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Cisplatin (CP) is an active cytotoxic agent, which has been verified to be effective in multiple cancer reg-
imen. In this study, potential antioxidant effects of casticin (CAS) were assessed against CP generated
oxidative stress in rat liver. ‘‘Twenty-four male Sprague Dawley rats were divided into four experimental
groups. Group-1 (control group) received only normal saline”. Group-2 was intraperitoneally injected
with CP (10 mg/kg). Group-3 was orally provided by CAS (50 mg/kg) along with CP (10 mg/kg) injection
at first day. Group-4 group was orally administered with CAS (50 mg/kg) throughout the experiment. The
rats of group-1 indicated ‘‘increase in serum levels of aspartate aminotransferase (AST), alanine amino-
transferase (ALT) and alkaline phosphatase (ALP), while a significant decrease in the activities of catalase
(CAT), superoxide dismutase (SOD) and peroxidase (POD)” was noticed, which revealed that CP generated
oxidative stress in rat liver. Moreover, administration of CP increased the hydrogen peroxide (H2O2) con-
centration and level of ‘‘thiobarbituric acid reactive substances (TBARS)”, while reducing the % DNA head
and head length in liver cell nuclei. CP disturbs the lobular structure of the liver and increased the sinu-
soidal dilation in rat liver. However, co-treatment with CAS successfully mitigated the CP generated DNA
disruption, biochemical and pathological changes in rat liver. These findings revealed that an effective
antioxidant, CAS, alleviated the CP generated hepatotoxicity and oxidative stress in rats.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The platinum-derived antineoplastic, DNA alkylating agent Cis-
platin (CP) has a broad spectrum of clinical applications, such as
sarcoma, lung cancer, testicular, ovarian, bladder, germ cell tumor,
lymphoma and head and neck neoplasms (Wilson and Lippard,
2013). The chemotherapeutic effect of CP is associated with its
ability to crosslink with DNA strands which may lead to DNA dis-
ruption. These events interrupt the DNA replication and alter gene
expression, eventually inducing apoptosis (Melnikov et al., 2016).
However, regardless of having extensive clinical efficacy, it has a
narrow therapeutic index owing to undesirable serious injuries,
particularly hepatotoxicity (Niu et al., 2017).

The actual mechanism behind the CP stimulated toxicity is not
thoroughly understood yet. ROS as highly reactive intermediates
may induce oxidative disruption to DNA, lipids and nitrogenous
compounds which ultimately impair the cell integrity (Casares
et al., 2012). CP generated liver toxicity is a multifaceted phe-
nomenon as evident by significant escalation in serum levels of
ALT, AST and ALP (Ghazal et al., 2016). Histopathological studies
have indicated that CP generates hepatic injuries such as deteriora-
tion of hepatocytes and is capable of sinusoids dilation (Miyamoto
et al., 2007).

‘‘Hepatotoxicity is the dose limiting factor for the clinical prac-
tice” of CP (Sudhakar et al., 2010). For that reason, it is mandatory
to find an approach to ameliorate the CP induced toxicity without
minimizing its healing effects. Antioxidant agents have a remark-
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able contribution in averting the oxidative stress (Goudarzi et al.,
2017). Numerous antioxidant compounds such as propofol,
hyperin and thymoquinone have been used for the inhibition of
CP induced hepatotoxicity (Al-Malki and Sayed, 2014; Cagin
et al., 2015; Ghazal et al., 2016).

Casticin ‘‘(30,5-dihydroxy-3,40,6,7-tetramethoxyflavone) is a
flavonoid”, extracted from a variety of plant species, which is
extensively used for the treatment of various ailments like respira-
tory infections, diarrhea, migraine, rheumatic pain and headaches
(Kobayakawa et al., 2004). CAS shows a ‘‘broad spectrum of phar-
macological activities such as antioxidant, anti-cancer and anti-
inflammatory effects” (Lee et al., 2017).

Even with the auspicious curative benefits of CAS, its defensive
role in hepatotoxicity and oxidative damage generated by CP is yet
to be reported. The objective of this study was to monitor the pro-
tective aptitude of CAS on CP persuaded hepatotoxicity and oxida-
tive damage in rats.
2. Materials and methods

2.1. Chemicals

CAS and CP were provided by Sigma-Aldrich (Germany).
CAS solution was prepared by dissolving it 0.9% normal saline.

