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Abstract

Background: Cisplatin (Cis) is one of the most potent
chemotherapeutic antitumor drugs. The therapeutic efficacy
of Cisislimited by its severe side effects comprising kidneys
heart and liver toxicity Lepidium sativum seeds (LSS) (family:
Cruciferae) has been used in traditional medicine for the treat-
ment of jaundice, liver problems, spleen diseases and gastroin-
testinal disorders.

Aim of Sudy: The aim of this study isto investigate the
hepato-cardio protective effects of Lepidium sativum seedsex-
tract. (L SSE) and/or Captopril (Cap) on Cis-intoxicated rats.

Material and Methods: Seventy adult male albino rats were
used, they were fed rodent chow diet for 14 days (experimen-
tal period). Rats were categorized in 7 groups (10 rat/group).
Group 1, normal control, intraperitoneally injected with 2ml sa-
line solution at day 10 of experiment. Group 2, received asin-
gleintraperitoneal injection of 7.5mg/kg BW Cis at day 10 of
experiment. Group 3, orally administered 60 mg/kg B.W cap-
topril for 14 days with the same course of Cis-injection. Group
4 and 5 received oral administration of 200 and 400mg/kg B.W
L SSE respectively along with the same course of Cis-injection.
Group 6 and 7 received oral administration of 200 and 400 mg/
kg B.W LSSE with 60mg Cap, along with the same course of
Cis-injection.

Results: Cis-toxicity were evidenced by significant increase
in malondialdehyde, MDA (as an index of lipid peroxidation)
and in serum levels of hepatic enzymes and | actate dehydroge-
nase, LDH aswell asin pro-inflammatory markers tumor ne-
crosis factor a (TNF-a) and interlukin-6 (IL-6). However, the
levels of glutathione (GSH) and Copper and zinc superoxide
dismutase (Cu/Zn SOD) were decrease. Concurrent administra-
tion of LSSE and/or Cap attenuated-induced Cis-disturbances
in liver and heart enzymes as Concurrent administration of well
as oxidative status, and pro-inflammatory cytokine.
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Conclusion: LSSE and Cap appear to be potent candidates
to ameliorate hepatic and cardiac toxicity associated with Cis
toxicity inrats.
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Introduction

CISPLATIN (cis-dichlorodiammine-platinum (11),
Cis) isan inorganic platinum compound with a
broad spectrum antineopl astic activity against
various types of tumors, including cancers of the
head, neck, esophagus, lung, bladder, ovary, cervix,
breadt, testis, penis, endometrium, mesothelium
and many more [1]. The cytotoxic effect of cispla-
tinis believed to result mainly from its interaction
with DNA, viathe formation of covalent adducts
between certain DNA bases and the platinum com-
pound [2].

Despite its effectiveness, the use of cisplatinin
high-dose therapy has been reported to be limited
by renal and cardiac toxicities[3]. Other side effects
including, nausea, vomiting, myelosuppression,
sensitivity reactions, at high-doses the drug is high-
ly taken up in human liver and can alter the clinical
situation of the patient [4].

Angiotensin I, the central product of the re-
nin—angiotensin—al dosterone system, induces tissue
oxidative stress, inflammation and apoptosis [5].
Cap, an angiotensi n-converting enzyme inhibitor,
decreases the circulating and tissue levels of angi-
otensin I1. Also, as asulfhydryl (-SH) containing
compound, captopril possesses powerful antioxi-
dant activity, scavenges different types of reactive
oxygen species and prevents lipid peroxidation [5].
It was reported that Cap protected against tissue in-
jury induced by oxidative stress and inflammation
in various experimental models[6,7].
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Dietary intervention using-plant based products,
has long been considered a better strategy for either
preventing or reducing the progression of chronic
diseases. Thisislargely dueto the affordability of
these products along with fewer side effects they
produce compared to the drugs administered under
a pharmacological approach [g].

The World Health Organization (WHO) pro-
jected that 80% of the world’ s population relies on
traditional medicines, and around 19.4 billion glob-
al revenues were recorded for herbal remediesin
2010. Moreover, the market demand for medicinal
plants is increasing continuously and according to
WHO the demand will be more than the US $ 5 tril-
lionin 2050 [9].

Lepidium sativum (L S) popularly known as
garden cressin different regions of the world isan
edible annual and fast growing herb belongs to the
family Brassicaceae [10]. Traditionally, LSisused
for the treatment of various diseases like asthma,
tumors of the uterus, ulcers, hemorrhoidal haem-
orrhage, coughing, wounds, dermatomycosis, dys-
menorrhea, sciatica, and nasal polyps. The seeds of
this species have been utilized as a galactagogues
and abortive agent and are also used to treat sore
throat, headache, cough, asthma, malaria, syphilis,
and impotence. LS has been also reported to possess
various biological activities such as antimicrobial,
bronchodilator, hypotensive, allopathic, hypogly-
cemic, hepatoprotective, antioxidant [11). The phy-
tochemical profiling of LS showed the presence of
flavonoids, phenols, cardiotonic glycosides, cardiac
glycosides, akaloids, coumarins, proteins, and ami-
no acids [11].

The current study was designed to investigate
the possible protective effect of LSSE and Cap on
hepato- and cardio-toxicity induced by Cisin male
albino rats.

Material and Methods

Material:

LSS were procured from alocal market in Cai-
ro, Egypt. The seeds were authenticated by Minis-
try of Agriculture, Land Reclamation, Agriculture
Research Center, Horticultural Research Institute,
Department of Flora Research and Plant Taxonomy.
Seed specimen was deposited in the herbarium of
the faculty of pharmacy Ain Shams University. Cap
was purchased from Eipico pharmaceuticals, Cairo,
Egypt. Ciswas purchased from Mylan pharmaceu-
ticals, Cairo, Egypt.

Methods:
Preparation of methanolic extract of LSS

L SS were washed with double distilled water,
de-shelled and dried and ground using pestle and
mortar before extraction. The seeds were allowed to

dry under the sunlight for two days. The seeds were
then crushed and passed through a mesh #80 to get
the fine powder and stored in dark containers free
from moisture [12].

The seeds of LS were coarsely grinded and,
macerated in distilled methanol for two weeks (kg
seeds/3 liter methanol) in airtight large flask. The
flask was filtered and maceration was repeated for
two consecutive weeks. The combined filtrates were
then evaporated under reduced pressure and dried
using arotary evaporator at 55°C, then it wasly-
ophilized to give dry powder. The percentage yield
of the extract was 7.33% [12].

Determination of nutritive value of LSS

L SS was subjected to chemical analysis for the
determination of its nutritive value. Macronutri-
ents, some minerals and vitamins were measured.
The contents of moisture, protein, ash, total carbo-
hydrates and crude fiber were assayed as described
by Association of Official Agricultural Chemists,
AOAC (131, while fat concentration was determined
as mentioned by Kasiramar et al. [14]. Moreover,
Vitamin A and E were determined according to [15]
using High-performance liquid chromatography in-
strument (HPLC), with column Agilent 1100, diode
array Detector and quaternary pump while vitamin
C was assayed as described by Serrano et al. [16]
Mineral contentsincluding, Ca, P, Na, K and Fe
were determined in LSSE according to AOCAC [17].

Biological experiment:
Ethics Committee approval:

This study was approved by the Research Ethics
Commiittee (REC) at National Hepatology & Trop-
ic Medicine Research Institute (NHTMRI), Cairo,
Egypt. Serial number, A-4 2024.

Experimental animals:

Seventy adult male Sprague Dawley albino rats
(weighing 150+10g) were purchased from the farm
of the National Institute of Vaccination, Hellwan.
Cairo, Egypt. They were individually housed in me-
tallic cages under constant healthy environmental
conditions, inexperimental animal unit of National
Nutrition Institute, Cairo, Egypt. From 16 Juneto 6
July (2024).

Experimental diet:

Standard laboratory rodent chow and tap water
were provided ad-libitum. The animals were accli-
matized for a period of one week prior to the com-
mencement of the experiment.

Preparation of Cap:

Cap was dissolved in saline solution and, ad-
ministered to rats by oral gavage at a dose of 60mg/
kg B.W/day for 14 days (experimental period).



Shawkia S Abdel-Halim, et al.

Preparation of Cis:

Ciswas prepared in saline solution, it wasin-
jected intraperitoneally in day 10 of the experiment
asasingle dose of 7.5mg/kg BW according to the
study of Atessahin et al. [18].

Experimental design:
Rats were divided into seven groups (10 rats/
group):

« Group 1: (Negative control group), fed on the ro-
dent chow diet for 14 days (experimenta period).
At day 10 they were injected intraperitoneally
with 2ml saline solution.

» Group 2: (Positive control group), fed on the ro-
dent chow diet for 14 days. At day 10 of the ex-
periment, they received a single intraperitoneal
injection of Cis 7.5mg/kg.

