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INTRODUCTION 
 

Diabetes mellitus characterized by hyperglycemia is an 
increasing worldwide health problem (Inceoglu 
is largely classified into insulin-dependent diabetes m
(type 1 diabetes) and noninsulin-dependent diabetes mellitus 
(type 2 diabetes) (Liu et al., 2014). The type 2 diabetes (T2D) 
makes up more than 90% of total diabetes cases (Zimmet 
al., 2001). There is considerable interest in understanding the 
contribution of non-traditional risk factors to the diabetes 
epidemic, including environmental pollutants (Maull 
2012; Hectors et al., 2011). Among these environmental 
pollutants, arsenic (As) exposure has been paid much attention 
(Liu et al., 2014). Arsenic is a ubiquitous toxic metalloid in the 
environment. Epidemiological studies carried out in different 
countries have shown a strong diabetogenic effect of As in 
human populations mainly through As-contaminated drinking 
water (Islam et al., 2012).  
 

Arsenic contamination of drinking water is a global problem. It 
is the severe problem in West Bengal, India and Bangladesh. 
According to some report, arsenic contamination of drinking 
water is more severe in Bangladesh than in West Bengal 
(Breslin, 2000; Mukherjee et al., 2003), and researchers have 
observed that concentrations in excess of 300 mg/l are 
associated with arsenical lesions, although lesions also occur at 
lower concentrations when nutrition is poor, volume of water 
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Arsenic as a potential risk factor for diabetes has been received attention recently. 
However, the roles of arsenic on development of diabetes are unclear. The aims and 
objectives of this study were to investigate the arsenic induced diabetic condition by 
examining histology of liver and pancreas. The pancreatic sections of the treated group 
showed marked morphological alterations. Photomicrograph of histology of treated 
pancreas exhibited the disruption of islets, disorientation of cells and disrupted connective 
tissue septa. Treated liver revealed central vein congestion and dilatation of sinusoidal 
spaces. Treated liver showed lower PAS response. The changes of pancreatic islets may 
reveal an inhibition in insulin synthesis. In this study, changes in the architecture of 
pancreatic islets as well as liver may be the reason behind diabetes, but further experiments 
needs to be performed. 
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evaluated that the impairment of insulin secretion in beta-cells 
associated with environmental arsenic exposure in mammals 
(Diaz-Villasenor et al., 2013). A PI3K-dependent signaling 
pathway has been demonstrated to exist in β-cells and that it 
might function to restrain glucose-induced insulin secretion 
from β-cells. Increased PI3K-mediated PKB/Akt 
phosphorylation has been reported in β-cells exposed to high 
dose of arsenic (Souza, 2001). The aims and objectives of this 
study were to analyse the arsenic induced diabetic condition by 
examining histology of liver and pancreas. 
 

MATERIALS AND METHODS 
 

The study was carried out on albino rats weighing between 70 
to 80 g. The animals were housed in clean plastic cages under 
natural light and dark cycles at room temperature. Animals in 
all groups were fed ad libitum and allowed free access to 
water. All animals received human care. Rats were divided 
into control and their respective treated group. After 5 days of 
acclimation, the animals were divided into two equal groups 
(n=6/group) as follow 
 

 Group I (Control group): Untreated animals. 
 Group II (Treated group): rats were injected with single 

dose of As 
 

A dose of 3 mg/ml/kg body weight /day of arsenic tri oxide 
was given daily for 21 days to experimental group of the 
animals (after Das, 2013). 
 

Pancreatic tissues and liver were dissected out and fixed in 
Bouin’s fluid for 24 hours and processed via paraffin wax 
embedding method (Parakkal, 1961).  
Paraffin-embedded sections were cut at 5 µm and stained with 
haematoxylin and eosin (H&E) for light microscopic 
examination. Liver was also stained with periodic acid Schiff 
(PAS) method.  
 

