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ABSTRACT

Background. Colorectal cancer remains the third dominant cancer and is one of the leading cancer-related 
deaths in the world. The current investigation explores the chemoprotective roles of Ficus exasperata against 
inflammation and oxidative stress in 1,2-dimethylhydrazine (DMH)-induced colorectal cancer in rats. Some 
bioactive compounds were also isolated. 
Material and methods. Forty-eight Wistar rats were grouped in 8 cages; group 1; control, group 2 was treat-
ed with 500mg/kg body weight of extract, group 3 received DMH twice a week, group 4 was treated with 
both the extract (500mg/kg b.w) and DMH, group 5 was treated with the extract (750mg/kg b.w) and DMH, 
group 6 was pretreated with the extract before DMH administration, group 7 was given DMH before the com-
mencement of extract and group 8 was given the carcinogen and treated with 12.5mg/kg b.w of 5-fluoroura-
cil simultaneously. Using high-performance liquid chromatography some bioactive compounds were isolat-
ed from the leaves extract of Ficus exasperata. 
Results and conclusions. The bioactive compounds present in high quantity include; alpha-caryophyllene, 
isoquinoline, quercetin, kaempferol and rutin. After the 12th week, the animals were sacrifi ced. Total protein, 
catalase, superoxide dismutase and glutathione peroxidase activities were statistically signifi cantly lower 
in group 3 (p < 0.05) compared with other groups. Gene expression of the Interleukins and cyclooxygenase 
2 were statistically reduced and signifi cant in all the groups except group 3. The extract suppressed the 
inflammatory cascade and also boosted antioxidant activities. This might be a result of some anticancer 
compounds that were discovered during the isolation of the compounds present in the plant.
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Introduction

Colon cancer remains a challenge to human 
health. Cancer of the colon is common in both 
developed and developing countries. This cancer 
is also a major cause of death in both males and 
females which affects both the old and young [1]. 
Genetics, epigenetics and environmental factors 
are the causative agents of colorectal cancer. The 
cancer of the colon is accompanied by inflamma-
tion, a product of the immune response, proin-
flammatory and anti-inflammatory cytokines play 
different roles in tumor progression [2]. Tumor 
necrosis factor (TNF)-α, interleukin (IL)-6, and 
IL-1β, are proinflammatory cytokines that acceler-
ate tumor progression [3]. Inflammation activates 
the Janus kinase/signal transducers and activa-
tors of transcription (JAK-STAT) and nuclear fac-
tor (NF)–κB signaling pathways hereby promoting 
the proliferation of cells, migration, and invasion. 
inflammatory pathway [4–5]. Inhibition of the 
inflammatory cascade slows cancer cell growth 
and delays tumor progression [6]. Oxidative stress; 
an imbalance between reactive oxygen species 
and antioxidants is another factor implicated in 
the development of colorectal cancer [7].

Despite innovations and advancements in tech-
nology toward the production of a permanent cure 
for colon cancer, there remain setbacks and draw-
backs as a result of the adverse effects of syn-
thetic chemicals released by the drugs used in the 
treatment of this ailment. Natural products, espe-
cially those derived from plants, have been used 
to help mankind sustain its health since the dawn 
of medicine [8]. Herbal and natural medicine with 
lower side effects is crucial for lowering the mor-
tality and morbidity rate related to colorectal can-
cer. Plants’ active ingredients serve as a promising 
treatment with little or no adverse effects. Reports 
have shown that plants contain numerous active 
compounds ranging from antimicrobial, anthelm-
intic, antidiabetic, antihypertensive and anticancer 
compounds [9–10]. The presence of these active 
biological molecules is responsible for the medic-
inal and therapeutic contribution of plants in the 
treatment of various diseases [11–12]. 

