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Abstract

OPULAR non-alcoholic beverages that are consumed worldwide are energy drinks. Energy

drinks' high caffeine content stimulates the central nervous system and heart. Energy drinks can
cause hepatitis, liver damage, and an increase in the extraction of water and sodium. The liver and
renal tissues of pregnant Wistar rats were studied following daily oral energy drink use. The study
included three groups of pregnant rats: The control group received distilled water, the second group
received low-dose energy drinks (5 ml/kg), and the third group received high-dose energy drinks (10
ml/kg). The findings demonstrated a significant rise (p<0.05) in the malondialdehyde (MDA)
concentration and a substantial decrease in the levels of antioxidant enzymes in both treatment
groups compared to the control group. Furthermore, the treated groups' liver and renal function
parameters significantly increased. Energy drinks triggered histopathological changes in the liver and
kidney tissues. The consumption of energy drinks during pregnancy could have a substantial
detrimental effect on the health of pregnant rats.
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Introduction

Energy drinks are slightly carbonated, non-alcoholic
beverages made with substances to increase energy,
especially caffeine, to provide the consumer with
energy [1]. Energy drink consumption that contains
caffeine is expanding quickly. In 1960, several
energy drink firms emerged in response to customer
demand in Europe and Asia. Due to the belief that
energy drinks can improve physical strength, speed
up reactions, reduce the need for sleep, and keep the
body alert with a greater mental focus, their
consumption has increased globally®. Typically, they
contain sugar, salt, guarana, taurine, caffeine, and
vitamin B6 [2]. Caffeine (1,3,7-trimethyl Xanthine)
is crucial since it stimulates the central nervous and
cardiovascular system. Energy drinks are sold in cans
of 250 ml (equivalent to 80 mg of caffeine) or 355 ml
(equivalent to 113.6 mg of caffeine). They have an
approximate caffeine content of 32 milligrams for
every 100 milliliters. Soft beverages, on the other
hand, have about 40 mg of caffeine per can [3].
Energy drinks can have adverse effects such as low
academic success [4], aggressive conduct, substance
misuse [4], tension, anxiety [5], elevated pulse rate,

elevated both the diastolic and systolic blood
pressure [6], Type 2 diabetes, obesity, and
overweight risk [7], microvascular injury to the
kidneys and faster progression of chronic kidney
disease [8], dental decay [7], hepatic impairments
[3], lipid metabolic changes [4], hepatitis [9] and
increased extraction of sodium and water [10],
headaches, tummy aches, irritability, exhaustion, and
unsatisfactory sleep [4]. Recent research has
indicated that energy drinks may contribute to
oxidative stress in several organs [11,12], reduced
antioxidant defenses and heightened reactive oxygen
species (ROS) production can harm proteins, lipids,
nucleic acids and potentially cause cell death [13].

Associated with the physiological alterations that
take place during pregnancy, pregnant women's
exposure to toxins may differ from non-pregnant
women's exposure to the same dose. The effects of
pregnancy on gastrointestinal absorption are
profound, this is caused by pregnancy's hormonal
impacts, as the emptying of the stomach takes longer,
reduced gastrointestinal motility and the duration of
transit is increased. These changes cause absorption
to be more thorough but delayed [14]. Additionally,
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the pharmacokinetics of toxins alter during
pregnhancy. Most drugs exhibit an increase in volume
of distribution due to the accumulation of body fat
and increased plasma volume. Because of the
decrease in albumin levels and increase in cardiac
output during pregnancy, more free medicine can
reach target organs like the placenta [15].

Changes in serum pH during pregnancy can
impact the ionization of some medications, leading
to modifications in tissue absorption and excretion.
Early in pregnancy, the fetal pH is greater than the
mother's pH. Although weak acids pass through the
placenta in an electrically neutral state, the more
alkaline fetal fluids may ion trap them. Late in
pregnancy, maternal free fatty acids increase and
cause serum proteins to lose their binding to
protein-bound medications. Because the natural
"chelator" function of these proteins is reduced, this
displacement may result in increased toxicity. On
the other hand, a pregnant woman's hyperdynamic
state may signal an increase in glomerular filtration
rate, which could result in the urine containing
more substances that have been cleared by the
kidneys [16].

