


AMELIORETIVE EFFECT OF Hibiscus cannabinus AQUEOUS EXTRACT ON BENZENE-INDUCED CHRONIC LYMPHOCYTIC LEUKEMIC RATS BY/VIA REGULATING ANTIOXIDANTS AND HAEMATOPOEITIC ACTIVITIES 	Comment by Lotfollah Behroo: Strain?
Abstract
Introduction
Chronic lymphocytic leukemia is a disease of the blood and bone marrow. Ethnomedicinal plants have been recommended to treat leukemic diseases in the conventional medicine system. Conventional medicine pursues the use of natural ingredients, thereby offering reinforcements to the cell regularly to revitalize the normal cell for cancer therapy. Hibiscus cannabinus is a medicinal plant which have been used for management and treatment of various diseases.
Aim: The aim of this research was to evaluate the anti-leukemic potentials of Hibiscus cannabinus via modulation/evaluation of antioxidant concentration/ and haematological parameters in benzene induced leukemia mice model. 
Study design: This research was carried out in Biochemistry Department, Nasarawa State University keffi, Nigeria in collaboration with haematology department Federal medical center Keffi, Nasarawa State Nigeria between June 2025 to October 2025.
Methodology: Chronic lymphocytic leukemia was induced in rats by intravenous injection of 0.2 mls of benzene solution. The inductions were carried out every 2 days for 3 consecutive weeks. The rats were divided into six groups: Group 1 was the normal control, group 2; positive control, group 3; chemotherapeutic drug control. 4, 5 and 6 groups received 2.5, 5 and 7.5 mg Hibiscus cannabinus extract, respectively. Blood was collected for biochemical and haematological examinations.
Result: Blood microscopy showed rauleaux formation in the positive group while groups treated with Hibiscus cannabinus showed a better blood cell morphology. Antioxidants SOD, CAT, GPx and GHS activities increased after supplementation with Hibiscus cannabinus extract, significantly (p<0.05) while haematopoeitic activities were modulated in a dose-dependent manner in appropriate mice treated with Hibiscus cannabinus extract proving its antileukemic potentials	Comment by Lotfollah Behroo: No abbreviations in abstracts.	Comment by Lotfollah Behroo: ?
[bookmark: _GoBack]Conclusion: Hibiscus cannabinus was able to mitigate leukemia burden by modulating haematological parameters and antioxidant concentrations in-vivo in CLL rat models.
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Introduction
Leukemia is a disease of the blood and bone marrow caused by accumulation of blast cells calls arising from incomplete or inhibited proliferation during haematopoiesis. According to GLOBOCAN report in 2024 leukemia was ranked the 13th among cancers worldwide and deaths increased by 16.5%. Leukemia was responsible for 281,500 deaths in 2010 Worldwide (Adewale et al., 2020). In 2012 about 265,471 deaths were caused by leukemia worldwide (Woldeteklehaymanot et al., 2020). Leukemia affects all nations and peoples of the world without discrimination based on their socio-demographic background, even though it has a greater risk in urbanized populations (Woldeteklehaymanot et al., 2020). Haematopoietic malignancies represent are amongst common cancers in developing countries. There are four major types of leukemias which are; Acute Myeloid Leukemia (AML), Acute Lymphoid Leukemia (ALL), Chronic Myeloid Leukemia (CML) and Chronic Lymphoid Leukemia (CLL) (Rajabli et al., 2013; Tayebeh et al., 2014; Sanal et al., 2015). CLL is an indolent malignancy characterized by increased production of mature but dysfunctional B lymphocytes. CLL is defined as monoclonal lymphoproliferative disease characterized by proliferation and accumulation of morphologically mature but immunologically dysfunctional B-cell lymphocytes that are smudge cells. The primary disease sites are peripheral blood, spleen, lymph nodes and bone marrow (Mukkamaila et al., 2023). This is one of the most common cancer in adults, it often occurs during or after middle age and rarely occurs in children. It does not cause any sign or symptoms from the beginning but can only be discovered during a routine blood. This is one of the most common cancer in adults, it often occurs during or after middle age and rarely occur in children. It does not cause any sign or symptoms from the beginning but can only be discovered during a routine blood check. CLL has 5 stages described below: (MAYO CLINIC).	Comment by Lotfollah Behroo: ?	Comment by Lotfollah Behroo: Has been repeated!
