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Abstract
This study aimed to evaluate the effect of Alpinia o�cinarum rhizome extract (AORE) on cisplatin (CP)-
induced hepatotoxicity in rats. In this regard, 44 male rats were divided into six groups including the
control group, AORE control group, CP control group, and three groups of CP (7 mg/kg dose, on the tenth
day) with AORE (at concentrations of 100, 200 and 400 mg/kg, daily for 14 days). After 14 days, the rats'
livers were removed and their liver function was assessed using biochemical marker enzymes. Oxidative
stress was assessed by evaluating malondialdehyde concentration and hepatic superoxide dismutase
activity and a histopathological test was also conducted. According to the results, the group treated with
CP had severe liver damage and the group treated with AORE had no harm compared with the control
group. Among the groups receiving CP and AORE (at different concentrations), the group with 200 mg/kg
AORE showed the lowest liver damage compared to the other two groups.

Introduction
It is known that cancer is one of the most important health issues around the world (Yang 2019 ; Toğaçar
2020 ; Nouri 2020 ; Dizaji 2020). Various methods and drugs have been developed for to confront this
issue ( Nouri 2020 ; Rouhani 2018 ; Shari�anjazi 2020 ;  Asadi 2019; Bazli 2017;  Bazli L 2020 ;  Jang
2020 ; Radmansouri 2018 ; Abasian 2019). One of the powerful chemotherapeutic agents used for a wide
range of malignancies such as ovarian, bladder,  neck, cervical, and testicular cancers is cisplatin (CP) (
Zhao 2019;  Sun 2019).

. Although this substance plays an important role in different cancer treatments, several negative impacts
have been reported such as hepatotoxicity, ototoxicity, renal dysfunction, nausea, and vomiting (Poon
2009). It has also signi�cant side effects on the kidney, however, it is metabolized by the liver (Townsend
2009; Yimit 2019 ; Ghosh S 2019). According to histopathological investigations, severe damages can be
induced to the liver by CP such as degeneration of hepatocytes and it can moderate the sinusoid
dilatation ( Lynch 2005;  Miyamoto 2007). To alleviate the adverse effects of CP, antioxidant treatment
has been used. Nephrotoxicity and hepatotoxicity have been shown to stem from oxidative stress
produced by CP(Chirino 2009 ; Sezen 2008 ; Yüce 2007).

The medicinal plant of Alpinia o�cinarum mostly grows in the tropical and subtropical regions of
Southeast Asia. This is a kind of Chinese medicinal material, which is consumed as a food additive.
Alpinia o�cinarum Hance is obtained from the rhizome of ginger family, Zingibriaceae, and has a
pleasant and pungent odor. Due to its high safety, it has been registered by the National Health and
Family Planning Commission of the People's Republic of China as an a�nal drug and diet (Zhao 2019;
Pillai 2018;  Zhang 2020). It has been found that Alpinia o�cinarum possesses anti-in�ammatory
(Rajendiran 2018),  antibacterial (Huang 2008;  Pillai 2019), anticancer   (Ghil S 2013; Awaad 2018) , and 
antihyperlipidemic properties( Pillai 2018; Lin 2015).Previous studies have identi�ed bioactive
compounds of Alpinia o�cinarum rhizome extract (AORE). Higher content of the compounds exists in the
rhizomatous extract of Alpinia o�cinarum compared to those found in the aerial parts. These bioactive
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compounds include linear, dimeric, and cyclic diarylheptanoids, volatile oils, �avonoids, lignin,
phenylpropanoid, and diterpenoids (Zhang 2016). The extract containing the bioactive compounds
exhibit antitumor effects in various cancerous cell lines such as breast, lung, neuroblastoma, and liver
(SA 2018 ; Hu 2019 ; Zhang 2019) Abbas et al(Abass et all 2018) developed a model based on
hepatocellular carcinoma with and without CP to study the sensitizing and prevention e�ciency of AORE.
It was reported that AORE is able to act as a potential natural chemosensitizing or chemoprevention
agent against hepatocarcinogenesis.

Although there are several studies about the effect of AORE on preventing hepatotoxicity of CP, the
biochemical mechanism or cellular response by which AORE protects the liver against CP-induced
damage has not been investigated. We hypothesized that AORE prevents CP-induced hepatotoxicity due
to having inherent antioxidant potential and improves metabolism and antioxidant defense mechanisms
of the liver. The aim of this study was to evaluate the biochemical, and histopathological effects of AORE
in rats against CP-induced hepatotoxicity.

Materials And Methods
Preparation of AORE

Alpinia o�cinarum rhizome was procured from the local market in December 2019 (Bushehr, Iran). The
plant was washed twice with distilled water to remove any pollution and air-dried at room temperature for
24 h. Then, the freshly dried rhizomes were ground to obtain a �ne powder. For the preparation of hydro-
alcoholic extraction, dried rhizomes were mixed with ethanol (95% v/v). The mixture was �ltered by a
Whatman �lter paper (No. 4). The hydro-alcoholic extract was concentrated using a rotary evaporator
under vacuum at 50 °C for 10 min. AORE was prepared in different concentrations of 100, 200, and 400
mg/kg. The extract was stored in a refrigerator at 4 °C prior to experimental trials (Lee 2009 ;Mazaheri
2014).

Animals

Forty-eight Wistar albino male rats (250-300 g) were procured from the animal house of the School of
Medicine. The rats were maintained under a standard laboratory condition with thermally controlled
temperature (20-25 °C), automatically illuminated room (12 h light: 12 h darkness) for one week. They
were kept under proper diet and good ventilation during the experiment and they had free access to food
and water. All experimental protocols were approved by the Institutional Animal Care and Ethics
Committee of the Medical science of Jundishapur University (Ahvaz, Iran).

