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Abstract
This study evaluated the hepatoprotective effect of oral administration of aqueous fraction of methanolic extract of Costus afer
leaves (CALAF) during induction of hepatocellular carcinoma (HCC) with diethylnitrosamine (DEN) in rats. The methanolic
leaf extract was fractionated into hexane, ethyl acetate, butanol, and aqueous fractions. The in vitro antioxidant potential of the
fractions were estimated by the assays of 2,2-diphenyl-1-picrylhydrazine and nitric oxide radical scavenging activity, ferric-
reducing antioxidant potential, and total antioxidant capacity. CALAF had themost antioxidant effect. Rats were orally pretreated
daily with CALAF at 100, 200, and 400 mg/kg or silymarin (hepatoprotective drug) at 50 mg/kg from 2 weeks prior to HCC
induction and through 6 weeks of HCC induction. The HCC induction was by a single intraperitoneal injection of DEN at 200
mg/kg as an initiator, followed 2 weeks later by daily oral administration of 2-acetylaminofluorene at 30 mg/kg as promoter. At
the end of HCC induction, levels of alpha-fetoprotein (AFP), liver function and antioxidants, gamma histone 2A family member
X (γH2AX), and O6-methylguanine-DNA methyltransferase (MGMT) expressions were determined. HCC rats treated with
CALAF at all doses had significantly (p < 0.05) reduced levels of AFP, aspartate aminotransferase, alanine aminotransferase,
superoxide dismutase, glutathione peroxidase, reduced glutathione, and γH2AX protein expression, whereas MGMT protein
expression was elevated when compared with untreated HCC rats. Thus, CALAF could be effective in protecting against DEN-
induced HCC in rats by ameliorating hepatic injury and genotoxicity.
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Introduction

Hepatocellular carcinoma (HCC) is a primary malignant
tumor that originates from the parenchymal cells of the
liver (Ahmad et al. 2019). It is the fifth and seventh most
common cancer in men and women, respectively (Xu et al.
2018) and the third leading cause of cancer-related deaths

globally (Llovet et al. 2016; Bray et al. 2018). Higher HCC
incidence was reported in Africa and Asia than in other
parts of the world (Mittal and El-Serag 2013). Major risk
factors for HCC include hepatitis B and C viral infection,
alcohol abuse, primary biliary cirrhosis, diabetes, nonalco-
holic steatohepatitis, and exposure to aflatoxin and nitro-
samines (Chedid et al. 2017).

Medicinal plant extracts play important role in the preven-
tion of HCC development (Fujiwara et al. 2017; Veeraraghavan
et al. 2015). Hence, there is a need to investigate the medicinal
properties of Costus species plant extract which have been re-
ported to possess antioxidant, hepatoprotective, and
hepatocurative properties (Anyakeme et al. 2014; Tcheghebe
et al. 2018; Boison et al. 2019) and exhibit anticancer and
apoptotic activities in vitro (Nair et al. 2014; Selim and Al-
Jaouni 2015; El-far et al. 2016).
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Costus afer is commonly known as bush cane or ginger lily
(Anaga et al. 2004), a moderately tall herbaceous monocot
rhizome found around the river banks and rain forest regions
of tropical West Africa (Aweke 2007) and widely consumed as
an ethno-medicinal herb in rural communities (Umoh et al.
2019). Several bioactive compounds found in C. afer leaves
include diosgenin, dioscin, flavonoid glycoside kaempferol, sa-
ponin aferosides, paryphyllin C, 3-O-α-L-rhamnopyranoside,
naphthalene 2,3-dimethyl, naphthalene 1,6-dimethyl, phenol-
2,4-bis(1,1-dimethylethyl)-, phytol, 2(4H)-benzo-
furanone,5,6,7,7a-tetrahydro-4,4,7a-trimethyl (Lin et al. 1996,
1997; Anyasor et al. 2015). These bioactive components of the
extract, including a number of antioxidants, could counteract
the induction of HCC (Hassan et al. 2016; Su et al. 2019).
Therefore, this present study evaluated the hepatoprotective
effect of aqueous fraction ofmethanolic extract ofC. afer leaves
during induction of HCC with diethylnitrosamine in rats.

Materials and methods

Chemicals

The following chemicals were used: diethylnitrosamine
(DEN) (Sigma-Aldrich, USA), 2-acetylaminofluorene (2-
AAF) (Sigma-Aldrich, USA), O6-methylguanine-DNA-meth-
yltransferase (MGMT) kit (Cohension Biosciences,
Germany), gamma histone 2A, family member X
(γH2AFX) kit (Cusabio Technology, China), silymarin (a ref-
erence hepatoprotective drug; Sigma-Aldrich, St. Louis, MO),
alanine aminotransferase kit (Randox, United Kingdom), and
aspartate aminotransferase kit (Randox, United Kingdom).

