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A B S T R A C T

Patients who are receiving carboplatin therapy for cancer often experience toxic side effects. This study exam-
ined the effects of lyophilized aqueous leaf extracts of F. capensis (LALEFC) on oxidative stress and inflammatory 
markers in albino rats with carboplatin-damaged livers. We randomly assigned 35 rats to five experimental 
groups. Groups 2–5 underwent liver injury induction using carboplatin, while groups 1 and 2 served as the 
normal and carboplatin control groups, respectively. Groups 3–5 were the treatment groups. Treatments were 
performed for 17 days. We analyzed the quantitative phytochemical constituents of LALEFC using standard 
procedures and analyzed the liver oxidative stress and inflammatory markers using liver homogenate. The 
phytochemical constituents of LALEFC (mg/100 g) occur in the following order: The most abundant compounds 
were phenols (1577.72 ± 0.008), flavonoids (1253.13 ± 0.007), tannins (878.97 ± 0.007), alkaloids (652.66 ±
0.007), glycosides (314.39 ± 0.011), and terpenoids (261.18 ± 0.154), while steroids (0.573 ± 0.062), saponins 
(0.370 ± 0.003), and HCN (0.254.00 ± 0.006) were found in trace amount. The study of oxidative stress and 
inflammatory markers showed that giving carboplatin to rats greatly increased the levels of interleukin-1 (IL-1), 
interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α), nuclear factor-kappa B (NF-α), malondialdehyde (MDA), 
reactive oxygen species (ROS), and caspase-3 activity. It also decreased the levels of reduced glutathione (GSH) 
and the activities of glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD). D). How-
ever, coadministration of LALEFC significantly restored the altered oxidative and inflammatory responses. This 
finding suggested that carboplatin induced liver injury through redox imbalance, which elevated the expression 
of inflammatory markers. LALEFC’s restoration of altered markers could be relevant in the treatment of 
carboplatin-induced liver injury.

1. Introduction

Carboplatin is a platinum-based chemotherapy drug widely used in 
cancer treatment, particularly for ovarian, lung, and testicular cancers 
[11]. Its significance lies in its ability to interfere with DNA replication 
in cancer cells, leading to cell death. However, carboplatin is not 
without complications. One significant concern is its potential toxicity to 
liver tissue. Hepatotoxicity can manifest in the form of elevated liver 

enzymes, jaundice, and, in severe cases, liver failure [10]. This toxicity 
limits the drug’s dosage and long-term use, necessitating careful moni-
toring of liver function during treatment. Understanding and managing 
these complications is crucial to optimising the therapeutic benefits of 
carboplatin while minimising harm to the patient. Hence, F. carpensis 
lyophilised extract could help minimise the harmful effects of carbo-
platin on the hepatic tissues.

Nature has offered medical therapies for a long time, and 80 % of 
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developing nations rely on plant-based primary healthcare [23]. Sci-
entists are interested in using native plant products for nutritional and 
ethnomedicinal objectives to find bioactive components that benefit 
humans [7,6,4]. Natural plant products and their uses have gained 
popularity, even in regions with conventional pharmaceuticals [30]. 
Minerals and phytochemicals in medicinal plants affect human physi-
ology. These natural remedies address several diseases [35,42]. Most 
people in poor countries still use herbal medicines to treat their health 
[42], especially in rural regions where traditional medicine is part of the 
community’s sociocultural and religious fabric. Rural Africans employ 
several affordable therapeutic plants compared to standard medications. 
Some Nigerian medicinal plants and vegetable leaves are the cheapest 
and most accessible sources of proteins, vitamins, and minerals; there-
fore, their therapeutic properties may benefit the public [1].