The current investigation isolated some bio-
active compounds present in Ficus exasperata 
and also explored the chemoprotective roles of 
Ficus exasperata against inflammation and oxi-
dative stress in 1,2-dimethylhydrazine (DMH)-

induced colorectal cancer in rats. 1,2- dimethyl-
hydrazine (DMH) is a specifi c colon procarcino-
gen [13]. It has been shown in animal studies that 
experimental colonic tumors induced by DMH 
were similar in histology, morphology and anato-
my to human colonic neoplasms [14]. 

Material and methods

Plant Extract and Preparation
The Ficus exasperata leaves was obtained from 
a local garden in Benin City and were authenticat-
ed by Dr. Akinnibosun of the Department of Plant 
Biology and Biotechnology of the University of 
Benin. The voucher number was UBH-F319. The 
plucked leaves were dried under shade for some 
weeks, after which it was ready for pulverization. 
Extraction was carried out by soaking the pulver-
ized Ficus exasperata leaves in methanol for 72 
hours. Extracts were concentrated over a rotary 
evaporator, freeze-dried, and stored in an airtight 
container in the freezer.

Experimental Animals
A total of 48 male Wistar rats weighing above 150g 
were kept in different cages and given 14 days 
to acclimatize under typical laboratory circum-
stances. The 48 Wistar rats were grouped into 8 
different cages of 6 rats each. Written approval 
for the study was obtained from the Research 
Ethics Committee Guideline Principles on Han-
dling of Animals of the Faculty of Life Sciences, 
University of Benin, and was strictly adhered to. 

Group 1: ›  Control group (feed only).
Group 2: ›  Leaf Extract only (500mg/kg b.w) for 
12 weeks.
Group 3: ›  DMH only (40mg/kg b.w) for 12 weeks.
Group 4: ›  Leaf Extract (500mg/kg b.w) + DMH 
(40mg/kg b.w) for 12 weeks.
Group 5 ›  Leaf Extract (750mg/kg b.w) + DMH 
(40mg/kg b.w) for 12 weeks.
Group 6:  › Leaf extract for 4 weeks before DMH 
(500mg/kg and 40mg/kg respectively).
Group 7: ›  DMH for 8 weeks before leaf extract 
(40mg/kg and 500mg/kg respectively).
Group 8:  › 5fluorouracil (12.5mg/kg b.w) + DMH 
(40mg/kg b.w).
The stock solution of the extract was prepared 

and kept refrigerated at 4oC. For the groups that 
received DMH, it was administered subcutaneous-
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ly twice a week, while leaf extracts were adminis-
tered orally. 5-fluorouracil was administered intra-
peritoneally. The experiment lasted for 12 weeks. 
The animals were fasted overnight and sacrifi ced. 
The colon was excised. A small portion was used 
for relative gene expression of cyclooxygenase-2 
(COX-2) and tumor necrosis factor-alpha (TNF-α). 
The other portion was used for antioxidant assays. 
Blood samples were collected in plain bottles, 
allowed to stay for some hours at 4oC, and centri-
fuged at 3000rpm for 5 minutes. The serum was 
collected, and stored at -80oC which was used for 
interleukin (IL) 6 and 10 asssays.