Plant material

Costus afer leaves were collected from a farmland at 6° 53′ N
and 33° 44′E in Irolu, Ikenne Local Government, Ogun State. It
was identified, authenticated, and assigned a voucher specimen
number at the Forestry Herbarium Ibadan (FHI) as FHI-
108001.

Extraction and partitioning procedures

Costus afer leaves were thoroughly washed and oven dried at
40 °C. The dried leaves were pulverized using a mechanical
grinder. Six hundred and twenty grams of pulverized leaf
samples was extracted using 4960 mL 70% methanol with
intermittent shaking for 72 h. The extract obtained was filtered
using Whatman No. 1 filter paper, and the filtrates were sub-
sequently concentrated using a rotary evaporator (Buchi
Rotavapor RE-3; Buchi Labortecknic AG, Switzerland) at
30 °C. The concentrates were reconstituted with distilled wa-
ter in 1:2 ratio and partitioned using successive solvent

method to obtain hexane (CALHF), ethyl acetate (CALEF),
butanol (CALBF), and aqueous (CALAF) fractions. The frac-
tions were concentrated again using the rotary evaporator at
30 °C and kept at 4 °C as stock until further use.

Determination of antioxidant activity in vitro

2,2-Diphenyl-1-picrylhydrazyl assay

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity of C. afer leaf fractions was determined by following
the method described by McCune and Johns (2002). The re-
action mixture consisted of 1.0 mL DPPH (0.3 mM) and 2.5
mL of 50, 100, 250, 500, and 1000 μg/mL C. afer fractions or
gallic acid (served as standard) prepared in 10% dimethyl
sulfoxide (DMSO). The reaction mixture was mixed and in-
cubated in the dark for 30 min, and afterward, the absorbance
was measured at 517 nm using a double-beam UV–visible
spectrophotometer (Shimadzu Double Beam UV-2600,
Nakagyo-Ku, Kyoto, Japan).

The percentage inhibition (I%) was calculated using the
following formula:

I% ¼ A0−A1½ �=A0 � 100

where, A0 is absorbance of control and A1 is absorbance of test.
The fifty percent inhibitory concentration (IC50) was ex-

trapolated from a linear regression plot of the percentage in-
hibition against concentration of the test fraction/standard.
The assay was performed in triplicates.

Nitric oxide scavenging activity assay

The nitric oxide radical scavenging activity of C. afer leaf
fractions was determined following the method described by
Ebrahimzadeh et al. (2010). Two milliliters of 10 mM sodium
nitroprusside was dissolved in 0.5 mL phosphate-buffered sa-
line (pH 7.4) mixed with 0.5 mL of 0.2, 0.4, 0.6, 0.8, and 1.0
mg/mL of C. afer fractions, 70% methanol as control and
gallic acid as standard. The mixture was incubated at 25 °C
for 150 min after which 0.5 mL of the incubated solution was
withdrawn and mixed with 0.5 mL Griess reagent. The Griess
reagent mixture was incubated at 25 °C for 30 min.
Subsequently, the absorbance was measured at 546 nm using
a double-beam UV–visible spectrophotometer (Shimadzu
Double Beam UV-2600, Nakagyo-Ku, Kyoto, Japan). The
amount of nitric oxide radical inhibition was calculated using
the following equation:

%inhibition ¼ A0−A1½ �=A0 � 100

where Ao is the absorbance before reaction with Griess re-
agent and A1 is the absorbance after reaction has taken place
with Griess reagent.
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The fifty percent inhibitory concentration (IC50) was ex-
trapolated from a linear regression plot of the percentage in-
hibition against concentration of the test fraction/standard.
The assay was performed in triplicates.

Ferric-reducing antioxidant potential assay

Ferric-reducing antioxidant potential (FRAP) of C. afer leaf
fractions was determined using the method described by
Benzie and Strain (1996). Seventy-five microliters of C. afer
leaf fractions was added to 2 mL of ferric reducing antioxidant
potential reagent to form an intense blue Fe2+-2,4,6-tripyridyl-
S-triazine complex, and the optical density was read at 593 nm
after 2 min using a double-beam UV–visible spectrophotom-
eter (Shimadzu Double BeamUV-2600, Nakagyo-Ku, Kyoto,
Japan). The assay was performed in triplicate, and a standard
linear curve for gallic acid was plotted. Total phenolic content
was extrapolated from the curve, and values were expressed as
mg gallic acid equivalent (GAE)/g.

