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ABSTRACT
Introduction: Energy drinks have been shown to endanger public health and cause a slew of medical issues.
Aim of the Work: Study the histological, and biochemical findings to assess how energy drinks (Red Bull) (RB) affect the rat
pancreas and the potential protective role of green tea (GTE).
Material and Methods: Forty adult male albino rats were divided into four groups. 1st group was provided by 7.5 ml of
distilled water. 2" group (GTE) received 200 mg/kg body weight (B.w) of GTE daily for 4 weeks. Rats in the 3th group (RB-
administered group) were provided by 7.5 ml of RB divided into two doses daily for 4 weeks. In the 4th group (RB/GTE) rats
were provided by 7.5 ml of RB divided into two doses plus 200 mg/kg B.w of GTE daily for 4 weeks. Pancreatic specimens
were prepared for histopathological and biochemical examinations.
Results: In RB group, there was significant increase of rats, body weight, serum insulin, glucose and Homeostatic model
assessmentofinsulinresistance (HOMA-IR) levels. Furthermore, there was oxidative damage evidenced by decreased glutathione
peroxidase enzyme (GPX) and increased Malondialdehyde (MDA) level in the pancreatic tissue. Histopathologically, RB
induced pancreatic distortion with marked increase of collagen fibers around blood vessels and ducts. Immunohistochemically,
RB group showed strong positive immune expression of insulin antibody and iNOS. Co-administration of GTE ameliorated
these alterations.
Conclusion: RB caused disturbed pancreatic hormonal function, degenerative changes and oxidative stress in the pancreatic

tissue. Co-administration of GTE with RB improved these harmful histopathological and biochemical changes.
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INTRODUCTION

Energy drinks (EDs) are non-alcoholic carbonated
beverages. These are formulated in small, bullet-shaped
cans. They are manufactured to give the consumer an energy
jolt via a mixture of vitamin B complex, methylxanthines,
and peculiar herbal components!!.

In Egypt, Red Bull is a widely consumed energy
drink and its intake said to increase physical and mental
performance!?. Caffeine is the most common ingredient in
EDs, although other ingredients include taurine, riboflavin,
carbohydrates, vitamin = B-complex, nicotinamide,
pyridoxine, vitamin B-complex, and natural derivatives
like ginsengl®#. Overuse of caffeine leads to health
problems such as palpitation, hypertension, irritability,
insomnia, tremors, and seizures. Synthetic taurine is
involved in a number of disorders, including, strokes,
seizures, hypertension, and heart diseases. So it was
prohibited in some Scandinavian countries, as a result of
being related to the deaths of consumers!®. The high amount
of glucose in a can of EDs really leads to overweight and
dental caries!”.. Generally, overconsumption of EDs leads
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to many health problems such as hypertension, cardiac
arrhythmia, and toxicity. They also affect the functions
of neurons, concentration of catecholamine in the brain,
linked to Parkinson's disease and cognitive dysfunction!!.
Hepatotoxicity®, disturbance of secretory glands!®,
nephrotoxicity'!, haematopoietic disorders!'?, overweight/
obesity hazard and type 2 diabetes mellitus!®l, all been
linked to EDs. However, a study of the literature revealed
that there are little studies on the effects of these beverages
on the pancreas.

The most active components of green tea (GTE)
are polyphenolic compounds such as catechins which
consist of epigallocatechin (EGC), epicatechin (EC),
epigallocatechin-3-gallate (EGCG), and epicatechin-3-
gallate (ECG)!". GTE is a common drink and considered
as an antioxidant, anti-inflammatory, anti-cancer, anti-
mutation, anti-diabetic, anti-cholesterol, anti-stroke, and
antimicrobial substance!'>!”. It has been demonstrated
to increase insulin sensitivity and glucose tolerance in
healthy humans!™®. It also has therapeutic benefits in
neurodegenerative  diseases, inflammatory diseases,
cardiovascular diseases and several types of cancer!'*>,
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Based on overconsumption of energy drinks especially
in teenagers and young adults, in the hope of gaining a
spurt of energy, is emerging questions about safety of this
use. So, this present study was conducted for examination
of the histopathological and biochemical effects of RB on
pancreas of adult male albino rats, as well as for assessing
the potential protecting role of GTE against these promising
effects.

