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ABSTRACT
Background: Type 2 Diabetes Mellitus is a long term metabolic disorder that is 
characterized by high blood sugar, insulin resistance, and lack of insulin. Based on the 
understanding of the pathogenesis of T2DM, several distinct pharmacological therapies 
have been developed but many of them are producing significant adverse drug reactions. 
Objectives: The present study helps to understand the progression of hepatic degeneration 
in diabetes mellitus upon treatment with vildalgliptin and insulin. This study is aimed to 
evaluate the toxicity of combined therapy of vildagliptin and insulin in alloxan induced 
diabetic rats. Methods: Adult male albino Wistar rats were distributed among 5 groups, 
and induced diabetes with alloxan. The alterations in glucose metabolizing enzyme 
activities were determined spectrophotometrically in the liver homogenate and confirmed 
by histological study. The hematological count has been carried out in all experimental 
groups to understand the toxicity of combinatorial therapy. Results: The histopathological 
studies showed pathological changes in the cellular architecture and microcytic hepatic 
nuclei. The level of haemoglobin, red blood cells and platelet count has been lowered 
drastically when compared to the monotherapy showing that the combinatorial therapy 
makes the animal anaemic. The level of lymphocytes has been considerably reduced 
in the combinatorial therapy showing the loss of immunity. The glucose metabolizing 
enzymes have been significantly altered showing the glucose metabolism is severely 
affected in combinatorial therapy showing it was not properly metabolized. Conclusion: 
The above studies have clearly proves that vildagliptin and insulin drug therapy shows 
toxicity on metabolic organs and blood cells. So our studies will be really helpful for 
developing new drugs which are devoid of adverse effects.
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INTRODUCTION
The ADR [Adverse Drug Reaction] has 
been defined by the WHO [World Health 
Organization] as a response to a drug which 
is noxious and unintended and it usually 
occurs at doses normally given for the treat-
ment of  a disease or for the modification 
of  a physiological function.1 The drugs are 
passing through various clinical trials but 
only after they enter the market only the 
doctors and other health care professionals 
are also able to monitor them only after that 
and that is not usually done and also they 
are unaware of  the steps they have to take 
if  a patient is brought to the hospital due 

to adverse drug reaction. Diabetes has been 
a mass killer on globe for quite a long time  
now.  There have been several previous  
estimates of  the number of  persons with 
diabetes.2 The drugs given for the Type 2 
Diabetes Mellitus may produce a number 
of  side effects like tremors, ulceration of  
the foot and dizziness. The challenge of  
treating diabetes in this section of  popula-
tion is to avoid hypoglycemia. The elderly 
are frequently on polypharmacy, which 
opens the door for potential drug inter-
actions.3 Type 2 diabetes is a multifac-
eted pathophysiological disorder which 
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includes insulin resistance, impaired glucose tolerance, 
impaired islet function and high hepatic glucose produc-
tion during fasting conditions. The insulin resistance 
remains the same over time and the islet function defi-
cit is a progressive phenomenon producing abnormali-
ties in the secretion of  insulin and glucagon which is  
accompanied by the decrease in the ability to secrete 
required quantity of  insulin. The defect in the islet func-
tion may get worsened with the history of  the disease.4  
The management of  Type 2 Diabetes is proper exercise  
and taking balanced diet and increase in the other 
physical activities to increase glucose utilization and to 
promote weight loss. This should be accompanied by 
the treatment with the oral antidiabetic agents and if  
required insulin injections can also be taken along with it. 
Many newer therapies have come to the market recently 
in order to increase the secretion of  insulin and also in 
order to counteract the negative effects of  being used 
with metformin. One such novel therapy that has come 
to the market recently is the Dipeptidyl Peptidase IV 
[DPP-4] group of  inhibitors which will instantaneously 
inactivate the two incretin hormones that are secreted in 
response to the passage of  food through the gut which 
are Glucagon like peptide-1 [GLP-1] and Glucose 
dependent Insulinotropic Peptide [GIP].5 By creating a 
natural balance in the level of  the above said incretin 
hormones it helps in the effective response of  the alpha 
and beta cells of  the pancreatic tissue to the level of   
glucose in the blood thereby balancing the level of  insulin  
and glucagon secretion in the body. DPP4 inhibitors 
are the first oral agents to treat both alpha and beta cell 
dysfunction which exists in Type 2 Diabetes Mellitus.6 
This article provides an overview of  the combined anti-
diabetic effects of  the DPP4 inhibitor vildagliptin and 
insulin on the liver tissues, level of  glucose metabolising 
enzymes and the haematological parameters. 

