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Abstract 
Background: The pancreas is a specialized organ composed of both exocrine and endocrine 
glandular tissue. The exocrine pancreas occupies most of its parenchyma in which pancreatic 
islets of Langerhans (endocrine cells) are embedded. An islet is a mass of polyhedral cells, 
located in the vicinity of fenestrated capillaries and a rich autonomic innervation. Beta cells 
mainly secrete insulin and islet amyloid polypeptide (IAPP). Alfa cells secret glucagon. 
Alteration in functioning of insulin and glucagon hampers the glucose homeostasis which leads 
to development of diabetes mellitus. 
Materials and Methods: The present study  has been conducted in the Department of 
Anatomy, Gauhati Medical College, Guwahati. A total of 103 specimens of human pancreas 
are collected from both male and female cadavers after taking institutional ethical clarification 
using simple random sampling method. 
Results & Observation: In different region (head, body, and tail)  of pancreas variable number 
of Islets of Langerhans (IL)are analyzed and the mean and SD values  among 103 samples of 
cadaveric pancreas(CP)s according to diabetic status. It is more in tail region than head and 
body region in both diabetic(DM) and nondiabetic (NDM) CPs. The ANOVA i.e. F- value has  
a highly significant among 18  DM &  85 NDM CPs. 
Conclusion: More number of samples and advanced stereological procedure will provide 
better information and knowledge. The data generated in our study with respect to beta cell 
mass provides the understanding of the pathogenesis diabetes mellitus. With the application of 
newer molecular technique the detailed investigation of islets of Langerhans cells can be 
possible. 
Keywords: Pancreas, Islets of Langerhans, Beta Cells, Cadaveric Pancreas. 
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Introduction 

The pancreas is a specialized organ 
composed of both exocrine and endocrine 
glandular tissue. The exocrine pancreas 
occupies most of its parenchyma in which 
pancreatic islets of Langerhans (endocrine 
cells) are embedded. [1,2,3,4] The 
endocrine pancreas occupies approximately 
1-2% of the entire parenchyma. [5] It is 
composed of pancreatic islets of 
Langerhans, characterized by spherical or 
ellipsoid clusters of cells embedded in the 
exocrine tissue which is a mass of 
polyhedral cells, located in the vicinity of 
fenestrated capillaries  rich autonomic 
innervation. Though the numbers of islets 
in human pancreas is about or more than 1-
2 millions, its distribution within the 
different parts of pancreas varies with 
maximum numbers present within the tail 
area. [6] 
The endocrine pancreas secretes hormones 
directly into the blood to control energy 
metabolism and storage throughout the 
body. These are complex micro-organs 
involved in glucose homeostasis. The IL 
contain seven specific hormone secreting 
cells namely Alfa, Beta, Delta, F (or PP- 
Pancreatic Polypeptide), D1, EC 
(enterochromaffin cells) and G1 (gastrin) 
cells. [7] The Beta cells are the most 
common and account for 50-80% of the 
cells in the islets. [8] Pancreatic islets are 
comprised of a few cells or many hundreds 
of polygonal cells arranged in short 
irregular cords that are abundantly invested 
with a network of fenestrated capillaries. 
Specifically, the total mass of pancreatic 
beta cells is a critical factor in the regulation 
of glucose homeostasis. Beta cells mainly 
secrete insulin and islet amyloid 
polypeptide (IAPP). Alfa cells secret 
glucagon. [9,10] Alteration in functioning 
of insulin and glucagon hampers the 
glucose homeostasis which leads to 
development of diabetes mellitus. The 
pathologic basis of development of IDDM 
development is based on the autoimmune 

