F to group D

67.25

97.75

82.5

4.879

0

13

Group F to group E

13.75

44.25

29

4.879

0

14

Group F to group G

73.25

103.75

88.5

4.879

0

15

Group G to group C

-6.75

23.75

8.5

4.879

0.594

Lower bound

Upper bound

Group B to group C

121.25

2

Group B to group D

3
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DISCUSSION

CONCLUSION

In the prospect of present study it was demonstrated that induction
of diabetes and moderate hyperglycemia was key to proceed with our
experimental module. Pellegrino Masiello. Administered streptozotocin
preinjected with niacinamide both single intra peritoneal injection in dose
dependent manner to produces diabetic rats with different blood sugar
level [13]. Streptozotocin induces DNA damage and protein glycosylation.
Damaged DNA induces activation of poly ADP ribosylation, which in turn
causes apoptosis selectively and β cells destruction [14-16]. Nicotinamide
is a direct precursor of NAD as well as an inhibitor of poly (ADP-ribose)
synthetase. Therefore, it increases NAD+ concentration in β cells by down
regulation of this NAD consuming enzyme. On the other hand, poly
(ADP-ribose) synthetase is activated by STZ which causes depletion of
NAD. Furthermore, pancreatic islets exhibited increased nitric oxide (NO)
production enhancing β cells injury. The nicotinamide protection of betacells is facilitated by inhibiting both nitric oxide generation and apoptosis. It
is suggested that the combined administration of STZ with suitable dosages
of nicotinamide to adult rats leads to the development of an interesting novel
diabetic syndrome, characterized by moderate and stable hyperglycemia
and preserves approximately 40% of normal pancreatic insulin storage.
Attenuated death of pancreatic β-cells in animals upon NAM administration
is proposed to be driven by PARP inhibition-mediated cell protection,
enhanced mitochondrial integrity, and reduced ROS generation. It is being
proven that pre administration of nicotinamide may up regulate and increase
the NAD store and prevent excessive damage to β cells, so that ideal type 2
diabetes mellitus model with moderate hyperglycemia get produced [17-19].

Treatment group under study concluded differential changes in fasting blood
sugar level. Streptozotocin induced diabetic rat model produced possible
type 2 diabetes in wistar rats with moderate level hyperglycemia as suggested
by Masiello. This facilitated recordable changes with minimal morbidity and
mortality in experimental animals. Single intra peritoneal dose niacinamide
and further optimum oral dose niacinamide lowered FBS up to considerable
extent. But high dose paradoxically raised FBS level of streptozotocin induced
diabetic rats. Metformin showed maximum and fastest decline in FBS
reading which suggested its hypoglycemic efficiency as well. Vildagliptin and
its co-administration with optimum dose of niacinamide had more lowering
of FBS as compared to vildagliptin alone. This finding finally concluded that
likely additive or synergistic activity was present in co-administered drug for
effective lowering in fasting blood sugar level.

Despite of pharmacological and therapeutic supremacy of metformin and
gliptins, dose titrated niacinamide emerged as better option for treatment
and control of diabetes and its neural complications on long run. One of
the noble antidiabetic drug metformin had maximum lowering of fasting
blood glucose level in our study. Though metformin stood best among oral
hypoglycemic agents but cases of diabetes associated with chronic kidney
disease and fear of lactic acidosis serve shifting to other pharmacotherapy
as described by Lalau and Arnouts [20]. Gliptins like vildagliptin managed
stable FBS in our study when administered alone and in co-administration
too. Its insulin tropic and beta cell mass nourishing property were possible
reasons for consistent normoglycemia [5,21,22]. It is well established
antihyperglycemic drug with minimal drug interactions and side effects.
Williams described its cardiovascular safety and rare incidences of causing
pancreatitis but causal association was not found significant in clinical
settings [23,24].
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Metformin showed maximum and fastest decline in FBS reading which
suggested its hypoglycemic efficiency as well. Vildagliptin and its coadministration with optimum dose of niacinamide had more lowering of
FBS as compared to vildagliptin alone. This finding finally concluded that
likely additive or synergistic activity was present in co-administered drug for
effective lowering in fasting blood sugar level
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