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ABSTRACT

Background: Sea buckthorn seed oil extract contains saturated and unsaturated fatty acids. Alloxan monohydrate is
oxygenated pyrimidine derivative, it produces diabetes in experimental animals. The objectives of this study was to
determine the histological changes of sea buckthorn extract (seed oil) on Alloxan induced diabetic B-cells of pancreatic
tissue in male Wistar rats.

Method: 32 male Wistar rats were divided into 4 groups: A, B, C and D. Alloxan monohydrate in dose of 130mg/kg body
weight was given as a single dose to experimental groups B, C and D. From each group half of the group the rats were
sacrificed at day 4 of study and the rest on 25" day after administration of Sea buckthorn seed oil extract.

Results: In comparison with the control group on the 4t day of the sacrifice all the rats in the experimental groups showed
a decrease in diameter of islets of Langerhans, number of beta cells and an increase in number of beta cells pyknosis and
vacuolization. On the 25" sacrificial day, only high dose Sea buckthorn (4ml) treated group D showed an increased in
diameter of islets of Langerhans very close to that of controls while low dose (2ml) treated group C showed late recovery as
compared to control group.

Conclusion: The study assesses Sea buckthorn’s (seed oil) effects on serum glucose levels by using glucometer and
histological parameters (diameter of islet, beta cell pyknosis, number of inflammatory cells) of islets of Langerhans of

pancreas. It focuses on animal models, but human clinical trials are required to validate its efficacy and safety.
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INTRODUCTION

Diabetes mellitus is a growing health concern in the 21
century, associated with macrovascular complications
(heart disease, stroke, peripheral arterial disease) and
microvascular complications (kidney disease, retinopathy,
neuropathy).1 According to the IDF Diabetes Atlas 2021,
Pakistan has the third-largest diabetic population globally.

st
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The Second National Diabetes Survey of Pakistan (NDSP
2016-2017) reported a prevalence rate of 26.3%—28.3%
in urban areas and 25.3% in rural areas—while 14.4% of
the population was classified as pre-diabetic. This shift is
attributed to the growing incidence of diabetes-related
factors in the country, including a rise in obesity,
sedentary lifestyles, population growth, and aging
populationz.

The chemical agent used in this experiment is
alloxan monohydrate which is a drug used to induce
diabetes in experimental animals. This process leads to
the formation of antioxidants such as superoxide radicals,
hydrogen peroxide and eventually hydroxyl radicals.
These hydroxyl radicals are identified as the primary
source of necrosis of B-cells leading to apoptosis through
a series of cellular changes”.

Sea buckthorn (Hippophae L., Elaeagnaceae) generic
name “Hippophae” means shining horse and it came from
its traditional use as fodder for horses since Iong7"8. It
thrives in high mountainous and semi-arid ecosystems
across countries such as China, Pakistan, Russia, Nepal,
India, Bhutan, Mongolia, Afghanistan, Kazakhstan,
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Hungary, Switzerland, Romania, Germany, France, Britain,
Finland, Sweden, and Norwayg'lo. Chinese Ministry of
Public Health declared Sea buckthorn as a medicinal drug
and officially included in their pharmacopoeia for the first
time in 1977''. Ancient Chinese medicinal literature
documented the use of Sea buckthorn berries for
inflammation, circulatory disorders, cough, cold, hepatic
disease, abscesses, tumours, ischemic heart diseases,
digestive  disorders, metabolic disorders, blood
purification and gynaecological diseases™. Several studies
on Sea buckthorn show that it is a potentially
hypoglycemic medicinal plant. It is found to have an
antidiabetic and antioxidant effect along with tissue
regelgulesration properties in pancreas of diabetes induced
rats” .

MATERIALS AND METHODS

This experimental study was conducted at Postgraduate
Medical Institute (PGMI) Lahore and in association with
advance board of research Studies University of Health
Science Lahore. Thirty-two adult male Wistar rats were
randomly selected for this study. The average weight of
the animals varied between 180-220 g. The rats were kept
in the animal house PGMI at room temperature 26°C with
12-hour light and dark cycle. A normal diet was given to
all the animals with water supply ad libitum. The rats
were divided into four group A, B, C and D. Each group
had 8 rats.

Sea buckthorn seeds were obtained from Skardu a
northern province of Pakistan. The seeds were given to
Pakistan council of scientific and industrial research
(PCSIR) Laboratory, for extraction of oil by soxhlet
extraction technique. However, Alloxan monohydrate was
used in crystalline powder form. The group were arranged
as follow:

1. Control Group A: Eight rats as a control group received
distilled water 5ml/kg through oral gavage tube and were
given normal saline 0.9% w/v 5ml/kg intraperitoneally for
initial 3 days.