Total antioxidant capacity assay

Total antioxidant capacity (TAC) of C. afer leaf fraction was
determined using the method described by Prieto et al. (1999).
An aliquot of 0.1 mL 1 mg/mL varying concentrations of
C. afer leaf fractions was combined with 1 mL of molybdate
reagent solution in a test tube. The test tubes were incubated in
a water bath at 95 °C for 90 min. Subsequently, the samples
were cooled to room temperature, and the absorbance of the
reaction mixture was measured at 695 nm using a double-
beam UV–visible spectrophotometer (Shimadzu Double
Beam UV-2600, Nakagyo-Ku, Kyoto, Japan). The assay
was performed in triplicate, and a standard linear curve for
gallic acid was plotted. Total phenolic content was extrapolat-
ed from the curve, and values were expressed as mg gallic acid
equivalent (GAE)/g.

Experimental animals

Forty-two adult male Albino rats (Wistar strain) weighing 100
to 200 g were housed in properly ventilated polypropylene
cages lined with dried wood shavings as bedding under room
temperature. Twelve hours photoperiod of light and dark cy-
cles was maintained. Rats were fed with a commercial pellet
diet (Ladokun Pelleted Feeds, Ibadan) and water ad libitum.
The animals were allowed to acclimatize for 14 days at the
Babcock University Animal Facility. The animals were prop-
erly handled following ethical standards and protocols
established for the care and use of laboratory animals by the
National Institutes of Health (2011) and Babcock University
Health, Research and Ethics Committee (BUHREC) with cer-
tificate number BUHREC 715/18.

Acute toxicity study

Acute toxicity study to assess the safe dose for the adminis-
tration of C. afer aqueous leaf fraction to experimental rats
was performed in accordance to the guideline set by the
Organization for Economic Cooperation Development
(2001). A rat was orally administered with 5000 mg/kg body
weight (b.w.) CALAF after fasting overnight. The animal was
observed for 24 h for any clinical sign of toxicity, such as a
change in fur color, accelerated breathing, and mortality. The
animal survived without noticeable sign of toxicity.
Subsequently, five male rats were selected randomly and sub-
jected to the same protocol for 72 h and no mortality was
recorded. The 5000 mg/kg b.w. CALAF was considered safe,
and doses of 100, 200, and 400 mg/kg b.w. were adopted for
the animal study.

Experimental hepatocellular carcinoma model

Diethylnitrosamine (DEN) was used to chemically induce
the formation of hepatocellular carcinoma (HCC) in rats
following the method described by Amereh et al. (2017).
The rats were fasted (without feed alone, while water was
given ad libitum) for 96 h as a stimulant for the develop-
ment of hepatocarcinogenesis. Subsequently, each rat was
injected intraperitoneally with a single dose of DEN at 200
mg/kg b.w. to initiate hepatocarcinogenesis, and re-feeding
commenced for the remaining duration of the study. Two
weeks later, 30 mg/kg b.w. of 2-AAF was orally adminis-
tered once daily for 2 weeks to promote the development of
liver cancer. HCC was investigated by measurement of
HCC markers (alpha-fetoprotein (AFP), λH2AX, and
MGMT proteins) and liver function markers (alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)
activities) and by histological evaluation.

Experimental design

Experimental rats were randomly divided into six groups
of six rats each. Group 1: control rats (no HCC induc-
tion; negative control); group 2: untreated HCC rats
(positive control); group 3: HCC rats treated with
silymarin (reference hepatoprotective drug) at 50 mg/kg
(Vargas-Mendoza et al. 2014). Groups 4 to 6: HCC rats
treated with CALAF at 100, 200, and 400 mg/kg b.w.,
respectively. The treated groups (3 to 6) were daily ad-
ministered with silymarin or CALAF orally by gavage
for 2 weeks before HCC induction and 6 weeks during
HCC induction, within 8 weeks of treatment after which
the animals were anesthetized using diethyl ether and
sacrificed to obtain blood and liver samples for analysis.
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Blood and liver sample preparations

Immediately after animal sacrifice, whole blood samples were
collected through cardiac puncture using hypodermal syringes
into lithium heparinized bottles and plain bottles. The
anticoagulated and clotted blood samples were centrifuged at
4200 rpm for 5 min to separately obtain plasma and serum for
biochemical analysis, such as alpha-fetoprotein (AFP) and
liver function enzymes. Liver samples were dissected out,
washed immediately in ice-cold saline buffer, blotted with a
filter paper, and weighed afterward. The liver samples were
divided into two portions, one portion for immunohistochem-
ical study and the other portion was homogenized in 0.1 M
Tris-HCl buffer (pH 7.4) with a Teflon homogenizer. The
liver homogenates were used to assay for antioxidant and
membrane-bound enzyme activities.

