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ABSTRACT

Aims: The current study was developed to investigate the influence of grape seeds (GS) and
mandarin peels (MP) extracts as powerful antioxidants on the -cardiotoxicity induced by
cyclophosphamide (CP) in rats.

Place of Study: Department of Biochemistry and Nutrition, Faculty of Women for Arts, Science and
Education, Ain Shams University.

Methodology: Sixty adult male Sprague-Dawley rats were divided into 6 groups. Group (1): Rats
were received distilled water daily orally for 6 weeks and injected interperitoneally (i.p) with saline

*Corresponding author: E-mail: hanankamal979@yahoo.com;
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(0.9 %) (2.5 ml / kg BW) as single dose at the end of the sixth week of experiment. Group (2): Rats
were received distilled water orally and injected with single dose of cyclophosphamide which
dissolved in saline (200 mg/kg BW. i.p.) at the end of the sixth week of experiment. Groups (3 and
4): Rats were received grape seeds extracts low and high doses (150 and 300 mg /kg BW),
respectively daily orally for 6 weeks then injected with cyclophosphamide as group 2. Groups (5
and 6): Rats were received mandarin peels extracts low and high doses (150 and 300 mg /kg BW),
respectively daily orally for 6 weeks then injected with cyclophosphamide as group 2.

Results: Our results documented that CP caused a significant increase in serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALK-P),
creatine kinase (CK-MB), lactate dehydrogenase (LDH), creatine kinase (CK) enzymes activity and
serum malondialdehyde (MDA) level. While total antioxidant capacity level (TAC) showed a
significant decrease. On the other hand cardiac catalase (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx) activities and cardiac  cell lymphoma (Bcl-2) level showed a
significant decrease in CP group while cardiac p53, caspase-3 and DNA fragmentation levels
showed a significant increase in CP intoxicated group. Also, some histopathological changes were
observed in liver and heart tissues in CP group. Oral administration of GS and MP caused an
ameliorative effect in oxidative and apoptotic biomarkers, liver and heart function enzymes activity
with an improvement of histopathological changes in liver and heart tissues.

Conclusion: Our data proved that the protective effect of grape seeds and mandarin peels in
cyclophosphamide intoxicated group may be due to their antioxidant, anti-inflammatory and anti-

apoptotic properties.

Keywords: Cyclophosphamide; cardiotoxicity; grape seeds; mandarin peels; apoptosis.

1. INTRODUCTION

The circulatory system contains the
cardiovascular system that transports blood, and
the lymphatic system which distributes lymph
throughout the body, providing nutrients and
oxygen that are needed, and then transporting
the waste products and harmful chemicals away
from them [1].

Cardiotoxicity can be defined in several ways
including reduced left ventricular ejection fraction
(LVEF), damage to cardiac cells and structure,
conduction abnormalities, vascular abnormalities,
in addition to other adverse effects that perturb
normal cardiac function [2].Toxicity of cardiac is
one of the life-threatening complications of
cancer therapy. Systemic anticancer treatments
may exert their own toxic effects or can
aggravate the adverse effects of other drugs [3].
Cardiotoxicity is the most important adverse
reaction of chemotherapy, leading to an
important rise of morbidity and mortality [4].

Cyclophosphamide (CP) is a potent alkylating
agent that is used broadly as anticancer against
different types of human tumors and
immunosuppressant. Using of CP had been
associated with numerous toxic effects in
different organs. CP induced acute cardiotoxicity
which may range from endothelial injury,
hemorrhagic myopericarditis, arrhythmias,
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congestive heart failure to fatal
depression [5].

myocardial

Cyclophosphamide was metabolized into two
active compounds, phosphoramide and acrolein
metabolite by hepatic microsomal P450 enzyme.
Phosphoramide causes cytotoxicity and acrolein
had toxic effects on normal cells. Acrolein
activated reactive oxygen species (ROS) and
induced peroxynitrite formation which extremely
damages on the proteins, lipids and DNA in the
cell. CP caused hepatotoxicity, genotoxicity, lung
toxicity, nephrotoxicity and cardiotoxicity [6].

Moreover, CP-induced cardiotoxicity had been
linked to depression of the activities of krebs
cycle enzymes because of increase in inner
mitochondrial membrane permeability to calcium
leading to uncoupling of mitochondrial-linked
ATP synthesis. Another important patho-
mechanism for CP-induced toxicity is oxidative
stress induced-activation of nuclear factor-kB
(NF-kB) which results in numerous cytokines
release. This transcription factor played a vital
role in the regulation of genes including the
inflammation process and cell proliferation [7].

Natural plants and its active constituents had
been used in the many studies to improve
toxicities in the different body systems that are
induced by diverse toxicants. The safety, efficacy
and the low price of the natural antioxidant
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agents such as herbs and some plants in
comparison to other therapeutic agents made
them an excellent choice in the prevention and
treatment of toxicities in consistent with World
Health Organization (WHO). So, there is an
inevitable desire for searching in the use of the
natural antioxidant agents in treatment of toxicity
and investigating its mechanism and efficacy

[8].

The ameliorative effects of dietary natural
compounds have drawn increasing attention; a
variety of dietary antioxidant is often present in
vegetables, seeds, and fruits. Furthermore,
therapy of this dietary antioxidant is considered a
common practice adopted in traditional and
alternative medicine. Fruits provide a valid tool
for the health benefits owing to their powerful
antioxidant content [9].

Polyphenolic compounds are ubiquitous in
nature. They are categorized according to
chemical structure as flavonoids (such as
flavanols, flavonols, flavones, flavanones,
isoflavones, and anthocyanidins). Many of which
are found in fruits, vegetables, tea, coffee, beer
and wine [10].

Grapes (Vitis vinifera) are one of the largest fruit
crops worldwide. Grapes are good sources of
dietary flavonoids, which are powerful antioxidant
compounds. Grape seeds antioxidant power is
much stronger than those of vitamin C and
vitamin E and may include radical scavenging,
guenching, and enzyme-inhibiting actions [11].

Grape seeds extract (GSE) contains a number of
polyphenols, including  procyanidins  and
proanthocyanidins, which are powerful free
radical scavengers. Numerous pharmacological
studies proved the anti-inflammatory,
antioxidative, antitumor, antibacterial, and
hepatoprotective properties of grape seed [9].

Citrus fruit is one of the most important fruits all
over the world, due to health-related elements
and valuable components which contains
vitamins C, carotenoids, flavonoids, pectin,
calcium, potassium...etc. Citrus fruits considered
an expensive resource of soluble and insoluble
fiber with various benefits such as removing the
toxic effects in the body [12].

These citrus fruits are the precious resource of
phytochemicals which are useful and play a role
in physiological functions and metabolic change
of human body. Citrus fruit has potential health
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benefits like antimicrobial,
antiviral and anticancer [13].

anti-inflammatory,

Mandarins (Citrus Reticulate L.) are a different
group of thin-skinned, easy-peeling fruit.
Mandarins are becoming increasingly popular
with consumers, largely because of the ease with
which they can be eaten as compared to other
types of citrus that are more difficult to peel [14].

Mandarin has nutritive importance owing to its
particular composition as flavonoids, especially
polymethoxyflavones and flavanones
(hesperidin, narirutin, tangeritin and naringin)
which identified in pulp as well as in peel. In the
by-products of citrus fruit after juice production,
phenolic acids such as caffeic, p-coumaric,
ferulic, and sinapic acids had also been
identified. The two flavonoids, narirutin and
hesperidin, were determined in mandarin peels
extracts (MPE). The amount of hesperidin
detected in the MPE was five times higher than
that of narirutin [15].

The present study was conducted to assess the
influence of grape seeds (GS) and mandarin
peels (MP) extracts on cardiotoxicity induced by
cyclophosphamide (CP) in rats.

2. MATERIALS AND METHODS
2.1 Chemicals

Cyclophosphamide (CP) was purchased from
Sigma Company for Chemicals Cairo, Egypt.
Ethanol (70%) was purchased from ElI-Gomhoria
Company for Chemicals and Drugs and all other
chemicals were of high analytical grade.

2.2 Plant Material

Grape seeds (Vitis vinifera L.) and mandarin fruit
(Citrus reticulate L.) were purchased from
Ministry of Agriculture, Giza, Egypt.

2.3 Experimental Animals

Adult male rats Sprague-Dawley strain weighing
150-180 g were obtained from animal breeding
house of National Research Centre (NRC), Giza,
Egypt. Animals were handled in this study in
accordance with the principles of laboratory
animal care" (NIH publication No. 85- 23, revised
1985). The experimental animals were housed
individually in metallic cages with good
ventilation and under conventional condition (22
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+ 3°C and natural light/dark cycle). All rats were
received the standard commercial diet (obtained
from NRC; Giza, Egypt) and water ad libitum for
7 days (acclimatization period) before starting the
experiment.

2.4 Preparation of Grape Seeds (GS)
and Mandarin Peels (MP) Ethanolic
Extract

Two hundred grams of GS were grinded to
obtain powder by an electric grinder and two
hundred grams of MP were carefully washed with
running water till being completely clean and
manually peeled. The peels were dried by
sunlight for seven days till obtain fixed weight.
The dried peels were grinded to obtain powder
by an electric grinder. The two powders were
soaked separately in 70% ethanol for 72 h, and
then the mixture of each was filtered through a
cotton cloth for separation of debris particles.
The residue of each after filtration was re-
extracted twice under the same condition to
ensure complete extraction. The extract of GS or
MP were filtered and evaporated to semisolid
mass by a rotary evaporator. The extract of GS
or MP were placed in dark bottles and stored in
refrigerator at -20°C.