MATERIALS AND METHODS
Experimental animals

Adult male Wistar Albino rats weighing 150-200g were 
used for the present investigation. They were housed in 
a clean polypropylene cage and maintained under stan-
dard laboratory conditions (temperature 25±2ºC with 
dark/light cycle 12/12h). They were fed with standard 
pellet diet (Hindustan lever, Kolkata, India) and water  . 
The animals were acclimatized to laboratory conditions 
for one month to experiment. All procedures described 
were reviewed and approved by the animal ethics com-
mittee (IAEC No/03/006/2014).

Induction of diabetes
Freshly prepared solution of  alloxan was given to rats in 
fasting for 18hours in dosage of  150mg/kg i. p thereby 
they were induced for diabetes. 48hours after injection, 
the rats with blood glucose level above 250mg/dl, were 
considered hyperglycemic and they were used for the 
study. 

Experimental design

The animals were divided into 5 groups consisting of   
6 animals in each group. 
Group I : Rats received normal saline (1ml/kg b.wt), 
Group II: Rats administered with alloxan (150mg/
kg/day) is injected intraperitoneally as a single dose to 
induce diabetes.7 
Group III: Diabetic rats treated with vildagliptin 
(0.69mg/kg b.wt) given orally as a single dose for 10 
days.8 
Group IV: Diabetic rats treated with insulin (0. 27 IU/
kg b. wt) administered i. m. as a single dose for 10 days.9  
Group V: Diabetic rats treated with same dose of  insulin  
(0.27 IU/kg b.wt) i.m and vildagliptin (0.69 mg/kg b. 
wt) orally for 10 days. 
After monitoring, animals were sacrificed by injecting 
with sodium pentabarbitone and blood was collected in 
plain and heparinized tubes immediately after sacrifice 
for biochemical assays. Blood samples centrifuged for 
10min at 2500 rpm and the serum separated stored at 
4ºC until further investigations. 

Histological examination

The hepatic tissue were excised from the animals and 
were immersed in 10% formalin solution and after formal  
processing, they were embedded in paraffin wax and 
thin sections of  5µm thickness were cut down and 
stained using hematoxylin and eosin for microscopic 
examinations. 
The glucose metabolizing enzymes such as hexokinase,  
pyruvate kinase, glucose-6-phosphatase, glucose-
6-phosphate dehydrogenase was determined using 
standard Span diagnostic kits measuring in Shimadzu 
UV-Visible spectrophotometer. The haematological 
parameters such as RBC, haemoglobin, PCV, platelet  
count have been measured by Neubaer counting chamber,  
Drabkin’s reagent, Wintrobe tube, Counting chambers 
respectively. 

Statistical analysis

Results will be expressed as mean ± S. E. M. Statistical  
significance is determined by one-way analysis of  vari-
ance (ANOVA) and dunnet’s post hoc test. P values 
less than 0. 05 will be considered significant. For data 
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processing SPSS data analysis software version 21.0 was 
used. 

RESULTS

Combined therapy drug toxicity on hepatic morphology

Control animal liver section showing normal hepatic 
architecture, hepatocytes, portal triad and central vein 
(Figure 1A). Sections from the animals treated with 
alloxan are showing hepatic lesions and large size of  
neutrophil infiltration (Figure 1B). Sections from the  
animals treated with alloxan and insulin are showing  
reduced size of  neutrophil infiltration (Figure 1C).  
Sections from the animals treated with alloxan and  
vildalgliptin shows the recovery of  normal hepatocytes 
(Figure 1D). Sections from the animals treated with 
and alloxan and vildalgliptin + insulin shows microcytic 
hepatic nuclei, pathological changes in the cellular archi-
tecture (Figure 1E). 

