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Abstract 
 
Picralima nitida and Cymbopogon citratus, commonly used in traditional medicine for their health benefits, 
have gained interest due to their bioactive compounds with anti-inflammatory properties, offering potential 
for new therapeutic applications. Investigating the effects of their combined extract on Interferon-Gamma 
(IFN-γ) and Intercellular Adhesion Molecule-1 (ICAM-1) gene expressions highlights the need to explore 
its potential in mitigating benzene-induced haematotoxicity, possibly through the modulation of these 
genes. Therefore, this study aimed to investigate how an aqueous extract of Picralima nitida and 
Cymbopogon citratus affected the expression of IFN-γ and ICAM-1 genes in rats with benzene-induced 
haematotoxicity. The study involved 60 male Wistar rats, divided into six groups, to evaluate the effect of 
a Picralima nitida and Cymbopogon citratus leaf extract blend on GSK3β and AMPK mRNA levels. The 
groups were: control (A), benzene (B), cyclophosphamide (C), and benzene with 100 mg/kg (D), 200 mg/kg 
(E), and 400 mg/kg (F) of the extract. Polymerase Chain Reaction was used to measure gene expression, 
and GraphPad Prism was used for data analysis. There was a significant increase in the mRNA expression 
of ICAM-1 in group D when compared to groups A, B and C. There was a significant increase in the 
expression of ICAM-1 in group F than in group A. There was no significant mRNA expression of IFN-γ 
across the six groups. This study concludes that, benzene exposure induced an increased ICAM-1 mRNA 
expression. Co-administration of benzene and specific doses of the aqueous leaf extract led to variable effects 
on ICAM-1 gene expression. 
 
Keywords: Benzene, Cymbopogon citratus, Intercellular Adhesion Molecule-1, Interferon-
Gamma, Picralima nitida. 
 
INTRODUCTION 
Medicinal plants contain a wide range of bioactive compounds, including alkaloids, flavonoids, 
terpenoids, phenolic compounds and others, which have therapeutic effects on the human body 
(Obazelu and Osazee, 2024). These bioactive compounds function as free radical scavengers or 
antioxidants and have significant anti-inflammatory, anti-diabetic, anti-aging, antibacterial, anti-
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parasitic, antidepressant, anti-cancer, antioxidant, and wound-healing properties (Bahramsoltani 
et al., 2014). Among these medicinal plants, Picralima nitida and Cymbopogon citratus have been 
identified for their pharmacological and therapeutic potentials. Picralima nitida, belonging to the 
Apocynaceae family, is a West African plant known locally as "Abeere" among the Yoruba people 
and"Osi-Igwe" among the Igbo people of Nigeria. Various parts of P. nitida have been used 
medicinally for treating fever, hypertension, jaundice, gastrointestinal disorders, malaria, and 
other ailments (Erharuyi et al., 2014). Several studies have highlighted its phytochemical 
composition and antioxidant activity, with reported effects including antipyretic, analgesic, anti-
inflammatory, hypoglycemic, hypotensive, anti-plasmodial, antimicrobial, antiulcer, and anti-
tumorigenic properties (Ibukun et al., 2022). Similarly, Cymbopogon citratus (Lemongrass), a 
widely used herb in tropical region, is known for its essential oils, including citral, geraniol, 
citronellal, and flavonoids such as quercetin and kaempferol. These compounds possess 
pharmacological properties, including antibacterial and anti-inflammatory effects (Kapoor et al., 
2017). Additionally, C. citratus has been reported to exhibit antimalarial, antioxidant and 
hypoglycemic (Obazelu and Williams, 2024). The synergistic effects of P. nitida and C. citratus as 
a bi-herbal mixture hold significant potentials in mitigating oxidative stress and inflammatory 
responses, particularly in cases of toxicant-induced haematotoxicity. 
 
