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Abstract

This study was designed to estimate the hepatoprotective and
antioxidant effects of Moringa oleiferaseed oil (MOSO) and
pumpkin seed oil (PSO) against the hepatic toxicity induced by
CCL4 in rats. Sixty male albino rats (120 + 10 g) were randomly
divided into 6 equal groups. Group 1 was the control group and was
orally given corn oil once daily for 28 days. Group 2 was given MOSO
at a dose of 0.2 ml/rat, while group 3 received PSO (300 mg/kg b. wt.)
once daily for 28 days. Group 4 received CCL4 i/p at a dose of 2.5
ml/kg b. wt. on days 13 and 14 of the experiment and was designated
as a positive control group. Groups 5, and 6 received MOSO and PSO
at the same dose, route, and duration as groups 2 and 3 and were
injected with CCL4 i/p at a dose of 2.5 ml/kg b. wt. on days 13 and 14
of the experiment. The results showed that oral administration of
MOSO and PSO to CCL4-intoxicated rats on day 28 of the experiment
significantly reduced the elevated levels of liver enzymes and
bilirubin and elevated serum levels of total protein, albumin, and
globulin, as well as a significant improved in lipid profile compared
to the CCL4-intoxicated group. Furthermore, GSH and CAT levels
were significantly higher in the treated groups, while MDA levels
were significantly lower compared to the CCL4 intoxicated group.
The histopathological examination of liver sections in rats pretreated
with MOSO and PSO showed favorable changes in the degenerative
changes induced by CCL4. Our results propose that oral
administration of Moringa oleifera and pumpkin seed oils have potent
antioxidant and hepatoprotective effects against CCL4 toxicity in
rats.

Keywords: carbon tetrachloride, Moringa oleifera, pumpkin seed,
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Introduction

The liver is a multipurpose organ
that is crucial in controlling the
body's internal chemical
environment. It serves as a hub for
the metabolism of nutrients like
lipids, carbohydrates, and proteins
as well as waste products,
detoxification, the removal of
medicines and xenobiotics from the
body (Roy et al., 2012). The major
cause of the liver disorder is
exposure to environmental
pollutants and xenobiotics such as
alcohol, carbon tetrachloride, and
paracetamol that cause liver damage
by producing reactive oxygen
species, which are extremely toxic
(Al-Seeni et al., 2016).

Carbon tetrachloride (CCLs) is
widely used to induce hepatotoxicity
in experimental animals. CCl4
belongs to the class of hepatotoxins,
which act after metabolic activation.
It is metabolized in the endoplasmic
reticulum by cytochrome P450
enzymes (mostly CYP2E1) to the
highly  reactive trichloromethyl
radical (CCI3¢). CCI3e rapidly reacts
with oxygen to form the highly
reactive trichloromethyl peroxyl
radical (CCI300e¢), which rapidly
reacts with lipids to form lipid
peroxidation products. CCL4
hepatotoxicity is characterized by
hepatocellular necrosis with fat
deposition (Adewale et al., 2014).
The  majority  of  synthetic
medications used to treat liver
lesions can result in severe liver
damage (Saleem et al., 2010).
Phytochemicals are one of the finest
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options for treating hepatotoxicity,
particularly those brought on by free
radicals. It was determined that
phytochemical polyphenol extract
reduced CCL4 hepatotoxicity (El-
bakry et al., 2016).

Moringa oleifera (MO) belongs to
the Moringaceae family. MO is one
of the most beneficial trees in the
world since almost every component
of the tree has useful qualities.
Young leaves are consumed as a
salad, while shade-dried leaves are
utilized as a natural source of
vitamin A, C, and E, calcium,
protein, amino acids, polyphenols,
and antioxidants. As a result, it is
utilized as a natural source of growth
promotors, nutritional supplements,
and antioxidant agents (Olatosin et
al., 2013; Singh et al., 2014).

