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	Chloramphenicol, an antibiotic used to treat bacterial infections, is also implicated in several conditions, including aplastic anaemia that progresses to leukaemia. The modulatory potential of leaf extract of Annona muricata on chloramphenicol-induced lymphoma (CIL) in female Wistar rats was investigated.  Forty-eight adult female rats with an average weight of 186 g were randomized into 6 groups of 8 rats each. Rats in Group 1 served as the positive control. Each rat in Groups 2-6 was orally administered with 250 mg/kg bodyweight chloramphenicol once daily for 28 days. The rats were given access to basal diet and water. After 28 days, blood-film analyses were carried out from each of the groups. The presence of blast and lymphoproliferative cells in Groups 2-6 confirmed CIL. Groups 1 and 2 rats received distilled water, while Groups 3-6 received 500, 1000, 1500, and 2000 mg/kg, respectively, of A. muricata for another 28 days. The animals were anesthetized, blood was collected from the retro-orbital venous plexus for determination of haematological indices; oxidative stress markers; lactate dehydrogenase, superoxide dismutase, catalase, glutathione, malondialdehyde, cardiac markers; Troponin-1, myoglobin, cancer indices; C-reactive protein, carcinoembryonic antigen, Alpha-fetoprotein. There was significant (p<0.05) amelioration of impaired haematological indices in the treated groups when compared to Group 2. Troponin-I and myoglobin were significantly (p<0.05) lowered in the treated groups when compared to Group 2. Oxidative stress markers and cancer indices were increased in Group 2, but significantly (p<0.05) ameliorated in Groups 3-6. Therefore, A. muricata has the potential to modulate adverse effects of CIL. 
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Introduction 
Leukaemia is a group of blood cancers that usually begin in the bone marrow and characterized by an abnormal increase of immature white blood cells called blasts or leukaemia cells.1 It usually involves white blood cells which are known to be potent infection fighters that grow normally and differentiate in an orderly way as the body needs them. However, in people with leukaemia, the bone marrow produces abnormal white blood cells, which do not function properly. Symptoms may include bleeding and bruising, feeling tired, fever, and an increased risk of infection. These symptoms occur due to the lack of normal blood cells.1 There are four main types of leukaemia; Acute myeloid leukaemia (AML), Acute lymphoblastic leukaemia (ALL), Chronic lymphocytic leukaemia (CLL) and Chronic myeloid leukaemia (CML) as well as a number of less common types.2,3 Leukaemia and lymphomas both belonging to a broader group of tumours that affect the blood, bone marrow, and lymphoid system are known as tumours of the hematopoietic and lymphoid tissues.4 In 2015, leukaemia was present in 2.3 million people and caused 353,500 deaths worldwide.5 In 2020, it newly developed in 474,519 people with over 311,594 deaths.2 
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It is the most common type of cancer in children with three-quarters of leukaemia cases being the Acute lymphoblastic type. The most common symptoms in children are easy bruising, pale skin, fever, and an enlarged spleen or liver.1 Treatment may involve some combination of chemotherapy, antibiotics, blood transfusion, radiation therapy, targeted therapy, and bone marrow transplant in addition to supportive care and palliative care.1 The success of treatment depends on the type of leukaemia and the age of the person. Outcomes have improved in the developed world,3 the average five-year survival rate is 57% in the United States. In children under 15 years of age, the five-year survival rate is greater than 60 to 85%, depending on the type of leukaemia. In children with acute leukaemia who are cancer-free after five years, the cancer is unlikely to return.6 Although these treatments have prolonged the survival rates of patients with leukaemia, some of these treatments are difficult to handle.7 The exact cause of leukaemia is unknown. A combination of genetic factors and environmental (non-inherited) factors are believed to play a role.8 Furthermore, several factors have been identified which may increase the risk of having leukaemia, and they include: a family history of leukaemia; smoking, which increases the risk of developing AML; genetic disorders such as Down syndrome; blood disorders such as myelodysplastic syndrome, which is sometimes called pre-leukaemia; previous treatment of cancer with chemotherapy or radiation; exposure to high levels of radiation; exposure to chemicals such as benzene.9 
Many reports have proven the efficacy of chloramphenicol in the treatment of bacterial infections. It is a popular antibiotic used as an eye ointment to treat conjunctivitis, also for the treatment of typhoid fever, and other dangerous infections where other antibiotics are not effective.10 However, this drug with high beneficial activity is also associated with numerous side effects. Some of these common side effects may include but not limited to; insufficient or low production of red blood cells (aplastic anaemia), bone marrow suppression, diarrhoea, and enterocolitis. Accumulation of chloramphenicol may increase the risk of gray syndrome, especially in premature infants and neonates. This may be due to decreased hepatic and renal function as a result of chloramphenicol exposure.11-14 According to Drugs.com,15 chloramphenicol-associated aplastic anaemia (terminating in leukaemia) has been reported. Serious and fatal blood dyscrasias (aplastic anaemia, hypoplastic anaemia, thrombocytopenia, granulocytopaenia) can occur after short-term or prolonged therapy with chloramphenicol.  Other side effects associated with chloramphenicol treatment are headache, nausea, nightmares, inflammation of the optic nerve, weakness and numbness in the hands and feet, rash, inflamed and sore mouth, vomiting and leukaemia amongst others.16 Its usage has notably led to several adverse health effects which on several instances remain undiagnosed to a later but terminal periods. These have triggered research into the possible causative mechanisms behind the inducement of leukaemia from the intake of chloramphenicol and a potential therapy for these side effects.
The study of using natural extracts as medications or health-improving agents is known as phytotherapy. It is a crucial component of the conventional medical system and is frequently used in conjunction with conventional therapy to treat stubborn ailments including cancer.17,18,19 Extracts from A. muricata are among a myriad of botanical products which have promising medicinal values. Numerous health benefits20 have been attributed to A. muricata, most of which has been linked to its antioxidant potential.21,22 This study was carried out to ascertain the effect of prolonged dose of chloramphenicol on the erythropoietic processes and its cytotoxic potential in inducing leukaemia and the modulatory prospective of aqueous leaf extract of A. muricata on CIL in female Wistar rats.
 