damage to the β-cells of islets of 
Langerhans (IL) of endocrine pancreas. 
[11] The autoimmune destruction of beta 
cells leads to the development of gradual 
progressive endogenous insulin deficiency. 
[12] Inflammation, beta cell destruction and 
alpha cell expansion are the key pathologic 
change noted in diabetes mellitus. Insulitis 
characterized by infiltration of 
inflammatory cellular infiltrate affecting 
the islets of Langerhans has been regarded 
as the characteristic lesion of recent onset 
Type I (insulin-dependent) diabetes 
mellitus. Recent studies have stated that 
pathological changes in the pancreatic islets 
like hyaline degeneration [13,14], 
inflammation [15,16], beta cell loss [17,18] 
and alpha cell expansion [19] were 
associated with the DM. Hence localization 
of alpha & beta cell mass within the islets 
of Langerhans provided a detailed status of 
glucose homeostasis on this background, a 
cross sectional descriptive study has been 
undertaken with the aim & objective to 
study the expression of anti-insulin 
antibody in islets of Langerhans of pancreas 
with the help of immunohistochemical 
staining also to look for age related change 
of endocrine pancreas. Specialized staining 
procedures or immunohistochemical 
techniques are necessary to distinguish the 
three major types of cell, designated alpha, 
beta and delta. [1] 
Obesity and insulin resistance remain major 
risk factors for Type-2 diabetes mellitus 
(T2D) [20], the compensatory capacity of 
beta cells is credited to prevent most obese 
and insulin resistant subjects from 
developing T2D. [21,22] When the 
adaptive response of beta cells to increased 
insulin resistance is insufficient or fails 
hyperglycemia and T2D develop. Similar to 
compensation, relative insulin deficiency in 
T2D involves changes in both beta cell 
mass and function. By now, ample data is 
available that describes the occurrence of 
beta cell loss in T2D. Although a few 
reports did not detect any difference in the 
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beta cell mass of T2D patients and 
nondiabetic controls [23,24]  but most 
studies agree on a significant reduction in 
beta cell mass that ranging from 24% to 
65%. [25-32] 
Materials & Methods  
Place of study: The present study has been 
conducted in the Department of Anatomy, 
Gauhati Medical College, Guwahati from 
16th May, 2016 to 15th May, 2022.  
Study Design: An appropriate choice in 
study design helps the researchers to 
execute the study in a way that help the 
researchers to arrive at an appropriate study 
conclusion. [33,34]  
Simple random samplings method is used 
for sampling.  
Ethical approval for conducting the 
study: The study is conducted after 
obtaining ethical approval from the 
Institutional Ethical Committee of Gauhati 
Medical College, Guwahati. Written 
informed consent is sought from all 
guardians or attendants of the eligible 
individual after explaining the purpose and 
detailed procedures of the study before 
collecting the specimens with assurance 
confidentiality of data obtained from the 
study. 
 Inclusion criteria:  
1. Well preserved specimens of cadaveric 

and autopsy pancreas with intact 
viscera. 

2. Diabetic status of the cadaver were 
collected from the legal guardian or 
party who donated the cadaver to the 
department and the data was entitled in 
the proforma . 

Exclusion criteria:  
1. Putrefacted or autolyzed viscera and 

pancreas 
2. Any doubtful injury in pancreas 
3. Death due to known poisoning. 
4. Patient having known history of 

pancreatic diseases.  
5. Specimens of medico legal cases.  

Collection of specimen:  
A total of 103 specimens of human 
pancreas are collected from Department of 
Anatomy and Department of Forensic 
Medicine, Gauhati Medical College, 
Guwahati with male:female ratio being 
80:23 cadavers in the age group of 13 to 78 
years. 
Collection is done within 12 to 36 hours of 
death. During collection, approximate age, 
sex and cause of death are noted from 
record book. Then each specimen is marked 
with a code number for individual 
identification. The specimens are collected 
along with duodenum and spleen. After 
removal from the body, unwanted tissues 
are cleared and gently washed out in normal 
saline. 

