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ABSTRACT
Background & objective: Diabetes mellitus is a growing global health concern characterized by chronic hyperglycemia and 
associated complications, including hepatotoxicity. Traditional herbal remedies like Foeniculum vulgare (fennel) have recently 
garnered attention for their potential therapeutic benefits. This study investigates the hepatoprotective roles of fennel in 
alloxan-induced male diabetic rats.

Methods: An experimental study was conducted at Sir Salimullah Medical College, utilizing 30 Wistar albino male rats (90-120 
days old). Following a 14-day acclimatization, the rats were divided into three groups: normal control, alloxan-induced 
diabetic control, and an experimental group treated with fennel extract (150 mg/kg/day) for 21 days post-alloxan induction. 
Blood samples were collected for glucose and insulin measurement, and liver function tests (Total Bilirubin, ALT, AST) were 
performed. Histopathological examinations of liver tissues were also conducted.

Results: Initial fasting blood glucose levels were comparable across groups; however, by Day 22, the alloxan-induced diabetic 
control group showed significantly higher levels compared to the fennel-treated group (p < 0.001). At the end of the study on 
Day 22, significant differences were observed in serum levels of total bilirubin, ALT, and AST among the three experimental 
groups (p < 0.001). The alloxan-induced diabetic group (Group A2) showed the highest levels of these liver function 
parameters, while the normal control group (Group A1) had the lowest. Post-hoc analysis indicated that Group A2 had 
significantly elevated levels compared to both the fennel-treated group (Group B) and Group A1 (p < 0.001 for all 
comparisons). Histopathological examination revealed that all rats in Group A1 exhibited normal liver histology, whereas all 
rats in Group A2 displayed abnormal findings. In Group B, 80% of the rats showed normal liver histology, while 20% had mild 
changes. These results highlight significant differences in liver histopathological outcomes across the three groups (p < 
0.001).

Conclusion: The findings suggest that Foeniculum vulgare effectively protects against alloxan-induced hepatotoxicity in male 
diabetic rats, evidenced by improved biochemical parameters and histological integrity of liver tissues. This study underscores 
the potential of fennel as a therapeutic option for managing diabetes and its associated hepatic complications.
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INTRODUCTION:

Diabetes is a cluster of metabolic disorders 
characterized by chronic hyperglycemia due to 
impaired insulin secretion and action. This condition 
is associated with various complications, including 
diabetic cardiomyopathy, neuropathy, nephropathy, 
retinopathy, and vasculopathy, which contribute to 
significant health burdens.1,2 With the increasing 
global prevalence of diabetes, expected to reach 300 
million cases by 2025, there is a growing demand for 
effective treatments.3 

While conventional therapies, such as insulin and 
metformin, can help manage diabetes, they often 
come with side effects and rising costs, leading many 
patients toward traditional herbal medicines.4,5 

Among these, Foeniculum vulgare (fennel), a member 
of the Apiaceae family, has gained attention for its 
potential health benefits. Rich in vitamins (such as 
niacin & vitamin C) and minerals (including calcium 
and iron), it contains bioactive compounds like 
trans-anethole and flavonoids that exhibit 
anti-inflammatory, antioxidant, and antispasmodic 
properties.6-11 Recent research indicates that fennel 
extract mitigates metabolic disturbances and 
oxidative stress associated with diabetes.12 Another 
study demonstrated that it improved the histological 
structure of the islets of Langerhans in the pancreas 
and induced hypoglycemia in diabetic rats.13  
Alloxan, known as a cytotoxic glucose analog and a 
potent diabetogenic agent, induces diabetes by 
damaging pancreatic beta cells, which decreases the 
size of the islets of Langerhans.14 The free radicals 
generated by alloxan inhibit glucokinase, induce lipid 
peroxidation leading to reduced glucose-induced 
insulin secretion and subsequent hyperglycemia.15 
Lipid peroxidation induced by free radicals is 
believed to contribute to the development of various 
pathological conditions including hepatotoxicity. 
Notably, alloxan-induced diabetic rats treated with 
Foeniculum vulgare demonstrated a significant 
reduction in blood glucose levels alongside 
hepatoprotective effects.16 Furthermore, the 
hepatoprotective properties of Foeniculum vulgare 
have been validated in hepatotoxic rat models.17 
Fennel seed extract and its active compound 
trans-Anethole (TA) can protect the liver against 

diabetes‐induced hepatic injury in rats, probably via 
hypoglycemic and antioxidant effects.18

Although evidence of its antidiabetic properties 
exists, including improvements in metabolic 
disturbances associated with diabetes,12 the primary 
focus of this study is to explore the hepatoprotective 
and nephroprotective roles of fennel in the context of 
alloxan-induced diabetic male rats. Given the limited 
research on its protective effects in kidney and liver 
health specifically within diabetic models, this study 
aims to investigate the potential hepatoprotective 
roles of Foeniculum vulgare in alloxan-induced male 
rats.