Biochemical assays: Relative gene expres-
sion of COX-2 and TNF-α was carried out accord-
ing to the method described by Elekofehinti et al. 
[15]. Total RNA was extracted from colon sam-
ples using the Quick-RNA MiniPrep™ Kit (Zymo 
Research). DNA contamination was eliminated 
through DNAse I treatment (NEB, Cat: M0303S). 
RNA concentration was determined at 260 nm, 
and purity was assessed at 260 nm and 280 nm 
using an A&E Spectrophotometer (A&E Lab. UK). 
For cDNA conversion. One microgramme (1 μg) of 
DNA-free RNA underwent reverse transcriptase 
reaction with a cDNA synthesis kit based on Pro-
toScript II fi rst-strand technology (New England 
BioLabs). The reaction occurred in three steps: 
65 °C for 5 min, 42 °C for 1 h, and 80 °C for 5 min 
(15). Polymerase chain reaction (PCR) for gene 
amplifi cation utilized OneTaqR2X Master Mix 
(NEB) with specifi c primers (Inqaba Biotec, Hat-
fi eld, South Africa). The 25 μl reaction mixture 
contained cDNA, forward and reverse primers, 
and Ready Mix Taq PCR master mix. The condi-
tions were as follows: Initial denaturation at 95 °C 
for 5 min, 30 cycles of amplifi cation (95 °C for 30 
s, annealing for 30 s, and extension at 72 °C for 
60 s), and a fi nal extension at 72 °C for 10 min. 
Amplicons were resolved on a 1.0% agarose gel. 
Normalization and quantifi cation of gene expres-
sion were performed using the GAPDH gene and 
"ImageJ" software. The serum level of interleukin 
6 and 10 were assayed using ELISA.

Total protein was determined using lowry’s 
method [16] and catalase (CAT) was assayed 
according to the method of Cohen et al., [17]. Super-
oxide dismutase (SOD) was determined according 
to the method of Misra and Fridovich [18]. Glutathi-
one Peroxidase (GPx) was determined according 
to the method of Paglia and Valentine, [19]. Isola-

tion of the bioactive compounds was done using 
high-performance liquid chromatography (HPLC).

Statistical Analysis
Data obtained from the study were analyzed using 
one-way ANOVA and Graphpad prism 8.0.1 was 
used to compare the means and plot the graph. 
Data were presented as mean ± SEM. Values were 
considered statistically signifi cant at p < 0.05.

Results

Identifi cation of some bioactive compounds 
present in F. exasperata
The results obtained from the high-performance 
liquid chromatography (HPLC); isolation of the bio-
active compounds present in Ficus exasperata are 
shown in Figure 1. The bioactive compounds pres-
ent in high quantity include; alpha-caryophyllene, 
isoquinoline, quercetin, kaempferol and rutin. Gar-
cin, caffeic acid, luteolin and linalool were moder-
ately present but some bioactive compounds were 
present in minute quantity; catechin, epigallocat-
echin, stigmasterol, sitosterol, orientin, naringerin, 
hesperidin, isovitexin and isorhamnetin.

Effect of methanol extract of Ficus 
exasperata leaves (MEFE) on enzymatic 
antioxidants and total protein level
Colon tissues' total protein was signifi cantly 
decreased in group 3 compared to other groups. 
Group 3 CAT activity was signifi cantly reduced, 
the pretreated group also had a reduced level 
of CAT activities but not as low as group 3. This 
enzyme activity was signifi cantly high in rats that 
were treated with a higher dose of the extract. 
SOD activity was signifi cantly low in the pre-
treated group but higher in post-treated rats. GPx 
activity was signifi cantly lower in groups 3 and 7 
compared to groups 1 and 2. Groups 4, 5, 6 and 
8 showed a signifi cant increase in this enzyme 
activity as shown in Figures 2–5.

Effect of methanol extract of Ficus exasperata 
leaves (MEFE) on inflammatory markers
The relative gene expression of the inflamma-
tory markers; IL-6, IL-10, COX-2 and TNF-α are 
shown in Figures 6–9. All the inflammatory mark-
ers were signifi cantly high in group 3 compared 
to other groups.
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Figure 1. Phytochemical profi le of the leaf extract using HPLC. Quercetin was the most nu-
merous active compound present in this plant extract.

Figure 2. Colon total protein level. Values are expressed as 
mean ± SEM, n=6/group. Lowercase letters represent a signifi -
cant difference at P < 0.05. Values with a lowercase "a" denote 
a signifi cant departure from standard control. It was statisti-
cally distinct from Extract only, as indicated by the local case 
letter "b". Values with the lowercase letter "c" denote signifi -
cant differences from the DMH Only group. The total protein of 
the groups that received methanol extract of Ficus exasperata 
leaves (MEFE) was statistically different from untreated group.