Instruments and Materials:  
1. Dissecting box (with pointed, plain and 

toothed forceps, scalpels and scissors).  
2. Trays and surgical gloves.  
3. 10% buffered formaline.  
4. Jars and buckets (for storage of 

specimen).  
5. Normal saline (0.9% w/v sodium 

chloride).  
Process of dissection:  
A midline abdominal incision is made to 
expose the abdominal contents. The 
intestinal coils are retracted and the 
pancreas is identified in the epigastric and 
left subphrenic region. Then the tail and 
body of the pancreas are turned to the right, 
stripping the splenic artery and vein from 
its posterior surface. After identifying the 
superior mesenteric vessels, portal vein, 
and gastroduodenal artery they are 
detached from the pancreas. [35] 
The pancreases are washed with tape water 
to clean the debris and the fatty tissue. All 
the blood and clots are removed from the 
surface of pancreas. The specimens are 
again washed in normal saline.  
The pancreases are preserved in 10% 
formalin solution (Formalin = 40% solution 
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of formaldehyde in water, 10% Formalin = 
10 parts formalin with 90 parts water) 

Procedure for histological study:  
Selection of the tissue is done according to 
Wolfe-Coote & duToit [36] as head, body 
and tail. Each part of the fixed tissue is 
again sectioned into 3 mm thickness. Then, 
sectioned tissues are cut into 3 mm × 3 mm 
size with scalpel. The sections are 
processed following the standard operating 
procedure. 
Tissue Processing & Sectioning:  
(i) Dehydration: The removal of unbound 
water and aqueous fixatives from the tissue 
components are carried out by passing the 
tissue through ascending grades of alcohol 
(50%, 70%, 95% and finally 100% 
alcohol).  
(ii) Clearing: Removal of dehydrating 
agent is done by passing the tissue through 
xylene. The purpose of this step is to make 
the tissue components receptive to the 
infiltrating medium.  
(iii) Impregnation: The tissue is 
impregnated with wax, which forms matrix 
preventing tissue structure distortion during 
microtomy. 
(iv) Embedding tissues in paraffin 
blocks: Paraffin embedding of the 
impregnated tissue is done which involves 
the enclosing of properly processed & 
correctly oriented specimens in a support 
medium that provides external support 
during microtomy.  

Microtomy & staining of tissue section:  
The paraffin block is placed in the block 
holder and it is advanced closer to the blade. 
The ruff trimming of paraffin section has 
been started until a complete section is seen 
in the block. Utilizing a clean piece of a 
microtome blade, a ribbon is obtained at a 
thickness of 3 µm; the ribbon is picked up 
with a paint brush (Camel hair) and 
transferred to water bath at 35-37°C. Then 
the ribbon is laid on the water bath and the 
sections are allowed to stretch for a few 

seconds. Carefully the sections are 
separated and each section is picked up on 
to an albumenized glass slide. The slides 
are tilted at an angle to allow the water to 
exit the slide and section. The glass slides 
are then placed in a warm oven for about 15 
minutes to help the section adhere to the 
slide.  

Staining of tissue section:  
The embedding process is reversed in order 
to get the paraffin wax out of the tissue and 
to allow water soluble dyes to penetrate the 
sections. Therefore, any staining can be 
done after the slides are "deparaffinized" by 
running them through xylenes (or 
substitutes) to alcohols and water. As per 
protocol few sections were stained with 
Hematoxylin and Eosin (H&E) and few 
good slides were stained with 
Immunohistochemistry (IHC) Staining 
Technique. 
Mounting:  
Using forceps, slides from the rack are 
removed and surplus xylene is drained onto 
a tissue paper; gently slides containing the 
section are lowered onto the drop of DPX 
so that the section is sandwiched between 
its slide and the cover-slip. Slide is turned 
over and DPX is allowed to spread between 
the section and cover-slip. Using a paper 
tissue, surplus DPX is wiped off the slide, 
around the cover-slip and left to dry. 
 For the purpose of counting the number of 
islets, the slides are viewed under low 
magnification (×10 objectives, ×10 
eyepiece) using compound microscope 
(Olympus CH20, Singapore). The average 
number of islets per unit area of 
microscopic field for each slide is 
calculated and their mean is recorded and 
entered in the MS excel sheet.  
 The Statistical Analysis:  
The cadaver‘s demographic and clinical 
data are collected from the departmental 
record book and data entry is carried out by 
using Microsoft office excel 2010. The 
standard methods of statistical analysis is 
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performed by adopting the statistical 
software Graph Pad In Stat Data are shown 
as mean±SD, unless it is stated otherwise. 
Results & Observation  

In different region(head, body, and tail)  of 
cadaveric pancreas(CP)s variable number 
of Islets of Langerhans (IL) are analyzed. 
Following table is being prepared for this 
purpose.