Stage 0 - too many lymphocytic leukemia in the blood but no signs or symptoms, it is indolent (slow growing).
Stage 1 - many more lymphocytes in the blood and nymph nodes are larger than normal.
Stage 2 - many more lymphocytes, liver or spleen larger than normal and nymph nodes may be larger than normal.
Stage 3 - many lymphocytes, than normal, few RBCs, the lymph nodes, liver and spleen may be larger than normal.
Stage 4 - too many lymphocytes, few platelet, liver, spleen and lymph nodes may be larger than normal and RBCs may also be fewer than normal in the blood (MAYO CLINIC).
These are the processes used in finding out how far the disease has spread.
CLL can be described as:-
Asymptomatic - Leukemia causes no or few symptoms (MAYO CLINIC).
Symptomatic or progressive - leukemia has caused significant changes to blood count or other serious symptoms (MAYO CLINIC).
Recurrent - Leukemia has re-occurs after a period of time in which the cancer could not be detected (MAYO CLINIC).
Refractory - The leukemia does not get better with treatment.
In CLL leukemia cells may spread from blood and blood marrow to lymph nodes, liver and spleen (MAYO CLINIC) Benzene is a known carcinogen which enters the body mainly through inhalation of contaminated air or through contact with the skin. Benzene is absorbed and distributed throughout the body (Uzma et al., 2010; Kotb et al., 2014). Humans absorb approximately 52% of inhaled benzene, depending on its concentration in the atmosphere and length of exposure (Uzma et al., 2010; El-Shakour et al., 2014).
Hibiscus cannabinus (kenaf) is a medicinal plant with therapeutic potientials, in India the common name in Bengal is Mesta; in Madras it is called palungi; in Western India and Taiwan it is known as ambari; in Bombay, deccan hemp; in Andhra Pradesh it is known as Bimli jute or Bimlipatam jute; in Egypt and northern Africa it is variously called til, teel, or teal; in Indonesia it is known as Java jute; in Brazil as papoula de sao Francisco; in South Africa, stokroos (wild stock rose); in West Africa it is known as dah, gambo, and rama (Islam, 2019). It is called rama in Nigeria. It is an annual herbaceous dicotyledonous plant, belonging to the Malvaceae family, is widely distributed in Asia and Africa, and grows mostly in temperate to tropical areas (Adnan et al., 2020). It has been grown for over 3000 years (Adnan et al., 2020). It can be harvested in only several months (4–5 months). Hibiscus cannabinus plant morphology consists of leaves, stem bark, flowers, and seeds (Adnan et al., 2020). In Asia, Kenaf plant is one of the most important crops. It is an adaptable plant that thrives in a variety of climates and soil types. Its fibers are used to make a variety of items (Adnan et al., 2020). In Africa, Hibiscus cannabinus leaf was used to treat Guinea worms. Ayurvedic medicine uses t Hibiscus cannabinus leaves to cure bilious, diabetes, blood, coughs, and throat problems (Adnan et al., 2020). There are about 200 species of the plants (Kujoana et al., 2022). According to Kujoana et al., 2022 the plant contains a significant amount of polyphenols and flavonoids, natural antioxidants that are thought to lower the risk of developing cancer. Pharmacological studies carried out on Hibiscus cannabinus has shown that the plants has phenolic compounds, anti-tumor chemicals, cardio-protective, anti-inflammatory, anti-hypertensive and anti-proliferative properties (Kujoana et al., 2022). Other components are tannins, saponins, alkaloids, fatty acids, essential oils and steroids. Hibiscus cannabinus has high antioxidant content which is responsible for its bioactivity and antibacterial activity. (Adnan et al., 2020, Kujoana et al., 2022). It is a very good source of food and feed for both human and animals with a high protein content that ranges between 16 and 23%. It is also planted for fiber and oil production (Kujoana et al., 2022). Hibiscus cannabinus produce two types of leaves; divided (dominants but not in Northern Nigeria) and entire (recessive but prominent in Northern Nigeria) (Kujoana et al., 2022). Biochemical composition of kenaf (water-79g, sugar-280kj, protein-5.5g, fats-1.2g, starcg-12.2g, fibre-2.3g, calcium-484mg, phosporus-18mg, iron-12.1mg and ascorbic acid-75mg) (Kujoana et al., 2022). Apart from nutritional components, kenaf also contain anti-nutritional components such as tannins, saponins, oxalates and phytates which are reported to have antioxidants and anticancer activities (Kujoana