MATERIAL AND METHODS

Chemicals

Cans of Red Bull were bought from Egyptian markets.
The producing company: Fuschl MC Austria. The imported
company: Red Bull Egypt for export and import. In each
100 ml of Red Bull there were: taurine (400 mg), caffeine
(32mg), glucose and sucrose (11.3 g), gluconolactone (240
mg), niacin (7.2 mg), B12 (0.4mg), B6 (0.8 mg), B2 (0.64
mg), panthenol (2.4 mg), inositol (20 mg), synthetic flavor
and sparkly water.

Green tea was provided as tablets of 300 mg/tablet
(a packet is 20 tablets), from MEPACO-MEDIFOOD
Company for Pharmaceuticals and Medicinal plants,
Sharkeya, Egypt. After tablet crushing; the needed dose
was weighed on a digital scale and diluted in distilled
water.

The study was carried out in accordance with the
guidelines of Zagazig University's Institutional Animal
Care and Use Committee (ZU-IACUC) and approved in
a number of ZU-IACUC/3/F/33/2018. The experiments
followed the guidelines and were performed in compliance
with the National Institutes of Health's recommendations
for the care and use of laboratory animals.

Kits

Assessment of glutathione peroxidase enzyme
activity (GPx) and Malondialdehyde (MDA) in the tissue
homogenate used Biodiagnostic kits, 29 Tahreer St.,
Dokki, Giza, Egypt, in accordance with the manufacturer's
guildlines (CAT. No. GP 2524) for GPx, and (CAT. No.
MD 25 29) for MDA.

Experimental animals

This study was conducted on 40 male adult albino
rats (weighing: 210-250 gm). They were attained from
Faculty of Medicine's Animal House, Zagazig University.
They were kept in sanitary circumstances, fed standard
food and drank tap water. They were kept in wide, fan-
ventilated polypropylene cages having stainless steel
tops and bedding wood shavings. The temperature was
preserved at 23+£2°C. All rats were kept for 15 days before
beginning of experiment, for accommodation with the
laboratory conditions. The standard guide for care and use
of experimental animals was followed for all rats.

Experimental design

The rats were allocated randomly into 4 groups, 10 rats
each: 1% group (control group) was provided by 7.5 ml of

distilled water divided into two doses by oral gavage daily
for 4 weeks. 2™ group (GTE-administered group) was given
200 mg/kg body weight (B.w) of GTE diluted in distilled
water at dose level 50 mg/ 2 ml/rat/day by oral gavage for 4
weeks?!, 3t group (RB-administered group) was given 7.5
ml of RB divided into two doses by oral gavage daily for
4 weeks?. 4" group (RB plus GTE-administered group)
was given 7.5 ml of RB divided into two doses plus 200
mg/kg B.w of GTE at dose level 50 mg/2 ml/rat/day by
oral gavage for 4 weeks.

The initial body weight of rats in different studied
groups was estimated on first day of the experiment before
administration of any supplementation using a digital
balance. At the end of the experiment, the final body
weight was assessed using the same digital balance then
all rats were anesthetized by an intra-peritoneal injection
of 50 mg/kg B.w of thiopental®’l. Venous blood samples
were immediately taken from the retro-orbital plexuses
of animals after overnight fasting by means of capillary
glass tubes and allowed to clot and centrifuged at 2000
rpm for serum separation and estimation of glucose and
insulin levels. Then Laparotomy and careful excision the
pancreatic specimens was performed. Samples were divided
into 2 parts; one part was processed for histopathological
studies and the other was kept at -80 °C for assessment of
antioxidant enzyme.

Biochemical studies

Assessment of serum glucose and insulin and estimation
of HOMA-IR

Estimation of serum glucose using hexokinase method
was according tol?? and estimation of serum insulin using
enzyme-linked immuno-sorbent assay (ELISA) was
according to]. The homeostatic model assessment of
insulin resistance (HOMA-IR) was calculated, using the
formula; HOMA-IR = fasting serum glucose (mg/dL) x
fasting serum insulin (uU/mL)/40512¢1,

Assessment of oxidant/antioxidant activities

Homogenization of pancreatic specimens was carried
out using a Teflon—glass homogenizer with 1.15% KCl
buffer to get 1:10 (W/V) entire homogenate. Centrifugation
of homogenate at 3000 rpm (+4 °C) for 15 min was done
for assessment of MDA and GPx according to the method
oft2728] respectively.