2.5 Determination of Total Phenols and
Total Flavonoids Content in Grape
Seeds and Mandarin Peels

Total phenols were determined in GS and MP
ethanolic extracts by using the Folin-Ciocalteu
method, while total flavonoids were determined
by aluminum chloride colorimetric method
according to [16] and [17] respectively.

2.6 Determination of Main Phenolic
Compounds in Grape Seeds and
Mandarin Peels

The concentration of main phenolic compounds
of GS and MP was determined by ultra- High
Performance Liquid Chromatography (HPLC)
tegnique according to [18].

2.7 Induction of Cardiotoxicity

Cardiotoxicity were induced in rats (i.p) injection
with one gram of CP which dissolved in 10 ml
saline immediately (200 mg/kg BW) before
administration to rats at the sixth week of the
experiment.
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2.8 Experimental Design

Sixty adult male Sprague-Dawley strain rats were
divided into six groups; each group consists of 10
rats. The two extracts of GS and MP were
separately freshly suspended in distilled water
and given to the rats orally.

Rats were treated as follows Group (1): Rats
were received distilled water daily orally for 6
weeks and injected interperitoneally with saline
(0.9 %) (2.5 ml / kg b.wt) as single dose at the
end of the sixth week of experiment. Group (2):
Rats were received distilled water orally and
injected with single dose of cyclophosphamide
which dissolved in saline (200 mg/kg b.wt. i.p.) at
the end of the sixth week of experiment. Groups
(3 and 4): Rats were received grape seeds
extracts low and high doses (150 and 300 mg /kg
b.wt) respectively daily orally for 6 weeks then
injected with single dose of cyclophosphamide as
group 2. Groups (5 and 6): Rats were received
mandarin peels extracts low and high doses (150
and 300 mg /kg b.wt) respectively daily orally for
6 weeks then injected with single dose of
cyclophosphamide as group 2.
Blood and Tissue

2.9 Handling of

Samples

At the end of the experimental period (6 weeks)
and after overnight fasting, all rats were weighed
and sacrificed. Blood samples were collected
from cardiac portal vein into centrifuge tubes.
Serum separation by centrifugation at 1500 rpm
for 15 min, then kept at -20°C. Heart and liver
were separated immediately and washed by
saline solution (0.9%NacCl) then blotted on filter
paper. Part of heart was stored at -20°C until
used for biochemical analysis and parts of heart
and liver were preserved in 15% formalin for
histological examination.

2.10 Biochemical Assessment

2.10.1 Determination of some cardiac and
hepatic function enzymes

Serum ALT, AST and ALK-P activities were
determined using colorimetric method according
to Murray [19 and 20] and Belfield and Goldberg
[21] respectively. Serum LDH, CK-MB and CK
enzymes activity was determined by kinetic
method using spectrum diagnostic kit according
to Van der heiden et al. [22], Wurzburg et al. [23]
and Young [24] respectively.
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2.10.2 Assessment of oxidative stress

biomarkers & antioxidant status

Serum MDA and TAC levels were determined by
colorimetric method using biodiagnostic kit
according to Ohkawa et al. [25] and Koracevic et
al. [26] respectively. Cardiac CAT, SOD and GPx
enzymes activity was determined by colorimetric
method using biodiagnostic kit according to Aebi
[27], Nishikimi et al. [28] and Paglia and
Valentine [29] respectively.

2.10.3 Determination of apoptotic markers

Cardiac p53, caspase-3 and Bcl-2 protein level
were determined by Elisa kit method from My
Biosource, p53 were determined according to
Findley et al. [30] while caspase-3 and Bcl-2
were determined according to Binabaj et al. [31].
DNA Fragmentation was determined by
colorimetric method from My Biosource Eliza kit
according to Sellins and Cohen [32].

2.11 Microscopic Examination of Liver
and heart Tissues

Specimens of heart and liver from all animals
were collected and fixed n formalin 15%.
Washed, dehydrated, cleared and embedded in
paraffin. Paraffin blocks were sectioned at 4-5
micron thickness and stained with hematoxylin
and eosin for histopathological examination by a
light microscope (Olympus BX50, Japan) under
magnification X400 [33].

2.12 Statistical Analysis

The data were statistically analyzed by one-way
(ANOVA) and Post Hoc Tukey. A difference was
considered significant when p was less than or
equal to 0.05. The data was analyzed using
(SPSS) statistics version 16.0 according to [34].

3. RESULTS AND DISCUSSION

Flavonoids
Seeds and

and
Grape

3.1 Total Phenols
Contents in
Mandarin Peels

The results presented in (Table 1) indicated that
the total phenols expressed as [mg of gallic acid
equivalent (GAE) / g of ethanolic extract] and
total flavonoids expressed as [mg of rutin
equivalent (RE) / g ethanolic extract].

In consistent with our findings, Abdrabba and
Hussein (2016) found that total phenolic content
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of pulps, seeds and peels of red grape were
11.65, 73.59 and 13.73 mg GAE/g extract,
respectively. The phenolic compounds are
broadly distributed inside grapes. The
composition of phenolics depends upon whether
the extraction is performed on whole grape pulp,
skin, or seeds. The total extractable phenolics in
grape are present at only about 10% or less in
pulp, 60-70% in the seeds, and 28—-35% in the
skin. The phenol content of seeds may range
from 5% to 8% by weight [35].

Tita et al. [36] found that total polyphenol content
in GS was 211.21mgGAE/g dry extract.
Extraction yields differ depending on the quality
of the solvent and the working conditions. The
obtained results attest to the fact that grape
seeds contain significant amounts of polyphenols
with strong antioxidant activity. .

In addition Brahmi et al. (2021) reported that total
phenolic content (TPC) of grape seeds extract
was (240.59 + 7.77 mg GAE/g) and total
flavonoids content (TFC) was (6.89 + 0.23 mg
QE/Q) [37]. Garcia-Jares et al. (2015) noticed
that the TPC were from 99 to 121 mg GAE/g in
the GS of 11 Spain grape varieties [38].
Likewise, Panteli¢ et al. (2016) have determined
that the TPC ranged from 38.02+ 0.46 to 102.98
+ 0.58 mg GAE/g in the seeds of 13 grapevine
varieties from Serbia [39]. The TPC measured in
the extracts of ten GS varieties ranging between
34.628+ 2.435 and 71.244 + 0.762 mg GAE/g
[40].

Hua et al. (2018) illustrated that the total phenolic
contents of mandarin peels extract was 32.76 mg
(GAE) [41]. Also, Zhang et al. showed that the
total phenolic contents in the peels of C.
reticulata Blanco oscillated from 29.38 to 51.14
mg GAE which were similar to present results
[42].

In agreement with our results Safdar et al.
showed that maximum polyphenols in ethanolic
mandarin kinnow peel extracts were (29.75 +
0.23 mg GAE/g of extract). Results revealed that
mandarin ~ kinnow  peel extract varied
considerably as function of solvent concentration
level [43].

The present data were confirmed by the results
of Masoud and El-Hadidy [44] who found that
total phenols of mandarin was (50.51+2.41mg/g
GAE) and total flavonoids was (1.65+0.02 mg/g
RE). Ghasemi et al. reported that total phenolic
contents of Citrus reticulate varieties peel powder



Mohamed et al.; ARRB, 36(10): 31-53, 2021, Article no.ARRB.74527

was in the range of 104.2 to 172.1 mg/ g as GAE
[45].

3.2 The Concentration of Main Phenolic
Compounds of Grape Seeds and
Mandarin Peels

Analysis of GS and MP extracts using
HPLC detected the main active phenolic
compounds. Figs. (1 and 2) indicate the

percentage of main phenolic compounds in GS
and MP extract.

3.3Cardiac and Hepatic Function
Enzymes in Experimental Groups

The LDH, AST and ALT are well known
diagnostic parameters of cardiac injury, which
heart failure, cardiotoxicty, myocarditis and
myocardial infarction. The LDH is a
specific enzyme released into the blood and
cytoplasm during cardiotoxic dysfunction. AST
and ALT enzymes are critical transaminases
that are released as a result of -cardiac
metabolism. CK and CK-MB enzymes are
specific biomarker that was determined in the
heart failure [46].

Single dose of CP (200 mg/kg BW) resulted in
cardiac damage as indicated by significant
increase in serum ALT, AST, ALK-P, LDH, CK-
MB and CK activities (P<0.05) (Tables 2 and 3).
These results were confirmed by microscopic
examination of heart tissues which showed
cytoplasmic vacuolization of cardiac myocytes,
oedem in-between cardiac myocytes associated
with mononuclear inflammatory cells infiltration
[Fig. 4 (a and b)] and in liver tissue which showed
kupffer cells activation, hepatocellular steatosis
and fibroplasia around bile duct associated with
mononuclear inflammatory cells infiltration in the
portal triad Figs. 10 and 11.

