


Original Research Article 
Effects of Aqueous and Ethanol Leaf Extracts of Chromolaena odorata (Awolowo Leaf) on the Biochemical, Haematological, and Histopathological     Studies of Wistar Albino Rats
Abstract 
Background and Aim: Investigation of this medicinal but potentially toxic plant has been prompted by the use of medicinal plants in healthcare delivery as potential alternatives to manufactured medicines. The effects of aqueous and ethanol leaf extracts of Chromolaena odorata (Awolowo leaf) on the biochemical, haematological and histopathological findings in Wistar albino rats were evaluated. Aqueous and ethanol extracts were obtained by dissolving 300 g of ground samples into 1,500 mL of water and 70% ethanol respectively for 24 h. 
Study Design: Thirty-five male Wistar albino rats weighing 110–130 g were randomly assigned to the respective treatment groups.
Place and Duration of Study: The study was carried out at Nnamdi Azikiwe University, Awka, Anambra State, Nigeria, from 14 November 2025 to 10 April 2026.
Methodology: The rats were randomly assigned into seven groups, designated A–G, and were fed for five weeks, after which 2 mL of blood was collected through cardiac puncture under mild anaesthesia and used for biochemical and haematological analyses. The organs were harvested for histological studies. 
Results: The results showed a significant decrease (P< 0.05) in body weight compared with the control. Significant increases were observed (P<0.05) in HDL-C, urea, creatinine, PLT, and GRANS count. Significant decreases were observed (P<0.05) in TG, VLDL-C, ALT, AST, ALP, Cl-, HCO3-, LYM, and non-significant differences (P≥0.05) in TBil, DBil, Na+, K+,WBC, RBC, HGB, PCV, and MCHC at different concentrations compared with the control. Histological studies revealed inflammation and necrosis in the liver, inflammation and blood congestion in the heart, and inflammation and widening of the DCT and PCT in the kidney compared with the control. 
Conclusion: Although Chromolaena odorata has been reported to have nutritional and medicinal benefits, potential toxic effects on organs and tissues can be inferred from the findings in this study, at higher doses. 
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1 Introduction
The use of medicinal plant parts in traditional practices involves a combination of more than one plant or parts of plants (Afolayan et al., 2016). The widespread use of medicinal plants has been attributed to their cost, availability and accessibility (Ijioma et al., 2014).
Chromolaena odorata, locally called the Awolowo or Elizabeth plant in Nigeria, is a perennial scandent or woody shrub belonging to the family Asteraceae and is used as a medicinal plant (Zahara, 2019; Nwachukwu et al., 2015; Omotayo et al., 2015). Chromolaena odorata is native to Central and South America and has spread throughout the tropical and subtropical areas (Omokhua et al., 2016). The phytochemical constituents of Chromolaena odorata include alkaloids, flavonoids, saponins, cyanogenic glycosides, tannins, and phytic acid (Asomugha et al., 2014). The plant extract has been reported to possess anticonvulsant (Amazu et al., 2013), antidiabetic (Sirinthipaporn and Jiraungkoorskul, 2017), antifungal (Naidoo et al., 2011), antidiarrhoeal (Atindehou et al., 2013; Aba et al., 2015), antibacterial, anthelmintic, analgesic and antioxidant (Sirinthipaporn and Jiraungkoorskul, 2017), blood-clotting and wound-healing (Sirinthipaporn and Jiraungkoorskul, 2017), anticancer,  antihepatotoxic and anti-inflammatory properties (Sirinthipaporn and Jiraungkoorskul, 2017).
Recent analyses of Chromolaena odorata leaves and stems identified phenolic and flavonoid constituents and reported differences in measured in vitro biological activities among the extracts examined (Indrianingsih et al., 2025). A recent review also summarised the plant's secondary metabolites and the range of pharmacological activities reported in experimental studies (Paul et al., 2026).
Chromolaena odorata can also be used to improve soil fertility, apart from its medicinal applications (Uyi et al., 2014). The adverse effects of higher concentrations (161.5, 323.0, 583.5, and 107.7) mgkg-1 body weight of the plant extract on the liver function of male Wistar rats has been reported by Asomugha et al. (2014) and on the kidneys and intestinal epithelial mucosa, even at lower concentrations (100, 150, and 250) mg/kg body weight by Anyanwu et al. (2017). However, Okoroiwu et al. (2016) demonstrated the hemostatic potential of the plant both in an in vivo and in vitro study. Chromolaena odorata aqueous and ethanol leaf extracts have been reported to significantly increase red blood cell count, haemoglobin concentration, and packed cell volume in an experimental animal model, indicating its potential as a haematopoietic agent (Okoroiwu et al., 2017). 
In an acetaminophen-induced injury model, aqueous Chromolaena odorata leaf extract was reported to improve the assessed liver and kidney function parameters in rats (Achara et al., 2025). In separate laboratory assays comparing aqueous and methanol extracts, biological activities differed across plant parts and toxicity was assessed using a brine shrimp assay (Budha Magar et al., 2023).
Renal function analyses are useful for identifying kidney disease, assessing the response to treatment and determining disease progression. Chronic kidney disease (CKD) affects a substantial proportion of the global population; hypertension and diabetes are major contributors (GBD Chronic Kidney Disease Collaboration, 2020; Nwose et al., 2019). Nephrotoxic drug exposure can also complicate CKD management (Okoro & Farate, 2019).
A liver function test (LFT) is a commonly performed test in clinical practice. The assessment of liver enzymes is an important component of liver function testing; however, abnormal enzyme levels do not necessarily indicate underlying liver pathology (Delicata et al., 2018). 
 Histopathology refers to the study of changes that occur in any tissue, organ, animal, or plant associated with a disease state or disorder (Saukko and Pollak, 2013). It involves the microscopic examination of plant and animal tissues (Tamizhazhagan and Pugazhendy, 2017). Images from histopathological studies contain phenotypic information that is useful in evaluating the underlying mechanisms that contribute to disease progression and patient survival outcomes (Srinidhi et al., 2021). The examination and interpretation of tissue or organ sections stained with hematoxylin and eosin [H&E] by an anatomic pathologist are essential components of disease assessment (Srinidhi et al., 2021). Early histopathological studies were limited and usually relied on viewing the small fields that can be captured using a conventional microscope and image acquisition using this technique is time-consuming (Mukhopadhyay et al., 2018). A recent synthesis further noted that the biological relevance of Chromolaena odorata constituents may vary with the plant part and extraction procedure, supporting the need to assess defined preparations and exposure conditions (Vijapur et al., 2026).
Despite the extensive literature on the biochemical and haemostatic properties of Chromolaena odorata (Awolowo plant), uncertainty remains regarding its toxic effects on tissues and organs, warranting further investigation. In particular, the comparative responses to the two extraction solvents across these measured outcomes require examination under the same experimental conditions. The present study therefore investigates the effects of aqueous and ethanol extracts of Chromolaena odorata (Awolowo plant) on biochemical, haematological and histopathological outcomes in Wistar albino rats.