Evaluation of biochemical and immunohistochemical
assays

Alpha-fetoprotein (AFP) assay was carried out in accordance
with the steps described in serum AFP enzyme-linked immu-
nosorbent assay (ELISA) kit. Plasma alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) activities were
determined following the description in Randox diagnostic
kits. Assessment of λH2AX and O6-methylguanine-DNA
methyltransferase (MGMT) protein levels were determined
in the liver samples following the standard immunohisto-
chemical staining kit procedure. Immunohistochemistry of
paraffin-embedded liver samples was done post-fixation of
liver samples with 10% buffered formalin as described by
Oyagbemi et al. (2015). Paraffin sections were melted at 60
°C in the hot air-oven. Dewaxing of the liver samples in xy-
lene was followed by passage through graded ethanol.
Peroxidase quenching with 1% H2O2/methanol was followed
by antigen retrieval performed by microwave heating in 0.01
mol/L citrate buffer (pH 6.0) to boil. The liver sections were
blocked in goat serum and probed with anti-λH2AX and
MGMT antibodies in 1:200 ratio overnight at room tempera-
ture. Detection of bound antibody was carried out using bio-
tinylated (goat anti-rabbit, 2.0 μg/mL) secondary antibody
and, subsequently, streptavidin antibody peroxidase
(horseradish peroxidase-streptavidin) according to protocol.
The reaction was enhanced with diaminobenzidine (DAB,
Amresco, USA) for 2 to 3 min and counterstained with high
definition hematoxylin (Enzo, New York, USA) with dehy-
dration in ethanol. The slides were covered with coverslips
and sealed with resinous solution. The immune-reactive pos-
itive expressions of λH2AX and MGMT intensive regions
were viewed starting from low magnification using
photomicroscope (Olympus) and a digital camera (Toupcam;
Touptek Photonics, Zhejiang, China). The assessment of
immune-reactive positive expression of λH2AX and MGMT

was carried out digitally using quantification software (ImageJ
1.48 v; National Institutes of Health, Bethesda, MD, USA).
Five photomicrographs were analyzed per group for λH2AX
and MGMT.

Determination of hepatic antioxidants

The following antioxidant activities were estimated using liver
homogenates: superoxide dismutase (SOD) activity was de-
termined in accordance with the method described byMcCord
and Fridovich (1969). Reduced glutathione (GSH) level was
assayed using the method described by Buetler et al. (1963).
Glutathione peroxidase (GPx) activity was determined using
the method described by Flohe and Gunzler (1984).

Statistical analysis

Data were expressed as means ± standard deviations. Linear
regression of the percentage inhibition on the concentration of
extract fractions or standard was carried out to determine the
50% inhibitory concentration (IC50) values. The means were
compared using one-way analysis of variance (ANOVA),
followed by Tukey’s test with statistical significance set at p
< 0.05 using GraphPad Prism® version 6.0.

Results

Data in Figs. 1 and 2 show that varying concentrations of the
leaf fractions and standard gallic acid scavenged DPPH and
NO• radicals. DPPH 50% inhibitory concentration (IC50)
values showed that CALAF had high scavenging activity
when compared with CALHF, CALEF, and CALBF. In ad-
dition, NO• IC50 values showed that CALAF had high scav-
enging activity when compared with CALHF, CALBF, and
CALEF. The NO• scavenging activity of CALAF was com-
parable to standard gallic acid (Table 1). Further studies
showed that CALAF had high FRAP and TAC values when
compared with CALHF, CALBF, and CALEF (Table 1).

Table 2 shows that animals in group 2 had serumAFP level
that was significantly (p < 0.05) higher than group 1. Animals
in group 3 to 6 had significantly reduced (p < 0.05) serum
AFP when compared with group 2. Groups 4 to 6 had reduced
serum AFP levels. Furthermore, animals in groups 3 to 6 had
significantly (p < 0.05) reduced plasma ALT and AST, re-
spectively, when compared with ALT and AST activities in
group 2. Group 6 had significantly (p < 0.05) reduced plasma
ALT and AST activities when compared with group 3.