« Group 3: Fed on the rodent chow diet for 14 days
together with oral administration of 60 mg/kg
B.W Cap. They also received the same course of
Cis- injection.

» Group 4 and group 5: Received the rodent chow
diet for 14 days together with oral administration
of 200 and 400mg/kg B.W of LSSE respectively.
At day 10 of the experiment, the rats received the
same course of Cis- injection.

« Group 6 and group 7: Fed on the rodent chow diet
for 14 days with oral administration of 200 and
400mg/kg B.W of L SSEalong with oral admin-
istration of 60mg/kg B.W Cap. At day 10 of the
experiment, the rats received the same course of
Cis- injection.

Body weight gain and organs weights:

Body weight of rats was recorded at the begin-
ning and end of experiment (14 days). After sac-
rificing of rats hearts and livers were immediately
removed and weighed then the organs weight ratio

was calculated. The relative weight of organs (%)
was cal culated as g/100 g body weight.

Blood sampling and tissue preparation:

At the end of the experimenta period (14 days)
rats were fasted for 12 hours before sacrifice, and
they were anesthetized with diethyl ether. Blood
samples were collected. Fresh blood samples and
erythrocytes were kept for further analysis.

Immediately after sacrificing of rats, livers and
hearts were isolated, plotted free from adhering
blood, washed with cold saline, dried between filter
papers and weighed. Ten percent liver homogenate
was prepared in 10ml 1.15M potassium chloride
(KCI) solution. The homogenate was used for es-
timation of hepatic MDA Anocther 10% of liver and
heart homogenateswere prepared in cold water and
used for hepatic GSH as well as hepatic and cardiac
proinflammatory cytokines estimations.
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Determination of biochemical parameters:
Determination of oxidative stress biomarkers:

GSH was determined in blood and liver ho-
mogenate as described by Beutler et a. [19]. Se-
rum and hepatic MDA were also investigated [20].
Erythrocyte Cu/Zn SOD was estimated according to
Kakkar et al. [21].

Dtermination of serum hepatic enzymes and LDH:

Serum liver enzymes including alanine ami-
notransferase (ALA) & aspartate aminotransferase
(AST) Henry et a., [22] and alkaline phosphatase
(ALP) [23] were measured. Cardiac enzyme, LDH
[24] were also estimated.

Determination of pro-inflammatory markersin
hepatic and cardiac tissue homogenates.

Liver and heart homogenates were used for
the determination of TNF-a and IL-6. The tow cy-
tokines were assayed using the Assay Max Mouse
TNF-a and IL-6 ELISA kit purchased from Assay
Designs Inc. (Ann Arbor, MI, USA), via a quanti-
tative sandwich enzyme immunoassay according to
the manufacturer protocol. The resultant color was
evaluated by reading ELISA plates using an ELISA
reader. The procedure of the used kit was performed
according to the manufacturer’s instructions.

Histopathological examination:

Suitable section of cardiac and hepatic tissues
was fixed in 10% buffered formal saline and pro-
cessed for preparation of 5 mm-thick paraffin sec-
tions. These sections were sequentially stained with
haemtoxlin (HX) and eosin and sections were ex-
amined under the light microscope Culling, [25].

Satistical analysis:

Datawere analyzed by SPSS statistical pack-
age version 17. Excel computer program was used
to tabulate the results, and represent it graphically.
Independent t-test was used to declare the signifi-
cant difference between each two groups at p<0.05.
Pearson correlation coefficient at p<0.05 was used
to declare the significant correlation between the
variables within each group (Stanford and Charles,
26).

Results

Nutritional value of LSS,

Nutritional value of LSS was determined, the
following results 4.0; 25.5; 24.5; 4.2; 33.1 and 8.7
(9/100g DW), were obtained for moisture, fat, crude
protein, ash, total carbohydrate and crude fiber re-
spectively (Table 1). Moreover, LSS contained var-
ious values of elements. The highest content was
detected for k (1100 mg%, while lowest one was for
Fe (7.1% mg%). Thelevels of vitamins A, Eand C
of LSS were 214.7%, 199.1% and 5.6% respective-
ly (Table 1).
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Table (1): Nutritive value of LSS.

Type of nutrient Nutrients Concentration
Macronutrients Moisture (gm%o) 4.0
Fat (gm%) 255
Protein (gm/%) 245
Ash (gm%) 4.2
Total carbohydrate (gm%) 331
Crude fiber (gm%) 8.7
Minerals Calcium, Ca (mg%) 255
Phosphorus, P (mg%) 556
Potassium, K (mg%) 1100
Sodium, Na (mg%) 154
Iron, Fe (mg%) 71
Vitamin Vitamin A (mg%) 214
Vitamin E (mg%) 199.1
Vitamin C (mg%) 5.6
%: Per 100 gm.

Effect of LSSE and/or Cap on body weight
change and absolute and relative liver and heart
weights of Cis-treated rats.

Data presented:

In Table (2), showed that in Cis-intoxicated rats,
body weight change was significantly decreased
(54.35%) as compared with normal control, while
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absolute and relative weights of liver (39.32%,
27.03% respectively) and heart (19.23%, 9.38%
respectively) were significantly decreased. Pretreat-
ment of Cap and L SSE induces significant elevation
in body weight change except for group (5) that fed
400mg L SSE with Cis-injection. Additionally, ab-
solute and relative organs weights were decreased
in all groups as compared to positive control. The
highest decrease was detected in rats that was given
400mg L SSE with 60mg Cap.

Effect of LSSE and/or Cap on oxidative stress
biomarkers on Cis-treated rats:

Cisplatin injection caused significant increases
serum and hepatic MDA levels, whereas it resulted
in adeclinein blood and hepatic GSH content along
with erythrocyte Cu/ZnSOD, activity as shownin
Table (3). However, Cap administration significant-
ly amended this ateration. The best results were
observed for blood GSH erythrocyte Cu/ZnSOD
and serum MDA. Moreover, pre-administration of
L SSE significantly ameliorated these effectsin all
treated groups. The highest amelioration was de-
tected in group 7 rats that received 400mg of L SSE
& 60mg of Cap and the lowest one was in group 4
that administered 200mg L SSE.

Table (2): Effect of LSSE and/or Cap administration on body weight gain, liver and heart weights of Cis-intoxicated rats* (Means = SD).

Experimental groups

Cis 400m 200 mg 400 mg
Parameters Negative . =% Cap 200mgLSSE | oo exfr’act LSSE extract  LSSE extract
control rou 60 mg + Cis. extract + Cis + Cis +60mg +60mg
group ) Cap + Cis Cap + Cis
Body weight change 11504392 5.25t4.26a  8.50+5.08b 6.50+6.02b e 8.25+4.26 7.75+6.61b 9.00 +1.60b
(gm/ 2 weeks)
% Change - -54.35 61.9 23.81 57.14 47.62 7143
Liver:
Absolute weight (g) 5.34+0.34 7.44+0.79a  546+1.00bf  6.82+0.71g 5.81+0.69b,g 5.91+1.729 5.22+1.00b
% Change - 39.32 —26.61 -8.33 -21.91 —20.56 -29.84
Relative weight 3.33+0.40 4.23+t0.41a  3.70+0.37bd  4.00+0.05¢ 9 3.76£0.50b 3.42+0.47b 3.42+0.86
% Change — 27.03 -12.53 -5.44 -11.11 -19.15 -19.15
Heart:
Absoluteweight () ~ 052+0.079  0.62+0.07a  055:0.06bg oeorco7al 9  0.54+0.06f 0.52+0.02b 0.44+0.05
% Change - 19.23 -11.29 -3.23 -12.90 -16.13 -29.03
Relative weight 0.32¢0.011  0.35+0.05a  0.29+0.01b 0.31+0.02b g 0.33+0.059, 0.32+0.02b g 0.28+0.03b
% Change - 9.38 -17.14 -11.43 571 -8.57 —20.00

a Significant difference from negative control group.

b: Significant difference from positive control group (administered Cis as a single dose of 7.5mg/kg B.W day 10 of experiment)
c: Significant difference from Cap (administered by oral gavage of 60 mg/kg B.W/day along with the same course of Cis- injection).
d: Significant difference from lower dose of LSSE (oral administration of 200 mg/kg B.W L.S. seed extract, along with the same course of Cis- in-

jection).

e: Significant difference from higher dose of L.SSE (oral administration of 400 mg/kg B.W L.S. seed extract, along with the same course of Cis- in-

jection).

f-Significant difference from lower dose of LSSE + Cap (oral administration of 200 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg B.W

/day along with the same course of Cis- injection).

g: Significant difference from higher dose of LSSE + Cap (oral administration of 400 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg

B.W/day along with the same course of Cis- injection).

p<0.05. (10 rats/group). - for 14 days).