Numerous studies have been conducted on the
relationship between female fertility and caffeine,
with varying degrees of success. The majority of
studies have been retrospective in nature, looking at
caffeine intake in relation to a woman's stage of
pregnancy. They have either displayed decreased
fecundity or no fertility at all [17]. Although the
exact mechanisms are unknown, caffeine or other
components of particular energy beverages may
affect fertility. Changes in estradiol and other
hormones have also been connected to caffeine [18].
During pregnancy, the metabolism of caffeine
decreases, the placenta readily absorbs caffeine and
its metabolites, and exposing the developing fetus to
prolonged caffeine exposure [19].

The correlation between energy drinks and
pregnant women remains poorly
comprehended despite prior indications of an
association with public health. The present study
aims to determine the potential effects of energy
drinks on pregnant rats. Glutathione reductase,
malondialdehyde, and superoxide dismutase were
measured in the liver and Kidney tissues to assess
oxidative markers. In addition, the liver enzymes
alanine aminotransferase and aspartate
aminotransferase, as well as Kkidney function
indicators such as urea, uric acid, and creatinine,
were analysed biochemically. The extent of DNA
degradation was also assessed, and alterations in the
histology of liver and kidney tissues were examined.

Materials and Methods

Chemicals
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Energy drinks were purchased from a nearby
grocery in Cairo, Egypt, along with all laboratory
reagents and fine chemicals from Biodiagnostic
(Doki, Giza, Egypt). Every other material employed
as a reagent or chemical was of a quality that could
be sold commercially.

Study design and animals

The National Organization for Drug Control and
Research's (NODCAR) animal house provided 9
males and 18 females Wistar albino rats (Rattus
norvegicus) to use in this study. They were raised at
a laboratory animal unit of Cairo University's Faculty
of Science, Zoology Department, weighing between
160 and 180 g. All animals were housed in 65 x 25 x
15 cm polypropylene cages with free food and water
access, a 12-hour cycle of light and dark, controlled
temperature (20-23 °C), and tracked humidity (40—
50%). The animals were allowed one week in their
housing to acclimate to the experimental settings.

Rats were individually housed for mating
purposes, with two female rats placed in a cage
overnight with a single male rat. Vaginal smears
were collected from the female rats and examined the
next day. A small amount of saline solution was
injected into each rat's vaginal opening, and the
resulting vaginal fluid containing cell suspension was
placed on a slide. Two droplets of this suspension
were mixed with 0.1% methylene blue and examined
under a microscope at 100x magnification after
drying to determine the presence of sperm, indicating
gestation day 0 [20]. Three groups, each consisting of
six pregnant rats, were assigned as follows: The
control group received an oral dose of distilled water
in a volume equivalent to the energy drink doses.
The low-dose group was orally administered the
energy drink at a dose of 5 ml/kg [21]. The high-dose
group received an oral gavage of the energy drink at
a dose of 10 ml/kg [21]. The energy drinks were
administered from gestation day 5 to day 19, totaling
15 days of exposure. Euthanasia of the rats was
performed by administering an overdose of sodium
pentobarbital at a minimum dosage of 100 mg/kg
body weight.

Specimens’ collection

Following a heart puncture, blood was drawn out
and transferred into plain tubes to enable
coagulation. Subsequently [22], the blood was
centrifuged at 3000 revolutions per minute for fifteen
minutes [22]. The serum that was recovered was
stored at -20°C for further examination.

Every rat had its abdominal wall cut along the
mid-ventral line, extending the whole abdominal
cavity. Subsequently, after removing the liver and
kidney tissues, they were cleaned with saline
solution, and divided into two sections. A part of it
was kept at -20°C for biochemical study, while
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another was kept for histological examination in 10%
formalin.

Biochemical analysis

After centrifugation, the serum was used to assess
various parameters, including urea, creatinine, and
uric acid, for kidney function evaluations alanine
amino transferase (ALT) and aspartate amino
transferase (AST)for liver function evaluations.