Figure 3 shows the immunohistochemical sections of liver
γH2AX protein expressions. Group 1 suggests a normal he-
patic architecture, whereas group 2 indicates disordered ar-
rangement of dysplastic hepatocytes, loss of lobular architec-
ture, trabecular growth pattern, lack of normal parenchymal
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portal tracts, and high λH2AX protein expression identified by
pronounced brown patches. Group 4 to 6 liver sections sug-
gested restoration of hepatic architecture with reduced γH2AX
protein expression. In addition, data in Fig. 4 show the quan-
titative analysis of γH2AX protein expression. Group 1 (38.02
± 3.84%), group 3 (31.26 ± 8.90%), group 4 (35.37 ± 2.97%),

group 5 (33.62 ± 4.07%), and group 6 (31.48 ± 2.33%) had
significantly reduced (p < 0.05) γH2AX protein levels when
compared with group 2 (47.28 ± 1.10%). Figure 5 shows the
immunohistochemical sections of liver MGMT protein expres-
sions. Group 1 suggests normal histoarchitecture whereas
group 2 indicates an altered histoarchitecture with reduced

Fig. 2 Percentage inhibition of nitric oxide radical by Costus afer leaf
fractions. CALHF, Costus afer leaf hexane fraction; CALEF, Costus afer

leaf ethyl acetate fraction; CALBF, Costus afer leaf butanol fraction;
CALAF, Costus afer leaf aqueous fraction

Fig. 1 Percentage inhibition of 2,2-diphenyl 1-picrylhydrazyl (DPPH) by
Costus afer leaf fractions. CALHF, Costus afer leaf hexane fraction;

CALEF, Costus afer leaf ethyl acetate fraction; CALBF, Costus afer leaf
butanol fraction; CALAF, Costus afer leaf aqueous fraction

Comp Clin Pathol (2020) 29:733–744 737



MGMT protein expression. Furthermore, data in Fig. 6 show
that groups 3 to 6 had restored liver histoarchitecture with
elevated MGMT protein expression. Furthermore, group 1
(93.83 ± 2.55%), group 3 (92.80 ± 3.15%), group 4 (92.85 ±
3.63%), group 5 (93.75 ± 3.04%), and group 6 (95.59 ±
1.25%) had significantly (p < 0.05) elevated MGMT protein
expression when compared with group 2 (76.87 ± 2.48%).

Data in Table 3 show that GSH level and SOD and GPx
activities were significantly (p < 0.05) elevated in group 2
when compared with the values in group 1. However, animals
in groups 4, 5, and 6 had significantly (p < 0.05) reduced GSH
levels and SOD and GPx activities, respectively, when com-
pared with group 2. Group 3 also had significantly (p < 0.05)
reduced GSH, SOD, and GPx activities when compared with
group 2.

Discussion

In this present study, the results showed that CALAF exhibit-
ed the strongest DPPH scavenging activity when compared
with the other test fractions. This indicates that CALAF could
possess high antioxidant activity with the capacity to donate
hydrogen ion, a key event involved in the quenching of the

deleterious reactive oxygen species. This finding also suggests
that CALAF could contain polar antioxidant compound(s).
This seems to corroborate with the previous reports that most
antioxidant compounds possess polar functional groups
(Prashant et al. 2011; Lourenço et al. 2019). Previous findings
have shown that aqueous extract of plant leaves exhibits high
antioxidant activity, partly due to the presence of polyphenolic
compounds (Castro-López et al. 2019). Findings from our
laboratory had shown that polyphenolic compounds in
C. afer leaf aqueous fraction are largely responsible for its
pharmacological activities (Anyasor et al. 2014). Other re-
searchers have also shown that plant polyphenolic compounds
play an important role in cancer prevention and treatment
through their antioxidant mechanism of action (Ezejiofor
and Orisakwe 2017).

CALAF had high NO• scavenging activity and FRAP
when compared with the other test fractions. These findings
suggest that CALAF perhaps could mitigate the NO-induced
nitrosylation of DNA bases. The nitrosylation of DNA bases
has been demonstrated to impair DNA repair mechanism
causing genotoxicity (Salvatore and Giuseppe 2018). An ele-
vated generation of NO• has been linked to hyperdynamic
circulation and cytotoxic effect observed in liver cirrhosis
and could lead to hepatic dysfunction and severe hepatic

Table 1. 2,2-Diphenyl 1-
picrylhydrazyl (DPPH) and nitric
oxide radical (NO•) scavenging
activities, ferric-reducing antioxi-
dant potential (FRAP), and total
antioxidant capacity (TAC) of
Costus afer leaf fractions

C. afer leaf fractions FRAP

(mg GAE/g)

TAC

(mg GAE/g)

IC50

DPPH

(50–1000 μg/mL)

NO•

(0.2–1 mg/mL)