The pumpkin belongs to the
Cucurbitaceae family (Bardaa et
al., 2016). Pumpkin seed oil (PSO)
has high amounts of antioxidant
vitamins such as a- and y-tocoferol,
B-carotene  and  vitamin  E.
Additionally, it has high
concentrations  of  lutein  and
selenium as well as phenolic
substances such as vanillic acid,
tyrosol, and vanillin. It has higher
levels of squalene than other seed
oils, a carbon organic molecule with
numerous industrial applications. It
is a rich source of proteins and
phytosterols. The presence of all
these constituents in PSO, clarify
their beneficial and valuable effects
on human health (Stevenson et al.,
2007; Ali and Abdelzaher, 2017).
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This  study  examined the
hepatoprotective effects of Moringa
oleifera seed oil and pumpkin seed
oil in terms of serum biochemical
parameters such as liver enzymes,
bilirubin levels, proteinogram, lipid
profile, as well as histopathological
examination against CCL4-induced
hepatotoxicity in rats.

Materials and Methods

Chemicals
biochemical = parameters  were
obtained from Sigma

Pharmaceuticals (USA) and Roche
Diagnostics (Germany),
respectively, while malondialdehyde
(MDA), reduced glutathione (GSH),
and catalase (CAT) kits were
obtained from Bio-diagnostic (Giza,
Egypt).

Plant oil

Moringa olifera seed oil (MOSO)
was obtained from Genera Nutrients
Private Limited (India). Pumpkin
seed oil (PSO) was obtained from
Imtenan (Egypt).

Animals

Sixty male Wister rats weighing
120+10 g were obtained from the
Laboratory Animals house at
Zagazig University's Faculty of
Veterinary Medicine in Egypt. The
animals were kept in a controlled
laboratory environment with a
temperature of 20-25 °C, a 12h
light/dark cycle, and 50% humidity,
as well as free access to food and
water. They were housed in plastic
cages and acclimatized for 10 days
prior to the experiment. The
experimental design was approved
by the Research Ethical Committee

of the Faculty of Veterinary
Medicine, Suez Canal University,
Ismailia, Egypt (approval no.
201906). They were given human
care, and the experiment was carried
out in accordance with institutional
guidelines.

Experimental design

The sixty rats were randomly
divided into six equal groups. Group
1 received vehicle (corn oil) orally
every day for 28 days and served as
the control group. Group 2 (MOSO
group) received Moringa oleifera
seed oil (MOSO) orally at a dose of
0.2 ml/rat daily for 28 days (Al-Said
et al., 2012). Group 3 (PSO group)
received pumpkin seed oil (PSO)
orally at a dose of 300 mg /kg b. wt.
daily for 28 days (Elmeligy et al.,
2019). Group 4 (CCLs group)
received an intraperitoneal injection
of CCLs (2.5 mi/kg body weight)
dissolved in corn oil (30%) on days
13 and 14 of the experiment
(Elmeligy et al., 2019). Group 5
(MOSO+CCL4 group) and group 6
(PSO+CCLa4 group) received MOSO
and PSO daily for 28 days at the
same doses as groups 2 and 3, as
well as an i/p injection of CCL4 on
days 13 and 14 of the experiment.
Blood sampling

Five overnight-starved rats from
each group were randomly selected
on days 15 and 28 of the experiment.
Isoflurane was used to anesthetize
the rats, and blood samples were
taken from their hearts in sterile,
clean tubes without anticoagulants.
The blood samples were left to clot
at room temperature for 30 minutes
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then centrifuged for 10 minutes, at
3000 rpm. Sera were collected and
stored at -20 °C until the
biochemical analysis.

Tissue specimens

Liver specimens were collected,
washed with iced buffer saline
several times, and plotted with filter
paper, then divided into two parts.
The first part was fixed in 10%
formalin ~ for  histopathological
examination. The second part of the
liver was homogenized with cooled
phosphate buffer solution using a
homogenizer, then centrifuged (2000
rpm for 5 min) at 4°C using a cooling
centrifuge to get rid of cell debris
according to Lin et al. (1998). The
homogenate was preserved in -20 °C
until determination of MDA, GSH,
and CAT.

