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ABSTRACT 
OBJECTIVES: Severe burn victims experience a system-
ic inflammatory response and a hypermetabolic response 
that can generate adverse effects on many distant organs 
and systems. Our aim in this study was to describe the his-
topathological changes in the pancreatic islets secondary 
to severe burns in an experimental animal model. 

MATERIALS & METHODS: Fourteen Wistar albino rats were 
randomly divided into 2 groups: the sham group and the 
burn group. A full-thickness burn model was designed to 
induce a burn of 25% total body surface area. Seven days 
after burn induction and sham procedure, pancreatectomy 
was performed. Pancreatic tissues were examined under 
light microscopy, and islet size and cellularity were calcu-
lated.

RESULTS: The histopathologic examination was unremark-
able, but the mean number of islets per pancreatic tissue 
was lower in the burn group than in the sham group. We 
observed a significant difference in the mean number of 
cells per one islet between the 2 groups, with the cell count 
higher in the burn group (P < .05). 

CONCLUSIONS: During the acute phase of burn injury in 
rats, we observed a decrease in the number of pancreatic 
islets with remarkable hypercellularity. Further studies are 
needed to determine the histological and cellular basis of 
these changes. 
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INTRODUCTION
Severe burn victims experience a systemic inflammatory 
response and a hypermetabolic response that can generate 
adverse effects on many organs distant from the burn areas. 
These pathophysiological responses are characterized 
by hypermetabolism, inflammation, and hypersecretion 
of catecholamines, glucagon, and cortisol and can cause 
hyperglycemia.1,2

Hyperglycemia leads to transient or permanent local and 
systemic alterations that may affect both endocrine and 
exocrine functions of the pancreas. In previous studies, 
atypical and apoptotic beta cells have been identified after 
severe thermal injury.3,4

Patients with acute and prolonged hyperglycemia can 
have complications leading to impaired wound healing, 
increased skin graft loss, increased muscle protein catab-
olism, increased incidence of infections, and mortality.5-10 
From this perspective, the alterations in glucose metab-
olism and the insulin-signaling cascade after a severe 
burn injury are similar to those observed in patients with 
type 2 diabetes.11 Presence of hyperglycemia, even with 
concurrent hyperinsulinism, is indicative of insufficient 
insulin secretion from beta cells to overcome the glycemia. 
However, the underlying molecular mechanisms of beta-
cell failure in patients with acquired insulin resistance after 
burn trauma are not clearly understood.12 Acinar cells, 
the most abundant cell type in the pancreas, may play a 
role because they are extremely specialized secretory cell 
types, and the mechanism of how the endocrine pancreas 
hormone-producing cells can lose or switch their identity 
under metabolic stress has been shown. Although this 
response could be partly reversible with adequate glycemic 
control,13 the impact of severe burns in this process has yet 
to be clarified. 
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sections under a light microscope. Hematoxylin and eosin 
slides were scanned with the 3DHistech Panoramic P250 
Flash III scanner. 

Image acquisition and image analysis
Image acquisition and image analysis processes were per-
formed with the ViraPath application (Virasoft Software 

FIGURE 1. Materials Used and Macroscopic Evolution Observed in the Rat Experimental Burn Model

(a) Instruments for burn infliction (thermocouple and brass plate). (b) Burn injury 1 minute after induction, with presence of edema. (c) Burn injury 
on day 7 after induction.

FIGURE 2. Intraoperative Findings During Pancreatectomy

(a) Intraoperative image showing the abdominal organs. (b) Gross appearance of the distended pancreas semi-excised and attached to the spleen. 
(c) Gross appearance of the pancreas after dissection.
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Hence, we hypothesized that a persistent condition mim-
icking diabetes mellitus after burn stress may develop in 
patients who were nondiabetic before the burn trauma but 
had started organelle stress in the beta cells, which resulted 
in decreased insulin secretory capacity. The present experi-
mental study aimed to describe the acute macroscopic and 
microscopic changes of the pancreatic islets secondary to 
severe burns.

MATERIALS AND METHODS
We obtained 14 male Wistar albino rats weighing 
350 to 400 g from the Baskent University Laboratory 
Animal Breeding Center in Ankara, Turkey. All animals 
received humane care that followed the guidelines of 
the National Institutes of Health’s Guide for the Care and 
Use of Laboratory Animals. Rats were kept at the Baskent 
University Laboratory Animal Center under standardized 
conditions for light and temperature. All animals were fed 
standard rat chow and had free access to water. The study 
was approved by the Baskent University Animal Care and 
Ethics Committee (DA/2022/10)

Groups
Animals were randomly divided into 2 groups of 7 rats 
each: the sham group (S group) and the burn group (B 
group). All animals were anesthetized before procedures 
were performed. 