et al., 2022). Hibiscus cannabinus leaves and seed has many significant medicinal properties, including anticancer, antioxidants, analgesic, anti-inflammatory, aphrodisiacs and hepatoprotective activities (Adnan et al., 2020, Kujoana et al., 2022). Efficient silver nanoparticles were synthesized using the seed extract, which manifested promising antibacterial and anticancer activities (Adnan et al., 2020). The presence of abundant phenylpropanoid compounds in Hibiscus cannabinus are responsible for its medicinal benefits. Also many bioactive compounds, such as omega-3 fatty acids and sterols, as well as phenolic compounds, including kaempferol, vanillic acid, syringic acid, caffeic acid, gallic acid, p-hydroxybenzoic acid, p-coumaric, and ferulic acid have been identified earlier from seed extracts. In Africa (apart from Northern Nigeria) and India Hibiscus cannabinus is considered as traditional medicine and is used in treating diseases such as anemia and guinea worm (Kujoana et al., 2022). It can also be used in ayurvedic in the treatment of diabetes, billious, throat issues, cough and blood disorders. It can also be used in treating bruises and fever, as supplements it improves food fiber and calcium content (Kujoana et al., 2022). Previously, Hibiscus cannabinus seed was used to prepare biopolymer-mediated nanocomposites to enhance seed flour’s antioxidant capacity. In addition, efficient silver nanoparticles were synthesized using the seed extract, which manifested promising antibacterial and anticancer activities (Adnan et al., 2020).
Herbal or botanical medicines, recorded in developing countries with ancient civilizations, such as Egypt and China, provide an abundant pharmacopoeia of products that have been prescribed for many diseases over many centuries. In developed countries, people seeking alternative medicines to avoid the side effects and expenses of synthetic medications have turned back to herbs to treat a wide array of ailments. Medicinal herbs, with their diverse chemical compounds, offer a valuable source for discovering novel anticancer agents (Khalafalla et al., 2010, Reddy and Moirangthem, 2024). Plants produce a unique class of chemical compounds (secondary metabolites), called phytochemicals, they are produced by the plant’s primary and secondary metabolism (Al-Jubori, 2023). With the rapid progress in research on the phytochemical properties of herbal products, plants are emerging as increasingly popular sources of anticancer agents (Reddy and Moirangthem, 2024). Natural Compounds such as the vinca alkaloids listed below function in the treatment of cancer as microtubule inhibitors. They do this by inhibiting the polymerization of tubulin which is necessary in the formation of spindle at the M-phase of cell cycle. At low doses they distrupt microtubular function but at high doses cell cycle arrest and apoptosis occur (Chen and Menezes, 2024). Vinca alkaloids: Vincristine (Oncovin), Vinblastine, Taxanes: Paclitaxel, Docetaxel Epipodophyllo toxin: Etoposide Camptothecin analogues: Topotecan, Irinotecan. Orthodox therapies have shown improved treatment strategies and survival rates, however it comes with a wide range of side effects such as drop in blood cell count, complete hair loss, diarrhoea, tiredness, nausea and reduced fertility. High cost of these therapies are also hindrance for all patients to access such treatments. Thus the need for new treatments with potentially different mechanisms than those presently used as chemotherapy agents could support existing treatments of leukemia, if their use can reduce side effects without compromising efficacy Therefore, the aim of this research was to evaluate the anti-leukemic potentials of Hibiscus cannabinus via modulation of antioxidant concentration and haematological parameters in benzene induced leukemia mice model.
RESEARCH METHODOLOGY
Chemicals
All reagents that were used for this research were of analytical grade. The reagents include; Ethanol, Bovine Serum Albumin (Sigma), Benzene, Propanol, Doxorubicin and Ara-A (orthodox drugs used for treating leukemia).
Plant Material
Hibiscus cannabinus was bought in Keffi town market in Nasarawa State, Nigeria. All the parts gotten were thoroughly washed and identified using Virtual Botanic Garden (VIRBOGA) Dataset Identifier in Plant Science Department NSUK, Nasarawa State. They were all air dried under laboratory conditions for two weeks in the Department of Biochemistry, Nasarawa State University, Keffi [21].
