


PHYTOCHEMICAL CONSTITUENTS AND IN-VIVO IMMUNOMODULATORY EFFECT OF SCLEROCARYA BIRREA IN BENZENE INDUCED LEUKEMIA MICE MODEL

                                                             ABSTRACT
Pharmacological exploitation of natural compounds has continued to lead to development of non-synthetic and non-toxic anticancer agents that are promising at ameliorating the menace of neoplastic diseases such as leukemia. This study is aims to determine the chemo-preventive and ant-leukemic effect of methanol extract of Sclerocarya birrea bark (Met.S.b) on biomarker in benzene induced leukemic in mice. Leukemia was induced by intravenous injection of 0.2 mL benzene solution 48 hourly for 4 weeks in appropriate mice groups. Methanol extract of Sclerocarya birrea bark was administered independently to respective treatment mice groups. A standard anti-leukemic drug (Doxorubicin and Ara-C) was also used to treat appropriate mice groups. Clinical examination of blood serum hematological parameters were employed to assess the leukemia burden following analysis of the mice blood samples on Abacus 380 (Diatron) automated instrument. The free radical scavenging effect of Sclerocarya birrea methanol extract, the effects of Sclerocarya birrea on some biomarkers of Leukemia (C-reactive protein, Uric Acid, Electrolytes, biochemistry of blood serum, lactate dehydrogenase enzyme, Liver Enzymes and body weights were also determined. The results obtained in benzene induced leukemic rats treated with these extracts compared favorably with those obtained in similar treatments with the standard drug (p< 0.05). The extract demonstrated chemopreventive and anti-leukemic activities as much as the standard anti-leukemic drug (p<0.05) by ameliorating the induced leukemic condition in the affected mice groups owing to its bioactive constituents. This study reveals that the extract might be an active, natural and non-toxic anticancer drug lead. A major limitation was large sample size.
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                                                             INTRODUCTION
According to World Health Organization (WHO) Cancer is the second leading cause of death globally. A report by Global Cancer Observatory (Globocan), 2018-2022 proposed that Nigeria recorded 115 950 cases of cancer. Were Leukemia is ranked 6th and causes about 2.7% of death. Leukemia is a leukocyte cancer that is characterized by anarchic growth of immature immune cells in the bone marrow, blood and spleen. There are many forms of leukemia, and the best course of therapy and the chance of a patient’s survival depend on the type of leukemic disease. Different forms of drugs have been used to treat leukemia (Mankaran et al., 2013). Despite improved scientific research that has increased the efficacy of cancer treatment and management, multimodality treatment of cancer with certain synthetic chemotherapies such as cyclophosphamide and doxorubicin among others resulted in certain side effects that lead to specific organ toxicity and even secondary malignancy such as therapy-related myelodysplastic syndrome and acute myeloid leukemia (Javed et al., 2012). Due to the adverse effects associated with such therapies and drug resistance, the search for safer and more effective drugs remains one of the most challenging areas of research (Dwi et al., 2020).  Thus, new therapeutic approaches are important to improving outcomes. Therefore, there is need for less toxic herbal medicine with sufficient chemotherapeutic effect (Zaruwa et al., 2021). Furthermore, disparities in cancer care are increasing globally, with patients in low resource settings having little or no care (Akinpelu et al., 2011). Disparities ranging from access to cancer prevention, treatment, management and diagnosis. Therefore, innovative and novel drug candidates for primary healthcare delivery are needed to aid address the gaps (Zaruwa et al., 2021). Effort has been made throughout this comprehensive review to highlight the recent developments and milestones achieved in leukemia therapies using plant-derived compounds and the crude extracts from Sclerocaya Birrea medicinal plant.