In the S group, the 7 healthy Wistar albino rats were fed 
with standard rat chow and water ad libitum the week 
before the sham procedures were started. Intraperitoneal 
anesthesia was given before shaving the dorsa of each ani-
mal. Lactated Ringer solution (2 mL/100 g) was injected 
intraperitoneally. Fentanyl hydrochloride was adminis-
tered, and wound dressings were placed on the shaved 
area in the lower dorsum. The same standard diet con-
tinued under laboratory conditions for 7 days. On day 7, 
each animal was pancreatectomized and then euthanized.

In the B group, animals were fed standard rat chow and 
water ad libitum the week before burn injuries were 
induced. Before induction of burn injury, anesthesia 
was administered and the dorsa of each animal was 
shaved. Rats received burn of 25% total body surface 
area in accordance with a previously described method.13 

Resuscitation was accomplished by intraperitoneal injec-
tion of Ringer lactate solution (2 mL/100 g), and fentanyl 
was injected for postprocedural analgesia. Animals were 
fed with the same nutritional protocol (standard rat 
chow) until the end of the experimental period. Seven 
days after the burn was inflicted, burn wounds were 
excised, pancreatectomies were performed, and animals 
were euthanized.

Anesthesia and analgesia
The following combination of ketamine and xylazine was 
freshly prepared on the day of the procedure: 100 mg/kg 
ketamine hydrochloride (Alfamine 10%; Alfasan Inc) and 
10 mg/kg xylazine hydrochloride (Rompun 2%, Bayer 
Kimya). The combination was administered intraperitone-
ally to each animal as anesthesia. Fentanyl hydrochloride 
(0.02 mg/kg) was used for postprocedural analgesia.

Burn model
A burn model was designed to induce uniform and 
reproducible full-thickness burns based on our previous 
model.14,15 The animals were anesthetized as previously 
described, and the 2 dorsal lower quadrants (covering 
approximately 25% of the total body surface area) were 
shaved prior to burn injury. A brass plate of 4 cm × 4 cm 
was heated under the flame of a Bunsen burner, with the 
temperature monitored using a thermocouple device of a 
multimeter (Fluke 116 HVAC). To create a full-thickness 
burn, the brass plate was heated to between 255 °C and 
260 °C (the plate lost 5-10 °C before it was applied to the 
skin) and placed onto the marked areas for 10 seconds. All 
animals were promptly resuscitated with lactated Ringer 
solution (2 mL/100 g) intraperitoneally.

For wound dressing, silver sulfadiazine (Silverdin) was 
applied before the wounds were covered with superior 
film and adhesive. The animals were returned to the dams 
where they regained spontaneous movement and righting 
reflex. The thickness of each lesion was confirmed by his-
topathologic examination (Figure 1).

Pancreatectomy
Seven days after the sham procedure and the burn inflic-
tion, the abdominal area of each animal was shaved, 
standard aseptic techniques were applied, and anesthesia 
was administered as previously described. An upper 
abdominal midline incision was performed, and the 
peritoneal cavity was opened. The cecum was gently exteri-
orized, the stomach was raised from the pyloric region, and 
the spleen and pancreas were exposed. The dissection was 
performed upward to the spleen, and the entire pancreas 
was gently separated from the spleen and duodenum with 
special attention to avoid damage to the spleen, pancreatic 
tissue, and surrounding vascular structures (Figure 2). 

Tissue processing and histopathologic examination 
using hematoxylin-eosin staining
All pancreatic tissue specimens were fixed in 10% buffered 
formol, with specimens sampled in such a way that their 
long axes could be seen after 24 hours of fixation, and then 
blocked in paraffin. We stained 4-µm-thick sections from 
each block with hematoxylin-eosin (H&E) and examined 
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Recent studies have reported severe damage in the pancreas 
of severely burned rats under light microscopy using H&E 
staining.3,4,18 Although our analysis of the pancreatic tissue 
with H&E staining was unremarkable, the calculation of 
total islet area and the cellular count per islet could suggest 
pancreatic adaptation in response to the burn injury.

In the present study, we found significant morphological 
changes in the pancreatic islets in rats during the acute phase 
of burn. The most striking finding was the observation that 
the total number of islets in the pancreas was decreased in 
the early period after burn but the residual islets revealed 
significant hypercellularity. It is well known that severe burns 
that encompass more than 20% of total body surface incur 
a profound pathophysiological stress response. During the 
burn trauma, acute hyperadrenergic discharge, which leads 
to splanchnic vasoconstriction, may cause hypoxic injury to 
some of the islets. The decrease in the number of islets in 
the rats at 1 week after burn trauma may be explained by 
the inadequate blood supply in some of the islets, leading to 
ischemic injury to cells. 