Tissue  preparation  for  histological and
immunohistochemical analysis
Histological analysis

According to standard procedures®, pancreatic

specimens in the different groups were immediately
preserved in 10% neutral buffered formalin and embedded
in paraffin. 4-5 pm thickness sections were placed on glass
slides, deparaffinized, and then stained with Hematoxylin
and Eosin (H&E) and Mallory’s trichrome (MT) stains.
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Immuno-histochemical analysis

Immuno-histochemical staining was carried out using
Anti-insulin antibody for the appearance of f-cells of
Langerhans islets according to the method described by
and streptavidin system with antibody against inducible
nitric oxide synthase (iNOS) marker for oxidative stress
according to*'l.

Examination of slides was performed by an electric
light microscope (Leica ICC50 W) at the Image Analysis
Unit of the Human Anatomy and Embryology Department,
Faculty of Medicine, Zagazig University.

Morphometric studies

Assessment of quantitative data was done in 5 different
non-overlapped fields (X400) in each slide. From 5 slides,
25 fields for each group were counted. Image analysis
software (ImagelJ 1.36b; http://rsbweb.nih.gov/ij) was used
for estimation of diameter of islets of Langerhans (um) (the
maximum diameter was selected by comparing all possible
radii diameters per islet and selecting the greatest), number
of B-cells/islet, area% of Mallory trichrome and iNOS and
optical density of insulin immuno-staining®33],

Statistical analysis

The collected data were carefully coded and analysed
with a computer using SPSS (Statistical Package for Social
Sciences), version 19 software. Quantitative data were
stated as mean + SD (Standard deviation). In normally
distributed data, One-way ANOVA (analysis of variance)
test was used for calculation of the difference between
quantitative variables in more than two groups. LSD test
(Least significant difference) was used for estimating
significance between each two studied groups. The P-value
(significance level) was set at 5%. P-value of >0.05
showed non-significant results, P-value of <0.05 showed
significant results and P-value of <0.001 showed highly
significant results.

RESULTS

Estimation of initial and final body weights

The initial body weight indicated insignificant
difference between different groups. While, the final body
indicated high significant increase in RB-administered
group and significant increase in RB/GTE group, as
compared to the control group. However, RB/GTE group
showed high significant decrease in the final body weight,
as compared to RB-administered group (Table 1).

Assessment of serum glucose and insulin and
estimation HOMA-IR levels in the different groups

Serum glucose, insulin and HOMA-IR levels showed
high significant increase in RB-administered and RB/
GTE groups, as compared to the control group. However,
RB/GTE group revealed high significant decrease, in
comparison to RB- administered group (Table 2).

Homogenate pancreatic tissue analysis for oxidant/
antioxidant activities in the different groups

Activity of the antioxidant enzyme GPx in the
pancreatic tissues showed high significant decrease in
RB-administered group and significant decrease in RB/
GTE group, in comparison with control group. However,
in RB/GTE group, it was high significantly increased, as
compared to RB-administered group. MDA content of
pancreatic tissues showed high significant increase in RB-
administered group and significant increase in RB/GTE
group, in comparison with control group. While, in RB/
GTE group, there was high significantly decrease in MDA
level, as compared to RB-administered group (Table 3).

Histological analysis

Histological examination of pancreas sections using
Haematoxylin and Eosin staining

Control group (Figure 1: A,B,C) and GTE-administered
group (Figure 1: D,E) showed similar results of normal
pancreatic histology; it was divided into well-formed
lobules of varying size and shape by thin connective tissue
septa. These lobules were closely packed and formed of
endocrine part; islets of Langerhans and exocrine part;
acini & ducts with predominance of the acinar tissue.
Within lobules, Islets of Langerhans were present as a pale
stained area in between acini. The interlobular ducts and
blood vessels were also seen in the septa between lobules
(Figure 1: A,D). The exocrine component of pancreas
was made up of closely packed, well-developed serous
acini (rounded or oval in shape) with regular distinct
acinar boundaries. The pyramidal acinar cells had rounded
vesicular basal nuclei, basophilic basal cytoplasm and
acidophilic granular apical cytoplasm (Figure 1: B,C,E).
The interlobular ducts were lined by cuboidal epithelium
(Figure 1: B). Cells of Islets of Langerhans had pale nuclei
with blood capillaries in between them (Figure 1: C,E).