Administration of GS and MP (low or high dose)
with CP significantly (P < 0.05) lowered the
activities of cardiac enzymes when compared
with CP group. The most significant ameliorating
effect on serum AST and CK-MB were seen in
high dose of MP while ALT, LDH, and CK were
seen in the high dose of GS comparing to CP
group. This indicated that treatment with GS and
MP extracts caused an improvement of CP
toxicity and these results were confirmed by
microscopic examination of heart and liver tissue
which cause improvement in heart and liver
tissue.

Table 1. Total phenols and flavonoids content of grape seeds and mandarin peels ethanolic
extracts

Active constituents GS extract

MP extract

Total phenols (mg (GAE) / g
of extract)

93.25+2.91 mg

24.50+8.08 mg

Total flavonoids (mg (RE) / g
extract)

75.13+1.50 mg

2.89+0.19 mg

M Protocatechuic

M Gallic

M naringin

M p-hydroxybenzoic

M Gentisic

Fig. 1. Pie chart of the main active phenolic compounds of grape seeds extract
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2%
9% 2%

5

H Hesperidin

M naringin

i Cateachin

H Rutin

i Other phenolic
compounds

Fig. 2. Pie chart of the main active phenolic compounds of mandarin peels extract

In agreement with our findings Gellen et al.
(2021) reported that there were a significant
increase in serum LDH, AST, ALT, CK and CK-
MB enzymes activity in CP intoxicated group as
compared to normal control group [6]. Tesfaye et
al.(2021) reported that there was a significant
increase in plasma ALT and AST value in the
CP-treated group compared to the normal control
group (P<0.001).1t is known that apart from
cardiac injury, AST and ALT are also released in

response to liver injury. However, AST tends to
be more specific to heart injury, whereas ALT is
more specific to liver damage [47].

Administration of CP (150 and 200 mg /kg / B.W)
caused a significant increase in serum ALT, AST,
CK-MB and LDH enzymes activity intoxicated
rats when compared with normal control group
[48,49,50].

Table 2. Serum alanine aminotransferase (ALT), aspartate amino transferase (AST) and
alkaline phosphatase (ALK-P) enzymes activity in the experimental groups (mean + S.D)

Parameter ALT AST ALK-P
Groups (U/L) (U/L) (U/L)
G1: Normal Control(-ve) 41.70+1.40° 203.68 +1.48° 153.12+2.39°
G2: Intoxicated by CP(+ve)  79.11+2.222 328.24+2.52° 182.71+2.522
G3: CP+GS (low dose) 42.39+1.72° 224.62 +3.99" 163.33+.68"
G4: CP+GS (high dose) 41.56 +1.56" 222.89+2.77° 162.40+2.17"
G5: CP+MP (low dose) 42.84+2.20° 215.52+2.56° 155.07+2.96°
G6: CP+ MP (high dose) 42.35+2.52° 211.92 +1.44° 163.86+1.64"
LSD 1.78 2.34 1.96

There is no significant difference between means have the same letters in the same column n=10 rats, (P<0.05)

Table 3. Serum lactate dehydrogenase (LDH), creatine kinase-MB (CK-MB) and creatine kinase
(CK) enzymes activity in the experimental groups (mean + S.D)

Parameter LDH CK-MB CK
Group (U/L) (U/L) (U/L)
G1: Normal control (-ve)  475.44+17.71 255.49+3.44° 151.45+1.45'

905.36+8.62%
739.44+11.25°
528.03+9.49°
546.30+9.18°
531.42+2.32°
9.64

G2: intoxicated by CP
G3:CP + GS (low dose)
G4: CP +GS (high dose)
G5: CP + MP (low dose)
G6: CP + MP (high dose)
LSD

432.38+1.75°
216.61+1.70°
154.01+1.18°

503.54+1.06%
270.88+8.17°
269.31+2.89°

264.72+7.31° 205.02+.26°
258.22+1.80° 156.81+.33°
4.40 1.14

There is no significant difference between means have the same letters in the same column n=10 rats, (P<0.05)
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Cyclophosphamide is a cardiotoxic agent
inducing a direct myocardial endothelial damage
and destruction of myocardial cells. As a result,
LDH and CK were increased in heart tissues and
in the blood stream [51]. Omole et al. (2018)
found that LDH and CK activity in CP group (50
mg /kg / BW, i.p.) as single dose was significantly
increased by (43.28 + 2.38 U/L) and (50.48 +
5.38 U/L) respectively when compared with
normal control (13.90 + 2.17 U/L) and (19.90 +
4.17 U/L) respectively. The increase in LDH and
CK its specific and sensitive markers for heart
muscle damage [52].

Lian et al. (2016) showed a significant increase
in serum ALT and AST enzymes activity (P <
0.05) in cisplatin toxicated group as compared to
normal control group. Grape seeds
proanthocyanidin extract (GSPE) showed a clear
reduction in cardiac enzymes activity (P < 0.05)
in serum ALT and AST, respectively [53].

In agreement with our results, Abirami and
Kanagavalli (2013) showed that the activity of
serum enzymes LDH and CK significantly
increased in doxorubicin (DOX) induced
cardiotoxicity when compared to normal control
group. The ethanolic extract of grape seeds (200
mg /kg / BW) was significantly (P<0.05) reduced
the enzymes activity in serum when compared to
DOX treated animal. In this study grape seeds
extract prevent the leakage of marker enzymes
by scavenging lipid peroxides and improve the
GSH levels there by protecting integrity of
membrane. The antioxidant enzymes,
constituting the first line of defense mechanism
to prevent and neutralize the reactive oxygen
species (ROS) induced damage [54].

In addition Safdar et al. (2017) reported that DOX
administration (2.5 mg /kg / BW i.p) significantly
increased serum LDH, CK-MB and CK activity as
compared to normal control group. Serum
cardiac markers such as LDH, CK-MB and CK
are the significant indicators of deviation in
normal cardiac activity. Pre-treatment with
mandarin kinnow peel extract (150 and 300 mg
/kg / B.W) significantly minimize the effect of
DOX administration on serum cardiac biomarkers
level in different treatment groups. The
cardioprotective potential of mandarin kinnow
peel extract might be attributed to the presence
of antioxidant phenolic compounds with free
radical scavenging activity [43].

Donia et al. (2019) observed that there was a
significant increase in serum LDH and CK activity
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in DOX-toxicated rats compared to normal
control group. While, serum LDH and CK
activities in groups of rats which administered
DOX + hesperidin (HDN) (one of the active
component of MP) was significantly reduced as
compared to DOX group. The mechanism for the
elevation of these markers seems owing to the
oxidative damaging effect of DOX to cardiac
tissue and the subsequent excessive release of
these markers into circulation. On the other
hand, oral administration of HDN to DOX-injected
rats could reduce the elevated levels of LDH and
CK which might be due to its antioxidant and
ROS scavenging properties [55].

Hao et al. (2019) found that there was a
significant increase in the activity of LDH and
CK-MB enzymes in isoproterenol (ISO) toxicated
group as compared to normal control group.
Pretreatment with naringen (NG), (NG + ISO)
could decrease (P< 0.01) the activity of this
markers enzymes .An elevation of this marker
enzyme due to high dose of ISO cause over
production of free radicals and resulted in
leakage of cardiac enzymes from cytosol into
blood. Pretreatment with NG could decrease
these enzymes due to anti-lipid peroxidation and
cardio protective property [56].

3.4 Serum Malondialdehyde (MDA) and
Total Antioxidant Capacity (TAC) in
Experimental Groups

Table (4) showed that administration of CP (200
mg/kg BW) was remarkably (P < 0.05) elevated
the oxidative biomarkers, MDA and decreased
serum TAC levels comparing to normal group.
Co-administration of GS and MP with CP caused
significant decline in serum MDA while TAC was
significantly increased comparing to CP group.
The supplementation with GS and MP in high
dose caused the best improvement in the
MDA and TAC levels compared with toxic

group.

It has been reported that free radicals generated
during treatment with CP causes membrane
injury, which resulted to the loss of function and
integrity of myocardial membrane [52].

In agreement with our results (Wei et al. (2012)
and Cetik et al. (2015)) showed that CP in a dose
(50, 100, 150 mg / kg / B.W) reduced TAC and
increased MDA levels, which indicated that CP-
induced oxidative stress and cardiotoxicity
[57,58].
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Table 4. Serum malondialdehyde (MDA) and Total antioxidant capacity (TAC) levels in the
experimental groups (mean £ S.D)

Parameter MDA TAC
(nmol/ml) (mM/L)
Group

G1: Normal control group(-ve) 1.34+.237° 85.61+1.26%
G2: Intoxicated by CP(+ve) 5.61+.368% 24.00+1.30'
G3: CP+ GS (low dose) 4.21+.618" 62.08+1.80°
G4: CP+ GS (high dose) 3.07+.578" 73.40+2.03°
G5: CP + MP (low dose) 3.70+.844° 57.37+1.73°
G6: CP + MP (high dose) 2.76+.310° 75.99+1.15°
LSD 0.479 1.417

There is no significant difference between means have

In addition, Omole et al. and Gunes et al.
showed that administration of CP (50 and 150
mg / kg / BW) significantly elevated the level of
plasma MDA compared to the control group
[52,50]. Moreover, the obtained results were in
agreement with Gado et al. [59] who suggested
that CP administration induced a significant
increase in MDA level in heart causing an
alteration in the cellular membrane structure and
blocking cellular metabolism.