2.2. Animals

Twenty-four male Sprague-Dawley rats (190–220 g) were
obtained from Animal house from Pharmacology Department,
University of Agriculture, Faisalabad. Rats were accommodated in
an animal care facility, at 25 ± 1 �C temperature with 12 h.
light/dark cycles. Moreover, all of the rats had open access to tap
water ad libitum and standard food throughout the experimental
period. Prior to the treatment, the rats were acclimatized to the
laboratory environment for one week. The experimental design
was approved by the Department Ethical Committee, University
of Agriculture, Faisalabad.

2.3. Experimental design

To examine the protective effects of CAS on CP induced oxida-
tive stress and inflammatory reactions in the liver, four groups,
each of six male rats were kept in separate cages. The rats of group
I (control group) orally received normal saline during the whole
experiment. Group II was injected intraperitoneally with CP at
the dose of (10 mg/kg) once at the start of the experiment. Group
III was provided by single injection of CP (10 mg/kg) intraperi-
toneally at the start of the experiment, followed by regular doses
of CAS (50 mg/kg) orally for seven repeated days. Group IV
received a dose of CAS (50 mg/kg) orally once daily until the end
of the experiment. Each rat was given anesthesia and slaughtered
by decapitation.

2.4. Biochemical analysis

CAT and POD activity was assessed in accordance with the stan-
dard method illustrated by Chance and Maehly (1955). SOD activ-
ity of the hepatic tissue homogenate was evaluated according to
the procedure of Kakkar et al. (1984). The activity of GSR was
assessed by the method of Carlberg and Mannervik (1975). Assess-
ment of glutathione (GSH) content in liver tissue homogenate was
executed with spectrophotometric protocol described by Jollow
et al. (1974). TBARS level was measured according to the procedure
demonstrated by Iqbal et al. (1996). The Hydrogen peroxide (H2O2)
concentration was measured in accordance with the procedure of
Pick and Keisari (1981). According to the protocol of Lowry et al.
(1951) the assessment of total liver protein was accomplished.
2.5. Assay of ALT, AST, ALP levels

Serum levels of ALT, ALP and AST were measured in accordance
with the procedure provided by the commercial kits, purchased
from Wiesbaden (Germany).
2.6. Histopathological examination

Histopathological studies were executed for the evaluation of
CP induced Liver impairments, according to the procedure of
Fukuzawa et al. (1996). Firstly, hepatic tissue samples were rinsed
gently in 0.9% chilled saline, kept in 10% formalin solution for
24hrs, dehydrated in alcohol then fixed in paraffin wax. Thin
segments of paraffin embedded tissues (5-mm thickness) were
sectioned using microtome then stained with H & E stains and
finally observed under a light microscope (Nikon Labophot, Japan)
at 40X.
2.7. Estimation of DNA damage

The protective effect of CAS on CP generated DNA damage was
assessed by means of modified neutral SCGE /comet assay accord-
ing to the protocol described by Dhawan et al. (2009). First of all,
hepatic tissues were rinsed with phosphate buffer saline (PBS) then
dried instantly at 37 �C. Previously sterilized slides were coated
with 100 ml of 1% regular melting point agarose, covered with a
coverslip and placed at 4 �C for solidification. A small portion of
hepatic tissue was kept in 1 ml cold lysis buffer and homogenized
with 85 ll of low melting point agarose. This suspension was
coated over the previously coated slides, covered with a coverslip
and placed in a freezer up to solidify. Subsequent to the third coat-
ing of agarose, slides were again placed in lysis buffer for almost
10 min then shifted to freezer for 2 h. The slides were then posi-
tioned in the electrophoresis columns holding neutral buffer. After
execution of electrophoresis at 25 V for 20 min, dried the slides at
5 �C, rehydrated and stained using 1% ethidium bromide then
studied under an epifluorescent microscope (400X, Nikon AFX-1
Optiphot). Comet readings were accomplished with the help of
TRITEK software. 50–100 cells were observed from each slide for
determining the number of comets, comet length, % DNA head, tail
length, head length, % DNA tail, olive-tail moment and tail moment
were accounted in this research.
2.8. Statistical analyses

The data was expressed as means ± SEM. ‘‘One-way ANOVA”
was applied to values and ‘‘Tukey’s test” was used for comparative
estimation between treatments. Entire data were estimated by
Graph Pad prism software. ‘‘The significance level was adjusted
at p < 0.05”.
3. Results

3.1. Protective role of CAS on serum enzymes

ALT, AST and ALP are indicators of liver dysfunction. A signifi-
cant (p < 0.05) elevation was observed in levels of ALT, AST and
ALP in CP group in comparison to control group. While, comparison
between treated groups revealed that the increase in levels of
serum enzymes due to CP was signed (p < 0.05) minimized with
CAS therapy (Table 1).