Figure 3. Colon catalase (CAT) activity. Values are expressed 
as mean ± SEM, n=6/ group. Lowercase letters represent 
a signifi cant difference at P < 0.05. Values with a lowercase 
"a" denote a signifi cant departure from standard control. It 
was statistically distinct from Extract only, as indicated by 
the local case letter "b". Values with the lowercase letter "c" 
denote signifi cant differences from the DMH Only group. The 
lowercase letter "d" stands for a signifi cant departure from 
co-treatment (DMH+ 500mg/kg MEFE). The lowercase letter 
"e" stands for a signifi cant departure from co-treatment (DMH+ 
750mg/kg MEFE). A statistically signifi cant divergence from 
pre-treated is denoted by the lowercase letter "f". Post treated 
group expressed a catalase activity close to the control. All the 
MEFE-treated groups showed an increase in this enzyme activ-
ity, it was statistically signifi cant in group 5 and 7 compared 
to group 3.



Journal of Medical Science 2025 March;94(1) 9

Figure 4. Colon superoxide dismutase (SOD) activity. Values 
are expressed as mean ± SEM, n=6/ group. Lowercase letters 
represent a signifi cant difference at P < 0.05. It was statistically 
distinct from Extract only, as indicated by the local case letter 
"b". Values with the lowercase letter "c" denote signifi cant dif-
ferences from the DMH Only group. A statistically signifi cant 
divergence from pre-treated and post-treated is denoted by the 
lowercase letters "f" and “g” respectively. SOD activity in group 
7 was statistically signifi cant from group 6 and group 8 dif-
fers signifi cantly from group 7. The enzyme activity didn’t differ 
among the remaining groups.

Figure 5. Colon glutathione peroxidase (GPx) activity. Values 
are expressed as mean ± SEM, n=6/ group. Lowercase let-
ters represent a signifi cant difference at P < 0.05. Values with 
a lowercase "a" denote a signifi cant departure from standard 
control. It was statistically distinct from Extract only, as indi-
cated by the local case letter "b". Values with the lowercase let-
ter "c" denote signifi cant differences from the DMH Only group. 
Cotreated and pretreated groups' GPx activities didn’t differ 
from the group treated with standard drugs (p> 0.05) but were 
higher compared to group 3.

Figure 6. serum interleukin-6 (IL-6) level of rats in different 
groups. Values are expressed as mean ± SEM, n=6/ group. 
Lowercase letters represent a signifi cant difference at P < 0.05. 
Values with a lowercase "a" denote a signifi cant departure from 
standard control. It was statistically distinct from Extract only, 
as indicated by the local case letter "b". Values with the lower-
case letter "c" denote signifi cant differences from the DMH Only 
group. Interleukin 6 is a pro-inflammatory marker. MEFE-treat-
ed groups expressed a reduced level of IL-6 compared to group 
3. The post-treated group's mean value was the closest to the 
standard drug, control and extract-only groups.

Figure 7. Interleukin-10 (IL-10) level of rats in different groups. 
Values are expressed as mean ± SEM, n=6/ group. Lowercase 
letters represent a signifi cant difference at P < 0.05. Values with 
a lowercase "a" denote a signifi cant departure from standard 
control. It was statistically distinct from Extract only, as indi-
cated by the local case letter "b". Values with the lowercase let-
ter "c" denote signifi cant differences from the DMH Only group. 
Interleukin 10 is an anti-inflammatory marker. The post-treated 
group's IL-10 level was lowered compared to other groups that 
also received MEFE and carcinogen. 
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Discussion