CALHF 40.90 ± 1.86c 324.8 ± 9.19c 448.30 0.04

CALEF 12.62 ± 0.78a 45.67 ± 11.17b 2162.00 0.64

CALBF 25.38 ± 5.05b 17.78 ± 13.90a 6892.00 0.10

CALAF 58.04 ± 2.64d 439.4 ± 33.38d 327.80 0.03

Gallic acid – – 82.73 0.03

FRAP, ferric-reducing antioxidant potential; TAC, total antioxidant capacity; DPPH, 2,2-diphenyl 1-
picrylhydrazyl; NO•, nitric oxide radical; GAE, gallic acid equivalent; CALHF, Costus afer leaf hexane fraction;
CALEF, Costus afer leaf ethyl acetate fraction; CALBF, Costus afer leaf butanol fraction; CALAF, Costus afer
leaf aqueous fraction; IC50, 50% inhibitory concentration

Different symbols across column indicate values are significantly different at p < 0.05

Table 2 Effects of Costus afer leaf aqueous fraction (CALAF) on alpha-fetoprotein, alanine aminotransferase (ALT), and aspartate aminotransferase
(AST) activities in rats during chemical induction of hepatocellular carcinoma

Plasma parameters Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Alpha-fetoprotein (%) 0.10 ± 0.00a 39.00 ± 2.54f 21.00 ± 2.11d 26.00 ± 2.87e 9.00 ± 1.02c 6.00 ± 0.57b

ALT (U/L) 11.26 ± 0.11a 95.54 ± 2.11f 30.64 ± 2.09c 70.78 ± 2.18e 45.63 ± 0.47d 12.38 ± 0.12b

AST (U/L) 9.04 ± 0.01a 94.37 ± 0.31f 46.29 ± 5.33c 77.63 ± 0.31e 62.61 ± 0.54d 13.30 ± 0.53b

HCC, hepatocellular carcinoma; CALAF, indicates Costus afer leaf aqueous fraction

Values are presented as mean ± S.D. Different letters indicate values are significantly different at p < 0.05; group 1: normal; group 2: untreated control;
group 3: 50 mg/kg b.w. silymarin; group 4: 100 mg/kg b.w. CALAF; group 5: 200 mg/kg b.w. CALAF; and group 6: 400 mg/kg b.w. CALAF

Comp Clin Pathol (2020) 29:733–744738



injury (Vairappan 2015). FRAP data suggest that CALAF
could inhibit the generation of hydroxyl and hydroxide ions
which are by-products of Fenton reaction (Sudan et al. 2014).
More so, CALAF had high TAC when compared with the
other test fractions. CALAF antioxidant property could per-
haps explain the ethnomedical use ofC. afer leaves as therapy
in the management of hepatic disorder as reported by

Ezejiofor et al. (2013). Hence, the selection of CALAF as
the test agent is to be investigated in the animal experiment.

The animal study revealed that CALAF-treated groups had
reduced serum AFP level compared with the untreated control
group. This suggests that CALAF could possess anticancer
property. Previous reports have shown that 60% to 80% of
HCC patients presented with high AFP levels (Biselli et al.

Fig. 3 Photomicrograph sections showing the effects of 100, 200, and
400 mg/kg b.w. Costus afer leaf aqueous fraction (CALAF) on immuno-
histochemical λH2AX expression in rats induced with HCC (×400). Thin
sections of liver tissue stained with a polyclonal antibody against
λH2AX, detected by a biotinylated immunoglobulin G (IgG) secondary
antibody and streptavidin-horseradish peroxidase, followed by 3,3′-di-
aminobenzidine (DAB) for color detection and counterstained with he-
matoxylin. Group 1: normal group shows a normal hepatic architecture;

group 2: HCC group shows disordered arrangement of dysplastic hepa-
tocytes, loss of lobular architecture, trabecular growth pattern, lack of
normal parenchymal portal tracts (orange arrow), and high λH2AX ac-
tivity identified by pronounced brown patches (blue arrow); group 3:
silymarin group indicated reduced distortion of hepatocytes; groups 4,
5, and 6: show restoration of hepatic architecture. Blue arrow represents
λH2AX activity; orange arrow represents disordered arrangement of
hepatocytes