Experimental design

The rats were randomly divided into 6 groups (n=6 for Group I and Group II and n=8 for other groups):
Group I (control); rats received normal saline by gavage for 14 days and received a single intraperitoneal
injection of normal saline on the 10th day. Group II (CP-/AORE+); rats received just AORE (400 mg/kg)
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daily by oral administration for 14 days without any injection of CP. Group III (CP+/AORE-); rats received
normal saline by gavage for 14 days and received a single intraperitoneal injection of CP (7 mg/kg) on
the 10th day. Group IV (CP+/AORE+100); rats received AORE (100 mg/kg) for 14 days and CP (7 mg/kg)
on the 10th day. Group V (CP+/AORE+200); rats received AORE (200 mg/kg) for 14 days and CP (7
mg/kg) on the 10th day. Group VI (CP+/AORE+400); rats received AORE (400 mg/kg) for 14 days and CP
(7 mg/kg) on the 10th day. In groups that received both CP and AORE, AORE was administered one hour
before CP treatment. On the 14th day, biochemical, histopathological, and immunohistochemical assays
were carried out. The entry and exit criteria were male rats, without receiving any medication before the
study initiation and the use of healthy rats without anatomical abnormality.

Specimen collection

Xylazine (5 mg/kg) and ketamine (50 mg/kg) were utilized to anesthetize the rats after 14 days. Blood
samples were taken from the heart of each rat. To evaluate serum liver enzymes, serum was separated
from the blood. Thereafter, the rats’ livers were removed immediately after sacri�cing the rats. A part of
the liver was washed using PBS and after weighing was freshly used for biochemical evaluations. The
remaining tissue was �xed in 10% buffer formalin for immunohistochemical and histological assays
(Amiri 2018).

Evaluation of liver function

The biochemical markers of liver damage, including serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), albumin, total
protein, and total bilirubin (T. bilirubin) levels were determined using Pars Azmoon kits (Tehran, Iran)
according to the manufacturer’s instructions.

Evaluation of oxidative markers

Malondialdehyde (MDA) concentration in liver homogenate was measured based on the reaction of
thiobarbituric acid with MDA to form thiobarbituric acid reactive species (TBARs). The measurements
were conducted colorimetrically at 534 nm and relative to MDA content similar to previous studies (Puntel
2007; Nelson 1993; Ohkawa 1979). using ZellBio kits (Germany).

Evaluation of antioxidant activity

Hepatic superoxide dismutase (SOD) activity was determined based on the ability of the enzyme to
inhibit phenazine methosulfate-mediated reaction of nitroblue tetrazolium. The measurement was carried
out colorimetrically at 560 nm according to previous studies (Lee 2009 ;Mazaheri 2014) using ZellBio kits
(Germany).

Histopathological analysis of liver tissue
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For histopathological assay and to determine the effect of CP and AORE on the liver, samples were �xed
in 10% (w/v) buffer formalin for 24 hours. The standard protocol was used to process and embed the
tissue in para�n and prepare sections with a thickness of 5 μm. The sections were then stained with
eosin and hematoxylin and evaluated using a light microscope with a 40× magni�cation by a histologist
who was blinded to the groups and the corresponding treatments. Histological photomicrographs
converted to quantitative analysis using a scoring system (Amiri 2018(. Based on the extent of
cytoplasmic vacuolization, in�ammatory cell in�ltration, sinusoidal dilatation, degeneration, and
congestion, the results scored as 0, 1, 2, and 3 representing normal, mild, moderate, and severe damage,
respectively.

Statistical analysis

SPSS 19 (Chicago, USA) was employed for statistical data analysis. The measured data were reported as
the mean value ± SD. The comparison among the groups was performed by one-way ANOVA followed by
the Post hoc Tukey test and statistical signi�cance was considered to be P < 0.05.

Results
Liver biochemical marker enzymes

The levels of the biochemical marker enzymes for liver damage, including AST, ALT, ALP, and LDH for
different groups are shown in Fig. 1. According to the results, the CP-/AORE+ group showed no signi�cant
differences with the control group, whereas the level of the markers signi�cantly enhanced (P <0.001) in
the CP+/AORE- group in comparison to the control group. The level of biochemical enzymes in the
CP+/AORE+100 group showed a signi�cant increase compared to the control group (P <0.001). The level
of AST and ALP enzymes in this group exhibited a signi�cant decrease in comparison with the group
treated with CP+/AORE- (P <0.001 and P <0.05, respectively).

Levels of chemical enzymes in the CP+/AORE+200 group showed a signi�cant reduction compared to the
CP+/AORE- and CP+/AORE+100 groups (P <0.001). This group showed a signi�cant enhancement in ALT
enzyme level compared to the control group (P <0.001) but did not differ from the control group in other
enzyme levels. The level of the enzymes in the CP+/AORE+400 group showed a signi�cant decrease in
comparison with the CP+/AORE- and CP+/AORE+100 groups (P <0.001). In this group, a signi�cant rise in
the level of ALT (P <0.001), ALP (P <0.001), as well as AST (P <0.05) was observed compared to the
control group. Even the ALT enzyme level was signi�cantly enhanced compared to the CP+/AORE+200
group (P <0.001).

Data represented in Table 1 show the serum total bilirubin, protein, and albumin levels. According to the
results, the level of bilirubin in the CP+/AORE- group increased compared to the control group, while the
level of protein and albumin was reduced signi�cantly compared. There was a statistically signi�cant
difference between the results of this group and the control group. The level of these serums in the
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CP-/AORE+ group did not change noticeably compared to the control group and the difference between
the results of the two groups was not signi�cant.

