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biochemical changes induced by Cisplatin
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Abstract

Background: Increase oxidative trauma is the main cause behind Cisplatin (CP) induced cardiotoxicity which
restricts its clinical application as anti-neoplastic prescription. Acacia hydaspica is a natural shrub with diverse
bioactivities. Acacia hydaspica ethyl acetate extract (AHE) ameliorated drug-induced cardiotoxicity in animals with
anti-oxidative mechanisms. Current study aimed to evaluate the protective potential of A. hydaspica against
cisplatin-induced myocardial injury.

Methods: Rats were indiscriminately distributed into six groups (n = 6). Group 1: control; Groups 2: Injected with CP
(7.5 mg/kg bw, i.p, single dose) on day 16; Group 3: Treated for 21 days with AHE (400 mg/kg b.w, oral); Group 4:
Received CP injection on day 16 and treated with AHE for 5 days post injection; Group 5: Received AHE (400 mg/kg
b.w/day, p.o.) for 21 days and CP (7.5 mg/kg b.w., i.p.) on day 16; Group 6: Treated with silymarin (100 mg/kg b.w.,
p.o.) after 1 day interval for 21 days and CP injection (7.5 mg/kg b.w., i.p.) on day 16. On 22nd day, the animals were
sacrificed and their heart tissues were removed. Cisplatin induced cardiac toxicity and the influence of AHE were
evaluated by examination of serum cardiac function markers, cardiac tissue antioxidant enzymes, oxidative stress
markers and histology.

Results: CP inoculation considerably altered cardiac function biomarkers in serum and diminished the antioxidant
enzymes levels, while increased oxidative stress biomarkers in cardiac tissues AHE treatment attenuated CP-induced
deteriorations in creatine kinase (CK), Creatine kinase isoenzymes MB (CK-MB), cardiac Troponin I (cTNI) and lactate
dehydrogenase (LDH) levels and ameliorated cardiac oxidative stress markers as evidenced by decreasing lipid
peroxidation, H2O2 and NO content along with augmentation in phase I and phase II antioxidant enzymes.
Additionally, CP inoculation also induced morphological alterations which were ameliorated by AHE. In pretreatment
group more significant protection was observed compared to post-treatment group indicating preventive potential of
AHE. The protective potency of AHE was comparable to silymarin.

Conclusion: Results demonstrate that AHE attenuated CP induce cardiotoxicity. The polyphenolic metabolites and
antioxidant properties of AHE might be responsible for its protective influence.

Keywords: Cisplatin, Cardiotoxicity, Oxidative trauma, Cardiac function biomarkers, Antioxidant enzymes,
Morphological alterations
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Background
Clinical implication of Cisplatin (cis-dichlorodiammine-
platinum (II), CP) is restricted owing to augmented oxi-
dative stress and apoptosis that have been involved in
cardiac injury. Cisplatin usage is also associated with the
cardiotoxicity including arrhythmia, myocarditis, cardio-
myopathy and congestive heart failure [1–5]. CP treat-
ment in combination with complementary anticancer
medications such as methotrexate, 5-fluorouracil, bleo-
mycin and doxorubicin is concomitant with fatal cardiac
disorders [6]. CP-containing chemotherapy to the pa-
tients encourages deterioration in the abundance of vari-
ous antioxidants in the plasma, which may lead to the
failure of anti-oxidative defense mechanism. Besides, the
genotoxicity of cisplatin may result in the inception of
tributary afflictions in healthy tissues [7, 8]. CP induces
lacerations in the vascular components of the cardiac
tissues of treated animals. The inimical effects com-
prised of congestion, perivascular edema, hemorrhage,
expanded medial muscle thickness, hyalinization with
the constrained luminal area in the coronary and intra-
muscular arterioles. The vascular endothelium perform
various tasks and CP consequent endothelial deteriora-
tions are accountable for several health complications,
such as atherosclerosis, high blood pressure, thrombosis,
vasculitis, sepsis and bleeding etc. [9].
In current scenario, the leading objective of scientific

exploration concentrating on platinum complexes is to
ascertain compounds that have greater potency, mini-
mum toxicity, curtail cross-resistance and enriched
pharmacological features as compared with the parent
drug; CP [10, 11]. There are cumulative facts proposed
that the consumption of antioxidants could be effective
in impeding cisplatin-prompted toxicity [12–14]. Medi-
cinal plants and natural herbal ingredients have promis-
ing antioxidant potency and are gaining importance in
controlling several ailments [15]. Silymarin is a flavonoid
isolated from Silybum marianum, has previously been
successfully utilized as a remedial agent in numerous
clinical and in vivo and in vitro experimental models of
liver toxicity [16], nephrotoxicity [17] and cardiotoxicity
[5]. Silymarin being an antioxidant flavonoid complex
holds the capability to quench free radicals, chelate
metal ions, alleviate the membrane permeability via
impeding lipid peroxidation and precluding glutathione
depletion [16, 18, 19]. Silymarin (100 mg/kg, orally, for
10 days) secure cardiac tissue against the cisplatin-
prompted damage by decreasing the action of serum
biochemical markers comprising lactate dehydro genase
(LDH), creatine kinase isoenzyme MB (CK-MB) and
cardiac troponin I (cTnI) by its anti-lipid peroxidation
action. Consequently, silymarin brought equilibrium of car-
diac membranes and precluded the seepage of cardiac en-
zymes. Additionally, silymarin precise the lipid peroxidation

