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ABSTRACT 

Background: Wingless (Wnt) signalling is an important evolutionarily conserved signalling 
pathway in animals that regulates biological processes such as development, cell growth, and 
differentiation. Abnormalities in the components of the Wnt/β-catenin signalling pathway have 
been a major cause of cancer, especially in colorectal cancer (CRC).  This study investigates 
the effect of the methanol leaf extract of Ficus exasperata (MEFE) on the wnt signalling 
pathway, considering beta-catenin and adenomatous polyposis coli (APC) as key markers. This 
study further delves into the quantitative and qualitative phytochemicals present in the leaf 
extract. Malondialdehyde (MDA), reduced glutathione (GSH) level and some haematological 
indices were also assayed for, in the test animals.  
Methods: A total of forty-eight Wistar rats, grouped into 8 cages, were used for this study. The 
control group was the first group; group 2 was treated with extract alone (500 mg/kg body 
weight); group 3 rats were injected subcutaneously with 40 mg/kg b.w. of 1,2- 
dimethylhydrazine (DMH) twice a week; group 4 was treated with both the leaf extract (500 
mg/kg b.w.) and DMH; group 5 was treated with the leaves extract (750 mg/kg b.w.) and DMH; 
group 6 was pretreated with the leaf extract (500 mg/kg b.w.) before the administration of 
DMH; group 7 (post-treated) was given DMH for some weeks before the commencement of 
treatment with the leaf extract (500 mg/kg b.w.); group 8 was given the carcinogen and treated 
with a standard drug (12.5 mg/kg b.w. of 5-fluorouracil} simultaneously.  
Results: Appreciable amount of phenol, flavonoid, tannin and anthocyanidin were present in 
the plant extract. Alkaloids, terpenoids, phytosterols, saponins and anthraquinones were also 
found in the plant. The immune system of the rats was strengthened by the extract. The 
haemoglobin and red blood cell levels of rats treated with the plant extract were within the 
normal range compared to the control (p<0.05). Reduced glutathione level and adenomatous 
polyposis gene were reduced while, malondialdehyde level and beta-catenin gene expression 
were statistically significantly increased in carcinogen-only treated groups compared to other 
groups (p < 0.05).  
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Conclusions: The plant was able to inhibit oxidative stress and also suppress the expression of 
β-catenin while enhancing the expression of adenomatous polyposis coli. These potentials 
might be a s a result of the phytochemicals present in the plant extract. 
Keywords: Ficus exasperata, colorectal carcinogenesis, beta-catenin, Adenomatous polyposis 
coli 

