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Nutritional profile, Anti-anemic and antioxidant effects of aqueous extract leaves of Cassia occidentalis on male Wistar Albino Rats
Abstract 
Aims: The aim of this study was to assess the nutritional profile, anti-anemic, and antioxidant properties of the aqueous extract of Cassia occidentalis leaves on anemia induced by phenylhydrazine. 
Methodology: Firstly, the nutritional composition of the extract was analyzed using AOAC methods. Then, hemolytic anemia was induced by intraperitoneal injection of 40mg/kg body weight for 2 consecutive days in 25 male rats. After two days, animals were randomly divided into six groups: G1 (non-anemic control), G2 (anemic control), G3 (reference solution), G100 (100 mg/kg/day of the aqueous extract leaf), G200 (200 mg/kg/day of the aqueous extract leaf), G300 (300 mg/kg/day of the aqueous extract leaf). After the 14-day treatment period, the animals of all groups were sacrificed and blood samples were taken to analyze the biochemical and hematological parameters. Organ samples from the sacrificed rats were excised and weighed. 
Results: the aqueous extract of Cassia occidentalis leaves contains 14.50% proteins, 31.04% sugars, 19.28% ash, 5.02% fibers, Vitamin C (46.79 mg/100 g), and β-carotene (3.32 mg/100 g). It increased the hemoglobin concentration, RBC counts, and hematocrit rate in extract-treated groups, but lower mean corpuscular hemoglobin concentration (MCHC) level. Spleen weight increased in G100, G200, and reference solution groups. Kidney weight increased in G200 and G300 groups. Catalase activity rose in G300, while SOD activity increased in the positive control. Serum iron levels rose in G100 and G300 groups. Triglyceride levels decreased in G100 and G200 groups, and HDL cholesterol increased in extract treated and reference solution groups. 
Conclusion: the aqueous extract of Cassia occidentalis, rich in iron and bioactive compounds, improves hematological parameters and could thus be used for anemia management.
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Introduction
Anemia affects approximately 500 million women aged 15-49 and 269 million children aged 6-59 months worldwide (OMS, 2023). In Cameroon, anemia remains a public health problem. About 77% of children aged 9 to 11 months and 47% of children aged 48 to 59 months are anemic (INS and ICF, 2020). The causes of anemia are varied and include iron deficiency anemia, vitamin deficiency anemia, anemia of inflammation, aplastic anemia, anemias related to bone marrow diseases, hemolytic anemias, and sickle cell anemia (Hussien et al., 2023). Numerous treatments are available for anemia, with the most common being vitamin B9 (folate), vitamin B12, iron supplements, and erythropoietin with its analogs. However, these treatments can have adverse effects. For instance, iron supplements may cause black stool discoloration and digestive issues (nausea, diarrhea, constipation, intestinal cramps), leading some patients to discontinue treatment. In response to these challenges, many populations in Africa, particularly in Cameroon, are turning to medicinal plants for treating various forms of anemia (Beack et al., 2020, Benkhnigue et al., 2022; Fagbohoun et al., 2022). Cassia occidentalis (Leguminosae-Ceasalpinioideae), commonly known as coffee senna, stinkweed in English, and faux kinkeliba, or café nègre in French is recognized in traditional medicine for treating several affections around the world (Assi, 1983; Nkongmeneck et al., 2000). In Ayurveda, the entire plant extract is utilized to treat eye inflammations, while in Jamaican folk medicine, it is used for conditions such as diarrhea, dysentery, constipation, fever, cancer, eczema, and venereal diseases (Payne-Jackson et al., 2004). The root infusion is viewed as a tonic, diuretic, and febrifuge in Brazil, addressing liver issues, anemia, fevers, tuberculosis, and general weakness (Coimbra, 1994).

Externally, leaf paste is applied to heal wounds, sores, and skin diseases, while leaves are also used for treating bone fractures, fever, ringworm, throat infections, and wounds. In Nigeria, the roots of C. occidentalis are boiled and consumed as tea for constipation and against white discharge in ladies (Jain, 1991), while leaf infusions are used to treat malaria, fever, and hepatitis (Chukwujekwu et al., 2005; Nuhu and Aliyu, 2008). C. occidentalis is recognized as one of the plants used in West Africa for treating anemia (Akabassi, 2023; Pharmacopée d’Afrique de l’Ouest, 2013).

