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ARTICLE INFORMATION ABSTRACT

Background: Diabetes mellitus is a chronic metabolic disorder marked by
Received: June 18, 2025 hyperglycemia due to insulin deficiency or resistance. Alloxan-induced diabetic rat
Revised: July 10, 2025 models are widely used to study disease mechanisms and test interventions, yet
Accepted: July 10, 2025 detailed evaluations of the temporal relationship between hyperglycemia and

multi-organ pathology are limited.

Purpose: This study aimed to characterize time-dependent changes in blood
glucose and histopathological alterations in the pancreas, liver, and kidneys of
alloxan-induced diabetic rats.
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Methods: Male Wistar rats were assigned to three groups: control, diabetic for 14

Histopathology
days (A-14), and diabetic for 30 days (A-30). Diabetes was induced with a single
intraperitoneal injection of alloxan monohydrate (150 mg/kg). Blood glucose and
CORRESPONDENCE body weight were monitored every 2-3 days. Histological analysis was conducted
Phone: +62711-373438 at the end of each period.
E-mail: arosdah@unsri.ac.id Results: Alloxan induced sustained hyperglycemia (>400 mg/dL), with peak levels

of 508.25 mg/dL (A-14) and 544 mg/dL (A-30). A 42.9% dropout rate was
recorded, likely due to hypoglycemic episodes shortly after alloxan administration.
Diabetic rats showed progressive weight loss and tissue damage. Pancreatic
sections revealed islet distortion, cellular degeneration, and vacuolization. The
liver exhibited increasing sinusoidal congestion and hepatocyte degeneration,
while the kidneys showed glomerular shrinkage, tubular epithelial vacuolization,
and peritubular congestion over time.

Conclusion: Alloxan-induced diabetes causes time-dependent hyperglycemia
and histopathological damage in the pancreas, liver, and kidneys.

pharmacological interventions for diabetes mellitus
INTRODUCTION comprise both insulin therapy and a range of oral agents,
including a-glucosidase inhibitors, GLP-1 receptor
Diabetes mellitus is a chronic metabolic disorder —agonists, SGLT2 inhibitors, DPP-4 inhibitors, insulin
characterised by impaired insulin function, either due to the ~ sensitisers and insulin secretagogues.®
inability to utilise insulin effectively or a complete lack of
insulin production, resulting in elevated blood glucose Animal models are indispensable in diabetes mellitus
levels (hyperglycemia).! In 2022, the global number of research, serving as critical platforms for evaluating new

adults with diabetes had risen to 828 million, which is an ~ therapeutic ~ agents ~and  understanding disease
increase of 630 million since 1990.2 This prevalence Mechanisms. Among these, the alloxan-induced diabetic

increased in most countries, particularly in low- and middle-  rat model is widely utilised due to its cost-effectiveness and
income regions, while treatment coverage remained rapid onset of hyperglycemia.* Alloxan targets pancreatic -
relatively low, with 59% of adults aged 30 and older left ~ Cells by generating reactive oxygen species, leading to B-
untreated.? Inadequate management of diabetes is cell death and subsequent insulin deficiency.® This model is
associated with serious microvascular and macrovascular ~ Particularly advantageous for short-term studies focusing
complications, including damage to the nervous system, on B-cell function and insulin therapy.*

renal Impairment, and retinopathy.’ Current
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Studies have employed this model to assess the efficacy of
various interventions. For example, administration of 150
mg/kg of alloxan to Sprague Dawley rats resulted in a high
diabetes induction rate with reduced insulin requirements
compared to higher doses, highlighting its suitability for
evaluating diabetes  treatments.®  Similarly, the
antihyperglycemic effects of aqueous stem bark extracts
from Boswellia dalzielii were demonstrated in alloxan-
induced diabetic Wistar rats, suggesting potential
therapeutic applications.”

