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ABSTRACT

This research aimed to determine the antioxidant activity and protective effects of Nigella sativa
seed extracts against liver and kidney injuries induced by oxytetracycline (OTC) in albino rats. Oil
extract (NSO) was prepared by cold pressing that contains fixed and essential oil. Essential oil (EO)
was also prepared by hydro-distillation; its contents were identified as twenty-six terpenoids.
Ethanolic extract (NSET) was also prepared and its contents of phenols and flavonoids were
quantified. Antioxidant activity of both NSO and NSET were measured using DPPH and ABTS. The
protective effect of each of NSO and NSET against oxidative stress was determined in Albino rats.
Results showed that the liver and kidney weight gain at the end of experiment were decreased in the
both extracts while increased in the OTC-treated group. Enzymatic antioxidants, SOD, CAT, and G-
px, showed a substantial inhibition in OTC-treated group compared with extract-treated groups. Liver
function and kidney function parameters as well as malondialdehyde (MDA) level increased
significantly in OTC-treated group while they decreased in extract-treated groups. The preventive
properties of the extracts were validated in histological investigation of liver and kidney.
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At the same time, the effectiveness of the

INTRODUCTION seeds is compatible with their extracts that

Nigella sativa, known as the black bean, protect cells with its biological components,
grows in various regions around the world, led by thymoquinone, which inhibits lipid
including Eastern and Southern Europe, peroxidation and then oxidative stress (Al-
Pakistan, and India. It has been used since Seeni et al 2018).

ancient times. (Tanbek et al 2017) presented
the scientific concept of medicinal plants
including N. sativa o0il against anti-
thioacetamide that causes liver damage in rats.
N. sativa oil, and various extracts have been
widely used in the preventive role in many

Several assays have been determined in this
field by Burits and Bucar 2000. They showed
that the essential oil contains @-cymene,
thymoquinone, a-thujene, (3-pinene, a-pinene,
and carvacrol as the major constituents.

countries. N. sativa is one of the natural According to Hassanien et al 2015, Nigella
medications lists and are used in Tibb-e- sativa biologically influenced hepatic and renal
Nabawi and Indian traditional medicine, as toxicity, and is used to combat oxidative stress
well as used as spice or food additives (Ahmad by increasing antioxidant enzymes levels and
et al 2021). decreasing oxidative enzymes activity”.

Ansari and Satish 2013 reported that N. Rasouli et al 2017 conducted study on
sativa is a liver tonic, diuretic, digestive, N.sativa oil to show high lipid profile,
antidiarrheal, appetite stimulant, antibacterial, especially unsaturated fatty acids, and the
and diaphoretic. Besides, it is wused as pharmacological tests proved its powerful role
antidiabetic, anticancer, antimicrobial, anti- in improving antioxidant properties by
inflammatory, antispasmodic, = powerful scavenging free radicals.
antioxidant, immunomodulatory, and

Many studies have been conducted on the
pharmacological characteristics of N. sativa,
including mitochondrial dysfunction caused
by free radicals. Current study demonstrates
the ability to combat oxidative stress by using
two extracts of N. sativa (NSO and NSET)
against liver and kidney injuries induced by
OTC in albino rats.

analgesic properties. It can also be used as a
bronchodilator, anti-obesity, antimigraine,
anti-back pain, and anti-high pressure. “It has
many pharmacological properties, so it can
protect the liver, kidneys, and stomach due to
its anthelmintic and carminative properties.
Abscesses, nasal ulcers, orchitis, eczema, and
swollen joints can all be treated with the black
seed (Ali and Blunden 2003).
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MATERIALS AND METHODS
Plant and chemical substances

N. sativa seeds were obtained from
commercial marketplaces to obtain the
ethanolic extract (NSET). Cold pressed oil
(NSO) was purchased from the National
Research Center in Dokki, Cairo, Egypt.
Oxytetracycline (OTC) was provided by Al-
Gombhouria Pharmaceutical Company, Cairo,
Egypt. Other chemicals are also classified as
analytically pure.