due to the occurrence of free hydroxyl groups at C5 and
C7 carbons, which counter with peroxy radicals. Silymarin
increased the actions of endogenous antioxidant enzymes
such as SOD and lessened oxidative mitochondrial DNA
damage due to the free radical scavenging property [20].
Acacia species are a great source of polyphenolic me-

tabolites, acknowledged to have substantial antioxidant
properties that benefit in the deterrence against several
oxidative traumas related diseases comprising cardiovas-
cular, neurodegenerative and cancer [21–23]. Acacia
hydaspica R. Parker; synonym A. eburnea stood in fam-
ily Leguminosae [24], owns antioxidant, anticancer, anti-
hemolytic [25], anti-inflammatory, antipyretic, analgesic
[26], antidepressant [27] and hepato-protective and
protective against testicular toxicity [28, 29]. Bioactive
metabolites identified in Acacia are i.e., gallic acid, cat-
echin, rutin, caffeic acid, 7-O-galloyl catechin, +catechin
and methyl gallate [26, 30]. Previous researches indi-
cated that Catechin significantly reduce idarubicin-
induced cardiotoxicity in rats. Catechin also exhibit
cardioprotective effect in Dox-treated animals [31].Cat-
echin ameliorated electrocardiogram (ECG) fluctuations
and myocardial contractility [32]. Acacia species were
reported to possess cardioprotective potential in animal
models. A. Senegal gum Arabic displayed a defensive in-
fluence against doxorubicin-persuaded cardiac insult by
attenuating cardiomyocyte injuries and ameliorating
altered serum cardiac function biomarkers [33]. Another
study in rabbits indicated that A. senegal seed extract
administration ameliorated atherogenic diet induced
cardiac LPO and histopathological abnormalities in aorta
wall, heart and kidney. Acacia hydaspica ethyl-acetate
extract (AHE) showed the cardioprotective effect against
doxorubicin induced oxidative stress. AHE treatment
prevents structural cardiomyocytes degeneration via
inhibiting the oxidative stress marker levels, decreasing
CK, CK-MB and LDH, and increasing cardiac antioxi-
dant status [34]. Ethyl acetate extract of A. hydaspica
(AHE) showed protection against cisplatin induced
reproductive and hepatic toxicity in rats by improving
endogenous antioxidant defense [28, 29].
Centered on prior explorations on the cardio-protective

prospective of the Acacia species, polyphenolic compos-
ites in animal models and protective potential of A. hydas-
pica; current investigation was designed to investigate the
effect of ethyl-acetate extract of A. hydaspica in compari-
son with silymarin against CP-induced cardiac toxicity
and oxidative stress in rats. Silymarin was selected as a
standard herbal extract with proven beneficial effects.
Antioxidant enzymes, oxidative stress biomarkers and
biochemical serum cardiac function markers levels were
determined along with histopathological examination to
evaluate the efficiency of A. hydaspica against CP- per-
suaded cardiac injuries.
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Methods
Collection of plant
A. hydaspica (Aerial parts) were obtained from Kirpa
charah region Islamabad, Pakistan. Plant specimen was
recognized by Dr. Sumaira Sahreen (Curator at Herbar-
ium of Pakistan, Museum of Natural History, Islamabad)
and deposited (Accession No. 0642531) at the herbarium
of Pakistan, museum of natural history, Islamabad.

Preparation of extract
The aerial parts (twigs and leaves) of the plant were shade
dried. Dried plant was processed in electrical grinder to
obtain fine powder. The methanol extract was obtained by
allowing 3 kg of powder to macerate 3 times in 95%
methanol (3 × 4000ml) for 5 consecutive days. The super-
natant was filtered and filtrate was evaporated by rotary
vacuum evaporator (Buchi, R114, Switzerland) to obtain a
viscous mass as the crude methanol extract (AHM). 12 g
of AHM was suspended in water (250ml) with continuous
stirring then successively added (3 × 200ml) following sol-
vents; n-hexane, ethyl acetate, chloroform and n-butanol
respectively, and each layer was allowed to separate for 3 h
in a separating funnel and at last water soluble fraction
(AHA) was obtained. All fractions were dried using rotary
evaporator. Acacia hydaspica crude methanol extract
(AHM) yield was 15% of the dry powder, while AHH,
AHE, AHC, AHB and AHA yielded 5.27, 27.77, 1.94,
41.66 and 8.05% respectively, of dry methanol extract.
Ethyl acetate extract (AHE) (the most bioactive extract
under in vitro examinations and containing bioactive poly-
phenols [35] was selected for further in vivo investigation.
Table 1 indicated the phytochemical composition of AHE
and bioactivities of metabolites.