The levels of urea and creatinine in all sample
sera were determined using the Urease-Berthelot
Method [23] and Colorimetric Kinetic Method [24],
respectively, with the bio diagnostic test kits (CAT.
No. UR 21 10) and (CAT. No. CR 12 51).
Furthermore, the uric acid concentration (CAT. No.
UR 21-20) was measured using the enzymatic
colorimetric method [25]. In addition, the bio-
diagnostic kits (CAT. NO. ALT 10 31 (45)) and
(CAT. No. AST 10 61 (45)) were employed
according to the protocols above to quantify the
levels of ALT and AST utilizing a colorimetric
method [25]. It purchased the complete range of bio
diagnostic ~ kits from the Bio Diagnostic
Company, Dokki, Giza, Egypt.

Oxidative stress markers evaluation

The measured the activities of malondialdehyde
(MDA) [25], super oxide dismutase (SOD) [25] and
reduced glutathione (GSH) [26] using the tissue
extract utilizing a colorimetric approach using
Biodiagnostic kits (CAT. No. MDA 25 29), (CAT.
No. SOD 25 21), and (CAT. No. GSH 25 11), by the
previously published procedures.

Histological examination

The samples were preserved for 48 hours in 10%
neutral buffered formalin at ambient temperature.
The tissues underwent an overnight soak in running
tap water and were dehydrated in increasing
concentrations of alcohol (absolute alcohol, 70, 80,
90, and 95%), cleaned in xylene, infiltrated in three
variations of melted paraffin at 60°C for four hours,
and then manually embedded in newly melted
paraffin. The blocks of paraffin were sealed and
refrigerated. Sections were cut to five microns in
thickness using a rotary microtome, mounted on
glass slides, dried at 37 °C, and carefully preserved
for staining with hematoxylin and eosin before being
examined in a bright field. Bright microscope
[25,27].

Comet assay

Single-cell gel electrophoresis (SCGE), also
Known as the comet assay, is an often employed
method for determining DNA damage in specific
cells. cellular DNA damage, such as strand breaks
and fragments, was segregated from whole DNA
when subjected to an electrophoretic field, resulting
in a comet-tail structure visible under a fluorescence
microscope. This approach has already been

described. After treatment liver and kidney tissues,
examine the slides with 20 pg/mL of ethidium
bromide under a fluorescence microscope. For
instance, a computerized image analysis system
captured 100 random comet shapes on each slide.
The system then used TriTek Comet Score™
software (TriTek Corp.) to analyze the photos and
calculate the parameters of the comet. Tail moments
and tail DNA are popular measures created to assess
the outcomes. Concerning DNA mobility and
abundance in the tail, it is believed that the Olive tail
moment (OTM) parameter is the most effective way
to determine DNA damage. It is calculated utilizing
the subsequent formula (1) [28-31]:

OTM = tail moment x tail /100 (D)
Statistical analysis

SPSS Statistics 25 was used to do the statistical
analysis. The means + standard deviations (SD) were
used to express all the data. A one-way ANOVA was
utilized to compare the groups, followed by Tukey's
post-hoc least significant difference (LSD) analysis.
P values deemed significant were those with a 0.05
or below (n = 6).

Result and Discussion

Biochemical assays

The findings about how energy drinks affect
kidney and liver function. The treated groups have
noticeably greater levels (p<0.05) of serum urea, uric
acid, ALT, and AST than the control group. Serum
creatinine levels in the energy drink groups
increased, but not significantly more than in the
control group (Table 1).

