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ABSTRACT:

Wheat germ oil (WGO) is a natural source of
antioxidant such as glycosylated hydroquinone,
tocopherols, and it is an excellent source of
polyunsaturated fatty acids. The point of the
present study is to see how efficient is the WGO
against phenylhydrazine (PHZ) induced
hemotoxicity in rats. Rats were divided into five
groups (six rats each); control group (normal
rats), WGO group (administrated by daily oral
dose of WGO, 300 mg/kg b.w.), PHZ group
(injected intraperitoneally with a daily dose of
PHZ, 60 mg/kg b.w. for 3 consecutive days),
treated group (injected with PHZ then after 3
days administered by WGO) and protective
group (administrated daily by WGO for 11 days
then injected with PHZ). At the end of the
experimental period 14 days, blood samples
were collected in 2 groups of tubes, one
containing EDTA for determination of blood
parameters and the second without
anticoagulant for separation of serum used for
determination of physiological and biochemical
parameters. The results showed that the PHZ
induced significant decreases in haematological
parameters (RBCs, Hb, Hct, and PLT), serum
proteins (total protein, albumin and globulin) and
antioxidant enzymes (CAT, GPX and SOD)
activity and significant increases in white blood
cells (WBCs), erythropoietin hormone, serum
ferritin level, serum liver function parameters
(ALT, AST, TBIL, and ALP), serum Kkidney
function parameters (creatinine, urea and uric
acid) and malondialdehyde (MDA) content.
Administration of WGO improved the
haematological parameters, erythropoietin
hormone, ferritin level, serum proteins, liver
function parameters, kidney function
parameters, antioxidant enzyme activities and
MDA content in rats injected with PHZ. In
conclusion, the results of the present study
revealed that the WGO has therapeutic and
protective roles in improving the haemolytic
anaemia and toxicity induced by PHZ.

CORRESPONDENCE:
Manal M. Hegazy

Zoology Department, Faculty of Science,
Benha University, Benha, Qalyubia, Egypt

E-mail: manalhegazy77@gmail.com

Aziza A. M. EI-Shafey
Magda M. El-Ezabi
Hanan H. M. Ouda
Doaa S. Ibrahim

Zoology Department, Faculty of Science,
Benha University, Benha, Qalyubia, Egypt

ACCEPTED: Feb 19, 2023

ARTICLE CODE: 05.01.23

KEY WORDS:

Phenylhydrazine; Anaemia; Wheat germ
oil; Haematological parameters; Erythropoietin
hormone.

ISSN: 2090 - 0511

Online ISSN: 2090 - 0503

INTRODUCTION:

Anaemias are common blood illnesses,
affecting people of different ages all over the
world (Ogbe et al., 2010). One of the causes
of haemolytic anaemia is the toxic effect of
drugs on red blood cells. Phenylhydrazine
(PHZ) is a chemical molecule that is used as
a chemical intermediate in the
pharmaceutical, agrochemical, and chemical
industries. Phenylhydrazine was mainly used
for experimental induction of anaemia in
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animals, it is famous for its toxicity in red
blood cells (Spivak, 2002). Phenylhydrazine
decreases haemoglobin level, red blood cells
(RBCs) count and extracellular
haematopoiesis in the spleen and liver
(Shukla et al.,, 2012). As a hemotoxic, it
causes oxidative stress within erythrocytes,
resulting in the oxidation of haemoglobin,
leading to the formation of methaemoglobin
which is subsequently converted into
irreversible hemichromes that lead to the
precipitation of haemoglobin in the form of
Heinz bodies (Rifkind, 1965). Phenylhydrazine
causes damage to skeletal protein, lipid
peroxidation, ATP depletion, cation
imbalances, and reduced RBCs membrane
deformability. All of these signs and
symptoms point to haemolytic anaemia
(Berger, 2007; McMillan et al., 1998 & 2005).