Acute toxicity evaluation
The acute toxicity study was conducted as per the guide-
lines 425 of Organization for Economic Cooperation and
Development (OECD) for testing of chemicals for acute
oral toxicity [64]. The thorough method is described in
our earlier study [28]. General behavioral fluctuations
were noticed by the hitherto procedure [65]. Animals were
observed constantly for 2 h for any sort of convulsion,
tremor, aggression, excitation, loss of grasp, different re-
activity to touch, and sedation [66]. AHE was proved to be
harmless at all tested quantities (up to 4000mg/kg b.w)
and it did not convinced any noxious sign in rats like
sedation, convulsions, diarrhea and irritation.

Preparation of dose for treatment
Cisplatin (CP) injection (Sigma-Aldrich, St. Louis, MO,
U.S.A.) was diluted in saline to make precise amount
(7.5 mg/kg body weight) for administration [67].
Silymarin (100mg/kg b.w) and AHE (400 mg/kg b.w)
were freshly prepared in distilled water prior to every

administration. 400 mg/kg b.w. dose of AHE and 100
mgmg/kg b.w. of silymarin was selected based on our
pilot experiment. AHE and Silymarin are given in
volume of 2 ml in feeding tubes.

Scheme of experiment
Sprague Dawley rats (200–225 g) were obtained from the
Primate Facility at Quaid-i-Azam University, Islamabad.
The animals were kept in routine cages at room
temperature under maintined12 h light/dark cycle, fed
with normal pellet diet and tap water. Procedures of
national institute of animal health (NIH guidelines) were
strictly followed for conducting the experimental proce-
dures. The ethical board of Quaid-i-Azam University,
Islamabad permitted the investigational procedure
(Bch#264). Animals were allocated into six groups (n = 6).
Sample size is selected based on “resource equation”
method [68]. As ANOVA test was used to compare sig-
nificant differences in all treatment groups. If more num-
ber of animals selected then it may lead to unnecessary
wastage of resources and may lead to ethical issues. The
treatment procedure was adopted according to previous
studies [69, 70] with slight adjustments.
Group 1: Control; given distilled water by feeding

tube (2 ml)
Group 2: CP treated; received one dose of CP (7.5 mg/

kg b.w., i.p.) on day 16th of experiment.
Group 3: AHE treated; 400 mg/kg body weight/day

oral dose for 21 days
Group 4: CP + AHE (post-treated group); CP on day

16 and AHE (400 mg/kg b.w/day, p.o.) was given from
day 16 to 21.
Group 5: AHE+CP (pre-treated group); received 400

mg/kg body weight/day, p.o. for 21 days and CP (7.5mg/kg
b.w., i.p.) on day 16.
Group 6: Silymarin+CP; received 100mg/kg b.w., p.o.

dose every other day (11 doses/21 days) and CP (7.5mg/kg
b.w., i.p.) on day 16.
Body weights of rats were noted at the start and com-

pletion of experiment. Animals were sacrificed by de-
capitation. Heart was removed and washed with ice cold
saline and dried with blotting paper before weighted.
Next, part of the organs were treated with liquid nitro-
gen and stored at − 80 °C for further enzymatic analysis
while the remaining portion was stored in 10% phos-
phate buffered formalin for histological examination.

Biochemical investigations
Cardiac function biomarkers
Biomarker enzymes for cardiac function viz.; CK, CK-
MB, LDH and cholesterol were examined following the
protocol of AMP diagnostic kits (Stattogger Strasse 31b
8045 Graz, Austria). Cardiac Troponin I (cTnI) levels in
the plasma obtained from the animals were measured
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by enzyme-linked fluorescent assay using the VIDAS
Troponin I Ultra kit following manufacturer protocol.

Homogenate preparation
Tissues sample (100 mg) was homogenized in 10 volume
of 100 mM KH2PO4 buffer containing 1 mM EDTA, pH
7.4. The homogenate was centrifuged at 12000×g for 30

min at 4 °C to obtain the supernatant which was then
stored at − 20 °C for enzymes assays.

Measurement of protein content
Total soluble proteins within the cardiac tissues were
estimated by earlier protocol [71]. Bovine serum albumin

Table 1 Phytochemical composition of Acacia hydaspica ethyl acetate extract (AHE)

Detection method Phytoconstituents References Biological activity/Chemopreventive potential /Refrences

Qualitative screening Tannin [25] Antioxidant, anticancer [36], Nehroprotective against
CP, increase bioavailability of CP [37], inhibit CP–induced
TBARS production in rat kidney [38].

Steroids Anti-inflammatory [39, 40], anticancer [41], Nehroprotective
against CP [42]

Alkaloids Anti-inflammatory [39, 40], antioxidant, chemopreventive,
anticancer [43], nephroprotective against CP-induced
renal injury via inhibition of oxidative/nitrosative stress,
inflammation, autophagy and apoptosis [44].

Flavonoids Anti-inflammatory [39, 40, 45], antioxidant, anticancer,
ameliorate cisplatin-induced nephrotoxicity via
anti-apoptotic and anti-inflammatory effects [46].