Hepatic enzymes and bilirubin
assay

Serum ALT, AST, and ALP activities
were estimated calorimetrically by
the method of Bakker and Miicke
(2007). Total and direct bilirubins
were estimated calorimetrically by
the methods of Bakker and Micke
(2007) and Lohr et al. (2009)
respectively. Indirect bilirubin was
calculated according to (Water and
Gerade, 1970).

Proteinogram assessment

Serum total protein was measured
according to Bakker and Miucke
(2007). Albumin was assayed
according to Junge et al. (2007).
Globulin concentration was
calculated by subtracting the
albumin from the total protein
(Busher,  1990). Then the
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albumin/globulin ratio was
calculated (Duran et al., 2014).
Lipid profile

Serum total cholesterol,

triglycerides and HDL-cholesterol
were measured by the method of
Bakker and Miicke (2007), Dastych
et al. (2014) and Rohatgi et al.
(2014) respectively. Serum LDL
cholesterol was calculated according
to the Friedewald formula (LDL-
cholesterol = total cholesterol —
HDL — VLDL) (Sibal et al., 2010).
Serum  VLDL-cholesterol — was
calculated by the equation (VLDL-
cholesterol = triglycerides/5)
(Meeusen et al., 2014).

Hepatic MDA and antioxidant
biomarkers

The levels of the hepatic MDA,
GSH, and CAT activity were
assessed according to Ohkawa et al.
(1979), Beutler (1963), and Aebi
(1984) respectively.
Histopathological examination
Liver specimens were rinsed in saline
and then fixed in 10% buffered
formalin. After fixation, samples
were impregnated with molten
paraffin wax, then embedded and
blocked out. The 5-pm thick paraffin
sections were cut and stained with
haematoxylin  and  eosin  for
microscopical examination
(Suvarna; et al., 2013).

Statistical analysis

Data were analyzed using IBM
SPSS software package version 20.
Quantitative data was described
using mean and standard error. The
significance of the obtained results
was judged at the 5% level. F-test



SCVMJ, XXVII (2) 2022

319

one-way analysis of variance
(ANOVA) was used to compare
between more than two groups, and
Post Hoc test (Tukey) for pairwise
comparisons (Landau and Everitt,
2003).

Results

Tables 1-2 show the effects of
different treatments on serum liver
enzymes, bilirubin and
proteinogram on days 15 and 28 of
the experiment. Oral administration
of MOSO or PSO revealed no
significant  differences in liver
enzymes, bilirubin levels, and
proteinogram parameters compared
to the control rats. However, the
CCLs intoxicated group had
significantly higher liver enzymes,
total, direct, and indirect bilirubin
levels, compared to the control
group. On day 15, CCL4-intoxicated
group  showed a  significant
reduction in total protein, albumin,
and A/G ratio with non-significant
change in globulin level, while on
day 28, a significant decrease in
serum levels of total protein,
albumin, and globulin with non-
significant change in A/G ratio
compared to the control. The group
5 and group 6 showed a significant
reduction in serum liver enzymes
activity and bilirubin levels with
marked elevation in proteinogram
parameters compared to CCLs-
intoxicated rats (gp.4).

Tables 3-4 illustrate the influence of
different treatments on serum lipid
profile on days 15 and 28 of the
experiment. No significant

variations were recorded in lipogram
group 2 &3 on days 15 and 28 post-
treatments. However, a significant
elevation in cholesterol, TG, LDL,
and VLDL levels with a significant
decrease in serum HDL level were
recorded in CCLs-intoxicated rats in
contrast to control. Meanwhile, on
day 15 of the experiment
MOSO+CCL4 group and
PSO+CCL4 group showed
significant ~ decrease  in  the
cholesterol and LDL with significant
increase in HDL and non-significant
change in TG, and VLDL
comparatively with CCLs-
intoxicated group. After 28 days,
MOSO+CCL4 group significantly
decreased cholesterol, LDL, and
increased serum HDL levels with
non-significant changes in TG, and

VLDL when  compared to
intoxicated  group.  Moreover,
PSO+CCL4 group revealed

significant decrease in cholesterol,
TG, LDL, VLDL, with a significant
increase in HDL compared to the
intoxicated group.