Materials and Methods
Collection and identification of specimens
Fresh leaves of A. muricata were collected in January, 2021 from Choba village, Rivers State, Nigeria. The plant was authenticated by Dr. Ekeke Chimezie of the Department of Plant Science and Biotechnology Herbarium, University of Port Harcourt, and given the voucher number UPH/V/1447. The leaves were washed with distilled water and air-dried at room temperature (29±1°C) for 3 weeks and then pulverized with the aid of Marlex Excellent grinder (Mumbai, India). The ground samples were then passed through a sieve of 0.5 mm pore size to obtain a fine uniform powder.21 The powdered sample (300 g) was soaked in 650 ml distilled water and allowed to macerate at room temperature for 72 hours. The suspension was filtered through Whatman filter paper No 4 and dried in water bath at 55°C. The dried extract was weighed and stored in a clean reagent bottle, then preserved in a refrigerator at 4OC before use.22
 
Experimental design
Forty-eight adult female Wistar rats with an average weight of 186 g were bought from animal breeders and kept in the Department of Biochemistry, University of Port Harcourt Animal house. The rats were allowed to get acclimatized to the environment for one week and had unrestricted access to normal rat chow and water ad libitum. They were housed in plastic cages with dry sawdust shavings as bedding material under standard conditions of temperature (23 ± 1°C), humidity (50-60%), and 12-hour light/12-hour dark cycle throughout the 56-day study period. The animals were handled in accordance with the requirements of the National Institute of Health Guidelines for Animal Care and Use of Laboratory Animals (Publication Number, 85–23). The rats were randomly placed in 6 groups consisting of 8 rats each. Rats in group 1 received 0.9% physiological saline orally and served as the positive control. Each rat in groups 2-6 was orally administered with 250 mg/kg body weight chloramphenicol palmitate BP, Bombay, India, once daily for 28 days with the aid of rat cannula. The rats were closely observed during this period and free access to basal diet and water were maintained during the study. At the end of 28 days, haematogram and blood film analysis were made from each of the groups and the presence of blast lymphoma cells confirmed CIL.15 
 