Cis: Cisplatn. LSSE: Lipidum Sativum seed extract. Cap: Captopril. B.W: Body weight. SD: Standard deviation.
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Table (3): Effect of LSSE and/or Cap administration on oxidative biomarkers of Cis. -intoxicated rats* (Means + SD).
Experimental groups
. 200 mg 400 mg
Parameters Negative . C!S' Cap 200 mg LSSE 400 mg L SSE extract L SSE extract
intoxicated . - L SSE extract
control rou 60 mg + Cis. extract + Cis +Cis + 60 mg +60mg
group ) Cap + Cis Cap + Cis
MDA
Serum 0.67+0.21 1.18+0112  0.87+0.200de  0.95+0.200 1.02+0.190,9 0.89+0.130 0.79+0.31b
(nmol/ml) 19.49 13.56 24.57 33.05
% Change - 76.12 26.27
Hepatic 56.83:13.44 82.15+16372 61.84+10.880  62.78+16.96D€  57.80+16.29D 62.43+11.990  56.46+7.430
(nmol/g)
% Change - 4455 24.72 23,58 29.64 24.00 31.27
GSH:
Blood (mg/dl)  264.01+33.93 174.63+8.753 523.7?¢34.49 211924459309 248.42+47.61D.9 267.22¢22.00.9  297.75+52.58D
def.g
% Change - 33.85 3155 21.35 42.26 53.02 71.05
Hepatic (mg/g) 39.41+9.19  17.63+2.218  3526£13.1100  36.65:12.07bf  41.49+1157b 49.09+16.07h  44.26+16.690
% Change - 55.27 17.63 107.88 135.33 178.45 151.05
Erythrocyte 142.65£28.90 106.63+16.712 139.77+17.240f  14553+16.04DF  149.86+23.190  161.38+16.71b  159.94+14.75D
CuwZn SOD
(unit/ml)
% Change - 25.25 31.08 36.48 4054 51.35 50.00

a Significant difference from negative control group.

b: Significant difference from positive control group (administered Cis as a single dose of 7.5mg/kg B.W day 10 of experiment)

¢: Significant difference from Cap (administered by oral gavage of 60 mg/kg B.W/day along with the same course of Cis- injection).

d: Significant difference from lower dose of LSSE (oral administration of 200 mg/kg B.W L.S. seed extract, along with the same course of Cis- in-
jection).

e: Significant difference from higher dose of L.SSE (oral administration of 400 mg/kg B.W L.S. seed extract, along with the same course of Cis- in-
jection).

f-Significant difference from lower dose of LSSE + Cap (oral administration of 200 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg B.W
/day along with the same course of Cis- injection).

g: Significant difference from higher dose of LSSE + Cap (oral administration of 400 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg
B.W/day along with the same course of Cis- injection).  p<0.05. (10 rats/group). ( for 14 days). Seed extract.

Cis: Cisplatn. Cap: Captopril. LSSE: Lipidum Sativum seed extract. B.W: Body weight. SD: Standard deviation.

MDA: Maloaldehyde. GSH: Glutathione. Cu/Zn SOD: Coper and Zinc superoxide dismutase.

Effect of LSSE and/or Cap on serum hepatic en-
zymes and LDH of Cis-treated rats:

The amount of ALT, AST, ALP, and LDH in dif-
ferent groups was reported in Table (4). Induction of
liver and heart toxicity by Cis caused marked signif-
icant increase in serum activity of AST, ALT, ALP
and LDH as compared to normal rats. The protec-
tive effect of pretreatment with Cap and L SSE were
manifested by the significant reduction of all these
enzymes. The best protection was observed in rats
that was given higher dose of L SSE together with
60mg Cap.

Effect of LSSE and/or Cap on hepatic and card-
iclL-6 and TNF-o. of Cis-treated rats:

The effect of Cis- treatment on pro-inflammatory
markers, IL-6 and TNF-o was presented in Table (5).
Hepato (263.27%, 283.84%) and cardio (295.78%,
411.93%) levels of IL-6 and TNF-a exhibited a sig-
nificant marked elevation in Cis exposed rats as in
comparison with normal control. The administration
of Cap and/or LSSE prior to Cis injection significant-
ly downregulated the increased levels of both pro-in-
flammatory markers. The highest downregulation
was reported for group 6, 7, who was given the lower
and higher doses of LSSE with 60mg Cap.
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Table (4): Effect of LSSE and/or Cap administration on Serum activity of liver enzymes, AST, ALT, ALP and LDH of Cis-intoxicated
rats* (Means+ SD).

Experimental groups

) 200 mg 400 mg
Parameters Negative . C!S' Cap 200 mg LSSE 400mg L SSE extract L SSE extract
intoxicated . - L SSE extract
control rou 60 mg + Cis. extract + Cis +Cis + 60 mg +60mg
group ) Cap + Cis Cap + Cis
SerumAST  41.48+16.69 73.75£4.922 56.17+13.330.0 63.92+13.620.f.9  56.19+14270.f9  5250+8.890.9 41.77+8.110
(IU/L)
9% Change - 77.80 23.84 13.33 23.81 28.81 43.36
Serum ALT  71.25#567 108.75:9.418  98.01+9.0101.9 ogasi10s609  94.17+1220f0  84.67+11.7.9  69.00+13.150
(UIL)
9% Change - 52.63 9.88 9.12 13.410.9 24.14 36.55
Serum ALP  337.00£18.89 624.75+164.172 gesfomloo.ze 441.00+173.790,69  391.50+109.33 357.00+53.630 311.87+66.970
(UIL) efg
9% Change - 85.54 25.09 29.41 37.33 42.86 50.08
Serum 834.14+245.8 1599.38+149.52 g46f3.25t129.5 1406.50+115.20.5.0 1521 061334010  1004.25+129.20,0  886.00+170.5D
LDH efg
(L)
9% Change - 91.74 8.50 12.06 16.78 3158 44.60

a Significant difference from negative control group.

b: Significant difference from positive control group (administered Cis as asingle dose of 7.5mg/kg B.W day 10 of experiment)

c¢: Significant difference from Cap (administered by oral gavage of 60 mg/kg B.W/day along with the same course of Cis- injection).

d: Significant difference from lower dose of LSSE (oral administration of 200 mg/kg B.W L.S. seed extract, aong with the same course of Cis- injection).

e Significant difference from higher dose of L.SSE (oral administration of 400 mg/kg B.W L.S. seed extract, along with the same course of Cis- injection).

f-Significant difference from lower dose of LSSE + Cap (oral administration of 200 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg B.W /day along with the
same course of Cis- injection).

g: Significant difference from higher dose of LSSE + Cap (oral administration of 400 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg B.W/day along with the
same course of Cis- injection).  p<0.05. (10 rats/group). (= for 14 days).

Cis: Cisplatn. LSSE: Lipidum Sativum seed extract. Cap: Captopril. B.W: Body weight. SD: Standard deviation.

AST: Alanine aminotransferase. AST: Aspartate aminotransferase. ALP: Alkaline phosphatase. LDH: Lactate dehydrogenase.

Table (5): Effect of LSSE and/or Cap administration on hepatic and cardiac tissue levels of pro-inflammatory markers, IL-6 and
TNF-a in Cis- intoxicated rats* (Means + SD).

Experimental groups

) 200 mg 400 mg
Parameters Negative intoE: : —ted Cap . 200 mg LS$E Lsg(l)EOeTt? ot LSSE extract L SSE extract
control group 60 mg + Cis. extract + Cis +Cis + 60 mg +60mg
) Cap + Cis Cap + Cis
Liver:
IL-6 (pg/ml)  38.63+9.89 140.33+17.092 72.00+6.90.0.8f9 g5 3.6 3 6f 40.37+10.960.f.0 58.85+21.30,0 53.12+16.160
% Change - 263.27 —48.69 —42.47 —71.23 -58.06 —-62.15
TNF-o (pg/ml) 37.95£3.93 150.20+15432 83.47+14.790.f 87.75¢7.620.f.9  80.92+1478Pf  7020+7.400  71.66+18570
% Change - 295.78 —44.43 -41.58 -46.13 -53.26 —52.29
Heart:
IL-6 (pg/ml)  32.00£3.67 122.83+4.882 79.28+9.770.d.f.9  g0.10308f0 59.63+14.430 57.25+16.680  50.08+10.95D
% Change - 283.84 -35.46 —4155 -51.45 -52.39 -59.23
TNF-a (pg/ml) 19.95+1.78 102.13+8.002 54.68+15.71bf 61.83+12.190.f,0  4330+13.020  41.68+53%0  47.52+18.550
% Change - 411.93 —46.46 -39.46 -57.60 -59.19 -53.47

a Significant difference from negative control group.

b: Significant difference from positive control group (administered Cis as asingle dose of 7.5mg/kg B.W day 10 of experiment)

c¢: Significant difference from Cap (administered by oral gavage of 60 mg/kg B.W/day aong with the same course of Cis- injection).

d: Significant difference from lower dose of LSSE (oral administration of 200 mg/kg B.W L.S. seed extract, along with the same course of Cis- injection).

e Significant difference from higher dose of L.SSE (oral administration of 400 mg/kg B.W L.S. seed extract, along with the same course of Cis- injection).

f-Significant difference from lower dose of LSSE + Cap (oral administration of 200 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg B.W /day along with the
same course of Cis- injection).

g: Significant difference from higher dose of L SSE + Cap (oral administration of 400 mg/kg B.W L.S. seed extract + oral gavage of 60 mg Cap/kg B.W/day along with the
same course of Cis- injection).  p<0.05. (10 rats/group). (= for 14 days).