Tables 5-6 show how different
treatments affected hepatic MDA
and antioxidant biomarkers on days
15 and 28 of the experiment. MOSO
and PSO groups showed no
significant differences in MDA,
GSH, and CAT levels on days 15
and 28. When compared to the
control, the CCL4-intoxicated group
had significantly higher MDA levels
and significantly lower GSH and
CAT levels. On the other hand,
administration of MOSO or PSO to
CCLg-intoxicated rats resulted in a
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significant reduction in MDA and a
significant increase in GSH and CAT
tissue levels compared to CCLs-
intoxicated rats.

Histopathological results:

Normal control group liver tissue
revealed normal hepatic structure
(Fig. 1A). MOSO or PSO liver tissue
with normal hepatic structure and no
pathological lesion (Fig.1 B&C).
CCLg-intoxicated  liver  tissue
showed degenerative and necrotic
changes, as well as moderate
fibroblastic proliferation and early
collagen deposition, resulting in the
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formation of distinctive fibrous
strands surrounding individual or
groups of hepatic lobules (Fig. 1D).
The liver tissue of the MOSO+CCL4
group revealed mild congestion in
the portal vein, as well as a few
inflammatory cells infiltrating the
portal area with large
hyperchromatic nuclei (Fig. 1E).
The liver tissue of the PSO+CCL4
group revealed mild effects of CCL4
toxicity in the form of biliary
profiliration, portal vascular
dilatation, and mild vacuolation of
the hepatic cells with prominent
centrally located nuclei (Fig. 1F).

Table (1): Changes in liver function tests in different treated groups after 15 days:
AL | AS | AL | Tot | Dire | Indi | Tot | Alb | Glo

Group | 1t | 7 | p | al ct |rect| al | umi| buli | A
S (U/ | (U/ | (Ul | bilir | bilir | bilir | pro| n n G
Contro | 40.2 | 185 | 235. [ 0.11 [ 0.04 [ 0.08 | 6.3 | 4.18 [ 2.20 [ 1.9

| 0° | .0 | 0% | % | 9+ | 9% | 8 | % | 3+ | 2%
4921189 | 229. |1 0.12 | 0.04 | 008 | 65 |4.24 | 224 |19

MOSO Obc:t .8C:|: 8(::‘: di Cdi di Oab ai abi_ 1ai
PSO 39.0(184 | 232. | 0.10 | 0.02 | 0.08 | 65 |4.30 | 228 |19

C+ | 204 | 0% | 9+ dt dt | 8%+ | A+ a4+ | 0%

cCL 80.0 308 |325. | 052 | 026 |025|4.1|224|186|1.2
Ylar e | 6% | A | % | A |29k | o+ | by | QP
MOSQO [ 56.2 | 224 | 247. | 0.28 | 0.13 | 0.15 | 6.0 | 3.90 | 2.18 | 1.7

+CClLas | 0P+ | .6° | 8%+ | b+ by by | gbc | aby | aby | Qa4
PSO+ | 588|244 |267.|0.19 | 0.07 | 0.12 | 5.7 | 3.68 | 2.02 | 1.8

CCLs | O+ | .0° | 8°+ | °+ C4+ C+ | 0% | P+ | d+ | 4%+

Data are expressed as means £ SEM (n =5)

Means in the same column with common having different superscript letters

are significant at p < 0.05

MOSO= Moringa oleifera seed oil
CCL4= Carbon tetrachloride.
ALT= Alanine aminotransferase
ALP=Alkaline phosphatase

PSO= pumpkin seed oil

AST= Aspartate aminotransferase
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Table (2): Changes in liver function tests in different treated groups after 28 days