For glucose tolerance test (GTT) blood was collected first 
from the tail veins of control and arsenic treated rats after 18 
hrs of fasting followed by challenge with glucose (25 mg 
glucose/100 g body weight) and at the following time point 
after glucose infusion: 1.5, 2.5 and 24 hr. blood glucose was 
measured using a blood glucose monitoring system 
(glucometer) (Chakrabarti et al., 2007; Guria et al., 2012 and 
2014; Guria, 2017). 
 

The superoxide anion production in hepatic cells was 
evaluated using NBT reduction test. 
 

RESULTS  
 

Blood glucose level 
 

In the control rats the blood glucose level returned to the 
normal level after 24 hr of glucose feeding. Like control rats, 
in experimental rats glucose level increased after 1.5 hr of 
glucose challenge but the elevated glucose didn’t return to 
control level even after 24 hr of glucose challenge (Table 1 
and Fig 1).  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table1 and Figure 1: Blood glucose level (mg/dl) during 
glucose tolerance test in control and arsenic treated rats. 
Values are the blood sugar level (mg/dl) expressed as mean ± 
SE. P-value < 0.05 is considered to be statistically significant. 
 

Histopathological findings and analysis of pancreas  
 

Histopathology of islets of Langerhan's of pancreas of control 
animal revealed normal architecture with compact arrangement 
of cells throughout the study. The islets appeared lightly 
stained than the surrounding acinar cells, with intact 
interlobular connective tissue and interlobular duct (Fig 2a and 
3a). The pancreatic sections of the treated group showed 
marked morphological changes. Blood vessels were seen 
congested and dilated. Some islets cells showed pyknosis. A 
significant number of islets cells were found to be reduced in 
number. Photomicrograph of histology of treated pancreas 
exhibited the disruption of islets, disorientation of cells and 
disrupted connective tissue septa (Fig 2b and 3b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 
 

 

Group 0hr 1.5hr 2.5hr 24hr 
Control 37.18±1.63 69.22±1.69 54.39±2.03 38.67±1.99 

Arsenic treated 
rats 

36.69±2.04 71.31±1.47 55.22±1.29 54.03±1.86 

 

 

 
Fig 1 

 

Fig 1 

 

 
Fig 2a                                                          Fig 2b 

Figure 2 Pancreas under treatment showed cellular disarray (CDA), 
Severe Degeneration in acini (SDGA), Severe Necrosis (SN) (Fig 2b). (X 

100)  

 
Fig 3a                            Fig 3b 

 

Figure 3 H-E stained section of normal (Fig3a) and treated (Fig3b) rat 
pancreatic islets (X 400). Photomicrograph of pancreatic tissue of the 

treated group showed the indistinct boundary between the endocrine and 
exocrine part. Pancreas under experimental condition showed severe 

necrosis In Ilet of Langerhans (SNIL) (Fig 3b). (X 400) 
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Histopathological findings and analysis of liver 
 

Treated rat exhibited marked changes in the general 
cytomorphology of liver as evident by the enlargement of 
central hepatic venule and disorientation of hepatocytes. The 
histological examination of the H-E stained control liver 
tissues showed normal cytoarchitecture of liver with visible 
central veins with radiating cords of hepatocytes (Fig 4a). 
Treated liver revealed central vein congestion with significant 
dilatation of sinusoidal spaces (Fig 4b). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PAS analysis of liver 
 

Liver section of treated group showed vacuolisation in the 
liver parenchyma, with significant dilatation of sinusoidal 
spaces, congestion of blood vessel and increasing amounts of 
connective tissue in the portal area (Fig 5b). Treated liver 
showed lower PAS response (Fig 5b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NBT (Nitroblue Tetrazolium) staining of liver cells 
 

Field of treated liver has significant number of NBT positive 
cells (Fig 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