Effect of insulin and vildalgliptin on haematological 
parameters

The level of  neutrophils have been elevated due to 
enhanced infections in the combinatorial therapy 

Figure 1: Effect of vildagliptin and insulin on hepatic tissues 
morphology in alloxan-treated rats, the damage was evident 
from the H E stained tissue section under 200x magnifications.  
1A – Normal control; 1B- alloxan induced; 1C- alloxan +  
vildlagliptin treated; 1D – alloxan + insulin treated;  

1E –alloxan + insulin + vildalgliptin treated.

Figure 2. Effect of vildagliptin and insulin on white blood cells  
in diabetic rats. Results are expressed as mean ± S.E.M,  
n = 6.*P<0.001, statistically significant as compared with con-
trol rats: aP< 0.01, statistically significant as compared with 
diabetic rats and #P<0.01, statistically significant as compared 

with normal.

when compared to mono therapies with vildagliptin in 
which the infection has been lowered to some extent 
when compared to insulin mono therapy. The level of  
eosinophils has been elevated in Insulin monotherapy 
as well as in combinatorial therapy due to elevated 
infections when compared to vildagliptin mono-
therapy. The level of  monocytes has been elevated 
in the combinatorial therapy due to elevated infec-
tions when compared to monotherapies. The immu-
nity i.e the level of  lymphocytes has been significantly 
reduced in the combinatorial therapy when compared  
to the mono therapies with vildagliptin and insulin  
(Figure 2). 
The level of  Hb, PCV [Packed Cell Volume], RBC cells and 
Platelet count has been lowered in the diabetic rats but in 
the vildagliptin treated rats it has been slightly improved. 
In insulin treated rats it has been further improved but in 
the combinatorial therapy it has been lowered drastically 
when compared to the monotherapy showing that the 
combinatorial therapy makes the rats anaemic (Figure 3). 

Figure 3: Effect of vildagliptin and insulin on haematological 
parameters in diabetic rats.*P<0.001, statistically significant as 
compared with control rats: aP<0.05, statistically significant as 
compared with diabetic rats and #P<0.01, statistically signifi-

cant as compared with normal.
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Effect of insulin and vildalgliptin on glucose metabolizing 
enzymes

With regard to the glucose metabolizing enzymes their 
levels have been far deviated from the normal levels so  
that the glucose metabolism was severely affected showing  
that there is significant hepatic tissue damage in the 
combinatorial therapy when compared to the mono-
therapy as the glucose metabolism is very much affected 
(Figure 4). 

DISCUSSION
The reports of  suspected adverse drug reactions 
(ADRs) can yield important information regarding the 
safety of  drugs. Hypoglycaemia is mostly produced by 
the insulin therapy and prevents the therapy from bringing  
back the glycemic control. The glycemic control will be 
achieved in some cases but the rate of  hypoglycaemia 
produced will be higher. If  the vildagliptin has been  
added to the insulin therapy it will produce hypoglycaemia  
to a greater extent through decrease in glucagon secretion10  
through GLP-1 induced pathway which in turn produces 
severe hepatic and other tissue damage. 
The safety of  vildagliptin and other oral antidiabetic 
agents were assessed by testing certain parameters in 
the laboratory especially the parameters for finding out 
the hepatic safety have been tested11.The difference in 
the values between normal and drug treated subjects is 
very less but it produces severe hypoglycaemia during  
the glucose control in the diabetes12. The diabetes  
mellitus induced by alloxan produces severe anaemia 
which is of  the hypochromic microcytic type which 
produces a fall in PCV [Packed Cell Volume], RBC, Hb, 
MCV [Mean Corpuscular Volume] in diabetic rats. It is 
caused by the effect of  alloxan on haemopoietic cells by  
the suppression of  haemopoietic processes due to insulin  