Indirec

Total Direct Total Albumi | Globuli
G ALT AST ALP bilirubi | bilirubi . _t . protei
roups bilirubi n n AIG
L |y | L n n " n o | @i
(my/d)) | (g | " | (o)
a
Control 49.60° 175.4%4 190.0¢ 0.13% 0.04°+ 0.09°+ 6.36%+ 4.28% 2.08%+ 2'?_6
+2.11 +5.54 +5.28 0.00 0.00 0.00 0.05 0.05 0.02 064
60.0°°+ 170.2¢ 180.0¢ 0.13° 0.04°+ 0.09°+ 6.54%+ 4.30% 2.24%+ 1922
MOSO o . : e Sam S S e o +
2.83 +2.94 +3.03 0.00 0.00 0.00 0.07 0.08 0.04 067
bc cd d C. C. C. 2, a. a. 1.95%
PSO 54.80 181.4 199.0 0.11° 0.02°+ 0.09% 6.58%+ 4.36%+ 2.22%+ "
+2.78 +3.61 +3.27 0.00 0.00 0.00 0.09 0.07 0.04 0_04
a a
cor, | 82a0 | T amor | oase | 023 | 022 | 421 | 270 | 150 | M
+2.06 6.18 +7.53 0.01 0.01 0.01 0.09 0.06 0.04 0.06
a
MOSO+CC 61.0°+ 203.6° 225.6° 0.27°+ 0.13+ 0.15+ 6.30% 4.18%+ 2.12%+ 1'35
La 3.21 +4.47 +3.14 0.01 0.01 0.01 +0.04 0.07 0.10 013
bc bc b b. b. b. b. b, a. 1.86%
PSO +CCL4 52.20 195.0 270.2 0.27°+ 0.12°+ 0.15°+ 6.02°+ 3.90°+ 2.12%+ +
+1.66 +4.39 +5.74 0.01 0.01 0.01 0.06 0.07 0.04 0_07

Data are expressed as means £ SEM (n =5)

Means in the same column with common having different superscript letters
are significant at p < 0.05
MOSO= Moringa oleifera seed oil
CCL4= Carbon tetrachloride

ALT= Alanine aminotransferase

ALP=Alkaline phosphatase

PSO= pumpkin seed oil

AST= Aspartate aminotransferase

Table (3): Changes in serum lipid profile in different treated groups after 15 days:

Groups Cholesterol | Triglyceride HDL LDL VLDL
(mg/d) (mg/dl) (mg/dl) | (mg/dl) | (mg/dl)

Control 10582271 | 51002375 | 0% 542-%’ + 1%?%
MOSO 111.1%42.87 | 66.200+3.35 4?21* 552-?3;’ + faiﬁ
PSO 104674242 | 60.60°2.60 | >0 52578; = 120152;
ccLs 188.47+11.03 | 96.60° +4.30 30(')?; + 1?3-;1* 1%3;3263
MOSO+CCLs | 111.4%+404 | 89.20°+351 4;-2;* 522-5_3:3" + g%a
PSO+CCLs | 1304°:201 | 85404325 | *320% 702-_1122" o

Data are expressed as means + SEM (n = 5)
Means in the same column with common having different superscript letters
are significant at p < 0.05



322 Osama A. M. Abdalla et al.

MOSO= Moringa oleifera seed oil
CCL4= Carbon tetrachloride.

HDL= High density lipoprotein
VLDL= Very low density lipoprotein

PSO= pumpkin seed oil

LDL= Low density lipoprotein

Table (4): Changes in serum lipid profile in different treated groups after 28
days:

Groups Cholesterol | Triglyceride HDL LDL VLDL
P (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 106.8%+4.81 65.0°£3.29 41.408+£2.25 | 52.40°+2.55 13.0°£0.66

MOSO 111.0%9+2.35 63.0°£3.05 | 40.60%+1.50 | 57.80°+2.39 12.60°+0.61
PSO 115.6%9+2.99 | 71.80*°+1.39 44.02+2.0 57.24°+3.18 14.36%+0.28
CCL4 145.0%+4.46 84.802+2.31 | 33.60°+1.81 | 94.442+3.15 16.96%+0.46
MOSO+CCL4 129.4°+£3.76 | 77.40%+2.99 | 41.40%+1.69 | 72.44°+2.28 15.483+0.60
PSO+CCL4 122.8%+2.15 | 67.40°+3.36 | 42.602+0.93 | 66.72%¢+1.94 | 13.48%¢+0.67