Capensis, a member of the Moraceae family, is popularly known as 
the "bush fig tree" [49]. People have long used F. capensis as a wound 
treatment and a medicine for dysentery [17]. F. capensis also treats 
leprosy, epilepsy, rickets, oedema, gonorrhea, circumcision wounds, 
respiratory problems, and miscarriage [36,40]. Blood-boosting [38,31], 
anti-sickling [29,47], antibacterial [41], anti-abortifacient [40], 
immune-stimulatory [12], antidiarrhea [39], antioxidant [43], and 
pro-fertility effects [7] are some more traditional uses. The aqueous 
extract of F. capensis leaves contained a variety of phytochemicals, 
including flavonoids, alkaloids, saponins, steroids, glycosides, terpe-
noids, tannins, and vitamins such as phylloquinone, calciferol, tocoph-
erol, retinol, cobalamin, folic acid, biotin, pyridoxine, niacin, riboflavin, 
and thiamine [49]. This explains why it helps treat respiratory condi-
tions, high blood pressure, diarrhea, and abortion [36,40].

The liver is an essential organ in the body, bio-transforming and 
detoxifying all exogenous and endogenous substances, including the 
neutralisation of reactive oxygen and nitrogen-free (RONS) radicals [8]. 
However, when RONS-induced oxidative stress increases beyond the 
body’s capacity to neutralise it, liver damage mostly results. Oxidative 
stress causes the release of inflammatory mediators like IL-1β, IL-6, and 
TNF-α, as well as oxidation-related markers like SOD, CAT, GSH, GPx, 
and MDA. These mediators make liver damage worse through a feed-
back loop [46,27]. The phytochemical components of F. capensis leaves 
make it extremely promising to use natural antioxidants to counteract 
this damage [49,36].

2. Materials and methods

2.1. Plant material gathering and preparation

Dr. Onyebuchi Ephraim Nwankwo, a plant taxonomist from the 
Department of Applied Biology at Ebonyi State University, Abakaliki, 
Nigeria, classified the wild, free-growing F. capensis leaves we collected 
in Abakaliki, Ebonyi State, in April 2022. The plant was given the 
voucher number EBSU-I-112, and a portion of it was placed in the her-
barium of the biology department at Ebonyi State University in Nigeria. 
We collected two (2) kilogrammes of fresh F. capensis leaves, washed, 
air-dried, and ground them to a fine powder using an electrical grinder. 
We soaked approximately 800 g of the powder in 8 litres of distilled 
water for 24 hours at room temperature, occasionally stirring. We dried 
the resulting filtrate in an oven at 55 ◦C for 48 hours and then lyophi-
lised it in a freeze dryer for 72 hours to obtain a brown crude extract, 
known as LALEFC.

We used the phytochemical analytical guide by Balamurugan et al. 
[9] to determine the alkaloids, flavonoids, phenols, terpenoids, steroids, 
tannins, saponins, glycosides, and HCN.

2.2. Acute toxicity of LALEFC

We used two (2)-month-old male albino Wistar rats. We adminis-
tered 4000 mg/kg LALEFC orally to a male rat after seven days of 
acclimatization, following an overnight fast. We meticulously examined 

the animals for the first half an hour after LALEFC administration for 
changes in behavioural or physical patterns. We observed the samples 
for the next 24 hours and then every day for the next 14 days. Following 
their survival, we fasted the other four rats for 4 hours, administered the 
same LALEFC dose, and monitored them for the next 14 days for any 
signs of toxicity. Overall, at the limit test dose of 4000 mg/kg, the ani-
mals did not exhibit any gross behavioural or physical alterations, such 
as a decrease in feeding, motor activities, or hair erection. This led to the 
selection of OECD guideline no. 425 is 10 % of the maximum dose 
(4000 mg/kg) as the middle dose. We took half of it (200 mg) at the low 
dose and twice it (800 mg) at the higher dose [37,13].