Coumarins Anti-inflammatory [47], antioxidant [48], anti-cancer [49].

Terpenoids Antiinflammatory [5, 6], chemopreventive, anticancer [10]
renoprotective against CP [11].

Quantitative
Estimation

Flavonoids: 129 ± 1.32 TFC
(mg rutin equivalent/g dry sample)

[25] Antioxidant, anticancer, induced apoptosis, inhibit
oxidative stress, flavonids exibit protection against CP
induced nephrotoxicity [36], i.e. rutin a flavonoid
effectively reduced the cisplatin-induced renal toxicity
in albino rats by ameliorating serum kidney function
markers, creatinine clearance, and renal malondialdehyde
levels [50].

Phenolics: 120.3 ± 1.15 TPC
(mg gallic acid equivalent/g dry sample)

Antioxidant,anticancer [51], anti-inflammatory, antitumour,
anti-proliferative [52], chemopreventive and anticancer
activity of GSE in various cancers attribitued to the presence
of polyphenolics constituents and their antioxidant
potential [53].

HPLC-DAD
Screening using
standard flavonoids

Gallic acid
(4.52 52.92 μg/100 mg dry powder)

[25] Antioxidant, antimutagenic, chemopreventive [54], inhibit
CP induce acculmalation of TBARS in renal tissues in
vitro [38], modulate antioxidant status and prevent CP
induce kidney demage in rats [55].

Catechin
(11.438648.0 μg/100mg dry powder)

Antioxidant, anticancer [56], chemopreventive [57]

Myricetin
(17.08 34.60 μg/100 mg dry powder)

Myricetin exhibited a protective against cisplatin-induced
nephrotoxicity in rats due to its antioxidant and anti-
inflammatory effects [58] phenolic compounds present
in extracts justify their marked antioxidant activities.

Isolation of pure bioactive
compounds through
bioassay guided
fractionation and isolation.

7-O-galloylcatechin (187.5 mg/g) [30, 45] Antioxidant [59], anticancer, antiproliferative and apoptotic
against breast and prostate cancer [30], prevented CP-
induced oxidative stress, inflammation, and apoptosis [60].

+Catechin (100 mg/g) Anticancer, antioxidant, proapoptotic [30], nephroprotective;
renoprotective effect of catechin hydrate against
gentamicin-induced nephrotoxicity might be mediated
through its antioxidant and possible direct nephroprotective
actions [61].

Methyl gallate (37.5 mg/g) Anticancer, antioxidant [30, 62], prevent oxidative stress and
DNA damage in renal cells via scavenging of intracellular
reactive oxygen species (ROS), inhibition of lipid peroxidation
and prevention of intracellular GSH depletion [63].

TFC: Total flavonoid content, TPC: Total phenolic content. Phytoconstituents of Acacia hydaspica ethylacetate fractions derived from previous investigations
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(BSA) standard calibration curve was used to evaluate
amount of serum proteins in the sample.

Enzymatic antioxidant analysis CAT activity was
calculated by the method of Tayyaba et al. with minor
changes. Kakkar et al. method was exploited for the
determination of superoxide dismutase (SOD) and Quin-
one reductase (QR) amount in the cardiac tissues of
various treatment groups [72]. Reduced glutathione
(GSH) action was tested as established by Jollow [73].
Plan of Habig et al. [74] was pursued for the valuation of
GST potency. Glutathione reductase action in tissue
samples was examined as described by Carlberg and
Mannervik [75]. Glutathione peroxidase assay (GPx) was
conducted as performed by Mohandas and coworkers
[76]. The activity of γ-glutamyl transpeptidase (γ-GT)
was tested using Orlowski et al. method [77].

Measurement of oxidative stress markers
Procedure of Iqbal et al. [78] was implemented with triv-
ial revisions for the valuation of lipid peroxidation
(TBARs). Approximation of hydrogen peroxide levels in
tissue samples was examined by technique described
formerly [79]. For the accomplishment of nitrite assay,
Griess reagent was used [80].

Histopathological analysis For histopathological in-
spection, cardiac tissues sections from each group were
placed in a fixative comprising absolute alcohol (85 ml),
glacial acetic acid (5 ml) and 40% formaldehyde (10 ml).
After dehydration tissue samples were secure in paraffin
to prepare blocks for microtomy. 4–5 μm sections of
tissues were cut with microtome and stained with
Hemotoxilin-Eosin (H&E) and examined for morpho-
logical alterations under light microscope (DIALUX 20
EB, at 40X).

Statistical check
Data are presented as mean ± SEM (n = 6). Statistical
differences between different treatments were calculated

by one way analysis of variance (ANOVA) followed by
Tukey’s test on Graph pad prism 5software. Significance
level was set at p < 0.05.

Results
Effect on heart and body weight
CP treatment showed insignificant difference in heart
weight/body weight (HW/BW) ratio compared to
control rats, while noteworthy reduction in body weight
was noticed in CP alone or in CP + AHE groups
compared to control rats. Significant protection was
observed in AHE+ CP and Sily + CP groups as against
the CP group (Table 2). No significant deviations in the
BW gain or HW/BW ratio were observed in rats
treated with AHE alone. No deaths were seen in any of
treatment groups.