Data are expressed as means + SEM (n = 5)

Means in the same column with common having different superscript letters are significant at
p=<0.05

MOSO= Moringa oleifera seed oil
Carbon tetrachloride

HDL= High density lipoprotein
density lipoprotein

PSO= Pumpkin seed oil CCL4=

LDL= Low density lipoprotein ~ VLDL= Very low

Table (5): Changes in MDA and antioxidants in different treated groups after 15
days:

Groups MDA (nmol/gm) GSH (mg/gm) CAT (u/mg)
Control 0.54° +0.04 108.0* £5.29 17.71* £ 0.47
MOSO 0.61° +0.07 91.63% + 3.79 14.30* + 1.71
PSO 0.71° +0.06 95.52% + 2.48 14.02* + 0.69
CClL4 23.17* £ 3.20 13.749 + 0.67 0.48°+0.07
MOSO+CCL4 3.36" £0.46 73.25°+ 4.25 11.74° +0.79
PSO+CCL4 2.42° +0.66 83.27* + 3.38 10.55" + 0.44

Data are expressed as means + SEM (n =5)

Means in the same column with common having different superscript letters are
significant at p <0.05

MOSO= Moringa oleifera seed oil
Carbon tetrachloride.

MDA= Malondialdehyde

PSO= Pumpkin seed oil CCLs=

GSH= Glutathione CAT=Catalase
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Table (6): Changes in MDA and antioxidants in different treated groups after
28 days:

Groups MDA (nmol/gm) GSH (mg/gm) CAT (u/mg)
Control 0.749+ 0.04 113.0° +4.59 15.43*+ 1.40
MOSO 0.92¢+0.01 100.9% +5.0 14.90° + 1.40
PSO 1.09+0.01 106.3% + 2.0 11.11%°+0.12
CClL4 18.86° + 0.16 21.74% £5.29 1.42°+0.10
MOSO+CCL4 9.11°+ 0.68 89.29° +0.46 10.09° + 0.99
PSO+CCL4 5.94°+ 0.63 70.19° +4.03 9.35° + 0.47

Data are expressed as means + SEM (n = 5)

Means in the same column with common having different superscript letters are
significant ar p <0.05

MOSO= Moringa oleifera seed oil
Carbon tetrachloride

MDA= Malondialdehyde

PSO= Pumpkin seed oil CCLs=

GSH= Glutathione CAT=Catalase

ucture
showing normal hepatic tissue of MOSO treated group (gp.2). C: showing no
pathological lesion in hepatic tissue of PSO treated group (gp.3). D: showing
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fibroblastic proliferation and formation of fibrous strands around hepatic
lobules (black arrow), and vascular dilatation (green arrow) ballonoing
degeneration (red arrow) in hepatic tissue of CCL4-intoxicated group (gp.4).
E: showing mild congestion in the portal vein (black arrow) associated with
few inflammatory cells infiltration in the portal area in MOSO+CCL4 group
(gp.5). F: showing biliary profiliration (blue arrow), portal vascular dilatation
(green arrow), and mild vacuolation of the hepatic cells with prominent
centrally located nuclei (black arrow) in PSO+CCL4 group (gp.6) (H&E) (all

the photos X 200 except E X400).

Discussion

Natural remedies derived from the
herbal plants are considered a safe
and efficient choice of hepatic injury
treatment (Olatosin et al., 2014).
The popularity of herbal plants is
rising worldwide, but more research
is needed to establish their scientific
efficacy, safety, and dose guidelines
(Saleem et al., 2010).