2.3. Experimental animals and design

The Ebonyi State University’s Research, Innovation, and Institu-
tional Ethics Committee (EBSU/BCH/ET/22/018) oversaw and author-
ised this work. We adhered to the National Institute of Health Guide for 
the Care and Use of Laboratory Animals (NIH Publications No. 8023, 
updated in 1996) for all animal study protocols, as reported by Kalariya 
et al. [20] and Tusubra et al. [44]. We procured thirty-five male Wistar 
rats (2–3 months old) from the Animal Unit of the Faculty of Veterinary 
Medicine, University of Nigeria, Nsukka, Nigeria, and acclimatised them 
for two weeks. We then randomly assigned the rats to 5 groups, each 
consisting of 7 rats. On day 14, rats in Group 2 (the carboplatin control) 
were given 60 mg/kg of body weight (bw) and intraperitoneal (ip) 
carboplatin to hurt their livers. We administered 200 (low dose (LD)), 
400 (intermediate dose (ID)), and 800 (high dose (HD)) mg/kg b.w. of 
LALEFC to Groups 3–5 rats for 17 days and added 60 mg/kg b.w. of 
carboplatin on day 14 only. We referred to the LALEFC dosages 
administered to groups 3, 4, and 5 as low, medium, and high, 
respectively.

2.4. Tissue sample collection

After 17 days of the study, we starved the rats overnight and 
euthanised them with a carbon dioxide overdose. Following a laparot-
omy, we cleansed and dried the liver and kidneys in cold, normal saline. 
Homogenise the liver or kidneys in 0.1 M phosphate-buffered saline 
(1:5 w/v, pH 6.4) and centrifuge for 20 min at 4000 ×g. We measured 
antioxidant enzyme activities, GSH, ROS, malondialdehyde, and pro- 
inflammatory markers in the supernatants.

2.5. Determination of oxidative stress markers

We measured the oxidative stress markers using standard proced-
ures. We determined the activity of CAT using Aebi’s methods [3]. We 
assayed SOD using the methods of Marklund and Marklund [28]. We 
estimated GPx activity using the method of Flohe and Gunzler [16]. The 
method of Jollow et al. [19] determined the GSH levels, while Ohkawa 
et al. [34] measured the thiobarbituric acid reactive substances (TBARS) 
to estimate MDA.

2.6. Determination of inflammatory markers and caspase-3 activity

We used rat’s enzyme-linked immunosorbent assay (ELISA) kits, 
following the manufacturer’s protocols, to determine the levels of IL-1, 
IL-6, TNF-U, and NF-B. We also measured Caspase-3 activity in cell ly-
sates spectrophotometrically using rat assay kits, adhering to the man-
ufacturer’s recommendations.

2.6.1. Histological examination of the liver
The prior study’s instructions guided the preparation of tissue for 

histological investigations [48,51]. We preserved the liver tissues in 
10 % formaldehyde for three days after their removal. We used an 
automated tissue processor and a rotary microtome to trim the fixed 
tissues for processing and sectioning, respectively. Fischer et al. [15]
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used haematoxylin and eosin (H and E) to stain the tissue slices of the 
liver and kidney. We captured the photomicrographs using a light mi-
croscope (Olympus BH2) equipped with a Nikon Digital Sight DS-L1 
(Nikon Corporation, Japan).

2.6.2. Statistical analysis
All data were analysed using GraphPad Prism 5, version 8. The mean 

and standard deviation were used. The data means were compared using 
a post-hoc one-way ANOVA at p<0.05. Groups’ mean values were 
compared to group B (carboplatin only) using Dunnett’s multiple com-
parisons test, revealing significant differences at p<0.05.

3. Results

Phytochemical Constituents of Lyophilized Aqueous Leaf-extract of 
F. capensis

The following phytochemical components were found in the 
lyophilised aqueous leaf extract of F. capensis, in order of their con-
centration in mg/100 g: The phytochemical ingredients occur in the 
following order: There were a lot of phenols (1577.72 ± 0.008), flavo-
noids (1253.13 ± 0.007), tannins (878.97 ± 0.007), alkaloids (652.66 
± 0.007), glycosides (314.39 ± 0.011), and terpenoids (261.18 ±
0.154). But there were also very small amounts of steroids (0.573 ±
0.062), saponins (0.370 ± 0.003), and HCN (0.254.00 ± 0.006), as 
shown in Fig. 1.

