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ARTICLE INFO ABSTRACT

Received on: 21/08/2022 The present study aimed to investigate whether curcumin in nanoparticle form may provide hepatoprotection in an
Accepted on: 14/12/2022 ovarian cancer model in rats treated with cisplatin. Twenty-five female Wistar rats were divided into five 4-week
Available Online: 04/03/2023 treatment groups: (1) healthy rat group and four groups of 7,12-dimethylbenz(a)anthracene-induced ovarian cancer

model rats receiving (2) vehicle only, (3) cisplatin 4 mg/kg BW/week, (4) cisplatin 4 mg/kg BW/week + curcumin
100 mg/kg BW/day, and (5) cisplatin 4 mg/kg BW/week + nanocurcumin (NC) 100 mg/kg BW/day. At the end of
the treatment, a histopathological evaluation was carried out on the liver samples, in addition to oxidative stress,
apoptosis, inflammatory, and fibrosis markers analyses. The group treated with cisplatin + NC had lower aspartate
transaminase and alanine transaminase levels and lowered malondialdehyde and higher glutathione levels than those
treated with cisplatin only. In addition, the nuclear factor-erythroid factor 2-related factor 2/Kelch-like ECH-associated
protein 1 pathway genes were upregulated in the group treated with cisplatin + NC. We also demonstrated that NC
effectively suppressed the gene expression of inflammatory marker tumor necrosis factor-a, as well as fibrosis marker
transforming growth factor-B1. Furthermore, NC treatment reduced the fibrotic area in the hepatic tissues, as shown by
Masson’s trichrome staining. In conclusion, the hepatoprotective effects of NC are mediated through the modulation
of antioxidative and anti-inflammatory pathways.
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INTRODUCTION chemotherapy, including cisplatin and its derivatives, has been

Ovarian cancer is the seventh most common cancer used as the first-line treatment for ovarian cancer (Dasari and
among women globally, with the highest mortality rate among Tchounwou, 2014). Cisplatin acts as an adduct to both nuclear and
gynecological malignancies. In 2018, GLOBOCAN estimated that mitochondrial DNA, resulting in aberrant mitosis of the cancer
new cases of ovarian cancer reached 18 million, with total deaths cells, followed by apoptosis. Its interaction with mitochondrial
of nine million worldwide (Reid ef al., 2017; Sumanasekera, DNA also induces the formation of reactive oxygen species, which

2018). Over the past decades, paclitaxel plus platinum-based further triggers cell death. Unfortunately, the ability of cisplatin to
induce oxidative stress becomes one of the mechanisms of cisplatin-

induced toxicity (Aldossary, 2019; Dasari and Tchounwou,
2014). Dose-dependent side effects have been reported, including
hepatotoxicity, ototoxicity, cardiotoxicity, neurotoxicity, and
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increasing resistance to cisplatin, where high-dose therapy might
be needed. This undesirable side effect limits cisplatin efficacy as
a chemotherapy agent and increases patient morbidity (Florea and
Biisselberg, 2011; Tapia and Diaz-Padilla, 2013).

Although the precise mechanism of cisplatin-induced
organ damage has not yet been established, earlier investigations
have revealed that increased oxidative stress and inflammation
have caused a detrimental effect (Dasari and Tchounwou, 2014;
Liao et al., 2008; Limaiem and Bouraoui, 2018; Omar et al.,
2016; Wang et al., 2014). Palipoch ef al. (2014) showed that
cisplatin significantly increases the lipid peroxidation product
[malondialdehyde (MDA)], which is the marker of liver oxidative
stress. Inflammation is also one of the critical factors that might
explain the pathophysiology of acute liver damage induced by
cisplatin (El-Shitany and Eid, 2017). Other mechanisms, such
as stress oxidative and inflammatory response, might also be
involved in hepatocyte apoptosis (Guicciardi and Gores, 2005;
Papaliagkas et al., 2007).