The present investigation corroborated earlier
findings since the energy drink-treated groups had
increased AST and ALT values in comparison to the
control group [32], where pregnant rats' ALT and
AST enzyme levels increased in response to varying
amounts of energy drinks consumed during the
gestation stage. According to earlier research, energy
drinks may produce too many reactive oxygen
species (ROS), cause lipid peroxidation to tear down
cell membranes, disrupt the plasma membrane, and
cause excessive ALT and AST enzymes to leak into
blood [32,33]. Also, consuming beverages with
added sugar increases the chance of increased ALT
[34]. Carbohydrates with a high glycemic index
present in high-energy, unhealthy diets and high
levels of sugars in energy drinks, such as fructose
and sucrose have been associated with elevated liver
enzymes and liver disorders [33,35]. Consuming
fructose can stimulate de novo lipogenesis while
preventing fats from being beta-oxidized in the
mitochondria, which raises the amount of fat in the
liver and elevates liver enzyme levels [36].

Pregnant Wistar rats that consumed energy drinks
showed markedly elevated renal function (urea and
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uric acid). Similar findings in the past demonstrated
that energy drinks, both at low and high dosages,
harmed kidney function [32]. Caffeine is responsible
for these changes because it inhibits the A2A
adenosine receptor, causes proteinuria, speeds up the
onset of interstitial inflammation, and modifies the
structure and function of the kidneys [32,37]. They
also found that caffeine markedly increased blood
urea nitrogen levels, xanthine oxidase activation and
increased H,0O, generation, uric acid, and superoxide
anion. By interacting with O,, H,O, created free
radicals [38] Urea's stimulation of xanthine oxidase,
which accelerates xanthine's conversion to uric acid,
provides an additional explanation for the variation
in these parameters. Nevertheless, the present study
did not observe any noteworthy alterations, which
could be attributed to the comparatively shorter trial
period employed in the present investigation.

Oxidative stress markers

Oral administration of energy drinks in low and
high-dose groups resulted in a substantial rise (p <.05)
in MDA levels and a notable decline (p <.05) in SOD
and GSH in the tissues of the kidney and liver when
compared to the untreated group (Tables 2 and 3).

An imbalance between prooxidant and
antioxidant levels with an excess of pro-oxidants in
cells, tissues, and organs is known as oxidative
stress. Numerous diseases, including diabetes,
cancer, and cardiovascular ailments, are thought to
have their origins in oxidative stress. ROS may be
advantageous for cellular signaling and defending
against microbes in cells. An imbalance between
antioxidants and oxidants may be the consequence of
elevated ROS generation, or decreased antioxidant
defense [22,39] Elevated levels of ROS can
potentially harm lipids directly. The endoplasmic
reticulum, peroxisomes, mitochondria, and plasma
membrane are the primary locations where
endogenous ROS are produced. The most prevalent
ROS that have the ability to greatly affect lipids are
hydroperoxyl radical (HO<2) and hydroxyl radical
(HOe), which can also harm DNA structure and
proteins [40]. Using energy drinks produces ROS
that damages the integrity of cellular components,
including membrane lipids. MDA is created as a
byproduct of lipid peroxidation, which is harmful to
the cell membrane and reduces the activity of enzymes,
ion exchange, and membrane permeability [7].

The rats' exposure to energy drinks elevated their
levels of oxidative stress. That was demonstrated by
the notable declines in SOD and GSH activity
brought on by energy drinks.

The rats' exposure to energy drinks elevated their
levels of oxidative stress. That was demonstrated by
the notable declines in SOD and GSH activity
brought on by energy drinks. These enzymes are
significant antioxidants that prevent oxidative
damage from free radicals in cells by cooperating
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with the nonenzymatic antioxidant system [32,41]. In
actuality, antioxidant enzymes are the first line of
defense that keeps cells safe from harm brought on
by oxidative stress. Superoxide dismutase (SOD)
breaks down the highly reactive superoxide anion
into hydrogen peroxide, which decomposes into
water by glutathione synthase (GSH) [42,43].
Research has demonstrated that high caffeine
exposure causes a prooxidant state which raises the
rate of protein oxidation in human cells [32,42].
Caffeine has been shown to raise BUN levels,
activating xanthine oxidase dramatically. Afterwards,
this process encourages the synthesis of H,0,,
superoxide anion, and uric acid from xanthine. Free
radicals are created when H,0, and O, mix. [34,44]

There is a study has shown that long-term
caffeine use is effective in lowering lipid
peroxidation and boosting antioxidants [45]
Additionally, taurine has demonstrated antioxidant
action in vivo and in vitro radical scavenging
[46,47]. In the research of Valle [44], adult rats' brain
antioxidant enzyme activity was lowered after
receiving taurine for 28 days. Additionally, animals
given a combination of taurine and caffeine
displayed decreased antioxidative defenses and a
state of oxidative stress [44]. Thus, it is reasonable to
believe that taurine and caffeine together can cause
oxidative stress, which could account for the higher
levels of lipid peroxidation and lower levels of
antioxidants of the newborn mice in this
investigation [7].