IL-6: Interleukin-6. TNF-a: Tumor necrosis factor alpha.
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Histopatjological results:

In the current study, the histopathological chang-
es in hepatic and cardiac tissue samples obtained
from all treatment groups were evaluated.

Histopathological results of liver:

Histopathological examination of liver sections
of control group showed average central veins sur-
rounded by average hepatocytes arranged in sin-
gle-cell cords with intervening blood sinusoids, and
average portal tracts with average bile ducts and av-
erage portal veins (Photo 1). However, the liver of
Cis-treated rats showed histopathologic changesin

1515

the form markedly dilated congested central veins
with detached lining, hepatocytes showed hydropic
change, scattered apoptosis and bi-nucleation, and
portal tracts showed markedly dilated congested
portal veins and average bile ducts (Photo 2).

Theliver of Cis-intoxicated rats that adminis-
tered Cap liver showed dilated congested central
veins with dilated blood sinusoid and peri-venular
inflammatory infiltrate, hepatocytes showed scat-
tered apoptosis and intra-lobular inflammatory in-
filtrate, and portal tracts showed dilated congested
portal veins and average bile ducts (Photo 3).

Histopathological results of liver

Photo (1): Photomicrograph of livers from normal control,
high power view showing average central vein (CV) and av-
erage hepatocytes arranged in single-cell cords (black arrow)
with average intervening blood sinusoids (blue arrow) (H& E
X 400).

Photo (3): Photomicrograph of livers from cis+ Cap liver
showing dilated congested central vein (CV) with peri-venular
(black arrow) and intra-lobular inflammatory infiltrate (blue ar-
row) (H&E X 200.

Photo (5): Photomicrograph of livers from cis+ LSSE low
dose: liver showing mildly dilated central vein (CV) with de-
tached lining (black arrow) and mild hydropic change of hepat-
ocytes (blue arrows) (H& E X 400).

Photo (2): Photomicrograph of livers from cis-group high
power view showing markedly dilated central vein (CV) with
detached lining (black arrow), and hepatocytes showing hy-
dropic change (blue arrow), scattered apoptosis (yellow arrow)
and bi-nucleation (red arrow) (H& E X 400).

Photo (4): Photomicrograph of livers from cis+ LSSE low
dose: liver showing mildly dilated congested central vein (CV)
and portal vein (PV), with mild hydropic change of hepatocytes
(black arrow) (H& E X 200).

Photo (6): Photomicrograph of livers from cis+ LSSE high
dose: liver showing markedly dilated congested central vein
(CV) with detached lining (black arrow), average hepatocytes
(blue arrow), and average portal tract (red arrow) (H&E X 200).
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Photo (7): Photomicrograph of livers from cis+ LSSE low
dose + Cap: High power view showing markedly dilated con-
gested central vein (CV) with scattered apoptotic hepatocytes
inperi-venular area (black arrow) (H& E X 400).

Photo (9): Photomicrograph of livers from cis + LSSE high
dose + Cap: Another view showing portal tract with marked-
ly dilated congested portal veins (PV) and average bile ducts
(black arrow) (H& E X 200).

Regarding Cis-intoxicated rats that administered
low dose of LSSE, liver tissues showed mildly di-
lated congested central veins with detached lining,
hepatocytes showed mild hydropic change, and
dilated congested portal veins (Photos 4,5), while
histopathological results of group treated with high
dose of L SSE was in the form of marked dilated con-
gested central veins with detached lining, scattered
apoptotic hepatocytesin peri-venular area, and por-
tal tracts showed dilated congested portal veins and
average bile ducts (Photo 6). Liver section of rats
pre-treated with low dose of L SSE together 60mg
Cap and the same Cis-injection showed markedly
dilated congested central veins, scattered apoptotic
hepatocytes in peri-venular area, and portal tracts
showed markedly dilated congested portal veins
and average hile ducts (Photo 7). Similarly, mark-
edly dilated central veins, apoptotic hepatocytesin
peri-venular area, and portal tracts showed marked-
ly dilated congested portal veins and average bile

Photo (8): Photomicrograph of liversfrom cis+ LSSE high
dose + Cap: Liver showing markedly dilated congested cen-
tral vein (CV), with apoptotic hepatocytesin peri-venular area
(black arrow) (H& E X 200).

ducts (Photos 8,9) were observed in group 7 that ad-
ministered high dose of L SSE together with 60mg
Cap and the same Cis-course.

Histopathological results of heart:

Heart section of rats from control group showed
the following histopathological changes, average
pericardium, average muscle fibers with average
cell borders and average centrally located nuclei,
and average blood vessels (Photo 10), while that of
Cis-intoxicated rats were in form of pericardium,
muscle fibers with indistinct cell borders and small
pyknotic nuclei, and markedly dilated congested
blood vessels (Photo 11). Heart section of rats pre-
treated with Cap (Photos 12,13) showed average
pericardium, muscle fibers with indistinct cell bor-
ders and small pyknotic nuclei, and markedly dilat-
ed congested blood vessels.

Histopathological picture of heart sections of
Cis-rats treated with 200mg of L SSE revealed the
presence of average pericardium, muscle fibers
with indistinct cell borders and small pyknotic nu-
clei, and markedly dilated congested blood vessels
(Photo 14). The heart sections from Cis-intoxicated
rats that administered 400mg L SSE showed aver-
age pericardium, average muscle fibers with aver-
age cell borders and preserved cross striations, and
mildly dilated blood vessels (Photo 15).

Moreover, average pericardium, muscle fibers
with indistinct cell bordersand small pyknotic nu-
clei, and markedly dilated congested blood vessels
(Photo 16) were observed in Ci-exposed rats treat-
ed with low dose of L SSE and 60mg Cap. Heart
histology of group 7 that treated with 400mg L SSE
beside 60mg Cap with the same Cis-course, showed
average pericardium,muscle fibers with average cell
borders and average nuclei, and mildly dilated con-
gested blood vessels (Photos 17,18).
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Histopathological results of heart

Photo (10): Photomicrograph of heart from normal control:
Heart showing average pericardium (black arrow), average mus-
cle fibers (blue arrow) with average blood vessels (red arrow)
(H&E X 200.

Photo (12): Photomicrograph of heart from Cis+Cap group:
high power view showing muscle fibers with indistinct cell bor-
ders (black arrows) and small pyknotic nuclei (blue arrows), and
markedly dilated congested blood vessels (red arrow) (H& E X

400).

Photo (14): Photomicrograph of heart from Cis+ low dose
group: High power view showing average muscle fibers with
sdistinct cell borders (black arrows) and average nuclei (blue
arrows) (H& E X 400).

Photo (11): Photomicrograph of heart from Cis group:
Heart showing average pericardium (black arrow), average
muscle fibers (blue arrow) with markedly dilated congested
blood vessels (red arrows) (H&E X 200).

Photo (13): Photomicrograph of heart from Cis+Cap group:
High power view showing muscle fibers with indistinct cell
borders (black arrows) and small pyknotic nuclei (blue arrows),
and markedly dilated congested blood vessels (red arrow)
(H&E X 400).

Photo (15): Photomicrograph of heart from Cis+ high dose
group: High power view showing average muscle fibers with
average cell borders (black arrows) and preserved cross stria-
tions (blue arrows) (H& E X 400).
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Photo (16): Photomicrograph of heart from Cis+ + Cap
+low dose group: High power view showing muscle fibers with
indistinct cell borders (black arrows) and small pyknotic nuclei
(blue arrows), and markedly dilated congested blood vessels
(red arrows) (H& E X 400).

Photo (18): Photomicrograph of heart from Cist+ + Cap +
high dose group: high power view showing muscle fibers with
distinct cell borders (black arrows) and average nuclei (blue ar-
rows), and mildly dilated congested blood vessels (red arrows)
(H&E X 400).