INTRODUCTION 

Colorectal cancer (CRC) arises from either the rectum or colon. The epithelial cells of the large 
intestine are known for the dynamics of consistent cell renewal, which makes it prone to 
proliferation disorders. Formation of polyps is one of the disadvantages of the high cell renewal 
dynamics, though it’s benign, but under certain circumstances it can transit into the formation 
of malignant tumours and hence cancer (Kowalska et al., 2025). Initiation to metastasis in CRC 
is influenced by genetics, epigenetics, molecular alterations, mutation in oncogenes, mutation 
in tumour suppressor genes, and alterations in signalling pathways that control apoptosis, cell 
proliferation, cell survival and cell differentiation (Delle-cave, 2025; Papavassiliou et al., 
2024). Colorectal cancer (CRC) remains a threat to human health and the need to provide a 
lasting cure to this ailment is crucial. CRC is a solid tumor associated with the disorder of the 
Wnt/β-catenin signalling pathway. Wnt/βcatenin or the canonical Wnt signalling pathway, the 
planar cell polarity (Wnt-PCP) pathway and the Wnt-Ca2+ signaling pathway are classes of the 
Wnt signalling cascade (Nusse and Clevers, 2017). The Wnt/β-catenin signalling pathway is 
associated with physiological processes, but dysregulation of this pathway has been linked to 
solid tumors and haematological disorders (Clevers and Nusse, 2012; Cheng et al., 2019).  
Normal physiological environment entails the transcription factor β-catenin, an important 
molecule in the Wnt/βcatenin or the canonical Wnt signaling pathway, being degraded by a 
complex called the β-catenin destruction complex. The destruction complex consists mainly of 
two kinases:  glycogen synthase kinase 3β (GSK3β), casein kinase I (CK I) and two scaffolds: 
adenomatous polyposis (APC) and axis inhibition (Axin) (Kim et al., 2009; Mantilla et al., 
2015). Casein kinase I and GSK3β phosphorylate β-catenin. CK 1 phosphorylates β-catenin at 
serine 45, Ser33, and Ser37 while GSK3β phosphorylates at threonine 41 (Thr41) (Koni et al., 
2020).  The phosphorylation of β-catenin makes it susceptible and recognised by E3 ubiquitin 
ligase (β-transducin repeat-containing protein: β-TrCP) for ubiquitination and proteasomal 
degradation (Zhu and Li, 2023). The degradation inhibits the translocation of β-catenin into the 
nucleus, while allowing histone deacetylation, chromatin compaction and Groucho-mediated 
promoter repression. Hence, transcription is halted (Jackstadt et al., 2020; MacDonald et al., 
2009). Phosphorylation, the frizzled (FZD) family receptors, and the low-density-lipoprotein-
related protein 5/6 (LRP5/LRP6) co-receptors are required for the activation of the canonical 
Wnt signals (Gajos-Michniewicz et al., 2020). The binding of the Wnt ligands to its receptors 
results in dishevelled phosphorylation and release of β-catenin from the destruction complex. 
The release prevents β-catenin ubiquitination and degradation. Increase and accumulation of β-
catenin aids its nuclear translocation. In the nucleus, the Groucho repressor undergoes 
displacement, allowing β-catenin to interact with the T-cell factor/lymphoid enhancer factor 
(TCF/LEF), chromatin remodelling and transcription of genes such as c-myc and cyclin D1 
(Zhan et al., 2017). Anastas and Moon (2013), in their review, reported that the role of the Wnt 
in mouse models of mammary cancer and in human and mouse colon cancer was first described 
over 30 years ago. Nusse et al. (1982) and Nusse et al. (1984) also reported spontaneous 
mammary hyperplasia and tumours in mice induced by a proviral insertion at the Wnt1 locus, 
leading to aberrant overexpression of WNT1. Wnt1 transgenic mice similarly develop 
mammary tumours, suggesting a causative role for WNT1 in mammary tumorigenesis 
(Tsukamoto et al., 1988). Koni et al. (2020) reported that Wnt/β-catenin signalling pathways 

http://www.jemb.bio.uaic.r/


Research Article   Olude and Okolie (2025) J Exp Molec Biol 26(4):x-xx; DOI: 10.47743/jemb-2025-250 
 

www.jemb.bio.uaic.ro Page 3 of 18 
 

play a crucial role in carcinogenesis of all ovarian cancer subtypes (Jeong et al., 2009), glioma 
(Zhao et al., 2020), prostate cancer (Situ et al., 2020), osteosarcoma (Nomura et al., 2019), 
melanoma (Muralidhar et al., 2019), and pancreatic cancer (Chen et al., 2020). Hyperactive 
Wnt/β-catenin and elevated intracellular β-catenin have also been implicated in breast tumours 
(Khramtsov et al., 2010; Sormunen et al., 1999). Over 90% of non-metastasising fibromatosis 
and metaplastic carcinomas have been associated with the high level of β-catenin expression 
(Lacroix-Triki et al., 2010). 
A major hallmark of colorectal cancer is the hyperactivation of this canonical Wnt signalling 
associated with a mutation in the tumour suppressor gene, APC (Tewari et al., 2021). Loss of 
a functional adenomatous polyposis coli (APC) is one of the initiating factors of colorectal 
cancer (Noe et al., 2021). The APC gene, located on chromosome 5q regulates the β-catenin 
/WNT pathway, which in turn facilitates differentiation and growth of cells (Rubinfeld et al., 
1993). Mutation of the APC gene inhibits the formation of the complex necessary for β-catenin 
degradation (Sakanaka et al., 1998). The absence of this destruction complex enables and 
promotes β-catenin accumulation, leading to gastrointestinal epithelial stem cell carcinogenic 
proliferation (Noe et al., 2021). This signalling cascade remains crucial and important in many 
biological physiological processes, including embryonic development, cell cycle regulation, 
apoptosis, inflammation, and cancer (Tai et al., 2015). This cascade determines cell survival, 
cell fate, cell differentiation, and survival (Yamamoto et al., 2022). The Wnt pathway 
components have been identified as reliable biomarkers and potential targets for cancer 
treatment (Zhao et al., 2022).  
This study aims to investigate the effect of Ficus exasperata on beta-catenin and adenomatous 
polyposis coli expression in colorectal carcinogenesis. The phytochemicals present in the plants 
were also assayed, as well as the effect of the plant on some haematological parameters and 
oxidative stress in CRC. 