RB-administered group showed distortion of the
general pancreatic architecture in the form of; separation
of pancreatic lobules by dilated interlobular septa
(Figure 2: A), pancreatic acini were distorted and showed
small darkly stained nuclei and vacuolated cytoplasm
and pancreatic ducts were irregular, dilated and lined by
flat epithelium with mononuclear cellular infiltration
(Figure 2: B). Vacuolations and few cells were present in
islets of Langerhans (Figure 2: C). Dilated congested blood
vessels with perivascular inflammatory and fat cells were
also observed (Figure 2: D).

RB/GTE group exhibited variable degree of
improvement in the pancreatic tissue when compared
to RB-administered group. It showed apparently
normal architecture with thin connective tissue septa
(Figure 2: E). Some acinar cells exhibited few vacuolations
and darkly stained nuclei. Islets of Langerhans were
apparently normal with pale nuclei but few vacuolations
were present (Figure 2: F).
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Morphometrical evaluation of Langerhans islets,
diameter revealed high significant decrease in RB-
administered group, as compared to control group. While,
RB/GTE group showed significant decrease in comparison
with control group and significant increase in comparison
with RB/GTE group (Figure 2: G). Number of of p-cells/
islet was significantly decreased in RB-administered
group, as compared to control group. While, RB/GTE
group showed high significant difference, as compared to
control and RB-administered groups (Figure 2: H).

Histological analysis of pancreatic sections using
Mallory trichorme stain

Mallory's trichrome stained sections of control and
GTE-administered groups exhibited scanty blue staining
collagen fibers in the connective tissue septa and around
ducts and blood vessels (Figure 3: A,B).While, pancreatic
sections of RB-administered group showed marked
increase of collagen fibers around blood vessels and
ducts (Figure 3: C). Pancreatic sections of RB/GTE group
showed mild increase in blue staining collagen fibers
around blood vessels and ducts (Figure 3: D).

Morphometrical analysis of percentages of Mallory
trichrome stain showed high significant increase in RB-
administered group, in comparison with control group.
While, RB/GTE group showed significant difference,
in comparison with control group and RB-administered
groups (Figure 3: E).

Immunohistochemical analysis of insulin immuno-
staining

Immuno-histochemical stained sections by anti-insulin
antibody of control and GTE-administered groups showed
positive cytoplasmic reaction (brown color) in the center of
the islets (B-cells) (Figure 4: A,B ).While, RB-administered
and RB/GTE groups showed strongly positive cytoplasmic
reaction in the center of the islet (B-cells) (Figure 4: C,D).

Morphometrical analysis of optical density of insulin
immuno-staining, showed high significant increase in RB-
administered group, as compared to control group. While,
RB/GTE group showed significant increase, as compared
to control group and significant decrease as compared to
RB-administered groups (Figure 4: E).

Immunohistochemical analysis of iNOS
immunmostaining
Immuno-histochemical stained sections for iINOS