Wheat germ contains 10- 12% oil

consisting mainly of oleic, linoleic and
linolenic acids (Sjovall et al., 2000; Gomez

and Ossa, 2002). High lipase and
lipoxygenase activities, as well as a high
content of unsaturated fatty acids are

characteristics of wheat germ (Sjovall et al.,
2000). Wheat germ is the richest source of
antioxidant glycosylated hydroquinone and
tocopherols, slight oxidation may destroy
essential fatty acids and vitamins (Zhokhov et
al., 2010). The WGO reduced plasma and
liver cholesterol in animals improved physical
endurance and delayed aging (Kahlon, 1989).
The WGO has been used as a fertility agent,
an antioxidant, and an additive in natural
food, health and cosmetic products. The WGO

can help to reduce oxidative stress
(Alessandri et al., 2006). Also, it contains
policosanol, a substance that can help to
lower the raised blood sugar and/or total

cholesterol levels (Irmak and Dunford, 2005).
The WGO was known to be the richest natural
source of alpha, beta and gamma-tocopherols
and tocotrienols (Hassanein and Abdel-Razek,
2009). The WGO also contains fat-soluble
carotenoids such as lutein, zeaxanthin and
beta-carotene, which have antioxidant effects

(Leenhardt et al., 2008). Zangeneh et al.
(2019), reported that serum liver function
parameters (ALT, AST, TBIL, and ALP)

increased in PHZ-treated rats. According to
Kale et al. (2019), there were disruptions in
the kidney and liver function parameters after
the injection of PHZ in rats that explained the
reduction in serum protein levels. The
reduction in serum proteins may be a result of
kidney and liver injury caused by PHZ. The
present study aimed to explore the beneficial
effects of wheat germ oil on blood
hemotoxicity induced by PHZ in anaemic rats.

MATERIAL AND METHODS:
Experimental Animals:

Thirty male albino
norvegicus), weighing 150 %
ISSN: 2090 - 0511
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obtained from the Helwan Farm of the
Egyptian Organization for Vaccine and
Biological Preparations. Rats were maintained
under standard laboratory conditions (25 +
2°C, 12 hours light/dark cycle and given food
and water) for ten days before the onset of
the experiment. Rats were humanely treated
according to the ethical guidelines of the

Faculty of Science, Benha University
(Approval number: ZD/FSc/BU-IACUC/2022-
14).
Wheat Germ Oil:

Wheat germ oil was obtained from

Sedico Pharmaceutical Company in the form
of soft gelatine capsules (Each capsule
contains WGO 1000 mg). A daily dose of
WGO (300 mg/kg b.w.) was given to the
animals by oral gavage using a stomach tube
according to Hamed et al. (2013).

Phenylhydrazine:

Phenylhydrazine vyellow powder was
obtained from Sigma Aldrich for Scientific
Chemicals, Cairo, Egypt. Phenylhydrazine
was dissolved in saline solution for
administration (52.2 mg/ 9 ml saline).

Experimental Induction of Anaemia:

In the present study, anaemia was
induced by daily intraperitoneal injection of
PHzZ (60 mg/kg). for three consecutive days
(Koffuor et al.,, 2011). Anaemia was
considered to be induced when RBCs count,
as well as haemoglobin concentration in the
blood, were reduced by about 30%.

Experimental Design:

The experimental animals were
randomly divided into five groups “six rats
each” as follows: (a) control group (normal
untreated rats), (b) wheat germ oil group (rats
administrated WGO by a daily dose of 300
mg/kg b.w. for 14 days), (¢c) Phenylhydrazine
group (rats injected intraperitoneally with PHZ
by a daily dose of 60 mg/kg b.w. for 3
consecutive days), (d) Phenylhydrazine then
wheat germ oil group (rats injected with PHZ
for 3 days then treated with a daily oral dose
of WGO for 11 days), (e) Wheat germ oil then
phenylhydrazine group (rats administrated a
daily oral dose of WGO for 11 days then

injected with PHzZ for 3 days). The
experimental period was extended for 14
days.