However, the alloxan model has notable limitations. The
diabetogenic dose has a narrow therapeutic window, and
overdose can lead to significant toxicity in other organs,
including the liver and kidneys.® The hyperglycemia
induced is often transient, with many animals exhibiting
spontaneous recovery due to B-cell regeneration, which
can confound long-term studies.® Alloxan's chemical
instability and tendency to induce ketosis can make
consistent glycemic control difficult to maintain across
experimental cohorts.®

Despite the widespread use of the alloxan-induced diabetic
model, limited studies have systematically examined the
temporal progression of hyperglycemia about organ-
specific histopathological changes.'® Understanding the
dynamics of blood glucose fluctuations alongside tissue
damage over time is critical for optimising intervention
windows and enhancing model reliability. This study aims to
address this gap by investigating the temporal changes in
blood glucose levels and corresponding histopathological
alterations in key organs of alloxan-induced diabetic rats.

METHOD

Study Design

This research was an experimental study with a post-test
group design.""!

Study Site

This study was conducted at the Animal Research Facility,
Faculty of Medicine, Universitas Sriwijaya (Palembang,
South Sumatra) and Barokah Anatomical Pathology
Laboratory (Palembang, South Sumatra).

Materials

The study involved 21 male Wistar rats (3-4 months, 200-
300 g). Diabetes was induced using alloxan monohydrate
(Sigma-Aldrich, USA), and glucose levels were monitored
with a BeneCheck Prime glucometer and strips (General
Life Biotechnology, Taiwan). Hematoxylin and eosin
staining employed Mayer's hematoxylin, eosin Y (0.5-1% in
ethanol), graded ethanol (70-100%), xylene for
deparaffinization, and phosphate-buffered saline/distilled
water for rinsing. Tissue sections were processed using
glass slides, coverslips, staining jars, forceps, and
examined under a light microscope. All reagents were of
analytical grade.
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In Vivo Procedure
Animal Preparation

Twenty-one male Wistar rats (aged 3-4 months) were
procured from a certified breeding facility in Palembang,
Indonesia. Prior to the study, all animals were clinically
assessed and confirmed to be in good health by a licensed
veterinarian from the Department of Food Security and
Livestock The rats were housed in the Animal Research
Facility of the Faculty of Medicine, Universitas Sriwijaya,
under controlled environmental conditions (25+2°C, 12-
hour light/dark cycle), with unrestricted access to food and
water provided twice daily. A 7-day acclimatization period
was observed prior to the commencement of experimental
procedures.

Experimental Procedure

Diabetes mellitus was induced via a single intraperitoneal
injection of alloxan monohydrate (150 mg/kg body weight).
Random blood glucose levels were measured using a
BeneCheck Prime glucometer with ~10puL of blood
collected from the tail vein. Rats exhibiting blood glucose
levels >200 mg/dL were considered diabetic and included in
the study. Animals were randomly assigned to three groups
(n=7 per group): (1) normal control (no alloxan injection),
(2) diabetic group monitored for 14 days post-alloxan
injection (A-14), and (3) diabetic group monitored for 30
days post-alloxan injection (A-30). Body weight and random
blood glucose levels were recorded at 10:00 am every 2-3
days: up to day 14 for the control and A-14 groups, and up
to day 30 for the A-30 group. At the end of each observation
period, rats were euthanized, and the pancreas, liver, and
kidneys were collected for histopathological analysis.

Histopathology Assessment

At the end of each observation period, animals were
euthanised via chloroform inhalation by ethical standards.
The pancreas, liver, and kidneys were collected, fixed in
10% neutral buffered formalin for 24 hours, and processed
at the Barokah Anatomical Pathology Laboratory,
Palembang. Tissues were paraffin-embedded, sectioned
(6 um), and stained with hematoxylin and eosin. Slides
were examined under a light microscope (Olympus CX31)
at 400x magnification to assess structural and pathological
changes.

Data Analysis

Univariate analysis was conducted by calculating the
descriptive statistics such as mean glucose levels for each
group at various time points. Histopathological images were
qualitatively assessed by a specialized anatomical
pathologist, with findings presented as narrative
descriptions.

