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  INTRODUCTION 
Toll-like receptors being pattern recognition receptors play 
a crucial role in innate immune response. The most ana-
lyzed receptor in mammals is toll-like receptors 4 (TLR4). 
The expression of TLR4 was reported in mammals in re-
sponse to lipopolysaccharide (LPS) of gram-negative bacte-
ria and several types of tumors. Recent studies showed that 
TLR4 expressed in response to endogenous ligands such as 
lipids (Fessler et al. 2009). There were few findings related 
to non-immune expression of TLR4 in endocrine (Vives-Pi 
et al. 2003; Goldberg et al. 2007) and exocrine parts (Li et 
al. 2005) of pancreas. Although Eguchi et al. (2012) sug-
gested that saturated fatty acid can induce inflammation in 
β-cells of pancreas via TLR4 pathway, the relationship be 

tween expression of TLR4 and obesity have not been well 
studied yet. Present study tried to explore the expression of 
TLR4 in different parts of pancreas in relation to obesity.  
 

  MATERIALS AND METHODS 
Birds 
Broiler chicken of slaughter age (42±2 days) were selected 
for the study (n=30). The birds were grouped into two cate-
gories based on their body weight. Group I included birds 
of ≤ 1.7 kg (n=15), and group II contained birds weighing > 
1.7 kg (n=15). Abdominal fat content and distribution was 
taken in all groups. Representative samples from dorsal, 
ventral and splenic lobes of pancreas were subjected to 
histopathology and immunohistochemistry. 
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Preparation of slides for immunohistochemistry 
Microscope slides with one end frosted (Borosil, India) 
were thoroughly cleaned by detergent based washing, 
rinsed in distilled water (three changes), and was followed 
by air drying in dust free chamber at room temperature 
overnight. The slides were coated with two percent (3-
Aminopropyl) triethoxysilane (Sigma-Aldrich, USA) in 
acetone for a period of 30 minutes, followed by single dip 
in acetone and two changes of distilled water. The slides 
were dried in an incubator at 37 ˚C for 24 hrs and were 
stored in slide box till use. 
 
Immunostaining 
The tissues were fixed in 10% neutral buffered formalin for 
72 hours. Tissues were processed through alcohol- xylene- 
paraffin processing technique and sections of 5 μm thick 
were cut. Sections were taken on adhesive coated slides (as 
described above). Slides were kept at room temperature 
overnight. Sections were deparaffinised by keeping in xy-
lene (three changes and 3 minutes each). Sections were 
rehydrated in graded series of ethanol (two changes of ab-
solute alcohol and 3 minutes each, single change in 90% 
and 80% alcohol and 3 minutes each). Antigen retrieval 
was performed in citrate buffer (pH: 6) in microwave oven 
(700 Watt for 20 minutes). The sections were then incu-
bated overnight in moist chamber at 4 ˚C with rabbit anti-
TLR4 antibody (Sigma Aldrich, USA) at a dilution of 
1:200. The immunostaining was carried out using Anti-
Rabbit HRP-DAB Cell and Tissue Staining Kit (R&D Sys-
tems, Minneapolis, MN, USA) following the manufac-
turer’s protocol. Sections were counterstained with Meyer`s 
hematoxylin.  
 

  RESULTS AND DISCUSSION 
Distribution of abdominal fat 
The distribution of abdominal fat in all the birds was com-
pared. Obese birds showed a higher proportion of fat depos-
its mainly at the caudal part of abdominal cavity. The vis-
ceral organs like gizzard, portion of large intestine and re-
productive organs had fairly good accumulation of yellow-
ish fat (Figure 1). Birds in the lighter weight group showed 
a fair accumulation of fat around the abdominal muscula-
ture and minimal deposition around the visceral organs. 
 
Topographic relations of pancreas 
Pancreas was situated in a loop formed by descending and 
ascending parts of duodenum in chicken. Splenic lobe of 
pancreas was attached with spleen. Visceral fat deposits 
were found near the duodenal loop in few obese birds. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Photograph showing distribution of abdominal fat (arrows), L: 
liver, G: gizzard and LI: large intestine 
 
Histopathology 
Histopathological observations of all the three lobes, viz. 
dorsal, ventral and splenic lobes of the pancreas revealed 
that each lobe was divided into indistinct lobules and had 
both exocrine and endocrine parts. Exocrine parts (pancre-
atic acini) formed the major part of the parenchyma in all 
lobes. Endocrine parts (Islets of Langerhans) were few and 
were found scattered all over the parenchyma. The splenic 
lobe had a higher proportion of endocrine parts compared to 
dorsal and ventral lobes. The pancreatic cells in normal as 
well as in obese birds were devoid of any signs of cellular-
ity, hypo/hyperplasia, degeneration and inflammation. 
 