Table 1: Mean & SD values of the variable number of IL (head, body and tail) of 103 
samples of CPs according to Diabetic Status 

Diabetic Status Number IL (Head) 
Mean±SD 

IL (Body) 
Mean±SD 

IL (Tail) 
Mean±SD 

DM 18 1.06±0.54 1.61±0.78 3.11±1.323 
NDM 85 1.35±0.50 2.04±0.57 4.22±0.76 

 
Interpretation: Table 1 showing the mean 
and SD values of the variable number of IL 
in head, body and tail region among 103 
samples of CPs according to diabetic status. 
It is more in tail region than head and body 
region in both diabetic (DM) and non-
diabetic (ND) CPs. 

To test whether there is any significant 
difference among the variables of IL in 
head, body and tail among the 18 DM and 
85 NDM, One Way Analysis of Variance 
(ANOVA) i.e., F-test has been applied.

Table 2: ANOVA in 3 variables of IL (head, body and tail) among 18 CPs with DM  & 
85 

Among 
18 
CPs with 
DM 
status 

Sources Degrees 
of 
freedom 
(df) 

Sum of 
Squares 
(SS) 

Mean 
Squares 
(MS) 

F-value Significant/ 
Non 
significant 

Between 
variables 

3-1=2 40.704 20.352 23.06** 
(p<0.0001) 

**Highly 
significant 
among the 3 
variables 

Within 
Variables 

53-2=51 45.000 0.8824 

Total 54-1=53 85.704  
Among 
85 
CPs with 
NDM 
status 

Between 
variables 

3-1=2 382.34 191.17 496.34** 
(p<0.0001) 

**Highly 
significant 
 Within 

Variables 
254-
2=252 

97.059 0.3852 

Total 255-
1=254 

479.399  

CPs with NDM  & their F-Value 
 
Interpretation: The ANOVA table 2 & F- 
value has proved that there is an highly 
significant difference among the 3 
variables(head, body, tail) of IL  among 18 
CPs with DM status as well as 85 CPs with 
NDM status.  
As there we found highly significant 
differences of IL among 3 variables like 
head, body and tail   among diabetes 

mellitus(DM) status CPs. So, the 
researchers were interested to test the 
significant differences of all these 3 
variables one by one among the CPs 
according to DM status. ‘t’ - test has been 
applied for this specific purpose. Following 
tables have been prepared to fulfil this 
purpose.  
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Table 3: Mean & SD values of number of IL (in head, body and tail part of pancreas) 
among 103 samples of CPs according to DM status & their ‘t’-value. 

Part of 
pancreas 

DM 
Status 
 

Number Mean SD df t-
value 

Significant/ 
Nonsignificant 

Head DM 18 1.06 0.54 101 2.244* *Significant 
NDM 85 1.35 0.50 

Body 
 

DM 18 1.61 0.78 101 2.695* *Significant 
NDM 85 2.04 0.57 

Tail DM 18 3.11 1.32 101 4.862* *Highly 
significant NDM 85 4.22 0.76 

  
Interpretation: Table 3 have shown the mean & SD values of number of IL in head and body 
region among 103 samples of CPs were significant and highly significant in tail region of CPs 
according to DM status.  
Table 4: Mean & SD values of the variable IL (head, body & tail) of 103 samples of CPs 

according to diabetic status 
Diabetic Status Number IL (Head) 

Mean±SD 
IL (Body) 
Mean±SD 

IL (Tail) 
Mean±SD 

DM 18 1.06±0.54 1.61±0.78 3.11±1.323 
NDM 85 1.35±0.50 2.04±0.57 4.22±0.76 

Interpretation: Table 4 has shown the mean & SD values of the variable IL (head, body & 
tail) of 103 samples of CPs according to diabetic status whereas DM and ND CPs are 18 and 
85. Mean IL is more in tail region than head and body region.  