In addition, CP (200 mg /kg / BW, i.p.)
significantly increased the level of serum MDA
when compared with normal rats. In the
cardiotoxicity induced by CP, the free radicals
production was increased. These free radicals
causes to deterioration the integrity and function
of myocardial membrane. Besides, this s
accompanied by vascular and endothelial
damage in the myocardium [6,49,60].

The results of the present study were confirmed
by the results of Al-Sowayan [61] who reported
that rats injected with DOX showed a significant
(P<0.05) increase the level of MDA compared to
the control groups.GSPE (200 mg/kg/day)
along with DOX significantly caused an
improvement in MDA and this may be due to the
polyphenolic content of GSPE which scavenge
free radicals and act as good antioxidants
against lipid peroxidation in the phospholipid
bilayer [62].

Also, Lian et al. [53] showed that myocardial
MDA level of lipid peroxidation was significantly
increased in the cisplatin administered group,
comparing to control group (P < 0.05), however
the administration of GSPE reduced MDA level in
heart tissues with a significant milder
pathological change caused by cisplatin. These
observations indicated that GSPE had protective
effect on cisplatin induced oxidative stress in
cardiac tissue.

the same letters in the same column n=10 rats, (P<0.05)

Additionally, the current results were in
concement with the results of Kwatra et al. [63]
who found that there was a significant increase
(P<0.001) in serum MDA level in DOX toxicated
group compared with the normal control group.
Though, pretreatment with NG at both doses (50
and 100 mg / kg / B.W) indicated a statistically
significant (P<0.001) reduction in MDA level as
compared with DOX-toxicated group.

Donia et al. [55] reported that serum MDA level
was significantly higher in DOX group compared
to normal control group. While, in DOX + HDN
group, serum MDA was significantly diminished
than that of DOX group. Oxidative stress acts an
important role in DOX-induced cardiotoxicity by
inducing lipid peroxidation which negatively
affects heart. Oral administration of HDN to the
DOX injected rats reduced the elevated MDA
levels suggesting that the cardioprotective effects
of HDN which may be due to its antioxidant
action.

Hao et al. [56] reported that pretreatment with
NG (50 mg/kg/ B.W) for 14 days significantly
suppress the MDA level which increased in
group of rats which toxicated with ISO as
compared to control group.

3.5 Cardiac Antioxidant Enzymes Activity
in Experimental Groups

Table 5 clarifies that antioxidant defense
enzymes (CAT, SOD and GPx) activity were
significantly (P < 0.05) declined in response to
group injected with CP compared to control
group. Additionally, it was detected that cardiac
CAT, SOD and GPx enzymes were significantly
increased by treatment with GS and MP (low and
high doses) comparing to CP group. The
supplementation with high doses of GS and MP
caused the best improvement in the cardiac
CAT, SOD and GPx enzymes compared with
toxic group.
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Table 5. Cardiac Catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase
(GPx) enzymes activity in the experimental groups (mean + SE)

Parameter Catalase SOD GPx
Group (U/g) (U/g) (mU/ml)
G1: Normal control group (- 123.66+3.59% 12.58+1.12° 222.33+2.34%
ve)
G2: Intoxicated by CP(+ve) 63.62+1.27' 2.88+.097° 92.92+1.70'
G3:CP+GS (low dose) 101.60+2.09° 6.43+.266" 177.00+2.36°
G4: CP+GS (high dose) 111.89+1.98° 9.87+.468" 196.30+1.60°
G5: CP+ MP (low dose) 105.84+2.04¢ 8.22+.253° 182.63+.756"
G6: CP +MP (high dose) 117.35+1.79° 9.58+.143" 210.82+1.65"
LSD 2.01 0.469 1.63
There is no significant difference between means have the same letters in the same column n=10 rats,
(P<0.05).
Cyclophosphamide  induced a  significant histopathological change caused by cisplatin was

decrease in SOD, CAT, GPx activities due to the
promotion of OH radicals formation, and
initiation and propagation of lipid peroxidation.
Moreover, it was suggested that the decrease in
the activities of antioxidant enzymes is a
consequence of increased oxidative stress in the
cardiac tissues due to the overproduction of
active ROS [64,65,66,67,68].

Free radical scavenging enzymes are the first
line of cellular defense against oxidative injury.
SOD detoxifies the superoxide radicals to
hydrogen peroxide and CAT dismutates H,O, to
water (H,O) and O,, while GPx converts
glutathione to oxidize glutathione, and at the
same time reduce H,0, to H,O, and lipid
hydroperoxides (ROOH) to the corresponding
stable alcohols [69].

In agreement with our results Omole et al. (2018)
and Mansour et al. (2015) reported that there
were a significant reduction in heart SOD, CAT
and GPx enzymes activity in rats injected
interperitonially with CP (50 and 200 mg /kg /
B.W.) when compared with the control group
[52,48].

In addition (Emeka et al. (2020) and Gellen et al.
(2021)) reported that CP (200 mg /kg / B.W, i.p.)
significantly decreased the activity of CAT and
SOD compared to the control group in cardiac
tissue (P < 0.001) [60,6].

Furthermore, Lian et al. (2016) indicated that
SOD, CAT and GPyx activity in heart tissue
significantly diminished in cisplatin group (P <
0.05). Results from this experiment showed that
pretreatment with GSPE (400 mg / kg / B.W)
significantly elevated the activity of SOD, CAT
and GPx in cardiac tissue. Furthermore, the
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significant milder in the GSPE protective group.
These observations indicated that GSPE had
protective and therapeutic effects on cisplatin
induced oxidative stress in cardiac tissue [53].

Also the study of Safdar et al. (2017) concluded
that DOX administration to rats significantly
reduced the myocardial SOD, CAT and GPx.
However, pre-treatment with mandarin kinnow
peel extract (300 mg / kg) significantly diminished
the effect of DOX administration on cardiac
antioxidant level in different treated groups owing
to its polyphenolic content [43].

Moreover, the study of Kwatra et al. [63] showed
that DOX caused a significant decrease
(P<0.001) in the activities of heart SOD as well
as CAT when compared with the normal control
group. However, pretreatment with NR at both
doses (50 and 100 mg / kg / B.W) restored the
activities of SOD as well as CAT levels as
compared with the DOX-toxicated group It might
be due to its antioxidant property and ability to up
regulate mRNA expression of the antioxidant
enzymes, according to that the naringenin, the
major metabolite of NR, possesses superoxide
scavenging with antioxidant activities and it also
enhances aortic dilation.

Hao et al. [56] reported that there were a
significant reduction (P< 0.01) in cardiac SOD
and CAT in ISO injected rats as compared to
control group. Pretreatment with NG (50 mg/kg)
for 14 days significantly improved the activity of
these antioxidant enzymes.

3.6 Apoptotic Biomarkers in Experimental
Groups

The current results showed that CP toxicity
induced massive increase (P < 0.05) in cardiac
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p53, caspase- 3 and DNA fragmentation levels.
While, massive decrease (P < 0.05) in the level
of cardiac Bcl-2 when compared with control
group. It was noticed from the results that
pretreatment with GS and MP (low and high
doses) to CP intoxicated rats caused a significant
improvement (P < 0.05) in heart p53, caspase-3,
Bcl-2 and DNA fragmentation levels when
compared with CP group (Table 6). The
supplementation with high doses of GS and MP
caused the best improvement in the heart p53,
caspase- 3 and DNA fragmentation levels
compared with toxic group.

Cyclophosphamide induced cardiomyopathy is
closely associated with its ability to induce
apoptosis in cardiac cells via DNA intercalation,
activation of p53 protein and generation of ROS.
CP increased the pro-apoptotic protein (Bax)
expression and caspase-3 level in cardiac
tissues while it decreased the anti-apoptotic
protein (Bcl-2) expression leading to
cardiomyocyte apoptosis. The increase in
apoptosis markers has been closely linked to
activation of NF-kB. As mentioned, CP-induced
apoptosis via the intrinsic mitochondrial
dependent apoptotic pathway as a consequence
of ROS overproduction. CP significantly
increases MRNA expression of p53, caspase-3
and DNA fragmentation and decreases the
expression of Bcl-2 [70,7].

Interestingly, GS and MP extract restored the up
regulation of ps; gene and down regulation in
Bcl-2 gene to the normal values, suggesting that
GS and MP may blocks apoptosis in cardiac
myocytes induced by CP. Also, this may be due

to that, GS and MP include (phenolic and
flavonoids compounds) and antioxidants which
decreased the rate of apoptosis caused by the
toxic effects of CP [71].

The current results were in agreement with the
results of Avci et al. (2016) who found that the
levels of the heart DNA fragmentation and
caspase-3 in the CP-treated group was
significantly increased (p < 0.001) than those of
the control and other treated groups [72]. On
other hand immunohistochemical analysis of Bcl-
2 staining showed that the percentage of Bcl-2
expression in the CP group was significantly
decreased than that in the control and other
treated groups. They added that, the rate of
apoptotic cells was significantly higher in the
tissues of rats which administered CP. Iqubal et
al. (2019) showed that treatment with CP (200
mg / kg / BW) showed an elevation of cleaved
caspase 3 expression, in the cardiac tissue (P <
0.001). Apoptosis is another consequence of
cardiotoxicity and cleaved caspase 3 elevation is
one of the important apoptotic markers [49].