2. Experimental Group B: Eight rats of this experimental
group received distilled water 5ml/kg orally through
gavage. A single dose of Alloxan 130mg/kg (Dar et al,,
2017) dissolved in normal saline 0.9% w/v was given
intraperitoneally in rats after overnight fasting for 12
hours to induce diabetes. Half of the rats were sacrificed
on 4" and half on 25™ day.

3. Experimental Group C: Total Eight rats of this
experimental group were injected with single
intraperitoneal dose of Alloxan to induce diabetes after
which half of the rats were sacrificed at 4th day and half
of the rats from 4th day were given Sea buckthorn extract
seed oil 2ml/kg (Sharma et al., 2011) by oral gavage for 21
days. These rats were sacrificed on day 25 of the study.
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4. Experimental Group D: Total Eight rats of this
experimental group were injected with single
intraperitoneal dose of Alloxan to induce diabetes in
them, after which half of the rats were sacrificed at 4th
day and half of the rats from the 4" day were given Sea
Buckthorn extract seed oil 4ml/kg by oral gavage for 21
dayslz. These rats were sacrificed on day 25 of the
experiment.

All the data was collected on Performa. Qualitative
data beta cell pyknosis, beta cell vacuolization was
presented in the form of frequency and percentages. The
quantitative data (test of normality) like diameter of
Langerhans cells number of beta cells and number of
inflammatory cells, was expressed in the form of Mean £ S
(standard deviation). The quantitative data was analysed
using ANOVA (Analysis of Variance) to determine the
mean difference in quantitative variables among the
groups followed by Post hoc analysis (Tukey’s test).
Statistical Pearson’s Chi Square test was applied to
observe the association of categorical variables with the
groups. Analysis was done by SPSS version 22.0. A p-value
of £0.05 was considered as statistically significant.

RESULTS

Diameter of Langerhans Islet (um): The diameter of the
experimental groups B, C and D were compared with the
control group A using ANOVA. At day 4 the diameter was
decreased significantly in group D (Figure 2 a, b, c) as
compared to control group A (Figure 1, Table 1). However,
on day 25 the diameter of the islet of Langerhans showed
an increase in size reaching a maximum of 17.2 + 1.6in
group D (Figure 5, Table 1).

Pairwise comparison between control and
experimental groups was done using post hoc-Tukey’s test
which showed that in group D (Figure 5) diameter of
Langerhans islets at day 25 was substantially higher than
that of groups A and C (Figure 4, Table 2). The diameter of
the Langerhan islet did not significantly differ among the
other two experimental groups B and D.

On day 25" in group B alloxan treated showed slight
increase in diameter of islet of Langerhans as compare to
experimental group C and D (Figure 3).

Number of beta cells per mm?’: At day 4, the number of
beta-cells were decreased in the experimental group B, C,
and D as compared to the control group A (p-value 0.001)
(Table 3). However, no significant difference was seen
between groups B, C, and D. Likewise at day 25, there was
a substantial difference in the number of beta cells across
the experimental groups especially between group B and
D (Table 3). (p -value = 0.011). Group B showed the least
difference even at day 25 as compared to the control
group A and other two experimental group C and D.
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Reason being that no Sea Buckthorn was given in this
experimental group (Table 3).

Number of Inflammatory Cells: The number of
inflammatory cells was compared using the Fisher’s
extract test. As compared to the control group A. The
experimental group B, C and D showed mild to moderate
infiltration (Table 4) at day 4 (Figure 6 and 7). However, at
day 25 group D showed the least infiltration as compared
to the other two experimental group B and C (Table 4).

Effect of Sea buckthorn oil on Pancreatic Islet Histology

Beta Cell Pyknosis: At day 25, in group A, beta cell
pyknosis were not seen in all four rats. In group B beta cell
pyknosis was seen in all four rats. However, in group C,
beta cell pyknosis was seen in 2 (50%) rats and in group D,
beta cell pyknosis was seen inl (25%) of rats. Beta cell
pyknosis was seen in all the 3 experimental groups B, C
and D (Fig 8) as compared to the control group A at day 4
(Table 5).