Influence of AHE on serum cardiotoxicity biomarkers
Acute administration of CP (7.5 mg/kg b.w) induced
cardiotoxicity and exhibited noteworthy (p < 0.0001) in-
crease in serum cardiac biomarkers viz. CK, CK-MB,
LDH, cholesterol and cTnI, in contrast to the control
group (Fig. 1a, b, c, d and e respectively). The elevated
level of cardiac function biomarkers especially cTnI,
CK and CK-MB are well recognized quantitative index
of cardiac tissue damage. The CP-induced elevations in
cardiac tissue damage biomarkers were ameliorated
(p < 0.0001) with AHE treatments, both either before or
after toxicity, and the effect was extra prominent in
case of AHE pre-treatment group as compared to AHE
administration after CP-intoxication. AHE pre-
treatment preserved the enzyme status comparable to
silymarin treated group while significant difference was
recorded in comparison to control, indicating that full
restoration of enzyme activity was not achieved with
either of the treatments. The difference in various car-
diac functions biomarkers between the AHE alone and
control group was not statistically significant.

Table 2 Effect of DOX and/or AHE treatment on body weight, heart weight and heart /body weight ratio of rats

Treatment
(mg/kg)

Body weight (BW)(g) Heart weight (HW)(g) Ratio (HW/BWx103)

Initial Final

Control 218.0 ± 1.065 259.7 ± 1.202 0.692 ± 0.03 2.66

CP 220.0 ± 1.56 226.0 ± 1.033*** 0.502 ± 0.034** 2.22

AHE alone 219.5 ± 1.02 260.0 ± 1.07+++ 0.699 ± 0.025+++ 2.68

CP + AHE 220.5 ± 1.06 244.0 ± 1.15***,+++ 0.592 ± 0.013*,# 2.42

AHE + CP 220.3 ± 0.882 256.3 ± 1.14+++,### 0.690 ± 0.024b** 2.69

Sily + CP 222.0 ± 0.577 256.5 ± 922b 0.691 ± 0.019b** 2.69

Data are represented mean ± S.E.M (n = 6). Asterisks *, **, *** indicates p < 0.05, 0.001, 0.0001 vs. control; +, ++, +++ indicates p < 0.05, 0.001, 0.0001 vs. CP alone; #, ##,
### indicates p < 0.05, 0.001, 0.0001 vs. AHE + CP. Non-significant difference (p > 0.05) was recorded between control and AHE alone treated group in all
parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). Sily-Silymarin
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Influence of AHE on cardiac antioxidant enzyme status
Cardioprotective effect of various AHE treatments
against CP induced adverse effects was supported by
increased myocardial antioxidant enzyme activity. Sig-
nificant (p < 0.0001) lessening in the myocardial anti-
oxidant enzymes viz.; SOD, POD, CAT and QR were
observed in contrast to control group (Table 3). AHE
oral doses prior to and after CP intoxication prevented
the suppression of enzyme activity in contrast to the
CP alone treated group. Interestingly, administration

of AHE prior to CP resulted in a complete reversal of
CP-induced increase in tissue level of POD, SOD and
CAT to the control values, while QR level remained
significantly altered as compared to control group. In
AHE pre-treatment, enzyme activity of POD, SOD,
CAT and QR was similar to silymarin treated group,
however AHE post-treatment group showed note-
worthy (p < 0.001) difference in activity level of CAT
and QR, in contrast to both AHE pretreated and sily-
marin treated groups.

a b

c

e

d

Fig. 1 Effect of AHE treatment on serum markers of cardiac injury. a: CK, b: CK-MB, c: LDH, d: cholesterol and e: Troponin I. Data are represented
mean ± S.E.M (n = 6). Asterisks *, **, *** indicates p < 0.05, 0.001, 0.0001 vs. control; +, ++, +++ indicates p < 0.05, 0.001, 0.0001 vs. CP; #, ##, ### indicates
p < 0.05, 0.001, 0.0001 vs. AHE+ CP
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Ameliorating influence of AHE against CP-induced al-
teration in myocardial tissue glutathione status i.e. GSH,
GR, GST, γ-GT and GPx is presented in Table 4. A
marked (p < 0.0001) decline in the activity level of gluta-
thione enzymes were observed in the cardiac tissue of
CP treated rats in comparison to that of control group.
Pre administration of AHE before CP intoxication resulted
in more significant (p < 0.001) increase in GSH, GR, GST,
γ-GT and GPx levels as compared to AHE post adminis-
tration, indicative of the protective effect of AHE against
CP induced declines. AHE pre-treatment exhibit protec-
tion against CP induced alterations in cardiac antioxidant
enzymes corresponding to that of silymarin treated group.
AHE when orally administered alone, showed non-
significant change in the level of above mentioned antioxi-
dant enzymes compared to control stipulating the non-
toxic effect of selected dose of AHE.