Serum bilirubin level in the CP+/AORE+100 group enhanced signi�cantly compared to the control group
and there was a signi�cant difference in the results, but compared to the CP+/AORE-, CP+/AORE+200, and
CP+/AORE+400 groups, signi�cant changes were not observed and there was no statistical difference
between their results. The serum protein level in the CP+/AORE+100 group was reduced compared to the
control group and there was a statistically signi�cant difference between the results, while compared to
the CP+/AORE-, CP+/AORE+200, and CP+/AORE+400 groups, there was no signi�cant difference between
the results. The results of serum albumin levels in this group showed similar results to total serum
protein, however, the serum albumin level of group CP+/AORE+200 was higher than that of the
CP+/AORE+100 group and there was a signi�cant difference between their results.

The level of serum bilirubin in the CP+/AORE+200 group increased signi�cantly compared to the control
group and there was a signi�cant difference in the statistical results, but compared to the CP+/AORE-

group, it decreased with a statistically signi�cant difference. The serum protein level in group
CP+/AORE+200 did not change remarkably relative to the control group and there was no statistically
signi�cant difference between the results. The result of the serum albumin level was similar to that of the
total serum protein.

The serum bilirubin level in the CP+/AORE+400 group rised signi�cantly compared to the control group,
however, it showed a decrement compared to the CP+/AORE- group. The differences were statistically
signi�cant. Furthermore, the level of serum protein in the CP+/AORE+400 group decreased relative to the
control group and there was a statistically signi�cant difference between the results, but there was no
signi�cant change and no statistical difference between the results of this group and the CP+/AORE-

group. The results of the serum albumin level for this group were also similar to those of total serum
protein.

Oxidative stress

As shown in Table 2, the CP+/AORE- group showed a signi�cant increment in the level of MDA. According
to the result of the CP-/AORE+ group, the MDA level was diminished relative to the control group. All
groups showed a signi�cant difference with the control group (P <0.05). Moreover, the CP+/AORE+200
group showed a lower liver MDA level than did CP+/AORE+100 and CP+/AORE+400. The difference
between the result of CP+/AORE+100 and CP+/AORE+400 was not signi�cant.

The SOD activity of the CP+/AORE- group was signi�cantly reduced in the liver tissue compared to the
control group. On the other hand, an increment in the SOD activity of the CP-/AORE+ group was not
signi�cant in comparison with the control group. The CP+/AORE+400 group demonstrated a lower SOD
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activity level compared to the CP+/AORE+100 and CP+/AORE+200 groups in the liver tissue. A signi�cant
enhancement of the SOD activity was exhibited in the CP+/AORE+200 compared to the CP+/AORE- group.

Liver histopathological study

The photomicrographs of the liver tissue in different groups are presented in Fig. 2. The control group
(Fig. 2a) showed normal histoarchitecture of lobules in the liver (sinusoids, hepatocytes, and Kupffer
cells). No change in the liver structure was observed in the rats treated with AORE (CP-/AORE+) (Fig. 2b).
Fig. 2c illustrates a liver tissue from the CP+/AORE- group. Administration of CP resulted in
disorganization in lobules such as dilation sinusoids, congestion, hemorrhage, periportal leukocyte
in�ltration, hepatocyte vacuolization, enlarged nuclei, and focal necrosis with pyknotic (Score 3). On the
other hand, the groups treated with CP and AORE (CP+/AO+100, CP+/AORE+200, and CP+/AORE+400)
exhibited little hepatic damage (Score 1) in comparison with those treated with CP alone (Fig. 2d-2f). The
damage in these groups was determined as slight hydropic degeneration of hepatocytes and congestion
of blood sinusoid. However, lower hepatic damage was observed in the CP+/AORE+200 group relative to
the CP+/AORE+100 and CP+/AORE+400 groups. The damage severity in all groups have been listed in
Table 3 based on the de�ned scoring.

Discussion
CP-induced hepatotoxicity is commonly characterized by the changes in biochemical, molecular, and
histological parameters (Ekinci 2020). Speci�c liver enzymes can be measured to determine
hepatotoxicity. As liver enzyme activities are much higher than those of serum (about 1000 times), the
serum enzyme activity will be doubled in case only 1% of hepatocytes necrotize occurs (Mir 2015).  In this
study, the levels of AST, ALT, LDH, and ALP, as the biochemical marker enzymes of damaged liver tissue,
were measured to study the effect of AORE in the prevention of CP-induced hepatotoxicity. An increment
in the enzyme levels is the result of losing functional integrity of hepatocyte cell membrane in response to
adverse effects of some drugs as well as pathological conditions as cirrhosis leading to the leakage of
these enzymes (Kadir 2013). In this study, the levels of the biochemical marker enzymes were the highest
in the group that received CP compared to other groups. CP has been found to be accumulated in the liver
leading to some toxic activities and increasing the hepatic cell permeability or provoking cellular
destruction (Mansouri 2017).

The measurement of other liver parameters exhibited that serum total albumin and protein levels of the
CP-treated group decreased relative to the control and CP-/AORE+ groups, while the total bilirubin level
enhanced. The increment in the total bilirubin level has been reported to be due to defense mechanisms
against oxidative injury induced by free radicals. These mechanisms involve the reduction of free radicals
by increasing the level of electron donors such as bilirubin (Hozayen 2014). Poor health and worse
consequences can be inferred from the low levels of total protein (Ibrahim 2008). The alteration of the
serum levels of bilirubin, albumin, protein, and the hepatic enzymes indicated impaired liver function in
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the CP+/AORE- group. Similar results have been reported in previous studies. It has been indicated that
the level of ALP, LDH, ALT, AST, and serum total bilirubin increased and the albumin and protein levels
decreased in CP-treated groups showing CP-induced hepatotoxicity (İşeri 2007; Al-Malki 2014).