CCly toxicity causes a significant
elevation in AST, ALT, ALP, and
bilirubin with a significant reduction
in proteinogram parameters as
compared with control rats. Many
researchers have used AST, ALT,
ALP and bilirubin as useful
hallmarks of CCL4 hepatotoxicity
(Abdel-Moneim et al., 2015). The
toxicity of CCLs caused the
hepatocyte membrane to lose its
functional integrity, which allowed
ALT & AST enzymes to leak into
the blood stream (Oshiobugie et al.,
2018). Elevated ALP level in serum
may be attributed to increase its
production due to biliary pressure
(Tajetal., 2014). The increase in the
bilirubin levels is considered an
indicator of cholestasis, hepatic
insufficiency, and increase
hemoglobin destruction that produce

bilirubin (Bishayi et al., 2002). The
significant reduction in serum total
protein, albumin, and globulin may
be due to nephritic syndrome and
glomerulonephritis caused by CCL4
toxicity which led to albuminuria
(Tokofai et al., 2021).
Hypoproteinemia  attributed  to
hepatic damage caused by CCL4
metabolites that lead to protein
synthesis inhibition as the liver is the
main organ that responsible for
synthesis of most proteins (Singh et
al., 2014). Our results were
confirmed by the histopathological
examination which revealed
periportal hepatocytes
degenerative and necrotic changes,
intense  portal  inflammatory
reaction in the hepatic tissue from
CCLs-intoxicated  rats.  These
results came in line with Althnaian
et al. (2013), Singh et al. (2014)
and Madkour et al. (2014). Oral
administration of MOSO in CCLs-
intoxicated rats showed a marked
reduction in serum ALT, AST, ALP
and bilirubin  levels with a
significant increase in proteinogram
parameters compared to CClLus-
intoxicated group. This
improvement in the biochemical
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parameters may be due to MO seeds
constituents such as flavonoids,
tannin, alkaloids and saponin that are
mentioned to have antioxidant
properties, inhibit cytochrome p-450
aromatase, scavenge free radicals,
and inhibit ROS interaction with cell
DNA, and cell membrane that inhibit
lipid peroxidation, and prevent cell
death (Biomy et al., 2018). These
biochemical results were confirmed
by histopathological examination
which showed few of vacuolar
degeneration and macrosteatosis,
and regenerative changes in the form
of cytoplasmic basophilia and large
hyperchromatic nuclei. Our results
were in harmony with Biomy et al.
(2018), and Ali (2022). Oral
administration of PSO in CCLs-
intoxicated rats demonstrate a
marked amelioration in liver
enzymes activity, bilirubin levels,
and proteinogram matching to
CCLs- intoxicated group. This
improvement may be due to the

prevention of the leakage of
intracellular  enzymes by its
membrane  stabilizing  activity.
Furthermore, PSO's

hepatoprotective effects due to its
phenolic and flavonoid antioxidant
activity by inhibiting cytochrome P-
450 aromatase, acting as free radical
scavenger that restore normal
functional status of the hepatocytes
and restore serum proteins levels in
close to control rats. Serum total
bilirubin reduction by PSO indicated
decreased cell swelling and
obstruction of bile pathway induced
by CCLs (Elmeligy et al., 2019).

Our data were confirmed by the
histopathological examination,
represented by a few
hepatocellular hydropic
degenerations, and mild biliary
proliferation, with regenerative
changes. Our findings agreed
with earlier one (Abou-Zeid et al.,
2018; Atasever et al., 2020).
Regarding to lipid profile on days 15
and 28 of the experiment, significant
elevation in serum cholesterol, TG,
LDL, and VLDL levels with a
significant decrease in serum HDL
level was recorded in CCLs-
intoxicated rats compared to the
normal rats. Oxidative stress
reduced the rate of lipolysis and the
activity of lipolytic  enzymes
(Tokofai et al., 2021). The main
metabolic defect caused by CCL4 is
reduction of hepatic triacylglycerols
release outward resulting in TAGs
accumulation in the liver, increase
cholesterol  synthesis, decreases
TAGs hydrolysis and fatty acids R-
oxidation that leads to more fatty
acids ready for esterification (Brai et
al., 2020).