Influence of AHE on cardiac protein content and oxidative
stress markers
Table 5 represents the effect of AHE and CP, and AHE
with CP on cardiac tissue protein and oxidative stress
biomarkers specifically H2O2, NO and MDA. CP single
dose resulted in a notable (p < 0.0001) decrease in car-
diac tissue protein content and significant (p < 0.0001)
augmentation in oxidative stress biomarkers as com-
pared to the control group. Administration of AHE be-
fore and after a single dose of CP resulted in marked

increase in cardiac tissue protein content while signifi-
cant decrease in the level of cisplatin-mediated oxidative
products viz.; H2O2, NO and MDA were recorded in
cardiac tissues as compared to CP alone treated group.
Treatment of animals before CP administration pre-
served the protein content relative to control values
while oxidative stress biomarkers levels remains signifi-
cantly different from control group. Post treatment of
animals that received single i.p. dose of CP seems to be
less effective in providing protection against CP medi-
ated oxidative damage to cardiomyocytes in comparison
to its prior administration, implicating preventive effect
of AHE. Silymarin was used as a reference drug and
AHE pre-treatment produced equal protection against
CP induced alteration in cardiac tissue protein content
and level of oxidative stress markers. AHE alone when
administered orally throughout the study period showed
no change in above mention parameters as compared to
control group.

Histopathological assessment of heart
Histomicrographs of hematoxylin and eosin (H&E)
stained transverse sections of the heart specimen from
different treatment groups are shown in Fig. 2. The car-
diac sections of distinct investigational groups indicated
gradation of variations from no injury (control group
and AHE alone treated group) to mild and medium
lesions (AHE pre and post treated groups) to highly

Table 4 Effect of cisplatin (CP) and different treatments of AHE on cardiac enzymatic antioxidant levels and GSH profile

Group GSH (μM/g tissue) GR (nM/min/mg protein) GST (nM/min/mg protein) γ-GT (nM/min/mg Protein) GPx (nM/min/mg Protein)

Control 20.55 ± 0.280 154.9 ± 0.958 148.6 ± 0.665 303.5 ± 0.811 122.4 ± 0.639

CP 12.41 ± 0.278*** 111.8 ± 1.569*** 110.9 ± 1.002*** 100.6 ± 0.947*** 66.77 ± 0.924***

AHE alone 20.66 ± 0.236+++ 155.6 ± 0.439+++ 148.4 ± 0.816+++ 306.9 ± 0.401+++ 122.9 ± 0.285+++

CP + AHE 14.34 ± 0.23***,++,### 121.6 ± 1.086***,+++,### 123.9 ± 1.110***,+++,### 189.3 ± 0.559***,+++,### 81.51 ± 1.659***,+++,###

AHE + CP 18.43 ± 0.415**,### 147.3 ± 0.948**,+++ 141.7 ± 0.60**,+++ 293.9 ± 0.602**,+++ 111.7 ± 0.602***,+++

CP + Sily 18.33 ± 0.293**,### 146.0 ± 1.055**,+++ 141.0 ± 0.899**,+++ 294.7 ± 0.999**,+++ 115.1 ± 1.00**,+++

Data are represented mean ± S.E.M (n = 6). Asterisks *, **, *** indicates p < 0.05, 0.001, 0.0001 vs. control; +, ++, +++ indicates p < 0.05, 0.001, 0.0001 vs. CP alone; #, ##,
### indicates p < 0.05, 0.001, 0.0001 vs. AHE + CP. Non-significant difference (p > 0.05) was recorded between control and AHE alone treated group in all
parameters (One way ANOVA followed by Tukey’s multiple comparison tests)

Table 3 Effect of cisplatin (CP) and different treatments of extract AHE on cardiac tissue antioxidant enzymes

Group POD (U/min) SOD (U/mg protein) CAT (U/min) QR (nM/min/mg protein)

Control 10.66 ± 0.381 1.146 ± 0.037 15.76 ± 0.117 137.5 ± 0.735

CP 5.930 ± 0.537*** 0.742 ± 0.023*** 9.49 ± 0.1576*** 85.96 ± 0.358***

AHE alone 10.92 ± 0.531+++ 1.145 ± 0.048+++ 15.66 ± 0.196+++ 137.7 ± 0.392+++

CP + AHE 7.99 ± 0.572**,+ 0.992 ± 0.041+ 11.89 ± 0.379***,+++,### 117.5 ± 0.926***,+++,###

AHE + CP 9.14 ± 0.081++ 1.074 ± 0.049+++ 14.84 ± 0.185+++ 133.3 ± 0.481*,+++

CP + Sily 9.40 ± 0.231++ 1.094 ± 0.049+++ 14.73 ± 0.224+++ 131.7 ± 1.200**,+++

Data are represented mean ± S.E.M (n = 6). Asterisks *, **, *** indicates p < 0.05, 0.001, 0.0001 vs. control; +, ++, +++ indicates p < 0.05, 0.001, 0.0001 vs. CP alone; #, ##,
### indicates p < 0.05, 0.001, 0.0001 vs. AHE + CP. Non-significant difference (p > 0.05) was recorded between control and AHE alone treated group in all
parameters (One way ANOVA followed by Tukey’s multiple comparison tests)
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Table 5 Effect of cisplatin (CP) and different treatments of AHE on cardiac tissue protein, oxidative stress markers and lipid
peroxidation