Also, Liu et al. (2018) found that the rats of
myocardial ischemia/reperfusion (I/R) models
increased expressions of p53, Caspase-9,
Caspase-3 and Bax in the ischemic group and
reduced Bcl-2 expression and Bcl-2/Bax ratio
than that in the control group (p < 0.05);
Compared with the ischemic group, low and high
doses of procyanidin decreased P53, Caspase-9,
Caspase-3 and Bax expressions and increased
Bcl-2 expression and Bcl-2/Bax ratio (p < 0.05)
[73].

Table 6. Heart p53, Bcl-2, Caspase-3 and DNA fragmentation in the experimental groups (mean

+ SE)
Parameter Pss Bcl-2 Caspase-3 DNA
(pg/ml) (ng/ml) (ng/ml) fragmentation
Group

G1: Normal control(-ve) 39.84+1.32' 194.46+2.38°  1.79+0.099° 1.56+.191°
G2: Intoxicated by CP(+ve) 124.81+1.63*  85.66+1.32' 9.52+0.328% 30.07+1.98%
G3: CP +GS (low dose) 85.15+1.84° 156.21+1.89"  3.59+0.327° 11.61+.842°
G4: CP +GS (high dose) 51.32+1.32° 178.72#1.19°  2.79+0.167° 2.53+.206°
G5: CP + MP (low dose) 76.16+1.68° 152.67+.741°  3.61+0.829° 9.86+.351°
G6: CP +MP (high dose) 48.30+1.23° 183.58+1.37°  1.85+0.144° 2.41+.195°
LSD 1.36 1.41 0.358 0.810

There is no significant difference between means have the same letters in the same column n=10 rats,
(P<0.05).
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In consistent with our findings Fu et al. [74]
showed that Bax and Cleaved caspase-3 protein
levels were much higher, while Bcl-2 level was
much lower in middle cerebral artery occlusion
(MCAQO) mice than that in Sham mice. After
administration of GSP (250 mg/kg), Bax and
Cleaved caspase-3 protein levels were
significantly decreased, while Bcl-2 level was
significantly increased as compared with MCAO
mice. These data indicated that GSP
administration altered apoptosis-associated gene
expression in mice.

Ruan et al. [75] reported that GSPE significantly
elevated the expression of Bcl-2 and reduced the
expression of Bax in myocardial tissue after
myocardial infarction (MI). The Bcl-2 protein
family is associated with the regulation of cell
apoptosis. Bcl-2 plays an anti-apoptotic role,
while Bax plays a pro-apoptotic role.

Our results were in agreement with the results of
Rehman et al. (2014) and Liu et al. (2016)
reported that p53 plays a critical role in the
cellular apoptotic pathway leading from Cisplatin
-DNA crosslinking to caspase-3 activation. In
addition, DNA damage leads to phosphorylation
of p53 in the liver. However, grape seed
proanthocyanidin extract modulated the values of
P53 in heart near to normal values [76,77]. Also
Pallares et al (2013) reported that GSPE
considered as antioxidant, anti-inflammation and
anti-atherosclerosis, procyanidins elicit the up-
regulation of a sequence of antioxidant and
detoxification enzymes that enhance cellular
defences [78].

Selvaraj and Pugalendia. (2018) reported that
the expressions of caspase-3 caspase-9 and Bax
were up regulated in ISO-rats and down
regulated expression of Bcl-2 and Bcl-xL.
Administration of HDN to ISO-induced rats up
regulated the expression of Bcl-2 and Bcl-xL and
down regulated Bax, caspase-3 and caspase-9
expression. Administration of HDN increased the
expression of the anti-apoptotic proteins and
decreased the expression of the pro-apoptotic
protein [79].

In addition Meng et al. [80] found a significant
increase in the protein expression of p53 in the
acute myocardial infarction (AMI) mice,
compared with that in the control group. While,
treatment with HDN an active component of
mandarin peels extract (50 and 100 mg/kg)
significantly decreased the protein expression of
p53.

3.7 Microscopic Examination of Heart

Tissues in Experimental Groups

The histopathological results of this study were
strongly supported by the biochemical findings. It
was clear from the microscopic examination of
heart in Fig. (3) that normal control group
showed normal cardiac myocytes, revealed by
the normal structure of the tissue which consists
of normal cardiac myocytes. On the other hand
Fig. (4 a and b) show cardiac myocytes in the
form of cytoplasmic vacuolization of cardiac
myocytes, oedem in-between cardiac myocytes
associated with mononuclear inflammatory cells
infiltration in CP group.

Fig. 3. Heart section of rat from group 1 showing normal cardiac myocytes (H & E X 400, scale
bar 25 um)
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Pretreatment with either GS or MP to intoxicated
rats showed a great improvement in heart tissue.
Figs. (5 and 7) show that CP intoxicated rats
which administered low doses of GS and MP
showed slight oedema in-between cardiac
myocytes. (6) shows no

While, Fig.

~

=

histopathological alterations of CP intoxicated
rats which treated with high dose of GS.

Moreover, Fig. (8) shows heart section of CP
intoxicated rats which administered MP of high
dose showed no histopathological alterations.

Fig. 4a. Heart section of rat from CP intoxicated group (group 2) showing cytoplasmic
vacuolization of cardiac myocytes (arrow) (H & E X 400, scale bar 25 um)
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Fig. 4b. Heart section of rat from CP intoxicated group (group 2) showing oedem in-between
cardiac myocytes (short arrow) associated with mononuclear inflammatory cells infiltration
(long arrow) (H & E X 400, scale bar 25 um)
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Fig. 5. Heart section of rat which administered low dose of GS (group 3) showing slight oedem
in-between cardiac myocytes (arrow) (H & E X 400, scale bar 25 um)
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Fig. 6. Heart section of rat which administered high dose of GS (group 4) showing no
histopathological alterations (H & E X 400, scale bar 25 um)

Fig. 7. Heart section of rat which administered low dose of MP (group 5) showing slight oedem
in-between cardiac myocytes (arrow) (H & E X 400, scale bar 25 um)
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Fig. 8. Heart section of rat which administered high dose of MP (group 6) showing no
histopathological alterations (H & E X 400, scale bar 25 um)

Our results go hand in hand with the results of
Tesfaye et al. [47] who observed that the cardiac
tissues in the normal control group showed
normal morphological architecture. However, the
cardiac tissues of rats administered with only CP
(200mg/kg/BW. i.p) showed necrotic cardiocytes,
haemorrhage and oedema. This may be a result
of the formation of free radicals and oxidative
stress induced by CP-metabolites including
acrolein. Gellen et al. (2021) reported that
administration of CP (200 mg/kg/BW. i.p) to rats
caused endothelial dysregulation, degenerative
areas, thickening in vascular wall [6]

The results of this study were in agreement with
that of Omole et al. [52] who found that
administration of CP (50 and 200 mg /kg / BW)
produced massive change in the myocardium
showing a varying degree of vacuolar changes in
the cardiac muscle fibers, vacuolization of the
cardiomyocytes and infiltration of inflammatory
cells.

In addition, Gunes et al. [49] reported a regional
increase of eosinophilic staining in cardiac
muscle cells, shrinking and dark staining of the
nuclei due to intense chromatin, and irregularity
in nuclear borders with small degeneration foci of
myocardial cells of rats receiving CP (200 mg /kg
/ BW) due to hemorrhage and edema.

Razmaraii et al. [81] reported that there were
significant changes in DOX group including
cytoplasmic vacuolization, interstitial edema. On
the other hand, In GSE (100 mg/kg/24h, for 16
days) group the myocardial damage was
dramatically attenuated, as compared to the
DOX group. Therefore, it could be speculate
that GSE led to cell preservation and
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decreased necrosis, cytoplasmic vacuolization
and maintained a normal morphology and
structure for the cardiac muscle.

Also, Safdar et al. [43] who showed that marked
degeneration and cardiomyopathy occurred in
myocardium of DOX administered group as
evident by cytoplasmic vacuole formation and
edema. Pretreatment of DOX intoxicated group
with (150 mg / kg / BW) mandarin kinnow peels
extract + DOX resulted in moderate changes to
myocardium of rats. Rats group pretreated with
(300 mg / kg / BW) mandarin kinnow peels
extract for 60 days + DOX showed slight
changes in myocardium like cytoplasmic vacuole
formation.

3.8 Microscopic Examination of Liver

Tissues in Experimental Groups

The current histopathological results were
strongly supported by the biochemical findings. It
was clear from the microscopic examination of
liver in Fig. (9) that normal control group showed
a normal histological structure of hepatic lobule.
In contrast, liver of rats from CP intoxicated
group showed Kupffer cells activation,
hepatocellular steatosis as shown in Fig. (10)
and fibroplasia around bile duct associated with
mononuclear inflammatory cells infiltration in the
portal triad as shown in Fig. (11).