Determination of Haematological and

Biochemical Parameters:
Sample Preparations:

At the end of the experimental period,
the overnight fasting animals were
anesthetized by light inhalation of diethyl
ether. Blood samples were collected from the
posterior vena cava in two groups of tubes,
the first group of tubes containing
ethylenediamine tetra acetic acid (EDTA) as
an anticoagulant for determination of
haematological parameters. The blood in the
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second group of tubes was allowed to clot
without using any anticoagulant for 1 - 2 h at
37°C then centrifuged at 3000 rpm for 15
minutes. Sera were separated and stored at -
20°C for biochemical determinations.

Haematological Parameters:

Red blood cells (RBCs) count,
haemoglobin (Hb) content, haematocrit (Hct)
value, blood platelets (PLT) count and white
blood cells (WBCs) count were determined by
an automated haematology cell counter
(MS4e Automatic haematology Analyzer).

Biochemical Parameters:

The concentrations of both serum
erythropoietin hormone and ferritin were
measured by ELISA rat kits purchased from
CUSABIO (USA).

Total serum protein and serum albumin
levels were determined
spectrophotometrically by the methods of

Koller (1984) and Webster et al. (1974)
respectively using Diamond kits (Cairo,
Egypt), While serum globulin level was

calculated as follows:
Globulin = Total protein- Albumin

Spectrophotometrically serum alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were
determined by the method of Schumann and
Klauke (2003) using Human kits (Germany),
Total bilirubin (TBIL) level was determined by
the method of Young and Friedman (2002)
using Diamond Kkits (Cairo, Egypt). Serum
alkaline phosphatase (ALP) level was
determined by the method of Moss (1982)
using Spectrum kits (Egypt).

Serum creatinine and urea levels were
determined spectrophotometrically according
to the methods of Mazzachi et al. (2000) and
Tabacco et al. (1979), respectively by using
Diamond kits (Cairo, Egypt), while serum uric

acid level was determined by the method of
Fossati et al. (1980) using Spinreact Kits
(Barcelona, Spain).

The malondialdehyde (MDA) content
and the activities of catalase (CAT),
glutathione peroxidase (GPX) and superoxide
dismutase (SOD) were determined
colorimetrically by the methods of Draper and
Hadley (1990), Luck (1965), Ara et al. (2018),
and Kakkar et al. (1984), respectively using
kits purchased from BioVision (Milpitas, CA,
USA).

Statistical Analysis:

Results are presented as means =
standard deviations of six readings. Statistical
analyses of the results were completed by the
one-way analysis of variance (ANOVA),
followed by Duncan’s multiple range test
(Duncan, 1957). The significance level was
set at (P<0.05) using the Statistical Package
for Social Science (SPSS) computer program
(version 20.00) produced by IBM Software,
Inc. Chicago, USA.

RESULTS:
Haematological Parameters:

The RBCs count, Hb content, Hct value
and PLT count indicated significant decreases
and significant increases in WBCs (P < 0.05)
in the PHZ group compared to those of the
control and the WGO groups. Treated PHZ
groups (PHZ then WGO and WGO then PHZ
groups) have high RBCs count, Hb contents,
Hct values and PLT counts and low

WBCs count in comparison with those of
the PHZ group but still have low RBCs count,
Hb contents, Hct values, PLT counts and high
WBCs count in comparison with both the
control and the WGO groups (Table 1).

Table 1. Effect of wheat germ oil (WGO) on haematological parameters (RBCs, Hb, Hct, PLT and WBCs) in phenylhydrazine

(PHZ) treated male albino rats.

Animal groups

Control WGO PHZ PHZ + WGO WGO + PHZ
RBCs (M/mmq) 3.94 +0.99° 4.35 +0.14% 3.38 £0.16° 3.88+0.18" 3.85+0.16°
Hb (g/dI) 11.60 + 0.522 12.35+1.01* 6.12 £0.24° 9.95 +0.83" 9.92 +0.82"
Hct (%) 32.75+1.71° 38.35+2.61° 23.00 £ 0.97° 30.23 +2.38° 31.23 +2.80°

PLT (th/mmq) 270.00 + 10.00% 280.00 + 5.00%

WBCs (th/mm?3)

7.00 +0.36° 6.67 +0.25°

190.00 * 5.00¢ 226.33 + 4.04° 224.35 + 4.01°

8.56 + 0.51°% 7.83+0.21° 7.50 + 0.20°

M: Million; th: thousand; all data expressed as mean * standard deviation for six rats; Values with different small letters in

the same row were significantly different (P < 0.05).