Group Protein (μg/mg Tissue) H2O2 (nM/min/mg Tissue) Nitrite content (NO μM/ml) MDA (nM/min/mg protein)

Control 1.638 ± 0.033 1.932 ± 0.015 42.59 ± 0.552 2.874 ± 0.180

CP 1.061 ± 0.075*** 5.975 ± 0.025*** 75.72 ± 0.707*** 7.711 ± 0.264***

AHE alone 1.614 ± 0.015+++ 1.911 ± 0.049+++ 41.72 ± 0.650+++ 2.859 ± 0.086+++

CP + AHE 1.419 ± 0.028*,+++ 5.016 ± 0.013***,+++ 62.63 ± 0.765***,+++ 5.774 ± 0.285***,+++,###

AHE + CP 1.536 ± 0.032+++ 2.794 ± 0.005**,+++ 49.93 ± 0.419**,+++ 3.219 ± 0.189+++

CP + Sily 1.564 ± 0.019+++ 2.717 ± 0.006**,+++ 50.60 ± 0.322**,+++ 3.225 ± 0.112+++

Data are represented mean ± S.E.M (n = 6). Asterisks *, **, *** indicates p < 0.05, 0.001, 0.0001 vs. control; +, ++, +++ indicates p < 0.05, 0.001, 0.0001 vs. CP alone; #, ##,
### indicates p < 0.05, 0.001, 0.0001 vs. AHE + CP. Non-significant difference (p > 0.05) was recorded between control and AHE alone treated group in all
parameters (One way ANOVA followed by Tukey’s multiple comparison tests)

Fig. 2 Histopathological effect of Cisplatin and protective effect of AHE in rat heart (H&E staining, magnification 40X). Group 1: Cardiac section
from control rats showing normal morphology. Group 2: cardiac sections from CP-treated rats reveal degenerative changes. Group 3: Represents
cardiac section from AHE alone treated rats. Group 4: AHE Post-treatment showed reduced degenerations. Group 5: AHE Pre-treatment results in
significant protection against CP induced renal injury. Group 6: Showed protective effect of Silymarin treatment. AHE-A.hydaspica ethyl acetate
fraction, CP-Cisplatin, SCM-striated cardiac muscles, H-hypertrophy, N-necrosis, CI-cellular infiltrations. Scale bar represent 100 μm
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severe damages (CP alone group). Sections from the car-
diac tissue of control and AHE alone treated rats repre-
sent the normal histoarchitecture of heart, normal
typical cardiac muscle fibers with several small blood
vessels, myofibrillar structure with striations, branched
appearances and endurance with adjacent myofibrils and
capillaries in the connective tissue and consistent acido-
philic cytoplasm with central nucleus. Rats treated with
CP alone showed massive degenerative changes, various
grades of focal damages, hypertrophy of muscle fibers,
distortion in blood capillaries, blood vessels were
engorged with blood, disturbance in the trabeculae of
heart and retrogressive lacerations in muscle fibres.
Moreover, hyaline necrosis, leukocyte infiltration,
mucoid edema and vacuolated muscle fibers are clearly
visible in CP alone treated group. Remarkably, heart
specimens from rats innoculated with CP and AHE dis-
played minimal deteriorating alterations, Pre-treatment
of CP administered rats with either AHE or silymarin
revealed regular cardiac muscle fibers with mild vicissi-
tudes in restricted foci, less capillary dilatation and vacu-
olar alterations in contrast to CP-alone treated group,
and maximum muscle fibers look as control group indi-
cating protective effects of AHE pre-treatment. The
protective influence of AHE pretreatment was compar-
able to silymarin group. AHE administration after CP in-
toxication displayed less recovery as compared to AHE
pre-treatment group.

Discussion
CP treatment initiates peroxidation of membrane bound
polyunsaturated fatty acids and proteins lead to cardio-
myocyte damage by impairing oxidant-antioxidant
balance. It’s evident from previous studies that antioxi-
dants are effective in cisplatin mediated toxicity [81].
Therefore, we aimed to check the influence A. hydaspica
against CP induced myocardial insult. The protective
effect of AHE against CP encouraged cardiac insult was
evaluated by both pre and post treatment regimens.
AHE was given to rats for 6 days after CP in AHE + CP
and CP + AHE groups; in addition the AHE + CP group
was exposed to AHE for 15 days before CP in order to
check the preventive effect of pre-exposure. Silymarin
was used as reference drug obtained from plant source.
Previous research confirms that silymarin preclude lethal
effects of anti-cancer drugs on heart.
Creatine kinase (CK), creatine kinase MB fraction