2 Materials and Methods:
2.1 Sample procurement and identification:
Fresh leaves of Chromolaena odorata were collected in the Unwana locality, Afikpo North Local Government Area, Ebonyi State, Nigeria and were authenticated by the polytechnic curator and botanist, Dr S. E. Obasi in the Department of Science Laboratory Technology of Akanu Ibiam Federal Polytechnic, Unwana. The sample was assigned the voucher number SLT/AIFPU/06/122 and a specimen was deposited at the herbarium of the Department for reference purposes.
2.2 Pre-extraction of Chromolaena odorata leaf extracts
The leaves were thoroughly washed with distilled water, rinsed and air-dried at room temperature. The washed leaves were blended into a fine powder using a household electric blender, sieved through a white 10 mm sieve, transferred into a specimen bottle and stored for subsequent use. 

2.3 Extraction of plant material
Exactly 300 g of ground Chromolaena odorata leaf powder was dissolved in 1,500 mL of distilled water and another 300 g in 1,500 mL of 70% ethanol. Both mixtures were stirred intermittently for 24 h to ensure uniform mixing, after which they were filtered twice using a white calico cloth into conical flasks. The filtrates were then concentrated in a water bath at 65oC and then reconstituted 1 g in 5 mL of phosphate-buffered saline which was used for the administration.

2.4 Experimental animals
Thirty-five adult Wistar albino rats obtained from the animal house of Chris Farms, Awka, Anambra State, Nigeria were used for the experiment. The animals were allocated by weight to seven groups of five rats each and were housed in cages and allowed to acclimatise to the animal housing conditions with an ambient temperature of 26–28oC and adequate ventilation for one week and were fed with standard grower’s mash (Vita Feeds Nig Ltd) and clean water ad libitum.