The liver function indices improved in the groups administered by AORE only or combined with CP.
Similar results were obtained for the control group and the CP-/AORE+ group and the best results were
observed in the CP-/AORE+200 compared to other doses of AORE.  The hepatoprotective effect of AORE
might be due to the presence of antioxidants, bioactive phytochemicals such as �avone and �avonoids
(Abbas 2018). Rajesh et al (Rajesh 2013) reported an enhancement in the serum hepatic enzyme levels in
ischemic reperfusion rats treated by 200 mg/kg and 400 mg/kg of AORE. In another study by Xia et al.
(Xia 2010). the ALT activity was similar to that of the control group in rat models administered by AORE. It
was also reported by Abbas et al. (Abbas 2018) that using 400 mg/kg of AORE led to the improvement of
the liver function indices.

In this study, liver damage caused by CP was also determined by the increase in MDA besides the
reduction of hepatic antioxidants such as SOD activity. Potential oxidative stress induction by CP
injection which results in cell death in liver tissue was reported by previous studies (Ekinci 2020;Hassan
2020 ; Choi 2019 ;Soares 2013; Ekinci 2017 ). Oxidative stress is caused by the overproduction of reactive
oxygen species and/or antioxidant mechanism failure (Karale 2017). In normal metabolism, produced
reactive oxygen species are removed in the liver through speci�c reactions in which some enzymes
including catalase, SOD, peroxiredoxin, and glutathione peroxidase (GSH Pxs) are involved. In the case of
oxidative stress exposure like CP-induced hepatotoxicity, a large volume of reactive oxygen species
beyond the detoxi�cation capacity is produced in liver cells. Therefore, hepatocyte injury is caused by
DNA damage (reduced proliferation and promoted cell death), lipid peroxidation (radical formation and
in�ammation), protein oxidation (reduced enzymatic functions and growth factor inhibition), as well as a
direct effect on signal pathways (reduced NO level, reduced angiogenesis, and transcription factor
activation) (Bilgic 2018).

The treatment of the groups with AORE led to a noticeable decrement in the hepatic MDA content
together with an increment in hepatic SOD activities. Similar performance was observed in the control
and CP-/AORE+ groups and the CP+/AORE+200 exhibited the best results in liver function indices. The
antioxidant effect of AORE is stemmed from �avonoid antioxidant compounds (Sani 2019;
Tungmunnithum 2020). The �avonoid (galangin) has free-radical scavenging activities resulting in
suppression of the genotoxicity of chemicals and modulation of enzyme activities (Swain 2020).

According to the histopathological studies, the liver structure of the CP-/AORE+ group was similar to that
of the control group, while hepatic damage was observed in the CP+/AORE- group. Treatment with AORE
led to the alleviation of liver injury in rats. The results are in good agreement with other histopathological
investigations revealing the incidence of less damage to the liver tissue in AORE-treated rats in
comparison with reperfusion/hepatic ischemia-induced damage in rats ( Rajesh 2013)
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Conclusions
To summarize, the positive impact of the AORE administration on the improvement of hepatotoxicity in
rats induced by CP was demonstrated. This is conducted through a number of intracellular pathways
such as improving liver function parameters, and suppressing oxidative stress, as well as modifying
antioxidant defense mechanisms. The rise in the levels of ALT, AST, LDH, ALP, and serum total bilirubin as
well as the reduction of serum total protein and albumin were the determining factors for hepatic injury,
which was remarkably improved in AORE-treated groups. Moreover, AORE treatment resulted in a
reduction in SOD and an increase in MDA. In the histopathological examination of AORE-treated groups,
signi�cantly fewer hepatocytes damage was observed. Overall, the strongest antioxidant properties were
shown in the CP+/AORE+200 group. The results may modify cancer treatment protocols to include
phytoceuticals to render safer cancer treatments.

Declarations
Ethics approval and consent to participate

All institutional and national guidelines for the care and use of laboratory animals were followed.

Consent for publication

Not applicable' for that speci�c section.

Availability of data and materials

The data that support the �ndings of this study are available on request from the �rst author or
corresponding author upon request.

Competing interests

 The authors declare that they have no con�ict of interest.

Funding Information

This work was funded by a grant from Abadan Faculty of Medical Sciences (Grant No:
IR.ABADANUMS.REC.1399.086). The authors of this research followed instructions of the universities in
Iran and performed experiments based on the Ethical Guideline of laboratory animals.

Authors' Contributions

FN performed the histological examination of the Liver, and was a major contributor in writing the
manuscript. AA participated in animal interventions and drug therapy phase and was a major contributor
in writing the manuscript. MA participated in conducting experiments and writing the article. NC analyzed



Page 10/17

and interpreted the data regarding the biochemical assay. All authors read and approved the �nal
manuscript.