Equipments
The equipments used for this research includes; Spectrophotometer (JENWAY 7305), Hotplate, Soxhlet Apparatus, Rotary Evaporator (RE300), Trinocular Microscope (Swift SW350T 40X-2500X) and Microplate Reader (NeoMedica NW-67).
Experimental Animals
Sixty (30) male Albino rats were used for the study. The rats were obtained from the Animal house in Vom, Jos Plateau State weighing between 190-220g. The rats were randomly arranged in twelve compartment zinc cage, with n = 5 per group. They were allowed to acclimatize to laboratory condition for two weeks before the beginning of the experiments according to These animals were maintained at room temperature with a 12h light/12h dark cycle and were allowed ad libitum access to feed and water (Kebe et al., 2025).	Comment by Lotfollah Behroo: ?!	Comment by Lotfollah Behroo: ? sink?	Comment by Lotfollah Behroo: ?
Ethical consideration
Ethical approval was obtained from NSUK Animal Care and Use Research Ethics Committee (NSUK-ACUREC). All experimental steps were made according to the ethical rules of NSUK-ACUREC, Nasarawa State University, Keffi.
Extraction of the Plant Sample
The dried plants were grinded to pass a 0.5 mm sieve which provided a greater surface area, they were weighed thereafter all according to Kebe et al., 2025. An average of 14g of the dried powder were filled in whatman filter paper 1 and subjected to soxhlet extraction using deionized water for 12 hours at 65oC. The aqueous extracts obtained were concentrated to dryness at 45oC using a rotary evaporator under reduced pressure and the extract were weighed and then stored at 4oC for further use (Kebe et al., 2025).
Induction of chronic lymphocytic leukemia (CLL) in mice
Benzene solution, a product of Sigma-Aldrich with Cat No 270709 and >99.9% was diluted in water and propanol which was used for the induction of leukemia. The composition of the injection is 1 ml of the benzene, 4mls of propanol and 5mls of water (1:4:5). Chronic lymphocytic leukemia was induced in rats by intravenous injection of 0.2 mls of the 1:4:5 diluted benzene solution (Benzene, propanol, water), the induction was carried out every 2 days (48-hourly) for 3 consecutive weeks according to Arikpo et al., 2025 with slight modification. After induction, hematological and biochemical pareameters of all blood samples from the rats were analyzed. The results from these induced rats were compared with those of leukemic rats from literature which showed that these rats have become leukemic. The following were observed to further confirm the presence of leukemia; weight loss, weakness of the body seen by the activities of the rats, some had paralysis of the hind legs and some died.
List 1: Experimental design
	
	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 H. cannabinus

	5
	GROUP 5
	FEED + WATER + BENZENE + 5.0 mg/kg  H. cannabinus

	6
	GROUP 6
	FEED + WATER + BENZENE + 7.5  mg/kg H. cannabinus





Animal sacrifice
After 3 weeks of benzene injection and 3 weeks of administration of extracts (as designed in the experimental protocol above), animals in the respective groups were sacrificed. Blood was collected into ethylenediaminetetraacetic acid (EDTA) vials and heparin vials, gently mixed, labeled, and analyzed. The animals were handled and sacrificed ethically as recommended by animal care regulations.
Blood samples analysis
 Haematological Analysis 
The haematological parameters of the blood of the animals such as hematocrit, total white blood cell (WBC) counts with differentials, red blood cell (RBC) counts, hemoglobin (Hb) and platelet counts estimation using the automated blood analyzer (SYSMEX KX21) were analyzed in all the twelve six groups	Comment by Lotfollah Behroo: ?!
Principle
A micro-pore was placed in the blood to be measured and electrodes of a certain voltage were added at the end of the micro-pore. When the particles in the liquid pass through the micro-pore, the resistance between the electrodes produced an instantaneous change. As a result, an electrical pulse was generated. The number of particles generated were counted by the electrical pulse. The size of the pulse amplitude indicates the size of the volume. The different types of cells are distinguished by selecting the electrons of the size of the pulses generated by each cell [22].