2.5 Study Design
The animals in groups of five were marked for identification and labelled A, B, C, D, E, F, and G. Group A served as the normal control and received only distilled water; groups B, C and D received 50, 100, and 200mgkg-1 b.w. of the aqueous extract and groups E, F and G received 50, 100, and 200mgkg-1 b.w. of the ethanol extract once daily. The extracts were administered for five weeks, after which blood was collected by cardiac puncture under mild anaesthesia for the various analyses. The kidneys, hearts and livers were also harvested immediately and placed in specimen bottles containing 10% neutral formalin for histopathological studies.

2.6 Determination of the extracts′ effects on the body weight of the organisms
The weights of the experimental animals were determined using an electronic weighing balance and recorded before the administration of the extracts. The animals were then monitored during and after the experiment to determine whether the extracts affected their body weight.

2.7 Blood sample collection and determination of the biochemical parameters
Approximately 2 mL of blood was collected by cardiac puncture into plain sample tubes and allowed to clot at room temperature. The blood samples were subsequently centrifuged at 3,000 × g for 10 min to separate the serum, which was carefully transferred into clean, plain tubes for subsequent biochemical analyses. The serum samples were analysed to determine the lipid profile, including total cholesterol (TCHOL), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglycerides (TRIG). Liver function was assessed by measuring alanine transaminase (ALT), alkaline phosphatase (ALP), aspartate transaminase (AST), total bilirubin (T. Bil.) and direct bilirubin (D. Bil.). Kidney function was evaluated through the determination of serum urea, creatinine and electrolyte concentrations, including sodium (Na⁺), chloride (Cl⁻), potassium (K⁺) and bicarbonate (HCO₃⁻).
All biochemical analyses were performed using the Vitros-360 automated analyser (model SE-410, Germany), in accordance with the manufacturer's instructions and recommended analytical procedures. The analytical system operates on a thin-film dry chemistry principle, in which dry reagents are distributed as an extremely thin layer on a specially designed plastic slide. During analysis, an appropriate volume of serum is applied to the slide, allowing the sample to interact with the embedded reagents. The analytical slide consists of several functional layers, including the spreading layer, reagent layer, indicator layer and support layer, each contributing to the analytical reaction and measurement process. When light is directed onto the slide, it interacts with these layers, and the resulting change in light intensity is influenced by the absorption occurring within the reagent layer. The difference between the incident and measured light intensities is related to the amount of the target analyte present in the sample and is used by the analyser to determine its concentration. Each biochemical parameter is measured using a specific reagent slide designed for the corresponding analytical assay, thereby enabling the quantitative determination of the selected biochemical indices.

2.8 Blood sample collection and determination of the haematological parameters: Approximately 2 mL of blood was collected by ocular puncture into sample tubes containing dipotassium ethylenediaminetetraacetic acid (K₂EDTA) as an anticoagulant. The collected blood samples were thoroughly but gently mixed to ensure uniform distribution of the anticoagulant and prevent coagulation before haematological analysis. The samples were subsequently analysed to determine various haematological parameters, including packed cell volume (PCV), haemoglobin concentration (Hb), white blood cell (WBC) count, mean corpuscular haemoglobin concentration (MCHC), neutrophils (Neut), lymphocytes (Lymp) and monocytes (Mono). All haematological analyses were performed using an automated haematology analyser (Sysmex XE-2100, Germany).
The automated analyser employs radiofrequency/direct-current (RF/DC) detection principles for the assessment of blood cell characteristics. In this analytical approach, direct-current (DC) electrical resistance is used to determine blood cell size by detecting changes in electrical impedance as individual cells pass through the detection aperture. Simultaneously, changes in radiofrequency (RF) signals provide information about the internal characteristics of the blood cells, particularly their intracellular density and structural composition. The combined detection principles facilitate the characterisation and differentiation of blood cell populations based on their physical and internal properties. These measurements contribute to the quantitative assessment of haematological indices and provide information on the haematological status of the experimental subjects.


2.9 Histopathological studies:
The harvested organs were removed from the specimen bottles and fixed for 24 h. The tissues were then dehydrated in ascending concentrations of alcohol, cleared with xylene and infiltrated with paraffin wax before embedding. Sections were cut, mounted on slides, stained with haematoxylin and eosin, and examined under magnification for mitosis and inflammation. Photomicrographs of the sections were also obtained.