 
Figure 1: Photomicrograph of the pancreas (tail). This H&E – stained specimen shows 

pancreatic lobules. The pancreatic lobule consists of exocrine acini. Lobules exhibit 
multiple lighter staining IL (blue arrow) of variable size. X100. 
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Figure 2: Photomicrograph of pancreas showing reduced number of IL (red arrow) 
stained with immunostaining using a specific marker for beta cell, the anti-insulin 

antibody (IHC technique). X100. 

 
Figure 3: Photomicrograph of pancreas showing reduced beta cell mass in IL (blue 
arrow) stained with immunostaining using a specific marker for beta cell, the anti-

insulin antibody (IHC technique). X400. 
 
Discussion 
Out of 103 CPs, numbers of DM pancreas 
are 18 and number of NDM pancreases are 
85. In the present study, the mean and SD 
values of the variable number of IL in head, 
body and tail region among 103 CPs 
according to DM and NDM status. The 
values of DM are 1.06±0.54, 1.61±0.78 and 
3.11±1.323 and of NDM are 1.35±0.50, 
2.04±0.57 and 4.22±0.76 in head, body and 
tail region respectively. It is more in tail 
region than head and body region in both 
DM and NDM CPs. The F- value has 
proved that there is an highly significant 
difference among the 3 variables (IL head, 
IL body, IL tail) among 18 CPs with DM 
status and highly significant among 85 CPs 

with NDM status. Again ‗t‘- value between 
DM and NDM in the head and body region 
are significant and in tail region it is highly 
significant. The present study is 
comparable with Shahriah S et al.[37], 
Wang X et al. [38], Ravi PK et al.[39], 
Wittingen J et al. [40], Kilimnik G et al.41, 
Kim A et al. [42], Unger RH et al. [43] 
Shahriah S et al. [37] studied among 
Bangladeshi population and reported that 
number of islets per unit area of 
microscopic field were more in all age 
group than the head and tail region. In their 
study the maximum number 3.20±0.45 
were in tail region among ≥70 years age 
group and 1.00±0.00 were in head region 
among 60-69 years age group.  
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 In their study it has shown that the islet 
concentration of the tail is significantly 
greater than the concentration in the head 
and body. Kilimnik G et al.[41] , Kim A et 
al1 [42], Unger RH et al.[43] also found 
significantly more number of islets in the 
tail region than head and body region in 
their study. 
In the study done by Ravi PK et al.[39], the 
endocrine proportion of the tail was 40% 
more in Indian population and Wang X et 
al.[38] reported 100% more twice) than that 
of the head in the non-diabetic American 
population. Ravi PK et al. [39] again 
mentioned that reduction of the islet in the 
tail region may be one of the reasons for the 
increased susceptibility of Indians to 
T2DM.  
Inaishi J et al. [44] commented that even 
though Indians have 20% more beta cell 
area proportion and 7% more beta cell 
percentage than Americans, still Indians are 
more susceptible to diabetes. Thus, beta cell 
dysfunction might be a reason for the 
increased susceptibility of Indians to DM. 
Ethnic variations as reported in the 
literature further confounds the comparison 
with the American population. 
Kilimnik G et al. [41] reported the 
preferential loss of larger islets in T2DM 
pancreas when compared to non-diabetic 
pancreas. Therefore, Ravi PK et al. [39] 
mentioned that reduction in larger islet 
proportion might be one of the factors 
responsible for the increased susceptibility 
of the Indians to T2DM even though the 
beta cell percentage are higher than the 
American population. 

Conclusion 
Though the present study was done on 103 
CPs, further studies including more number 
of samples and advanced stereological 
procedure will provide better information 
and knowledge. The data generated in our 
study with respect to beta cell mass 
provides the understanding of the 
pathogenesis diabetes mellitus. With the 
application of newer molecular technique 

the detailed investigation of islets of 
Langerhans cells can be possible. 
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