Because energy drinks have a high sugar index,
they create oxidative stress that leads to prolonged
hyperglycemia and excessive production of peroxide
free radicals. causing interstitial inflammation,
elevated proteinuria, and histological alterations,
which are signs of oxidative damage [2].

Comet assay

A comet test was used to evaluate DNA damage;
the parameters of this comet test for harm to DNA
are shown in (Table 4 and Figure 1,2). Oral
administration of varying amounts of energy drinks
resulted in a non-significant increase (p < 0.05) in the
olive tail moment in contrast to the group under
control.

Following the administration of energy drinks to
pregnant rats, no indications of DNA damage were
seen based on the results of the comet assay.
Additionally, older mice given caffeine showed less
DNA damage in their peripheral blood [48].
Furthermore, taurine demonstrated geno-protective
properties against arsenic-induced DNA damage in
an animal experiment [49]. The outcomes in both
situations support our findings, which indicate that
either caffeine or taurine alone or in combination did
not raise the amount of DNA damage in rats'
peripheral blood.
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Since this study's trial duration was shorter than
that of earlier reports, it is possible that no
appreciable alterations were found.

Histopathological investigations
Liver tissues

There were no histological changes to the control
rat's normal anatomy of the hepatic lobules,
sinusoids with a precise central vein, and hepatocyte
arrangement. But in the group receiving a modest
dose, induced liver tissue alternation, there were
degraded cells with cytoplasmic vacuoles, altered
lobular organization and nuclear deterioration,
distortion of normal hepatocytes, and minor fatty
degeneration. Around portal veins, a moderate
invasion of lymphocytes was found. Several central
veins were enlarged, and sinusoids were dilated. The
necrotic region was also observed.

In the high-dose group, hepatic histology showed
hydropically deteriorated cells, changed lobular
configuration and nuclear disintegration in specific
locations, disarrangement of typical hepatic cells,
and moderate fatty degeneration. It was found that
the major vein of the liver and portal vein were
swollen and congested. The degradation of hepatic
cells was seen. In the portal region, lymphocyte
proliferation was detected. The liver histopathology
analysis images are displayed in (Figure 3).

The photomicrographs of this tissue showed
lesions consistent with the pattern of changes shown
in liver function tests in rats given different amounts
of energy drinks. The lesions that have been detected
likely result from the harmful effects of energy
drinks. It is conceivable that oxidative stress from
energy drinks caused tissue damage, which resulted
in the lesions. These findings align with a prior study
that found that rats given various energy drinks
showed signs of hepatotoxicity and changes in liver
ultrastructure [50]. In another study, the liver tissue
lesions were linked to a possible interaction between
taurine and other active ingredients in energy drinks,
like caffeine [32]. In addition, researchers discovered
that rats given energy drinks exhibited hepatic
cytoplasmic vacuolations because of lipid droplets,
which were linked to degenerative alterations in
hepatocytes [50]. Researchers have seen pyknasis,
uneven outlines, and many mitotic figures in the
nuclei of hepatocytes [50]. These alterations could be
linked to the harmful impacts of preservatives such
as sodium benzoate that are added to energy drinks
and the toxic effects of caffeine [50].

Kidney tissues

The histological examination of the rats' kidney
sections as seen in (Figure 4). Bowman's capsules,
glomerular capillaries, urine space, and renal
(Malpighian) corpuscles were present in the control
group's renal cortex. The cubical cells with spherical
nuclei encircled the tiny lumen found in the proximal

convoluted tubules. Simple cubical cells with
spherical nuclei in the center or at the tip of the
tubule walls encircle the large lumen of the distal
convoluted tubules.