MATERIALS AND METHODS 

Extraction of Plant 
In a local farm situated in Benin City, Edo State, Nigeria, Ficus exasperata leaves were 
harvested and taken to the Department of Plant Biology and Biotechnology in the University 
of Benin for identification by Prof Henry Akinnibosun. The leaves were properly air dried for 
three weeks, they were ground, weighed, and macerated for 72hours in methanol. This was 
stirred at intervals. After 72 hours, it was decanted and freeze-dried using a freeze-dryer. The 
result was a powdered extract kept in a container and preserved at 4 oC. 
Chemicals and reagents  
1,2-Dimethylhydrazine (DMH) was obtained from Sigma Aldrich, Germany. All reagents used 
were of analytical grade and had the highest purity. 
Preparation of the Carcinogen Used  
Colorectal cancer was induced in experimental rats using a potent carcinogen named 1,2-
dimethyl hydrazine (DMH). DMH was administered subcutaneously (40 mg/kg body weight) 
two times in a week. It was prepared according to the method of Chari et al. (2018). 
Animal grouping and Sacrifice 
The experiment lasted for 12 weeks. Wistar rats weighing more than 150 g were used in this 
study. A total of 8 groups comprising 6 animals each were allowed to acclimatized for two 
weeks. The first group was the control group, the second group was the positive control group 
(500mg/kg body weight of extract only), and the negative control was group 3 (40 mg/kg body 
weight of DMH only), the fourth and fifth group received DMH and the extract together but at 
different concentrations (500 and 750 mg /kg body weight of extract, respectively). The sixth 
group was administered the leaf extract before carcinogen treatment, while the seventh group 
was treated with carcinogen before administering the extract. The eighth group was 
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concomitantly treated with both the carcinogen and the standard drug (12.5 mg/kg body weight 
of 5-fluorouracil intraperitoneally). At the end of the stipulated weeks, the animals were fasted 
overnight and sacrificed. Blood samples were collected, and the colons of the animals were also 
excised for heamatological and biochemical assays.   
Tissue homogenate preparations were done using a weighed portion of the excised organs. The 
organs (1 g) were homogenised in normal saline solution (10 ml), centrifuged, and the 
supernatant obtained was labelled according to the groupings. This was used for reduced 
glutathione (GSH) and lipid peroxidation assay marker (malondialdehyde) assays. 
Biochemical Assays 
Malondialdehyde (MDA) levels were estimated by the method of Burge and Aust (1978). It is 
one of the products of lipid peroxidation which forms a pink colour when reacted with 2-
thiobarbituric acid. The reaction result is read at 535nm wavelength.  
Reduced glutathione was estimated according to the method of Ellman (1959). the reaction 
between GSH and 5,5′-Dithiobis (2-nitrobenzoic acid) (DTNB), also known as Ellman’s 
reagent, produces the TNB chromophore and reads spectrophotometrically at 412 nm.  
A Gene expression study of beta-catenin and adenomatous polyposis: This was done 
according to the method described by Elekofehinti et al. (2020). The Quick-RNA MiniPrep™ 
Kit (Zymo Research) was used to extract the total RNA from the tissue samples, and DNAse I 
treatment (NEB, Cat: M0303S), employed for the elimination of DNA contaminants. One 
microgramme (1 μg) of DNA-free RNA underwent a reverse transcriptase reaction with a 
cDNA synthesis kit based on ProtoScript II first-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 
(Elekofehinti et al., 2020). Polymerase chain reaction (PCR) for gene amplification utilized 
OneTaqR2X Master Mix (NEB) with specific primers (Inqaba Biotec, Hatfield, South Africa). 
The amplified molecules were resolved on one percent agarose gel (1.0%) followed by the 
quantification of the gene expressed using the GAPDH gene and "ImageJ" software 
(Elekofehinti et al., 2020). 
Hematological Analysis 
The automated haemolyzer was employed to determine the full blood count. Whole blood was 
used for the determination of hematology. white blood cell, red blood cell, hemoglobin, 
percentage WBC count (neutrophils,  eosinophils and basophils), were analyzed with an 
automated analyzer (SYSMEX K-21N: SYSMEX CORPORATION, JAPAN). 
Phytochemical Screening 
The qualitative phytochemical screening followed the methodologies of Harborne (1998), 
Sofowora (1993), and Trease and Evans (1998), with all samples analysed in triplicate.  
Total phenolic compounds: The method of Folin and Ciocalteau (1927) was adopted in the 
determination of total phenolic content. 
Total flavonoid contents: This was determined using the method described by Ayoola et al. 
(2008). 
Proanthocyanidin determination: It was carried out according to the method of Sun et al. (1998). 
Data Analysis 
Data was statistically analysed using ANOVA, and GraphPad Prism was used in plotting the 
graphs. Values were presented as mean ± standard error of mean. Data was considered to be 
statistically significant at p < 0.05. 