Benzene, which is a common industrial solvent, is a well-known hematotoxin and carcinogen. 
Chronic benzene exposure results in hematopoietic toxicity, leading to bone marrow suppression, 
anaemia, leukopenia, and thrombocytopenia. Benzene-induced haematotoxicity is characterized 
by oxidative stress, DNA damage, and apoptosis in hematopoietic cells (Snyder, 2012). The 
immune system plays a crucial role in modulating benzene toxicity, with inflammatory cytokines 
such as Interferon-gamma (IFN-γ) and Intercellular Adhesion Molecule-1 (ICAM-1) playing 
important roles in mediating immune responses and cellular adhesion (Kezic, 2017). IFN-γ, a pro-
inflammatory cytokine, plays a role in modulating immune responses by activating 
macrophages, enhancing antigen presentation, and promoting T-cell differentiation. It is a key 
regulator of innate and adaptive immunity, influencing cellular responses to infections, 
autoimmune conditions, and haematopoietic processes. IFN-γ exerts its effects by stimulating the 
expression of major histocompatibility complex (MHC) molecules, thereby improving antigen 
recognition by immune cells (Mendoza et al., 2019).  
 
Intercellular Adhesion Molecule-1 (ICAM-1), is crucial for leukocyte trafficking, immune synapse 
formation, and inflammatory responses. It facilitates firm adhesion and transmigration of 
leukocytes across the endothelium, allowing immune cells to reach sites of infection or injury 
(Henríquez et al., 2015). ICAM-1 expression is upregulated in response to pro-inflammatory 
cytokines such as IFN-γ and TNF-α, reinforcing immune cell interactions and sustaining 
inflammatory responses. Beyond its role in inflammation, ICAM-1 contributes to immune 
surveillance and tissue remodeling in both physiological and pathological conditions. The JAK-
STAT signaling pathway is critical in cytokine-mediated inflammatory responses and 
haematopoietic regulation. IFN-γ signaling through the JAK-STAT pathway activates STAT1, 
which subsequently modulates gene expression involved in immune activation and 
inflammation (Rauch et al., 2013). Dysregulation of this pathway contributes to the pathogenesis 
of various haematological disorders and chronic inflammatory diseases (Libby, 2007). 
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Given the established pharmacological properties of P. nitida and C. citratus, this study seeks to 
investigate their therapeutic potentials in mitigating benzene-induced haematotoxicity in Wistar 
rats. Specifically, the gene expression of IFN-γ and ICAM-1 will be assessed to determine the 
immunomodulatory effects of the bi-herbal mixture. Understanding the molecular mechanisms 
underlying their protective effects could provide insights into developing plant-based 
interventions for benzene-induced haematotoxicity. This research aimed to bridge the gap 
between traditional medicine and modern therapeutic strategies by elucidating the role of P. 
nitida and C. citratus in immune modulation and haematopoietic protection. 
 
MATERIALS AND METHODS 
 
Study Population 
Sixty healthy rats were obtained from the Anatomy department at the University of Benin in 
Benin City, Nigeria, and subsequently housed in their animal facility.  
 
Identification of Picralima nitida and Cymbopogon citratus Leaves 

The leaves of both plants used in this study (P. nitida and C citratus) were gathered from a local 
community located in Ovia Northeast area on August 23, 2024. The identification and 
authentication of the leaves were carried out at the Department of Plant Biology and 
Biotechnology at the University of Benin. 
 
Processing of Cymbopogon citratus and Picralima nitida Leaves 

Leaves were first inspected, and any damaged or unhealthy ones were discarded. Following this, 
the leaves were washed thoroughly and allowed to drain. To prepare them for grinding, they 
were left open to dry for two weeks. Subsequently, the process of drying was moved to a hot air 
oven at 50°C (24 hours) to ensure complete dryness. Once dried, the leaves were ground using an 
industrial 1000A high-speed grinder. About 250 g from each leaf type was then measured for 
further use (Obazelu and Osazee, 2023). 
 
Preparation of Plant Extracts 
2.5 litres of distilled water were mixed with 250 g of the pulverised plant powder. After that, the 
combination was left to steep for a full day under carefully monitored storage conditions. 
Following the soaking time, the mixture was filtered with filter paper (pore size: 15 microns) and 
any leftover residue was disposed of. The filtrate was made into a paste-like consistency using a 
water bath that was heated to 45°C. To create the necessary concentrations for administration, the 
resultant paste was weighed and then dissolved in distilled water (Obazelu and Osazee, 2023). 
 