In the central region of Cameroon, a preparation of 50 grams of leaves macerated in 2 liters of water for 10 hours is used to treat diabetes (Nkongmeneck et al., 2000). The leaves are also macerated or decocted for antimalarial and antipyretic purposes (Mapi, 1988; Saotoing et al., 2011). In northern Cameroon, this plant regenerates soil and its leaves are consumed in sauces. The roots, when decocted with tamarind, have anthelmintic properties. 

The objective of this study is to evaluate the nutritional profile, and anti-anemic, and antioxidant effects of Cassia occidentalis in rats with phenylhydrazine-induced anemia.

Material and Methods

Plant Material

Fresh leaves (a mix of young and mature) of Cassia occidentalis were collected in May 2023 from Obili, a neighborhood of Yaounde. The plant was identified by a taxonomist at the National Herbarium of Yaounde, assigned code No. 19202SRF/cam. The leaves were then dried at room temperature for two weeks.  The dried leaves were ground into a fine powder using a blender and stored in a jar.

Preparation of extract
About 50 grams of the dried Cassia occidentalis powder were added to 1000 mL of distilled water, boiled for 15 minutes, cooled, and filtered through filter papers Whatman No. 4.  The filtrate was then dehydrated in a dehydrator for 72 hours at 50°C to obtain the final extract, which was stored in jars for subsequent analyses. The yield was 52%.
Proximate and mineral composition of Cassia occidentalis aqueous extract
The proximate composition such as moisture, protein, total lipids, total sugar, fiber and mineral contents of Cassia occidentalis aqueous extract were analyzed according to the standard method as described by AOAC (1990). 
Determination of Bioactive Compounds

Vitamin C was assessed using the method by Harris and Ray (1935). Carotenoids were measured according to Rodriguez-Amaya and Kimura (2004). 
Quantitative phytochemical analyses of the aqueous extract of Cassia occidentalis leaves.

Flavonoids were measured following the method of Dhar (2012) while Phytic Acid was determined using the method of Olayeye et al. (2013). Tanins was measured following the method of Bainrbrige et al. (1996). Saponins were determined using the method of Koziol (1991).
Animals 
Thirty (30) male Wistar rats weighing between 200 and 240 g were purchased from the Laboratory of Animal Biology and Physiology at the University of Yaoundé I and subsequently raised at the Laboratory of Human Metabolism and Non-Communicable Diseases at the Institute of Medical Research and Medicinal Plant Studies (IMPM). The rats were acclimated for 7 days before used. None of these animals had been subjected to previous experiments and showed no signs of abnormalities during the experiments, the temperature of the animal house was adjusted at 23 ± 2°C under a 12 h dark/light cycle with free access to food and distilled water daily.  The study was approved by the joint Institutional Review Board for Animal & Human Bioethics of the University of Yaoundé I (UYI), under the Ethical Clearance Reference N°: BTC-JIRB2024-117. 

Food composition  
A standard diet consisted of 35% of corn starch, 17.5% of fish meal, 5% of bones meal, 7.5% peanut flour 12.5% soy flour, 5% wheat flour, 7.5% palm kernel flour, 2 sachets of multivitamins.
Study design
Induction of Anemia

Hemolitic anemia was induced in the rats through intraperitoneal administration of phenylhydrazine (40 mg/kg b.w.) for two consecutive days, following the method described by Ndem et al. (2013) with slight modifications. Blood samples (0.5 mL) were collected from the retro-orbital sinus using a sterile Pasteur pipette into EDTA tubes 48 hours post-induction. Rats with hemoglobin levels below 14 g/dL were classified as anemic and included in the study (Alahmoradi et al., 2019).26
Anti-Anemic Activity

After induction of anemia, five groups of five anemic male rats each were established. Group 1 served as the normal control and was not anemic. The treatment protocol is detailed as follows:

· Group 1: non-anemic control, receiving distilled water on Days 0 and 1, followed by distilled water only from Days 3 to 17.

· Group 2: anemic control, consisting of anemic rats receiving distilled water from Days 3 to 17.

· Group 3: reference control, comprising anemic rats given 1 mL/kg/day from Days 2 to 15.

· Group 4: anemic rats treated with 100 mg/kg/day of the Cassia occidentalis aqueous leaf extract from Days 3 to 17.