Moreover, in the low-dose group, there was
glomerular size and shape variation, with specific
glomeruli shrinking due to atrophied glomerular
tufts. Many glomeruli were fragmented and
congested. The necrosis to whole or partial cell
nuclei was observed in both the distal and proximal
convoluted tubules, indicating dissolution. In
addition, the nucleus has been found to condense,
and other cells have been shown to contain vacuoles.
There was invasion of inflammatory cells in the
injured tubules and corpuscles of the kidney. Within
the tubular cells, cellular debris was discovered.
Congestion was seen between the renal tubules.

In the high-dose group, several tubular epithelial
cells in renal convoluted tubules demonstrated
deteriorating alterations. Several glomeruli within
Bowman's capsules were enlarged and had large
capsular space. Some glomerular tufts were shown to
be vacuolated and shrunk. There were numerous
pyknotic nuclei in tubular epithelial cells. Near blood
vessels, moderate lymphatic invasion and
intratubular mononuclear cell infiltration were seen.
Also, congestion was observed. Many tubules
exhibited a luminous cast. It was discovered that
renal tubules had disrupted epithelial linings and
degraded cells. The lumen of several distal tubules
was expanded.

Kidney lesion may result from consuming large
amounts of energy drinks because of their various
components. That is explained by the fact that
hazardous substances that are eliminated or cleaned
during removal or withdrawal impact the renal
tubules [42]. The microcirculatory problems that may
be causing the intertubular inflammation and
hemorrhage zones could be caused by the caffeine in
energy drink [37]. Under an electron microscope, the
cells of the proximal and distal tubules and the renal
corpuscles’ nucleoli and cytoplasmic organelles
showed ultrastructural alterations after "Power
Horse" drinks administration [37]. Rats exposed to
different quantities of energy drinks for 12 weeks
showed differences in renal function that were
inconsistent with the damage in these tissues'
histopathology [32]. Damage was caused by energy
drinks' oxidative stress, leading to tissue damage.
The possible interaction between taurine and caffeine
caused lesions in the renal tissues [42]. Red Bull
consumption negatively impacted the standard renal
cortex histological structure in rats. In the group that
used energy drinks, the renal cortex displayed
histological changes in H&E-stained sections. These
changes included segmentation of glomerular
capillaries, which appeared dilated and crowded,
glomeruli degenerating as Bowman's space dilated,
renal tubules that were significantly distorted and
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dilated, with sloughing necrotic cells inside and
pyknotic nuclei and cytoplasmic vacuoles in their
lining epithelial cells [51].

Conclusion

The findings of this study suggest that oral energy
drinks at both low and high doses during pregnancy
can lead to notable pathological lesion in the liver
and kidneys in rats, potentially contributing to the
decline in their overall function. Energy drinks can
have adverse side effects, such as a notable reduction
in antioxidant enzyme levels and an increase in lipid
peroxidation products, liver enzymes, and markers of
kidney function. These findings indicate the need for
a thorough assessment of the security of energy
drinks for individuals, focusing on pregnant women.

Hence, the conclusions drawn from this research will
apply to larger organisms, animal models of different
species, and even to people.
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TABLE 1. The impact of energy drinks on liver and kidney function in the tested groups (low and high doses)

compared to the control group.

Groups Control Low dose group High dose group (10ml/kg)
Parameters (5ml/kg)
ALT (U/L) 29.83 43.33° 46.33°
AST (U/L) 123.33 209.83? 245,5%
Urea (mg/dL) 133 24.39° 28.85%
Uric acid (mg/dl) 3.09 4,67 5.6%
Creatinine (mg/dL) 0.4 0.4 0.43

Note: Data are presented as mean + SD of six values in each group (n = 6). Statistically significant (p <0.05) differences are

shown by lowercase letters.
a (p < 0.05) concerning the control group.
b (p < 0.05) concerning the low-dose group.