Previous studies have shown that the use of
hepatoprotective agents, such as curcumin from turmeric, could
benefit the anticancer activity of cisplatin and ameliorate cisplatin-
induced toxicities (Palipoch et al., 2014; Terlikowska et al.,
2014; Wang et al., 2014; Waseem et al., 2014). Turmeric’s main
ingredient, curcumin, is derived from the Curcuma longa L. plant
and is extensively used in Asia as a culinary coloring agent, flavor
enhancer, and herbal medicine. Curcumin has been shown to have
powerful effects as an antioxidant, anti-inflammatory, antibacterial,
and anticancer agent. These properties allow curcumin to be a
potential prophylactic agent against cisplatin toxicity. Additionally,
the Food and Drug Administration has deemed curcumin a generally
safe ingredient (Liu ef al., 2018; Waseem ez al., 2014).

Although it is promising, the therapeutic efficacy
of curcumin is impaired by its physicochemical properties.
In physiologic pH, curcumin is poorly soluble in water. It is
also rapidly excreted from the body, contributing to its poor
bioavailability. However, the administration of curcumin using
nanocarriers has been found to solve these issues, improving
the solubility and bioavailability of curcumin (Gera et al., 2017;
Khadrawy et al.,2019; Yallapu et al., 2012). Chitosan is one of the
widely used materials for nanoparticles. It has been used to lower
the toxicity and improve the biodistribution of several therapeutic
agents, including curcumin (Li ez al., 2015).

In our previous study, we developed a curcumin
nanoparticle formulation that resulted in about 20 times increase
in curcumin area under the curve (AUC, ) and increased efficacy
of cisplatin in reducing tumor volume in the 7,12-dimethylbenz(a)
anthracene (DMBA)-induced ovarian cancer model (Arozal
et al., 2021; Sandhiutami et al., 2020). However, the ability of
nanocurcumin (NC) to ameliorate cisplatin-induced hepatotoxicity
is yet to be known. Therefore, this study aimed to analyze the
hepatoprotective effects of curcumin nanoformulations in DMBA-
induced ovarian cancer rats treated with cisplatin. In addition, we
also aimed to reveal the possible underlying mechanisms of these
hepatoprotective effects.

MATERIALS AND METHODS

Nanocurcumin

NC was formulated from curcumin (Plamed, China) by
encapsulating the drug into chitosan—sodium tripolyphosphate
using the previously described methods (Arozal et al., 2021).

Animals and treatments

The experiment was carried out using 25 female Wistar
rats. Five out of the 25 rats were kept healthy and received oral
vehicle only throughout the experiment. At the same time, the rest
were given DMBA-coated silk to the ovarium to induce ovarian
cancer. The experimental method to induce ovarian cancer was
described in the Supplementary Material S1. The ethics committee
of the Faculty of Medicine, Universitas Indonesia, approved this
study prior to the experiment with the number 0531/UN2.F1/
ETIK/2018.

The DMBA-induced ovarian cancer rats were further
divided into four groups of five rats as follows: (1) DMBA-
induced ovarian cancer rats given no treatment and receiving oral
vehicles only, (2) DMBA-induced ovarian cancer rats treated with
cisplatin 4 mg/kg BW weekly, (3) DMBA-induced ovarian cancer
rats treated with cisplatin 4 mg/kg BW weekly plus curcumin 100
mg/kg BW daily, and (4) DMBA-induced ovarian cancer rats
treated with cisplatin 4 mg/kg BW weekly plus NC 100 mg/kg
BW daily. All drugs were given for 4 weeks. After treatments,
the rats were sacrificed under anesthesia at the end of the fourth
week. Liver tissues and plasma samples were quickly taken and
stored at —80°C until used. A part of the liver samples was used
for histopathological examination, while the other part was used
for biochemical analysis and quantitative reverse transcriptase-
polymerase chain reaction (QRT-PCR) analysis.

Biochemical analysis

The aspartate transaminase (AST) and alanine
transaminase (ALT) levels were measured using commercial
colorimetric assay kits from DiaSys Diagnostic Systems GmbH
(Germany) according to the manufacturer’s protocol.

Oxidative stress, inflammatory and fibrotic biomarkers

An enzyme-linked immunoassay was used to quantify
superoxide dismutase (SOD) activities (Randox, UK), glutathione
(GSH) concentrations (Invitrogen, USA), transforming growth
factor-p (TGF-P) concentrations (Elabscience, USA), and tumor
necrosis factor-a (TNF-) (Invitrogen, USA). MDA concentrations
in liver homogenates were quantified using the previous method
and measured colorimetrically at 534 nm relative to the MDA
content.