3.1. Effects of lyophilized aqueous leaf-extract of F. capensis on oxidative 
stress and inflammatory markers

When the study animals were given carboplatin, the level of GSH and 
the activities of CAT, SOD, and GPx dropped by a large amount 
(Figs. 2–5). It also increased the levels of ROS and MDA when compared 
to the animals in the normal control group (Figs. 6 and 7). However, the 
combination of LALEC and carboplatin markedly elevated the levels of 
GSH and the activities of CAT, SOD, and GPx, while the levels of ROS 
and MDA decreased compared to the carboplatin group (Figs. 2–7).

Also, it was discovered that giving rats carboplatin greatly raised the 
amounts of IL-1β, IL-6β, TNF-α, NF-κB, and caspase-3 compared to the 
healthy control group. When rats were given LALEFC along with car-
boplatin, however, the amounts of IL-1β, IL-6β, TNF-α, NF-κB, and 
caspase-3 activity were much lower than when rats were only given 

Fig. 1. Phytochemical composition of lyophilized aqueous leaf extract of Ficus 
capensis. Data are shown as mean ± S.D (n=3).

Fig. 2. Effects of LALEFC on Liver GSH Level in carboplatin-induced liver 
injury in Wistar albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).

Fig. 3. Effect of LALEFC on Liver CAT Activity in carboplatin-induced liver 
injury in Wistar albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).

Fig. 4. Effect of LALEFC on Liver SOD Activity in carboplatin-induced liver 
injury in Wistar albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).
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carboplatin (Figs. 8–12).

3.2. Effects of lyophilized aqueous leaf-extract of F. capensis on histology 
of the liver

As illustrated in Fig. 13, the liver section from group 1 (normal 
control) has a central vein and hepatocytes (H) that are well-perfused 
and normal. The carboplatin-treated group only had severe damage 
and long-lasting groups of an inflammatory cell (IHAIC) inside the liver. 
The overall appearance is consistent with chronic hepatitis. The rats that 
received a small amount of LALEFC and carboplatin showed some mild 
healing in their livers. There was also a moderate portal aggregate of 
inflammatory cells (PAIC) and congestion of the portal vein (CPV). On 
the other hand, rats treated with carboplatin and a medium or high dose 
of LALEFC healed more slowly due to poor blood flow, clogged central 
veins, and mild fatty changes (FC) in their liver cells.

Fig. 5. Effect of LALEFC on Liver GPx Activity in carboplatin-induced liver 
injury in Wistar albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).

Fig. 6. Effect of LALEFC on Liver ROS Level in carboplatin-induced liver injury 
in Wistar albino rats. The mean(n=6) values with asterisk ****p<0.0001, 
***p<0.0006, **p<0.003. Groups’ mean values were compared to group B 
(carboplatin only) using Dunnett’s multiple comparisons test, revealing signif-
icant differences at p<0.05. LD (low dose), ID (intermediate dose), and HD 
(High dose).

Fig. 7. Effect of LALEFC on Liver MDA Level in carboplatin-induced liver injury 
in Wistar albino rats. The mean(n=6) values with asterisk ****p<0.0001, 
***p<0.0006, **p<0.003. Groups’ mean values were compared to group B 
(carboplatin only) using Dunnett’s multiple comparisons test, revealing signif-
icant differences at p<0.05. LD (low dose), ID (intermediate dose), and HD 
(High dose).

Fig. 8. Effect of LALEFC on Liver Interleukin-1β Level in carboplatin-induced 
liver injury Wistar in albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).