While, in Fig. (12) CP intoxicated rats which
administered low dose of GS showed focal
hepatocellular ~ necrosis  associated  with
inflammatory cells infiltration. On the other hand,
administration of the high dose of GS showed
slight congestion of central vein and hepatic
sinusoids Fig. (13).
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Fig. 14 show liver section of CP intoxicated rats  sections of rats administered high dose of MP
which administered low dose of MP showed showed vacuolar degeneration of focal
slight hyperplasia of biliary epithelium and hepatocytes Fig. 15.

oedema in the portal triad. While, the liver

Fig. 9. Liver section of rat from group 1 showing the normal histological structure of hepatic
lobule (H & E X 400, scale bar)

Fig. 10. Liver section of rat from CP intoxicated group (group 2) showing Kupffer cells
activation (short arrow) and hepatocellular steatosis (long arrow) (H & E X 400,
scale bar 25 um)

Fig. 11. Liver section of rat from CP intoxicated group (group 2) showing fibroplasia around
bile duct (short arrow) associated with mononuclear inflammatory cells infiltration in the portal
triad (H & E X 400, scale bar 25 um)
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Fig. 12. Liver section of rat which administered low dose of GS (group 3) showing focal
hepatocellular necrosis associated with inflammatory cells infiltration (arrow) (H & E X 400,
scale bar 25 um)

Fig. 13. Liver section of rat which administered high dose of GS (group 4) showing slight
congestion of central vein and hepatic sinusoids (H & E X 400, scale bar 25 um)

Fig. 14. Liver section of rat which administered low dose of MP (group 5) showing slight
hyperplasia of biliary epithelium (short arrow) and oedema in the portal triad (long arrow) (H &
E X 400, scale bar 25 um)
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Fig. 15. Liver section of rat which administered high dose of MP (group 6) showing vacuolar
degeneration of focal hepatocytes (H & E X 400, scale bar 25 um)

In agreement with our results El-Karim and EI-
Amrawi. (2019) found that CP-treated group
showed severe hemorrhage with broadening of
portal area with mononuclear inflammatory cell
and fibroblast besides vacuolar degeneration of
the majority of hepatocytes. Histopathological
examination of liver, affirmed that CP caused
liver damage which was evidenced by presence
of several different hepatic lesions, which might
be caused by cellular damaging potential of CP
metabolites in relation to generation of ROS [82].

Also, Hassan and Al-Rawi [83] showed that liver
section of the rats in the group treated with
GSPE and injected with gibberellic acid induced
oxidative stress and cellular alterations showed
an improvement of the central vein structure and
the portal region and reduction of inflammatory
cells. This finding may be attributed to the
inhibitory effect of GSPE on pro-inflammatory
cytokines evidencing its anti-inflammatory effect.
They concluded that, the hepatoprotective effect
of GSPE in the development of liver may be
related to the reduction of lipid peroxidation by its
anti-oxidative activity and the ability to scavange
reactive oxygen species.

Rabee and Bennasir [84] found that rats treated
with HDN (100 and 200 mg/kg) and injected with
CCl; (2 ml/kg/BW) as single dose revealed
vaculation occurs, more eosinophilic infiltration,
better viability, less damage, nuclei are healthier,
less disruption of the lattice nature of
hepatocytes and less damaged hepatocyte cell
membrane were less than the positive control
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group. The group treated with HDN (200 mg/kg)
faded vaculation and less infiltration by the
inflammatory cells than HDN (100 mg/kg).

Also, Abdel-Sttar et al. [85] illustrated that HDN
treated group showed normal central vein with
slightly dilated congested blood sinusoids. Most
hepatocytes were normal with acidophilic
cytoplasm and vesicular nuclei, activation of Von
Kupffer cells can be also observed. HDN
modulated the severity of hepatic damage
caused by CCl, leading to a further confirmation
of its anti-fibrotic effect.

4. CONCLUSION

Our study concluded that, administration of
single dose of CP (200 mg/ kg/ BW.i.p.) led to
cardiotoxicity and hepatotoxicity. Pretreatment
with GS or MP (low and high doses) to CP
intoxicated rats protect the liver and heart tissues
from damage due to their high content of phenols
and flavonoids, which enhance the antioxidant,
anti-apoptotic activities and protect against
oxidative stress.

ETHICAL APPROVAL

All authors hereby declare that "Principles of
laboratory animal care" (NIH publication No. 85-
23, revised 1985) were followed, as well as
specific national laws where applicable. All
experiments have been examined and approved
by the appropriate ethics committee”.



Mohamed et al.; ARRB, 36(10): 31-53, 2021, Article no.ARRB.74527

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Tu J, Inthavong K, Kian K, Wong L.
Computational hemodynamics—theory,
modelling and applications. Biological and
Medical Physics, Biomedical Engineering.
Springer Dordrecht Heidelberg New York
London; 2015.

2. Mudd TW, Khalid M, Guddati AK.
Cardiotoxicity of chemotherapy and
targeted agents. American Journal of
Cancer Research. 2021;11(4):1132-
1147.

3. Atalay F, Gulmez O, Ozsancak U.
Cardiotoxicity following cyclophosphamide
therapy. Journal of Medical Case Reports.
2014: 8 (2):1-3.

4, Cardinale D, Colombo A, Lamantia
G, Colombo N, Civelli M, De Giacomi
G, Rubino M, Veglia F, Fiorentini C ,Cipolla
CM. Anthracycline-induced
cardiomyopathy: Clinical relevance and
response to pharmacologic therapy.
Journal of American College of Cardiology.
2010;55:213-220.

5. Conklin DJ, Haberzettl P, Jagatheesan G,
Baba S, Merchant ML, Prough RA,
Williams JD, Prabhu SD, Bhathagar A.
Glutathione S transferase P protects
against cyclophosphamide- induced
cardiotoxicity in mice. Toxicology and
Applied Pharmacology. 2015;285:136—
148.

6. Gellen V, Senglil E, Gedikli S, Ozkanlar S,
Gur C, Kara A, Celebi F, Cinar A. The
effects of quercetin on cyclophosphamide-
induced cardiotoxicity in rats. Research
Square. 2021;56:1-16.

7. El-Agamy DS, Elkablawy MA, Abo-Haded
HM. Modulation of cyclophosphamide-
induced cardiotoxicity by methyl palmitate.
Cancer Chemotherapy and Pharmacology.
2017;79:399-409.

8. Elshama S, Abdalla ME, Mohamed AM.
Role of natural antioxidants in treatment of
toxicity. Journal of Toxicology Analysis.
2018;1(3):1-7.

9. Hasona N, Morsi A. Grape seeds extract
alleviates dexamethasone-induced
hyperlipidemia, lipid peroxidation, and
hematological alteration in rats. Indian

49

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Clinical Biochemistry. 2019;
34(2):213-218.

Al-Sowayan NS, Mahmoud NH. The
protective effect of grape seeds extract on
cardiotoxicity induced by doxorubicin drug
in male rats. Advances in Bioscience and
Biotechnology. 2014;5:1078-1089.

Chand N, Ali P, Alhidary IA, Abdelrahman
MA, Albadani H, Khan MA, Seidavi A,
Laudadio V, Tufareli V ,Khan RU.
Protective effect of grape (Vitis vinifera)
seeds powder and zinc-glycine complex on
growth traits and gut health of broilers
following eimeria tenella  challenge.
Antibiotics. 2021;186(10):1-8.

Abobatta WF. Nutritional benefits of citrus
fruits. American Journal of Biomedical
Science and Research. 2019;3(4):303-306.
Waseem A, Rafia A. Citrus: an ancient
fruits of promise for health benefits.
Chapter (2). Pakistan. 2019;19-22.
Boughendjioua H, Boughendjioua Z.
Chemical composition and biological
activity of essential oil of mandarin (Citrus
reticulata) cultivated in algeria.
International Journal of Pharmaceutical
Science Review and Research. 2017,
44(1): 179-184.

Thumbas VT, Cetkovié GS, Djilas SM,
Canadanovié-Brunet JM, Vuli¢ JJ, Knez Z,
Skerget M. Antioxidant activity of mandarin
(Citrus Reticulata) peel. Acta Periodica
Technologica. 2010;41:1-9.

Singleton VL, Orthofer F, Lamuela-
Raventos RM. Analysis of total phenols
and other oxidation substrates and
antioxidants by means of folin - ciocalteu
reagent. Methods in Enzymology. 1999;
299:152-178.

Arvouet-Grand A, Vennat B, Pourrat A,
Legret P. Standardisation d'un extrait de
propolis et identification des principaux
constituants. Journal de Pharmacie de
Belgique. 1994;49:462-468.

Kim KH, Tsao R, Yang R, Cui SW.
Phenolic acid profiles and antioxidant
activities of wheat bran extracts and the
effect of hydrolysis conditions. Food
Chemistry. 2006; 95: 466-473.

Murray R. Aspartate aminotransferase; In:
Clinical Chemistry, Eds., Kaplan, A. and
AL Peace, The C.V. Mosby Co., St Louis,
Toronto, Princeton.1984a;1112-1116.
Murray R. Alanine aminotransferase; In
Clinical Chemistry, Eds., Kaplan A, AL
Peace, The C. V. Mosby Co., St Louis,
Toronto, Princeton. 1984b;1088-1090.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Colombo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Civelli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Giacomi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Giacomi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rubino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veglia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fiorentini%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cipolla%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20117401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cipolla%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20117401

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

Mohamed et al.; ARRB, 36(10): 31-53, 2021, Article no.ARRB.74527

Belfield A, Goldberg DM. Revised assay
for serum phenyl phosphatase activity
using 4- amino — antipyrine. Enzyme.
1971;12(5):561-573.