2.10 Statistical analysis: 
All data obtained from laboratory analyses were recorded and expressed as the mean ± standard error of the mean (SEM) and were statistically analysed using one-way analysis of variance (ANOVA) using the Statistical Package for the Social Sciences (SPSS) software for Windows version 25 (SPSS Inc., Chicago, Illinois, USA) to determine whether significant differences existed between the mean of the treated groups and control group, and the significance threshold was set at P<0.05.

3.0 Results 
After approximately two weeks of treatment, the rats began to react to the aqueous and ethanol leaf extracts of Chromolaena odorata and, during the third week, deaths occurred among animals in groups B and C that received (50mgkg-1 b.w., 100mgkg-1 b.w.  of the aqueous extract) and E (50mgkg-1b.w. of the ethanol leaf extract) all died within two days, leaving animals in group D that received (200 mgkg-1 b.w. of the aqueous extract) and F and G that received (100mgkg-1b. w., 200mgkg-1 b. w. of the ethanol extract) respectively. These observations indicate toxic effects of the aqueous and ethanol leaf extracts of Chromolaena odorata. The reactions and acute inflammatory responses of the animals are shown in Fig. 1.

3.1 The effects of the extract on the body weight of the organisms:
The results for the aqueous and ethanol leaf extracts of Chromolaena odorata, shown in Table 1, revealed a significant decrease (P<0.05) in body weight compared with the control.

3.2 Lipid profile analysis: The lipid profile results presented in Table 2 revealed a significant increase (P<0.05) in the high-density lipoprotein cholesterol concentrations in group D (200mg/kg-1 b.w. of aqueous extract) and groups F and G (100mg/kg-1 b.w. and 200mg/kg-1 b.w. of ethanol extract). Significant decreases (P<0.05) were observed in triglyceride and very-low-density lipoprotein concentrations of groups D, F, and G (200mgkg-1 b.w. of aqueous extract; 100mg/kg-1 b.w. and 200mgkg-1 b.w. of ethanol extract) respectively compared with the control group.
3.3 Liver function parameters: The liver function results presented in Table 3 showed a significant decrease (P<0.05) in ALT and ALP enzyme concentrations of group D (200mg/kg-1 b.w. of aqueous extract) and ALT, AST and ALP enzyme concentrations of groups F and G (100mg/kg-1 b.w. and 200mgkg-1 b.w. of ethanol extract). Aspartate transaminase concentrations showed a non-significant difference (P≥0.05) in group D (200mgkg-1 b. w. of aqueous extract) and non-significant differences (P≥0.05) were also observed in TBil and DBil of groups D, F, and G (200mgkg-1 b. w. of aqueous extract, 100mg/kg-1 b.w. and 200mgkg-1 b.w. of ethanol extract) respectively when compared with the control group (Table 3)
3.4 Kidney function parameters: Administration to the experimental animals of Chromolaena odorata aqueous and ethanol leaf extracts showed a significant increase (P<0.05) in urea and creatinine levels of groups D (200mgkg-1 b.w. aqueous extract), F, and G (100 mg/kg-1 b.w. and 200mgkg-1 b. w. of ethanol extract). Significant decreases (P<0.05) in Cl-, HCO3- levels of groups D (200mgkg-1 b.w. aqueous extract), F and G (100 mg/kg-1 b.w. and 200mgkg-1 b. w. of ethanol extract) were observed. The results also revealed non-significant differences (P≥0.05) in Na+,   K+, levels of groups D (200mgkg-1 b.w. aqueous extract), F and G (100 mg/kg-1 b.w. and 200mgkg-1 b. w. of ethanol extract) respectively when compared with the control group (Table 4).

3.5 Haematological analysis: The haematological results presented in Table 5 revealed a significant increase (P<0.05) in platelet and granulocyte counts of groups D (200mgkg-1 b.w. aqueous extract), F and G (100mg/kg-1 b.w. and 200mgkg-1 b.w. of aqueous extract). A significant decrease (P<0.05) in lymphocyte counts of groups D (200mgkg-1 b.w. aqueous extract), F and G (100mg/kg-1 b.w. and 200mgkg-1 b.w. of ethanol extract) was also observed. Non-significant differences (P≥0.05) in WBC, RBC, HGB, PCV and MCHC of groups D (200mgkg-1 b.w. aqueous extract), F and G (100mg/kg-1 b.w. and 200mgkg-1 b.w. of aqueous extract) were recorded when compared with the control group. 