of control and GTE-administered groups showed mild
immunoreactivity in the cytoplasm of pancreatic acini
and islets (Figure 5: A,B). RB-administered group showed
marked immunoreactivity in the cytoplasm of pancreatic acini
and islets (Figure 5: C). RB/GTE group showed moderate
immunoreactivity in the cytoplasm of pancreatic acini and
islets (Figure 5: D). Morphometrical analysis of percentages
of INOS immuno-staining showed significant increase in RB-
administered group, in comparison with control group. While,
RB/GTE group showed significant increase, as compared to
control group and high significant decrease, as compared to
RB-administered group (Figure 4: E).
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Fig. 1: H&E stained sections of pancreatic tissues of control group (A,B &C) and GTE-adminstered group (D&E) are showing; serous acini (A), thin connective
tissue septa (S), pale stained islet of Langerhans (I), interlobular duct (D), and blood vessels (Bv) (A&D). Serous acini (A) are lined pyramidal cells with
rounded vesicular basal nuclei (thin arrow), basophilic basal cytoplasm (zigzag arrow) and acidophilic granular apical cytoplasm (star). Ducts (D) are lined by
cuboidal epithelium (curved arrow). Cells of Islets (I) are having pale nuclei (thick arrow) and blood capillaries (arrow heads) in between them (B,C&E) (Bar:
A&D=200 um X 100 & B,C&E=50 pm X 400).
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Fig. 2: H&E stained sections of pancreatic tissues of RB-adminstered group (A,B,C&D) are showing; distortion of the general pancreatic architecture in the
form of; separation of pancreatic lobules by dilated interlobular septa (S), distortion of pancreatic acini (A) with small darkly stained nuclei (red arrows) and
vacuolated cytoplasm (V), irregular dilated pancreatic ducts (D) lined by flat epithelium (red curved arrows) and mononuclear cellular infiltration (thick arrow).
The islets of Langerhans (I) are showing vacuolations (V) and few cells (short arrow). Dilated congested blood vessels (Bv) with perivascular inflammatory
(thick arrow) and fat cells (F) are also observed. RB plus GTE-administered group (E&F) is showing apparently normal pancreatic architecture, acini (A), ducts
(D) and islets of Langerhans (I) with thin connective tissue septa (S) in between. Some acinar cells exhibit few vacuolations (V) and darkly stained nuclei (red
arrow). Cells of islets are apparently normal with pale nuclei but few vacuolations (V) are present (Bar: A&E= 200 pm X 100 & B,C,D&F=50 pm X 400).
(G&H): Morphometrical comparing of islets, diameter and number of of B-cells/islet between different groups. a: significant vs control group, b: highly
significant vs control group, c: significant vs RB group, d: highly significant vs RB group.
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Fig. 3: Mallory's trichrome stained sections of pancreatic tissue are showing blue staining collagen fibers (arrows) in the connective tissue septa (S) and around
ducts (D) and blood vessels (Bv). Control group (A), GTE-adminstered group (B), RB-adminstered group (C) and RB/GTE group (D) (Bar= 50 pm X 400).
(E): Morphometrical comparing of area% of Mallory trichrome stain in different groups. a: significant vs control group, b: highly significant vs control group,
c: significant vs RB group, d: highly significant vs RB group.
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Fig. 4: Immuno-histochemical stained sections of pancreatic tissue by anti-insulin antibody are showing positive cytoplasmic reaction (brown color) in the
center of the islets (B-cells) (arrow). Control group (A), GTE-administered group (B), RB-administered group (C) and RB/GTE group (D) (Bar= 50 um X
400). (E): Morphometrical comparing of optical density of insulin immuno-staining in different groups. a: significant vs control group , b: highly significant vs
control group c: significant vs RB group, d: highly significant vs RB group.
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Fig. 5: Immuno-histochemical stained sections of pancreatic tissue by iNOS are showing positive immune reaction (brown color) in the cytoplasm of pancreatic
acini (A ) and islets (I). Control group (A), GTE-administered group (B), RB-administered group (C) and RB/GTE group (D) (Bar= 50 um X 400). (E):
Morphometrical comparing of area% of iNOS immuno-staining in different groups. a: significant vs control group, b: highly significant vs control group, c:
significant vs RB group, d: highly significant vs RB group.
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Table 1: Initial and final body weights in the different groups

Group Control (N=10) GTE (N=10) RB (N=10) RB/GTE (N=10) P-value'
Initial BW (gm.) 245+ 4.35 246 +5.16 243 +7.16 247 +4.22 0.2939
Final BW (gm.) 362.6 £4.62 358.3+3.94 388.4+9.97° 271.3+5.12¢ 0.0000
BW: body weight. !One-way ANOVA.
least significant difference (LSD) test were used to show significance between different groups in the same group:
*significant vs control group, ® highly significant vs control group.
¢ significant vs RB group, “highly significant vs RB group.
P>0.05: no significant differences, P<0.05: significant differences, P<0.001: highly significant differences.
Table 2: Serum glucose, insulin and HOMA-IR levels in the different groups
Group Control (N=10) GTE (N=10) RB (N=10) RB/GTE (N=10) P-value'
Glucose:(mg/dl) 107 +3.44 102.5+5.99 160.9 + 10.96° 129.3 + 11.06>¢ 0.0000
Insulin: (ulU/ml) 4.88+1.2 4.54+0.79 17.21 £2.2° 12.33 & 1.5%¢ 0.0000
HOMA-IR: 1.25+0.21 1.05+0.4 6.7+ 1.87° 3.8 +£0.59"4 0.0000
HOMA-IR: Homeostatic model assessment of insulin resistance.
'One-way ANOVA.
least significant difference (LSD) test were used to show significance between different groups in the same group:
*significant vs control group, ® highly significant vs control group.
¢ significant vs RB group, “highly significant vs RB group.
P>0.05: no significant differences, P<0.05: significant differences, P< 0.001: highly significant differences.
Table 3: oxidative markers in the different groups
Group Control (N=10) GTE (N=10) RB (N=10) RB/GTE (N=10) P-value'
GPX: (u/g) 270.23+16.2 267.71+17.47 134.95+ 17.96° 237.11 £16.31%¢ 0.0000
MDA: (nmol/mg) 20.04+1.84 18.39+£2.12 70.64 + 7.96° 45.61 + 1.38% 0.0000