Table 1
Effect of CP, CAS and their combination on serum ALT, AST and ALP levels in rat liver.

Groups Control CP CP + CAS CAS

ALT (U/I) 43.67 ± 5.70c 430.67 ± 12.34a 84.67 ± 8.38b 65.67 ± 6.36bc

AST (U/I) 50.67 ± 2.33c 311.92 ± 6.50a 112.00 ± 6.08b 97.00 ± 5.29b

ALP (U/I) 62.67 ± 3.84 a 185.00 ± 7.21b 104.33 ± 2.90 a 91.33 ± 2.96 a

Means that do not share a letter are significantly different.
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3.2. Protective potential of CAS on oxidative stress markers

The antioxidant aptitude of CAS on CP stimulated diminution in
the activity of antioxidants such as, CAT, SOD, POD, GSH and GSR
are given in (Table 2). The CP treatment showed significant
(p < 0.05) reduction in activity of oxidation inhibiting enzymes as
compared with control, while CAS administration resulted in a
remarkable increase in the activities of these antioxidant enzymes
in comparison to the CP treated animals. Conversely, as illustrated
in Table 4 the concentration of H2O2 was signed (p < 0.05)
enhanced in hepatic tissues of CP administered rats in comparison
to the normal rates. Although, co-treatment with CAS led to signif-
icant (p < 0.05) decline in H2O2 concentration in rat liver in com-
parison to CP intoxicated animals.

3.3. Protective potential of CAS on lipid peroxidation

CP treatment markedly magnified the LPO as expressed by
increased level of TBARS, demonstrated in (Table 3). The level of
TBARS, the end product of LPO, was escalated significantly
(p < 0.05) in the CP group in comparison to control group.
Although, co-treatment with CAS significantly (p < 0.05) declined
the level of TBARS in liver tissue homogenate compared to CP trea-
ted group.

3.4. Protective potential of CAS in liver total protein content

The liver total protein contents were assessed to determine the
protective effect of CAS on metabolic function of liver in case of CP
toxicity, as shown in (Table 3). The results of this study indicated
that the liver protein content was significantly (p < 0.05) decreased
with the CP administration in comparison to control group.
Whereas, co-treatment with CAS led to significant (p < 0.05) eleva-
tion in the protein content as compared with CP group.

3.5. Protective potential of CAS on liver histopathology

The defensive role of CAS on CP induced morphological impair-
ments in rat liver is shown in Fig. 1. The animals of control group
displayed livers with standard structural patterns, including nor-
mal sinusoids and central veins as illustrated in (Fig. 1a). However,
CP intoxication resulted in the serious liver impairments such as a
remarkable increase in the fat deposits, degenerated structure of
the labels and infiltration of inflammatory cells with dilated
sinusoids (Fig. 1b). Although, cotreatment with CAS successfully
mitigated the prevalence and acuteness of histological injuries,
Table 2
Effect of CP, CAS and their combination on activities of CAT, POD, SOD, GSH and GSR in ra

Groups Control

CAT (U/mg protein) 8.12 ± 0.23a

POD (U/mg protein) 4.28 ± 0.20 a

SOD (nanomole) 5.35 ± 0.29 a

GSR (Nm NADPH oxidized/min/mg tissues) 3.35 ± 0.27 a

GSH (nM/min/mg protein) 15.24 ± 0.25 a

Means that do not share a letter are significantly different.
reduced the dilation of sinusoids with no necrotic cells and hold
up the normal liver architecture close to control group (Fig. 1c).
Our histopathological studies are supporting the biochemical find-
ings related to oxidative damage.

3.6. Effects of CAS on comet parameters

DNA damage in the hepatic tissues was determined by comet
assay. The therapeutic effects of CAS were studied against CP gen-
erated toxicity in hepatocytes of rat. The findings of this research
showed that the CP administration brought significant DNA dam-
age in liver cells, as well as, the comet length, olive-tail moment,
head length, tail length and % DNA tail was significantly
(P < 0.05) increased in comparison to control group. While, a
remarkable (P < 0.05) reduction was seen in % DNA head of CP
group when compared with the control group. However, CAS treat-
ment attenuated the noxious impacts of CP and recuperated all
parameters towards normal.