NSET extract preparation

N. sativa seeds were cleaned, dried, ground,
weighted and extracted using n-hexane, ethyl
acetate, and 70% ethanol subsequently. The
ethanol extract was concentrated in a rotary
evaporator (Akinwumi et al 2020).

Fatty acid composition in NSO extract

The fatty acid composition of the oil was
determined following the modified method of
Zahran and Tawfeuk, 2019. One mL of n-
hexane was added to 15 mg of oil samples and
vortexed for 30 sec. followed by 1 mL of
sodium methoxide (0.4 mol). The mixtures
were vortexed for 30 seconds and were
allowed to settle for 15 minutes. The upper
phase contained the fatty acids methyl esters
(FAMESs) was separated with an HP 6890 plus
gas chromatography (Hewlett Packard, USA),
using a capillary column Supelco™ SP- 2380
capillary column (30 mx0.25 mmx0.20 pm)
(Sigma-Aldrich, USA), 30 m length, diameter
0.25 mm and film thickness 0.25 um. The
detector (FID) and the injection temperatures
were 260 °C. Column temperature was 50 °C (3
min) to 225 °C (17.5 min) at 10 °C/min. The
carrier gas was helium at a flow rate of 1.2 mL/
min. The FAMEs were identified by comparing
their relative and absolute retention times to
those of authentic standards of FAMEs (from
C4:0 to C24:0). The fatty acid composition was
reported as a relative percentage of the total
peak area.

Determination of chemical components of
essential oil in seeds

The hydro-distillation was used to extract
the essential oil from seeds (Erdogan et al
2020). The biological components were
estimated using GC analysis. It was performed
using a Perkin Elmer Auto System XL fitted
with a flame ionization detector (FID). The
capillary column utilized was a ZB-5 fused
silica capillary column (60 m x 0.32 mm). Oven
temperature was initially set at 50°C and then
gradually increased to 240°C at a rate of
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3°C/min. Helium was used as the carrier gas at
a flow rate of 1.1 mL/min. The temperature of
the injector and detector was set to 270°C. The
EO contents were identified by matching
retention time with standards.

Estimation of total phenolic contents (TPC)
and total flavonoids (TF) in NSET extract

The total phenolic contents were
determined according to Khan et al 2018, and
total flavonoids according to Parthasarathi and
Park 2015.

Measuring antioxidant activity

DPPH and ABTS scavenging activity of NSO
and NSET extracts

The DPPH scavenging activity of both
extracts is determined according to Kadam
and Lele 2017. 1ml of DPPH solution was
added to 1 ml of different concentrations (5-
25ug/mL  of extract and standard), then
incubated in dark room for 30 min at 28°C. The
yellow color was measured at 517 nm.

To determine ABTS, potassium persulfate
was stimulated scavenging activity in two
steps, and the green color was measured at 734
nm (Dong et al 2015).

The following equation was used to
calculate the antioxidant activity to each
parameter as a percentage of inhibition to
convert in to IC50 (concentration required to
inhibit 50% of the radicals) by linear equation.

1[%] = (Ao -A /Ay) x 100

Where I [%] is percent inhibition, A, is the
value of blank absorption i.e. methanol, and A
is the absorbance value of the analyzed
sample.

Experimental design and animals

Animal House Colony, National Research
Center, Dokki, Giza, Egypt, provided 3-month-
old male Sprague-Dawley rats (120-150 g/
animal). All animals were treated humanely in
accordance with the Animal Care and Use
Committee’s requirements. Forty- two rats
were fed for 28 days and divided into six
groups each of 7.