GPx: Glutathione peroxidase. MDA: Malondialdehyde.

'One-way ANOVA.

least significant difference (LSD) test were used to show significance between different groups in the same group:

*significant vs control group, ® highly significant vs control group.
© significant vs RB group, “highly significant vs RB group.

P>0.05: no significant differences, P<0.05: significant differences, P< 0.001: highly significant differences.

DISCUSSION

The rising consumption of EDs by teenagers and young
adults has gotten attention®. They raise blood pressure,
heart rate, and glucose levels, interfering with regular sleep
patterns®. The majority of EDs are deemed dangerous
for the human body; consequently, these drinks should be
avoided due to their unbalanced components, particularly
the added amount of caffeine and sugart*®!.

In the present study, the final body weight was
significantly increased in RB-administered group. This
result was in accordance with Mattioli et al.?”! who gave
ED orally for 15 days and reported significantly increased
body weight in ED-treated animals. They found that body
weight gain (BWG) was progressive, overcoming the
amount of carbohydrate calories added to the beverages.
They explained this BWG by an augmented appetite
as shown by the increased consumption of the normal
laboratory diet. This anabolic action of EDs can be referred
to a digestive effect, direct or mediated, rather than to a
simple caloric supplementation. Also, this result was in
agreement with human studies, where the intake of sugar-
added beverages contributes to weight gain and eventually
obesity?®. However, Bukhar et al.*' and Sadowskal*”

reported significantly decreased body weight in ED-
group compared with control group. Boyle*! explained
this decrease in the body weight, as EDs are designed to
enhance activities and their caffeine content causes anxiety
and GIT disturbance. Additinaolly, Ebuehi et al.*?!, Ayuob
and ElBeshbeishy™®], and Schuchowsky et al.*" reported
that the final body weight wasn't significantly changed in
ED-treated group compared to control group. These results
were explained by Nawrot et al.™! who stated that large
concentration of caffeine as in EDs has a thermogenic
effect responsible for some degree of weight control.

In the present study, the final body weight was high
significantly decreased in RB/GTE group in comparison
to RB-administered group. These findings confirmed
by Pandurangan and Periasamy™® who stated that,
decreased body weight after green tea polyphenol
(GTP) administration in acute pancreatitis. Green tea
catechins may play a role in prevention of obesity by
promoting hepatic lipid metabolism, inhibiting fatty acid
synthase, impeding gastric and pancreatic lipases and
encouraging thermogenesis*”. Other studies reported that
Epigallocatechin gallate (EGCG) (a component of green
tea) impedes lipid absorption through forming complexes
with lipolytic enzymes and lipids. Therefore, it interfers
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with emulsification, hydrolysis, and subsequent uptake of
lipidst®,

In this study, serum glucose, insulin, and HOMA-IR
levels were high significantly increased in RB-administered
group. These findings matched those of Crisan et al."*and
Sadowska*®! who found hyperglycemia in rats administered
EDs for two and six weeks respectively. While, Haroun
et al.B% found that serum insulin level was significantly
decreased while serum glucose level was significantly
increased in RB-administered rats at a dose of 10 mg/kg/
day for 4 weeks. Ayuob and ElBeshbeishy*¥ also found
significantly increased levels of glucose, insulin, and
HOMA-IR after rat administration of EDs (power Horse)
(PH) for 30 days. Moreover, Combining high sugar or
carbohydrate-rich diets with niacin, as in EDs, may affect
carbohydrate metabolism and lead to an increase in diabetic
casest®'l.