Quantitative reverse transcriptase-polymerase chain reaction
(qRT-PCR) analysis

The qRT-PCR analysis was used to quantify the expressions
of nuclear factor-erythroid factor 2-related factor 2 (Nrf2), Kelch-
like ECH-associated protein 1 (Keap1), heme oxygenase-1 (HO-1),
nicotinamide adenine dinucleotide phosphate (NADPH) quinone
oxidoreductase, caspase-3, and caspase-9. Beta-actin was used as
the housekeeping gene. In brief, 100 mg of liver tissues was used
to isolate RNA using the Quick-RNA Miniprep Plus Kit (Zymo
Research, CA). The ReverTra Ace® gPCR RT Master Mix was used
to convert RNA into cDNA (TOYOBO Biotech, Osaka, Japan).
Listed in Table 1 are the primer sequences that were used in this
research.

Histopathological analysis

The liver tissues were fixed in 10% buffer formalin,
dehydrated in ascending grades of ethyl alcohol, cleared in xylol,
and embedded in paraffin. The tissue blocks were then sectioned
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Table 1. List of primers used in the study.

Gene Primers
) Forward 5'-TGTTGTCCCTGTATGCCTCT-3'
Beta-actin
Reverse 5'-TAATGTCACGCACGATTTCC-3’
Ne2 Forward 5'-CCTCCAAAGGATGTCAATCAA-3'
s
Reverse 5'-AGCATGATGGACTTGGAATTG-3’
Kean] Forward 5'-GCTCAACCGCTTGCTGTAT-3’
eay
P Reverse 5'-CCTCTCCGGGTAGTAACATTCT-3'
HO1 Forward 5'-GTGTCCAGGGAAGGCTTTA-3’
Reverse 5'-GTTCTGCTTGTTTCGCTCTATC-3’
NQO-1 Forward 5'-AGAAGAGCCCTGATTGTATTGG-3'
i Reverse 5'-CCTCCCATCCTTTCTTCTTCAG-3’
Forward 5'-CTGACTGGAAAGCCGAAACT-3’
Caspase-3
Reverse 5'-GTTCCACTGTCTGTCTCAATAACC-3'
Forward 5'-CCACTGCCTCATCATCAACA-3’
Caspase-9
Reverse 5'- GTTCTTCACCTCCACCATGAA-3’

at 5 um in thickness, and hematoxylin and eosin staining was
used for routine histological analysis. As previously described,
liver fibrosis was evaluated using Masson’s trichrome staining for
collagen deposition in fibrotic tissues (Eryani et al., 2018; Hassan
et al., 2020; Lo and Kim, 2017). Afterward, the cumulative
percentage of collagen proportionate area (CPA) was quantified
using ImagelJ. CPA was calculated based on the percentage of total
stained fibrosis area per total sample area (Lo and Kim, 2017).

Statistical analyses

The data were displayed in mean + standard error of
the mean (SEM). Statistical analysis was carried out using one-
way analysis of variance, followed by Tukey’s post-hoc multiple
comparisons carried out in Statistical Package for the Social
Sciences v.26. Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION
Plasma AST and ALT levels

We found an increase in plasma AST and ALT levels
after treatment with cisplatin (Fig. 1). Adding curcumin or NC
to cisplatin resulted in reducing AST and ALT levels. Figure 2
shows the liver injury caused by cisplatin. The administration
of curcumin and/or NC caused restoration of liver architecture,
which can be seen through the reduced density of fibrotic tissue
and less dilatation of the sinusoid spaces.

Despite cisplatin’s antitumor efficacy, hepatotoxicity
has been one of its dose-limiting toxicities, which can be seen
even with single low-dose administration (Dkhil e al., 2013).
The hepatotoxicity effect of cisplatin was observed by increasing
liver enzymes AST and ALT levels in the plasma. The finding of
a lower AST level in the group with the combination treatment of
cisplatin—curcumin indicates that curcumin was able to ameliorate
the liver toxicity caused by cisplatin. Furthermore, an earlier
study by Palipoch e al. (2014) showed a similar result, which
found that the cisplatin and curcumin combination significantly
reduced AST levels compared to cisplatin only. Similarly, the
results demonstrated that the administration of NC combined
with cisplatin also reduced the AST and ALT levels compared to

cisplatin only. However, in contrast to Marslin et al. (2018), we
detected somewhat higher AST and ALT levels in the rats treated
with cisplatin plus NC versus those treated with cisplatin plus
curcumin. The effect might be due to the higher dose of NC used
in this study (100 mg/kg BW) than the NC dose used by Marslin
et al. (2018) (25-50 mg/kg BW). Nonetheless, the group treated
with NC still had lower AST and ALT levels than those treated
with cisplatin only.