The first group control (C) was fed on
healthy food without any treatments. Positive
control (+) was injected intraperitoneally with
OTC 200 mg/kg bw (Jayanthi and Subash,
2010) in the second group. The third group
received NSET (800 mg/Kg bw orally as
supported by [Than and Segein 2005) in the first
two weeks then animals were injected
intraperitoneally by OTC in the following two
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weeks. The fourth group received NSO
(2ml/Kg of bw orally as mentioned by Saleem
et al 2012) in the first two weeks then animals
were injected intraperitoneally by OTC in the
following two weeks. The fifth group; animals
were fed orally by NSET only. Finally, the
sixth groupwere fed orally by NSO only.

Biochemical analysis

Hepatic functions ie, alanine
aminotransferase = (ALT), and aspartate
aminotransferase (AST) were determined

(Gella et al 1985). Renal functions i.e. urea and
creatinine assessed according to Tietz (1995);
uses Arab-Lab-Egypt kits. MDA levels were
determined by the mode of interaction of
MDA with  acid (Bayrak et al 2008) and
expressed as nmol/mL in serum samples.
superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (G-PX) were
evaluated in plasma (Sultan et al 2014) where
heparin was used to stop blood-clotting in
blood.

Histopathological Examination for liver and
kidney

The organs have been washed in saline, and
the preparation of paraffin sections were done
as follows: 10% formalin to make fixation. The
dehydration has been done through ascending
grades of alcohol (70% alcohol at 1.5 hours,
90% alcohol at 1.5 hours, and absolute alcohol
at 3 hours), then the specimens were cleared in
xylene for 4 hours. The cleared specimens were
impregnated in soft pure paraffin through
three different grades (each one for one hour)
at 56 °C to make infiltration. Finally, the
specimens were embedded in paraffin wax at
58 °C and oriented in blocks. Paraffin sections
of 3-5 micron thickness were cut to histological
study. On the other hand, the Staining by
Hematoxylin and Eosin (H & E) were mounted
in DPX and covered. This method was close to
what Al-Azzawi and Parraj (2016) mentioned.

Statistical analysis

Data were statistically analyzed using the
SPSS version 20 program. Following ANOVA,
Tukey’s post hoc test was performed to
determine the lowest significant difference.
Means and S.E. were calculated using
descriptive statistics.

RESULTS AND DISCUSSION
Identification of fatty acids in NSO extract

The Fatty acids composition of black seed
oil was reported in Table (1). The analysis
revealed a small amount of myristic, arachidic,
and stearic acids as saturated fatty acids (SFA).
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Palmitic acid was (13.05%), while the small
amount of unsaturated fatty acids (UFA) was
palmitoleic, linolenic n-3. On the other hand,
the major fatty acids were presence in long-
chain fatty acids, such as linoleic and oleic acid
(568.31and 24.39%, respectively). The obtained
data as shown in Table (1) and Fig. 1 were
close to the illustrated results of cold-pressed
black cumin seed oil obtained by (Lutterodta et
al 2010). It can be enhanced by the preventive
treatments for patients exposed to oxidative
stress by NSO. The results of this study
showed that the NSO has the necessary
chemical properties that increase the
antioxidant capacity. Thus, lipid peroxidation
(oxidative stress) has been reduced as well as
the harmful effects of stress on body tissues
(Rasouli et al 2017).

Composition of EO in seeds

The chemical components of N. sativa
essential oil (Table 2), and Fig. 2 showed the
results of the GC chromatogram. GC analyses
using FID revealed that 26 components were
identified, including p-cymene (41.08%), a-
thujene (12.69%), trans-p-mentha-2,8-dien-1-ol
(10.83%), B-pinene (6.57%), a-pinene (5.50%),
B-caryophyllene (3.69%), y-terpinene (3.36%),
thymoquinone (0.19%), sabinene (2.72%), trans-
sabinene hydrate (1.86%), thymol (1.36%),
carvacrol (1.16%), dihydrocarvone (0.78%), a-
terpinene (0.75), p-cymene-8-ol (0.71%), and
cyclosativene (0.69%). These data were almost
identical with (Burits and Bucar 2000), which
states that using N. sativa seeds from sex
samples and a commercial fixed oil had a
qualitative composition of volatile compounds.
However, they added that thymoquinone and
its components, carvacrol, t-anethole, and 4-
terpineol exhibited a respectable radical
scavenging property. They also found that the
essential oil had varying antioxidant efficacy in
non-enzymatic lipid peroxidation in liposomes
and deoxyribose degradation experiment
using efficient OH radical scavenging agents.