RESEARCH METHODOLOGY
PREPARATION OF PLANT MATERIAL
The inner bark of Sclerocarya birrea (Marula) were harvested, purchased from local market Keffi Nasarawa State and identified in the department of Plant Science and Biotechnology Nasarawa State University keffi, a voucher No.6 and was assigned to the plant respectively. The inner barks plant were washed with distilled water, air dried under laboratory conditions for two weeks in the Department of Biochemistry Laboratory, Nasarawa State University, Keffi.  The dried inner barks were grinded to pass 0.5 mm sieve to provide a greater surface area for easy filtration and weighed, an average of 20 g of the dried powder was filled in the porous cellulose thimble and subjected to soxhlet extraction using methanol for 12 hours at 100oC, followed by filtration through a Whatman No.1 filter paper. The extract was evaporated in a rotary evaporator (RE 300) at 60oC. The plant extract was prepared according to the procedure developed by the Institute of Medical Research (IMR).
Acute Toxicity of inner barks of Sclerocarya birrea (Marula) Methanol extract.
Per oral (P.O) route was used for the determination of acute toxicity (LD50) of the Methanolic extract of inner bark of Sclerocarya birrea (Marula) in mice of both sexes according to Isah et al., (2007).  Fifteen (15) mice were divided into three (3) groups of five (5) mice each used for assessing LD50. Varying doses of the extract (ranging from 1000-5000mg/kg body weight) was administered to the mice as single doses. After the administration of the extract, the mice were observed at 6 hourly intervals for the next 48 hours to observe any death or changes in general behaviour and other physiological effects (Ogbonnia et al., 2009). 
Determination of Free Radical Scavenging of inner barks of Sclerocarya birrea (Marula) Methanol extract.
The free radical scavenging activity of the methanol extracts of Sclerocarya birrea (Marula) was measured by 1.1-diphenyl-2-picryl-hydrazyl (DPPH) assay according to the method of Debaleena et al., (2015). A solution of 0.2 mm DPPH in methanol was prepared. 1.0 mL of this solution was mixed with 3 mL of extract in methanol containing 50, 100, 150, 200, 250 and 300 µg/ml of the extract. The mixture was vortexed thoroughly and left in the dark at room temperature for 30 minutes. The absorbance was measured at 517nm. Ascorbic acid was used as the reference standard. The ability to scavenge DPPH was be calculated with the equation below;
DPPH radical scavenging activity (%) = (A control – A sample) × 100
                                 A control
Where A control = absorbance of DPPH radical + methanol
A sample = absorbance of DPPH radical + sample extract / A control
Weight management of inner barks of Sclerocarya birrea (Marula) Methanol extract.
Body weight of all group mice were assessed every week throughout the experimental period to evaluate the weight management efficacy of Sclerocarya birrea (Marula) Methanol extract.



Experimental Animals
A total of 45 mice weighing 150-250 g were used for the experiment, 15 mice for acute toxicity test and 30 for the in-vivo experimental design. The mice were acclimatized to laboratory condition for two weeks before the beginning of the experiment (Zaruwa el al., 2016). The mice were maintained at room temperature and with a 12 hight/ 12h dark cycle and allowed ad libitum access to feed and water (Ola et al., 2021). Ethical approval was obtained from Nasarawa State University Keffi mice care and use research committee (NSUK-ACUREC) with approval number NSUK-ACUREC 
In-vivo studies
Experimental design
A Completely Randomized Designed (CRD) was used and five (5) replicates of mice assigned to each group. 30 mice of both sexes were used for the experiment weighing 150-250 g and divided into 6 groups as follows:
Table 1 : List of groups and treatments used for the study 






	
	GROUPS
	TREATMENT

	1
	CONTROL
	FEED + WATER

	2
	POSITIVE CONTROL
(UNTREATED)
	FEED + WATER + BENZENE

	3
	STANDARD DRUG
	FEED + WATER + BENZENE + DOXORUBICIN / Ara C

	4
	GROUP 4
	FEED + WATER + BENZENE + 2.5 mg / kg (Met.S.b)

	5
	GROUP 5
	FEED + WATER + BENZENE + 5.0 mg/kg (Met.S.b)

	6
	GROUP 6
	FEED + WATER + BENZENE + 10 mg/kg (Met.S.b)




Group 1:  Control (Received feed and water), Group 2: Untreated Benzen Control (Received feed + water + benzene), Group 3: Standard (Received Doxorubicin/Ara C + feed + water + Benzene), Group 4:  (Received 2.5mg/kg methanolic extract of S.berri + feed+ water+ benzene), Group 5: (Received 5.0 mg/kg methanolic extract of S.berri + feed+ water+ benzene), Group 6: (Received 10mg/kg methanolic extract of S.berri + feed+ water+ benzene). Treatment with 2.5 mg/kg, 5.0 mg/kg and 10 mg/kg of Sclerocarya birrea (Marula) Methanol extract respectively by oral gavage.
Leukemia induction
Benzene (99%) with Cat No. MCR-28775 purchased from MOLYCHEM India was used to induce leukemia into the mice. Leukemia was successfully induced in mice following the procedure of Arikpo et al., 2025 by intravenous injection of 0.2mL of benzene solution 1 mL of the benzene was diluted in 5 mL of distilled water and 4 mL of Propanol   (1:5:4 of benzene / propanol / distilled water v/v) to make up the solution of which 0.2 mL was administered intravenously through the tail vein every 2days (48hr) four consecutive weeks (4wks) (Arikpo et al., 2025). After complete induction, blood samples were collected and tested to ascertain the presence of leukemia in selected mice. Leukemia was allowed to develop in the mice before commencement of treatment protocol.
Blood Samples collection
The mice were sacrificed at the end of the experimental process. Blood samples were collected by bleeding the jugular vein and dispensed into ethylene di amine tetra acetic acid (EDTA) and Lithium heparinized tubes. The samples were labelled, some centrifuged and plasma collected and stored appropriately for biochemical analysis.