deficiency which produces destruction of  beta cells of  
the islets of  langerhans of  the pancreas.13 
The level of  RBC has been lowered in the diabetic 
patients but in the vildagliptin treated patients it has 
been slightly improved. In insulin treated patients it has 
been increased less significantly but in the combinatorial 
therapy it has been lowered drastically when compared to 
the monotherapy showing that the combinatorial therapy 
makes the patient anaemic. The anaemia associated with 
the diabetes has been produced by the glycosylation of  
RBC membrane proteins. The lipid peroxides have been 
oxidised in diabetes mellitus producing haemolysis of  
the RBC. The glycosylation of  membrane proteins of  
the RBC has been associated with hyperglycemia.11 The 
peroxidation of  membrane lipids produces increase in 
the membrane rigidity, decrease in cellular deformability 
and increase in the fluidity of  lipids.14

According to Isaac the transport of  oxygen and 
absorbed nutrients is carried out by packed cell volume. 
Better transport can be accomplished by increase in 
packed cell volume which in turn produces primary and 
secondary polycythemia. But administration of  alloxan 
may lead to abnormality in haemoglobin synthesis and  
failure of  regulation of  osmolarity.15 The haematological  
parameters and the immune system were altered in the 
diabetes mellitus which has been revealed by Mansi 
and Lahham.16 The importance of  activated platelet in  
atherosclerosis has been investigated by the antiplatelet  
agents. The thiazolidinediones have been found to reduce  
platelet dependent thrombus formation by restoring  
glycemic control in a study conducted in diabetic 
patients without cardiovascular diseases. 
The animals with low white blood cells are prone to 
high risk of  infection whereas the animals with high 
number of  white blood cells are capable of  producing 
more number of  antibodies and provide high degree of   
resistance to diseases in all sorts of  environmental  
conditions. In Diabetes Mellitus the Polymorpho  
Mononuclear leukocytes were activated by oxidative 
stress, advanced glycation end products, Angiotensin 
II17 and cytokines. The combinatorial therapy group 
showed loss of  immunity by altering significantly the 
haematological parameters.
The enzymes involved in the catabolism of  glucose 
such as hexokinase and pyruvate kinase has been con-
siderably decreased in the diabetes mellitus. Alterations 
in G6PDH activity can significantly alter oxidative  
stress-induced cell death. Insulin is reported to stimulate  
oxidation of  glucose by increasing the activation of  
G6PDH.18 The regulatory enzymes in gluconeogenesis  
such as Glucose-6-Phosphatase and Fructose1,  
6 Diphosphatase have been significantly elevated in 

Figure 4: Effect of vildagliptin insulin on glucose metabolising  
enzyme activities in diabetic rats. Results are expressed as 
mean ± S.E.M, n = 6.*P<0.001, statistically significant as com-
pared with control rats: aP< 0.01, statistically significant as 
compared with diabetic rats; bP< 0.05, statistically significant 
as compared with diabetic rats and #P<0.01, statistically sig-

nificant as compared with normal.
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tion, reduction in the level of  immunity and increase in 
the infections by the alterations in the haematological 
parameters. 
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SUMMARYPictorial Abstract
•	 Current gold standard therapeutic strategies 

for T2DM target insulin resistance or β cell dys-
function as their core mechanisms of action.  
Our research topic is about the ADR pro-
duced by combinatorial therapy of dipeptidyl  
peptidase-4 (DPP-4) inhibitors and insulin which 
are the most recent addition to the  treatment 
options available in clinical practice for the treat-
ment of T2DM.So there is a need for getting  rid 
of their adverse effects like multiorgan toxicity 
and ACE [Angiotensin converting enzyme inhibi-
tor] inhibitor associated angioedema, hypoglycae-
mia etc., which have been already proved and new 
drugs have to be developed which are devoid of all 
these adverse effects.
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