Fig. 4 Effects of varying doses of
Costus afer leaf aqueous fraction
on immunohistochemical
γH2AX expression in the liver
during chemical induction of
hepatocellular carcinoma in rats.
Different symbols indicate
significantly different at p < 0.05;
CALAF,Costus afer leaf aqueous
fraction; DEN,
diethylnitrosamine; 2-AAF, 2-
acetylaminoflourene; γH2AX,
gamma histone 2A, family mem-
ber X; group 1: normal; group 2:
untreated control; group 3: 50
mg/kg b.w. silymarin; group 4:
100 mg/kg b.w. CALAF; group
5: 200 mg/kg b.w. CALAF; and
group 6: 400 mg/kg b.w. CALAF
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2015; Chou et al. 2018). It has also been demonstrated that
high AFP level inhibits caspase 3 apoptotic activity by altering
caspase 8 activity through colocalization at its active domain
(Park et al. 2017). Hence, the reduced serum AFP levels in
CALAF-treated rats could be suggestive of CALAF promo-
tion of caspase 3 apoptotic activity as a mechanism to mitigate
DEN-induced HCC. Furthermore, the reduction in serumAFP

level in CALAF-treated rats might be attributable to the pres-
ence of cytoprotective bioactive compounds including poly-
phenols, such as phenol 2,4-bis(1,1-dimethylethyl) (Anyasor
et al. 2015), and sapogenins, such as diosgenin (Shiraishi et al.
2000). Moreover, the anticancer property of CALAF could be
attributed to the presence of diosgenin. Diosgenin, a steroidal
sapogenin isolated from C. afer (Lin et al. 1996) and Costus

Fig. 5 Photomicrograph sections showing the effects of 100, 200, and
400 mg/kg b.w. Costus afer leaf aqueous fraction (CALAF) on immuno-
histochemical MGMT expression in rats during chemical induction of
hepatocellular carcinoma (×400). Black arrow represents MGMTprotein.
Thin sections of liver tissue stained with a polyclonal antibody against
MGMT, detected by a biotinylated IgG secondary antibody and

streptavidin-horseradish peroxidase, followed by 3,3′-diaminobenzidine
(DAB) for color detection and counterstained with hematoxylin. Group 1:
had normal liver histoarchitecture and MGMT protein expression; group
2: untreated HCC induced group indicates an altered histoarchitecture
with reduced MGMT protein expression level; groups 3 to 6: indicates
restored histoarchitecture with elevated MGMT expression levels

Fig. 6 Effects of varying doses of
Costus afer leaf aqueous fraction
(CALAF) on MGMT expression
in in the liver of rats during
chemical induction of hepatocel-
lular carcinoma. Different sym-
bols indicate significantly differ-
ent at p < 0.05; CALAF, Costus
afer leaf aqueous fraction; DEN,
diethylnitrosamine; 2-AAF, 2-
acetylaminoflourene; MGMT,
O6-methylguanine-DNA-
methyltransferase (MGMT);
group 1: normal; group 2: un-
treated control; group 3: 50mg/kg
b.w. silymarin; group 4: 100
mg/kg b.w. CALAF; group 5:
200 mg/kg b.w. CALAF; and
group 6: 400 mg/kg b.w. CALAF
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speciosus had been reported to exhibit anticancer and apopto-
tic effects on cell proliferation (Selim and Al-Jaouni 2015). In
addition, diosgenin has been shown to inactivate the STAT3
signaling pathway in HCC by inhibiting c-SRC, JAK1, and
JAK2 (Li et al. 2010; Sethi et al. 2018).

Plasma AST and ALT are sensitive markers employed in
the detection of hepatic damage due to their native cytoplas-
mic location, and, hence, release into the blood circulation is
an indicator of tissue damage. Investigation of these markers
reflects mechanisms of cellular damage, subsequent release of
proteins, their extracellular turnover, and mechanisms of HCC
process (Jahan et al. 2011). The assessment of the hepatic
function showed that animals in group 2 had significantly
elevated plasma ALT and AST activities than group 1 where-
as silymarin- and CALAF-treated groups had reduced plasma
ALT and AST activities. This indicates that DEN-induced
HCC had a toxic effect on hepatic cells, probably through
increased membrane permeability and necrosis of hepatocytes
causing enhanced leakages of ALT and AST into the blood.
Conversely, data showed that CALAF exhibited hepatopro-
tective effect on DEN-induced HCC rats. Previous work had
shown that hepatic injury is a key factor that instigates tumor
formation in DEN-induced carcinogenesis (Tolba et al. 2015).
Hence, it seems that the hepatoprotective capacity of CALAF
might have contributed to its anticancer activity.