Discussion

The nutritive value of LSS,

Results of the present study were in agreement
with those of Doke and Guha [27], they published
that the chemical composition of LSS indicates
the presence of high amounts of protein (22.47%-
25.00%) and lipids (14.00%-28.03%) which indi-
cated that seeds have high food energy, with low
moi sture content (3.92%-4.14%) which an index of
stability quality and increased shelf life of seeds.
They also detected the following ratios (6.75%-
16.50%), (4.25%-4.65%) and (32.87%-54.00 %)
for crude fiber, ash and carbohydrates respectively.
However, Salem et al. [28] detected percentages of
7.05%, 4.8%, 18.79%, 19.73%, 35.45% and 14.18
for moisture, ash, crude fiber, protein, carbohy-
drates and fat respectively. The differences between
this study and the present work may be attributed to
geographic origin of the plants, growing conditions,
and environmental factors.

The results given in Table (1) indicated that the
nutritional activity in LSSis related to the particu-
lar vitamins, it contained good amounts of vitamins

Photo (17): Photomicrograph of heart from Cis+ + Cap
+high dose group: Heart showing average pericardium (black
arrow), average muscle fibers (blue arrow), and mildly dilated
blood vessels (red arrows) (H& E X 200).

including, vitamin A, E, C and other vitamins. How-
ever, theresults of Yadav et al. [29] were comparable
to those of the present work. Moreover, Kadam et
al. [30] published that total tocopherol content was
139.73+0.91mg/100g for L SS.

Body weight change, absolute and relative liver
and heart weights:

Eid et al. [31] found that Cis administration to
rats decreased body weight to 87.7% of control.
This may confirm the present work. Moreover, a
significant decrease in body weight after injection
of Ciswas also observed by Atessahin et al. [32].
The weight loss of animals treated with cisplatin
can be at least partially due to the drug toxicity
which accel erates the water elimination in urine.
Also, cisplatin-induced weight loss might be due to
gastrointestinal toxicity and thereby reduced inges-
tion of food[33].

Oxidative stress biomarkers:

The present study, Cisinjection markedly in-
creased serum and hepatic MDA levels, whereas
it resulted in adecline in blood and hepatic GSH
content and erythrocyte Cu/ZnSOD activity as com-
pared to the positive control group. Similar results
were obtained for MDA, GSH and SOD in hepatic
tissues[34,35] and in cardiac-tissues[36]. These find-
ings may support our results.

It has been suggested that oxidative stressis an
important mechanism of cisplatin-induced toxicity
possibly due to depletion of glutathione [37]. The
depletion of GSH seems to be a prime factor that
permits lipid peroxidation [38]. In the present study,
the observed declinein the level of GSH in cisplatin
treated rat as compared to control group indicated
that the depletion of GSH resulted in enhanced li-
pid peroxidation, and excessive lipid peroxidation
caused increased GSH consumption [39].

GSH is astrong antioxidant that shields cells
from the oxidative damages and fall in GSH pool
can make cells venerable to oxidative stress [39].
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In addition, GSH and CAT work simultaneously
to counteract the oxidation of proteins, lipids and
DNA by abolishing ROS[40].

The decrease in SOD activity could cause the in-
itiation and propagation of lipid peroxidation in the
cisplatin treated rats[41]. Cisplatin has been demon-
strated to cause loss of copper and zinc in the kid-
neys[38]. The decreased SOD activity might be due
to the loss of copper and zinc which are essential
for the enzyme activity. The decreased SOD activ-
ity isinsufficient to scavenge the superoxide anion
produced during the normal metabolic process[38].

Fasihi et al.[34] investigated the effect of Cap on
Cis-induced hepatotoxity in rats. They reported that
concomitant treatment of Cap with Cisinduced sig-
nificant decrease in hepatic MDA and significant in-
crease in both hepatic GSH and SOD. The results of
the present study are in well accordance with these
findings. Similar effects were observed by other au-
thors[7,31,42).

Angiotensin |1, the central product of the re-
nin—angiotensi n—al dosterone system, induces tissue
oxidative stress, inflammation and apoptosis [43].
Cap, an angiotensin-converting enzyme inhibitor,
decreases the circulating and tissue levels of angi-
otensin I1. Also, as athiol containing compound,
Cap possesses powerful antioxidant activity, scav-
enges different types of reactive oxygen species
and prevents lipid peroxidation [44,45]. Moreover,
Cap was found to enhance the enzymatic activity of
superoxide dismutase and selenium-dependent glu-
tathione-peroxidase [46].

Raish et al. [47] investigated the hepatoprotec-
tive effect of ethanolic extract of LSS against D-ga-
lactosamine/lipopolysaccharide induced hepatotox-
icity in rat. LSSE significantly induced significant
reduction in thiobarbituric acid reactive substances
(TBARS), and significant elevation in hepatic GSH
and SOD. The present results were in agreement
with these findings. Other authors also confirmed
the antioxidant activity of L SSE [48,49,50].

The antioxidant effect of LSSE may be possi-
bly due to the L SSE contains numerous active com-
pounds particularly phenolic compounds, such as
tocopherol, which is one of the most powerful anti-
oxidants that acts to protect unsaturated fatty acids
from oxidative stress damage. Vitamin A and essen-
tial fatty acids protect against oxidation, and work
to prevent damage to various body tissues from the
negative effect of free radicals [51] and then main-
tain a balance between the mechanisms that cause
the production of free and that help to get rid of
those toxic radicals.

Hepatic and cardiac enzymes:

The hepato and cardio-cellular damages caused
by Ciswere also evaluated (Table 4). Significant
elevation in serum AST, ALT, ALP and LDH activ-

1519

ities were detected in the Cis group, as compared
to normal rats. Previous studies have reported that
cisplatin increases serum transaminases and LDH
[35,36], which may confirm our results. The ability
of Cisto cause alterationsin the activity of hepat-
ic enzymes could be a secondary event following
Cis-induced liver damage with the consequent |eak-
age from hepatocytes [52]. It is known that Cisis
significantly taken up in human liver and thereisa
suggestion that the drug accumulates in significant
amounts in hepatic tissue particularly when injected
in high-doses [53]. Generally, liver toxicity of Cis
is characterized by mild to moderate elevation of
serum transaminases

Creatine kinase (CK) and LDH enzyme activ-
ities are considered to be important measures of
myocardial injuries [54]. During cisplatin induced
cardiotoxicity, thereis an ateration in lipid perox-
idation of cardiac membrane together with an in-
creased leakage of CK and LDH from cardiac my-
ocytes. It has been reported that cisplatin is potent
enough to generate ROS [55] that in turn alters the
myocardial membrane structures, functions and in-
tegrity and as a consequence, there is a leakage of
cardiac enzymes|[56].

In the present study, rise in serum activities of
AST, ALT, ALP and LDH that were induced Cis-in-
jection was significantly abridged by per-adminis-
tration with Cap. These findings were supported by
that of Azizi-Malekabadi et al. [57]. Who observed
that administration of Cap significantly decreased
the activity of AST, ALT and ALP in ratstreated
with lipopolysaccharide. Similar results were also
obtained [34,59].

The hepatoprotective effect of ethanolic extract
of LSS against CCl4-induced hepatic injury wasin-
vestigated by Al-Asmari et al. [59]. Their findings
demonstrated that administration of the extract
caused significant reduction in serum activity of
ALT, ALP, and AST inrats[60] and in New Zealand
rabbits [48]. Similar results were also obtained by
Balgoon et a. [61] against aluminum-induced injury
in liver of albino rat. These findings may confirm
our results.

Moreover, the hepatic and cardio protective
effects of aquatic extract of LSS on dexametha-
sone-intoxicated rats was demonstrated [62], serum
ALP and LDH were markedly reduced in rats fed
L SSE in comparison to dexamethasone group.

The liver protection of LSSE may be related
to flavonoid and phenolic compounds. It mainly
contains polyphenolic and flavonoid compounds,
which are the most important antioxidants. It
has been confirmed that the presence of phenol-
ic compounds can improve hepatic markersin
hepatotoxicity [63]. 5 6-dimethoxy-2’,3"-methyl-
enedioxy-7-C-B-D-glucopyranosyl isoflavone (an
isoflavone serum lipids profile, free radicals, and
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improves hepatic function in hepatotoxicity with
paracetamol [64] .

Pro-inflammatory cytokine:

It was reported that Cis-administration to ratsin-
duced significant increase in serum TNF-a and IL-6
[36], and in heart mitochondrial tissue homogenate
[65]. These results were in accordance with our re-
sults.

Increasing evidence indicates that Cisinduces
amyriad of inflammatory cytokines and chemok-
ines including translocation of the redox-sensitive
transcription factor nuclear factor kappa B (NF-kB)
from the cytosol to the nucleus, which leads to pro-
duction of tumor necrosis factor alpha (TNF-a) in
cardiomyocytes, a pro-inflammatory that is actively
involved in Cis-induced inflammation [66,67] .