METHODS:

Study Design and Setting:

This experimental study was conducted at the 
Department of Physiology, Sir Salimullah Medical 
College (SSMC), Dhaka, over a one-year period from 
July 1, 2018, to June 30, 2019. A total of 30 healthy 
Wistar albino male rats, aged 90 to 120 days and 
weighing between 150 and 180 grams, were 
included in the study. The rats were procured from 
the animal house at the Department of Pharmacy, 
Jahangir Nagar University, Savar, Dhaka. Prior to the 
commencement of the study, ethical clearance was 
obtained from the Institutional Ethics Committee at 
Sir Salimullah Medical College. All animals were 
housed in the animal facility of the Institute of 
Nutrition and Food Science, Dhaka University. 
Following a 14-day acclimatization period, the rats 
were randomly divided into two groups: Group A 
(Control) and Group B (Experimental Group, n= 10). 
Group A was further subdivided into Group A1 
(Normal Control, n=10) & Group A2 (Alloxan- 
induced Diabetic Control, n = 10).

Animal Preparation:

During the acclimatization period, the rats were 
maintained at a room temperature of 23 ± 2°C under 
a 12-hour light/dark cycle with ad libitum access to 
food and water. The total study duration was 21 
days, starting from the day of intervention. Initial 
body weights were recorded on Day 1, and final body 
weights were measured on Day 22. On Day 1, after 
an overnight fasting period of 12 hours, 
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approximately 1 ml blood samples were collected 
from the tail veins of all rats to assess fasting blood 
glucose levels. Only rats exhibiting normal fasting 
blood glucose levels were included in the 
experiment.

Intervention:

Group A1 received a basal diet along with normal 
saline (20 ml/kg/day) orally for 21 days, starting on 
Day 1. Groups A2 and B, in addition to the basal diet, 
received a single intraperitoneal injection of alloxan 
(140 mg/kg) on Day 1 to induce diabetes. 
Furthermore, Group B received Mouri extract (150 
mg/kg/day) by oral gavage for 21 consecutive days, 
administered each morning between 9-10 AM.

Follow-up and Laboratory Procedures:

On Day 4, fasting blood glucose levels were reassessed, 
and rats with levels between 11-20 mmol/L were 
selected for further experimentation. On Day 22, all 
rats were anesthetized using a chloroform (30%) 
vapor, followed by sacrifice. Blood samples 
(approximately 5 ml) were collected from the heart 
using a sterile syringe and placed in clean, dry test 
tubes with proper identification. After allowing blood 
to clot, samples were centrifuged at 4000 rpm for 10 
minutes, and the supernatant serum was stored in 
labeled Eppendorf tubes at -80°C for biochemical 
analysis. Fasting blood glucose & serum insulin levels 
were measured as indicators of glycemic control. 
Biochemical investigations were performed using a 
semi-autoanalyzer in the Department of Physiology, 
SSMC, while serum insulin levels were evaluated in 
the Department of Biochemistry, Bangabandhu Sheikh 
Mujib Medical University (BSMMU). Histopathological 

examination of pancreatic tissues was conducted by 
preparing histological slides that were subsequently 
analyzed microscopically, with photomicrographs 
taken in the Department of Pathology, SSMC.