(CK-MB), AST, ALT, LDH and cholesterol were mea-
sured as cardiac biomarker enzymes for estimation of
cardiac insult and myocardial infarction [82, 83]. But
above mentioned parameters are not circumscribed to
cardiac functions apart from cTnI, CK and CK-MB, their
enhanced amount in serum may possibly a depiction of
non-cardiac tissue harms as well, for instance liver

injury. cTnI and CK-MB are definitive indicator of myo-
cardial impairment [84]. cTnI is one of the highly sensi-
tive and specific parameters of myocardial damage. CP
has the potential to disrupt the cell membranes, which
enables the release of intracellular proteins such as cTnI,
CK, and CK-MB. Previous studies also validated that CP
treatment considerably increase plasma Troponin I
activity, compared with control groups, following the
administration of a single cisplatin dose [85]. We also
observe significantly high cardiac cTnI, CK, and CK-MB
levels in CP group. The heart injury could be a tributary
event following irreversible alterations of cardiac cell
membrane structure and function as a result of
increased lipid peroxidation, which causes leakage of
cardiac enzymes [20] and their concentration in the
serum is marker of myocytes damage [86, 87]. CP in-
duced toxicity was liable for enhancement of CK, CK-
MB, LDH, cholesterol and cTnI concentration in the
serum as compared to control. These outcomes are in
covenant with the previous finding that CP-induced free
radical production causes cardiac myocytes degeneration
and membrane peroxidation, which increased the CK
and CK-MB content of serum [20]. Our results coincides
with the observations of EL-Sayed and colleagues signi-
fying that in DOX treated groups CK-MB, CK and LDH
were extremely elevated, indicating rigorously impaired
cardiac tissue by DOX [88]. In addition ventricular
changes, ongoing myocyte deterioration and curtailed cor-
onary reserve might be the reasons of enzyme leakage
[89]. Normalization of the serum content of CK, CK-MB,
LDH and cholesterol in experimental groups treated with
AHE shows enhanced cardiac function in CP intoxicated
group, hence reveals the cardio-protective effect of A.
hydaspica. Another investigation reported that pretreat-
ment with silymarin ameliorated the cardiac marker en-
zymes and myocyte damage induced by isoproterenol
compared with only isoproterenol-administered rats [90].
Silymarin treatment secures CP prompted myocardial
injury by adjusting cardiac function biomarkers by aug-
menting endogenous antioxidants. Silymarin induced
stabilization of cardiac membranes and stop leakage of en-
zymes [81]. These outcomes coincide with histological
investigation.
GSH, GPx, SOD, POD, CAT, QR, γ GT and GST are

endogenous antioxidant enzymes provides resistance
against oxidative stress imposed tissue damage. Toxic
agents induced decline in cellular GSH activity is linked
directly with lipid peroxidation [91]. CP induced exhaus-
tion of glutathione and allied antioxidants alters the
cellular redox status and leads to the accumulation of
endogenous ROS [92]. Rosic et al. 2016 revealed that
cisplatin treatment intensify seepage of cardiac enzymes
and lessen coronary flow escorted by augmented
oxidative stress while n-acetyl cysteine (a precursor of
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glutathione) with antioxidant actions could diminish CP
adverse effects. The current outcomes validate prior
findings that myocardial glutathione and SOD levels
were abridged in cardiac tissue apart from the higher
level of oxidative stress in CP inoculated rats [20, 81].
Our results revealed that AHE + CP treatment antago-
nized the CP prompted reduction of antioxidant en-
zymes in similar manner to silymarin. The protection
afforded by AHE may be mediated through the augmen-
tation of cellular antioxidant enzymes and by precluding
the generation of oxidative stress in myocardial cells.
Histopathological evaluation demonstrated myocardial

atrophy, nuclear condensation of chromosomes and
cytoplasmic vacuoles in the CP treated rat heart. Con-
cerning the relative studies of CP with other toxic
elements on cardiac tissue, same toxic influences were
detected by adriamycin [93], doxorubicin [94] and
isoproterenol [95]. Administration of AHE either before
or after CP intoxication revealed substantial preclusion
in the morphological vicissitudes. The observed effect
might be due to the antioxidant potential of plant extract
[28] and presence of bioactive metabolites (Table 1). Simi-
larly Wang et al. illustrated that resveratrol exert protect-
ive effect against CP induced cardiotoxicity by alleviating
the oxidative damage through its antioxidant potential
[96]. CP prompted fatty impediment in the blood vessels
and nuclear deterioration as well. All these morphological
deteriorations caused by CP were noticeably returned by
AHE + CP treatment. The observed protective effect may
be endorsed to the distinct or mutual effect of active
metabolites of AHE fraction.

Conclusion
The consequence of oxidative stress in the mechanism
of chemotherapeutic drug persuaded cardiac disorders
intends that medicinal plants with antioxidant potential
signifies a hopeful avenue for management. Plans for the
management and preclusion of cardiovascular illnesses
requires considerate of mechanism by which the prophy-
lactic agents may possibly preclude the lethal effects.
AHE may be advantageous for CP-prompted cardiotoxi-
city by hampering oxidative trauma. However, this war-
rants further investigations to confirm the mechanism of
action and develop approaches against CP-persuaded
cardiotoxicity.
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