· Group 5: anemic rats treated with 200 mg/kg/day of the Cassia occidentalis aqueous leaf extract from Days 3 to 17.

· Group 6: anemic rats treated with 300 mg/kg/day of the Cassia occidentalis aqueous leaf extract from Days 3 to 17. 

Both the extract and reference solution were administered via gavage using a gastric tube

Preparation of biological samples 
On day 18 (sacrifice day), approximately 1 mL of blood was collected from the neck of each rat into an EDTA tube after decapitation, and an additional 2 mL was collected in a dry tube for serum isolation after a 10-hour fasting period. Blood samples were taken via orbital puncture following anesthesia with ethyl ether. The samples in EDTA tubes were used to determine hematological parameters using the BE10 Automated Hematology Analyzer. These tests served as indicators of the anti-anemic properties of the plant extracts. Serum isolated from dry tubes was used for biochemical analysis.

Determination of serum biochemical parameters

Lipid profile parameters 

Total cholesterol and triglycerides were measured according to Roeschlau et al. (1974) protocol, HDL-cholesterol following Burstein et al. (1980), using commercial kits (SGM, Italy) and LDL cholesterol was calculated using the Friedewald equation (Friedewald et al., 1972).

Evaluation of Oxidative Stress Indicators

Superoxide dismutase activity was determined using the method by Misra and Fridovich (1972), while catalase activity was assessed according to Sinha (1972).

Statistical Analysis

Proximate data were presented as mean ± SD. All tests were performed in triplicates. Data from the hematological estimations were presented as mean ± SD for five animals per group. Data were analyzed using one-way analysis of variance (ANOVA) followed by Dunnett's t-test, using GraphPad version 8.1. A p-value of < 0.05 was considered statistically significant. 
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Results
Proximate and mineral composition of Cassia occidentalis aqueous extract. The extract contains 31.04% proteins, 31.04% total sugars, 19.28% ash, and 5.02% fibers (Table 1). Lipids in the aqueous extract were present only in trace amounts. Mineral content analysis in Table 1 reveals high Magnesium content (519.94 ± 71.80) compared to iron (109.43 ± 0.51) and zinc (4.23 ± 0.23) in the aqueous extract.

Table 1 : Proximate and mineral composition of Cassia occidentalis aqueous extract 
	Parameters 
	Value 

	Proximate composition (g/100 g of DW)

	Lipids
	0.3 ± 0.00

	Proteins
	14.50 ± 0.02

	Total sugars
	31.04 ± 0.20

	Water
	12.93 ± 0.13

	Fibers
	5.02 ± 0.07

	Ash
	19.28 ± 0.16

	Mineral composition (mg/100g of DM)

	Iron 
	109.51 ± 0.51

	Zn 
	4.23 ± 0.23

	Mg 
	519.94 ± 71.80


Results are expressed as mean values ± SD. DW: Dry Weight.
Determination of bioactive compound contents
Table 2 presents the bioactive compound contents in the aqueous extract, showing a high concentration of Vitamin C (46.79 ± 2.5 mg/100 g) and β-carotene at 3.32 ± 0.15 mg/100 g. 
Table 2: Bioactive compound content of aqueous extract of Cassia occidentalis leaves.
	Bioactive compound
	Value

	Vitamine C (mg/100g  of DW )
	46.78 ± 2.5

	Β-carotene (mg EBC/100 g of DW)
	3.32 ± 0.15


Results are expressed as mean values ± SD. DW: Dry Weight.
Quantitative phytochemical analyses of the aqueous extract of Cassia occidentalis leaves
Quantitative phytochemical analyses in Table 3 indicate that the extract is rich in phenolic compounds and flavonoids.

Table 3: Quantitative phytochemical analyses of the aqueous extract of Cassia occidentalis leaves
	Phytochemicals
	Value (mg/100g DW)