Fig. 9. Effect of LALEFC on Liver Interleukin-6β Level in carboplatin-induced 
liver injury in Wistar albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).
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4. Discussion

There was a total of 1577.72 ± 0.008 phenols in 100 g of the 
lyophilised aqueous leaf extract of Ficus capensis. These were followed by 
flavonoids (1253.13 ± 0.007), tannins (878.97 ± 0.00), alkaloids 
(652.66 ± 0.007), glycosides (314.39 ± 0.011), and terpenoids (261.18 
± 0.154). Steroids (0.573 ± 0.062), saponins (0.370 ± 0.003), and HCN 
(0.254.00 ± 0.006) were also present in small amounts (Fig. 1). These 
findings are consistent with those of Aja et al. [5], who reported high 
amounts of flavonoids, alkaloids, saponins, and tannins in D. rotundifolia 
root and leaf. This study also backs up what Ugwu et al. [45] reported 
about the flavonoids, steroids, terpenoids, tannins, and alkaloids found 
in the ethanol root extract and fractions of S. jollyanum. Since F. carpensis 
is rich in phenols and flavonoids that possess antioxidant capacity, it 
may prevent several diseases, including oxidative stress and 
inflammatory-related disorders. The presence of alkaloids may explain 
this plant’s pharmacology, such as CNS stimulants, topical anaesthetics, 
strong painkillers, and anti-puretics.

In this study, administering carboplatin to rats significantly reduced 
GSH levels, activities of SOD, CAT, and GPx, and increased ROS and 
MDA levels in the rats. But when LALEFC and carboplatin were mixed, 
the levels of GSH and the activities of CAT, SOD, and GPx went up a lot 
compared to the carboplatin group. On the other hand, ROS and MDA 
levels went down. Obiajulu et al. [33] also observed an increase in SOD, 
GPx, and CAT activity in the livers of animals given 200 mg/kg (b.w.) of 
F. capensis and 400 mg/kg (b.w.) of C. aconitifolius. Additionally, Obia-
julu et al. [33] observed that in experimental rats, liver toxicity stimu-
lation led to a significant (p<0.05) increase in the MDA level. Still, the 
MDA level went down significantly (p<0.05) when the extracts from 
F. capensis and C. aconitifolius were given together. Other earlier studies 
[6,4,46,27] are in support of these present results.

The liver cells encourage these endogenous antioxidants—GSH, 
SOD, CAT, and GPx—to combat abnormal oxidative stress [27]. The 
extract appears to have the potential to treat liver damage resulting from 
carboplatin, as it reversed the drug-induced decline in GSH levels and 
activity of SOD, CAT, and GPx while also reducing ROS levels. Lipid 
peroxidation produces MDA, which is a sign of the majority of oxidative 
stress in the body. When compared to the normal control group, the liver 
MDA level in the carboplatin group increased considerably. It’s 
intriguing to note that the groups that received LLEFCs and omega-3 
fatty acids showed a significant decrease in MDA levels. López-Mejía 
et al. [27] found the same thing that we did: lipid peroxidation products 
increase redox imbalance, lower GSH levels, and then lower GPx activity 
after carboplatin is given. However, LALEFC, or omega-3 fatty acids, was 
able to restore this impact. The administration of carboplatin to the 
groups may have resulted in increased lipid peroxidation in their livers, 
as the drug generates free radicals that reduce the body’s antioxidant 
levels. The liver of the LALEFC-carboplatin group had higher levels of 
GSH and antioxidant enzymes and lower levels of MDA, which was 
different. This suggests that this plant could potentially counteract the 
hepatotoxicity of carboplatin by enhancing the liver’s antioxidant 
enzyme levels.