1. Blood cells are suspended in a conductive liquid
2. The cell suspension passes through a small aperture
3. The electrical current changes as the cells pass through the aperture
4. The changed in electrical current are measured to count and size the cells.


Antioxidant Determination
Determination of Superoxide Dismutase (SOD) Activity
Superoxide dismutase (SOD) was determined using Cayman’s Superoxide Dismutase Assay Kit (No: 706002). Cayman’s Superoxide Dismutase Assay Kit utilises a tetrazolium salt for detection of superoxide radicals generated by xanthine oxidase and hypoxanthine.
Determination of Catalase (CAT) Activity
The catalase activity was determined using Cayman Catalase Assay Kit (No: 707002). Cayman Catalase Assay Kit utilizes the peroxidatic function of CAT for determination of enzyme activity. This method was based on the reaction of the enzyme with methanol in the presence of an optimal concentration of H2O2. The formaldehyde that was produced was measured colorimetrically with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (purpled) as the chromogen. Purpled specifically form a bicyclic heterocyclic with aldehydes, which upon oxidation changes from colourless to a purple colour. 
Determination of Glutathione Peroxidase (GPx) Activity
Glutathione Peroxidase (GPx) was determined using Cayman Glutathione Peroxidase Assay Kit (No: 703102). Cayman GPx assay measures GPx activity indirectly by a couple of reaction with Glutathione Reductase (GR). Oxidised glutathione (GSSG), produced upon reduction of hydroperoxide by GPx was recycled to its reduced state by GR and NADPH.
R-O-O-H + 2GSH 
The oxidation of NADPH to NADP+ was accompanied by a decrease in the absorbance at 340 nm. Under condition in which the GPx is rate limiting, the rate of decrease in the A340 was directly proportional to the GPx activity in the sample.
Determination of Reduced Glutathione (GSH)
The glutathione (GSH) was determined using Cayman Glutathione Assay Kit (703002). Cayman glutathione assay utilizes a carefully optimizing enzymatic recycling method glutathione reductase (GR) for the quantification of GSH. The sulfhydryl group of GSH reacts with DTNB [5,5`-dithio-bis-2-(dinitrobenzoic acid), Ellman’s reagent) and produces a yellow coloured 5-thio-2-nitrobenzoic acid (TNB). The mixed disulphide, GSTNB (between GSH and TNB) that is concomitantly produced is reduced by GR to recycle GSH and produce more TNB. The rate of TNB is directly proportional this recycling reaction which is in turn directly proportional to concentration of GSH in the sample. Measurement of the absorbance of TNB at 405-414 nm provide an accurate estimation of GSH in the sample 
Determination of Lipid Peroxidation 
Lipid Peroxidation was determined by measuring the Thiobarbituric Acid Reactive Substance (TBARS) using Cayman TBARS Assay Kit. Cayman TBARS Assay Kit provide a simple, reproducible and standardized tool for assaying lipid peroxidation in plasma, serum, urine, tissues homogenates and cell lysates. The MDA-TBA adduct that was formed by the reaction of Malondialdehyde (MDA) and Thiobarbituric Acid (TBA) under high temperature (90-100oC) and acid condition was measured colorimetrically at 530-540 nm. 
Histopathology Examination
Peripheral blood smear using kitral staining kit was used to examine and compare the presence and number of red, white blood cells and platelets under electron microscope. This was done to observe the differences on the different slides prepared from the different samples taken from different experimental groups and different control groups.
Statistical Analysis
All data obtained were analyzed using SPSS statistical software version 21. For comparison of multiple groups, one-way analysis of variance (ANOVA), with a Turkey’s post hoc test for homogeneous subset were used to define statistically significant differences among the groups. Probability value (P<0.05) was considered as statistically significant.
RESULTS
Plate 1: Effects of Hibiscus cannabinus extracts on peripheral blood examination 
Plate 1 below shows the effect the plant extract on blood morphology. Image C,D and E below taken from  Hibiscus cannabinus  treated groups of 2.5mg, 5.0mg and 7.5mg, shows WBC, RBC and Platelets morphology’s with reduced leukemic infiltration on a dose dependent manner compared to the positive control in B. A and C are normal control and DOX/Ara C chemotherapeutic drug control. 