In the recent years, industrial development and agricultural 
process have resulted in the increased levels of toxic metals in 
the environment, although relatively high concentrations can 
also occur naturally (Lopez Alonso et al., 2002). Heavy metals 
have been recognized as strong biological poisons because of 
their present nature, toxicity, tendency to accumulate in 
organisms and undergo food chain amplification (Dinodia et 
al., 2002). In the environment arsenic is found in organic and 
inorganic forms and in different valence or oxidation states. 
Chronic exposure to arsenic causes increase in blood pressure, 
diabetes, cardiovascular diseases and cancer (Vijaya Kumar et 
al., 2014). The present study revealed that histopathology of 
islets of Langerhan's of pancreas of control animal has normal 
architecture. The pancreatic sections of the treated group 
showed marked morphological changes. Treated rat exhibited 
marked changes in the general cytomorphology of liver. 
Similar histopathological changes were reported in the liver of 
diabetic rats by Evelson et al., 2005. Significant number of 
treated liver cells showed greater NBT positive response. 
Increased production of ROS (reactive oxygen species) may 
occur in treated condition. Accumulation of ROS is damaging 
to various cellular components and macromolecules including 
plasma membrane, nucleic acids, and proteins and eventually 
leads to cell death. NBT reacts with O2

- (superoxides) to form 
a dark blue colour whereas the superoxide negative cells did 
not retain the stain. 
 

In arsenic treated rat increments of blood glucose levels were 
observed after GTT and the hyperglycemia persisted even 24 h 
after glucose load. The histochemical PAS staining showed 
that arsenic induced diabetes resulted in approximately 
moderate depletion of hepatic glycogen in comparison to the 
control group. Liver and pancreas tissues both act as glucose 
sensors, and damage to these tissues plays an important role in 
the onset of diabetes. The pancreatic β-cell possesses the 
ability to respond to a minor increase in the blood glucose 
level, thereby maintaining that level (Gulle et al., 2014). The 

 

 
 

Fig 4a 

  

 
Fig 4b 

Figure 4 H-E stained sections of rat liver (X 400). Photomicrograph of 
liver tissue of the control group showed normal cytoarchitecture of liver 

with visible central veins (Fig 4a). Treated liver revealed central vein 
congestion with significant dilatation of sinusoidal spaces (Fig 4b).  

(X 400) 
 

 

 
Fig 5a                                                                Fig 5b 

Figure 5 PAS stained section of rat liver (X 100). Photomicrograph of 
liver tissue showedchanges in glycogen deposits in liver tissue in the 
control (a) and As treated groups (b). Periodic acid-Schiff. Scale bars: 

20μm. 

 

 

 
Fig 6 

 

Figure 6 Field of NBT stained treated liver 
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liver plays a major role in maintaining glucose homeostasis by 
regulating glucose absorption, accumulation and catabolism 
through mediation of various metabolic signals (Ferre et al., 
1996). Thus, the effect of toxicants on tissues such as the liver 
and pancreas that regulate glucose metabolism is an interesting 
area to explore. The result of present study also corroborated a 
previous study (Guria et al., 2016). The result of present study 
may affect glucose homeostasis. Therefore metal induced 
alteration of pancreas and liver may persuade the condition of 
diabetes mellitus, but further experiments needs to be 
performed. 
 

CONCLUSION 
 

The changes in glucose homeostasis, reduced insulin 
sensitivity and b-cell function are the core pathophysiological 
defects in T2D (Mertz et al., 1975). Present result indicated 
that iAs exposure could pose higher risk for diabetic 
individuals and need to be paid more attention. Arsenic as a 
non-traditional risk factor to the T2D has been given more and 
more attentions. Although there are many epidemiological 
researches between iAs and diabetes, the roles of iAs in 
development of diabetes are still unclear. More experimental 
data at environmentally relevant concentrations are needed. 
Previous studies showed that mice might be less susceptible 
than human to arsenic toxicity, partly due to a faster 
metabolism and clearance of arsenic (Mazumder, 2005). 
Therefore, it is necessary to use higher exposure concentration 
of iAs than the environmentally relevant concentrations in 
mouse experiment.  
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