The result of the present study confirmed the
protective effect of Cap against Cis-induced inflam-
mation in rats, asindicated by the increased levels
of TNF-a and IL-6. Our results may be confirmed
by other reports which showing that pretreatment
with Cap attenuated the increased levels of TNF-a
induced in testicular tissues of rats by Cis [31] and in
renal tissues of diabetic rats [69].

Captopril exertsits anti-inflammatory effects
through, reducing the blood and tissue levels of an-
giotensin Il by inhibiting the angiotensin-convert-
ing enzyme, and blocking the activation of NF-kB
signaling pathway which promotes the transcrip-
tion of cytokines including TNF-a and IL-6 [68,69].
These actions highlight the potential anti-inflamma-
tory ability of Cap as protective agents against tox-
ins-induced damagein rats.

The anti-inflammatory effect of LSS alleviated
the hepatic increased levels of TNF-a and IL-6 in
high fat diet fed rats. Other authors reported signif-
icant reduction of the two cytokinesin vivo [47,70]
and in vitro [71,72]. These findings were consistent
with our results.

It was suggested that the anti-inflammatory
activity of aqueous and alcoholic extracts of LSS
could be due to phenolic and flavonoid compounds
in these seeds that downregulate the increase lev-
els of hepatic proi-nflammatory markers, including
TNF-a and IL-6 [36]. It was also reported that LSS
oil contained high levels of y-tocopherol (87.74mg/
100g) [73] and it is known that y-tocopherol can
prevent inducible Nitric oxide synthase in activated
macrophages. Diwakar et al. [74] also proposed that
the decrease in nitric oxide, NO production in peri-
toneal macrophages might be due to the presence
of a- linolenic acid and y-tocopherol in L. sativum
seed oil [75].

Conclusion:

It can be concluded that Cap and L SSE exhib-
it potent protective effect on hepatic and cardiac

toxicity induced by Cisin rats that could be partly
contributed by their antioxidant and anti-inflamma-
tory activities. The best potent effect was observed
in highdose L SSE and 60mg Cap fed rats indicating
synergistic effect of both protective substances. So,
Cap and L SSE can be considered a candidate to pro-
tect against cardiotoxicity commonly encountered
with Cis treatment.

Conflicts of interest to disclose.

Acknowledgments:

The authors are grateful to Dr Sayed Abdel Ra-
heem assess. Prof. of Histopathology (Al-Azhar
Faculty of Medicine, Cairo, Egypt) for performing
the histopathol ogical examinations.

References

1- TOWNSEND D.M., TEW K.D., LIN H., KING J.B. and
HANIGAN M.H.: Role of glutathione-S-transferase Pi in
cisplatin-induced nephrotoxicity. Biomed & Pharmacoth-
er.,(63): 79-85, 2009.

2- PIL P, LIPPARD S.J. and BERTINO J.R.: Encyclopedia
of Cancer. Academic Press, San Diego, CA, (1): 392410,
1997.

3 SHEN D.W., POULIOT L.M., HALL M.D. and GOTTES-
MAN M.M.: Cisplatin resistance: A cellular self-defense
mechanism resulting from multiple epigenetic and genetic
changes. Pharmacol. Rev., 64: 706-721, 2012. [PubMed:
22659329].

4- BROCK P.R., KNIGHT K.R., FREYERD.R,, et d.: Plat-
inum-induced ototoxicity in children: A consensus review
on mechanisms, predisposition, and protection, including
anew International Society of Pediatric Oncology Boston
ototoxicity scale. J. Clin. Oncol., 30: 2408-2417, 2012.
[PubMed: 22547603].

5- LIU Y., etal.: Impairment of endothelium-dependent relax-
ation of rat aortas by homocysteine thiolactone and attenu-
ation by captopril. J. Cardiovasc. Pharmacol., 50: 155161,
2007.

6- IBRAHIM M.A., et d.: Angiotensin converting enzyme
inhibition and angiotensin AT (1)-receptor antagonism
equally improve doxorubicin induced cardiotoxicity and
nephrotoxicity. Pharmacol. Res., 60: 373-381, 2009.

7- AMIRSHAHROKHI K., et al.: Effect of captopril on TNF-a
and IL-10 in the livers of bile duct ligated rats. Iran J. Im-
munol., 7: 247-251, 2010.

8- DUNCAN A.M., PHIPPSW.R. and KURZER M.S.: Phy-
to-oestrogens, Best Practical Research. Clin. Endocrinol.
Metab., 17: 253- 271, 2003.

9- BALAKRISHNAN R,, VIJAYRAJA R., JOR.D.H., GA-
NESAN P., SU-KIM I. and CHOI D.: “Medicina profile,
phytochemistry, and pharmacological activities of Murraya
koenigii and its primary bioactive compounds,” Antioxi-
dants (Basel), 9: 2, 101, 2020.



Shawkia S Abdel-Halim, et al.

10- AQAFARINI A, LOTFI A. M., NOROUZI M. and KA-
RIMZADEH G.: Induction of tetraploidy in garden cress:
Morphologica and cytological changes, Plant Cell, Tissue
and Organ Culture (PCTOC), 137: (3): 627-635, 2019.

11- DOKE S. and GUHA M.: Garden cress (L epidium sativum)
Seed - An Important Medicinal Source: A Review. Scholars
Research Library. J. Nat. Prod. Plant Resour, 4 (1): 69-80,
2014.

12- PATEL U., KULKARNI M., UNDALE V. and ASHOK
BHOSALE A.: Evauation of Diuretic Activity of Aqueous
and Methanol Extracts of Lepidium sativum, Garden Cress
(Cruciferae) in Rats. Tropical Journal of Pharmaceutical
Research, 8 (3): 215-219, 20009.

13- A.O.A.C.: Official Methods of Analysis of the Association
of Official Analytical Chemists. 18t Ed. Gaithersburg,
Maryland, U.S.A., 2007.

14- KASIRAMAR G., and GOPALASATHEESKUMARK .:
“Significant Role of Soxhlet Extraction Processin Phyto-
chemical Research”. Mintage Journal, 7: 43-47, 2018.

15- CHRISTIANSEN S,, CHEE FF., CHUA A., BRADDOCK
H., GILL B., DE GUZMAN R., KOHLER LABITAN
K.D.Pand LARKIN G.: Determination of Vitamin E and
Vitamin A in Infant Formula and Adult Nutritionals by
Normal -Phase High-Performance Liquid Chromatogra-
phy: Collaborative Study, Final Action2012.10.McMahon:
Journal of AOAC International, 99: No. 1, 223, 2016.

16- SERRANO I.A., JOVER T.H. and BELLOSO O.M.: Com-
parative evaluation of UV-HPLC methods and reducing
agent to determined vitamin C in fruits. Food Chem., 105
(3): 213, 2007.

17- AOAC: Standard Method Performance Requirements for
Minerals and Trace Elementsin Infant Formula and Adult/
Pediatric Nutritional Formula. Approved by AOAC Stake-
holder Panel on Infant Formula and Adult Nutritionals
(SPIFAN). Final Version Date: March 18, 2014.

18- ATESSAHIN A., YILMAZ S, KARAHAN I., CERIBASI
A.O. and KARAOGLU A.: Effects of lycopene against cis-
platin-induced nephrotoxicity and oxidative stressin rats.
Toxicology, 212: 116123, 2005.

19- BEUTLERE., DURON O., and KELLY B.M.: Improved
method for the determination of blood glutathione. J. Lab.
Clin. Med., 61: 882-888, 1963.

20- UCHIYAMA M. and MIHARA M.: Determination of
mal onal dehyde precursor in tissues by thiobarbituric acid
test. Ana Biochem., 86 (1): 271-278, 1978.

21-KAKKAR P., DASB. and VISWANATHAN P.N.: A mod-
ified spectrophotometric assay of superoxide dismutase.
Indian J. Biochem Biophys, 21 (2): 130-2, 1984.

22- HENRY R.J,, CHIAMORI D.C.O., GLOUB and BERK-
MAN S.: Revised spectrophotometric methods for the de-
termination of glutamic-oxal oacetic transaminase and glu-
tamic-pyruvic transaminase and lactic dehydrogenase. Am.
J. Clin. Pathol., 34: 381-398, 1974.

23- TIETZ N.W., BURTISC.A. DUNCAN P., ERVIN K. and
PETITCLERE C.J.: A reference method for the measure-

1521

ment of alkaline phosphatase activity in human serum.
Clin. Chem., 29: 751-761, 1983.

24- BUHL SN., JACKSON K.Y. and GRAFFUNDER B.: Op-
timal reaction conditions for assaying human lactate dehy-
drogenase pyruvate-to-lactate at 25, 30, and 37 degrees C.
Clin. Chem., 24 (2): 261-6, 1978.