TPC and TF contents

The antioxidant components present in
NSO and NSET were estimated respectively to
evaluate the antioxidant properties. NSO
recorded 4.95£t1.50 mg GAE/g dw of total
phenolic content and 4.03+0.07 mg QAE/g dw
of total flavonoids, while total phenolic content
recorded 33.24+0.76 mg GAE/g dw and
18.67+1.35 mg QAE /g dw of total flavonoids in
NSET. Mariod et al (2009) showed the same
trend in the phenolic content test of phenolic
rich fractions was obtained from black cumin.
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Antioxidant activity

Table 4 shows the scavenging activity of
DPPH and ABTS to assess NSO and NSET.
The DPPH for those ranged from 177.66 + 2.78
to 534 + 5.23 ugTE/mL, and 40.06 + 7.75 to 60 +
14.73 1C50 ug/mL, respectively. The ratio is
similar to (Guergouri et al 2017) in their study
on Algerian total oil of N.sativa. Additionally,
ABTS ranged from 1,021 + 40.02 to 435 + 5.23
ugTE/mL and 35.84 + 7.71 to 6.45 + 3.37 IC50
pg/mL for NSO and NSET respectively.
Moreover, the coefficient, which refers to
sample concentration that inhibited 50% of the
radicals, as- IC50. And the lower IC50, the
better antioxidant activity as shown in ABTS
parameter.

Tables 3 and 4 are closed to the findings of
Dorman et al 2003, who noted a good
relationship between TPC and antioxidant
activity in fruits, vegetables, and medicinal
plants. In the current study, the polar fissure
in phenols and flavonoids related to the
antioxidant capacity is approved by Kadam
and Lele 2017 in the extraction,
characterization, and estimation the bioactive
properties of N. sativa seed cake extracts. In
addition to the EO components that vary
according to geographical and environmental
conditions, (Bourgou et al., 2010) showed a
high antioxidant capacity (Nagi and Mansour
2000).

Effect of treatments on liver and kidney
weights

(Table 5); it is concerned with the effect of
the treated groups that lead to significant
values approached to the control, while
positive control significantly increased at (p <
0.05). (Mousavi 2015) described that renal
reperfusion leads to the possibility of
interstitial edema that resulted in an increase
in the kidney weights for the body, and the
treatment of the liver and kidneys can be done
by thymoquinone or N.sativa in general, as
documented by Ates and Ortatath 2020.

Biochemical determinations of liver and
kidney functions in blood serum

The significance of the treatments included
the use of NSO, NSET converges to the control
(p < 0.05). The AST, ALT, urea, and creatinine
indicators of the positive control were
considerably increased (Tables 6 and 7). The
occurrence of lipid peroxidation can lead to the
destruction of cells and consequently the
excretion of liver enzymes and their rise from
the cytosol to the blood serum (Hamad, 2012).
Creatinine is a measure of glomerular function.
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Therefore, any damage to the kidneys will
increase in the levels of urea and creatinine in
the blood (Dollah et al 2013). (Tables 6 and 7)
show the significance of the treatments
included the use of NSO, NSET converges to
the control (p < 0.05), but The AST, ALT, urea,
and creatinine indicators of the positive control
were considerably increased.