References
1. Abasian P, Radmansouri M, Jouybari MH, Ghasemi MV, Mohammadi A, Irani M, Jazi FS (2019)

Incorporation of magnetic NaX zeolite/DOX into the PLA/chitosan nano�bers for sustained release
of doxorubicin against carcinoma cells death in vitro. Int J Biol Macromol 121:398–
http://doi.org/10.1016/j.ijbiomac.2018.09.215

2. Abass SA, Abdel-Hamid NM, Abouzed TK, El-Shishtawy MM (2018) Chemosensitizing effect of
Alpinia o�cinarum rhizome extract in cisplatin-treated rats with hepatocellular carcinoma. Biomed
Pharmacother 101:710–71

3. Aebi H (1984) Catalase in vitro. Methods Enzymol 121–12 http://doi.org/10.1016/s0076-
6879(84)05016-3

4. Al-Malki AL, Sayed AAR (2014) Thymoquinone attenuates cisplatin-induced hepatotoxicity via
nuclear factor kappa-β. BMC Complement Altern Med 14:282– http://doi.org/10.1186/1472-6882-14-
282

5. Amiri FT, Karimi S, Khalatbary AR, Mohammadi HR, Hosseinimehr SJ (2018) Hydroalcoholic extract
of Zataria multi�ora mitigates cisplatin‐induced oxidative stress, apoptosis and hepatotoxicity in
mice. Pharm J 22:368– http://doi.org/10.12991/jrp.2018.78

�. Angulo C, Maldonado M, Delgado K, Reyes-Becerril M (2017) Debaryomyces hansenii up regulates
superoxide dismutase gene expression and enhances the immune response and survival in Paci�c
red snapper (Lutjanus peru) leukocytes after Vibrio parahaemolyticus Dev Comp Immunol 71:18–27.
http://doi.org/10.1016/j.dci.2017.01.020

7. Asadi E, Fassadi Chimeh, A., Hosseini, S., Rahimi, S., Sarkhosh, B., Bazli, L., Bashiri, R., Vakili
Tahmorsati, A. H (2019) A review of clinical applications of graphene quantum dot-based
composites. J Comp Compd 1:31– http://doi.org/10.29252/jcc.1.1.6

�. Awaad AS, Allah MM, El-Sawaf LA, El-Meligy RM, Al-Asamary FA (2018) Anticancer extracts of
Alpinia o�cinarum US Patent 10,098,924 B1.

9. Baehner RL, Boxer LA, Davis J (1976) The biochemical basis of nitroblue tetrazolium reduction in
normal human and chronic granulomatous disease polymorphonuclear leukocytes. Blood 48:309–

10. Bazli L, Chahardehi AM, Arsad H, Malekpouri B, Jazi MA, Azizabadi N (2020) Factors in�uencing the
failure of dental implants: A Systematic Review. J Com Compd 2:18–
https://doi.org/10.29252/jcc.2.1.3

11. Bazli L, Eftekhari Yekta B, Khavandi A (2017) Preparation and characterization of Sn-containing
glasses for brachytherapy applications. Trans Indian Ceram Soc 76:242–
https://doi.org/10.1080/0371750X.2017.1374212

http://doi.org/10.1016/j.ijbiomac.2018.09.215
http://doi.org/10.1016/s0076-6879(84)05016-3
http://doi.org/10.1186/1472-6882-14-282
https://doi.org/10.12991/jrp.2018.78
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.29252%2Fjcc.1.1.6
https://doi.org/10.1080/0371750X.2017.1374212


Page 11/17

12. Bilgic Y, Akbulut S, Aksungur Z, Erdemli ME, Ozhan O, Parlakpinar H, Vardi N, Turkoz Y (2018)
Protective effect of dexpanthenol against cisplatin‐induced hepatotoxicity. Exp Ther Med 16:4049–
40 http://doi.org/10.3892/etm.2018.6683

13. Chirino YI, Pedraza-Chaverri J (2009) Role of oxidative and nitrosative stress in cisplatin-induced
nephrotoxicity. Exp Toxicol Pathol 61:223– http://doi.org/10.1016/j.etp.2008.09.003

14. Choi MJ, Kang H, Lee YY, Choo OS, Jang JH, Park SH, Moon JS, Choi SJ, Choung YH (2019)
Cisplatin-induced ototoxicity in rats is driven by RIP3-dependent necroptosis. Cells 8:409.
3390/cells8050409

15. Dizaji BF, Azerbaijan MH, Sheisi N, Goleij P, Mirmajidi T, Chogan F, Irani M. Shara�an F (2020)
Synthesis of PLGA/chitosan/zeolites and PLGA/chitosan/metal organic frameworks nano�bers for
targeted delivery of Paclitaxel toward prostate cancer cells death. Int J Biol Macromol 164:1461–14
https://doi.org/10.1016/j.ijbiomac.2020.07.228

1�. Ekinci Akdemir FN, Albayrak M, Çalik M, Bayir Y, Gülçin İ (2017) The protective effects of p-coumaric
acid on acute liver and kidney damages induced by cisplatin. Biomedicines 5:18.
http:doi.org/3390/biomedicines5020018

17. Ekinci Akdemir FN, Bingol C, Yildirim S, Kandemir F, Kucukler S, Saglam Y (2020) The investigation of
the effect of fraxin on hepatotoxicity induced by cisplatin in rats. Iran J Basic Med Sci 23:1382–138
http://doi.org/10.22038/ijbms.2020.38773.9200

1�. Ghil S (2013) Antiproliferative activity of Alpinia o�cinarum extract in the human breast cancer cell
line MCF-7. Mol Med Rep 7:1288–12 http://doi.org/10.3892/mmr.2013.1305

19. Hassan HM, Al-Wahaibi LH, Elmorsy MA, Mahran YF (2020) Suppression of cisplatin-induced hepatic
injury in rats through alarmin high-mobility group box-1 pathway by Ganoderma lucidum: theoretical
and experimental study. Drug Des Devel Ther 14:2335–23 http://doi.org/10.2147/DDDT.S249093

20. Hozayen WG, Abou Seif HS, Amin S (2014) Protective effects of ruitn and/or hesperidin against
doxorubicin-induced hepatotoxicity. Int J Clin Nutr 2:11–1 http://doi.org/10.12691/ijcn-2-1-2

21. Huang H, Wu D, Tian WX, Ma XF, Wu XD (2008) Antimicrobial effect by extracts of rhizome of Alpinia
o�cinarum Hance may relate to its inhibition of β-ketoacyl-ACP reductase. J Enzyme Inhib Med
Chem 23:362– http://doi.org/10.1080/14756360701622099