Serum Erythropoietin and Ferritin Levels:

In the PHZ group, the serum
erythropoietin and ferritin levels increased
significantly (p < 0.05) compared to those of
the control and the WGO groups. Both serum
erythropoietin and ferritin levels decreased
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significantly in treated PHZ groups (P < 0.05)
compared to the PHZ group but they still have
high levels of erythropoietin and ferritin in
comparison with both the control and the
wheat germ oil groups (Table 2).
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Table 2. Effect of wheat germ oil (WGO) on serum erythropoietin and ferritin levels in phenylhydrazine (PHZ) treated male

albino rats.
Animal groups
Control WGO PHZ PHZ + WGO WGO + PHZ
Erythropoietin (ng/ml) 0.31+0.02¢ 0.27 +0.02¢ 1.13+0.072 0.92 +0.04° 0.86 +0.07"
Ferritin (ng/ml) 29.13 +2.19¢ 30.37 + 0.86° 54.96 + 1.922 36.46 + 2.34° 36.42 £ 2.34°

All data expressed as mean + standard deviation for six rats; values with different small letters in the same row were
significantly different (P < 0.05).

Serum Protein Profile: WGO groups. Serum protein levels in treated

PHZ groups increased significantly compared

to those of the PHZ group, while they were

significantly low compared to their values in

the control and the WGO groups (Table 3).

Serum protein profile (total protein,
albumin and globulin) levels of the PHZ group
showed significant decreases (P < 0.05)
compared to those of the control and the

Table 3. Effect of wheat germ oil (WGO) on serum protein profile in phenylhydrazine (PHZ) treated male albino rats.

Animal groups

Control WGO PHZ PHZ + WGO WGO + PHZ
Total protein (g/dl) 7.60 +£0.10% 7.46 £ 0.152 5.00 + 0.35° 6.53 +0.31° 6.60 +0.17°
Albumin (g/dI) 4.0 6+0.122 4.03 +0.06% 2.73+0.21° 3.53+0.21° 3.70 £ 0.20°
Globulin (g/dI) 3.563+0.15% 3.43 +0.15% 2.26 +0.25° 3.00 £ 0.10° 2.90 +0.10°

All data expressed as mean * standard deviation for six rats; values with different small letters in the same row were
significantly different (P < 0.05).
Serum Liver Function Parameters: significantly low levels of liver function

. . parameters in comparison with those of the
Serum liver function parameters (ALT, PHZ group but still have high levels in

AST, TBIL and ALP) levels indicated : :
significant increases (P < 0.05) in the PHZ ngagr:zzgsw(l.}.ggreozse of the control and the

group compared to those of the control and
the WGO groups. Treated PHZ groups have

Table 4. Effect of wheat germ oil (WGO) on serum liver function parameters in phenylhydrazine (PHZ) treated male albino

rats.
Animal groups
Control WGO PHZ PHZ + WGO WGO + PHZ
ALT (UIL) 87.33 + 1.15¢ 64 + 2.00° 123 + 3.00° 104.66 + 2.51° 97.70 + 2.17°
AST (UL) 81.40 + 4.1¢ 60 + 1.001° 136 + 2.00° 124.96 + 2.95 117.90 + 2.26°
TBIL (mg/dl) 0.70 +0.02° 0.71 +0.01° 1.30 +0.25° 0.91 +0.15 0.95 + 0.10°
ALP (U/L) 164.23+4.019  167.34 + 2.86¢ 214 + 3.60° 195.26 + 3.29 187.90 + 2.59°

All data expressed as mean +* standard deviation for six rats; values with different small letters in the same row were
significantly different (P < 0.05).