Interestingly, in the present study, despite of raised
insulin level, the glucose level was also increased.
Excessive stimulation of insulin-secreting cells in
response to prolonged EDs administration appears to
be associated with increasing insulin resistance, as
evidenced by a significant rise in HOMA-IR. This
hypothesis was explained by Sadowska*” who indicated
that the hyperglycemia and reduced fat content in rat
muscles after 6 weeks of EDs consumption was due to
metabolic alterations that increased lipolysis and led to the
development of insulin resistance. Moreover, caffeine may
cause insulin resistance through a variety of mechanisms,
including decreased tissue sensitivity to insulin, impaired
glucose metabolism, and stimulation of stress hormone
secretion, such as adrenaline and cortisol, which increase
blood glucose levels, lipolysis, and glucogenesis, as well as
lowering peripheral glucose consumption by inactivating
key glycolytic enzymes.

In this study, serum glucose, insulin and HOMA-
IR levels were high significantly decreased in RB/GTE,
as compared to RB- administered group. These findings
were supported with Haidari et al.?" who gave the same
dose of GTE for the same period and observed significant
decrease in the glucose level. Also, Hininger-Favier
et al.®? supported significant decrease in the level of
serum glucose and insulin when they gave high fructose
diet plus green tea to rats for 6 weeks. According to Cao
et al.®, EGCG and other catechins aid in the prevention
of hyperglycemia by increasing insulin activity. As,
GTE controls the expression of genes related in glucose
absorption and insulin signaling.

Lipid peroxidation is an autolytic process that results
in an inflow of ions and body fluids into the cell, rupturing
the cell membrane and causing death. MDA is a highly
reactive lipid peroxidation product that functions as a lipid
peroxidation marker®. MDA levels in tissues are utilized
as indicators of oxidative stress and tissue damage®!. GPx
is an essential antioxidant that protects cells from oxidative
damage caused by free radicals by working in tandem with
the non-enzymatic antioxidant system{¢.

In the current study, GPX level in pancreatic tissue
there was high significantly decreased in RB-administered
group. This finding matched that of Mansy et alP7,
who administered two oral dosages of ED (1.1 and 2.2
ml/100g body weight/day) for 12 weeks and found
significant decline in GPx levels. As well as, Ayuob and
ElBeshbeishy™! revealed significant decrease in GPx level
in pancreatic homogenate.

In this study, in RB-administered group, MDA level
was high significantly increased in pancreatic tissue. This
was parallel to the results reported by Haroun et al.P”
after administration of 10 mg/kg/day of RB for 4 weeks.
Moreover, Al-Eryani et al.P® found significant increase
in MDA level in homogenized testes after 7 weeks of
administration of RB and PH.

In the current study, GPx level was high significantly
increased while MDA level was significantly decreased in
RB/GTE group, as compared to RB-administered group.
These findings were in consistence with Pandurangan
and Periasamy who gave a single dose of green tea
polyphenol (GTP) for 3 days and stated increase level of
GPx and decrease level of MDA in pancreatic tissue. The
possible mechanism of these findings was that Green tea
catechins (EGCG) can serve as scavengers of reactive
oxygen species-induced free radicals, impede lipid
peroxidation, and protect cell membranes against oxidative
stresst?l,

In the present study, H&E stained sections of control
group and GTE-administered group showed similar
results of normal pancreatic histology. It was divided into
well-formed lobules of varying size and shape by thin
connective tissue septa. These lobules were formed of
endocrine part (islets of Langerhans) and exocrine part
(acini & ducts). The pyramidal acinar cells had rounded
vesicular basal nuclei, basophilic basal cytoplasm and
acidophilic granular apical cytoplasm. These normal
structures resembled those indicated by Salam et al.[*”.
Islets of Langerhans were present as a pale stained area in
between acini. Cells of Islets of Langerhans had pale nuclei
with blood capillaries in between them. These findings
matched those of Youssefl®'!.