Van der heiden CB, Gerh Ardt W, Rosallsis
A. Approved recommendation on IFCC
methods for the measurement of catalytic
concentration of enzymes. IFCC method
for LDH. European Journal of Clinical
Chemistry and Clinical Biochemistry. 1994;
32:639-655.

Wurzburg U, Hennrich N, Orth HD, Lang
H, Prellwitz W, Neumeier D, Knedel M
,Rick W. Quantitative determination of
creatine  kinase isoenzyme catalytic
concentrations in serum using
immunological methods. Journal of Clinical
Chemistry and Clinical Biochemistry.1977;
15:131-137.

Young DS. Effects of disease on clinical
Lab. Tests, 4th ed AACC press. 2001; 48:
682-683.

Ohkawa H, Ohishi W, Yogi K. Assay for
lipid peroxide in animal tissues by
thiobarbituric acid reaction. Journal of
Biochemistry. 1997;95:351-358.

Koracevic D, Koracevic G, Djordjevic V,
Andrejevic S , Cosic V. Method for the
measurement of antioxidant activity in
human fluids. Journal of Clinical Pathology.
2001;54:356-361.

Aebi H. Catalase in vitro. Methods in
Enzymology. 1984;105:121-126.

Nishikimi M, Roa NA ,Yogi K. The
occurrence of superoxide anion in the
reaction of reduced phenazine
methosulfate and molecular oxygen.
Biochemical and Biophysical Research
Communication. 1972;46:849—-854.

Paglia DE, Valentine WN. Studies on the
quantitative and qualitative
characterization of erythrocyte glutathione

peroxidase. Journal of  Laboratory
and Clinical Medicine. 1967;70(1):158—
169.

Findley HW, Gu L, Yeager AM, Zhou M.
Expression and regulation of Bcl-2, Bcl-xl,
and Bax correlate with p53 status and
sensitivity to apoptosis in childhood acute
lymphoblastic leukemia. Blood. 1997;
89(8):2986-2993.

Binabaj MM, Hosseini S, Khoshnazar A
Asadi J. The simultaneous effect of
valproic acid and gamma radiation on
telomerase activity and Bax and Bcl-2
protein levels in MCF-7 breast cancer cell
line. Jundishapur Journal of Natural

50

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Pharmaceutical Products. 2015;10(3):722-
818.

Sellins KS, Cohen JJ. Gene induction by
gamma-irradiation leads to DNA
fragmentation in lymphocytes. Journal of
Immunology. 1987;139:3199-3206.
Bancroft JD, Gamble M. Theory and
practice of histological techniques. 6th ed.
Philadelphia: Churchill Livingstone,
Elsevier; 2008.

Levesque S. SPSS programming and data
management: A Guide for SPSS and SAS
users, 4™ edition. Chicago, Spss Inc;2007.
Abdrabba S, Hussein S. Chemical
composition of pulp, seed and peel of red
grape from libya. Global Journal of
Scientific Researches. 2016;3(2):6-11.
Tita O, Lengyel E, Stegarus DI, Savescu
P, Ciubara AB, Constantinescu MD, Tita
MA, Rata D, Ciubara D. Identification and
quantification of valuable compounds in
red grape seeds. Applied Science. 2021,
11:1-15.

Brahmi F, Merchiche F, Mokhtari S, Smail
L, Guemghar-Haddadi H, Yalaoui-Guellal
D, Achat S, Elsebai MF, Madani K |,
Boulekbache L. Optimization of some
extraction parameters of phenolic content
from apple peels and grape seeds and
enrichment of yogurt by their powders: A

comparative study. Journal of Food
Processing and Preservation. 2021;
45(26):1-16.

Garcia-Jares C, Vazquez A, Lamas JP,
Pajaro M, Alvarez-Casas M , Lores M.
Antioxidant white grape seeds phenolics:
pressurized liquid extracts from different
varieties. Antioxidants. 2015;4(4):737-749.
Pantelié MM, Dabi¢ Zagorac DC,
Davidovi¢ SM, Todi¢ SR, Besli¢ ZS, Gasi¢
UM, Tesi¢ ZL , Nati¢ MM. Identification and
quantification of phenolic compounds in
berry skin, pulp, and seeds in 13 grapevine
varieties grown in Serbia. Food Chemistry.
2016;211:243-252.

Tang GY, Zhao CN, Liu Q, Feng XL, Xu
XY, Cao SY, Meng X, Li S, Gan RY , Li
HB. Potential of grape wastes as a natural
source of bioactive compounds. Molecules.
2018;23(10):2598-2609.

Hao Y, Wu B, Li C. Cardioprotective
efficacy of naringenin against isoproterenol
induced chronic heart failure in a rats
model. International Journal of
Pharmacology. 2019;15(6):759-765.

Zhang YM, Sun Y, Xi WP, Shen Y, Qiao
LP, Zhong LZ, Ye XQ, Zhou ZQ. Phenolic



43.

44,

45,

46.

47.

48.

49,

50.

51.

Mohamed et al.; ARRB, 36(10): 31-53, 2021, Article no.ARRB.74527

compositions and antioxidant capacities of
Chinese wild mandarin (Citrus reticulata
Blanco) fruits. Food Chemistry. 2014;145:
674-680.

Safdar MN, Kausar T, Nadeem M, Jabbar
S, Ahmed S, Taj T, Tufail Fand Mehmood
W. Cardioprotective effect of mango and
kinnow peel extracts on doxorubicin-
induced cardiotoxicity in albino rats.
Pakistan Academy of Science. 2017;54
(3):219-235.

Masoud MR, El-Hadidy EM. Mango,
orange and mandarin peels oleoresins to
prepare natural and healthy instant flavor
drinks. Journal of Food Science. 2017;4(1):
11-18.

Ghasemi K, Ghasemi Y, Ebrahimzadeh
MA. Antioxidant activity, phenols and
flavonoids contents of 13 citrus species
peels and tissues. Pakistan Journal of
Pharmaceutical Science. 2009;22(3):277-
281.

Alhumaidhaa KA, Salehb DO, Abd El
Fattah MA, El-Erakyb WI , Moawada H.
Cardiorenal protective effect of taurine
against cyclophosphamide-induced toxicity
in albino rats. Canadian Journal of
Physiology and Pharmacology. 2015;18:
1-9.

Tesfaye BA, Berhe AH, Wondafrash DZ,
Berhe DF. Cardioprotective effect of crude
extract and solvent fractions of Urtica
simensis leaves on cyclophosphamide-
induced myocardial injury in rats. Journal
of Experimental Pharmacology. 2021;13:
147-160.

Mansour HH, El kikia SM, Hasan FM.
Protective effect of N-acetylcysteine on
cyclophosphamide-inducedcardiotoxicity in

rats. Health Environmental Toxicology
and Pharmacology. 2015;40:417-
422.

Iqubal A, Sharmaa S, Ansaria MS, Najmia
AK, Syedd MA, Alic J. Nerolidol attenuates
cyclophosphamide-induced cardiac
inflammation, apoptosis and fibrosis in
Swiss Albino mice. European Journal of
Pharmacology. 2019;863:1-11.

Gunes S, Sahinturk V, Karasati P, Sahin IK
,Ayhanci A. Cardioprotective effect of
selenium  against  cyclophosphamide-
induced cardiotoxicity in rats. Biological
Trace Element Research. 2017;177:107—-
114.

Viswanatha SAH, Patel UM, Koti BC,
Gadad PC, Patel NL, Thippeswamy AH.
Cardioprotective effect of Saraca indica

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

against cyclophosphamide-induced
cardiotoxicity in rats: a biochemical,
electrocardiographic and histopathological
study. Indian Journal of Pharmacology.
2014;45:44-48.

Omole JG, Ayoka OA, Alabi QK, Adefisayo
MA, Asafa MA, Olubunmi BO ,Fadeyi BA.
Protective  effect of kolaviron on
cyclophosphamide-induced cardiac toxicity
in rats. Journal of Evidence-Based
Integrative Medicine. 2018;23:1-11.

Lian Y, Gao L, Guo P, Zhao Y, Lin T.
Grape seeds proanthocyanidins extract
prevents cisplatin-induced cardiotoxicity in
rats. Food Science and Technology
Research. 2016;22(3):403-408.

Abirami M, Kanagavalli U. Cardioprotective
effect of grape seed proanthocyanidin on
doxorubicin induced myocardial injury in
rats. International Journal of pharmacy and
life sciences. 2013; 4(1):1-6.

Donia T, Eldaly S, Ali EMM. Ameliorating
oxidative stress and inflammation by
hesperidin and vitamin E in doxorubicin
induced cardiomyopathy. Turkish Journal
of Biochemistry. 2019; 44(2): 207-217.
Hao Y, Wu B, Li C. Cardioprotective
efficacy of naringenin against isoproterenol
induced chronic heart failure in a rats
model. International Journal of
Pharmacology. 2019;15(6):759-765.