Results 

Phytochemical results reveal the presence of tannins, phenols, flavonoids, terpenoids, alkaloids, 
phytosterols, saponins, anthraquinones and carbohydrates. The spectrophotometric readings 
reveal that an appreciable amount of total tannins, total flavonoids, proanthocyanidin and total 
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phenolic content was present in the leaf extract of Ficus exasperata and shown in Tables 1 and 
2.  

Table 1: Qualitative phytochemical screening of plant extract 
Phytochemicals  

Tannins Present 
Phenol Present 

Flavonoids Present 
Terpenoids Present 
Alkaloids Present 

Reducing sugar Absent 
Phytosterol Present 
Saponins Present 
Catechin Absent 

Anthraquinones Present 
Xanthoproteins Absent 
Carbohydates Present 

 
 

Table 2: Quantitative phytochemical screening of Ficus exasperata leaves 
Phytochemical Amount 

Total phenolic content (mg GAE/g extract) 25 ± 0.015 
Total Flavonoid content (mg QE/g extract) 117 ± 0.029 
Proanthocyanidin content (mg AAE/g extract) 235 ± 0.005 
Total tannin (mg TAE/g extract) 167.6 ± 0.04 

GAE: Gallic acid equivalent; AAE: Ascorbic acid equivalent; QE: Quercetin equivalent;TAE: 
Tannic acid equivalent. Values are expressed as mean ± SEM, n=3/group 

 
Effect of the Extract on Reduced Glutathione and MDA levels: Figure 1 shows the reduced 
glutathione (GSH) level of the various groups. The GSH level of groups 3 to 8 was statistically 
significantly different compared to group 2. The malondialdehyde (MDA) level of the DMH-
only group was increased statistically compared to other groups, as displayed in Figure 2. 
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Figure 1: Colon reduced glutathione (GSH) level. Sample size = 6 per group, and values are 
expressed as mean ± standard error of mean. The alphabet ‘b’ represents that there was a 
statistically significant difference (P < 0.05) compared to the extract-only group. Reduced 
glutathione levels showed no significant difference between the MEFE (cotreated, pretreated 
and post-treatment) groups and group 8 compared to group 3. All these aforementioned groups 
differ significantly from group 2. The group that received the carcinogen alone has the lowest 
level of reduced glutathione. 

 
Figure 2: Colon malondialdehyde (MDA) level. Values are expressed as mean ± standard error 
of mean with a total of six animals in each group. The alphabet represents significant 
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differences at P < 0.05. The alphabet ‘a’ denotes there was a statistically significant difference 
compared to the control; ‘b’ denotes there was a statistically significant difference compared to 
the extract-only group; ‘c’ denotes there was a statistically significant difference compared to 
the DMH group; ‘d’ denotes there was a statistically significant difference compared to group 
DMH+500 mg/kg b.w.; ‘f’ denotes there was a statically significant difference compared to the 
pre-treated group.  The group that received DMH only expressed a high level of MDA (P < 
0.05), which differs from MEFE-treated groups. The MDA level of group 7 that received post-
treatment with MEFE was not statistically different from the group treated with standard drugs. 
 