3.6 Histopathological studies: The histopathological examination showed photomicrographs of normal liver tissue with corresponding parts (hepatocytes, sinusoid, and portal tract) with no injury representing control group A (Fig. 2a). Administration of the aqueous leaf extract of Chromolaena odorata in group D (200mgkg-1 b.w. of the aqueous extract) resulted in necrosis (Fig. 2b). The results presented in Fig. 2c and Fig. 2d show the normal liver tissue in group F (100mgkg-1 b.w. ethanol extract) indicating no observed liver injury at this dose (Fig. 2c) while group G(200mgkg-1 b.w. ethanol extract) showed marked inflammation of the liver tissue (Fig. 2d)
The photomicrographs of the heart tissue with myocardial fibres and central nuclei (H& E) x100 is shown in Fig. 3a. This was normal heart tissue without injury and represented control group A. The aqueous extract treated group D (200mgkg-1 b.w. aqueous extract) showed blood congestion (H&E) x100 (Fig. 3b). The ethanol treatment in group F (100mgkg-1 b.w. ethanol extract) showed the presence of normal heart tissue with myocardial fibers and central nuclei (H&E) x100 (Fig. 3c) without injury, indicating no observed heart injury at that dose. Inflammatory cell infiltration (H&E) x100 was observed in group G (200mgkg-1 b.w. ethanol extract) suggesting toxicity of the extract to the heart (Fig. 3d). 
Photomicrographs of the histological studies of the kidney tissue as shown in Fig. 4a indicated a normal kidney tissue with the corresponding features (Bowman´s capsule, glomerulus, distal convoluted tubule (DCT), and Proximal convoluted tubule (PCT) (H&E) x100) with no injury representing the control group. The effect of the aqueous extract of Chromolaena odorata in group D (200mgkg-1 b.w. aqueous extract) as shown in Fig. 4b revealed inflammation and widening of the distal convoluted tubule (DCT) and proximal convoluted tubule (PCT). 
The ethanol treatment in group F (100mgkg-1 b.w. ethanol extract) showed features of normal kidney tissue with distal convoluted tubule (CDT) and proximal convoluted tubule (PCT)(H&E) x100 indicating no observed kidney tissue injury at that concentration (Fig. 4c). The kidney tissue section of organisms in group G (200mgkg-1 b.w. of the ethanol extract) showed Bowman’s capsule, the glomerulus and inflammatory bodies (H&E) x100 suggesting toxicity of the extract to the kidney (Fig. 4d).

























Table 1: The effects of aqueous and ethanol leaf extract of Chromolaena odorata on  
                 the body weight of the test organisms
.
	Grps Initial(g)    Week1(g)      Week2(g)          Week3(g)       Week4(g)    Week5(g)    
           b.w.            b.w.              b.w.                   b.w.                b.w.            b.w.


	A 125.92±1.96   142.62±2.81    145.88±3.37       152.36±3.12    156.82±2.45      161.74±3.47
B 127.14±2.92   135.18±2.16*    129.10±2.10*    ----------         -----------            -----------
C 123.14±1.22   132.40±1.26*    129.24±1.24*    ----------         ----------              -----------
D 120.84±2.92   131.48±4.56*    119.84±5.64*   121.16±3.33*  106.76±3.48*     75.18±3.54*
E 126.21±2.12    132.60±2.36*    130.44±4.21*    ------------       ------------         ------------
F 127.08±4.40    143.32±6.93*    138.88±9.78*  131.84±12.41*  107.28±27.08*  105.36±26.42* 
G 121.70±4.23   135.32±4.72*    119.34±8.65*  111.32±28.47*  109.00±27.92*  102.24±25.80*


Values are the mean ± SEM of duplicate determinations, *Significance decrease at (P<0.05) compared to the control.   Group A is the control group, with no extract administration, groups B, C, and D received (50, 100, and 200)mgkg-1b.w of aqueous extract, and E, F, and G received (50, 100, and 200)mgkg-1b.w of ethanol extract respectively.