Serum Kidney Function Parameters: have significantly low levels of kidney function

parameters in comparison with the PHZ group

but still have significantly high levels in

comparison with both the control and the

WGO groups (Table 5).

Serum kidney function parameters
(creatinine, urea and uric acid) showed
significant increases (P < 0.05) in the PHZ
group compared to those of the control and
the WGO groups. The treated PHZ groups

Table 5. Effect of wheat germ oil (WGO) on serum kidney function parameters in phenylhydrazine (PHZ) treated male albino

rats.
Animal groups
Control WGO PHZ PHZ + WGO WGO + PHZ
Creatinine (mg/dl) 0.90 = 0.10° 0.93 £ 0.06° 1.52 £ 0.02% 1.17 £ 0.06° 1.10 + 0.00°
Urea (mg/dl) 29.00 + 1.00° 28.33+1.52° 38.00 + 1.00% 32.66 + 1.53° 32.83+0.76°
Uric Acid (mg/dl) 3.66 £ 0.15° 3.74 £0.10° 5.13 £ 0.412 4.23+0.21° 4.37 +0.15°

All data expressed as mean * standard deviation for six rats; values with different small letters in the same row were
significantly different (P < 0.05).

Oxidative Stress Parameters: decreased significantly compared to those of

the control and the WGO groups. On the other

hand, CAT, GPX, and SOD activities

increased significantly and MDA contents

In the PHZ group, the serum MDA
content increased significantly (P < 0.05)
while the serum CAT, GPX and SOD activities
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decreased significantly in treated PHZ groups
compared to those of the PHZ group but they
still have low activities of CAT, GPX and SOD

and high contents of MDA in comparison with
the control and the WGO groups (Table 6).

Table 6. Effect of wheat germ oil (WGO) on serum oxidative stress parameters in phenylhydrazine (PHZ) treated male

albino rats.

Animal groups

Control WGO PHZ PHZ + WGO WGO + PHZ
MDA (nmol/ml) 3.78 +0.27¢ 3.04 £ 0.08¢ 8.03 £0.43? 7.08 +0.17° 6.32 £ 0.39°
CAT (mmol/l) 2.24 +0.19° 2.83+£0.292 1.15+0.14¢ 1.63+£0.12° 1.79 £ 0.03°
GPx (ng/ml) 3.26 £0.11° 3.57 £0.25% 1.29 +0.11¢ 1.74 £ 0.06° 1.86 £+ 0.06°
SOD (U/L) 4.09+0.17° 4.75 + 0.082 1.88 +0.19¢ 2.56 +0.13¢ 2.81+0.18°

All data expressed as mean * standard deviation for six rats; values with different small letters in the same row were

significantly different (P < 0.05).

DISCUSSION:

Phenylhydrazine is absorbed by

inhalation, oral and dermal routes. After
absorption, it causes oxidative stress in red
blood cells (RBCs) by generation reactive
oxygen species (ROS), which react with
haemoglobin and changes the
oxyhaemoglobin into methaemoglobin,
hemichromes and other haemoglobin

breakdown products such as Heinz bodies
(Rifkind, 1965). The ROS generated by PHZ
caused peroxidation of lipids and oxidative
degradation of spectrin in the RBCs
membrane skeleton (McKie et al., 2001,
McMillan et al., 2005; Shukla et al., 2012).
After that PHZ translocates the phosphatidyl
serine from the inner to outer of the plasma
membrane and causes membrane lipid
peroxidation due to lipid peroxidation RBCs to
enter the spleen and are uptake by the
macrophages (Maines, 1997). It is a signal for
Phagocytosis of the cell under programmed
death by macrophages. Phenylhydrazine also
alters iron metabolism by increasing the
expression of ferrous transporter (DMT1) in
the spleen, duodenum and liver (Pandey et
al., 2014). Phenylhydrazine is widely known
for its ability to cause haemolysis in both rats
and humans (Shukla et al., 2012). It has also
been shown that PHZ Ilowered Hb
concentration and RBCs count (Berger, 2007;
Shwetha et al., 2019). Phenylhydrazine also

caused pronounced anaemia and a
concomitant increase in the numbers of
circulating leukocytes in Long-Evans rats.