Determination of antioxidant activity and
lipid peroxidation

(Table 8) displays MDA, SOD, CAT, and
GSH-PX averages. Where MDA significantly
increased as a result of OTC-treated group and
significantly decreased with NSO and NSET
treated groups; however, in contrast to the
significance of antioxidant enzymes such as
SOD, CAT, and GSH-PX, the findings of this
study are consistent with those of (Mohebbati
et al 2017), and (Abou Zaid et al 2015).

Histopathological Examination

The histopathological examination of the
liver in control animals exhibited average
portal tracts, average central veins, and
average hepatocytes (Fig. 3a), but the positive
control group treated with OTC showed
markedly edematous portal tract with the
markedly dilated congested portal vein (PV),
average bile ducts, and hepatocytes with
vacuolated cytoplasm in the peri-portal area
(Fig. 3b), and the possibility of many
vacuolated hepatocytes injuring the liver is
due to the adaptation of cells to resist more
insults rather than the common hydropic of
the cells ( Nayak et al 1996) . The combination
of OTC and NSET displayed a mildly
edematous portal tract with the markedly
dilated congested portal vein (PV), and
average bile ducts (Fig. 3c), and the
combination of OTC and NSO; portal tract
with the markedly dilated congested portal
vein (PV), average bile ducts, and average
central vein (Fig. 3d). The group of Animals
which received NSO only showed average
portal tract, average central veins (CV), and
average hepatocytes (Fig. 3e), but the group
that received NSET only exhibited portal tract
with the markedly dilated congested portal
vein (PV), average bile ducts, average central
veins (CV), and average hepatocytes (Fig. 3f).
The histopathological examination of the
kidney was showed in the control group; a
typical renal capsule, glomeruli of typical size,
and tubules of typical size (Fig. 4a), and in the
positive control; kidney with a typical renal
capsule, glomeruli of tiny size, and tubules
that are significantly dilated (Fig. 4b) , and
occurs anywhere along the nephron or
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collecting duct system . It may occur in focal
areas or tracts that extend along the entire
length of the kidney sections. Renal tubule
dilation may occur from = xenobiotic
administration, secondary mechanisms, or
unknown etiology (Greaves 2012), while the
combination of OTC+NSET group (Fig. 4c),
OTC+NSO group (Fig. 4d), and a group treated
with NSO only (Fig. 4e) showed a typical renal
capsule, glomeruli of typical size, and tubules
of typical size, while the group treated with
NSET only clarified a typical renal capsule,
glomeruli of typical size, tubules of typical
size, and interstitial blood veins that are
moderately dilated and congested (Fig. 4f).

CONCLUSION

The mechanism of responding to the anti-
oxidative property of N. sativa extracts can be
enhanced by ethanolic and oil extracts. Other
studies mentioned also almost parallel effects
close to the quality of extracts to current study.
These  extracts  containing  exogenous
antioxidants which have a strong and
powerful influence to stimulate the internal
antioxidant mechanism led to positive
scavenging radical effects. However, the
protective role included in the study was
revealed by distributing extract doses before
induction with toxic substances. Consequently,
positive results were obtained in response to
the preventive role. Therefore, the study
recommended that N. sativa seed extracts
could be used as a natural antioxidant and
protection against free radicals.
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Table 1: GC-FID analysis of fatty acid composition of cold-press oil (NSO) of Nigella Sativa L.

Fatty acids

Common name
Myristic acid
Palmitic acid

Palmitoleic acid

Stearic acid

Oleic acid

Linoleic acid
Linolenic acid n3
Arachidic acid

Abbreviation Area %
C14:0 0.17
C16:0 13.05
Cl6:1 0.2
C18:0 3.39
C18:1 24.39
C18:2 58.31