Animal Care  
The rats were kept in a well-ventilated area within the University of Benin, Benin City's 
Department of Anatomy's animal holding facility. They were given food and water continuously 
during a 12-hour light/dark cycle. Before the experiment started, the rats were allowed to 
acclimatise for two weeks (Obazelu and Osazee, 2023). 
 
Ethical Consideration 
The research received ethical clearance from the Ministry of Health's Committee Overseeing 
Animal Research Ethics in Benin City, Edo State. The July 31, 2024, approval reference number 
was HA/737/24/D/0708328.  
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Preparation of Benzene Solution 
 
Benzene Solution 
Distilled water, 2-propanol, and benzene were combined in a 1:5:5 ratio to create the benzene 
solution. This indicates that 5 parts distilled water, 5 parts 2-propanol, and 1 component benzene 
were combined. Over the course of 28 days, each animal weighing around 150g received a dosage 
of 0.2 ml of this solution every 48 hours (Obazelu and Omoregie, 2024). 
 
Preparation of Cyclophosphamide Drug Solution 
To prepare the cyclophosphamide solution, 500 mg of the drug in powdered form was dissolved 
in 25 ml of water (distilled). Each rat in Group C, averaging 150 g in weight, received a dose of 
0.3ml of this solution orally. The administration was carried out every 48 hours for a duration of 
28 days (Obazelu and Faluyi, 2024). 
 
Research Design  
This study involved the use of sixty (60) mature Wistar rats, each weighing between 150-200 g, 
which were assigned into six groups (10 rats per group). Group A was the control group and that 
was given standardized feed and clean water only. Group B was exposed solely to benzene 
administered intraperitoneally. Group C received intraperitoneal benzene along with treatment 
using the standard drug solution, cyclophosphamide. Group D was administered intraperitoneal 
benzene and treated orally with a low dose of C. citratus and P. nitida leaves extract. Similarly, 
Group E received intraperitoneal benzene but was treated orally with a higher dose of the herbal 
formulation, while Group F was exposed to intraperitoneal benzene and received the highest 
dosage of the herbal preparation. 
 
Administered Doses of Cymbopogon citratus and Picralima nitida Leaves Extract  
For the 28-day study, rats were assigned to three treatments. The control group (A) was provided 
with standard feed and water. The benzene group (B) received 0.2 ml of benzene solution through 
intraperitoneal injections every 48 hours. The cyclophosphamide group (C) was given 0.2 ml 
benzene and 0.3 ml of 6 mg/ml cyclophosphamide, both via intraperitoneal injections every 48 
hours. Group D was given 0.2 ml benzene solution by intraperitoneal administration at 48-hour 
interval for 4 weeks and subsequently treated orally with 0.15 ml of a 100 mg/kg of C. citratus 
and P. nitida leaf extracts, administered daily using a gavage tube. Group E was treated with 0.2 
ml benzene solution by intraperitoneal administration at 48-hour interval for 4 weeks and given 
0.3 ml of a 200 mg/kg of C. citratus and P. nitida leaf extracts orally each day via a gavage tube. 
Lastly, Group F received 0.2 ml benzene solution intraperitoneally at 48-hour intervals for 28 days 
and was administered 0.6 ml of a 400 mg/kg of C. citratus and P. nitida leaves extract orally on a 
daily basis through a gavage tube. 
 