	Tannins
	20.14 ± 0.02

	Saponins
	2.30 ± 0.38

	Phytates
	104 ± 0.01

	Flavonoids
	170.85 ± 0.24

	Phenolic compounds
	786.80 ± 1.50


Results are expressed as mean values ± SD. DW: Dry Weight.
Blood tests

Effect of aqueous extract of Cassia occidentalis leaves on hematological parameters
The effects of the aqueous extract on hematological parameters are presented in Figure 1. Notably, administering the aqueous extract of Cassia occidentalis leaves for fourteen days led to a significant increase in hemoglobin (Hb) concentration in the groups treated with the extract and reference solution (p < 0.001) compared to the negative control group (11.62 ± 1.89 g/dL to 15.88 ± 0.94, 14.40 ± 2.31, 16.96±0.77 and 15.42±2.37 g/dL) respectively for G100, G200, G300 and TP. Similarly, there was a significant dose-dependent increase in the number of red blood cells (RBCs) (p < 0.001) in all groups treated with the extract (6.50 ± 0.65, 6.44 ± 0.82, 7.11 ± 0.12 102/L) and reference solution (6.65 ± 1,03 102/L) compared to the negative control group (5.20 ± 0.78 102/L) (p < 0.05). In anemic groups treated with the aqueous extract of Cassia occidentalis leaves, a significant increase (p < 0.001) in hematocrit (HCT) levels was observed at different doses of 100 and 300 mg/kg b.w compared to the negative control group (34.92 ± 4.73 % to 49.76 ± 4.72 and 54.74 ± 2.39 %; p < 0.001) as well as with G200 to control group (34.92 ± 4.73 to 47.54 ± 6.09 %). However, a significant decrease (p < 0.001) in mean corpuscular hemoglobin concentration (MCHC) was noted in G200 and G300 extract-treated groups (30.16±1.47 and 30.98±1.83; p < 0.01 and p < 0.05 respectively) when compared to the negative control group (34.22 ± 2.1).
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Figure 1: Effect of aqueous extract of Cassia occidentalis leaves on hematological parameters
Each bar represents Mean ± SD; the superscript * is significantly different (*p˂0.05) (**p˂0.01) (***p˂0.001) (****p˂0.0001). GN= Normal group TN= Negative control TP= Positive control G100= Group of anemic rats that received the dose of 100 mg/kg of extract G200= Group of anemic rats that received the dose of 200 mg/kg of extract G300= Group of anemic rats that received the dose of 300 mg/kg of extract.
Effect of aqueous extract of Cassia occidentalis leaves on organ weight
We monitored the changes in absolute organ weights of the liver, kidney, spleen, and heart in experimental rats. The results are shown in Table 4. An increase in spleen weight was observed in the extract-treated rats in the G100 (1.56 ± 0.37), G200 (1.38 ± 0.40), and reference solution (TP) treated groups (2.002 ± 0.71) compared to the negative control (TN) group (0.69 ± 0.09). However, a significant decrease was noted in the extract-treated G300 group (1.18 ± 0.19) and the negative control group compared to the positive control group (2.00 ± 0.71) (p < 0.05).

Regarding kidney weight, a significant increase was observed in the G200 (1.61 ± 0.14) and G300 (1.61 ± 0.15) groups compared to the negative control group (1.33 ± 0.09) (p < 0.05) (Table 4).
Table 4: Effect of aqueous extract of Cassia occidentalis leaves on organ weight
	
	Liver (g)
	Kidneys (g)
	Spleen (g)
	Heart (g)