C18:3n3 0.2
C20:0 0.35

Table 2: Chemical components of EO

No

Volatile compounds

Relative area (%)

a-Thujene 14.99
a-Pinene 5.50
Camphene 0.13
Sabinene 2.72

- Pinene 6.57
Myrcene 0.36
3-carene 0.28
a-Terpinene 0.75
p-Cymene 41.08
v-Terpinene 3.36
Terpinolene 0.12
trans-Sabinene hydrate 1.86
Linalool 0.23
trans-p-Mentha-2,8-dien-1-ol 10.83
Borneol 0.15
Terpinen-4-ol 0.36
p-Cymen-8-ol 0.71
trans-Dihydrocarvone 0.21
Dihydrocarvone 0.78
Thymoquinone 0.19
Thymol 1.36
Carvacrol 1.16
Cyclosativene 0.69
(z)-Caryophyllene 0.24
[B-Caryophyllene 3.69
Aromadendrene 0.68
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Table 3: TPC and TF content in NSO and NSET

Parameters TPC (mg GAE/g) TF (mg QAE /g)
Extracts meant S.E meant S.E
Nigella sativa oil extract (NSO) 4.95+1.5 4.03+0.07
Nigella sativa ethanolic extract (NSET) 33.24+ 0.76 18.67+1.35

Total phenolic content TPC and total flavonoids TF NSET by descriptive statistics (mean and standard error +
S.E.)

Table 4. TE equivalent and IC50 for the scavenging activity of DPPH and ABTS radicals

Parameter DPPH ABTS
A (ugTE/mL)  IC50(ug/mL) (ugTE/mL) IC50(ug/mL)
Mean=+ S.E Mean+ S.E Mean+ S.E Mean+ S.E
Nigella sativa oil extract (NSO) 17766 42.78  40.06+7.75 1;1%201; 35.84+7.71
Nigella sativa ethanolic extract 534 +10.65 60+1473 4354523 6.45 + 337

(NSET)

Each mean followed by standard error S.E., (DPPH) = 1,1-diphenyl-2-picryl-hydrazyl and (ABTS) radical = 2,2'-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid). IC50 = concentration required to inhibit 50% of DPPH and
ABTS. Equivalent amounts of the standard substance Trolox (TE), and the resulting quantity: pg/mL.

Table 5: Effect of treatments on liver and kidney weight gain

Organ Liver Kidney

Groups Mean SE+ Mean SE+
1.00 control (C) 5.75 0.16 1.23* 0.06
2.00 (+) control 7.04%* 0.22 2.31%* 0.21
3.00 OTC + NSET 5.41* 0.28 1.26* 0.06
4.00 OTC + NSO 5.39* 0.26 1.32% 0.07
5.00 NSO 5.48* 0.34 1.12% 0.03
6.00 NSET 5.01% 0.19 1.25% 0.06

Six groups 1:6 (n =7). Average values were calculated as mean and standard error as S.E. ANOVA with Tukey’s
post hoc test was used to determine significant differences in liver and kidney weights affected by treatments., *:
*#* indicate a significant differences (p < 0.05). The same symbol in different cells indicate a non-significant (p <
0.05).

Table 6: Impact of treatments on liver function enzymes (ALT and AST)

. ALT (U/L) AST (U/L)
Function —r —
Groups Statistics Statistics

Mean SE+ Mean SE.+
1.00 control (C) 35.66* 3.28 138.20* 4.02
2.00 (+) control 88.66**** 1.66 228.33*** 10.92
3.00 OTC + NSET 28.50* 1.32 127.50* 7.79
4.00 OTC + NSO 32.50** 3.09 132.20* 14.37
5.00 NSO 28.80* 2.78 143.25* 15.12
6.00 NSET 17.66*** 0.88 129.80* 7.68

Six groups 1:6 (n = 7). Average values were evaluated as mean and standard error as S.E. ANOVA with Tukey’s
post hoc test was used to determine significant differences in liver functions (AST and ALT) affected by
treatments., *: **** indicate a significant difference (p < 0.05). The same symbol in different cells indicate a non-
significant (p <0.05).
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Table 7: Effect of treatments on kidney functions (Urea and Creatinine)