Leucocytosis was caused mainly by an
elevation in mononuclear cells, most notably
in the lymphocyte population (Naughton et al.,
1990). The PHZ can cross-link red cell band 3
protein (senescent antigen), resulting in the
binding of autologous immunoglobulin G
(IgG). Recognition of this complex by
macrophage Fc receptor mechanisms triggers
rapid erythrophagocytosis in the spleen and
possibly the liver (Dornfest et al., 1986). In
the results of the current study rats treated
with  PHZ showed significant declines in
haematological parameters (RBCs, Hb, Hct,
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PLT, and WBCs) indicating the presence of
haemolytic anaemia PHZ- treated rats. The
haemolytic anaemia induced by PHZ may be
due to the overproduction of free radicals
caused by PHZ indicated by the high content
of MDA. When free radicals are produced
during oxidation, they enter the circulation
and induce lipid peroxidation and damage to
the RBCs membrane skeleton, resulting in
haemolysis and anaemia.

Administration of WGO increased
haematological parameters in rats treated
with PHZ, it may be due to the ability of WGO
to reduce MDA content (free radical indicator)
and increase the activities of antioxidant
enzymes. The WGO is a rich source of natural
antioxidants such as tocopherols, sterols and
B complex vitamins (Liu, 2007). Vitamins E
and C reduced the production of Heins bodies
and methaemoglobin induced by PHZ (Berger,
2007). Also, vitamin E present in WGO serves
as an inhibitor of oxidation processes
occurring in tissues and protects cells from
free radicals (Traber and Atkinson, 2007).

Erythropoietin, a hormone secreted by
the Kkidneys, stimulates the formation of
erythrocytes in the bone marrow (Suresh et
al., 2020). The results of our study showed
significant increases in serum erythropoietin
and ferritin levels in rats treated with the PHZ.
Zangeneh et al. (2019) mentioned that
injection of PHZ increased both serum ferritin
and erythropoietin levels in rats. Animals
treated with PHZ produce more erythropoietin,
which  enhances stimulated hemopoietic
activity (Latunde-Dada et al., 2006).

Wheat germ oil is a source of vitamin E
that helps in enhancing the efficacy of
therapeutic iron for infants and toddlers who
have a dietary iron deficiency, potentially by
reducing iron-induced inflammation and this
lead to decreasing in ferritin level (Tang et
al., 2016). In our study, the administration of
WGO decreased serum ferritin and
erythropoietin levels in rats treated with PHZ
and this may be due to the ability of WGO to
ameliorate haemolytic anaemia induced by
PHZ.
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In the present study, the PHZ group
showed a significant decrease in serum total
protein, albumin and globulin and these
results are in agreement with those of
Zangeneh et al. (2019) and Ayoade et al.
(2020). According to the study results, there
were disruptions in the Kkidney and liver
function parameters after the injection of PHZ
in rats that explained the reduction in serum
protein levels. The reduction in serum
proteins may be a result of kidney and liver
failure caused by PHZ. According to Kale et
al. (2019), after PHZ intoxication, serum
albumin and total protein concentrations
decreased. Amama et al. (2022) reported that
the concentrations of urinary albumin, globulin
and total protein increased after PHZ injection
into rats and this explained their lower serum
concentrations and indicated the incidence of
liver and kidney injury.

Administration of WGO increased
serum proteins in rats treated with PHZ and
this may be due to the ability of WGO to
ameliorate kidney and liver failure induced
by PHZ. Alamery et al. (2022) demonstrated
that WGO could improve the liver and kidney
damage caused by thioacetamide in mice.