Table 1: Showing mean diameter of Langerhans islets at day 4 and 25 among group

Groups #
Parameters A B C D p-value
Diameter of Langerhans islets at day 4 13.8+1.1 11.6+0.4 103+1.4 9.6+0.9 <0.001*
Diameter of Langerhans islets at day 25 119+1.6 153+3.1 12.7+0.7 17.2+1.6 0.009*
#One-way ANOVA *p value < 0.05 is considered statistically significant.
Table 2: Pair wise comparison of diameter of Langerhans islets among study groups.
Variable Group Group Mean Difference Std. Error p-value
B 2.25500* 0.72507 0.039
A C 3.52000* 0.72507 0.002
) D 4.24000* 0.72507 0.000
Diameter of Langerhans Islets at day 4 - C 1.26500 0.72507 0342
D 1.98500 0.72507 0.074
C D 0.72000 0.72507 0.756
B -3.36000 1.36151 0.116
A C -0.85125 1.36151 0.922
. D -5.26500* 1.36151 0.010
Diameter of Langerhans Islets at day 25 - C 250875 136151 0302
D -1.90500 1.36151 0.523
C D -4.41375* 1.36151 0.031
*p value < 0.05 is considered statistically significant
Table 3: Showing mean number of beta cells at day 4 and 25 among groups.
Groups #
Parameters A B C D p-value
Number of beta cells per mm?® at day 4 41.3+8.1 12.3+3.3 8.0+3.9 6.8+3.3 <0.001*
Number of beta cells per mm*at day 25 38.2+5.6 8.0+2.9 12.8+5.4 15.0+4.7 0.011*
#One-way ANOVA *p value < 0.05 is considered statistically significant.
Table 4: Distribution of inflammatory cell counts within several groups.
Groups
Day Number of Inflammatory Cells A B C D p-value
n (%) n (%) n (%) n (%)
4 0 0 0
Absent
sen 100.0% 0.0% 0.0% 0.0%
. 0 2 1 0 "
4 Mild 0.0% 50.0% 25.0% 0.0% 0.002
0 2 3 4
Moderate 0.0% 50.0% 75.0% 100.0%
4 0 0 2
Absent
sen 100.0% 0.0% 0.0% 50.0%
0 1 3 2
i *
25 Mild 0.0% 25.0% 75.0% 50.0% 0.010
0 3 1 0
Moderat
oaerate 0.0% 75.0% 25.0% 0.0%

Fisher’s exact test *p value < 0.05 is considered statistically significant
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Table 5: Distribution of beta cell pyknosis among groups.
Groups
Day Beta cell Pyknosis A B C D p-value
n (%) n (%) n (%) n (%)
4 0 0 0
Al
bsent 100.0% 0.0% 0.0% 0.0%
4 0.002*
Present 0 4 4 4
0.0% 100.0% 100.0% 100.0%
4 0 2 3
Absent
sen 100.0% 0.0% 50.0% 75.0%
25 0.032*
Present 0 4 2 4
0.0% 100.0% 50.0% 25.0%

Fisher’s exact test *p value < 0.05 is considered statistically significant

Figure 1: Photomicrograph of Control Group A rat pancreas showing
islets of Langerhans (black arrow) with aldehyde fuchsin stain, 10 X
magnification.

Figure 2(a): Photomicrograph of group B rat pancreas treated with
alloxan monohydrate at day 4 with low magnification 10X showing
degradation of pancreas islets of Langerhans with decrease in the size of
islets of Langerhans (Black arrows) and congestion of blood vessels (Red
arrow)

www.jfimu.com

Figure 2(b): Photomicrograph of group C rat pancreas treated with
alloxan monohydrate at day 4 with low magnification 10X showing
degradation of pancreas islets of Langerhans with decrease in the size of
islets of Langerhans (Black arrows) and congestion of blood vessels (Red
arrow)

o A - 3-( ./J =L 1F ;

Figure 2(C): Photomicrograph of group D rat pancreas treated with
alloxan monohydrate at day 4 with low magnification 10X showing
degradation of pancreas islets of Langerhans with decrease in the size of

islets of Langerhans (Black arrows) and congestion of blood vessels (Red
arrow)
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Figure 3: Photomicrograph of rat pancreas treated with alloxan showing
group B at day 25, 10x showing variable increase in the size of islets of
Langerhans (Black arrows), Red arrow showing congestion in blood
vessels stain with aldehyde fuchsin.

Figure 4: Photomicrograph of group C pancreas islets of Langerhans
treated with alloxan monohydrate and Sea buckthorn seed oil extract
(2ml) at day 25,10x stained with aldehyde fuchsin. Black arrow showing
increase in size of islets of Langerhans post low dose of Sea buckthorn
treatment.

Figure 5: Photomicrograph of group D pancreas islets of Langerhans
treated with alloxan monohydrate and Sea buckthorn seed oil extract
(4ml) at day 25,10x stained with aldehyde fuchsin. Black arrow showing
increase in size of islets of Langerhans post high dose of Sea buckthorn
treatment.

www.jfimu.com

Effect of Sea buckthorn oil on Pancreatic Islet Histology

Figre 6: Photomicrograph of group panreas Langerhans treated with
alloxan monohydrate showing lymphocytic infiltration around the islet of
Langerhans (yellow arrow), with aldehyde fuchsin stain 40 X.