Hepatic oxidative stress markers

A significant increase in MDA level was observed in
the liver tissues of the rats given cisplatin monotherapy compared
to the normal group (p = 0.038). While the coadministration of
both conventional (p < 0.001) and NC (p = 0.005) with cisplatin
significantly reduced hepatic MDA levels, no statistically
significant differences were observed between both groups
(Fig. 3A). Interestingly, while we found that NC administration
restored the hepatic MDA level close to the normal level, the
conventional curcumin group had the lowest mean hepatic MDA
levels, even lower than the normal group (Fig. 3A). The SOD level
decreased in the rats treated with cisplatin, albeit insignificantly
compared to the normal group. While coadministration of
curcumin raised the SOD level significantly, administration of
NC did not (Fig. 3B). Coadministration of both curcumin and NC
tended to increase GSH levels; however, they were insignificant
(Fig. 3C).

The increased hepatic MDA level in the rats treated
with cisplatin was expected since the administration of cisplatin is
known to deviate the activity of the mitochondrial electron transport
chain by interfering with the expression of the mitochondrial
protein complexes, thereby inducing oxidative stress (Marullo
et al., 2013). Previous studies also found a significant difference
in hepatic MDA levels in animal models treated with cisplatin
(Palipoch et al., 2014) or its analog oxaliplatin (Lu ef al., 2020),
despite the different dosage and duration of treatment between
studies. Curcumin has been shown to ameliorate the hepatic
oxidative status in animal models induced by platinum-based
agents (Lu et al., 2020; Palipoch et al., 2014) or other agents (Peng
et al., 2018). A previous study showed that the hepatoprotective
properties of NC were shown to be superior to conventional
curcumin in rats treated with carbon tetrachloride (Singh et al.,
2014). Another study proved that the administration of NC at a
dose of 50 mg/kg BW restored hepatic MDA levels close to the
average level after administering a single dose of cisplatin (12 mg/
kg BW) (El-Gizawy et al., 2020).

Interestingly, we found that the hepatic MDA level in the
rats treated with conventional curcumin was lower than that in the
rats receiving NC, in line with the AST and ALT levels. The decrease
of hepatic GSH levels in the cisplatin-treated rats was expected as
GSH has been shown to defend hepatic cells from oxidative stress
induced by cisplatin actively and have a role in cisplatin clearance
(Martins et al., 2008). Different modes of administration and doses
might have been used despite the differences in administration
and doses. A previous study has also found a similar decrease in
hepatic GSH levels (Martins et al., 2008). Coadministration of
curcumin has been shown to increase GSH back to normal levels,
owing to its ability to increase GSH biosynthesis and directly
interact with free radicals (Biswas et al., 2005). However, curcumin
nanoformulation is not better than conventional curcumin in this
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Figure 1. NC decreases of AST (A) and ALT (B) plasma levels. Histograms show the mean levels (+tSEM) of plasma. DMBA =
dimethylbenz(a)anthracene; Cis = cisplatin; Cur = curcumin; NC = nanocurcumin.
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Figure 2. Hematoxylin and eosin staining in cisplatin-induced liver damage and the effect of curcumin and NC. Microscopy images of liver slices
from the normal (A) and DMBA (B) groups indicate normal central vein and well-organized, radially oriented hepatic cords. Cisplatin groups showed
disrupted hepatic cords organization, vacuolar degeneration, dense fibrotic septal (arrow), and dilations of portal tracts and sinusoids (C). On the
contrary, curcumin administration showed partial improvement (D) and was markedly improved in NC administration (E). The magnification used was

400 times.

matter. SOD activities can also show oxidative stress in the tissue
status (Katerji et al., 2019), and its activities are lower in cisplatin-
induced damaged liver tissues (Karadeniz et al., 2011). Curcumin
has been found to help normalize hepatic SOD levels (El-Bahr,
2015), and while this is true for this research, NC coadministration
did not produce significant results.