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Effect of Hibiscus cannabinus aqueous extracts on SOD, CAT, GSH and GPx Concentration in Benzene Induce chronic lymphocytic Leukemic rats
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Figure 1: Effect of Hibiscus cannabinus aqueous extracts on SOD (A), CAT (B), GSH (C ) and GPx (D)  Concentration in Benzene Induce chronic lymphocytic Leukemic rats Letters illustrate level of significance when p< 0.05



The activities of SOD was significantly (p<0.05) lower in the positive control compared to the negative control group. Similarly, all the treatment groups with Hibiscus cannabinus (2.5, 5.0 and 7.5 mg) had significantly (p<0.05) lower SOD activities (in a dose dependent manner) compared to the standard control group as shown in figure 1A. These maybe that all the plant extracts are more cytotoxic affecting the activities of SOD compared to the standard drug. The activities of catalase in the positive control was significantly (p<0.05) lower compared to the negative control. The groups treated with Hibiscus cannabinus (2.5, 5.0, 7.5 mg) were significantly (p<0.001) higher compared to the positive control group as shown in figure 1B. The concentration of GSH in the positive control was lower compared to the negative control. There was further depression in the activities of GSH in the standard control which may be due to toxicity of the drug. All the experimental groups Kenaf (2.5, 5.0, 7.5 mg) were significantly (p<0.05) higher compared to the standard control group as shown in figure 1C. The activity of GPx in the positive control was significantly (p<0.05) lower compared with that of the negative control. The activity of the standard control was slightly higher than that of the positive control. The groups treated with Hibiscus cannabinus (2.5, 5.0 and 7.5 mg) were lower showing toxicity.














Effect of Hibiscus cannabinus aqueous extracts on RBC, WBC, HGB and LYM Concentration in Benzene Induced chronic lymphocytic Leukemic rats
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Figure 2: Effect of Hibiscus cannabinus aqueous extracts on RBC (A), WBC (B), HGB (C ) and LYM (D)  Concentration in Benzene Induce chronic lymphocytic Leukemic rats. Letters illustrate level of significance when p< 0.05





As shown in figure 2A, the level of RBC are lower in positive control compared to the level in negative control. RBC were significantly (p<0.05) low in all the group treated with Hibiscus cannabinus, compared to the negative and standard controls. Figure 2B showed WBC level to be higher in positive control compared to the negative control. The level in standard control is lower than that of positive control but in the same range with that of negative control. All the groups treated with Kenaf showed significantly (p<0.05) low WBC compared to the control groups in a dose dependent manner. In figure 2C hemoglobin concentration is lower in the positive control compared to the concentration in the negative control. Haemoglobin concentrations were significantly (p<0.05) lower in all the groups treated with Hibiscus cannabinus compared to the negative and positive control groups. Figure 2D shows a significantly (p<0.05) high amounts of lymphocytes in the positive control compared to the negative control this is to further confirm that chronic lymphocytic leukemia was induced successfully in experimental rat models. The amount in standard control is significantly (p<0.01) low compared to the positive control due to cytotoxicity. All the groups treated with the extracts were significantly (p<0.05) lower compared to positive control group, with different varying degrees.

 DISCUSSION
Superoxide dismutase (SOD) is a group of key enzymes functioning as the first line of antioxidant defense by virtue of their ability to convert highly reactive superoxide radicals (dismutation) into hydrogen peroxide and molecular oxygen. There are four identified isozymes of superoxide dismutase: SOD1 is a metalloprotein binding copper and 8 A Master Regulator of Oxidative Stress. The Transcription Factor Nrf2 zinc ions are localized in the cytosol of the cell (Laukkanen, 2016), SOD2, localized in the mitochondria and it is associated with manganese or iron ions. SOD3, localization is extracellular and is also associated with the copper and zinc, although it has a high molecular weight, and it has high affinity for heparin and heparin sulphates, and SOD4 associated with nickel and found in various aerobic bacteria found in soil of class of Streptomyces (Anju et al., 2013).Superoxide dismutase (SOD) is a major antioxidant enzyme that converts superoxide radicals into hydrogen peroxide and oxygen (Hole et al., 2011).  