Effect of the Extract on the Expression of beta-Catenin and Adenomatous polyposis coli 
(APC) gene: Relative expression of the beta-catenin gene displayed in Figure 3 shows that the 
gene was highly expressed in the DMH-only group. The lowest level of this gene expression 
was seen in the group treated with the standard drugs, which is closer to the level of the 
pretreatment group. Adenomatous polyposis relative gene expression is shown in Figure 4. In 
this result, the pretreated group has the highest relative gene expression of APC, which was 
statistically different from the remaining groups. 
 

 
Figure 3: Relative expression of the β-catenin gene. Data are expressed as mean ± standard 
error with a total of six animals per group. Significant differences (P < 0.05) between the groups 
were represented by lowercase letters. The alphabet ‘a’ denotes there was a statistically 
significant difference compared to the control; ‘b’ denotes there was a statistically significant 
difference compared to extract-only group; ‘c’ denotes there was a statistically significant 
difference compared to the DMH group; ‘d’ denotes there was a statistically significant 
difference compared to the group treated with DMH + 500 mg/kg b.w. of extract; f denotes 
there was a statistically significant difference compared to the pre-treated group, and ‘g’ 
denotes there was a statistically significant difference compared to the post-treated group.   Each 
group was statistically different from the others. The post-treated group’s beta-catenin gene 
expression was close to that of groups 1 and 8. There was a high accumulation of beta-catenin 
in the carcinogen-only treated group.  
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Figure 4: Relative expression of adenomatous polyposis coli (APC) gene. Sample size = 6 per 
group. Data are expressed as mean ± standard error. Significant differences (P < 0.05) between 
the groups were represented by lowercase letters. ‘a’ denotes there was a statistically significant 
difference compared to control; ‘b’ denotes there was a statistically significant difference 
compared to extract-only; ‘c’ denotes there was a statistically significant difference compared 
to the DMH group; ‘d’ denotes there was a statistically significant difference compared to the 
group treated with DMH + 500 mg/kg b.w.; ‘f’ denotes there was a statistically significant 
difference compared to the pre-treated group, and ‘g’ denotes there was a statistically 
significant difference compared to the post-treated group. The APC gene was greatly expressed 
in the pretreated and the post-treated groups compared to other groups. 
 
Effect of the Extract on Haematological Parameters: The haematological result is shown in 
Figures 5 to 10. The white blood cells, a true picture of the immune system, were statistically 
reduced in the group treated with the standard drug compared to the pretreatment group 
(p<0.05). Neutrophil levels were high in the DMH-only group, though not statistically 
significant compared to other groups. The basophil level of DMH+500 mg/kg body weight was 
reduced compared to other groups, while the group that took the carcinogen with a higher dose 
of the extract had an increased basophil level that was statistically significant compared to 
group 4. Red blood cell level showed no statistically significant difference across the groups, 
though it was a bit reduced in the DMH-only group (p>0.05), and the haemoglobin level of 
group 7 was statistically significantly different from the control (p<0.05). 
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Figure 5: White blood cell count. A sample size of 6 rats per group, and data are expressed as 
mean ± standard error of means. Lowercase letter represents a significant difference at P < 0.05. 
The alphabet ‘f’ denotes there was a statistically significant difference compared to the pre-
treated group. White blood cell levels showed no significant difference between the groups 
except for group 8, which differs statistically from group 6.  

 
Figure 6: Percentage of neutrophils of rats in different groups. A sample size of 6 rats per group, 
and data are expressed as mean ± standard error of mean. Lowercase letters ‘c’ represent a 
statistically significant difference at P < 0.05 compared to the DMH-only group. The neutrophil 
level of the DMH-only group was greatly increased compared to other groups. Groups 4 and 7 
had the lowest level of neutrophil count.  
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Figure 7: Percentage of basophils in rats of different groups. A sample size of 6 rats per group, 
and data expressed as mean ± standard error of mean. The alphabet ‘d’ represents a statistically 
significant difference at P < 0.05 compared to the cotreated group that received DMH + 500 
mg/kg b.w. of the extract. The data were statistically insignificant except for group 5, which 
was significantly higher compared to group 4. 