Function Urea (mg/dL) Creatinine (mg/dL)
Groups Statistics Statistics

Mean S.E.+ Mean S.E.+
1.00 control (C) 46.33* 3.48 0.64* 0.065
2.00 (+) control 78.00%*** 6.67 11.04**** 1.86
3.00 OTC + NSET 49.50* 0.50 0.73* 0.14
4.00 OTC + NSO 33.60* 2.44 0.73* 0.10
5.00 NSO 44.60* 2.76 0.80* 0.05
6.00 NSET 47* 3.72 0.62* 0.07

Six groups 1:6 (n = 7). Average values were evaluated as mean and standard error as S.E. ANOVA with Tukey’s
post hoc test was used to determine significant differences in kidney functions (Urea and Creatinine) affected by
treatments. *: **** indicate a significant difference (p < 0.05). The same symbol in different cells indicate a non-
significant (p <0.05).

Table 8: Lipid peroxidation (MDA) and antioxidant enzyme activities

Parameter MDA SOD CAT GSH-PX
Groups Mean S.E.+ Mean SE+ Mean SE+ Mean S.E.+
1.00 control (C) 109.56 * 1.79 27.78***  1.53 5.38* 500 33.54**  0.55
2.00 (+) control 376.32%%%* 5849  10.43*** 1.01 1.58*** 046 12.76*** 0.83
3.00 OTC + NSET 126.81* 2.85 18.37***  0.99 3.82 042 29.78* 1.15
4.00 OTC + NSO 119.47 * 5.13 15.96***  1.97 4.48* 0.68 27.75*  0.95
5.00 NSO 130.58 * 10.10 24.62**  1.56 5.49 * 0.50 31.39% 0.90
6.00 NSET 114.40 * 3.61 28.67**  1.14 483* 0.27 30.86* 0.60

Six groups 1:6 (n = 7). Average values were evaluated as mean and standard error as S.E. ANOVA with Tukey’s
post hoc test was used to determine significant differences in MDA, SOD, CAT, and GSH-PX affected by
treatments. *: **** indicate a significant difference (p < 0.05). The same symbol in different cells indicates a non-
significant (p < 0.05).
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Figure 1: Chromatogram of fatty acid composition of NSO extract.
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Figure 3c: (Group 6; OTC+NSET): Slide OE: | Figure 3d: (Group 5 OTC + NSO): Slide OO: liver
showing mildly edematous portal tract with | showing portal tract with markedly dilated congested
markedly dilated congested (PV), and | (PV), average bile ducts, and average central vein (H&E

average b11e ducts (H&E X 200).

Figure 3f: (Group 2; NSET): Slide EX: liver showing
portal tract with markedly dilated congested
(PV), average bile ducts, average (CV), and
average hepatocytes (H&E X 200).

Figure 3e: (Group 3; NSO): Slide OI: liver
showing average portal tract, average (CV)
and average hepatocytes (H&E X 200).
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Figure 4c: (Group 3; OTC +
NSET): Slide OE: a kidney
with a typical renal
capsule, glomeruli  of
typical size, and tubules of
typical size (H&E x 200).

Figure 4a: (Group 1; Control): a | Figure 4b: (Group 2; OTC): Slide
kidney with a typical renal | OX: kidney with a typical renal
capsule, glomeruli of typical size, | capsule, glomeruli of tiny size, and
and tubules of typical size (H&E x | tubules that are significantly
200). dilated (H&E x 200).
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¢ 2 4 Ol a kidney with a typical renal | NSET): Slide EX: a kidney
F1gure 4d: (Group 4 OTC + NSO) capsule, glomeruli of typical size, | with a  typical renal
Slide OO: a kidney with a typical | and tubules of typical size (H&E x | capsule,  glomeruli  of

renal capsule, glomeruli of typical | 200). typical size, tubules of
size, and tubules of typical size typical size, and interstitial
(H&E x 200). blood veins that are
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