Qualitative Phytochemical Screening.
The qualitative phytochemical screening was carried out according to the methods of (Vishnu et al., 2019; Junaid and Patil, 2020). Test for Phenol 5 ml of extract, 3ml of 10% lead acetate solution was added and mixed gently. The production of bulky white precipitate indicted positive for phenols (Vishnu et al., 2019). Test for Tannins 5ml of extract, few drops of 5% ferric chloride solution was added. The production of dark green colour indicates the presence of tannins (Vishnu et al., 2019). Test for Flavonoids 1ml of extract was taken and 10% of lead acetate were added. A yellow precipitate indicates positive inference for the flavonoids (Vishnu et al., 2019). Test for Alkaloids 5ml of extract, 2ml of HCl was added, followed by 1ml of Dragendroff‟s. An orange or red precipitate shows a positive result for alkaloids (Vishnu et al., 2019). Test for Saponins 0.5 mg of extract were vigorously shaken with few ml of distilled water. The formation of frothing indicated positive for saponins (Vishnu et al., 2019). Test for Quinones 1ml of the extract, alcoholic KOH was added, the presence of red to blue colour indicates the presence of quinones (Vishnu et al., 2019). Test for Terpenoids (Salkowski test) 3ml of the extract, 1ml of chloroform and 1.5 ml of concentrated H2SO4 was added along the sides of the tube. A reddish-brown colour in the interface was considered positive for the presence of terpenoids (Vishnu et al., 2019). Test for Anthocyanins 2ml of the extract was taken, 2ml of 2N HCl, followed by the addition of ammonia, the conversion of pink-red turns blue-violet indicated the presence of anthocyanins (Vishnu et al., 2019). Test for Reducing sugars (Benedict test) 0.5mL of the extract, 0.5ml Benedict reagent were boiled for 2 minutes. The production of a green, yellow or red colour indicated the presence of reducing sugars. (Junaid and Patil, 2020). Test for phytosterol (salkowskis test) To the filtrate, few drops of concentrated H2S04 was added, concentration was shaken thoroughly and allowed to stand for some minutes. The presence of red colour in the lower layer indicates the presence of phytosterol (Junaid and Patil 2020). Test for Resins (Acetic anhydride test) 1ml of the plant extract, acetic acid solution and 1ml concentrated H2S04. Were mixed together. Presence of orange to yellow colour indicates the presence of resins. (Junaid and Patil, 2020). Test for cholesterol 2ml of the extract, 2ml of chloroform, 10 drops of acetic anhydride and 2-3 drops of concentrated H2S04. Were mixed together, Presence of a red to rose colour indicates the presence of cholesterol. (Junaid and Patil, 2020).
Peripheral blood Microscopy Examination
Blood microscopy was done following the procedure of Bain B. J et al., 2006. Blood was collected from tail vain and stained with Kit RAL 555 giemsa stain. The stain were viewed under a triocular microscope (Swift SW350T) to ascertain the presence of blast cells and morphology of blood cells (Bain B. J et al., 2006).

Haematological Parameters Analysis
Haematological analyser (Abacus– 380, Diatron) which uses flow cytometry principles to count blood cells was used to analyse for haemoglobin (Hb), haematocrit (HCT), Red blood cell (RBC), white blood cell (WBC), pack cell volume (PCV), platelets, mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC) and differential white blood cells (eosinophils, lymphocytes, basophils, monocytes and neutrophils) with appropriate procedures (Liu et al., 2022; Robert, 2009; Imaduddin et al., 2022).
Principle 
Diatron Abacus-380 uses a helium-neon (He-Ne) laser to measure red blood cells, Platelets, Haematocrit and a tungsten-halogen light beam to measure haemoglobin, white blood cells, and white blood cells differentials, both are focused on the cell stream in the counting chamber of the machine (Robert, 2009).Optical sensors pick up the scattered light impulses at each angle, count and report the number of each cell type counted (Robert, 2009). Like other automated haematology analysers, Diatron Abacus-380 calculates other blood cell parameters based on the cell counts (Robert, 2009).

 Electrolytes analysis
	Electrolytes analyser (CB5-50) was used to measure the concentration of electrolytes such as potassium, sodium, calcium, chlorine and bicarbonate.
Principle
The electrolytes analyser use the of ion selective electrodes which measures the voltage that develops between the inner and outer surfaces of an ion selective electrode.
Uric acid analysis	
Uric acid meter (SKU BFI-6369) was used to measure the concentration of uric acid of experimental mice. Blood were collected from the rats during sacrificing into lithium heparinized sample container for uric acid analysis.
Principle
The Uric acid analyser uses enzymatic determination of uric acid which results from the specific oxidation of uric acid by uricase, uricase converts its substrate to allantoin the differential absorbance of these substances at 546 nm allows quantification of uric acid.

C reactive proteins (CRP) concentration 
C reactive proteins concentrations in blood was determined using Fincare C-reactive proteins analyzer by photometric measurement at 546 nm or 700 nm of antigen- antibody reaction between antibodies to human CRP bound to polystyrene particles and CRP present in the sample. 