Sacrifice of Animals and Collection of Samples 
Rats were carefully evaluated for their general physical condition. Anaesthetic induction was 
performed using chloroform to ensure minimal distress. The femur was then carefully accessed 
and opened along its length to expose the marrow cavity. Bone marrow was gently extracted 
using sterile forceps and transferred into Eppendorf tubes containing Trizol reagent to preserve 
the sample for subsequent molecular analysis. 
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Laboratory Analysis 
Total RNA extraction from tissue samples was done using the Quick-RNA MiniPrep™ Kit. To 
eliminate DNA contamination, the samples underwent treatment with DNase I. RNA 
concentration was determined using spectrophotometry at 260 nm, and purity was assessed by 
the 260/280 nm ratio. To create cDNA, 1 μg of RNA was used with a cDNA synthesis kit based 
on ProtoScript II technology. This involved heating the RNA at 65°C for 5 minutes, then at 42°C 
for 1 hour, and finally at 80°C for 5 minutes. PCR was used to determine gene expression levels. 
Reactions were set up with a OneTaqR2X master mix and primers from Inqaba Biotec. The PCR 
protocol included an initial denaturation step, followed by 30 amplification cycles of 
denaturation, annealing, and extension. Amplified DNA was visualized on an agarose gel, and 
gene expression was normalized to GAPDH. The intensity of the bands on the gel was quantified 
using ImageJ software (Elekofehinti et al., 2020). The primers used for amplification were as 
follows: IFN-Gamma (Forward: GTGAACAACCCACAGATCCA, Reverse: 
GAATCAGCACCGACTCCTTT), ICAM-1 (Forward: AGAAGGACTGCTTGGGGAA, Reverse: 
CCTCTGGCGGTAATAGGTG), and GAPDH (Forward: AGACAGCCGCATCTTCTTGT, 
Reverse: CTTGCCGTGGGTAGAGTCAT). 
 
Statistical Analysis 
GraphPad Prism software was used to analyze the data and generate bar charts depicting 
mRNA gene expression. Statistical significance was defined as a p-value below 0.05. 
 
RESULTS 
Figure 1 illustrates expression levels of ICAM-1 in all the groups studied, with each group's 
ICAM-1 expression represented by a specific bar on the bar chart. Groups B, D, E and F showed 
significantly higher expression of ICAM-1 compared to groups A (p<0.05). Group D had higher 
expression of ICAM-1 compared to groups B and C while group E had lower expression 
compared to group D (p<0.05). 
 
Figure 2 illustrates expression levels of IFN-γ in all the groups studied, with each group's IFN-γ 
expression represented by a specific bar on the bar chart. There were no significant changes in 
the mRNA expression of IFN-γ gene across the whole groups (p>0.05). 
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Figure 1: mRNA expression of ICAM-1, with error bars representing the mean ± SEM. BZ is used to denote 
the benzene group. Statistical significance was determined at p < 0.05. The letters a, b, c, d, e and f indicate 
significant differences when compared to groups A, B, C, D, E and F, respectively. 
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Figure 2: mRNA expression of IFN-γ, with error bars representing the mean ± SEM. BZ is used to denote the benzene 
group. Statistical significance was determined at p < 0.05.  
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DISCUSSION 
There has been significant attention, as researchers search deeply into the relationship between 
biological systems and environmental agents and one such environmental agent is benzene, a 
frequently used industrial chemical and a prevalent component of air pollutants. Over the years, 
the International Agency for Research on Cancer (IARC) has evaluated benzene and concluded 
with evidence of carcinogenicity considered sufficient both for humans and for animals. In 
humans the evidence was based on increase in leukaemia in benzene workers (Infante et al., 1977). 
In attempt to address the harmful effects of benzene-induced haematotoxicity, researchers have 
been exploring various ways to discover therapeutic interventions and medicinal plants have 
emerged as promising options, owing to their rich reservoir of bioactive compounds with health 
benefits (Obazelu and Faluyi, 2023). This study investigated the effect of the bi-herbal mixture of 
Picralima nitida and Cymbopogon citratus aqueous leaf extracts on the expression of ICAM-1 and 
IFN-gamma genes in Benzene-induced haematotoxicity in Albino Wistar rats and an important 
part of benzene-induced haematotoxicity, is the altered expression of key genes associated with 
regulating adhesion molecules.  
 
In this study, groups exposed to benzene had significantly higher ICAM-1 expression compared 
to the control group, indicating that benzene exposure induces a pro-inflammatory state. This 
finding is consistent with previous research demonstrating that benzene and its metabolites 
promote oxidative stress and immune activation, leading to increased expression of adhesion 
molecules such as ICAM-1 (Qiao et al., 2022). The observed upregulation suggests a heightened 
inflammatory response, which may contribute to endothelial dysfunction, immune 
dysregulation, and hematopoietic disturbances (Nakashima et al., 1998). However, this finding is 
in contrast with the study of Obazelu and Faluyi (2023) who observed a reduction in the 
expression of ICAM-1 following benzene administration. 
 