Sample Collection:

The pancreases of the sacrificed rats were carefully 
collected and rinsed in ice-cold saline, then dried on 
tissue paper. The weight of each pancreas was 
recorded using an electronic balance. Tissue samples 
were fixed in 10% formalin for histological 
processing. Histopathological findings were classified 
as normal or abnormal based on criteria established 
by Adeyemi et al.19

Laboratory Investigations:

Fasting blood glucose levels were measured using 
the glucose oxidase (GOD-POD) method with a 
semi-autoanalyzer,20 while serum insulin levels were 
determined by the chemiluminescent microparticle 
immunoassay (CMIA) method using the ARCHITECT 
Plus ci4100 system.21 

The serum total bilirubin level was quantified using the 
Dimethyl sulfoxide (DMSO) colorimetric method with a 
semi-autoanalyzer. Serum alanine aminotransferase 
(ALT) levels were measured using the recommended 
kinetic UV method, as described by Schumann et 
al.22 also via a semi-autoanalyzer. Similarly, serum 
aspartate aminotransferase (AST) levels were 
determined using the same kinetic UV method.22 For 
histological examination, the preparation of 
pancreatic and liver tissues was carried out. The 
outcome variables assessed in this study included 
serum levels of total bilirubin, ALT, & AST, creatinine, 
urea uric acid etc. and histological architecture of liver

Histopathological findings of the pancreas  

Normal:  Mild change:  Moderate change  

-Normal pancreatic acini  -Loss of integrity of β -cell 
membrane  

-Extravasation of blood in  

pancreatic acini  

-Normal size of the area of
islets of Langerhans  

-Intracellular  
microvacuolation  

-Decreased size of area of
islets of Langerhans  

-Normal β-cell membrane  Pale cytoplasm  -Pyknosis of  β -cell  
nucleus

 

-Normal β-cell nucleus  
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Statistical Analysis:

Data analysis was performed using the Statistical 
Package for Social Science (SPSS) for Windows, 
version 22. Continuous data were expressed as 
mean ± SD, and comparison between groups was 
conducted using an unpaired t-test. Categorical data 
were presented as frequencies and percentages, 
with comparisons made using the Chi-square (χ²) 
test. An ANOVA test was utilized for continuous data 
comparisons among the three groups, followed by a 
post-hoc Hochberg test for intergroup comparisons. 
A significance level of 5% was established, with a 
p-value of <0.05 considered statistically significant.

RESULTS:

Fasting Blood Glucose and Serum Insulin Levels in 
Different Groups of Rats

The fasting blood glucose levels are summarized in 
Tables I and II. On Day 1, the mean (±SD) fasting 
blood glucose levels were comparable across all 
groups (p = 0.698). By Day 4, however, fasting 
blood glucose levels were significantly elevated in 
both Group A2 and Group B compared to Group A1 
(p<0.001 for both comparisons), while no significant 
difference was observed between Group A2 and 
Group B (p=0.568). On Day 22, the fasting blood 
glucose levels remained significantly higher in Group 
A2 when compared to both Group A1 (p<0.001) and 
Group B (p<0.001). Furthermore, mean serum 
insulin levels were significantly lower in Group A2 

compared to Group A1 (p<0.001) and Group B 
(p<0.001).

Liver Function Parameters: Serum Total 
Bilirubin, ALT, and AST Levels

At the endpoint of the study on Day 22, the serum 

levels of total bilirubin, ALT, and AST demonstrated 

significant heterogeneity among the three 

experimental groups (p < 0.001 in each case). 

Group A2 exhibited the highest levels of all liver 

function parameters, while Group A1 displayed the 

lowest. Post-hoc analysis using the Hochberg test 

revealed that the serum total bilirubin, ALT, and AST 

levels in Group A2 were significantly elevated 

compared to those in Group B (p < 0.001 for all 

parameters), the levels of which were again 

significantly higher than those in Group A1 (p < 

0.001 for all parameters) (Tables III and IV).

Distribution of rats by histological changes in the liver

Histopathological examination of the liver revealed 

normal histology in 100% of the rats in Group A1, 

while 100% of the rats in Group A2 exhibited 

abnormal histopathological findings. In Group B, the 

majority (80%) of rats displayed normal liver 

histology, whereas 20% demonstrated mild 

histological changes. These findings indicate 

significant differences in the histopathological 

outcomes across the three groups (p < 0.001) (Table 

V & VI and Photomicrograph 1 to 4).