Statistical analysis
Statistical analysis was done using Statistical Package for Social Science (SPSS, version 24). The results were expressed as Mean ± Standard Deviation. Multiple group comparisons were performed using one-way analysis of variance (ANOVA) followed by Dunnett’s test in order to detect inter-group differences, interpret results and simultaneous comparison of multiple groups. . A significant difference was determined when p < 0.05, p < 0.01 and p < 0.001. (Represented as letter b, c and d respectively) and no significance p>0.05 (Represented as letter a).

RESULTS 
Phytochemical Analysis
The qualitative phytochemical screening of the methanolic extract of Sclerocarya birrea (Marula) shows the presence of alkaloids, flavonoids, phenols, tannins, phytosterol, cholesterol, resins, reducing sugar and saponins.
Table 2 : Phytochemical screening of the methanolic extract of Sclerocarya birrea







	   Phytochemicals                                                              Presence                  

	 Flavonoids                                                                              +
Phenols                                                                                     +
Reducing sugars                                                                       -
Alkaloids                                                                                  +                                          
Triterpenoids.                                                                            -   
Tanins                                                                                       +
phytosterol                                                                                +
cholesterol                                                                                 +
Anthocyanins                                                                             -
Resins                                                                                        +
Saponins                                                                                    +


	+ = presence, - = absence
























Determination of free radical scavengers of Sclerocarya birrea methanolic extract
The result present below is an assay of the ability of Sclerocarya birrea methanolic extract to scavenge the radical DPPH by donating an electron to the radical which enhances a colour change and absorbance is measured. The percentage (%) inhibition of the extract is at 60.00 and 65.50% at high concentration of 250 and 300µg/ml compared to ascorbic acid 80.50 and 82.00 at concentrations of 250 and 300. The IC50 of the plant extract is at a concentration of 120 µg/ml compared to the control ascorbic acid at 98 µg/ml. a lower IC50 indicates a higher radical scavenging activity.
[image: ]









Fig 1 : Free radical scavenging activity of Sclerocarya birrea methanolic extract





Peripheral blood examination
The peripheral blood smear viewed with 40x magnification showed normal blood cell types in the control group while blast cells with cuplike morphology are present in the benzene group, normal blood cell morphology present in treated group with doxorubicin/Ara C regime.
[image: C:\Users\LAB\Documents\Screenshot_20241130-222232.jpg]

Fig 2 : Effect of Sclerocarya birrea methanolic extract on peripheral blood examination. 
A & B = Control group, C&D = Benzen group, E & F = Doxorubicin/Ara C, G & H = Treated with Sclerocarya birrea methanolic extracts.





Weight management Effect of Sclerocarya birrea methanolic extract on leukemic mice.
[image: ]Below shows a significant increase in weight of the groups treated with Sclerocarya birrea methanolic extract (p<0.001) compared to benzene group. Weight of experimental mice was also increased significantly (p<00.01) in the control group. Treatment with standard drug increased the weight of mice significantly (p<0.05) compared to benzene group. There was a significant (p>0.05) decrease in weight of benzene induced group compared to control group and groups treated with plant extract.  








Fig 3 : Weight management effect of Sclerocarya birrea methanolic extracts.
Results represented as mean standard ±d1eviation. Letters represent the level of significance; a = p > 0.05, b = p<0.05, c = p<0.01, d=p<0.001.










Effect of Sclerocarya birrea methanolic extracts on Uric acid concentration
 Uric acid which is the end product of nucleic acid catabolism, its concentration significantly (p<0.001) increased in benzene group compared to the control group. Treatment with Sclerocarya birrea methanolic extract in a dose dependent manner restored the uric acid levels as there was a significant (p<0.01) decrease compared to benzene group. However, Dox/Ara C administered group showed no difference in uric acid level significantly (p > 0.05) compared to the control group.

Fig 4 : Effect of Sclerocarya birrea methanolic extracts on uric acid levels.
 Results represented as mean standard ±deviation (n=5). level of significance p<0.05








Effect of Sclerocarya birrea methanolic extracts on C- reactive proteins.
C- Reactive proteins produced by the liver in high concentrations in response to inflammation significantly (p<0.001) increased in benzene group compared to control group. Treatment with Sclerocarya birrea methanolic extract. Treatment with doxorubicin/Ara C regimen significantly (p<0.01) decreased the C-reactive protein level when compared to the benzene group.