The activities of SOD were significantly (p<0.05) lower in the positive control compared to the negative control group as seen in fig. 1A, this is possibly due to the leukemia burden that overwhelmed SOD activities because in leukemia, oxidative stress is elevated (Hole et al., 2011). All the groups treated with Hibiscus cannabinus had significantly (p<0.05) lower levels of SOD compared to the standard control group in a dose dependent manner. The standard control has lower activity of SOD compared to the negative control, this is partly due to the known cytotoxic action of doxorubicin and cytarabine which lead to generation of ROS that directly damages antioxidant enzymes including SOD (Gonzales et al., 1984; Conklin, 2004). Other reasons of SOD reduction can be attributed to several mechanisms such as excessive ROS production during treatment can inactivate SOD through oxidative modification of its protein structure (Zhou et al., 2016), chemotherapy-induced bone marrow suppression which reduces the population of normal hematopoietic cells, leading to decreased systemic antioxidant capacity (Sill et al., 2011), and plant based therapy can deplete essential metal cofactors such as copper, zinc, or manganese that are required for SOD activity (Bakan et al., 2013).Thus, the observed decline in SOD after leukemia treatment reflects both drug-induced oxidative burden and suppression of endogenous antioxidant systems.Catalase is a tetrameric porphyrin‐containing enzyme that is located mainly in peroxisomes. It catalyzes the conversion of H2O2 to water and molecular oxygen in two steps. The activity of catalase is significantly (p<0.05) lower in positive control compared to the negative control, this agrees with the work of Kidson (1962). This shows that the level of oxidative stress is higher in the positive control group compared to the negative group. The activities of catalase remained significantly high across all the experimental groups. It is significantly (p<0.05) high in the groups treated with (2.5, 5,7.5 mg kenaf) compared to the positive control group as shown in figure 1B.  Kidson (1962) showed in his research that leukemic patients had lower levels of catalase as seen in this study. This shows that treatment with the extracts from Hibiscus cannabinus were able to restore catalase close to the normal level.  Glutathione [GSH (L‐γ‐glutamyl‐L‐cysteinyl‐glycine)] is an antioxidant responsible for the elimination of damaging lipid peroxides, and other ROS species (Kennedy et al., 2020). The reduced form (GSH) is biologically active. GSH deficiency or a change in GSH/GSSG ratio increases the vulnerability of cells to oxidative stress, inflammation, and tumor progression. However, elevated GSH levels increase antioxidant capacity and resistance to oxidative stress as is evident in many tumors (Kennedy et al., 2020). It has been demonstrated that exogenously added GSH inhibits the inflammatory response through regulation of ROS while endogenous GSH has been recently shown to have a role in fine-tuning the innate immune response to infection thereby regulating inflammation. GSH therefore has a dual role in the inflammatory response as an antioxidant ROS scavenger in the oxidative stress as well as signaling molecule that regulates protein function through thiol–disulfide exchange reactions such as protein glutathionylation with many examples of regulation of oncogenes (; Kennedy et al., 2020). The concentrations of GSH are significantly (p<0.05) lower in positive control compared with the negative control which is due to the burden of oxidative stress, inflammation and ROS due to leukemia. On the other hand, the concentration of GSH are significantly (p<0.05) higher across all the experimental groups (2.5, 5,7.5 mg) Hibiscus cannabinus compared to the positive control groups as shown in figure 1C. These results showed that Hibiscus cannabinus extracts were able to elevate the GSH level from where it was reduced due to leukemia induction to a higher level. Higher level means more antioxidant capability which translate to improving the disease condition leading to healing. The low level in the GSH in the group treated with standard drug may be due to the cytotoxicity of the drug. GPXs are members of a multi-enzyme family that catalyze the reduction of H2O2, organic hydroperoxides and/or lipid hydroperoxides to generate their corresponding lipid alcohols and water at the expense of oxidation of two molecules of GSH. During the reaction GSSG (oxidized glutathione) is generated (Gathwala, 2016; Kennedy et al., 2020).There are eight isozymes of Glutathione peroxidases [GPXs (GPX 1–8)] that play an important role in defense against oxidative stress (Kennedy et al., 2020).GPX1 and 2 have important roles in regulating the synthesis and release of pro-inflammatory mediators (Kennedy et al., 2020).GPX3 can act both as a tumor suppressor and a pro-survival protein. Lower levels in the plasma and tumor tissue or loss of GPX3 contributes to oxidative stress. GPX3 low level in the plasma of cancer patients is often associated with poor patient outcome (Kennedy et al., 2020).GPX4 is also an important enzyme that protects membranes against lipid per-oxidation. Depletion of GPX4 in cells and mice resulted in increased lipid-based oxidative stress and induction of 12/15-lipoxygenase, lipid per-oxidation and apoptosis-inducing factor-mediated cell death (Kennedy et al., 2020).