Immunohistochemistry 
TLR4 was detected in all three lobes of pancreas and both 
exocrine and endocrine parts of pancreas in all obese birds 
(Figure 2 and Figure 3). In most of the cases, capsule and 
nearby areas were positive. The staining of TLR4 was 
negative in all three lobes of pancreas in case of normal 
weight group (Figure 4). 

In the present study, birds are categorized as obese based 
on its body weight and distribution and deposition of ab-
dominal fat which is considered as an important reliable 
parameter for evaluating total body fat (obesity) in avian 
species (Becker et al. 1979; Thomas et al. 1983).  
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Figure 2 Immunohistochemical detection of TLR4 in splenic lobe of pan-
creas of obese chicken in endocrine (blue arrow) and exocrine (black ar-
rows) parts (Magnification, X 100) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Immunohistochemical detection of TLR4 in dorsal lobe of pan-
creas of obese chicken in exocrine (black arrows) part (Magnification, X 
400) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Immunohistochemical detection of TLR4 in dorsal lobe of pan-
creas of normal chicken (Magnification, X 400) 
 

The higher weight groups naturally had a higher percent-
age of abdominal and visceral fat depositions and were 
grouped as obese birds for the purpose of the study. 

Presently, there are no studies correlating effect of obe-
sity and TLR4 based inflammatory pathway in any in vivo 
experimental study model. Dietary induced excess body fat 

can stimulate an inflammatory response through the TLR4 
signaling pathway (Lee et al. 2001; Hwang et al. 2016). In 
the present study, the TLR4 immunostaining was detected 
in the pancreas of obese birds only, suggesting that TLR4 
expression has a direct correlation with fat deposition in the 
body.  

The expression of TLR4 reported in endocrine part of 
pancreas (beta cells) in experimental mice has led to the 
rejection of graft after transplantation (Vives-Pi et al. 2003; 
Goldberg et al. 2007).  

Li et al. (2005) showed that TLR4 is expressed in exo-
crine part of rat pancreas (pancreatic ductal epithelium and 
vascular endothelium) in cerulein-induced pancreatitis. 
TLR4 suppress the proliferation of adipose tissue macro-
phages for a short period in high fat diet exposed mice 
(Griffin et al. 2018). The nonmicrobial origin endogenous 
ligands such as fatty acids can stimulate the expression of 
TLR4 in mice (Weatherill et al. 2012). Excess circulating 
saturated fatty acids are potential dietary trigger for the 
initiation of chronic inflammation (as also seen in type-2 
diabetes) in mice via expression of TLR4 (McKernan et al. 
2020). The above studies were based on dietary induced 
expression of TLR4 in both exocrine and endocrine parts of 
pancreas in obese animals but in present study we tried to 
explore the expression of TLR4 in relation to excess accu-
mulation of body fat in bird model. Our results indicated 
that there is a direct link between obesity or visceral fat 
deposition and expression of TLR4 in birds. 

The present study indicates that a higher expression of 
Toll-like receptors 4 is seen in birds when the body fat con-
tent is higher. High fat diet has already been proven to af-
fect pancreatic functions (Lee et al. 2003; Hwang et al. 
2016). This study suggests that a higher body fat content 
can also trigger TLR4 based inflammatory pathways in 
pancreas and that can result in various detrimental effects 
including insulin resistance (Kim and Sears, 2010). Though 
avian species are not an ideal model for insulin resistance 
studies, the activation of TLR4 associated immune pathway 
in obesity indicates that specific experimental models may 
be sought for unspecified obesity and its role in pancreatic 
inflammation/insulin resistance. 
 

  CONCLUSION 

The present study indicates toll-like receptors 4 were ex-
pressed in both exocrine and endocrine portion of pancreas 
of obese birds. 
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