TABLE 2. Effect of Energy drinks on oxidative stress markers in liver tissue of the tested groups (low and high doses

groups) compared to the control group.

Groups Control Low dose group High dose group (10ml/kg)
Parameters (5ml/kg)
MDA (n.mol/g.tissue ) 444,67 516.17° 573°
GSH (m.mol/g.tissue) 0.79 0.38° 0.18%®
SOD (U/g.tissue) 23.03 18.7° 11.52%

Note: Data are presented as mean + SD of six values in each group (n = 6). Statistically significant (p < 0.05) differences are
shown by lowercase letters—abbreviations: GSH, glutathione reductase; MDA, malondialdehyde; SOD, superoxide

dismutase.
a (p < 0.05) concerning the control group.
b (p <0.05) concerning the low-dose group.

TABLE 3. Effect of Energy drinks on oxidative stress markers in kidney tissue of the tested groups (low and high

doses groups) compared to the control group.

Groups Control Low dose group High dose group (10ml/kg)
Parameters (5ml/kg)
MD (n.mol/g.tissue ) 100.17 267.33° 291.67%
GSH (m.mol/g.tissue) 0.89 0.48° 0.27%
SOD (U/g.tissue) 252 18.42% 14.74%®

Note: Data are presented as mean + SD of six values in each group (n = 6). Statistically significant (p < 0.05) differences are
shown by lowercase letters—abbreviations: GSH, glutathione reductase; MDA, malondialdehyde; SOD, superoxide

dismutase.
a (p <0.05) concerning the control group.
b (p < 0.05) concerning the low-dose group.
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TABLE 4. The comet assay parameters for DNA damage on liver and kidney tissues in the different studied groups.

Groups Control Low dose group High dose group (10ml/kg)
(5ml/kg)
Liver Kidney Liver Kidney Liver Kidney
Parameters
%DNA in tail 9.89 8.44 4,747 7.52 5.97% 8.05
Tail moment 0.8 0.54 0.92 0.71 0.64 0.64
Olive tail moment 1.17 111 1.6 1.11 1.16 1.23

Note: Data are presented as mean + SD of six values in each group (n = 6). Statistically significant (p < 0.05) differences are
shown by lowercase letters.

a (p < 0.05) concerning the control group.

b (p <0 .05) concerning low dose

€)]

Fig. 1. Fluorescence microscopic pictures stained by ethidium bromide of the liver tissue nucleus in the low-dose
group (b) and the high-dose group (c), compared with the nucleus in the control group (a), show the intact nucleus
in all studied groups without any tail formation. All images are at 40X magnification.

(a) (9]

Fig. 2. Fluorescence microscopic pictures stained by ethidium bromide of the kidney tissue nucleus in the low-dose
group (b) and the high-dose group (c), compared with the nucleus in the control group (a), show the intact
nucleus in all studied groups without any tail formation. All images are at 40X magnification.
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Fig. 3. Histological examination of the liver stained by H&E. Low dose group (c&d) and High dose group (e&f),
compared with the control group (a&b). central vein (CV), hepatocyte (H), sinusoids (S), Kupffer cell (thin
arrow), portal vein (PV), bile duct (B), moderate invasion of lymphocytes (LI), necrotic region (N), nuclear
deterioration (notch arrow), degradation of hepatic cells (wavy arrow), hydropic deteriorated cells (hollow
arrow) moderate fatty degeneration (dotted arrow). All images are at 800X magnification.
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Fig. 4. Histological examination of the kidney stained by H&E. Low dose group(c&d) and High dose group (e&f),

compared with the control group (a&b). glomerular capillaries (G), Bowman's capsules (BC), and urine space
(arrowhead). Distal (DT), proximal (PT), pyknotic nuclei (wavy arrow), cells contain vacuoles (curved arrow),
dissolution (notch arrow), cellular debris (triangle), Shrink glomeruli (SG), capsular space (hollow arrow).
Intratubular mononuclear cell infiltration (dotted arrow), Lymphocyte infiltration (LI), hydropic degeneration
(bold arrowy), large glomeruli (LG). All images are at 800X magnification.
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