Table 2: Lipid profile of the effects of the aqueous and ethanol leaf extracts of  
                Chromolaena odorata on the test organisms

	Groups TC(mmol/L)    TG(mmol/L)    HDL-C(mmol/L) LDL-C(mmol/L) VLDL-C(mmol/L)

	A           3.83±0.11          0.95±0.08          1.17±0.02             2.23±0.10              0.43±0.04
B           ---------------       -------------         -------------                --------------            ---------------
C           ---------------       --------------        -------------               --------------             ---------------
D           3.40±0.16a        0.69±0.0#           2.97±0.02*               1.82±0.14a              0.15±0.01#
E            --------------       --------------        -------------                ---------------           --------------
F            3.60±0.11a        0.77±0.11#         2.81±0.06*               2.04±0.16a              0.20±0.05#
G           3.83±0.39a        0.47±0.07#         2.73±0.20*               2.11±0.42a              0.15±0.05#


Values are the mean ± SEM of duplicate determinations, *Significant increase at P<0.05 compared with the control group, #Significant decrease at P<0.05, anon- significant difference at P≥0.05   compared with the control group. TC: Total cholesterol, TG: Triglycerides, HDL-C: High-density lipoprotein-cholesterol, LDL-C: Low-density lipoprotein-cholesterol, and VLDL-C: Very low-density lipoprotein cholesterol.  










Table 3: Liver function parameters of the effects of the aqueous and ethanol leaf 
                extracts of Chromolaena odorata on the test organisms.

	Grps   ALT(IU L–1)      AST(IU L–1)      ALP(IU L–1)       TBIL(mg dL–1)    DBIL(mg dL–1)

	A    14.33+ 0.88            13.00+ 0.52       58.33+ 7.22         10.70 + 0.74         2.57+ 0.27 
B     ---------------            -------------         -------------           --------------           ---------------
C     ---------------            --------------       -------------            --------------           ---------------
D    12.33±0.33#            12.50±1.00a          40.33±3.69#            11.60±0.44a          3.03±0.12a  
E     --------------             -------------            -------------              ---------------          --------------
F     12.33+0.33#           9.00+1.00#             54.00+6.56#           10.07 + 1.02a         2.13 + 0.19a  
G    12.00+0.00#            11.67+0.67#           47.00+6.56#           11.30+1.29a           2.73 + 0.12a  


Values are the mean ± SEM of duplicate determinations, #Significant decrease at P<0.05 compared with the control group, anon-significant difference at P≥0.05 compared with the control group. ALT: Alanine transaminase, AST: Aspartate transaminase, ALP: Alkaline phosphatase, T. Bil: Total bilirubin, and D. Bil: Direct bilirubin.
 













Table 4: Kidney function parameters of the effects of the aqueous and ethanol leaf 
               extracts of Chromolaena odorata on the test organisms.

	Grps Urea(mmolL–1)   Creatinine(µmoIL–1)   Na+(mmolL–1)  K+(mmolL–1)  Cl(mmolL-1) HCO3(mmolL–1)    

	A     5.30+0.51            91.67+2.85                141.67+0.88      4.53+0.46       101.00+0.58        25.00+0.58   
B     ---------------         ---------------               ---------------      --------------    ---------------        --------------
C     ---------------         ---------------               -------------          -------------    ---------------        --------------
D     15.50+0.70*        108.67+6.96*             142.33+2.91a     4.57+0.48a     94.00+2.00#            21.33+1.20#  
E      --------------          -------------                  ---------------     -------------      --------------         --------------
F      13.93±0.03*        103.33±7.54*             141.33±2.03a     3.99±0.58a      93.33±1.86#           22.10±1.45#           
G     15.17±0.29*        106.67±4.67*              142.17±1.86a      3.93±0.12a          95.50±3.00#       22.00±1.00# 


Values are the mean ± SEM of duplicate determinations, *Significant increase at P<0.05 compared with the control group, #Significant decrease at P<0.05 anon- significant difference at P≥0.05 compared with the control group.




















Table 5: Hematological indices of the effects of the aqueous and ethanol leaf 
               Extracts of Chromolaena odorata on the test organisms.

	Grps  PCV(%)   HGB(gdL-1)  MCHC(gdL-1)  WBC(109L-1)  LYM(%)  GRANS(%)   PLT(109L-1)    RBC(1012L-1)

	A   37.53±6.56    13.10±2.61   35.40±1.01      4.69±01.40    92.60±0.95   2.97±0.81    346.00±1.10   6.92±1.28           
B    ------------       ------------      ------------      ------------      ------------       -----------       ------------         ------------           
C    ------------        -----------       ------------      ------------      ------------       -----------      ------------         ------------            
D    36.92±2.10a   13.88±2.20a   34.99±0.92a  4.65±0.33a      65.63±1.20#   9.21±0.35*   835±4.21*       6.82±5.32 a  
E    -------------     ------------       -----------       ------------        ------------      -----------      ------------       --------------            
F    36.97±0.41a    13.63±0.15a   36.77±0.64a  4.74±1.09a       72.50±1.21#   14.33±6.73* 723.33±2.01*   6.68±0.18a
G    36.87±3.13a  12.93±1.52a    34.77±1.49a    5.23±1.22a         83.53±9.11#     7.00±5.74*   916.00±3.81*  5.93±0.69a