Nrf2/Keapl expressions

Significant differences were observed in the Nrf2
expression level between the normal and other treatment groups,
with the highest expression observed in the rats receiving
coadministration of cisplatin and NC (Fig. 4A). Both cisplatin and
curcumin increased the expression of Nrf2 mRNA. Although no
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Figure 3. Hepatic levels and activities of hepatic oxidative markers in rats with and without treatment. (A) NC decreased the MDA level significantly as
compared to the DMBA—cisplatin group. (B) Curcumin significantly increased the SOD level. (C) Both curcumin and NC significantly increased the GSH levels
(C). "p < 0.05 versus normal; “p < 0.05 versus DMBA; %p < 0.05 versus cisplatin.
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Figure 4. Relative expressions of Nrf2, Keapl, HO-1, and NQO-1 mRNA. Both curcumin and NC increased the mRNA Nrf2 (A) and Keap1 (B) as compared
to the normal group. Curcumin increased the mRNA HO-1 and both curcumin and NC (C) and significantly increased the mRNA NQO-1 (D). *p < 0.05 versus

normal.

statistically significant differences in Keapl mRNA expression
were found between the treatment groups, the rats receiving
cisplatin monotherapy tended to express a lower level of Keapl
mRNA. At the same time, the administration of curcumin in both
forms increased Keapl mRNA expression (Fig. 4B). The mRNA
expressions of downstream components of the Nrf2/Keapl/ARE
signaling pathway were represented by HO-1 and NQO-1 (Fig. 4C
and D). Although no significant differences were observed between
the rats receiving cisplatin monotherapy and the normal group,
cisplatin administration tended to decrease the transcription of the
HO-1 and NQO-1 genes. A similar pattern of gene expression was
observed between the two genes. The expression of both genes
did not significantly differ between the rats receiving conventional

and NC. Interestingly, we found that the DMBA group expressed
the highest level of both genes compared to the other groups.

The rats treated with cisplatin significantly expressed
a higher level of Nrf2 mRNA than the normal group. The
administration of curcumin and NC also increased Nrf2 mRNA
expression, even higher than the group receiving cisplatin
monotherapy. Although no statistically significant differences were
observed in Keapl mRNA expression between the groups, the rats
receiving cisplatin monotherapy exhibited lower Keapl expression
levels than the normal group. On the contrary, the addition of
curcumin increased Keapl mRNA expression. Previous studies
showed varying results regarding the expression of Nrf2 and Keapl
at the transcriptional level. Several studies showed that oxidative
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stress increased the transcription of Nrf2 in an animal model (Peng
et al., 2018) or in vitro (Shen et al., 2017) using different inducers
of oxidative stress, supporting our findings. Since the protein Nrf2
is known as a transcription factor that regulates the expression of
various cytoprotective genes, including NADPH dehydrogenase
(quinone-) 1 (NQO-1), heme oxygenase-1 (HO-1), p-glycoprotein,
thioredoxin, and many other enzymes in response to oxidative and
electrophilic stresses, this increase was expected (Robledinos-
Anton et al., 2019; Taguchi and Yamamoto, 2017). Cisplatin, in
particular, has also been shown to repress the expression of Keapl
mRNA (Shen et al., 2017). In physiologic conditions, Keapl, a
part of the Cullin3-based-e3 ubiquitin ligase, acts as the negative
regulator of Nrf2 by forming a complex which represses Nrf2
activity through ubiquitination and proteasomal degeneration.
Oxidative or electrophilic stress could modify the cysteine residue
of Keapl, allowing Nrf2 to dissociate from Keapl and translocate
into the nucleus, where it will form a complex with the small
muscle aponeurosis fibromatosis transcription factor and bind to the
antioxidant response element sequence to upregulate the expression
of more than 250 cytoprotective and detoxification enzymes
(Robledinos-Anton et al., 2019; Taguchi and Yamamoto, 2017).
The administration of curcumin has been shown to
increase the transcription of Nrf2 in vivo and in vitro (Li et al.,
2021; Peng et al., 2018; Shen et al., 2017). Although an in vitro
study showed that coadministration of curcumin with cisplatin
lowered Nrf2 expression more than in the group receiving cisplatin
only or curcumin only, it was still higher than the normal group,
and an increased level of Keapl was also observed. Shin et al.
(2020) demonstrated that while curcumin increased the expression
of Nrf2 protein, it did not affect the transcription of Nrf2 mRNA.
However, it should be noted that the research was carried out
using topically administered curcumin in epithelial cells (Shin
et al., 2020). Serafini et al. (2020) also found that, in the SH-
SYS5Y cell line, curcumin did not affect the transcription of Nrf2
and Keapl and Keap1 protein levels. However, it did significantly
increase the expression of Nrf2 protein (Serafini et al., 2020). The
mRNA level might not correlate directly with protein expression
in some conditions, especially in dynamic phases such as cellular