22. Hu L, Huang W, Ding Y, Liu M, Wang M, Wang Y, Zhang W, Li Y, Ye W, Li M, Liu Z (2019) PHMH, a
diarylheptanoid from Alpinia o�cinarum attenuates VEGF-induced angiogenesis via inhibition of the
VEGFR-2 signaling pathway. Food Funct 10:2605–26 http://doi.org/10.1039/c8fo01809j

23. Ibrahim SS, Nassar NN (2008) Diallyl sul�de protects against N-nitrosodiethylamine-induced liver
tumorigenesis: role of aldose reductase. World J Gastroenterol 14:6145–
http://doi.org/10.3748/wjg.14.6145

24. İşeri S, Ercan F, Gedik N, Yüksel M, Alican I (2007) Simvastatin attenuates cisplatin-induced kidney
and liver damage in rats. Toxicology 230:256–2 http://doi.org/10.1016/j.tox.2006.11.073

25. Jang HW, Zareidoost A, Moradi M, Abuchenari A, Bakhtiari A, Pouriamanesh R, Malekpouri B, Rad AJ,
Rahban D (2020 Photosensitive nanocomposites: environmental and biological applications. J Com

https://doi.org/10.1016/j.etp.2008.09.003
https://dx.doi.org/10.3390%2Fcells8050409
https://doi.org/10.1016/j.ijbiomac.2020.07.228
https://dx.doi.org/10.3390%2Fbiomedicines5020018
http://doi.org/10.22038/ijbms.2020.38773.9200
https://dx.doi.org/10.2147%2FDDDT.S249093
http://doi.org/10.1080/14756360701622099
https://dx.doi.org/10.3748%2Fwjg.14.6145


Page 12/17

Compd 2:50– https://doi.org/10.29252/jcc.2.1.7

2�. Kadir FA, Kassim NM, Abdulla MA, Yehye WA (2013) Hepatoprotective role of ethanolic extract of
Vitex negundo in thioacetamide-induced liver �brosis in male rats. Evid Based Complement Alternat
Med 2013:739850. http://doi.org/1155/2013/739850

27. Karale S, Kamath JV (2017) Effect of daidzein on cisplatin-induced hematotoxicity and
hepatotoxicity in experimental rats. Indian J Pharmacol 49:49– http://doi.org/10.4103/0253-
7613.201022

2�. Lee J, Kim KA, Jeong S, Lee S, Park HJ, Kim NJ, Lim S (2009) Anti-in�ammatory, anti-nociceptive,
and anti-psychiatric effects by the rhizomes of Alpinia o�cinarum on complete Freund's adjuvant-
induced arthritis in rats. J Ethnopharmacol 126:258–2 http://doi.org/10.1016/j.jep.2009.08.033

29. Lin LY, Peng CC, Yeh XY, Huang BY, Wang HE, Chen KC, Peng RY (2015) Antihyperlipidemic bioactivity
of Alpinia o�cinarum (Hance) Farw Zingiberaceae can be attributed to the coexistance of curcumin,
polyphenolics, dietary �bers and phytosterols. Food Funct 6:1600–16
http://doi.org/10.1039/c4fo00901k

30. Lynch ED, Gu R, Pierce C, Kil J (2005) Combined oral delivery of ebselen and allopurinol reduces
multiple cisplatin toxicities in rat breast and ovarian cancer models while enhancing anti-tumor
activity. Anticancer Drugs 16:569–5 http://doi.org/10.1097/00001813-200506000-00013

31. Mansouri E, Jangaran A, Ashtari A (2017) Protective effect of pravastatin on doxorubicin-induced
hepatotoxicity.

32. Bratisl Lek Listy 118:273–27 http://doi.org/10.4149/BLL_2017_054

33. Mazaheri M, Shahdadi V, Boron AN (2014) Molecullar and biochemical effect of alcohlic extract of
Alpinia galanga on rat spermatogenesis process. Iran J Reprod Med 12:765–

34. Mir M, Arab MR, Shahraki MR, Mashhadi MA, Salar MS, Aval FS, Karimfar MH (2015) Toxic effects of
cisplatin on hepatocytes and liver enzymes of rats. Anat sci 12:171–176.

35. Miyamoto Y, Shimada K, Sakaguchi Y, Miyamoto M (2007) Cisplatin (CDDP)-induced acute toxicity in
an experimental model of hepatic �brosis. J Toxicol Sci 32:311–31
http://doi.org/10.2131/jts.32.311

3�. Nelson GJ, Morris VC, Schmidt PC, Levander O (1993) The urinary excretion of thiobarbituric acid
reactive substances and malondialdehyde by normal adult males after consuming a diet containing
salmon. Lipids 28:757–7 http://doi.org/10.1007/BF02536000

37. Nouri A, Dizaji BF, Kianinejad N, Rad AJ, Rahimi S, Irani M, Jazi FS (2020) Simultaneous linear
release of folic acid and doxorubicin from ethyl cellulose/chitosan/g‐C3N4/MoS2 core‐shell
nano�bers and its anticancer properties. J Biomed Mater Res A 37081.
http://doi.org/1002/jbm.a.37081

3�. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Analytical biochemistry. 1979;95:351–35

39. Pillai MK, Ismail R, Sasidharan S, Asmawi MZ, Choon TS, Mekbib SB, Lachumy SJ (2019)
Antioxidant and antimicrobial activities of rhizome extracts from malaysian species of Alpinia

https://doi.org/10.29252/jcc.2.1.7


Page 13/17

galanga and Alpinia o�cinarum. Pharmacologyonline 1:366–

40. Pillai MK, Young DJ, Bin Hj Abdul Majid HM (2018) Therapeutic potential of Alpinia o�cinarum. Mini
Rev Med Chem 18:1220– http://doi.org/10.2174/1389557517666171002154123