Values are the mean ± SEM of duplicate determinations, *Significant increase at P<0.05 compared with the control group, #Significant decrease at P<0.05 anon- significant difference at P≥0.05 compared with the control group. PCV: Packed cell volume, HB.C: Haemoglobin count, MCHC: Mean corpuscular haemoglobin concentration, WBC: White blood cell, LYMP: Lymphocytes, GRANS:  Granulocytes, PLT: Platelets, and Red blood cell.
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4.0 Discussion 
Biochemical and haematological analyses are useful tools for measuring the chemical substances that are carried by the blood. They are important for assessing the potential toxic effects of substances because they provide insight into physiological changes and possible disease-related outcomes. Differences in these parameters relative to the control may indicate physiological or pathological changes. Histopathological examination and images contain diagnostic information that can be used to monitor underlying changes relevant to disease assessment. The present study investigated the effects of aqueous and ethanol leaf extracts of Chromolaena odorata on biochemical, haematological and histopathological outcomes in Wistar albino rats. 
After approximately two weeks of treatment with the aqueous and ethanol leaf extracts of Chromolaena odorata, the rats began to react to treatment and develop acute inflammation and, during the third week of treatment, deaths occurred and the supposed groups B and C that received (50mgkg-1b.w. and 100mgkg-1 b.w. of the aqueous extract) and E (50mgkg-1b.w. of the ethanol leaf extract) died within two days, indicating the toxic effect of the extracts even at lower doses (Anyanwu et al., 2017) (Fig. 1). These findings are consistent with the earlier reports of Nwachukwu et al. (2015) and Asomugha et al. (2014). However, this observation differs from Okafor et al. (2014) who reported that Chromolaena odorata was safe for medicinal use at a lower dosage. This difference may be due to differences in both environmental conditions and the physiological status of the rats used in the study.
The results for the aqueous and ethanol leaf extracts of Chromolaena odorata, shown in Table 1, revealed a significant decrease (P< 0.05) in body weight compared with the control. 
Lipid profile analyses: The lipid profile results are shown in Table 2. The significant increase (P<0.05) in high-density lipoprotein cholesterol in groups D, F and G is consistent with experimental reports of lipid-profile changes after Chromolaena odorata extract administration (Ifeanacho et al., 2021); earlier compositional work also described the lipid content of the leaves (Nwinuka et al., 2010). Nevertheless, an increase in HDL-C alone does not establish antihypertensive or cardioprotective efficacy of the extracts. Related experimental research reported amelioration of dyslipidaemia-associated markers following administration of aqueous Chromolaena odorata leaf extracts (Ifeanacho et al., 2021). The observed significant increase (P<0.05) in HDL-C and non-significant decrease (P<0.05) in LDL-C levels by the aqueous and ethanol leaf extracts of Chromolaena odorata suggests that the extracts may influence HDL/LDL level regulation in living organisms.
Liver function parameters: The liver function results are presented in Table 3. The significant decrease (P<0.05) in ALT, AST and ALP enzyme concentrations observed at the various concentrations of the aqueous and the ethanol leaf extracts of Chromolaena odorata used in the current study are consistent with the findings of Anyanwu et al. (2017) at the same concentration of the extract but differ from the report of Asomugha et al. (2014) who used higher concentrations of the extract (161.5, 323, 583.5, and 1077) mgkg-1b.w. of the aqueous leaf extract of Chromolaena odorata respectively.
The kidney function findings presented in Table 4 are consistent with an earlier report by Asomugha et al. (2013). In this study, urea and creatinine levels increased with the extract concentration which is also consistent with the previous findings of Asomugha et al. (2013). This significant increase (P<0.05) in urea and creatinine levels may indicate renal toxicity associated with the extracts. Creatinine is a by-product of phosphocreatine (a high-energy molecule) metabolism released into the blood during the breakdown of this molecule. Elevated serum creatinine may indicate impaired kidney function (Adepoju and Odubena, 2009). 
Haematological analysis: The haematological results are presented in Table 5. The significant increase (P<0.05) in platelet count observed in this study is consistent with the findings of Akomas and Ijioma ( 2014) and Okoroiwu et al. (2017), who reported the wound healing potential of this plant. These findings suggest that the aqueous and ethanol leaf extract of Chromolaena odorata has haemostatic properties and may affect bleeding and clotting times which may be the first step in the wound healing mechanism by inducing the formation and activation of platelets (Akomas and Ijioma, 2014; Okoroiwu et al., 2016).  
Histopathological studies: The histopathological results for liver tissue revealed injury associated with the aqueous leaf extract of Chromolaena odorata in group D (200mgkg-1 b.w. aqueous extract) including necrosis, which is a form of premature cell or tissue death, and inflammation, which can occur in response to injury and toxins (Fig. 2b). No tissue injury was observed in the animals in group F that received (100mgkg-1 b.w. b. w. of the ethanol extract) (Fig. 2c) but group G that received (200mgkg-1 b.w. b. w. of the ethanol extract) showed marked inflammation in the liver tissue (Fig. 2d). Despite decreases in some liver enzyme measurements, tissue injury was observed on histopathological examination. The observed changes in biochemical parameters occurred alongside tissue abnormalities in the present study. The toxic effect of the extract may be attributable to the presence of pyrrolizidine alkaloid which is one of the major contents of C. odorata that has been reported to be carcinogenic and hepatotoxic (Fu et al., 2002)
The photomicrographs of the heart tissue showed blood congestion in group D that received (200mgkg-1 b.w. of the aqueous extract). This finding suggests an adverse effect of the extract on heart tissue (Fig. 3b). The group G organisms that received (200mgkg-1 b.w. of the ethanol extract) showed evidence of inflammatory cell infiltration, suggesting toxicity of the extract to the heart (Fig. 3d). Inflammatory cell infiltration may reflect a tissue response to harmful stimuli, including injury or toxic exposure. The presence of neutrophils indicates an acute inflammatory response (Mohan, 2010) that may be attributable to exposure to the extract.
The structural and functional integrity of the kidney may be assessed in part by measuring urea and creatinine levels and the significant increase (P<0.05) in these parameters obtained in this study may indicate impaired kidney function (Pfaller and Gstraunthaler, 1998). 
The formation of inflammatory bodies and widening of the distal convoluted tubule (DCT) and proximal convoluted tubule (PCT) on the kidney tissue in group D organisms that received (200mgkg-1 b.w. of the aqueous extract) may be associated with renal dysfunction. The distal convoluted tubule (DCT) and proximal convoluted tubule (PCT) are involved for the regulation of electrolytes (potassium, sodium, and calcium), pH, glucose, and proteins to maintain homeostatic plasma concentrations. This change may be associated with oedema (Fig. 4b). From the kidney tissue section, inflammatory bodies were detected in group G (200mgkg-1 b.w. of the ethanol extract) suggesting toxicity of the extract to the kidney (Fig. 4d).
Although Chromolaena odorata has been reported to have nutritional and medicinal benefits, potential toxic effects on organs and tissues can be inferred from the findings in this study, especially when administered at a higher dosage and for a long period.