Fig 5 : Effect of Sclerocarya birrea methanolic extracts on C- reactive proteins. 
Results represented as mean standard ±deviation (n=5). level of significance p<0.05








Effect of Sclerocarya birrea methanolic extracts on Electrolytes, (Potassium (K+) sodium (Na), Calcium (C), Chloride (Cl), Bicarbonate (Tco) levels.
Electrolytes, Potassium levels were significantly (p<0.001) increased in benzene group compared to the control group. Treatment with Sclerocarya birrea methanolic extract significantly (p<0.05) decreased Potassium (k) levels compared to the benzene group. Treatment with chemotherapeutic regime doxorubicin/Ara C significantly (p<0.05) decreased potassium (k) level compared to benzene group. Sodium and chloride significantly (p<0.001), (p<0.01) increased respectively in benzene group. Hypocalcemia (total calcium and ionized calcium) is present in benzene group with significance (p > 0.05) when compared to the control group. Treatment with Sclerocarya birrea methanolic extracts and Dox/Ara C reduced the sodium, chloride and calcium levels significantly (p<0.05) compared to the benzene group. Total calcium (tca) and ionized calcium (ica) levels were restored upon treatment with plants extract and Dox/Ara C with a significance (p<0.05) compared to control group. There was no significance (>0.05) in Tca levels of benzene group compared with the control, meanwhile Tca levels significantly (<0.05) increased upon treatment with Sclerocarya birrea methanolic extract and Dox/AraC compared to benzene group. Although treatment with plants extract and Dox/Ara C regimen significantly (p > 0.05) stabilized the electrolytes levels when compared to the control group.







Fig 6 : Activities of Sclerocarya birrea methanolic extracts and Sasbania Sesban aqueous extracts on electrolytes levels (potassium (k), sodium (Na+), calcium (Ca+), chloride (Cl-), bicarbonate (Tco) levels).
Results represented as mean standard ±deviation (n=5). significance a = p < 0.05

Effect of Sclerocarya birrea on full blood count and haemoglobin. 
White blood cells level significantly (p<0.001) increased in benzene group compared to control group. Treatment with plants extracts significantly (p<0.05) decreased the white blood cells level compared to benzene group. Haemoglobin level of benzene group significantly (p>0.05) decreased compared to control group. Treatment with plants extracts significantly (p<0.01) increased haemoglobin level compared to benzene group while treatment with Dox/Ara C restored haemoglobin level significantly (p<0.001) compared to control group. There was no significance (p > 0.05) in platelet level of benzene group compared to control group. Treatment with plants extracts of Sclerocarya birrea methanolic extracts in (5.0mg) dose dependent significantly (p<0.001) increased platelet level compared to benzene, Dox/Ara C and control group. Mean corpuscular volume (mcv) significantly(p<0.01) increased in treated group with

 Sclerocarya birrea methanolic extracts compared to benzene and Dox/Ara C group. Mean corpuscular heamoglobin (MCH) concentration significantly (p<0.001) increased in the group treated with Sclerocarya birrea methanolic extracts compared to the control group. There was no significance (p > 0.05) in benzene and Dox/Ara C group compared with the control group. Hematocrit level was insignificant (p > 0.05) increased in benzene group compared to the control group. Hematocrit level increased significantly (p<0.01) in the group treated with Sclerocarya birrea methanolic extracts 5.0mg compared to benzene group. Hematocrit level was insignificant (p > 0.05) increased in benzene group compared to the control group. Treatment with Dox/Ara C also stabilized lymphocytes level significantly (p > 0.05) when compared to control group. Mean corpuscular haemoglobin concentration increased significantly (p<0.05) in groups treated with plant extracts and control group. Although treatment with Sclerocarya birrea methanolic extracts 10mg dose had no significance (p > 0.05) compared with benzene group. Red blood cells Anemia was observed in benzene group as erythrocytes level decreased significantly (p > 0.05) compared to control group. In contrast there was a significant(p<0.01) increase in red blood cells in the group treated with Sclerocarya birrea methanolic extracts and Dox/Ara C regimen compared to benzene group. Red cell distribution width standard deviation (RDW-SD) concentration increased significantly (p<0.01) in the groups treated with plants extracts compared to the control, benzene and Dox/Ara C groups. On the other hand, there was no difference in Mean platelets volume MPV) between control, benzene and Dox/Ara C groups compared to the groups treated with the plant extracts. There was a significant (p<0.05) increase 


in red cell distribution width (RDW) in the group treated with plant extracts compared to benzene and control group treatment with Dox/Ara C also significantly(p<0.001) increased RDW level compared to control group.























Effect of Sclerocarya birrea on full blood count and haemoglobin.
Results represented as mean standard ±deviation (n=5). level of significance p<0.05









Effect of Sclerocarya birrea methanolic extracts on Liver Enzymes (Lactate dehydrogenase (LDH), Alanine Aminotransferase (AST), Alanine Transaminase (ALT)) levels.
Lactate dehydrogenase (LDH), (AST) and (ALP) levels were significantly (p<0.001), (p<0.01) increased in benzene group respectively compared to the control group. Treatment with Sclerocarya birrea methanolic extract significantly (p<0.05) decreased the Enzymes levels compared to the benzene group. Treatment with chemotherapeutic regime doxorubicin/Ara C significantly (p<0.05) decreased the Enzymes level compared to benzene group. Mean while ALP levels significantly (<0.05) increased upon treatment with dose 10mg Sclerocarya birrea methanolic extract compared to benzene group. Although treatment with plants extract and Dox/Ara C regimen significantly (p > 0.05) stabilized the Enzymes levels when compared to the control group.