The high-performance liquid chromatography 
phytochemical profi le of Ficus exasperata leaves 
revealed the abundance of bioactive compounds 
contributing to its potency against inflammation 
and cancer. Quercetin, a potent antioxidant, was 
found in high amounts, capable of scavenging 
free radicals and inhibiting lipid peroxidation [20]. 
Studies suggest that quercetin down-regulates 
mutant p53 protein expression in cancer cell lines 
and inhibits the JAK-STAT signaling pathway in 
inflammatory disorders. It also plays a crucial 
role in cancer prevention and tumor suppres-
sion through activation of caspase-3 and cas-9, 
and increased translocation of proapoptotic Bax 
to the mitochondria membrane [21–24]. Kae-
mpferol, also abundant in F. exasperata, exhib-
its antioxidant potency by reducing free radicals 
and reactive oxygen species production [25]. 
Kaempferol, found abundantly in Ficus exasper-

ata, exhibits cytotoxic effects on various human 
colorectal cancer cell lines, including HCT116, 
HT-29, HCT-15, LS174-R colon, and SW480 cells. 
It induces apoptosis, causes cell cycle arrest at 
G2/M, and reduces cell migration and invasion 
[26–29]. These properties likely contribute to the 
pharmacological actions of MEFE. Rutin, anoth-
er compound present in appreciable amounts, 
is known for its anticancer, chemopreventive, 
and chemosensitizing properties against vari-
ous cancers [30–32]. Studies have demonstrated 
rutin's anticancer effects on human neuroblas-
toma LAN-5 cells and its cytotoxicity against 
human colon adenocarcinoma SW480 cells, with 
additional antitumor and anti-angiogenic effects 
in vivo [33–35]. The presence of rutin in MEFE 
adds to its benefi cial effects. Isoquinoline, iden-
tifi ed in Ficus exasperata extract (MEFE), pos-
sesses antiproliferative and anticancer proper-
ties, inducing cell death in various cancer cell 
lines through mechanisms like cell cycle arrest, 

Figure 8. Cyclooxygenase-2 (Cox-2) gene expression of rats 
in different groups. Values are expressed as mean ± SEM, n=6/ 
group. Lowercase letters represent a signifi cant difference at 
P < 0.05. Values with a lowercase "a" denote a signifi cant de-
parture from standard control. It was statistically distinct from 
Extract only, as indicated by the local case letter "b". Values 
with the lowercase letter "c" denote signifi cant differences 
from the DMH Only group. The lowercase letter "d" stands for 
a signifi cant departure from co-treatment (DMH+ 500mg/kg 
MEFE). The lowercase letter "e" stands for a signifi cant depar-
ture from co-treatment (DMH+ 750mg/kg MEFE). A statisti-
cally signifi cant divergence from pre-treated and post-treated 
is denoted by the lowercase letters "f" and “g” respectively. 
Cyclooxygenase-2 level was greatly increased in the DMH-only 
and pre-treated groups compared to other groups. 

Figure 9. Relative expression of tumor necrosis factor-alpha 
(TNF-α) gene of rats in different groups. Values are expressed 
as mean ± SEM, n=6/ group. Lowercase letters represent a sig-
nifi cant difference at P < 0.05. Values with a lowercase "a" 
denote a signifi cant departure from standard control. It was 
statistically distinct from Extract only, as indicated by the local 
case letter "b". Values with the lowercase letter "c" denote sig-
nifi cant differences from the DMH Only group. The lowercase 
letter "d" stands for a signifi cant departure from co-treatment 
(DMH+ 500mg/kg MEFE). The lowercase letter "e" stands for 
a signifi cant departure from co-treatment (DMH+ 750mg/kg 
MEFE). A statistically signifi cant divergence from pre-treated 
is denoted by the lowercase letters "f". The pre-treated and 
co-treated groups could not reduce inflammation, unlike the 
post-treated groups. Tumor necrosis factor-alpha levels in the 
post-treated group did not differ from the groups treated with 
standard drugs.
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apoptosis, and autophagy [36–42]. Additionally, 
though present in small amounts in MEFE, caffeic 
acid exhibits diverse pharmacological properties 
such as immunomodulation, neuroprotection, 
anti-inflammatory, antioxidant, and anticancer 
activities [43]. Caffeic acid is known for reducing 
oxidative stress, inhibiting DNA damage by free 
radicals, and demonstrating potential antitumor 
effects in cell cultures and animal models, sug-
gesting a protective role against colorectal can-
cer [44–46]. The presence of caffeic acid in MEFE 
confi rms its anticarcinogenic capability.