MOSO treatment for suppress the
changes in lipid profile induced by
CCL4 toxicity by a significant
decrease in serum cholesterol and
LDL levels with significant increase
in HDL. These results may be
attributed to active  phenolic
components of MOSO that reduce
blood lipid levels by decreasing
intestinal absorption of cholesterol,

LDL-C receptor expression
promotion, deactivation of lipid
synthesis, lipoprotein production



326

and increase in cholesterol disposal
through bile acids (Tokofai et al.,
2021). Co-administration of PSO +
CCL4 showed a significant decrease
in serum cholesterol and LDL levels
with a significant increase in HDL on
day 15 of the experiment comparing
to group with CCL4 toxicity, but
serum TG, and VLDL levels did not
show any significant change
compared to the CCL4 group which
need more time to return to normal
values. While on day 28 of the
experiment, PSO + CCL4 group
revealed a significant decrease in
total cholesterol, TG, LDL, and
VLDL with significant increase in
HDL level compared to the CCL4
group. PSO effect on lipid profile
might be attributed to its constituent
of polyunsaturated fatty acids,
phytosterols, tocopherols and B-
carotene. Pumpkin seed fatty acids
increase the liver ability to remove
bad cholesterol through proliferation
of LDL- receptors in the liver
(Ayman et al.,, 2019). Analogous
results were obtained by Negm
(2018).

The intoxication of rats with CCL4
revealed an increase in lipid
peroxidation (MDA level) and a
reduction in the antioxidants (GSH
and CAT) levels in liver tissue.
CCLs metabolism generates free
radicals which cause lipid, protein,
and DNA oxidative damage
(Messarah etal., 2010). MDA is one
of the lipid peroxidation end
products that is markedly increased
in rats who have consumed CCL4
(Yang et al., 2015). GSH, a key
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component of the overall antioxidant
defense system, decreased in the
CCL4 treated group due to its
utilization by the excessively
generated quantity of free radicals in
the hepatocytes (Le et al., 2016).
CAT is another endogenous
antioxidant that participates in
enzymatic protective mechanism.
CAT takes the responsibility of
transformation of H2O. into water
(Mantzarlis et al., 2017). Treatment
with CCLs decreased the mRNA
expression of the genes for
antioxidant enzymes (Manubolu et
al., 2014). Our outcome agrees with
those of Al-Said et al. (2012) and
Elmeligy et al. (2019). MOSO or
PSO administration to CCLs-
intoxicated rats resulted in a
significant reduction in MDA and a
significant increase in GSH and
CAT tissue levels compared to
CCLs-intoxicated group. Moringa
oleifera administration significantly
improved MDA as a result of its free
radical scavenging and antioxidant
activities due to the presence of
phenolic compounds, which are
multifactorial antioxidants.
However, the subsequent recovery
of GSH in rats treated
with MO extract might be due to de-
novo GSH synthesis or GSH
regeneration (GSSG to GSH) (Singh
et al., 2014). Moringa oleifera
phenolic compounds are able to
protect the cell from emptying GSH
through  glutathione  reductase
activation (Ali, 2022). Our results
came in parallel to Olatosin et al.
(2014). The improvement in the PSO
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+ CCL4 group might be attributed to
PSO antioxidant property as it rich in
essential fatty acids that preserve
cell membrane fluidity (EI-Adawy
and Taha, 2001). Moreover, PSO is
a rich source of B-carotene that has
been reported to have anti-
inflammatory  and  antioxidant
activities, and vitamin E that
considered as a potent antioxidant
that stop free radicals’ formation
(Schafer et al., 2002).

Conclusion

In conclusion, the present study
proved that MOSO and PSO are able
to significantly alleviate the
oxidative stress induced by CCL4 in
rats. Additionally, these findings
demonstrated that MOSO and PSO
have therapeutic effects in treating
some health issues related to
toxicities status induced by CCL.a,
and this was demonstrated by their
favorable  effects on  some
biochemical and histopathological
parameters of the rats.
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