Immunohistochemical analysis showed an increased
λH2AX expression in group 2 than CALAF-treated groups 4
to 6. This indicates that CALAF might have protected the an-
imals against alkylation of DNA structure thereby preventing
DNA strand break, which is one of the early events that initiate
the process of hepatocellular carcinogenesis. Previous report
had shown λH2AX as a sensitive metabolite for targeting
DNA strand breaks and a pronounced expression of this marker
serves as an indicator of mutagenic activity (Ivashkevich et al.
2012). Furthermore, groups 3 to 6 had elevatedMGMT protein
expression when compared with group 2. This indicates that
silymarin and CALAF might have mitigated DEN-generated
toxic-reactive metabolites that interfere with the DNA repair
mechanism. Previous investigations have shown that methylat-
ing agents, like DEN, generate reactive electrophilic species as

a by-product of metabolism that alkylate and form adducts at
the N- and O-atoms in DNA bases, generating O6-
methylguanine (Kaina et al. 2007; Kaina and Fahrer 2013).
However, DNA base alkylation can be removed by the DNA
repair geneMGMT (Jacinto and Esteller 2007; Soll et al. 2016).
Hence, the elevation in MGMT protein expression suggests
reduced carcinogenesis in the CALAF-treated animals.

Investigation of the status of endogenous antioxidant
in vivo showed that animals in the untreated group had signif-
icantly elevated GSH level and SOD and GPx activities, when
compared with normal, silymarin-, and CALAF-treated
groups. This suggests that the endogenous antioxidant defense
systemmight have been triggered to counteract the heightened
oxidative stress elicited by the highly reactive by-products of
DEN, such as methyl diazonium and carbonium ions, in group
2 animals. In addition, 2-nitrosofluorene, a metabolite of 2-
AAF induces redox cycling leading to superoxide anion pro-
duction capable of causing damage to DNA. It has also been
reported that oxidative stress plays a crucial role during the
initiation and progression of HCC (Hussain et al. 2000; Sasaki
et al. 2006). The oxidative stress in livers of HCC rats might
be attributed to DEN metabolized in the livers by cytochrome
p450 enzymes, and the reactive metabolites are mainly re-
sponsible for the hepatotoxic effects. These reactive metabo-
lites induce oxidative stress and cytotoxicity by damaging
biomolecules, such as DNA, lipids, and proteins (Verna
et al. 1996).

During carcinogenesis, tumor cells protect themselves
against increased oxidative stress through the sequestration
of intracellular GSH concentration (Chen et al. 2017).
Similar findings were also observed in rat hepatoma tissues
and human HCC tissue (Huang et al. 2010; Marengo et al.
2010). In addition, overproduction of GSH has been reported
in breast and ovarian tumor tissue (Snezhkina et al. 2019).
Glutathione peroxidase (GPx) is known to detoxify hydrogen
peroxide and organic hydroperoxides using GSH as
cosubstrate (He et al. 2017; Sarikaya and Dogan 2020).
Previous work had shown an elevated GSH-dependent GPx
status in hepatocellular carcinoma (Chen et al. 2017). Hence,
reduction in GSH concentration and SOD and GPx activities

Table 3 Effects ofCostus afer leaf fraction (CALAF) on hepatic reduced glutathione (GSH), superoxide dismutase (SOD), and glutathione peroxidase
(GPx) levels in rats during chemical induction of hepatocellular carcinoma

Liver antioxidant parameters Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

GSH (U/μg protein) 12.75 ± 3.89a 63.63 ± 4.91f 30.41 ± 2.00b 48.23 ± 4.30e 40.99 ± 2.53d 33.94 ± 1.85c

SOD (U/μg protein) 55.24 ± 4.44a 94.29 ± 6.78e 68.57 ± 5.40b 87.62 ± 4.60d 75.90 ± 1.52c 62.38 ± 3.41b

GPx (U/μg protein) 0.05 ± 0.02a 0.21 ± 0.03f 0.15 ± 0.01e 0.12 ± 0.01d 0.10 ± 0.01c 0.04 ± 0.01b

HCC, hepatocellular carcinoma; CALAF, indicates Costus afer leaf aqueous fraction

Values are presented as mean ± S.D. Different letters indicate values are significantly different at p < 0.05; group 1: normal; group 2: untreated control;
group 3: 50 mg/kg b.w. silymarin; group 4: 100 mg/kg b.w. CALAF; group 5: 200 mg/kg b.w. CALAF; and group 6: 400 mg/kg b.w. CALAF
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in CALAF-treated groups could be attributed to the antioxi-
dant effect of CALAF thereby conferring further protection in
DEN-induced HCC animals.

Conclusion

The plant extract, CALAF, possesses hepatoprotective effect
on DEN-induced HCC in rats. The anticancer mechanism of
action of CALAF might possibly be through its antioxidants
and effects on γH2AX and MGMT protein expressions.
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