 
Figure 8: Percentage of eosinophils in rats in different groups. The alphabet ‘a’ denotes a 
significant difference from the control, and ‘b’ denotes a significant difference from the extract-
only group. A sample size of 6 rats per group, and data are expressed as mean ± standard error 
of mean. Groups 1 and 2 were not statistically different from most of the groups except groups 
6 and 8. Groups 6 and 8 had the lowest eosinophil count compared to the other groups. 
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Figure 9: Red blood cell levels of rats in different groups. Values are expressed as mean ± SEM, 
n=6/group. Values were considered statistically significant at P < 0.05. This data also showed 
no significant difference in red blood cell levels. However, the exposed animals that were 
treated with MEFE recorded a higher volume of RBC. 

 
Figure 10: Haemoglobin level of rats in different groups. The letter ‘a’ signifies a statistically 
significant difference from the control group. Data are expressed as mean ± standard error of 
mean. MEFE increased the haemoglobin of treated animals; this was evident in group 2 animals 
and the animals that received post-treatment. 

Discussion 

Adenomatous polyposis coli (APC) is one of the components of the Wnt signaling pathway. 
Derangement in this pathway is a key event in the initiation of colorectal cancer. Mutation of 
APC, a tumor suppressor gene, predisposes individuals to colon cancer. It is believed that the 
main function of APC is the regulation of free β-catenin in concert with glycogen synthase 
kinase 3β (GSK-3β) (Perse and Cerar, 2011). It has been found that half of the human colon 
tumors with intact APC protein have a mutation in the β-catenin gene (Tanaka et al., 2017).  
Studies with the DMH rat model have detected mutations in the APC gene in colorectal 
epithelial lesions. In DMH/AOM-treated rats, up to 33% of colon tumors harbour APC 
mutations, but β-catenin mutations are more frequent than APC mutations (Takahashi et al., 
2000; Bordonaro et al., 2016). When APC or β-catenin is mutated, β-catenin cannot be 
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degraded but accumulates in the cytoplasm and translocates into the nucleus, where it binds to 
T-cell factor (TCF) and activates the Wnt target genes (Jin et al., 2008; Perse and Cerar, 2011; 
Jin et al., 2022). In our study, in line with the previous findings (Yu et al., 2018; Salim et al., 
2023), the relative expression of the APC gene in DMH-treated rats (grp3) was significantly 
decreased compared to the groups that were either cotreated, pretreated, or post-treated with 
F.exasperata. The high level of β-catenin that was expressed in group 3 might be a result of a 
decreased level of APC, which activates β-catenin phosphorylation, hence inhibiting its 
degradation (Shojaei-Zarghani et al., 2020). However, the level of expression of the β-catenin 
gene was lowered in the post-treated group. The results obtained in this study indicate that F. 
exasperata may be an effective chemopreventive agent for colon cancer through down-
regulation of the GSk3β/β-catenin pathway. 
The ability of Ficus exasperata leaf extract to suppress beta-catenin and uphold the APC gene 
may be a result of the phytochemicals present in this plant. Phytochemical screening reveals 
the presence of saponins, terpenoids, anthraquinones, flavonoids, alkaloids, carbohydrates, 
steroids, phenols, and tannins (Alli-Smith et al., 2018; Anigboro et al., 2019). These diverse 
phytochemicals contribute to the plant's anticarcinogenic properties. Anthraquinones have 
demonstrated anti-inflammatory, immunoregulatory, anti-hyperlipidemic, and anticancer 
effects in pharmacological studies (Lin et al., 2015; Cui et al., 2016; Abu et al., 2018; Yang N. 
et al., 2019; Wang et al., 2021). Flavonoids, abundant in the extract, exhibit antioxidant 
properties and have demonstrated anticancer activities (Yahfoufi et al., 2018; Abotaleb et al., 
2018; Chirumbolo et al., 2018; Rodriguez-Garcia et al., 2019). Saponins possess antimicrobial, 
antiviral, anti-inflammatory, anticancer, antioxidant, and immunomodulatory effects (Juang 
and Liang, 2020; Barbosa et al., 2014). Terpenoids, known for their antitumor, anti-
inflammatory, antibacterial, and antiviral properties, were also identified (Yang et al., 2020; 
Jahangeer et al., 2021). Plant alkaloids in the extract may contribute to its anti-inflammatory, 
antioxidant, and anti-mutagenic characteristics (Biribi, 2018; Louis et al., 2019). 