response to stress. Posttranscriptional modifications might cause
a substantial deviation from the ideal correlation between mRNA
and protein (Liu et al., 2016).

The transcription factor Nrf2 controls the expression of
various cytoprotective genes, including NQO-1 and HO-1. NQO-1
has been popularly used to evaluate the Nrf2-Keap1 pathway (Taguchi
and Yamamoto, 2017). It plays an enormous role in cellular adaptation
to oxidative stress by acting as a direct superoxide reductase or a cell
membrane redox system (Ross and Siegel, 2017). In comparison,
HO-1 is a cytoprotective enzyme that catalyzes heme degradation
reaction, resulting in the formation of bilirubin, a potent antioxidant
(Loboda et al., 2016). A previous study has identified the protective
effect of HO-1 in attenuating cisplatin-induced ototoxicity through
the activation of the Nrf2/HO-1 pathway by curcumin (Fetoni et al.,
2014). Our study found an elevated expression of both HO-1 and
NQO-1 mRNA compared to the normal group, albeit insignificantly.
The increase was expected since it was known that oxidative stress
induces Nrf2 translocation into the nucleus, resulting in an increased
expression of HO-1 and NQO-1 (Fetoni et al., 2014; Li et al., 2021;
Taguchi and Yamamoto, 2017).

Interestingly, the DMBA group expressed the highest
level of both genes. In a previous study by Arivazhagan and
Subramanian (2015) using a DMBA-induced breast cancer model,
the liver suffered oxidative damage, as exhibited by the increased
level of oxidative markers (hydroperoxides and carbonyls) and
reduced level of antioxidants, suggesting that DMBA might induce
hepatic injury via oxidative stress. Intriguingly, the study showed
a decreased level of HO-1 and NQO-1 mRNA, a decreased level
of Nrf2 mRNA, and an increased level of Keapl mRNA. These
findings contrast other previous studies (Fetoni e al., 2014; Li
et al., 2021; Loboda et al., 2016; Taguchi and Yamamoto, 2017).
Thus, other studies evaluating the expression dynamics of the
downstream genes of Nrf2/Keapl genes at the transcriptional
level are needed.

Inflammatory markers

The mean concentration of the TNF-a protein level in
the liver tissue in the group treated with cisplatin only tended to
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Figure 5. NC decreased hepatic inflammatory and fibrosis markers. Hepatic TNF-a (A) and TGF-B1 (B) concentrations were

reduced by curcumin and NC.
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increase compared to the group of the ovarian cancer model mice
without therapy. The TNF-a protein levels were slightly lower in
the group treated with cisplatin plus curcumin and cisplatin plus
NC (Fig. 5A).

Fibrotic markers

The mean concentration of the TGF-B1 protein levels in
the liver tissue in the group treated with cisplatin only tended to
be lower than the ovarian cancer model group with no treatment.
A significant decrease was seen in the cisplatin plus curcumin
treatment group (p = 0.004) and cisplatin plus NC treatment group
(» = 0.010) when compared to the ovarian cancer model group
with no therapy (Fig. 5B).

These results were consistent with Masson’s trichrome
staining, which showed marked fibrosis in the group treated with
cisplatin. The administration of curcumin and NC appeared to
reduce the fibrotic area, as shown by the reduction of the CPA
(Fig. 6).