25- CULLING C.F.A.: Haangbook of Histological and Histo-
chemical Techniques. "® Edn., Butterworths and Compa-
ny, London, 76-91, 1974.

26- STANFORD B. and CHARLES B.: Pharmaceutical statis-
tics: Practical and clinical applications. Edition Number: 4,
Publisher: Taylor & Francis, Inc., 2003.

27- DOKE S. and GUHA M.: Garden cress (L epidium sativum)
seeds - An Important Medicinal Source: A Review. Schol-
ars Research Library. J. Nat. Prod. Plant Resour, 4 (1): 69-
80, 2014.

28- SALEM E.A., KHOLOUD H., TOLIBA H.A., EL-SHOUR-
BAGY G.H. and EL-NEMR S.E.: “Chemical and function-
al properties of garden cress (L epidium sativum) seeds
powder. Zagazig,” Journal of Agricultural Research, 46:
1517-1528, 2019.

29- YADAVY ., SRIVASTAV D., SETH A. and SAINI V.: Ne-
phroprotective and curative activity of Lepidium sativum.
seedsin albino rats using cisplatin induced acute renal fail-
ure. Scholars Research Library. Der Pharma Chemica, 2
(4): 57-64, 2010.

30- KADAM D., PALAMTHODI S. and S.S. LELE S.S.: “LC-
ESI-Q-TOFMS/MS profiling and antioxidant activity of
phenolics from L,” Sativum seedcake. J. Food Sci. Tech-
nol., 55: 1154-1163, 2018.

31- EID A.H., FAWZY N., EL-RAOUF O.A. and FAWZY
H.M.: Captopril and telmisartan ameliorate cisplatin-in-
duced testicular damage in rats via anti-inflammatory. In-
ternational Journal of Scientific and Research Publications,
(3): Issue 1, 2016.

32- ATESSAHIN A, YILMAZ S,, KARAHAN |, CERIBAS
A.O. and KARAOGLU A.: Effects of lycopene against cis-
platin-induced nephrotoxicity and oxidative stressin rats.
Toxicology, 212: 116-123, 2005.

33- ATESSAHIN A., SAHNA E., TURK G., CERIBASI A.O.,
YILMAZ S. YUCE A. and BULMUS O.: Chemoprotective
effect of melatonin against cisplatin-induced testicular tox-
icity in rats. J. Pineal Res., 41 (1): 21-27, 2006.

34- FASIHI M., GHODRATIZADEH M. and GHODRATIZA-
DEH S.: Protective effect of captopril on cisplatin induced
hepatotoxicity in rat. American-Eurasian J. Toxicol. Sci.,
(4): 131-141, 2012.

35- TURAN M.I,, TURAN I.S,, MAMMADOV R, ALT-
INKAYNAK K and KISAOGLU A.: The Effect of Thi-
amine and Thiamine Pyrophosphate on Oxidative Liver
Damage Induced in Rats with Cisplatin. BioMed Research
International Article ID 783809, 6 pages, 2013.

36- ABDELLATIEFA S.A., GALALA A.A, FAROUKB SM.
and MOHAMED M. ABDEL-DAIMC M.M.: Ameliora-
tive effect of parsley oil on cisplatin-induced hepato-car-



1522

37-

diotoxicity: A biochemical, histopathological, and immu-
nohistochemical study. Biomedicine & Pharmacotherapy,
86: 482-491, 2017.

YILMAZH.R., IRAZ M., SOGUT S., OZYURT 2.Y.,
AKYOL O. and GERGERLIOGLU S.: The effects of er-
dostiene on the activities of some metabolic enzymes dur-
ing cisplatin-induced nephrotoxicity in rats. Pharmacolo.
Res., 50: 287-290, 2004.

BADARY O.A., ABDEL-MAKSOUD S., AHMED W.A.
and OWIEDA G.H.: Naringenin attenuates cisplatin ne-
phrotoxicity in rats. Life Science, 76: 2125-2135, 2004.

KARTHIKEYAN K., SARALA BAI B.R. and NIRAN-
JALI DEVARAJS.: Cardioprotective effect of grape seed
proanthocyanidins on isoproterenol -induced myocardial
injury in rats. Int. J. Cardiol., 115: 326333, 2007.

40- YUAN L. and KAPLOWITZ N.: Glutathionein liver dis-

41-

eases and hepatotoxicity. Mol. Aspects Med., 30 (1-2):
29-41, 2009.

AJITH T.A., USHA S. and NIVITHA V.: Ascorbic acid
and a-tocopherol protect anticancer drug cisplatin-induced
nephrotoxicity in mice. A comparative study. Clin. Chim.
Acta,, 375: 82-86, 2007.

42- ALI N.E.H.: Protective Effect of Captopril against 5-Fluo-

rouracil-Induced Hepato and Nephrotoxicity in Male Albi-
no rats. Journal of American Science, 8 (2): 680-685, 2012.

43- WOLF G.: Angiotensin Il as amediator of tubulointerstitial

injury. Nephrol Dia Transplant, 15: 61-63, 2000.

44- SCRIBNER A.W., et d.: The effect of angiotensin-convert-

ing enzyme inhibition Wolf G. Angiotensin |1 as a mediator
of tubuleinterstitial injury. Nephrol. Dial Transplant, 15:
61-63, 2000.

45- LIU Y, et al.: Impairment of endothelium-dependent relax-

46-

49-

ation of rat aortas by homocysteine thiolactone and atten-
uation by captopril. J. Cardiovasc. Pharmacol., 50: 155—
161, 2007.

IBRAHIM M.A ., et a.: Angiotensinconverting enzyme
inhibition and angiotensin AT (1)-receptor antagonism
equally improve doxorubicin-induced cardiotoxicity and
nephrotoxicity. Pharmacol. Res., 60: 373-381, 2009.

RAISH M., AHMAD A., ALKHARFY K. M., AHAM-
AD SR., AL-JENOOBI M K., AL-MOHIZEA A.M. and
ANSARI M.A.: Hepatoprotective activity of Lepidium sa-
tivum seeds against D-gal actosamine/ lipopolysaccharide
induced hepatotoxicity in animal model. BMC Comple-
mentary and Alternative Medicine, 16: 50, 2016.

SHOKRZADEH M., KHALVATI R., HOSSEINZADEH
M.H., AYATIFARD M. and HABIBI E..: Effects of Hy-
droal coholic Extract of Lepidium sativum on Carbon Tet-
rachloride-Induced Hepatotoxicity in Mice. Pharmaceuti-
cal and Biomedical research, 8 (3): 225-232, 2022.

EBTESAM S. AL-SHEDDI, NIDA N. FARSHORI, MAI
M. AL-OQAIL, JAVED MUSARRAT, ABDULAZIZ A.
AL-KHEDHAIRY and MAQSOOD A. SIDDIQUI: Pro-
tective effect of Lepidium sativum seed extract against
hydrogen peroxide-induced cytotoxicity and oxidative

50

52-

53-

55

56-

57-

Protective Effect of LSS & Captopril Against Cisplatin-Induced Hepato-Cardio Toxicity in Rats

stressin human liver cells (HepG2). Pharm. Biol. DOI:
10.3109/13880209..1035795, 2015.

HEIDARIAN E., MOVAHED-MOHAMMADI G., SAF-
FARI J. and GHATREH-SAMANI K.: Protective effect of
hydroethanolic extract of cress against hepatotoxicity due
to acetaminophen in rats (Persian). J. Mazandaran Univ
Med. Sci., 23 (102): 78-90, 2013.

KASABE P.J, PATIL P.N., KAMBLE D.D. and DANDGE
P.B.: Nutritional, elemental analysis and antioxidant activi-
ty of garden cress (Lepidium sativum) seeds. Int. J. Pharm.
Pharm. Sci., 4 (3): 392-395, 2012.

MANSOUR H.H., HAFEZ H.F. and FAHMY N.M.: Si-
lymarin modul ates cisplatininduced oxidative stress and
hepatotoxicity in rats. J. Biochem. Mal. Biol., 39: 656-661,
2006.

PARTIBHA R., SAMEER R., RATABOLI P.V., BHIW-
GADED.A., DHUME C.Y.: Enzymatic studies of cispla-
tin-induced oxidative stress in hepatic tissue of rats. Eur. J.
Pharmacol. (532): 290-293, 2006.

Lee C.K., Park K.K., Chung A.S. and CHUNG W.Y .: Gin-
senoside Rg3 enhances the chemosensitivity of tumors
to cisplatin by reducing the basal level of nuclear factor
erythroid 2-related factor 2-mediated heme oxygenase-1/
NAD(P)H quinone oxidoreductase-1 and prevents normal
tissue damage by scavenging cisplatin-induced intracel-
lular reactive oxygen species, Food Chem. Toxicol., 50:
25652574, 2012.