 







Fig 8 : Effect of Sclerocarya birrea methanolic extracts on Lactate dehydrogenase (LDH), Alanine Aminotransferase (AST), Alanine Transaminase (ALT) levels.
Results represented as mean standard ±deviation (n=5). level of significance p<0.05


Discussion 
Phytoremediation or phyto-therapy is a systematic science that deals with morphological, chemical, biological properties along with history, cultivation, collection, extraction, isolation, bio-assaying, quality control, and preparation of crude drugs of natural origin (Orhan, 2014). 
The study of the physical, chemical, biochemical, and biological properties of drugs, drug substances, or potential drugs or drug substances of natural origin as well as the search for new drugs from natural sources (Deborah et al., 2016). Plants have been used as medicine by mankind to treat health-threatening diseases and still popular to obtain new drug candidates as it is the oldest medical practice for humans (Mahady, 2001). The plants elicit their biological activity due to the presence of bioactive compounds called phytochemicals (Saxena et al., 2013). 
Scientific evidences indicate that some phytochemicals have significant anticancer potential, approximately 50% of approved anticancer drugs from 1940 to 2014 originated from natural products (Newman and Cragg, 2016). The American cancer society and international agency for the research of cancer (IARC) has classified benzene as a carcinogen. It is well established that benzene and its metabolites cause chromosomal aberrations in the peripheral blood lymphocytes of chronically exposed humans (McHale at al., 2012). Benzene has been shown to cause chromosome changes in bone marrow cells and the born marrow is where new blood cells are made, such changes causes cancer or commonly found in human leukemia cells. (Centers for Disease Control and Prevention, 2010). The phytochemical screening of Sclerocarya birrea extract in this study showed the presence of alkaloids, tanins, flavonoids, phytosterol, phenolic compounds, cholesterol, resins, reducing sugar and saponins. A scientific research by (Singh et al., (2023) and Zaruwa et al., (2016) opined that secondary metabolites in plants are responsible for their medicinal efficacy, biological properties and pharmacological effect. Alkaloids demonstrate a diverse array of pharmacological actions including analgesia, cardiac stimulation, respiratory stimulation and relaxation, vasoconstriction, muscle relaxation, antineoplastic, hypertensive and hypotensive properties (Hassan and El-Ansarry 2019). Phenols are valued pharmacologically for their anti-inflammatory, anti-hepatotoxic, and insecticidal activities (Goławska et al., 2014). Flavonoids are effective antioxidants and free radical scavengers (Hassan and El-Ansarry, 2019). They are also reported to have anti-inflammatory, antiallergic, vasoprotective, inhibition of tumor promotion and protect gastric mucosa (Montanher et al., 2007). Tannins have astringent, ROS reduction, antimutagenic, antiviral, and antimicrobial properties (Melo et al., 2023). A study by Güçlü-Üstündağ and Mazza, (2007) on saponins 
reported that they have antitumor, molluscicidal, spermicidal, sedative, expectorant and analgesic properties. Anthocyanin provide protection from DNA cleavage, estrogenic activity, enzyme inhibition, boosting production of cytokines, anti-inflammatory activity, lipid peroxidation, decreasing capillary permeability and membrane strengthening (Lila., 2004). A large number of triterpenoids are known to exhibit cytotoxicity against a variety of tumor cells as well as anticancer efficacy in preclinical animal models (Bishayee et al., 2011). The presence of theses secondary metabolites in Sclerocarya birrea enhances its biological and pharmacological activities. Upon exposure to benzene its metabolites produce reactive oxygen species (ROS) which causes oxidative stress and oxidative DNA damage (Wan and Winn 2007).  The oxidative stress causes an imbalance between free radicals and antioxidant defense system which is linked to various forms of leukemia (Wan and Winn 2007). 
Acute toxicity (LD50) of different doses of plants extracts ranging from 1000mg, 2000mg and 3000mg was administered to three groups respectively. Group one and two rats showed normal behavioral activity and no death was recorded while group three rats showed slow behavior but no death was also recorded.  
The Methanolic extract of Sclerocarya birrea showed a progressive dose dependent antioxidant potential against DPPH (70%) at 300µg/ml and IC50 of 120 µg/ml compared to ascorbic acid (85%) at 300µg/ml and IC50 of 105 µg/ml, this result agrees with (Debaleena et al., 2015) that antioxidant activity of Sclerocarya birrea extract against DPPH is dose dependent and its ability to scavenge free radicals. The free radical scavenging activity of the plants extracts may be due to the presence of alkaloids, flavonoids, phenols and triterpenoids which neutralize the radical by donating hydrogen atom (Hassan and El-Ansarry 2019). Therefore, the plants can be used as a