Normal:  Mild change:  Moderate change  

Normal architecture of  

-hepatic lobule  

-central vein  

Less/absence of 

lymphocytic and 

Kupffer cells infiltration  

Presence of centrilobular necrosis  

Normal structure of  

-hepatocyte  

-portal  tract  

Less/absence of 

centrilobular necrosis  

Disorganization of hepatic sinusoids, 

dilated blood vessels  

The normal orientation 

of hepatic sinusoids  

 Infiltration of lymphocytes and Kupffer 

cells  

  Vacuolar degenerative changes in 

hepatocytes and pyknotic nucleus  

Histopathological findings of liver:
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Fasting blood glucose (mmol/L) Serum insulin (µU/ml)
Groups

Table I. Fasting blood glucose and serum insulin levels in di�erent 
groups of rats and on di�erent days of evaluation

A1 (n=10) 4.88 ± 0.58 5.14 ± 0.47 5.38 ± 0.55 12.46 ± 1.07
A2 (n=10) 5.08 ± 0.63 11.90 ± 0.55 13.52 ± 0.76 8.51 ± 0.68
B (n=10) 5.06 ± 0.52 11.60 ± 0.47 5.51 ± 0.47 11.52 ± 0.84
p-value 0.698 < 0.001 < 0.001 < 0.001

Day 1 Day 2 Day 3 Day 22

Data were analyzed using ANOVA statistics (F) & were expressed as mean ± SD.
Group A1: Normal control group; Group A2: Alloxan-induced diabetic control group
Group B: Alloxan-induced diabetic rats treated with Mouri

Fasting blood glucose Serum insulin
Groups

Table II. Multiple comparisons of FBS by Post-hoc Hochberg test

A1 vs A2 vs B 0.698 < 0.001S < 0.001S < 0.001S
A1 vs A2 1.000 < 0.001 S < 0.001 < 0.001S
A1 vs B 1.000 < 0.001S 1.000 0.071
A2 vs B 1.000 0.568 < 0.001S < 0.001S

Day 1
p-value

Day 2
p-value

Day 3
p-value

Day 22
p-value

s = signi�cant.

groups S. total bilirubin
(mg/dl)

Serum ALT 
(U/L)

Serum AST 
(U/L)

Table III. Serum total bilirubin, ALT and AST levels in di�erent
groups of rats

A1 (n = 10) 0.70 ± 0.26 41.00 ± 3.53 40.00 ± 5.14

A2 (n = 10) 2.52 ± 0.49 87.10 ± 11.26 61.10 ± 5.32

B (n = 10) 1.15 ± 0.18 63.30 ± 5.31 50.00 ± 7.30

p-value < 0.001 < 0.001 < 0.001

Data were analyzed using ANOVA statistics (F) & were expressed as mean ± SD.
Group A1: Normal control group; Group A2: Alloxan-induced diabetic control group
Group B: Alloxan-induced diabetic rats treated with Mouri

Comparing
groups

Serum total bilirubin Serum ALT Serum AST 

Table IV. Multiple comparison of by Post-hoc Hochberg test

A1 vs A2 vs B < 0.001 < 0.001 < 0.001

A1 vs A2 < 0.001 < 0.001 < 0.001

A1 vs B 0.017 < 0.000 0.003

A2 vs B < 0.000 < 0.000 < 0.001

p-value p-value p-value

Table V. Histopathological observation of livers in di�erent groups of rats 

Group Observation Result/Findings 

Group A1 

(n=10)  
(Normal control 

group)  

• Architecture  of  

-hepatic lobule  
-central vein  

• Structure  of  

-hepatocyte  

-portal  tract  

•
 

Orientation
 
of hepatic sinusoids

 

Normal hepatic 

structure  

Group A2 

(n=10)  
(Alloxan -

induced diabetic 

control group)  

• Presence of centrilobular  necrosis  
• Disorganization of hepatic  sinusoids  
• Infiltration of lymphocytes and Kupffer  cells  
• Vacuolar  degenerative  changes  in 

hepatocytes and pyknotic  nucleus  
• Dilated blood

 
vessels

 

Moderate 

histological 

changes  

Group B (n=10)  
(Diabetic rats 

treated with 

Mouri)  

• Restoration of the normal architecture of 

hepatic sinusoids  
• Less/absence of lymphocytic and Kupffer 

cell  infiltration  
• Less/absence of centrilobular  necrosis  

Normal 

histological 

findings in 8 rats 

and mild 

histological 

changes in 2 rats
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DISCUSSION 
The present study aimed to evaluate the 

hepatoprotective effects of Foeniculum vulgare 

(fennel) in alloxan-induced diabetic male rats. 