Ethical Consideration

All experimental procedures were approved by the Medical
and Health Research Ethics Committee, Faculty of
Medicine, Universitas Sriwijaya (No. 104-2024; 29 May
2024).
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RESULTS

Body Weight

After alloxan administration, body weight changes differed
across groups (Figure 1). The control group showed a
slight, steady weight gain (263-288 g) over 14 days. In
contrast, alloxan-treated groups (A-14 and A-30)
experienced initial weight loss. The A-14 group lost weight
significantly in the first 10 days (230-236 g), with slight
recovery by day 14 (238-243 g), while the A-30 group
showed a continuous decline (230-248 g) that stabilized at
a lower level (238-243 g) after day 10.
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Figure 1. Body weight of rats: Green = controls; Red (A-
14) and Blue (A-30) = diabetic rats at 14 and 30 days post-
alloxan.

Blood Glucose Levels

Of the 14 alloxan-treated rats, eight developed lethargy and
hypoglycemia (35-88 mg/dL) within 24 hours (data not
shown). Despite glucose treatment, six rats died by days 2—
3, yielding a 42.9% mortality rate. Blood glucose in the A-
14 and A-30 groups rose sharply, exceeding 400 mg/dL by
day 3, while controls remained normoglycemic (90-133
mg/dL; Figure 2). Peak glucose reached 508.3 mg/dL (A-
14) and 544 mg/dL (A-30), with persistent hyperglycemia.
The A-14 group displayed minor fluctuations (343-484
mg/dL) but never returned to normoglycemic levels.
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Figure 2. Blood glucose levels in rats. Green: non-diabetic
controls; Red (A-14) and Blue (A-30): diabetic rats at 14
and 30 days post-alloxan injection.
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Histopathology of Pancreas

Histopathology analysis of pancreas, liver, and kidney
tissues showed progressive damage in alloxan-induced
diabetic rats. In the pancreas, normal rats (Figure 3A) had
well-defined islets of Langerhans. By day 14 post-alloxan
injection (Figure 3B), islet borders became irregular, with
hydropic changes, vacuolization, and eosinophilic
cytoplasm. These alterations were more severe by day 30
(Figure 3C), with further distortion of islet borders,
increased vacuolization, and extensive hydropic changes,
indicating worsening pancreatic damage.

R n )

Figure 3. Representative images of the pancreas in (A)
normal rats and alloxan-treated rats after (B) 14 days and
(C) 30 days of alloxan injection. Scale bar 500 pm.

Histopathology of Liver

In the liver, normal rat hepatocytes (Figure 4A) exhibited
typical polygonal morphology and well-defined sinusoidal
boundaries. At 14 days post-alloxan injection (Figure 4B),
mild sinusoidal dilation and early hydropic changes,
including cell ballooning, small vacuoles, and increased
eosinophilic cytoplasm, were noted. By day 30 (Figure 4C),
severe sinusoidal congestion, pronounced hydropic
degeneration, and extensive hepatocyte vacuolization were
observed, indicating progressive liver damage.

& R, i K

Figure 4. Representative images of the liver in (A) normal
rats and alloxan-treated rats after (B) 14 days and (C) 30
days of alloxan injection. Scale bar 500 pm.
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Histopathology of Kidney

Renal histology showed time-dependent damage. In normal
rats (Figure 5A-B), the kidney maintained normal
glomerular and tubular structure. At day 14 post-alloxan
injection (Figure 5C-D), mild peritubular capillary
congestion and glomerular shrinkage were observed. By
day 30 (Figure 5E-F), there was pronounced capillary
congestion, eosinophilic changes in the glomeruli, epithelial
vacuolization, and hydropic degeneration with cell
ballooning, all indicating progressive kidney damage.

!

e

Normal

Figure 5. Representative images of the kidney in (A-B)
normal rats and alloxan-treated rats after (C-D) 14 days
(A-14) and (E-F) 30 days (A-30) of alloxan injection. Scale
bar 500 pm