 remedy for management, prevention and treatment of disease that are associated with oxidative stress.  The peripheral blood examinations showed abnormal morphology of blood cells, and presence of blast cells in benzene group compared to control group, this aligns with the findings of Ola (2021). Acute myeloid leukemia (AML) is characterized by clonal proliferation of undifferentiated myeloid precursors known as blast (Liu et al., 2019). Treatment with Dox/Ara C regimen and plants extract improved morphology of blood cells and recorded absence of blast cells. Tumor lysis syndrome or auto tumor lysis syndrome is an oncogenic emergency stemming from high tumor burden, it occurs spontaneously or in chemotherapy, it often present elevated uric acid, potassium, and lactate dehydrogenase (LDH), Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST) and Alkaline, Phosphatase (ALP) levels with decreased calcium levels. Increase and decrease level of this metabolites shows the progressiveness of the disease (Dong, et al., 2019; Leich, et al., 2019; Stadler et al., 2023; Imaduddin et al. 2022).  This correlates with this research findings which presented elevated levels of uric acid, potassium, phosphate and hypocalcemia in benzene group compared to control. Treatment with Sclerocarya birrea extract downregulated uric acid level. Treatment with Sclerocarya birrea extract decreased potassium level. On the other hand, treatment with Sclerocarya birrea downregulated Chloride. Furthermore, calcium level increased to normal upon administration of Sclerocarya birrea extract this effect was similar to the standard drug doxorubicin/Ara C regimen used. This result confirms previous research findings of several medicinal plants reported to alleviate hyperkalemia, hyperuricinamia and elevate calcium levels to normal due to the presence of phytochemicals (Imaduddin et al., 2022).
C- reactive protein is a pentameric protein synthesized by the liver whose level rise in response to inflammation, inflammation is known to play a beneficial role in immune system activation and tissue regeneration, chronic inflammation can lead to hematopoietic stem cell damage resulting to bone marrow failure or development of leukemia (Saluja et al., 2024). In this study high level of C-reactive protein was recorded in benzene group compared to control group. Treatment with plants extract reduced c-reactive proteins level.  A study by (Liang et al., 2023) also recorded high concentrations of c-reactive proteins in leukemia patients which corresponds with this result. The plants ability to elicit this anti -inflammatory responds may be due to the presence of bioactive compounds such as flavonoids and phenols which has anti-inflammatory activity.
Leukemia is characterized by increased white blood cells, decreased red blood cells (anemia), hemoglobin and platelets (schwarts et al., 2024; 0la, 2021). In this research there was elevation in white blood cells and decrease in red blood cells, hemoglobin and platelets in benzene group compared to control group. However, supplementation with plants extract resulted to restoration of white blood cell, red blood cell and hemoglobin to normal levels. 
This result supported previous findings of other researchers that reported elevated white blood cells and reduced red blood cells, hemoglobin and platelets levels (Ola, 2021; Liu et al., 2023).
This study showed that both Sclerocarya birrea extract increased the weight of experimental rats. Increase in body weight is an indication that the plants extract contains nutrients that are properly digested and utilized by the body (Zaruwa et al., 2016).
 Hematological parameters such as red cell distribution width standard deviation (RCDW-SD), mean platelet volume (MPV), red cell distribution width (RDW), Mean corpuscular hemoglobin concentration (MCHC), mean corpuscular volume (MCV), hematocrit (HCT) and mean corpuscular hemoglobin (MCH) were assessed in the whole blood of experimental rat.
RCDW-SD, MPV, and RDW decreased in benzene group compared to control group, although there was no significant difference in mean platelet volume (MPV) between benzene group and control. Moreover, treatment with dose dependent plants extract increased their levels significantly. MCHC level increased in groups treated with plant extract significantly, while there was no significant difference in MCHC of benzene group, Dox/Ara C and control group, this result corresponds with previous findings of (Imaduddin et al., 2022). There was a progressive improvement in MCV level in groups treated with plant extract, the finding correlates with that of (Akanni et al., (2017). An upregulation of HCT was seen in treated group with plants extract and Dox/Ara C regime compared to benzene group, the result aligns with the findings of (Liu, et al., 2023). MCH level increased at concentration dependent manner in group treated with plant extract compared to benzene group, the result is in correlation with previous findings of (Liu et al., 2023).
Differential white blood cells; lymphocytes, eosinophil, basophils, neutrophil and monocytes were also assayed for. In this study lymphocytosis was observed in benzene group compared to control group, this result is similar to the findings of (Davi et al., 2022) who reported lymphocytosis in leukemia. Treatment with plants extract reduced the level of lymphocytes in a dose dependent manner. Eosinophils and basophils levels decreased significantly in benzene group while there was a noticeable increase in eosinophils and basophils levels upon treatment with plant extract. On the other hand, monocytes and neutrophils levels increased in a dose dependent manner in the groups treated with plants extract compared to benzene group, which presented a decrease in eosinophils and basophils levels. This result is similar to that of (Liu et al., 2020). The immunotherapeutic activities of Sclerocarya birrea extract on hematological parameters may be related to the presence of phytochemicals such as alkaloids, flavonoids, tanins, triterpenoids, anthocyanins and saponins which has ability to reduce inflammation, scavenge free radicals, enhance DNA damage repair mechanism and cause cytotoxicity in tumor cells.