	GN
	6.37 ± 0.28
	1.41 ± 0.28
	1.04 ± 0.26
	0.81 ± 0.16

	TN
	7.62 ± 0.79
	1.33 ± 0.09
	0.69 ± 0.09
	0.90 ± 0.09

	TP
	6.89 ± 0.53
	1.47 ± 0.59
	2.00 ± 0.71***
	0.82 ± 0.04

	G100
	8.32 ± 1.16
	1.56 ± 0.12
	1.56 ± 0.37**
	0.88 ± 0.08

	G200
	7.97 ± 0.83
	1.61 ± 0.14*
	1.38 ± 0.40*
	0.88 ± 0.03

	G300
	7.02 ± 1.07
	1.61 ± 0.15*
	1.18 ± 0.19#
	0.89 ± 0.10


The Superscript * in the same column are significantly different (*p˂0.05) (**p˂0.01) (***p˂0.001) vs negative control and # in the same column are significantly different (#p˂0.05) vs positive control. GN= Normal group, TN= Negative control, TP= Positive control, G100= Group of anemic rats that received the dose of 100 mg/kg of extract, G200= Group of anemic rats that received the dose of 200 mg/kg of extract, G300= Group of anemic rats that received the dose of 300 mg/kg of extract.
Biochemical parameters
Oxidative Stress Markers and Iron
Tables 5 revealed that catalase activity significantly increased (p ˂0.001) in the G300 group treated at 300 mg/kg bw (7.57 ± 1.098 mM/µL) compared to the negative control group (5.08 ± 0.1078 mM/µL).  A significant increase in SOD activity in the positive control group compared to the negative control group was noted (0.93± 0.19 to 2.98 ± 0.88; p ˂ 0.0001). A significant decrease in SOD in the extract-treated groups compared to the positive control group was observed respectively, 2.98 ± 0.88 to 0.80 ± 0.00, 1.00 ± 0.20, 0.80 ± 0.00 respectively for G100, G200, and G300; however, there was no difference between the SOD activity levels in the extract-treated and that of the negative control.
Serum iron levels significantly increased in the G100 (2.87 ± 0.43 µmol/mL) (P ˂0.01) and G300 (3.65 ± 0.10 µmol/mL) (P ˂0.001) groups compared to the negative control group (1.81 ± 0.74 µmol/mL). 
Table 5: Effect of aqueous extract of Cassia occidentalis leaves on oxidative stress markers and serum iron
	
	CAT (mM/µL)
	SOD (nb units of SOD/mL)
	Iron (µmol/mL)

	GN
	6.12 ± 0.39
	1.60 ± 0.00
	2.38 ± 0.47

	TN
	5.08 ± 0.10
	0.93± 0.19
	1.82 ± 0.74

	TP
	6.01 ± 1.63
	2.98 ± 0.88****
	2.05 ± 0.27

	G100
	4.80 ± 0.73
	0.80 ± 0.00####
	2.87 ± 0.43**

	G200
	5.27 ± 0.22
	1.00 ± 0.20####
	2.09 ± 0.18

	G300
	7.57 ± 1.09***
	0.80 ± 0.00####
	3.65 ± 0.15***


The superscript * in the same column are significantly different (**p˂0.01) (***p˂0.001) (****p˂0.0001) vs negative control and # in the same column are significantly different (####p˂0.0001 vs positive control). CAT: Catalase, SOD: superoxide dismutase, GN = Normal group, TN= Negative control, TP = Positive control, G100= Group of anemic rats that received the dose of 100 mg/kg of extract, G200 = Group of anemic rats that received the dose of 200 mg/kg of extract, G300 = Group of anemic rats that received the dose of 300 mg/kg of extract.
Effect of aqueous extract of Cassia occidentalis leaves on lipid profile in anemic rats
Table 6 shows the impact on the lipid profile. Triglyceride levels significantly decreased in the G100 (61.70 ± 3.87) and G200 (46.37 ± 4.50) groups compared to the negative control group (84.02 ± 1.70) (P ˂ 0.00001). HDL cholesterol levels significantly increased in extract-treated group G100 (50.91 ± 2.48) and reference control (58.15 ± 4.46) when compared to the negative control group (39.62 ± 1.23) (P ˂ 0.001). However, there was a significant increase in LDL concentration in the G100 group (32.49±3.87) compared to the negative control group (P ˂0.05).

Table 6: Effect of aqueous extract of Cassia occidentalis leaves on the lipid profile of rats

	
	CT (mg/dL)
	TGL (mg/dL)
	HDL (mg/dL)
	LDL (mg/dL)

	GN
	82.74 ±4.92
	75.53 ± 3.20
	54.14 ±1.61
	25.24 ± 4.79

	TN
	75.72 ± 1.09 
	84.02 ± 1.70
	39.62 ±1.23
	16.12 ± 1.05

	TP
	83.56 ±3.88
	81.41 ± 2.61
	58.15 ±4.46***
	11.71 ± 5.21

	G100
	69.96 ±2.54
	61.70 ± 3.87**
	50.91 ±2.48*
	32.49 ± 3.87*

	G200
	75.05 ±0.67
	46.37 ± 4.50****
	45.09 ±4.65#
	23.22 ± 4.87

	G300
	77.76 ±2.04
	79.69 ± 2.32
	48.58 ±1.18
	15.69 ±2.32


The superscript * in the same column are significantly different ((**p˂0.05) (**p˂0.01) (***p˂0.001) (****p˂0.0001) vs negative control and # in the same column are significantly different (#p˂0.05) vs positive control. CT: total cholesterol, TGL: triglycerides, HDL: high-density lipoprotein, LDL: low-density lipoprotein. GN= Normal group, TN= Negative control TP= Positive control, G100= Group of anemic rats that received the dose of 100 mg/kg of extract, G200= Group of anemic rats that received the dose of 200 mg/kg of extract G300= Group of anemic rats that received the dose of 300 mg/kg of extract
Discussion