H&E stained sections of RB-administered group
showed distortion of general pancreatic architecture.
There were separation of pancreatic lobules by dilated
interlobular septa, distortion of pancreatic acini and
islets, irregular dilated pancreatic ducts, congested dilated
blood vessels and mononuclear cellular infiltration. These
findings were in agreement with Haroun et al.*® who gave
RB for 4 weeks at a dose of 10 mg/kg/day, Ayuob and
ElBeshbeishy™? who gave power Horse for 4 weeks and
also, Rehman et al.'®* who gave EDs in 2 doses (7.5 ml and
15 ml/day orally, for 4 weeks).

The cellular vacuolations observed in this study were
parallel with results of Haroun et al.F%. These vacuoles
were also observed in the peripheral blood cells® and
hepatocytes® of adult rats after RB and PH ingestion
respectively.
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In the current study, H&E stained sections of RB/
GTE group revealed that the pancreatic acini and islets of
Langerhans were appeared almost normal when compared
to RB-administered group, however some acinar and islet
cells exhibited few vacuoles. This was parallel to the study
of Waer and Helmy™! who stated that GTE improved the
degenerative changes in pancreas induced by oxidative
damage of Streptozotocin due to hyperglycemia.

In the present work, Mallory's trichrome stained
sections of control group and GTE-administered group
displayed few collagen fibers in the connective tissue septa
and around ducts and blood vessels. These results were
close to those of Taha et al.1. While, in RB-administered
group there was abundant collagen fibers in the connective
tissue septa and around ducts and blood vessels. This
result was parallel with the study done by Haroun ez al."".
Also, Kassab and Tawfikl* proved similar observation on
submandibular salivary gland after long term consumption
of RB. Excessive collagen deposition could be attributed
to different active ingredients present in these beverages
which cause inhibition of A2A adenosine receptor that
protects normal tissues from inflammatory damage. This
resulted in development of interstitial inflammation and
fibrosist®®7l. Also, excess fibrosis may be attributable to
toxic effect of caffeine that increased fibrin deposition on
the connective tissue of rat gingival*®l.

In the present study, Mallory trichrome stained
pancreatic sections of RB/GTE group exhibited high
significant decrease of collagen fibers in the connective
tissue septa and around ducts and blood vessels, in
comparison to RB-administered group. Confirmatory to
our results, Asaumi et al.'® stated that EGCG prevents
production of ethanol-induced type-I procollagen and
secretion of collagen so, green tea and polyphenols could
stop pancreatic fibrosis by inactivation of pancreatic
stellate cell through its antioxidative effect.

In this work, insulin immuno-staining of control group
revealed positive immunoreactivity in B-cells cytoplasm
which located in the central portion of the islets. This result
was in the line with Brom et a/."%!. While, RB-administered
group showed strong positive immunoreactivity, confirmed
morphometrically, as the optical density of insulin immuno-
staining was significantly increased, in comparison with
control group, and biochemically by elevated insulin
level due to excess stimulation of insulin-secreting cells
in response to prolonged EDs administration. This result
was in agreement with that of Ayuob and ElBeshbeishy!*l.

Pro-inflammatory cytokines triggers the production of
iNOS, causing overproduction of NO, promoting pancreatic
injury”!. In the present work, iNOS immunohistochemical
stained sections of control group revealed mild
immunoreactivity in the cytoplasm of pancreatic acini
and islets, this is parallel with the study done by Al-Mufti
et al."” and Takahashi et al.®). While, RB-administered
group showed marked immunoreactivity in the cytoplasm
of pancreatic acini and islets verified morphometrically and

biochemically by increasing oxidative markers as MDA.
This result was in the line with Ayuob and EIBeshbeishy*!
who observed increase level of iNOS in pancreatic tissue
homogenate. Moreover, RB/GTE group showed moderate
immunoreactivity. This result was in agreement with Abd
El-Fattah and Ismail™ who gave 50 mg/Kg GTE orally
via gastric tube and observed positive immunoreactivity in
the cytoplasm of few hepatocytes in GTE plus ketamine
treated group. As, green tea polyphenols decrease (iNOS)
gene expression and impede enzyme activity”).

CONCLUSION

Administration of RB led to pancreatic injury in the
form of; disturbed hormonal function and oxidation/
antioxidant activities and significant histological and
immuno-histochemical alterations with increased of
percentages of insulin and iNOS expression. GTE
can significantly ameliorate these effects by its anti-
inflammatory, antioxidant and anti-diabetic effect.
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