It was also observed that the group administered with 100mg/kg of the extract had a greater 
ICAM-1 expression than both the benzene-only group and the cyclophosphamide-treated group. 
This suggests that at a lower dose, the extract may have initially enhanced the inflammatory 
response rather than mitigating benzene-induced effects. This could be attributed to bioactive 
compounds within the extract stimulating immune activity as part of an early defense mechanism 
(Kim et al., 2010). However, the specific molecular mechanisms underlying this effect remain to 
be elucidated. However, a dose-dependent reaction was observed in ICAM-1 expression across 
the groups receiving the extract. While ICAM-1 expression remained elevated in all benzene-
exposed groups, the group administered 200mg/kg had lower expression levels compared to the 
group administered 100 mg/kg of the extract. This suggested that at higher doses, the extract 
might exert a regulatory effect on inflammatory responses, potentially mitigating the pro-
inflammatory effects induced by benzene exposure. Such a response is commonly observed with 
phytochemicals, where lower concentrations may act as immune stimulants, while higher 
concentrations exhibit anti-inflammatory and antioxidant properties. In contrast, a study 
analysing the effect of a medicinal plant showed no observed changes in ICAM-1 expression after 
administration of the extract (Obazelu and Faluyi, 2023). 
 
The results from this study indicated that IFN-γ mRNA expression did not show any significant 
variation across the experimental groups. This suggested that benzene exposure did not cause a 
transcriptional response in IFN-γ levels, nor did the administration of P. nitida and C. citratus 
extracts induce any significant regulatory effect. This finding is in contrast to a previous study 
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that has shown that benzene and its metabolite hydroquinone significantly inhibited interferon 
gamma production (Cheung et al., 1988).  This lack of difference implies that IFN-γ signaling may 
not be a primary pathway affected by benzene exposure within the conditions of this study or 
that compensatory regulatory mechanisms maintained IFN-γ levels within a stable range. One 
possible explanation for this finding is that IFN-γ production is tightly regulated by multiple 
feedback mechanisms involving cytokine cross-talk, immune cell activation, and oxidative stress 
modulation (Saha et al., 2010). Unlike ICAM-1, which is an adhesion molecule primarily involved 
in leukocyte-endothelial interactions during inflammation, IFN-γ is more directly associated with 
adaptive immune responses (Mezouar et al., 2020). The absence of significant changes in IFN-γ 
expression also suggested that benzene exposure may have triggered an inflammatory response 
that primarily involved other cytokines, such as TNF-α or IL-6, rather than IFN-γ. This aligns 
with previous studies indicating that benzene toxicity is more prominently linked to oxidative 
stress and innate immune activation rather than direct stimulation of Th1-mediated IFN-γ 
responses (D’Souza et al., 2024). 
 
Additionally, the findings suggest that the administered extracts did not cause a significant effect 
on IFN-γ transcription. While many plant-derived compounds possess immunomodulatory 
properties, their influence on IFN-γ production may depend on the specific bioactive components 
present, their concentration, and the duration of exposure. It is also possible that the extracts 
influenced IFN-γ activity at the protein level rather than at the transcriptional level, which was 
the focus of this analysis. In contrast to this study, some studies have found that other plants like 
Ocimum sanctum and Illicium verum can significantly increase IFN-γ production (Goel et al., 2010, 
Sung et al., 2012). 
 
CONCLUSION 
Data from this study revealed that the mRNA expression of ICAM-1 was significantly 
upregulated in response to benzene-induced haematotoxicity. However, treatment with P. nitida 
and C. citratus leaf extracts modulated this expression in a dose-dependent manner. In contrast, 
the mRNA expression of IFN-γ remained unchanged across all experimental groups, suggesting 
that benzene exposure and the administered treatments did not significantly impact its 
transcriptional regulation.  
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