Figure 7: Photomicrograph of group D pancreas Langerhans treated with
alloxan monohydrate showing lymphocytic infiltration around the islet of
Langerhans (yellow arrow), with aldehyde fuchsin stain 40 X.

Figure 8: Photomicrograph of group B pancreas showing islet of
Langerhans treated with alloxan monohydrate showing pyknosis (black
arrow) stain with aldehyde fuchsin, 40X.

DISCUSSION

Sea buckthorn (Hippophae rhamnoides L.) is gaining
recognition for its potential as a hypoglycemic medicinal
plantls. As shown in multiple studies on pancreasla’ Y skin
damagelg, liver toxicitylg.
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The effects of Alloxan on the pancreatic islet showed
marked decrease in the diameter in alignment with
previous studies by13’2°'22’24. These changes were reflected
in all experimental groups B, C, and D. These changes
reinduce the effect of alloxan in inducing diabetes.

Our study highlighted that by day 25 significant
difference in the diameter of islet of Langerhans were
seen in the experimental group specially C and D who
were given Sea buckthorn as compared to group B (Table
1; Figure 4.5). There finding are consistent with the study
done by Sharma et al who also noted similar
improvement in the islet diameter and pancreatic islet
architecture with the use of Sea buckthorn fruit pulp in
alloxan induced diabetes. By day 25, significant
differences in islets diameter emerged between the
control and experimental groups. The administration of
Sea buckthorn seed oil extract to groups C and D resulted
in a gradual increase in Langerhans diameter, the findings
of this study was consistent with all these previous studies
resulting in diabetes are a result of atrophy of islet of
Langerhans. Sharma et al. (2011) also noted similar
improvements in islet diameter and pancreatic tissue
architecture with the use of Sea buckthorn fruit pquB.

The study also measured the number of beta cells
per mm? at days 4 and 25 (Table 3). By day 4 a significant
reduction in beta cell numbers was observed in
experimental groups B, C, and D as compared to group A,
which was consistent with the destructive effects of
alloxan described by3’25. These effects include transient
hypoglycemia, leading to morphological changes, and
beta cell degranulation. However, by day 25, groups C and
D showed significant increases in beta cell numbers,
suggesting that Sea buckthorn seed oil extract facilitates
beta cell regeneration (Table 3). Group D, receiving a
higher dose, exhibited greater improvement compared to
group C and B. These findings indicate a dose-dependent
regenerative effect of Sea buckthorn on beta cells™.

Inflammatory cell presence was another critical
aspect observed. Moderate inflammatory cells were
present in groups B, C, and D by day 4, but by day 25,
groups C and D showed only mild inflammation,
suggesting an anti-inflammatory effect of Sea buckthorn
(Table 4; Figure 6.7). This reduction in inflammatory cells
further supports the therapeutic potential of Sea
buckthorn in mitigating the adverse effects of alloxan on
pancreatic tissue. Histopathological observations revealed
beta cell pyknosis and vacuolization in groups B, C, and D
on day 4, with improvements noted by day 25 in groups C
and D (Table 5, Figure 8). This aligns with findings from
Ramadan et al. (2017) and Amin et al. (2017), who also
observed alloxan-induced necrosis and atrophy in
pancreatic tissue”*?.
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Additional studies reinforce these findings. Sharma
et al. (2011) demonstrated antidiabetic and antioxidant
effects of sea buckthorn fruit pulp in streptozotocin-
nicotinamide-induced diabetic rats“in which results
showed improved islet diameter and beta cell
regeneration. Savici et al. (2016) reported enhanced
pancreatic tissue organization and improved islet
morphology in diabetic rats treated with Sea buckthorn
extract™. This improvement was attributed to the
antioxidant and cytoprotective properties of sea
buckthorn, which mitigated oxidative stress and
inflammatory damage induced by alloxan. In addition,
treated animals showed better preservation of B-cell
structure, suggesting a potential for regenerative
stimulation or reduction of B-cell apoptosis. These
findings are consistent with other studies demonstrating
Seabuckthorn’s ability to stabilize islet architecture,
enhance insulin secretion, and support partial
regeneration of islets, reinforcing its therapeutic promise
in diabetes management. Yan et al., (2023) studied
hypoglycemic activity of alcoholic extract of Sea
buckthorn leaves in mice were its showed marked
improved result. Its ability to restore islet diameter,
increase beta cell numbers, and reduce inflammation
highlights its potential as a valuable therapeutic agent in
diabetes managementZG. Further research is warranted to
explore the mechanisms underlying these effects and to
confirm the therapeutic potential of Sea buckthorn in
human studies.

CONCLUSION

This plant can have great benefits for human heath
particularly in areas like diabetes. However further clinical
trials are needed to verify its health benefits.
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