In addition to these findings, the total volume of islets did 
not differ after burn trauma, and the residual islets in the B 
group were found to be hypercellular in comparison to the S 
group. Although we could not clearly determine which cell 
type in the islets increased in number in our present study, in 
our view, we suggest that they most probably were beta cells 
as these cells constitute the most active cells in islets during 
the metabolic changes after burn trauma. Hypercellularity 
might have increased the total volume in the burn group, 
closing the gap with the sham group with regard to volume. 
Another explanation might be that, although some of the 
islets were damaged and lost in the burn group, the extra-
cellular volume of these islets, which are especially affected 
by the hyperadrenergic or ischemic trauma of burn injury, 
might have been increased. In accordance with this, the 
pancreas of the rats after burn trauma revealed edema and 
fragile vascular structures macroscopically. This is because 
islets are devoid of lymphatic system and are prone to edema 
and vascular damage under stress conditions affecting the 
islet vascular system.16 Further studies are needed to deter-
mine the histological and cellular basis of these changes. 

CONCLUSIONS
Postburn hyperglycemia is an independent risk 
factor that can cause susceptibility to serious infec-
tions, multiorgan failure, and death in critically ill 
patients. Unfortunately, hyperglycemia and its related 
complications remain one of the most challenging endo-
crinological problems in the context of stress response. 
Therefore, a detailed understanding of the pancreatic 
changes under different preexisting conditions and 
therapeutic interventions (such as obesity or patients 
who have specific diet regimens that influence glucose 
levels and insulin sensitivity) in the context of a major 
burn trauma might guide treatment options. Further 
studies are needed to improve the clinical outcomes of 
this unique patient population. 

It is important to devote efforts to the understanding, 
prevention, attenuation, and control of transient and per-
manent effects to the pancreas after burn injuries, not only 
to improve patient survival rates but also to provide the 
quality of life for patients after severe burns. Experimental 
studies are suggested as a way to understand these 
alterations. Our results revealed that the rat burn model 
created full-thickness skin burns that triggered pancreatic 
responses in the acute phase of the injury.
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TABLE 1. Quantitative Assessment of Pancreatic Islets: Quantity of Islets, Density of Beta Cells in 
Islets, and Islet Size

                                 Group P Value

Sham Burns

Mean No. of islets/pancreatic tissue, cm² 3864 ± 0.94 2394 ± 0.98 .014*

No. of islet cells/islet 122 420 ± 27.20 167 714 ± 3411 .017*

Mean calculated areas of islets, cm² 0.0168 ± 0.0046 0.0184 ± 0.0078 .668

FIGURE 3. Photomicrographs Showing Pancreatic Tissue in Adult Wistar Albino Rat

(a) Pancreatic tissue with acinar structures and islets. (b) Pancreatic tissue from the sham group. Islets were marked with green lines before the 
image was processed and analyzed. (c) Analysis of pancreatic islets and cell counting..

Inc). After images were captured, the pancreatic islets were 
marked. The islet areas and the number of cells within the 
islets were calculated by the application.

Statistical analyses
We performed statistical analyses using SPSS software 
(Statistical Package for the Social Sciences, version 25.0, 
SSPS Inc). Results for quantitative variables, the calculated 
areas of pancreatic tissue, the islets and the numbers of 
islets, and the islet cells are given as means ± SD. One-way 
analysis of variance and the Bonferroni correction were 
used for normal distributions. P < .05 was considered 
statistically significant.

RESULTS
One of the animals in the B group died on day 3 postburn; 
macroscopic findings on autopsy were unremarkable, 
but a severely decreased number of pancreatic islets was 
observed. This low level of detection may have resulted 
because the tissue was retrieved after death. No evidence of 
burn site infection and/or signs of systemic infection were 
noted in the remaining animals. 

Macroscopic observations
Intraoperative findings during laparotomies performed on 
day 7 of our experiments revealed that the intra-abdominal 
organs, including the macroscopic structure of pancreas, 
were similar in both groups. However, the B group showed 

mild hepatomegaly during exposure of spleen and pan-
creas. The pancreatic tissue was slightly edematous and 
fragile, and surrounding vascular structures were prone to 
bleeding when they were detached from the duodenum.

Microscopic observations
Under light microscopy, we observed no remarkable 
changes during histopathological examination of pancreat-
ic tissues, including the morphology of islets and islet cells 
in the B group compared with the sham group (Figure 3).

Islet areas and number of cells within the islets
The mean number of islets per pancreatic tissue was lower 
in the B group than in the S group. There was a signifi-
cant difference in the mean number of cells per one islet 
between the 2 groups, with the cell count higher in the B 
group (P < .05). However, the mean calculated area of islets 
showed no significant difference when both groups were 
compared (P > .05) (Table 1). 

DISCUSSION
Major burn injury causes severe alterations in beta-cell 
mass, which increases and decreases both function and 
mass to maintain the glycemic level within a very narrow 
physiological range.16,17 We suggest that our experimental 
burn model can be applicable to future studies focused on 
the impact of burn injuries on the morphophysiology of 
the pancreas. 
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