Lipid peroxidation of membranes is a process that plays an important role in initiating and 
mediating various health challenges, ranging from inflammation, cancer, and cardiovascular 
diseases, among others (Friedmann et al., 2019). In lipid peroxidation, carbon-carbon double 
bonds in lipids such as polyunsaturated fatty acids, phospholipids, glycolipids, and cholesterol 
undergo hydrogen abstraction and oxygen insertion in the allylic position, resulting in lipid 
peroxyl radicals and hydroperoxides (Stoyanovsky et al., 2019). The products of this lipid 
peroxidation are deleterious to DNA and other biological macromolecules (Olude and 
Omoregie, 2024), which are considered oxidative stress biomarkers to specify the extent of cell 
injury (Valaei et al., 2022). High lipid peroxidation level in the colon tissue is directly related 
to the severity of DMH-induced lesions. (Jeong et al., 2025). Lipid peroxidation has been linked 
to one of the causes of colon cancer, which leads to the production of malondialdehyde. This 
product damages bio-cellular components, such as mutating DNA, signifying tumorigenicity 
(Yang et al., 2020). Administration of DMH elevated the level of lipid peroxidative product 
(MDA). MDA levels were significantly increased in group 3 compared to the other groups. A 
reduction in this lipid peroxidation marker was observed in groups treated with the plant extract. 
The post-treated and standard drug-treated groups had the lowest level of MDA. The first line 
of defense against oxidative stress is antioxidants. They break down free radicals into less 
reactive and harmless molecules (Balaji et al., 2015). Reduced glutathione level was reduced 
in group 3 compared to other groups, though not statistically significant compared to other 
treated groups. The decrease in the level might be due to its function in catalyzing and trapping 
free radicals. 
Alterations and aberrations in haematological profiles by 1,2-dimethylhydrazine have been 
reported in previous studies. Most of the studies are unanimous on the fact that DMH suppresses 
haemoglobin level (Hb), as obtained in this study (Mishra et al., 2022; Salehi et al.,2022).  
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Reduction in the level of heamoglobin (Hb) is a pointer to anaemia. RBCs are prone to the 
deleterious effects of radicals and carbonium ions that are produced during 1,2-
dimethylhydrazine metabolism. These products formed from the activation of DMH from its 
proactive to its active state are released into biological systems, which elicits oxidative stress, 
DNA damage, and ultimately cell death.  Thus, explaining the reduction of Hb in the DMH-
treated group (Akinwunmi et al., 2023). The groups treated with the methanol extract of Ficus 
exasperata had a normal level of Hb and RBC, suggesting the plant extract may possess some 
anti-anaemic compounds. In the present report, WBC was also elevated after DMH exposure, 
as reported in a recent study (Mishra et al., 2022). The increase in the level of white blood cells 
recorded in this study might be as a result of inflammation, tumor production, and metastasis 
in DMH-induced rats, which provoked the immune system to produce a large amount of white 
blood cells (WBCs). However, the WBC differential pattern did not agree with previous studies. 
For instance, Mishra et al. (2022) reported a drastic decrease in neutrophils and lymphocytes, 
while Salehi et al. (2022) reported an increase in neutrophils. Neutrophil permeation has been 
described in human sporadic premalignant colonic adenomas (Mclean et al., 2011). Herein, it 
was demonstrated that DMH administration in the DMH-only group resulted in a significant 
increase in neutrophils, and eosinophils, and a slight increase in basophils. Simultaneous 
treatment with the extract enhances the immune system, with post-treatment being more 
beneficial. Methanol extract of F. exasperata may be beneficial in protecting blood cells against 
anaemia and white blood cell pathologies during colon cancer proliferation. Molecular docking 
is recommended for further studies. 

Conclusion 

The study shows clearly that the plant extract is rich in numerous phytochemicals, which would 
have greatly contributed to one of the mechanisms through which this plant was able to suppress 
beta-catenin and uphold the expression of the tumor suppressor gene APC. In addition, this 
plant contains haematinic components and also boosts the immune system. 
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