 
Administration of aqueous leaf extract of A. muricata 
Upon confirmation of CIL in groups 2-6, rats in group 2 did not receive any treatment and served as the negative control, while rats in groups 3-6 received 500, 1000, 1500, and 2000 mg/kg body weight of aqueous leaf extract of A. muricata respectively for another 28 days. All groups had access to feed and water. The Department of Biochemistry, University of Port Harcourt Ethics Committee for research on Laboratory Animals gave its approval for the study protocols and design, as well as the methodology for handling the animals (UPH/BCHREC/2022/001B), and they were in accordance with the Standard Guide for the Care and Use of Laboratory Animals (National Institutes of Health Publication Number, 85-23).
 
Haematological and Biochemical studies
The animals were anaesthetized with ether after which blood was collected from the retro-orbital venous plexus into EDTA bottles for immediate determination of haematological indices. Full blood count was determined using an automated haemoanalyzer. The method described by Osim et al.23 was used to carry out differential white cell count. The prepared slides were examined with a Motic™ compound light microscope using x4, x10, and x40 objective lenses and photomicrographs taken using a Motic™ 9.0 megapixels microscope camera. Blood for biochemical assays was collected in lithium heparin bottles, separated from plasma and used to assay for the activities of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT),24 and alkaline phosphatase (ALP)25 as outlined in Randox kits, UK. The measurement of sodium and potassium was done using a flame photometer as described by Chuang et al.26 Urea and creatinine levels were measured by the method of Tietz.27 Cardiac markers [troponin 1 (TP-1), myoglobin (MB)] and cancer indices [Carcinoembryonic antigen (CEA) and Alpha-fetoprotein (AFP)] were measured using enzyme-linked immunosorbent assay (ELISA), while C-reactive protein (CRP) was measured using turbidometric immunoassay. The methods of Usoh et al.28 were adopted for the determination of the activities of oxidative stress markers such as lactate dehydrogenase (LDH), superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), and malondialdehyde (MDA).
 
Data analysis
The results obtained were expressed as mean ± standard deviation. Results were read in triplicates and were used for these calculations. Analysis of variance (for multiple comparisons) was used. Statistical Package for Social Science (SPSS) 22.0 of windows was used for the analysis. Results with p value < 0.05 were considered significant.
 
Results and Discussion
Haematological indices of CIL in female Wistar rats after treatment with graded doses of aqueous leaf extract of A. muricata
The results obtained from the acute toxicity study showed no fatality, thus the crude aqueous extract of Annona muricata was safe for consumption up to 5,000 mg/kg bodyweight.29 The extracts exerted dose-dependent remedy in chloramphenicol-induced rats. There were significant (p<0.05) amelioration of haematological impairment in Hb, RBC, and WBC of treated groups when compared to the negative control group (Figure 1). The MCV and MCH values were not significant (p>0.05). A significant (p<0.05) increase in the platelets of rats administered 1000, 1500, and 2000 mg/kg aqueous extract was observed in comparison with rats in group 2. 
With numerous reported in vitro and in vivo pharmacological properties, the aerial portions of A. muricata have undergone significant research and have proven to be successful in the treatment of a number of cancer types.29,30 The nature of the phenolic chemicals present in soursop leaves may help to explain the protective capacity of the leaves. These compounds may be responsible for the antihaemolytic activity they exhibited since they not only stabilize free radicals but also make erythrocytes more resistant to oxidative stress.31 The significant results of the modulatory effects of soursop leaf extract on the haematology indices were similar to those of Cyboran et al.,32 who investigated changes in pig erythrocytes induced by extracts of currant, strawberry and apple leaves, and they showed that the polyphenolic compounds present in the extracts had a positive effect on the erythrocytes. In a similar study, it was reported that aqueous leaf extracts of Justicia carnea and Cnidoscolus aconitifolius showed hematopoietic potential by increasing the levels of haemoglobin, packed cell volume, and white blood cells and may have an ameliorative effect in blood diseases connected to over-exposure to chloramphenicol.33
 