The primary goal of this study was to investigate the anti-anemic and antioxidant effects of the aqueous extract of Cassia occidentalis leaves on phenylhydrazine-induced anemia in male rats. Proximate analysis of the leaves revealed significant nutritional components: proteins at 14.50 ± 0.02%, total sugars at 31.04 ± 0.20%, fibers at 5.02 ± 0.07%, and ash at 19.28 ± 0.16%. These values align with acceptable ranges for plant materials (Abde-Alsiede et al., 2015). Notably, the ash content was higher than that reported for Senna occidentalis leaves in Nigeria (11.71 g/100 g) by Uttu et al. (2021), which may be attributed to factors such as soil composition, extraction methods, or seasonal variations. The elevated ash content suggests high and essential mineral content, including iron, sodium, calcium, magnesium, and potassium (Aiwonegbe et al., 2018; Adefisan et al., 2020). Iron content in the extract was notably high at 109.43 ± 0.51 mg/100 g, surpassing previous reports for Cassia occidentalis leaves (2.41 mg/100 g by Aja et al., 2017, and 52.23 ± 0.34 mg/100 g by Uttu et al., 2021). This discrepancy may arise from differences in harvest stages, soil types, or extraction methods. The high iron content indicates that Cassia occidentalis leaves could be beneficial in food formulations aimed at combating iron deficiency anemia, a significant public health concern (OMS, 2023). Zinc, an essential trace element involved in homeostasis, antioxidant defenses, and immune function (Berger, 2012), was found at 4.23 ± 0.23 mg/100 g in the extract. This value exceeds the 1.85 mg/100 g reported by Aja et al. (2017) and is comparable to the 4.66 mg/L reported by Uttu et al. (2021). The FAO estimates that about 20% of the global population may be at risk of zinc deficiency, indicating that this extract could serve as a valuable dietary source (Holt and Brown, 2004). Finally, magnesium content was measured at 519.94 ± 71.79 mg/100 g, higher than previous findings for both Cassia occidentalis leaves (Uttu et al., 2021; Omoikhoje et al., 2023). Magnesium is essential for regulating kidney function and acts as a cofactor for superoxide dismutase, an enzyme that helps neutralize free radicals in the mitochondria (Gums, 2004). Overall, the study highlights the nutritional potential of Cassia occidentalis leaves as a source of essential nutrients beneficial for combating anemia and oxidative stress.

The vitamin C content in the extract was 46.78 mg/100 g of dry weight, which is lower than the 106.1 mg/100 g found in hydroethanolic extracts of Senna occidentalis (Ujah et al., 2022). Vitamin C is crucial for immune function, cellular protection against oxidative stress, and enhancing iron absorption. Additionally, the extract contained 3.32 mg/100 g of carotenoids a group of compounds known to improve iron bioavailability (Palin, 2022). As a precursor to vitamin A, carotenoids are vital for vision, bone growth, reproduction, and immune health. It also plays a role in neutralizing free radicals, thereby reducing cellular damage and the risk of chronic diseases (Crupi et al., 2023). 

Antinutrients are compounds that can impede nutrient absorption or necessitate greater nutrient intake for their metabolism than they provide (De Cambourg, 2019). Predominantly secondary metabolites, these substances can have pharmacological effects, but they also pose health risks by contributing to deficiencies in essential minerals and macronutrients (Santiago et al., 2012). 
After a 14-day treatment period, the extract from Cassia occidentalis leaves significantly enhanced hemoglobin (HB), hematocrit (HTC), and red blood cell (RBC) counts in the treated groups compared to the negative control group (p < 0.001). These indices are crucial for diagnosing and classifying various types of anemia (OMS, 2018). This outcome aligns with the findings by Abubakar et al. (2020), who demonstrated that administering the aqueous extract of Phyllanthus niruri leaves increased hematological indices in a dose-dependent manner. The beneficial effects of plant extracts on hematological parameters have been confirmed by numerous investigations (Payal et al., 2021; Shirani et al., 2023; Soliman et al., 2024).