Wei X, Su Fei, Su X, Hu T, Hu S.
Stereospecific  antioxidant effects of
ginsenoside Rg3 on oxidative stress
induced by cyclophosphamide in mice.
Fitoterapia. 2012; 83:636-642.

Cetik S, Ayhanci A, Sahinturk V. Protective
effect of carvacrol against oxidative stress
and heart injury in cyclophosphamide—
induced cardiotoxicity in rats. Brazilian
Archieve of Biology and Technology. 2015;
58(4):569-576.

Gado AM, Adam ANI, Aldahmash BA.
Cardiotoxicity induced by
cyclophosphamide in rats: protective effect
of curcumin. Journal of Research in
Environmental Science and Toxicology.
2013;2(4):87-95.

Emeka PM, Morsy MA, Alhaider IA
,Chohan MS Protective effect of caffeic
acid phenethyl ester against acute and
subchronic mice cardiotoxicity induced by
cyclophosphamide alone or plus naproxen.
Pharmacognosy Magazine. 2020;16:1-7.
Al-Sowayan NS. Antioxidant potential of
grape seed extract and vitamin
E in ameliorating doxorubicin-induced



62.

63.

64.

65.

66.

67.

68.

69.

Mohamed et al.; ARRB, 36(10): 31-53, 2021, Article no.ARRB.74527

cardiotoxicity in rats. Pensee Journal.
2015;76(5):1-16.

Itoh Y, Yasui T, Okada A, Tozawa K,
Havashi Y , Kohri K. Preventive effects of
green tea on renal stone formation and the
role of oxidative stress in nephrolithiasis.
Journal of Urology. 2005;173:271-275.
Kwatra M, Kumar V, Jangra A, Mishra M,
Ahmed S, Ghosh P, Vohora D ,Khanam R.
Ameliorative effect of naringin against
doxorubicin-induced acute cardiac toxicity
in rats. Pharmaceutical Biology. 2016;
54(4):637-647.

Ceribasi AO, Turk G, Sénmez M, Sakin F,
Atessahin A Toxic effect of
cyclophosphamide on sperm morphology,
testicular histology and blood oxidant-
antioxidant balance, and protective roles of
lycopene and ellagic acid. Basic and
Clinical Pharmacology and Toxicology.
2010;107:730-736.

Shafik AN, Khodeir MM, Fadel MS. Animal
study of anthracycline-induced
cardiotoxicity and nephrotoxicity and
evaluation of protective agents. Journal of
Cancer Science and Therapy. 2011; 3: 96-
103.

Shakya M, Paliwal P, Patil S, Koti B,
Swamy A. Cardioprotective effect of
'‘Qolest'a polyherbal formulation against
doxorubicin induced cardiotoxicity in wistar
rats. International Journal of Research in
Pharmacy and Science. 2011;1:85-100.
Merwid-Lad A, Trocha M, Chlebda-
Sieragowska E, Soza"nski T, Magdalan J,
Ksiadzyna D, Szuba A, Kopacz M, Kuzniar
A, Nowak D, Pieoeniewska M, Fereniec-
Goébiewska L, Szelag A. Effect of
cyclophosphamide  andmorin-5_-sulfonic
acid sodium salt, alone or in combination,
on ADMA/DDAH pathway in rats.
Pharmacological Reports. 2013;65:201—
207.

Mantawy EM, ElI-Bakly WM, Esmat A.
Chrysin  alleviates acute doxorubicin
cardiotoxicity in rats via suppression of
oxidative  stress, inflammation and
apoptosis. European Journal of
Pharmacology. 2014;728:107-18.

Zhou Y, Hu L, Wu H, Jiang L, Liu S.
Genome-wide identification and
transcriptional expression analysis of
cucumber superoxide dismutase (SOD)
family in response to various abiotic
stresses. International Journal of
Genomics. 2017;73:1-28

52

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Liu Y, Tan D, Shi L, Liu X, Zhang Y, Tong
C, Song D, Hou M. Blueberry
anthocyanins-enriched extracts attenuate
cyclophosphamide-induced cardiac injury.
PLoS One. 2015;10:127-137.

Kvansakul M, Hinds MG. The Bcl-2 family:
structures, interactions and targets for drug
discovery. Apoptosis. 2015;20:136-150.
Avci H, Epikmena ET, Ipeka E, Tuncaa R,
Birincioglua SS, Aksitc H, Sekkinb S,
Akkoca AN , Boyacioglub M. Protective
effects of silymarin and curcumin on
cyclophosphamide-induced cardiotoxicity.
Experimental and Toxicologic Pathology.
2016;1:1-11.

Liu D. Effects of procyanidin on
cardiomyocyte apoptosis after myocardial
ischemia reperfusion in rats.

Cardiovascular Disorders. 2018; 18(35): 1-
7

FuK, Chen L, Hu S, Guo Y, Zhang W, Bai
Y. Grape  seed proanthocyanidins
attenuate apoptosis in ischemic stroke.
Acta Neurologica Belgica. 2021; 121:357—
364.

Ruan Y, Jin Q, Zeng J, Ren F, Xie Z, Ji K,

Wu L, Wu J, Li L. Grape seed
proanthocyanidin  extract  ameliorates
cardiac remodelling after myocardial

infarction through PI3K/AKT pathway in
mice. Frontiers in Pharmacology. 2020;11:
1-12.

Rehman MU, Ali N, Rashid S, Jain T
,Nafees S. Alleviation of hepatic injury by
chrysin in cisplatin administered rats:
Probable role of oxidative and
inflammatory markers. Pharmacological
Reports. 2014;66:1050-1059.

Liu W, Xu C, Sun X, Kuang H ,Kuang X.
Grape seed proanthocyanidin extract
protects against perfluorooctanoic acid-
induced hepatotoxicity by attenuating
inflammatory response, oxidative stress
and apoptosis in mice. Toxicological
Research. 2016; 5: 224-234.

Pallarés V, Fernandez-lglesias A, Cedd L,
Castell-Auvi A , Pinent M. Grape seed
procyanidin extract reduces the endotoxic
effects induced by lipopolysaccharide in
rats. Free Radicical Biology and Medicine.
2013;60:107-114.

Selvaraj P, Pugalendi KV. Efficacy of
hesperidin (HDN), on apoptotic markers in
tissue of normal and myocardial ischemic
rats. Journal of Drug Delivery and
Therapeutics. 2018;8(6):7-11.



80.

81.

82.

Mohamed et al.; ARRB, 36(10): 31-53, 2021, Article no.ARRB.74527

Meng C, Guo Z, Li D, Li H, He J, Wen D,
Luo B. Preventive effect of hesperidin
modulates inflammatory responses and
antioxidant  status  following  acute
myocardial infarction through the
expression of PPAR-y and Bcl-2 in model
mice. Molecular Medicine Reports. 2018;
17:1261-1268.

Razmaraii N, Babaei H, Nayebi M,
Assadnassab G, Helan JA, Azarmi Y.
Cardioprotective effect of grape seed
extract on chronic doxorubicin-induced
cardiac toxicity in wistar rats. Advanced

Pharmaceutical Bulletin. 2016;6(3):423-
433.
El-Karim DRS, El-Amrawi G.

Cyclophosphamide hepatotoxicity: the role
of 4-Hydroxynonenal and cytochromr C
oxidase and the possible protective
effect of Ganoderma lucidum extract.

83.

84.

85.

Slovenia Veterinary Research. 2019;56:
15-23.

Hassan HA, Al-Rawi MM. Grape seeds
proanthocyanidin extract as a hepatic-
reno-protective agent against gibberellic
acid induced oxidative stress and cellular
alterations. Cytotechnology. 2013;65:567—
576.

Rabee AAA, Bennasir HAH. Hesperidin an
antioxidant flavonoid prevents carbon
tetrachloride-induced hepatic toxicity in
male albino rats. Journal of Innovations in
Pharmaceutical and Biology. 2018;5(4):
127-132.

Abdel-Star AR, Khalaf MM, Aboyousef AM,
Aboseif AA. Ameleorative effect of
hesperidin on carbon tetrachloride induced
liver fibrosis in rats. International Journal of
Pharmacy and Pharmaceutical Science.
2017;9(7):45-51.

© 2021 Mohamed et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle4.com/review-history/74527

53


http://creativecommons.org/licenses/by/4.0

	/Annual Research & Review in Biology
	36(10): 31-53, 2021; Article no.ARRB.74527

	ABSTRACT
	1. Tu J, Inthavong K, Kian K, Wong L. Computational hemodynamics—theory, modelling and applications. Biological and Medical Physics, Biomedical Engineering. Springer Dordrecht Heidelberg New York London; 2015.
	2. Mudd TW, Khalid M, Guddati AK. Cardiotoxicity of chemotherapy and targeted agents. American Journal of Cancer Research. 2021;11(4):1132-        1147.
	26. Koracevic D, Koracevic G, Djordjevic V, Andrejevic S , Cosic V. Method for the measurement of antioxidant activity in human fluids. Journal of Clinical Pathology. 2001;54:356–361.
	27. Aebi H. Catalase in vitro. Methods in Enzymology. 1984;105:121–126.
	29. Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of erythrocyte glutathione peroxidase. Journal of Laboratory            and Clinical Medicine. 1967;70(1):158–169.