To further analyze apoptotic cell death in the liver, we
examined caspase-3 and caspase-9 gene expressions. As shown
in Figure 7, there were no significant differences between the five
groups in both mRNA expressions of caspase-3 and caspase-9
(»p = 0.111; p = 0.395). The mean expressions of caspase-3 and
caspase-9 mRNA in the group of the ovarian cancer model mice
without therapy tended to increase compared to the healthy rats
group. The mRNA expression of caspase-3 showed a tendency to
decrease in the cisplatin treatment group, while it increased in the
cisplatin plus curcumin and cisplatin plus NC treatment groups.
Meanwhile, the mRNA expression of caspase-9 tended to decrease

in the cisplatin plus curcumin treatment group, while it increased
in the NC-combined therapy group.

In the present study, we also demonstrated a tendency
for TNF-a levels to increase in the cisplatin therapy group
compared to the DMBA-induced group. This result corresponds
with the previous study showing that cisplatin has a toxic effect
on the liver, thereby increasing the levels of the inflammatory
cytokines in the liver through the extrinsic pathway, where the
ligand binds to TNF-a and then recruits procaspase-8 and forms
a death-inducing signaling complex (Dasari and Tchounwou,
2014). The study shows that cisplatin administration significantly
increases inflammatory cytokines, such as IL-6 and TNF-a. In
addition, there was a decrease in TNF-a levels in the liver tissue
in the cisplatin—curcumin and cisplatin—-NC treatment groups
compared to the cisplatin monotherapy group, indicating the anti-
inflammatory effect of curcumin and its nanoparticles on the liver
tissue (Ciire et al., 2016). Our findings are supported by a previous
study that demonstrated curcumin’s anti-inflammatory effects by
reducing various inflammatory cytokines, such as TNF-a, IL-6,
and IL-1B (Zhou et al., 2011). In a CCl4-induced mouse model,
curcumin has been shown to reduce inflammatory effects by
reducing inflammatory cytokines, including TNF-a, IL-6, and
IFN-y, in both tissue and serum (Fu et al., 2008).

Moreover, a study investigating the cisplatin—
nephrotoxic and hepatotoxic amelioration effects of NC in rats
found a significant increase in serum TNF-a levels in the group
treated with cisplatin. Meanwhile, the administration of NC
has been shown to reduce the TNF-a levels to control values
(El-Gizawy et al., 2020). A study by Singh et al. (2014) also
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Figure 6. Masson’s trichrome staining of histological liver sections: (A) Healthy control liver showed normal architecture; (B) DMBA group showed relatively
normal architecture of the of the liver with few fine collagen fibers (stained blue) around the central vein and portal tract; (C) cisplatin group showed disruption in
hepatic architecture, marked dense bridging fibrous septa and collagen fibers’ accumulation and dilatations of sinusoid spaces; (D) curcumin administration showed
moderate fibrous septa and collagen fibers accumulation, (E) NC administration markedly reduced the fibrous septa and collagen administration; (F) percentage of
CPA reduction by curcumin and NC upon ImageJ analysis. The magnification used was 100 times.
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Figure 7. Relative mRNA expression of (A) caspase-3 and (B) caspase-9 in rats with and without treatment. Histograms show the
mean mRNA expressions (:tSEM).
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Figure 8. Proposed mechanism of nanocurcumin action in cisplatin-induced hepatotoxicity in rats with ovarian cancer.
Nanocurcumin ameliorates liver damage caused by curcumin by targeting the Nrf2 signaling pathway, which affects the
modulation in the downstream expression of the Nrf2 target genes, including Keapl, HO-1, NQOI, and finally increases
antioxidant gene expressions. In addition, nanocurcumin also improves inflammatory, fibrosis, and apoptosis marker

expressions.
demonstrated that curcumin resulted in the downregulation of the group of cisplatin—curcumin and cisplatin—NC against the DMBA
TNF-a-induced activation of NF-kB and AP-1. induction group without any treatment. This is in line with past

We also demonstrated that the TGF-B1 levels in the liver studies that found the hepatoprotective effect of curcumin and its
tissue showed statistically significant differences in the dual therapy effects on suppressing TGF-f1 (Rahmani et al., 2018; Xu et al.,
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2018). In CCl4-induced rats, the groups treated with curcumin
had higher levels of TGF-B1 than the normal controls. Curcumin
acts by inhibiting the liver’s hepatic stellate cells, which results in
the reduction of TGF-B1 levels (Fu et al., 2008). The analysis of
caspase-3 and caspase-9 mRNA expression levels in all groups did
not show significant differences. The increasing expressions of both
caspases’ mRNA in the cisplatin-treated ovarian cancer group can
be explained by the hepatotoxicity due to cisplatin administration,
as shown by the increase of AST and ALT levels, which increases
the apoptosis of hepatocyte cells (Omar et al., 2016). The decreased
expressions of caspase-9 in the cisplatin + curcumin and cisplatin
+ NC groups are expected due to its liver protection properties
(Alhusaini et al., 2018).