Liver enzymes of CIL in female Wistar rats treated with graded doses of aqueous leaf extract of A. muricata
Aqueous leaf extract of A. muricata significantly (p<0.05) inhibited hepatic disorder in rats (Figure 2). The extract dose-dependently and significantly (p<0.05) restored normal hepatic status with respect to ALP, ALT, and AST levels in rats.  
The decrease in the activity of the assayed liver enzymes at different doses of the extract per body weight administered could suggest that the extract is not hepatotoxic. Studies have shown that persistent elevation of serum ALT, AST, and ALP levels are reliable markers for hepatotoxicity.34 The result of the liver enzyme markers showed that the aqueous leaf extract of A. muricata does not harm the hepatocytes.21 The leaves are rich in phenols and flavonoids and studies have shown that phenols and flavonoids can inhibit xenobiotic-induced hepatotoxicity in experimental animal models due to their potent antioxidant or free radical scavenging activities.35
 
Effect of aqueous leaf extract of A. muricata on kidney function parameters of CIL in female Wistar rats 
There is a non-significant (p>0.05) difference between the control group and treatment groups for sodium, urea and creatinine. However, the potassium concentration decreased significantly (p<0.05) in the treatment groups when compared with group 2, which served as the negative control (Figure 3). 
Urea depends on intake and some other factors, hence, the increase could be attributed to the amino acid content of the drug (chloramphenicol). In assessing renal function, urea concentration depends on some parameters, so creatinine is more reliable since its rate of production is constant and the rate of excretion depends on the muscle mass of the animal involved.33
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Figure 1: Haematological indices of CIL in female Wistar rats treated with graded doses of aqueous leaf extract of A. muricata. Data are mean ± SD (n = 8). n = number of rats in each group.
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Figure 2: Liver enzymes of CIL in female Wistar rats treated with graded doses of aqueous leaf extract of A. muricata. Data are mean ± SD (n = 8). n = number of rats in each group.
 
Effect of aqueous leaf extract of A. muricata on cardiac and cancer markers of CIL in female Wistar rats 
Cardiac makers (TP-I and MB) were significantly lowered (p<0.05) in the treatment groups when compared to the negative control (Figure 4). Similarly, the cancer markers such as, CRP and CEA were decreased in the groups treated with aqueous leaf extract of A. muricata while AFP was significantly increased (p<0.05) in group 2 when compared with group 1. However, groups 3-6 showed more significant ameliorative potential with a dose-dependent significance that shows a possibility of the A. muricata extract to remedy lymphoma.
Results of cardiac markers (TP-I and MB) and cancer markers (CRP, CEA, and AFP) evaluated in this study were very significant and suggests that the chloramphenicol administered did not only induce lymphoma in the blood but also affected the physiological function of the heart. CRP is a simple and effective prognostic marker in patients with acute myeloid leukaemia36 and has been reported to be a prognostic indicator in a variety of haematologic malignancies37 and solid tumours.38 Its elevations in the plasma has been associated with shorter survival and development of second cancer in patients with chronic lymphocytic leukaemia.39 Evidence from clinical trials with several types of cancer and trastuzumab, an anticancer drug, has shown an increase in cardiac troponin levels corresponding to myocardial dysfunction. Simoes et al.40 have reported an increase in cardiac troponin levels in breast cancer patients. Also, Zafar et al.41 reported an increase in troponin as well as myoglobin in acute myocardial infarction. Myoglobin is a muscle-associated respiratory protein expressed in multiple types of cancer, including breast and prostate tumours. Elevated levels of MB have also been associated with epithelial cancers.42 Similarly, higher CEA levels have been reported in 64% of children at the onset of acute leukaemia and during bone marrow relapse. However, AFP values in different stages of the disease were sporadically elevated but did not reflect the activity of leukaemia.43 This study suggests that TP-1 and MB, although cardiac markers, CEA and CRP may be elevated in the presence of lymphoma or leukaemia and that A. muricata has the potential to modulate the cytotoxic effect of chloramphenicol-induced lymphoma in female Wistar rats.
 