4. Discussion

The therapeutic usefulness of CP in cancer chemotherapy has
been comprehensively assessed. In addition to its useful influences,
it has been described noxious to the hepatic tissues (Zhu et al.,
2014). CP treatment displayed noticeable liver impairments as
revealed by histopathological and biochemical modifications with
the escalation of liver function enzymes, reduction in antioxidant
profile, hepatic oxidative damage and inflammatory reaction
(Khan et al., 2012). Hence, boundless efforts have been made to
bring a light on hepatoprotective agents from natural products
due to their countless medicinal effects and little deleterious influ-
ences (Singh et al., 2016). Therefore, this study was undertaken to
explore the hepatoprotective effects of CAS, a natural flavonoid,
against CP persuaded hepatotoxicity. Our findings indicated that
cotreatment with CAS successfully protected the hepatic tissues
against the damaging effects of CP and abridged the oxidative
stress in tissues. CAS has been reported as a strong antioxidant
having antitumor, anti-inflammatory and cytoprotective effects
(Chan et al., 2018).

In this study, a remarkable elevation was noticed in levels of
serum ALT, ALP and AST followed by CP therapy. Owing to the
apoptosis of hepatocytes the liver mitochondria starts liberating
these serum enzymes into the blood stream, leading to the liver
dysfunction (Nagai et al., 2016). The noxious upshots of CP might
be related to its toxic metabolites generated after its execution.
Previous studies have proposed that excessive formation of ROS
t liver.

CP CP + CAS CAS

3.89 ± 0.35b 7.58 ± 0.19 a 7.98 ± 0.12 a

5.52 ± 0.11b 4.05 ± 0.07 a 4.43 ± 0.14 a

3.32 ± 0.10b 5.48 ± 0.12 a 5.59 ± 0.17 a

2.24 ± 0.13b 3.03 ± 0.07 a 3.13 ± 0.06 a

7.97 ± 0.28c 15.46 ± 0.23b 13.85 ± 0.20 a



Fig. 1. Protective effect of CAS on CIS generated liver histological changes (H & E stain. Mag. 60�). A) Control group B) CIS group (10 mg/kg b.wt.) C) CIS (10 mg/kg b.wt.) + CAS
group (50 mg/kg b.wt.) D) CAS group (50 mg/kg b.wt.). CV, Central venule; S, Sinusoids; KC, Kupffer cells; H, Hepatocytes; N, Nucleus; CNe, Centrilobular necro.

Table 4
Effect of CP, CAS and their combination on DNA impairments in rat liver.

Groups Control CP CP + CAS CAS

No. of comets 1.91 ± 0.95 a 1.89 ± 0.94 c 1.63 ± 0.81 b 1.29 ± 0.64 a

Comet length 48.00 ± 1.08 b 90.50 ± 2.25 a 52.75 ± 1.54 b 54.25 ± 0.75 b

Tail length 7.83 ± 0.32 b 25.49 ± 1.68 a 9.89 ± 0.23 b 10.12 ± 0.10 b

Head length 31.75 ± 0.85 a 21.02 ± 1.06 b 31.18 ± 0.79 a 32.75 ± 0.94 a

% in tail 3.35 ± 0.19 b 26.47 ± 1.60 a 4.22 ± 0.33 b 2.21 ± 0.09 b

% in head 96.64 ± 0.19 a 73.52 ± 1.59b 95.77 ± 0.33 a 97.78 ± 0.09 a

Olive movement 2.55 ± 0.004 b 2.92 ± 0.213 a 2.46 ± 0.013 c 2.53 ± 0.008 b

Tail movement 1.05 ± 0.03b 1.90 ± 0.04 a 1.10 ± 0.04b 1.07 ± 0.04b

Means that do not share a letter are significantly different.

Table 3
Effect of CP, CAS and their combination on TBARS, H2O2 and protein content in rat liver.

Groups Control CP CP + CAS CAS

TBARS (nM/min/mg protein) 17.40 ± 0.30 b 25.64 ± 0.71a 16.47 ± 0.53bc 14.4 ± 0.67c

H2O2 (nM/min/mg protein) 1.86 ± 0.07 c 6.42 ± 0.22 a 2.03 ± 0.04 b 2.26 ± 0.13 c

Protein content (mg/mg tissues) 4.04 ± 0.07 a 1.88 ± 0.06 b 4.02 ± 0.07 a 3.85 ± 0.03 a

Means that do not share a letter are significantly different.
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impaired the hepatic structural integrity, as revealed by the abnor-
mal rise in liver serum enzymes (Pratibha et al., 2006). According
to our findings, cotreatment with CAS attenuated and upgraded
the CP induced liver toxicity by lowering the levels of Hepatic
serum markers, ALT, AST and ALP.