Thus, research has connected an increase in oxidative stress to 
inflammation, a physiological reaction to cell damage [6]. Carboplatin 
greatly raised the levels of TNF-α, NF-κB, IL-1β, and IL-6 in Wistar albino 
rats compared to the normal control group. It also increased the activity 
of caspase-3. In contrast to the carboplatin group, the levels of NF-κB, 
TNF-α, IL-1β, and IL-6β, as well as caspase-3 activity, went down a lot 
when LALEFC was mixed with carboplatin. This is consistent with pre-
vious research demonstrating the interaction between oxidative stress, 
inflammation, and apoptosis [14,18,32]. All cells can normally turn on 
or off NF-B, a redox-sensitive nuclear transcription factor that regulates 
numerous genes implicated in inflammation [24]. Carboplatin can cause 
oxidative stress, which can lead to the production of an inhibitor of 
kappa B kinase (IKK). IKK then breaks down the inhibitor of kappa B (IB) 
and makes it easier for NF-kB to bind to DNA. This is because many 

Fig. 10. Effect of LALEFC on Liver Tumor Necrosis Factor-Alpha Level in 
carboplatin-induced liver injury in Wistar albino rats. The mean(n=6) values 
with asterisk ****p< 0.0001, ***p< 0.0006, **p< 0.003, **p< 0.0045. Groups’ 
mean values were compared to group B (carboplatin only) using Dunnett’s 
multiple comparisons test, revealing significant differences at p<0.05. LD (low 
dose), ID (intermediate dose), and HD (High dose).

Fig. 11. Effects of LALEFC on Liver Nuclear Factor Kappa B Level in 
carboplatin-induced liver injury in Wistar albino rats. The mean(n=6) values 
with asterisk ****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values 
were compared to group B (carboplatin only) using Dunnett’s multiple com-
parisons test, revealing significant differences at p<0.05. LD (low dose), ID 
(intermediate dose), and HD (High dose).

Fig. 12. Effects of LALEFC on Liver Caspase-3 Activity in carboplatin-induced 
liver injury in Wistar albino rats. The mean(n=6) values with asterisk 
****p<0.0001, ***p<0.0006, **p<0.003. Groups’ mean values were compared 
to group B (carboplatin only) using Dunnett’s multiple comparisons test, 
revealing significant differences at p<0.05. LD (low dose), ID (intermediate 
dose), and HD (High dose).
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target genes, such as those that produce TNF-α, IL-2β, and IL-6β, are 
controlled by activated NF-κB, which travels from the cytoplasm to the 
nucleus. However, activating the NF-B signalling pathway significantly 
impacts cellular toxicity [50]. Blocking the NF-B signalling pathway has 
been shown to stop the production of too much IL-6, TNF-β, IL-1, and NO 
[21,25,2].

Caspases, which are essential, mediate apoptosis, or programmed 
cell death. Regular triggers trigger Caspase-3, a death protease that 
cleaves a variety of important cellular proteins. As part of this study, 
giving rats carboplatin increased caspase-3 activity significantly. How-
ever, giving rats carboplatin and LALEFC together decreased caspase-3 
expression significantly. Carboplatin turned on Caspase-3 by causing a 
redox imbalance and the production of more cytokines (IL-6β, TNF-α, 
and IL-1β). Administering LALEFC and carboplatin together prevented 
oxidative stress and NF-B activation. This lowered the expression of 
proinflammatory cytokines, which in turn decreased the amount of 
caspase-3 in Sertoli and Leydig cells. The results back up earlier research 
that found that carboplatin raises Caspase-3, which kills cells in mice 
[22,26] and goat testis Sertoli cells [52]. Because it has a lot of healthy 
nutrients, LALEFC can lower NF-κB, IL-2β, IL-6β, TNF-α, and Caspase-3 
in albino rats whose livers have been damaged by carboplatin. This 
means that it can help with antioxidant, inflammatory, and apoptotic 
processes. The effects of carboplatin or LALEFC on antioxidants and 
inflammatory markers were consistent with the liver histology results.

5. Conclusion

The study finds that lyophilised aqueous leaf extract from F. capensis, 

which is high in phenols and other phytochemicals, effectively reduces 
liver damage caused by carboplatin by blocking redox imbalance and 
the NF-Kb/IL-β1 and 6/TNF-α/Caspas-3 signalling pathways. This re-
stores normal liver architecture in rats. This suggests F. capensis has 
significant therapeutic potential for protecting against chemotherapy- 
induced liver toxicity.
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