WANG T., ZHANG T.X. and LI J.J.: The role of NF-kap-
paB in the regulation of cell stress responses, Int. Immuno-
pharmacol., 2: 1509-1520, 2002.

JN W., WANGH., YAN W., XU L., WANG X., ZHAO
X., YANG X., CHEN G. and J Y.: Disruption of Nrf2
enhances upregulation of nuclear factor-kappa B activity,
proinflammatory cytokines and intercellular adhesion mol-
ecule-1inthe brain after traumatic brain injury, Mediators
Inflamm., 1-7, 2008.

AZIZI-MALEKABADI H., BEHESHTI F., ABARESHI
A., NOROUZI F., KHAZAEI M., SOUKHTANLOO M.
and HOSSEINI M.: Angiotensin-Converting Enzyme In-
hibitor Captopril: Does it Improve Renal Functionin Li-
popolysaccharide-induced Inflammation Model in Rat.
Saudi J. Kidney Dis. Transpl., 31 (4): 727-738, 2020.

58- ABOZAID S, ABOBAKR A., ABIL HASSAN and MER-

RY MALAK M.: The possible protective effect of captopril
on liver and bone marrow after cyclophosphamide-induced
toxicity in adult albino rats. J. Mod. Res., 19-27, 2021.

59- AL-ASMARI A K., ATHARM.T., AL-SHAHRANI H.M.,

60

AL-DAKHEEL S.I. and AL-GHAMDI M.A.: Efficacy of
L epidium sativum against carbon tetrachloride induced
hepatotoxicity and determination of its bioactive com-
pounds by GCMS. Toxicol Rep., 2: 1319-1326, 2015.

ZAMZAMI M.A., BAOTHMAN OAS, SAMY F. and
ABO-GOLAYEL M.K.: Amelioration of CCl4-induced
hepatotoxicity in rabbits by Lepidium sativum seeds. Evid-
Based Complement Alter Med., 5947234, 2019.



Shawkia S Abdel-Halim, et al.

61- BALGOON M.J.: Assessment of the protective effect of
Lepidium sativumagainst aluminum-induced liver and kid-
ney effectsin albino rat. Biomed. Res. Int., 4516730, 2019.

62- ALSADEE S.A.A.: Hepato-nephroprotective role of Lepid-
ium sativum against oxidative stress induced by dexameth-
asonein rats. Indian J. Forensic Med. Toxicol., 15: 2643-
2653, 2021.

63- AL-ASMARI A K., ATHAR M.T., AL-SHAHRANI H.M.,
AL-DAKHEEL S.I. and AL-GHAMDI M.A.: Efficacy of
L epidium sativum against carbon tetra chloride induced
hepatotoxicity and determination of its bioactive com-
pounds by GC-MS. Toxicol. Rep., 2: 1319-26, 2015.

64- SAKRAN M., SELIM Y. and ZIDAN N.: A new isoflavo-
noid from seeds of Lepidium sativum and its protective ef-
fect on hepatotoxicity induced by paracetamol in male rats.
Molecules, 19 (10): 15440-51, 2014.

65- EL-SAWALHI M.E. and LAMIAA A.A.: Exploring the
protective role of apocynin, a specific NADPH oxidase in-
hibitor, in cisplatin-induced cardiotoxicity in rats. Chemi-
co-Biological Interactions, 207: 58-66, 2014.

RAMESH G., KIMBALL S.R., JEFFERSON L.S. and
REEVES W.B.: Endotoxin and cisplatin synergistically
stimulate TNF-a production by renal epithelial cells. Am.
J. Physiol., 292: 812-819, 2007.

67- FOUADA A.A., ABDULRUHMAN S, AL-MULHIMB
A.S.,, JRESATC . and MORSYD M.A.: Protective effects
of captopril in diabetic rats exposed to ischemia/reper-
fusion renal injury. J. Pharmacy and Pharmacology, doi:
10.1111/j.2042-7158, 2012.

68- KUSHWAHA S. and JENA G.B.: Telmisartan ameliorates
germ cell toxicity in the STZ-induced diabetic rat: Studies
on possible molecular mechanisms. Mutat. Res., 755 (1):
11-23, 2013.

66

1523

69- REDDY K.V.K, MAHESWARAIAH A. and NAIDU K.A.:
“Rice bran oil and n-3 fatty acid-rich garden cress (Lepidi-
um sativum) seed oil attenuate murine model of ulcerative
colitis,” International Journal of Colorectal Disease, 29 (2):
267-269, 2014.

70- TURKOGLU KiLiC M.S., PEKMEZCI E. and KARTAL
M.: Evaluating antiinflammatory and antiandrogenic ef-
fects of garden cress (Lepidium sativum) in HaCaT cells,
Records of Natural Products, 12 (6): 595-601, 2018.

71- AHMAD A., JAN B.L, RAISH M., et a.: Inhibitory effects
of Lepidiumsativum polysaccharide extracts on TNF-a
production in Escherichia coli-stimulated mouse.Biotech,
8:(6): 1-8,2018.

72- DIWAKAR B.T, DUTTA P.K, LOKESH B.R. and NAIDU
K.A.: “Physicochemical properties of garden cress (Lepid-
ium sativum) seed ail,” Journal of the American Oil Chem-
ists' Society, 87 (5): 539-548, 2010.

73- JANG ELSON-SCHWAB |., COURTEMANCHE C. and
AMES B.N.: y-Tocopherol and its major metabolite, in
contrast to a- tocopherol, inhibit cyclooxygenase activity
in macrophages and epithelial cells. Proceedings of the Na-
tional Sciences, 97 (21): 11494-11499, 2011.

74- DIWAKARB.T., LOKESH B.R. and NAIDU K.A.: Mod-
ulatory effect of a-linolenic acid-rich garden cress (Lepid-
ium sativum) seed oil on inflammatory mediators in adult
albino rats. British Journal of Nutrition, 106 (4): 530-539,
2011.

75- ABDULMALEK SA, FESSAL M. and EL-SAYED M.:
Effective amelioration of hepatic inflammation and insu-
lin response in high fat diet-fed rats viaregulating AKT/
mTOR signaling: Role of Lepidium sativumseed extracts.
Journal of Ethnopharmacology, 266: 113439, 2002.



1524 Protective Effect of LSS & Captopril Against Cisplatin-Induced Hepato-Cardio Toxicity in Rats

S99, o el (BN Al
Aol bl g LS Ao i

Ol o2 (et (o

K Lo Jo s il Sl Lasilall 6,080 S0 g ol y S BULAll TLaKI Ty g1 (g5 3] T (e suscall o ay A b
ol aly s SI USUiiag Ll gdlal gansliall bl 8 sl (o yoiualadt ot 4t Luadlall Lulelall (o a3 (o lilly 5 Sy
el 3Leall sl yliily Jlakll

Oliomall e s ysstol€ly sl on jais alat wul 4 GlH el S Lal s 52 Laslyall 5da 5o Ciagll :C3s g
A aseal Gaacad |

Linsll o158l JS aLakal o3 . (Legana JSI 150 V) clegons poun 11 G Ll 155 denscu paads o3 13y Yol g g A
a saade Y o isiopall s Litall Jals Lgiia o3 :mnbll LsLall Leganll ) Lagoall .(Loyadll 8as) Lags V€ 5t Lunsakll
s 0 caally ol (535 (oo oS /e V. 0 Bty L Ll 3 1Y Lagpandldpatl o stlall gl 3 yale s s
30 o ol B (e oS/ susielS prne e Lepm Laglhel 03 Lagaall Luyall a5l gl b gl Lt
Qe paS/ane berg Yoo Lejaadll Gush e LHEl 10 5 & GUiegonll oaidtecusall (o dejall udl g Logs VE Bul acuall
Gk e LS 3V 5 L gaall . cismsaall (ma eyl i n (] Gimnsliiyll o capim paliSine o (sl laa s
ol s i (Al Bia isusiil€ o pane o paslitill o yads paldins anwuall g oo paS/pme £o vy Yoo Laja pill
Dbl Loy

oligie Ay (Qoadll Bansl e 5254K) waaulluigllll 88,08 Balad DL e onBlassall Liasw LS| 3 1S\

IS T sl 500 pgp ) 535 Jrale Ll 3u gl eladtall i el pull Juma o 5img asgesitSYs Ll olayysy)

addS M gty sl con geds palitaak ool 3kl e Une¥ gul . 3ligsecussasaS yygallighlighall eligivns couiisl
Ll syl st cally L oSN LAl LS g iy 5 S elanys] 6 ol Lo sw e Loalill @bl byl

Ll alally & I an o 52 55 Ty L8l Ll o opasielIT 5wl com gy palat e way 7 5ol
Oluall (8 bl



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