Oxidative stress markers of CIL in female Wistar rats after treatment with aqueous leaf extract of A. muricata
MDA and LDH concentrations were dose-dependently and significantly (p<0.05) modulated by the aqueous leaf extract of A. muricata (Figure 5). CAT activity in groups 1 – 4 did not change significantly, however, there was a significant increase in the CAT activities of groups 5 and 6 when compared to the control and untreated groups. GSH and SOD showed a marked uncharacteristic difference in the concentrations between the negative control and groups 4, 5, and 6. 
Analysis of blood parameters indicates multiple blasts of haematological cells which can be alleviated by antioxidants especially from natural sources such as A. muricata. The aqueous leaf extract exhibited much inhibition of cytotoxicity and improved blood parameters. This tends to suggest that the aqueous leaf extract of A. muricata may be an inhibitor of reactive oxygen species generation and may possess strong antioxidant properties and could serve as a potent remedy for the control of anaemia and CIL. Several investigations on the antioxidant properties of the leaf extract of A. muricata have been reported.44-47 Moreover, flavonoids present in A. muricata leaves could account for the protection of cell membranes because they interrupt the interaction of phospholipid components and inhibit their oxidation, thereby protecting them from damage caused by oxidizing molecules.48
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Figure 3: Effect of aqueous leaf extract of A. muricata on kidney function parameters of CIL in female Wistar rats. Data are mean ± SD (n = 8). n = number of rats in each group.
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Figure 4: Effect of aqueous leaf extract of A. muricata on cardiac and cancer markers of CIL in female Wistar rats. Data are mean ± SD (n = 8). n = number of rats in each group.
 
Histopathological findings
Photomicrographs of red blood cells from study Groups 1 to 6 are presented in Plate 1 (A - F).
Plate A: Photomicrograph of red blood cells from group 1 with normocytic normochromic cells seen. Neutrophils are mature with 3 - 4 nuclear segmented forms giving an impression of essentially normal blood film.
Plate B: Photomicrograph of blood films of female Wistar rats that received 250 mg/kg chloramphenicol without any treatment (Group 2). The red blood cells appeared slightly reduced in number on the film and showed anisocytosis. The film presented a dimorphic picture of normocytic, normochromic, and numerous polychromatic cells. White blood cells appear adequately in number to film. A few lymphoplasmacytoid cells are present showing clumped nuclear chromatin, basophilic cytoplasm, and a perinuclear halo. A few atypical forms are present on the film showing a cleaved/folded nuclear chromatin patterns. Some lymphoblasts are also present on the film showing large forms with loose nuclear chromatin and 1-2 nucleoli. Neutrophils are mature with some showing hyper-segmented forms having up to 9 nuclear segments. Cytoplasmic granules show primary and secondary granules (normal granulation). Monocytes are present and mature. Platelets appear adequately in number on the film with normal granular pattern. The impression is a typical lymphocytosis and lymphoproliferative neoplasm secondary to Acute lymphoblastic leukemia
Plate C:  Photomicrograph of blood films of female Wistar rats that received 250 mg/kg chloramphenicol and treated with 500 mg/kg bodyweight of A. muricata (Group 3). Red blood cells appear scantily distributed on the film and show a dimorphic picture of normocytic, normochromic, and polychromatic cells. There is lymphocytosis, the white blood cells appear slightly increased in number on the film with a predominance of mononuclear cells. There is relative lymphocytosis with numerous atypical lymphocytes present on the film showing a loose nuclear chromatin pattern with cleaved nuclei, folded nuclei, and very few nucleoli. Numerous smudge cells are also present on film. Neutrophils are mature with some showing hyper-segmented forms having up to 9 nuclear segments. Cytoplasmic granules show primary and secondary granules (normal granulation). Monocytes are present and mature. Platelets appear reduced in number on the film with normal granular pattern. The impression is a typical lymphocyte/lymphoblast secondary to lymphoproliferative neoplasm.
Plate D:  Photomicrograph of blood films of female Wistar rats that received 250 mg/kg chloramphenicol and treated with 1000 mg/kg bodyweight of A. muricata (Group 4).  Red blood cells appear adequately on film and show normocytic normochromic red cells. White blood cells appear adequate in number to the film with a predominance of mononuclear cells. There is relative lymphocytosis with mostly small and mature forms present showing clumped nuclear chromatin and a thin rim of cytoplasm. A few reactive lymphocytes and lymphoplasmacytoid forms are seen on film. Neutrophils are mature with some showing hyper-segmented forms having up to 7 nuclear segments. Cytoplasmic granules show primary and secondary granules. Monocytes are present and mature. Platelets appear reduced in number on the film with normal granular pattern. The impression is reactive lymphocytes secondary to a chronic inflammatory reaction.
Plate E:  Photomicrograph of blood films of female Wistar rats that received 250 mg/kg chloramphenicol and treated with 1500 mg/kg bodyweight of A. muricata (Group 5).  Red blood shows a dimorphic picture of normocytic, normochromic, and numerous polychromatic cells. White blood cells appear adequate in number to film with a predominance of mononuclear cells. There is relative lymphocytosis with numerous lymphoblast present on the film showing a loose nuclear chromatin pattern with 1-2 nucleoli. Few smudge cells and small mature lymphocytes are also present on film.  Neutrophils are mature with some showing hyper-segmented forms having up to 8 nuclear segments. Cytoplasmic granules show primary and secondary granules (normal granulation). Monocytes are present and mature. Platelets appear adequately in number on the film with normal granular pattern. The impression is Lymphoproliferative Neoplasm. 
Plate F:  Photomicrograph of blood films of female Wistar rats that received 250 mg/kg chloramphenicol and treated with 2000 mg/kg bodyweight of A. muricata (Group 6). Red blood shows a dimorphic picture of normocytic, normochromic, and numerous polychromatic cells. White blood cells appear adequate in number to film with a predominance of mononuclear cells. There is relative lymphocytosis with some reactive forms present on the film showing abundant cytoplasm with clumped nuclear chromatin. A few show loose nuclear chromatin and cytoplasmic granules. Few smudge cells are also present on film.  Neutrophils are mature with some showing hyper-segmented forms having up to 8 nuclear segments. Cytoplasmic granules show primary and secondary granules (normal granulation). Monocytes are present and mature. Platelets appear adequately in number on film with normal granulation. The impression is Reactive lymphocytes.
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Figure 5: Effect of aqueous leaf extract of A. muricata on Oxidative stress markers of CIL in female Wistar rats. Data are mean ± SD (n = 8). n = number of rats in each group
 