DMH is a colon-specifi c carcinogen used to 
induce CRC in rodents. The methyldiazonium ion 
promotes oxidative stress through methylation of 
biomolecules in the epithelial cells of the colon. 
Most colon cancer is initiated by exposure to car-
cinogens, the cells may then progress through 
a series of precancerous lesions, premalignant, 
and malignant stages [14]. Superoxide dismutase 
(SOD), glutathione (GPx), and catalase (CAT) are 
more sensitive to oxidative damage induced by 
carcinogen treatment. These antioxidants play 
a crucial role in breaking down free radicals into 
less reactive molecules. During carcinogenesis, 
there is increased production of free radicals 
leading to more utilization of cells using antioxi-
dants to break down this reactive species hence 
a reduction in antioxidant level. The reduced 
activities of these antioxidant enzymes contrib-
ute to an increase in the production of free radi-
cals, surpassing the scavenging capacity of the 
antioxidant system in cancer. This imbalance 
can lead to a state of oxidative stress, which is 
known to play a pivotal role in the initiation and 
progression of cancer. The fi ndings underscore 
the importance of maintaining a balanced anti-
oxidant system to counteract the detrimental 
effects of oxidative stress associated with car-
cinogenesis. Thus, decreased activities of SOD 
and CAT observed in the DMH-treated rats in 
this study, may suggest their increased utiliza-
tion to scavenge the dangerous increase in reac-
tive oxygen species in the cancer tissues [47–48]. 
An increase in the activities of this enzyme in the 
administration of MEFE justifi es that the plant is 
very potent in ameliorating colorectal cancer.

There was a decrease in total protein levels in 
colon tissues from animals in group 3 compared 
to animals that were treated with the methanol 
extract of Ficus exasperata. This might be a result 

of cancer cachexia [49]. The cachexia-inducing 
factors (CIFs) include tumor necrosis factor α 
(TNF-α), Interleukin 1 and 6 (IL-1, IL-6), Interferon 
γ [50]. These inflammatory markers were signifi -
cantly high in group DMH-only group. 

A high systemic level of pro-inflam-
matory cytokines (IL-6 and TNF-α) and an 
anti-inflammatory cytokine (IL-10) have been 
reported in colorectal cancer patients [51–52]. 
Data has suggested a potential role of the 
cytokine IL-6 in colon cancer. For instance, it has 
been shown that levels of IL-6 are increased in 
the serum of patients suffering from colon car-
cinoma, and IL-6 levels correlate with tumor 
size in colorectal cancer [53–55]. Gunaseka-
ran et al. [56] also reported an increase in these 
inflammatory markers including COX-2 in Wistar 
rats treated with carcinogen. COX-2 is mainly 
expressed in cancerous conditions via the acti-
vation of inflammatory cytokines. It directs can-
cer cell proliferation by inhibiting apoptosis and 
enhancing cancer-induced angiogenesis. A simi-
lar trend was observed in this study, IL-6, IL-10, 
COX-2, and TNF-α were signifi cantly increased in 
group 3 compared to groups 1 and 2. However, 
the levels of these markers were restored to 
normal on administration of the plant extract. 
The post-treatment appeared more effective in 
combating inflammation.

Conclusion

This study ascertained that Ficus exasperata 
is rich in anticancer compounds which contrib-
uted immensely to the potency of the plant in 
suppressing inflammation and oxidative stress 
induced by DMH colorectal cancer in rats. 
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