DISCUSSION

The findings of this study demonstrate the successful
induction of diabetes mellitus in mice using a single dose of
150 mg/kg alloxan, evidenced by sustained hyperglycemia
and weight loss in treated animals. These findings align with
the established mechanism of alloxan in selectively
destroying pancreatic B-cells through the formation of
reactive oxygen species (ROS), leading to insulin
deficiency and metabolic dysregulation.*'> The more
pronounced effects observed in the 30-day group (A-30)
compared with the 14-day group (A-14) suggest a
progressive and stable diabetic state.*'® Although blood
glucose levels in the A-14 group exhibited some fluctuation,
including a transient decrease around day 7, this variability
is characteristic of the alloxan model. It may reflect partial
B-cell recovery or individual differences in susceptibility. '
Importantly, hyperglycemia in all treatment groups
remained above the diabetic threshold, confirming the
model's reliability in mimicking diabetes-related metabolic
changes.
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Systemic tissue damage was also observed, particularly in
the pancreas, liver, and kidneys, with the severity of the
damage increasing over time. This highlights the time-
dependent progression of alloxan-induced pathology and
supports previous studies showing that hyperglycemia and
oxidative stress contribute to multiorgan dysfunction in
diabetes models.'>-'® Our observations are consistent with
previous reports of progressive metabolic damage and
inflammation following alloxan exposure in rodents and
other animal models.'”%

Alloxan, a glucose analogue with high affinity for the GLUT2
transporter, is selectively taken up by pancreatic B-cells,
where it is reduced to dialuric acid.?"??> This metabolite
undergoes autooxidation, generating ROS such as
superoxide anion (O,7), hydrogen peroxide (H,O;), and
hydroxyl radicals, which are all potent mediators of
irreversible cell death.'322 Oxidative stress has emerged as
a key driver of 3-cell damage and peripheral organ damage.
Alloxan has been shown to increase markers of lipid
peroxidation (e.g., malondialdehyde) and deplete
antioxidant enzymes, including superoxide dismutase,
catalase, and glutathione S-transferase, thus creating a
redox imbalance that exacerbates tissue injury.'® These
systemic effects underscore the utility of the alloxan model
in studying oxidative stress pathways in diabetes. The
progression of tissue damage between days 14 and 30
further demonstrates that alloxan-induced diabetes is a
dynamic process, involving ongoing metabolic stress and
inflammation. This progression, from early hyperglycemia
to chronic systemic injury, encompasses multiple phases,
including transient hypoglycemia and prolonged oxidative
damage.'”2°

Overall, these findings confirm that alloxan acts as a
diabetogenic agent by selectively destroying pancreatic [3-
cells and inducing sustained hyperglycemia. Progressive
histopathological changes in the pancreas, liver, and kidney
likely result from a combination of alloxan's direct cytotoxic
effects and the secondary consequences of chronic
hyperglycemia. Although alloxan is widely used to model
type 1 diabetes, its oxidative stress and resulting metabolic
disturbances also mimic the pathological features of
advanced type 2 diabetes.?232* This overlap suggests that
alloxan-induced models are valuable for investigating -cell
injury and the development of diabetes-related
complications across a broader spectrum of the disease.

However, the high early mortality rate (42.9%) observed,
particularly within the first 72 hours, is a critical limitation of
this study. This mortality is likely due to acute hypoglycemia
triggered by the sudden release of insulin following partial
B-cell destruction.™2% Previous studies have shown that
early glucose monitoring and supplementation can
significantly reduce mortality in alloxan-induced diabetes
models. Compared with streptozotocin, another commonly
used diabetogenic agent, alloxan has a narrower
therapeutic window and higher acute toxicity, largely due to
its rapid ROS production and potential nephrotoxicity.*810
In contrast, streptozotocin tends to induce diabetes more
predictably and with lower mortality. Despite these
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challenges, the alloxan-induced diabetes model remains a
valuable tool for investigating the pathogenesis of diabetes,
particularly oxidative stress, B-cell injury, and therapeutic
strategies targeting inflammatory and antioxidant
pathways.?”

CONCLUSIONS AND RECOMMENDATION

This study examined time dependent changes in blood
glucose and tissue morphology in alloxan-induced diabetic
rats. Progressive histopathological damage in the
pancreas, liver, and kidneys was observed, likely due to
alloxan's cytotoxicity and sustained hyperglycemia. Precise
alloxan dosing, prompt hypoglycemia management, and
supportive care are crucial for improving survival and model
consistency. Further studies should explore molecular
mechanisms of tissue injury and assess targeted therapies,
such as antioxidants or anti-inflammatory agents, to reduce
multi-organ damage in diabetic models.
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