Conclusion
Findings from this research identified the presence of several phytochemicals present in the methanolic extracts of Sclerocarya birrea. The extracts were able to mitigate the disastrous hematopoietic malignant neoplasm caused by benzene due to the plants ability to reduce inflammation, scavenge free radicals, enhance DNA damage repair mechanism, inhibit angiogenesis, enhance apoptosis and cause cytotoxicity in tumor cells. Therefore, this research could pave way for innovative leukemia treatment and supports the ethno-pharmacological claims of the therapeutic efficacy of the plants which could be used as pharmacotherapy, phytotherapy and prophylaxis for primary health care delivery in response to leukemia.





Recommendations and Suggestions for further studies
(i) Further studies should be carried out to isolate pure compounds from the plants which can be used as drugs. Studies can also be carried out to know which bioactive compound elicits the anti-leukemic activity of the plant. Although the plant can be used for alternative phytoremediation. This could provide insights into its mechanisms of action and potential applications in pharmacology.
(ii) To establish the efficacy and safety of Sclerocarya birrea as a therapeutic agent, clinical trials should be conducted. These studies will help determine optimal dosages, potential side effects, and interactions with other medications.
(iii) Increased awareness of the health benefits of Sclerocarya birrea among healthcare professionals and the public can promote its utilization as a natural remedy, thereby contributing to holistic health approaches.
(vi) As with any medicinal plant, it is vital to promote sustainable harvesting practices to ensure the conservation of Sclerocarya birrea populations in the wild. Efforts should also be made to cultivate this species for research and commercial purposes.
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mg/ dL
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 fig 7 : EFFECT OF SCLEROCARYA BIRREA METHANOLIC EXTRACT ON FULL BLOOD COUNT AND HAEMOGLOBIN LEVELS

Control group 	WBC	LYM	MID	GRA	LYM%	MID%	GRA%	RBC	HGB	HCT	MCV	MCH	MCHC	RDWC	9.51	3.4	0.88	5.24	35.700000000000003	9.1999999999999993	55.1	10	15.1	46.41	46	15.1	32.6	29.3	Benzene 	WBC	LYM	MID	GRA	LYM%	MID%	GRA%	RBC	HGB	HCT	MCV	MCH	MCHC	RDWC	17.61	8.18	1.2	8.23	46.5	6.8	46.7	6.76	11.2	32.01	47	16.600000000000001	35.1	25.4	Dox/Ara C	WBC	LYM	MID	GRA	LYM%	MID%	GRA%	RBC	HGB	HCT	MCV	MCH	MCHC	RDWC	8.6	8.7200000000000006	0.41	77.91	0.01	0.31	68.209999999999994	5.72	7.73	23.21	49	18	27.4	18.5	Treated Scb-M 1a(2.5mg)	WBC	LYM	MID	GRA	LYM%	MID%	GRA%	RBC	HGB	HCT	MCV	MCH	MCHC	RDWC	9.35	5.82	1.04	2.48	62.3	11.2	26.6	5.05	8.6	25.36	50	17.100000000000001	34	26.2	Treated Scb-M 1b(5.0mg)	WBC	LYM	MID	GRA	LYM%	MID%	GRA%	RBC	HGB	HCT	MCV	MCH	MCHC	RDWC	12.52	8.66	1.92	1.94	69.2	15.3	15.5	8.3800000000000008	14.3	41.8	50	17.100000000000001	34.200000000000003	25.2	Treated  Scb-M 1c(10mg)	WBC	LYM	MID	GRA	LYM%	MID%	GRA%	RBC	HGB	HCT	MCV	MCH	MCHC	RDWC	25.76	11.12	3.21	11.43	43.2	12.4	44.4	8.77	14.8	45.26	52	16.899999999999999	32.799999999999997	28.8	



LDH	CONTROL	BEN	Dox/Ara C	SCb M 2.5 mg/kg	SCb.M  5mg/kg	SCb.M 1Omg/kg	5	8	5	5	5	5	ALT	CONTROL	BEN	Dox/Ara C	SCb M 2.5 mg/kg	SCb.M  5mg/kg	SCb.M 1Omg/kg	10	110	30	5	18	0	AST	CONTROL	BEN	Dox/Ara C	SCb M 2.5 mg/kg	SCb.M  5mg/kg	SCb.M 1Omg/kg	12	150	35	4	20	5	ASP	CONTROL	BEN	Dox/Ara C	SCb M 2.5 mg/kg	SCb.M  5mg/kg	SCb.M 1Omg/kg	70	130	50	100	70	70	
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