5.0 Conclusion:
This study found that repeated administration of aqueous and ethanol leaf extracts of Chromolaena odorata was associated with alterations in body weight, biochemical parameters, haematological indices and tissue morphology in male Wistar albino rats. All animals assigned to the 50 and 100 mg/kg aqueous extract groups and the 50 mg/kg ethanol extract group died during the third treatment week. In the remaining treated groups, body weight was significantly lower than in the control group, while changes were recorded in lipid fractions, liver enzymes, renal function markers and selected blood-cell indices. Histopathological examination identified necrosis and inflammation in liver tissue, congestion or inflammation in heart tissue, and inflammatory changes or tubular widening in kidney tissue in some exposed groups. These observations suggest potential adverse effects under the exposure conditions used, although the available results do not establish a consistent dose–response relationship. The complete loss of three treatment groups also limits biochemical and histopathological comparisons. Consequently, the findings should be interpreted within this experimental setting and should not be used to infer safety or therapeutic benefit without further investigation.
Limitations
The study used only 35 male rats, with five animals initially allocated to each group, and the treatment period was restricted to five weeks. Complete mortality in three treatment groups prevented endpoint biochemical, haematological and histopathological comparisons across all doses. The extract composition was not quantitatively characterised, while tissue findings were presented descriptively without a reported scoring system. These factors limit interpretation of dose-related responses and generalisation beyond the experimental conditions. Further studies should characterise the preparations and use sufficiently powered designs with detailed survival and tissue assessment.
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