41. Poon D, Anderson BO, Chen LT, Tanaka K, Lau WY, Van Cutsem E, Singh H, Chow WC, Ooi LL, Chow P,
Khin MW, Koo WH (2009) Management of hepatocellular carcinoma in Asia: consensus statement
from the Asian Oncology Summit 2009. Lancet Oncol 10:1111–111 http://doi.org/10.1016/S1470-
2045(09)70241-4

42. Puntel RL, Roos DH, Grotto D, Garcia SC, Nogueira CW, Rocha JBT (2007) Antioxidant properties of
Krebs cycle intermediates against malonate pro-oxidant activity in vitro: a comparative study using
the colorimetric method and HPLC analysis to determine malondialdehyde in rat brain homogenates.
Life Sci 81:51– http://doi.org/10.1016/j.lfs.2007.04.023

43. Radmansouri M, Bahmani E, Sarikhani E, Rahmani K, Shari�anjazi F, Irani M (2018) Doxorubicin
hydrochloride-Loaded electrospun chitosan/cobalt ferrite/titanium oxide nano�bers for hyperthermic
tumor cell treatment and controlled drug release. Int J Biol Macromol 116:378–
http://doi.org/10.1016/j.ijbiomac.2018.04.161

44. Rajendiran V, Natarajan V, Devaraj SN (2018) Anti-in�ammatory activity of Alpinia o�cinarum hance
on rat colon in�ammation and tissue damage in DSS induced acute and chronic colitis models. Food
Sci Hum Well 7:273–2 https://doi.org/10.1016/j.fshw.2018.10.004

45. Rajesh I, Singh M, Maheshwara A, Prathyusha M (2013) Hepatoprotective effect of Alpinia
o�cinarum on hepatic ischemia/reperfusion-induced injury in rats. Am J PharmTech Res. 3:2249–

4�. Rouhani AR, Esmaeil-Khanian AH, Davar F, Hasani S (2018) The effect of agarose content on the
morphology, phase evolution, and magnetic properties of CoFe2O4 nanoparticles prepared by sol-gel
autocombustion method. Int J Appl Ceram Technol 15(3):758–7 https://doi.org/10.1111/ijac.12832

47. Sani SA, Faik AM, Abdulla R, Kunasekaran S (2019) Phytochemical, antioxidant and antibacterial
activities of two kinds of Sabah Zingberaceae. J Phys Conf Ser 1358:012012.
http://doi.org/1088/1742-6596/1358/1/012012

4�. Sezen O, Ertekin MV, Demircan B, Karslıoğlu İ, Erdoğan F, Koçer İ, Calik I, Gepdiremen A (2008)
Vitamin E and L-carnitine, separately or in combination, in the prevention of radiation-induced brain
and retinal damages. Neurosurg Rev 31:205–2 http://doi.org/10.1007/s10143-007-0118-0

49. Shari�anjazi F, Moradi M, Parvin N, Nemati A, Jafari Rad A, Sheysi N, Abouchenari A, Mohammadi A,
Karbasi S, Ahmadi Z, Esmaeilkhanian A, Irani M, Pakseresht A, Sahmani S, Shahedi M (2020)
Magnetic CoFe2O4 nanoparticles doped with metal ions: A review. Ceram Int 46:18391–18
https://doi.org/10.1016/j.ceramint.2020.04.202

50. Soares AA, Sá-Nakanishi D, Babeto A, Bracht A, Da Costa SMG, Koehnlein EA, de Souza CGM, Peralta
RM (2013) Hepatoprotective effects of mushrooms. Molecules 18:7609–76
http://doi.org/10.3390/molecules18077609

51. Sun CY, Zhang QY, Zheng GJ, Feng B (2019) Phytochemicals: current strategy to sensitize cancer
cells to cisplatin. Biomed Pharmacother 110:518–5 http://doi.org/10.1016/j.biopha.2018.12.010

https://doi.org/10.1016/j.ijbiomac.2018.04.161
https://doi.org/10.1016/j.fshw.2018.10.004
https://doi.org/10.1111/ijac.12832
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1088%2F1742-6596%2F1358%2F1%2F012012
http://doi.org/10.1007/s10143-007-0118-0
https://doi.org/10.1016/j.ceramint.2020.04.202
http://doi.org/10.3390/molecules18077609


Page 14/17

52. Swain S, Tripathi P, Kavita G, Laxmi M, Subramani T (2020) In vitro antioxidant and free radical
scavenging activity of Alpinia calcarata: A novel underutilized crop in Tropical Island. J Pharmacogn
Phytochem 9:243–24

53. Toğaçar M, Özkurt KB, Ergen B, Cömert Z (2020) BreastNet: A novel convolutional neural network
model through histopathological images for the diagnosis of breast cancer. Physica A 545:123592.
https://doi.org/10.1016/j.physa.2019.123592

54. Townsend DM, Tew KD, He L, King JB, Hanigan MH (2009) Role of glutathione S-transferase Pi in
cisplatin-induced nephrotoxicity. Biomed Pharmacother 63:79–
http://doi.org/10.1016/j.biopha.2008.08.004

55. Tungmunnithum D, Tanaka N, Uehara A, Iwashina T (2020) Flavonoids pro�le, taxonomic data,
history of cosmetic uses, anti-oxidant and anti-aging potential of Alpinia galanga (L.) willd.
Cosmetics 7:89. https://doi.org/10.3390/cosmetics7040089