Accordingly, serum levels of total bilirubin, alanine 

aminotransferase (ALT), and aspartate 

aminotransferase (AST) were analyzed to evaluate 

liver function and the safety profile of fennel. A 

histological examination of hepatic tissues was 

conducted to investigate microscopic structural 

changes in both the pancreas and liver.

At the endpoint (day 22) of the study, the fasting 

blood glucose levels in diabetic rats treated with 

Mouri were significantly lower than those in the 

alloxan-induced diabetic control group, 

approximating the levels found in the normal control          

group. This finding aligns with results reported by 

other researchers.9,23 However, some studies have 

reported a lack of significant blood glucose-lowering 

effects of fennel, highlighting the need for further 

investigation in this area.24 The serum insulin levels 

in diabetic rats treated with fennel were comparable 

to those in the normal control group on day 22 but 

significantly higher than those in the alloxan-induced 

diabetic controls. This observation is consistent with 

the finding of Udia et al.25

At the end of the study, the alloxan-induced diabetic 

control group exhibited a significant increase in 

serum total bilirubin levels compared to the normal 

control group. In contrast, the bilirubin levels in 

diabetic rats treated with fennel were significtly

Comparing
groups

P �ndings Serum ALT p-value

Table VI. Comparison histological architectures among
di�erent groups of rats

A1 (n=10) 10(100.0) 0(0.0) 
A2 (n=10) 0(0.0) 10(100.0) < 0.001
B (n = 10) 8(80.0) 2(20.0) 

Normal Normal

Data were analyzed using Chi-square (χ2) and were expressed as n(%).

Photomicrograph 3: Architecture of liver parenchyma in an alloxan-
induced diabetic control group of rats (here black arrow shows an
area of necrotic cells and the blackhead arrow indicates vacuolar
degenerative changes in hepatocytes in X 400)

Photomicrograph 2: Architecture of liver parenchyma in an
alloxan-induced diabetic control group rat (here black arrow
shows mononuclear cell in�ltration in X 400)

Photomicrograph 1: Architecture of liver parenchyma in a normal
control group of rat (here CV represents central vein and 
H represents hepatic cord in X 400)

Photomicrograph 4: Restoration of the normal architecture of liver
parenchyma in an alloxan-induced diabetic rat treated with
Mouri (X 400) 
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lower than those in the alloxan-induced diabetic 

controls, which is consistent with observations from 

other investigations.26-28  Serum levels of ALT and 

AST were notably elevated in the alloxan-induced 

diabetic control group relative to the normal control 

group. However, these enzyme levels were 

significantly lower in the fennel-treated group than 

in the diabetic controls, which is supported by 

several studies.16,17,29-32 Conversely, some research 

indicates elevated serum ALT and AST levels in 

diabetic rats treated with fennel, though the reasons 

for these findings remain unexplained.24

Histological analysis revealed significant abnormalities, 

including centrilobular necrosis, disorganization of 

hepatic sinusoids, lymphocytic infiltration, Kupffer 

cell infiltration, vacuolar degeneration of 

hepatocytes, pyknotic nuclei, and dilated blood 

vessels in all rats from the alloxan-induced diabetic 

control group. These findings align with previous 

studies.33,34  Conversely, 80% of the diabetic rats 

treated with fennel displayed nearly normal 

histological architecture, while 20% exhibited only 

minimal changes, suggesting a favorable safety 

profile for fennel. However, Ozbek and associates24 

reported no improvement in hepatic architecture in 

diabetic rats treated with fennel, without providing 

explanations for their findings.

CONCLUSION
The results of this study indicate that fennel extract 

may effectively ameliorate the effects of 

alloxan-induced diabetes in rats, demonstrated by a 

negligible increase in serum total bilirubin levels 

compared to both normal and diabetic control 

groups. Furthermore, the serum levels of ALT and 

AST in fennel-treated diabetic rats were not 

significantly elevated when compared to the 

alloxan-induced diabetic control group, suggesting 

that fennel does not exert hepatotoxic effects. While 

alloxan-induced diabetic rats commonly exhibited 

significant hepatic architectural abnormalities, those 

treated with fennel showed normalization of liver 

structure, indicating its potential to mitigate the 

detrimental effects of alloxan on liver tissues.
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