CONCLUSION

In conclusion, the present study displayed the beneficial
effects of NC in alleviating hepatotoxicity due to cisplatin
administration through its antioxidant and anti-inflammatory
activities.
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SUPPLEMENTARY MATERIAL
SUPPLEMENTARY MATERIAL S1.

7,12-dimethylbenz[aJanthracene (DMBA)-induced ovarian
cancer in the rats

Our study used a rat model of ovarian cancer by
implanting 7,12-dimethylbenz[a]anthracene (DMBA) directly in
the right ovary of female Wistar rats. The DMBA was preheated at
124°C before use. Approximately 2 cm of sterile 3-0 silk sutures
were coated with DMBA (2 mg) for 10 seconds and dried. DMBA-
coated silk sutures can be stored for 1 week at -20°C before being
implanted in the ovaries of female rats. Wistar female rats aged 5
weeks were quarantined and acclimatized for one week, kept in a
controlled animal room at room temperature maintained at 25 C,
relative humidity of 65%, and air ventilation 11-13 times per hour,

Supplementary Table 1. List of primers used in the study

Gene Primers
) Forward 5"-TGTTGTCCCTGTATGCCTCT-3’
Beta-actin
Reverse 5'-TAATGTCACGCACGATTTCC-3'
Nif2 Forward 5'-CCTCCAAAGGATGTCAATCAA-3’
T
Reverse 5'-AGCATGATGGACTTGGAATTG-3’
Kean] Forward 5'-GCTCAACCGCTTGCTGTAT-3'
ea
P Reverse 5'-CCTCTCCGGGTAGTAACATTCT-3'
HO-1 Forward 5'-GTGTCCAGGGAAGGCTTTA-3'
Reverse 5'-GTTCTGCTTGTTTCGCTCTATC-3'
NQO-1 Forward 5'-AGAAGAGCCCTGATTGTATTGG-3'
Reverse 5'-CCTCCCATCCTTTCTTCTTCAG-3'
Forward 5'-CTGACTGGAAAGCCGAAACT-3’
Caspase-3
Reverse 5'-GTTCCACTGTCTGTCTCAATAACC-3’
Forward 5'- CCACTGCCTCATCATCAACA -3’
Caspase-9
Reverse 5'- GTTCTTCACCTCCACCATGAA-3’

and 12 hours of dark and light cycle daily. The animals were fed
with standard pellets and adequate drinking water.

Before surgery, rats were put to sleep using intraperitoneal
anesthesia ketamine and xylazine. Surgery was performed on the
retroperitoneal section, and fatty tissues were cleaned. A 3-0 silk
suture coated with DMBA was implanted in the ovarian tissue,
and the wound was closed again. After the surgical process, the
rats were reared and fed according to the standard conditions
mentioned above. It took at least 28 weeks from the implantation
process to the tumor mass formation

The development and growth of ovarian tissue at week
20 were observed using an ultrasound machine (Ultrasonography
Chison Q8™). The rats were anesthetized intraperitoneally
using ketamine (75 mg/kg BW) and xylazine (8.8 mg/kgBW).
The peritoneal section of the rats was shaved and cleaned, then
examined using an ultrasound. Enlargement of the rat ovarium
was observed and noted. Then, at week 24, 5 rats as experimental
animal models of ovarian cancer were euthanized with cervical
dislocation. The rats were dissected, the left and right ovaries were
taken, the morphology was observed, and the left and right ovaries
were measured. The ovaries were fixed with 10% formalin buffer
for 24-48 hours. Then the tissue was implanted into a paraffin
medium. The processed tissue preparations were then stained with
Haematoxylin-Eosin (HE) staining. An anatomical pathologist
performed histopathological analysis. The complete result of
the analysis of ovarian cancer has been provided in the previous
article (Dwi Sandhiutami et al., 2019; Sandhiutami et al., 2020)
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