The red blood cells in the photomicrographs of experimental animals that received 250 mg/kg of chloramphenicol without treatment (Plate B) appeared slightly reduced in number. They were normocytic, normochromic and had numerous polychromatic cells and showed anisocytosis. There were few lymphoplasmacytoid cells showing clumped nuclear chromatin, basophilic cytoplasm, and a perinuclear halo. Some lymphoblasts were also present on the film showing large forms with loose nuclear chromatin and 1-2 nucleoli. The overall impression was a typical lymphocytosis and lymphoproliferative neoplasm secondary to acute lymphoblastic leukaemia. Zeng-Rong and Yufang,49 reported that the most suspected transformations induced by chloramphenicol are acute lymphoblastic leukaemia and acute myelogenous leukaemia, both of which are derived from proliferating cells. However, graded dose of A. muricata was effective in modulating the lymphoblastic leukaemia effect induced by chloramphenicol in female Wistar rats as evident in Plates C-F. Onyegeme-Okerenta et al.50 reported that the ethyl acetate fraction of leaf extract of A. muricata was found to be highly cytotoxic in vitro against MCF7, HT29, HCT116 and C4-2WT carcinoma cells thereby leading to non-proliferation of the cells. 
 
Conclusion
Significant adverse changes in haematological parameters are reported to be associated with exposure to chloramphenicol in this present study. This therefore suggests that chronic intake of chloramphenicol may be considered one of the risk factors for the development of lymphoma which is secondary to leukaemia and that aqueous leaf extract of A. muricata have the potential to modulate the adverse effect caused by chloramphenicol administration. Hence, exposure to this drug should be under strict regulation. The potential of the aqueous leaf extract of A. muricata in ameliorating chloramphenicol-induced lymphoma corroborates with the reported native folkloric use of the plant in the treatment of blood-related ailments.
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Plate 1(A – F): Photomicrographs of red blood cells from study Groups 1 to 6
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