Phenylhydrazine induces hemolytic anemia by generating hydroxyl radicals and aryl groups that interact with red blood cells (Berger, 2007), ultimately leading to reduced hematological indices observed in the negative control group. The oxidative stress imposed on red blood cells during this process is a significant mechanism behind the resultant hemolysis. The restoration of these indices in the groups treated with the extract or reference solution is likely due to the bioactive compounds present in the extract, including vitamin C and carotenoids, which are known to influence erythropoiesis. Additionally, the extract's high iron content (Sarkiyayi et al., 2013) and the composition of the reference solution which includes iron, fumarate, folic acid, ascorbic acid, and zinc sulfate, may enhance iron bioavailability and promote the regeneration of new hematopoietic cells.

These findings indicate that the aqueous extract of Cassia occidentalis leaves positively influences key hematological parameters, improving hemoglobin concentration, red blood cell count, and hematocrit value critical factors in addressing anemia. However, the observed decrease in mean corpuscular hemoglobin concentration (MCHC) suggests a need for further investigation to elucidate the underlying mechanisms and their implications.

Organ weights were measured after 14 days of administering the aqueous extract. Phenylhydrazine treatment led to decreased kidney and spleen weights in the negative control group, likely due to oxidative stress and toxicity associated with phenylhydrazine, known to cause morphological changes in these organs (Bonnard et al., 2007). The findings are consistent with those of Oladiji et al. (2007), who found reduced kidney weight following phenylhydrazine-induced anemia compared to groups treated with the aqueous extract of Sorghum bicolor. In contrast, administration of the Cassia occidentalis extract at doses of 100, 200, and 300 mg/kg significantly increased kidneys and spleen weights (p < 0.05). This effect is likely attributable to the antioxidant properties of the bioactive compounds (phenolic compounds, flavonoids) in the extract, which helps mitigate the toxic effects of phenylhydrazine (Mahran and Elhassaneen, 2024).

Serum iron levels, indicative of the amount of iron bound to transferrin in plasma, showed significant increases in the G100 and G300 groups compared to the negative control. This enhancement can be attributed to the extract’s high vitamin C content, which facilitates the absorption of non-heme iron, thereby improving overall blood iron levels (Mananga et al., 2022). Consequently, the extract may serve as a preventive measure against iron deficiency anemia. Hepatocytes possess enzymatic and non-enzymatic defense mechanisms to protect against free radicals. Enzymatic defenses include catalase, superoxide dismutase, and glutathione, which react swiftly with reactive oxygen species (Mansourian et al., 2018). In this study, catalase activity significantly increased (p < 0.001) in the G300 group compared to the negative control group. This finding supports the hypothesis that natural antioxidants stabilize cell membranes through their free radical scavenging activities, thereby reducing oxidative stress-related damage (Da Pozzo et al., 2018).

The observed increase in catalase activity may be linked to the presence of polyphenols, such as tannins and flavonoids, which are recognized for their antioxidant properties that scavenge free radicals during disease progression (Gupta et al., 2010). The results align with Udeozor et al. (2022), who reported increased superoxide dismutase (SOD), catalase, and glutathione levels following the administration of extracts from Mucuna poggei and Telfairia occidentalis.
This highlights the potential of the aqueous extract as a source of natural antioxidants, beneficial for reducing oxidative stress and managing oxidative damage-related conditions.

Lipid profile analysis showed a significant increase (p < 0.05) in HDL cholesterol levels in the G100 group treated with the extract (100 mg/kg) compared to the negative control. HDL cholesterol is crucial for preventing cardiovascular diseases, as it helps remove cholesterol from arteries and reduces plaque formation. Additionally, triglyceride levels significantly decreased (p < 0.00001) in groups treated with the extract and reference solution indicating improved lipid metabolism in anemic individuals and potential prevention of hepatotoxic complications. These results are consistent with findings by Akintunde et al. (2020), which demonstrated improved lipid profiles in anemic rats following the oral administration of Citrullus lanatus juice extract. Cassia occidentalis leaf promises to improve lipid profiles by reducing triglycerides and increasing HDL cholesterol. However, the increase in LDL cholesterol in the G100 group warrants further investigation to fully understand its implications.

Conclusion
The findings suggest that the aqueous extract of Cassia occidentalis leaves holds promise as a natural, nutritional approach to managing anemia. Further research is warranted to fully elucidate the specific phytochemicals and mechanisms responsible for the extract's anti-anemic and antioxidant activities.
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