In the current study, elevated levels of
serum liver function parameters (ALT, AST,
TBIL, and ALP) in PHZ-treated rats were
indicators for the liver injury induced by PHZ.
Haemolysis caused by PHZ may be the
reason for the inability of the liver to perform
its functions. Zangeneh et al. (2019) reported
that PHZ-induced haemolysis caused
hepatomegaly and chronic liver failure.
Haemolysis also increased the production of
bilirubin (Mejia et al., 2008).
Phenylhydrazine has been reported to induce
haemolytic anaemia and hyperbilirubinemia
in animals due to its haemolytic activity
(Nawaz et al., 2016). Haemolytic anaemia
and hyperbilirubinemia are closely interlinked
with each other as the breakdown of red cells
lead to jaundice (hyperbilirubinemia) and
hyperbilirubinemia in turn triggers anaemia
by inducing death of red cells (Lang et al.,
2015). Elimination of haemolytic waste after
haemolysis by the liver caused stress on the
liver (Chakrabarti et al., 1990).

Serum liver function parameters (ALT,
AST, TBIL, and ALP) level decreased after
WGO administration to PHZ-treated rats that
reflated the hepatoprotective effect of WGO.
Akool (2015) reported that WGO is an
effective hepatoprotective agent that
prevents a variety of liver injuries. Also, the
administration of WGO increased vitamin E
in the liver providing liver tissues with high
antioxidant defence (Mehranjani et al.,
2007).

The induction of anaemia with PHZ
caused significant increases in serum kidney
function parameters (creatinine, urea and
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uric acid) in PHZ-treated rats. These results
are in agreement with Ezeigwe et al. (2020).
Haemoglobin and heme, is a common event
in the pathogenesis of numerous diseases
with heterogeneous etiologic factors and
clinical features, such as microangiopathic
haemolytic anaemias (Merle et al., 2018).
Excessive or chronic intravascular
haemolysis leads to renal injury (Schaer et
al., 2013). Elevated serum uric acid, urea,
and creatinine levels in the PHZ-treated rats
indicated kidney damage induced by PHZ
(Parvaz et al., 2022). PHZ-induced
haemolysis can cause oxidative stress, which
leads to renal injury (Leicht et al., 2018).

The study proved the effective role of
WGO against PHZ-induced renal damage
which is represented in improving kidney
function parameters. Nagib (2018)
demonstrated that oral administration of
WGO improved renal function in rats. Hafez
et al. (2019) attributed the protective effect
of WGO against gentamicin-induced
nephrotoxicity to its antioxidant and free
radical scavenging properties.

In the present study, The PHZ treated
rats showed significant decreases in CAT,
GPX, and SOD activities with a significant
increase in MDA content compared to the
control rats’ group. These results agree with
Esterbauer and Cheeseman (1990) and also
agreement with Bansode et al. (2019).
Inhibition of the activities of antioxidant
enzymes and the increased production of
free radicals induced by PHZ resulted in
oxidative stress (Kale et al., 2019).

The study demonstrated the ability of
WGO to lower serum MDA content and
increase CAT, GPX, and SOD activities in
PHZ-treated rats reflecting the antioxidant
activity of WGO. Wheat germ oil pre-
administration significantly reduced the
content of MDA and increased the levels of

catalase and superoxide dismutase
(Mohamed and Hamad, 2017). Vitamin E
present in WGO serves as an inhibitor of

oxidation processes occurring in tissues and
protects cells from free radicals (Young and
woodside, 2001). Vitamin E is also a
powerful anti-inflammatory and antioxidant
agent that protects humans from several
diseases (Siekmeier et al., 2007). Vitamins E
and C help to reduce the oxidative damage
generated by PHZ in vitro (Claro et al.,
2006). Additionally, WGO has a lot of
unsaturated fatty acids, which may reduce
oxidative stress (Alessandri et al., 2006).

In conclusion, the results of the
present study revealed that wheat germ oil
reduced phenylhydrazine toxicity by
improving the haematological parameters,
oxidative stress, liver function parameters,
and kidney function parameters.
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