5�. Yimit A, Adebali O, Sancar A, Jiang Y (2019) Differential damage and repair of DNA-adducts induced
by anti-cancer drug cisplatin across mouse organs. Nat Commun 10:309–
http://doi.org/10.1038/s41467-019-08290-2

57. Yüce A, Ateşşahin A, Çeribaşı AO, Aksakal M (2007) Ellagic acid prevents cisplatin‐induced oxidative
stress in liver and heart tissue of rats. Basic Clin Pharmacol Toxicol 101:345–34
http://doi.org/10.1111/j.1742-7843.2007.00129.x

5�. Xia DZ, Yu XF, Wang HM, Ren QY, Chen BM (2010) Anti-obesity and hypolipidemic effects of
ethanolic extract from Alpinia o�cinarum hance (Zingiberaceae) in rats fed high-fat diet. J Med
Food 13:785–7 http://doi.org/10.1089/jmf.2009.1235

59. Yang Y, Liu Q, Li P, Luo H, Wang H, Kong Q (2019) Role of bacterial minicells in cancer therapy. Sheng
Wu Gong Cheng Xue Bao 35:998– http://doi.org/10.13345/j.cjb.180460

�0. Zhang WJ, Luo JG, Kong LY (2016) The genus Alpinia: a review of its phytochemistry and
pharmacology. World J Tradit Chin Med 2:26– http://doi.org/10.15806/j.issn.2311-8571.2015.0026

�1. Zhao X, Tang DY, Zuo X, Zhang TD, Wang C (2019) Identi�cation of lncRNA–miRNA–mRNA
regulatory network associated with epithelial ovarian cancer cisplatin‐resistant. J Cell Physiol
234:19886–198 http://doi.org/10.1002/jcp.28587

�2. Zhao YX, Ruan WJ, Xue WL, Zhao L (2019) Alpinia o�cinarum Hance extract alleviates particulate
matter-induced lung injury in mice. Asian Pac J Trop Med 12:565– http://doi.org/10.4103/1995-
7645.272487

�3. Zhang L, Pan C, Ou Z, Liang X, Shi Y, Chi L, Zhang Z, Zheng X, Li C, Xiang H (2020) Chemical pro�ling
and bioactivity of essential oils from Alpinia o�cinarum Hance from ten localities in China. Ind
Crops Prod 153:112583. https://doi.org/10.1016/j.indcrop.2020.112583

�4. Zhang Z, Xin G, Zhou G, Li Q, Veeraraghavan VP, Mohan SK, Wang D, Liu F (2019) Green synthesis of
silver nanoparticles from Alpinia o�cinarum mitigates cisplatin-induced nephrotoxicity via down-
regulating apoptotic pathway in rats. Artif Cells Nanomed Biotechnol 47:3212–32
http://doi.org/10.1080/21691401.2019.1645158

https://doi.org/10.1016/j.physa.2019.123592
https://doi.org/10.3390/cosmetics7040089
http://doi.org/10.1111/j.1742-7843.2007.00129.x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.15806%2Fj.issn.2311-8571.2015.0026
https://doi.org/10.4103/1995-7645.272487
https://doi.org/10.1016/j.indcrop.2020.112583


Page 15/17

Tables
Table 1 The levels of serum total bilirubin, serum total protein, and serum albumin in different studied
groups

Groups Bilirubin (g/dl)   Total Pr (g/dl)    Serum Alb (g/dl)

Control .24±0.03c 6.70±0.56a 3.24±0.08a

CP-/AORE+ 0.15±0.05c 6.91±0.21a 3.34±0.12a

CP+/AORE- 1.875±0.17a 5.72±0.09b 2.99±0.09bc

CP+/AORE+100 1.85±0.12ab 5.53±0.35b 2.82±0.11c

CP+/AORE+200 1.35±0.23b 6.2825±0.36ab 3.23±0.05ab

CP+/AORE+400 1.55±0.12b 5.54±0.39b 2.93±0.16c

At each column, disparate lowercase letters show a signi�cant difference (p <0.05) between groups.

Table 2 Liver homogenate MDA contents and SOD activities among different studied groups

Groups MDA (nmol/g.tissue) SOD (U/g.tissue)

Control 62.17±3.44a 85.93±3.25a

CP-/AORE+ 58.40±1.87b 86.64±2.97a

CP+/AORE- 119.12±3.06c 47.87±1.63b

CP+/AORE+100 91.12±1.45d 55.63±2.04c

CP+/AORE+200 80.60±1.45e 62.55±1.75d

CP+/AORE+400 91.71±0.94d 53.42±1.09c

At each column, disparate lowercase letters show a signi�cant difference (p <0.05) between groups.

Table 3 Severity of histopathological damage in the rats’ liver
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Groups Number of rats Score

0 1 2 3

Control 6 6 0 0 0

CP-/AORE+                                            6 6 0 0 0

CP+/AORE-                                            8 0 1 2 5

CP+/AORE+100 8 0 5 3 0

CP+/AORE+200 8 0 7 1 0

CP+/AORE+400 8 0 6 2 0

Figures

Figure 1

The levels of the biochemical marker enzymes for liver damage in different studied groups. a: AST, b: ALT,
c: ALP, and d: LDH. Data are means ± SD. ###p < 0.001 vs. control group; $, p < 0.05; $$$, p < 0.001 vs.
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the CP+/AORE- group; ***, p < 0.001 vs. the CP+/AORE+100 group; ααα, p < 0.001 vs. the CP+/AORE+ 200
group

Figure 2

Photomicrographs of the liver tissue in rats. a: Control, b: CP-/AORE+, c: CP+/AORE-, d: CP+/AORE+100, e:
CP+/AORE+200, f: CP+/AORE+400 (H & E Staining)