The activities of GPx are significantly (p<0.05) lower in the positive control compared to the negative control, obviously due to burdens related to leukemia induction. The activity of the standard control was slightly higher than that of the positive control showing therapeutic activities. All the groups treated  2.5, 5,7.5 mg Hibiscus cannabinus  were all lower than the standard control group as shown in figure 1D. According to Ojo, 2017 persistent oxidative stress led to exponential decrease in GPx activities, the low activities in groups treated with Hibiscus cannabinus extracts may then be due to the persistent oxidative stress and cytotoxicity which improved with increase in concentration of the extracts.
Blood is a vital tool used in assessing the physiological and pathological state of vertebrates. Blood constituents change relative to the health status of the organism, and this may be due to alterations in cellular integrity, membrane permeability and metabolism or even exposure to toxic chemicals. As shown in figure 2A, RBC were significantly (p<0.05) lower in the positive control compared with the negative control group, this may be due to the proliferation of immature blasts that hinders the production of normal blood cells, RBC inclusive. The groups treated with 2.5, 5, 7.5 mg kenaf,  were all lower than the standard control group which may be due to cytotoxicity of the plants extracts as seen in Foo et al. (2011). However, some researchers showed that the significantly low RBC count recorded in Hibiscus cannabinus treated groups increases after continued administration of the extract up-to 42 days. Hemoglobin is the iron-containing oxygen-transport metalloprotein in the red blood cells of all vertebrates (with the exception of the fish family, channichthyidae as well as tissues of invertebrates. Hemoglobin has the physiological function of transporting oxygen to tissues of the animal for oxidation of ingested food so as to release energy for the other body functions as well as transport carbon dioxide out of the body of animals. In this study as shown in Figure 2B the level of WBC after induction became significantly (p<0.05) higher in the positive control compared to the normal (negative) control, leukemia burden may be responsible for that. The level in standard control is lower than that of positive control, in the same range with that of negative control. The groups treated with Hibiscus cannabinus (2.5 mg, 5 mg and 7.5 mg) were significantly (p<0.05) lower compared to the standard control in a dose dependent manner, this may be due to cytotoxicity in Hibiscus cannabinus extract just as it was determined in Shukri et al. (2023); Foo et al. (2011) during their research which demonstrated that Hibiscus cannabinus extracts are cytotoxic in a concentration dependent manner, the results co-related with this research.  The major functions of the white blood cell and its differentials are to fight infections, defend the body by phagocytosis against invasion by foreign organisms in immune system. Thus, animals with low white blood cells or high abnormal WBC (as in case of leukemia) are exposed to high risk of disease infection, while those with high counts of healthy blood cells are capable of generating antibodies in the process of phagocytosis and have high degree of resistance to diseases (Soetan et al., 2013) and enhance adaptability to local environment and disease prevalent conditions  In figure 2C, hemoglobin concentration was significantly (p<0.05) lower in the positive control compared to that of the negative control, this is due to excessive production of blasts hindering the production of RBC (hemoglobin). The standard control showed further reduction compared to the positive control due to the known cytotoxicity of chemotherapy. All the Hibiscus cannabinus treated groups (2.5, 5.0 and 7.5 mg) were all further reduced which may be due to cytotoxicity of the plant and presence of beneficial phytoconstituents that combat oxidative stress and cellular damage, also  as reported by Foo et al. (2011). Lymphocytes are found in the blood and lymph tissue and can either make antibodies or help kill tumor cells. They contain a single large nucleus which is usually round with very scanty cytoplasm. Figure 2D shows a significantly (p<0.05) higher amounts of lymphocytes in the positive control compared to negative control group. Myeloblast are immature cells usually having one large and irregular nucleus and most often may be confused as lymphocytes in the peripheral blood by untrained eye and hematology analyzers. The amount in standard control was significant (p<0.01) lower than in the positive control. The groups treated with 2.5, 5, 7.5 mg Hibiscus cannabinus, all had a significant (p<0.05) lower level of lymphocytes compared to positive control group. The low levels may be because of depressed leucopoiesis in the bone marrow which according to Afolayan and Yakubu (2009), may have consequential effects on the immune system and phagocytic activities of the blood cells of the animals.
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