The antioxidant defense system is important in defending the
cellular components to confront oxidative lesions (Zeeshan et al.,
2009). The findings of this research revealed that the activities of
CAT, POD and SOD were markedly decreased in hepatocytes of
CP intoxicated rats due to persistent and immense production
of free radicals such as superoxide and hydroxyl
(Bhattacharyya and Mehta, 2012). Superoxide dismutase trans-
forms oxygen free radicals into H2O2 that is subsequently con-
verted by CAT and GPx into H2O and O2 hence, extirpating the
lethal impressions of OH radicals to the major body organs
(Behndig et al., 1998).
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We observed that CP treatment considerably enhanced the
TBARS level while decreased the GSH and protein content in hep-
atocytes. Liver irregularities were affirmed by the estimation of
lipid peroxides in tissue homogenates. The excessive production
of ROS and oxidative stress has been generally assumed as the
most prevalent cause of CP stimulated liver injury. The increased
level of TBARS is the result of increased lipid peroxidation, which
in turn associated with the reduced content of GSH (Zhao et al.,
2014). In this study, co-administration with CAS showed upgrading
influences against CP generated liver ailments by improving the
TBARS level and total protein content in rats. CP treatment resulted
in the upsurge of H2O2 concentration in hepatic tissues. Severe
hepatic impairments were observed during this study which indi-
cated that OH radicals produced during the conversion route of
H2O2 can remove hydrogen from polyunsaturated fatty acids in
the cellular membranes. Previous reports validated that CP pro-
duced liver toxicity by elevating the H2O2 concentration which
increased the ROS and LPO while decreased the antioxidant index
in hepatic tissues (Ahmad et al., 2012). The decline seen in antiox-
idant enzyme activities and increased production of ROS conse-
quently increased the accumulation of CP toxic metabolites,
which ultimately boost up the liver ailments. However, cotreat-
ment with CAS ameliorates the oxidative impairment by wiping
out the free oxygen radicals and restoring the activity of protective
antioxidant enzymes.

In this study, the level of DNA damage was estimated in hepa-
tocytes of CP inebriated rats via comet assay, which has turned out
to be a standard protocol to evaluate DNA disruption. Many cyto-
toxic agents exert genotoxic effects on DNA via production of
ROS, which induce breaks in its helical structure and may also dis-
tress the DNA integrity (Bas� et al., 2016). In this study, significant
variations were noticed in parameters of comet such as, comet
length, number of comets, tail length, % DNA head, head length,
% DNA tail and olive-tail moment. Our results indicated that CP
treatment caused significant reduction in % DNA head in compar-
ison to the untreated group while significantly increased the tail
length, tail moment and comet length. In accordance with the
aforementioned studies, CP accounted DNA damage in the hepatic
tissues, which lead to the DNA movement from head to tail of
comet, resulting in the % increase in tail DNA and tail length
(Orsolic and Car, 2014), hence tail length is considered as impera-
tive indicator of DNA damage. Our findings presented that CAS is
an effective candidate to prevent CP induced DNA disruption by
reducing the oxidative stress in the hepatic tissues of the rat, which
are in line with the increase in antioxidant enzyme activities fol-
lowed by CAS treatment.

Our histopathological results showed that CP-based liver dys-
function is a dose-limiting factor mainly verified by the hepatic
serum markers e.g. ALT, ALP and AST. CP intoxication promotes
the LPO in hepatic tissues which results in the morphological
impairments. The obvious hepatic injuries such as sinusoids dila-
tion, formation of lobules, central vein disruption, coagulation
and blockage, swelling of connective and supporting tissues, bil-
iary duct propagation and necrosis were documented in the CP
treated group (Ez-Din et al., 2011). These severe abnormalities
were attenuated by co-treatment with CAS. These defensive
impacts exhibited by CAS may be associated with its potential
antioxidant property which is indicated by inhibition of LPO in
liver.
5. Conclusion

In conclusion, the findings of our study showed that CAS exhib-
ited outstanding protective efficiency against oxidative stress,
which is a key aspect of CP generated liver toxicity. CAS treatment
efficiently recovered the levels of serum markers, endogenous
antioxidant defense mechanism, DNA damage and histological
anomalies. This hepatoprotective potential of CAS is associated
with its antioxidant and anti-inflammatory properties.
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