


Hematological Effects of Aqueous Extract of Chromolaena odorata on Acetaminophen Induced Toxicity in Wistar Rats


ABSTRACT
This study was designed to investigate the effect of aqueous extracts of Chromolaena odorata leaves on the hematological indices of acetaminophen-induced toxicity in Wistar rats. Maceration extraction method was used for aqueous extractions. Twenty-five (25) adult male Wistar albino rats weighing between 120g and 150g were randomized into five groups of five rats each and used for the study. Acetaminophen toxicity was induced daily in groups B to E. Group A served as the normal control, Group B was given 42.9 mg/kg Acetaminophen (Negative Control) only, Group C was given Standard drug -100 mg/kg Silymarin (Positive Control), Group D and Group E were given 100 mg/kg and 300mg/kg aqueous extract of C. odorata respectively. The animals were administered the extract orally once a day for 28 days. Bodyweight was determined using an electronic weighing scale. Hematological parameters were analyzed using an automated method. Treatment with the aqueous extract of C. odorata for four weeks after the induction of toxicity using acetaminophen did not cause any significant difference (p<0.05) in the bodyweight of the rats. There was an increase in the hemoglobin, packed cell volume and platelet count of the group of rats treated with 100mg/kg aqueous extract of C. odorata compared to the untreated group while a decrease in the hemoglobin concentration and packed cell volume was observed in the group treated with 300mg/kg bodyweight of the extract compared to the untreated and normal control group. This revealed that at higher doses, continuous administration of aqueous extract of C. odorata can lead to toxicity. Caution should be taken whenever treatment with the aqueous extract of C. odorata is to be made for therapeutic purposes, as it can alter haematological indices and disrupt the normal functioning of the hematopoietic system.
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1. INTRODUCTION
“The active ingredient in paracetamol is acetaminophen. Paracetamol poisoning is portrayed as a foremost causative factor in the emergence of acute liver damage in most countries. It is noteworthy that certain factors tend to favor the emergence of paracetamol induced liver damage like chronic use of alcohols, certain enzyme inducing drugs, and associated liver parenchymal diseases even under the circumstances of a normal therapeutic usage of the drug- paracetamol / acetaminophen” (Njoku, 2016). “Acetaminophen, also known as APAP (in the United States), paracetamol (in Europe and other areas of the world) or N-acetyl-p-aminophenol, is one of the most commonly utilized compounds worldwide; its use as an analgesic drug has been predominant since 1955, particularly due to the fact that it is easily accessible in various formulations as an over-the-counter medication. Acetaminophen is one of the most common and available antipyretic medication worldwide and is highly accessible because it has fewer side effects than any other antipyretic. However, acetaminophen overdose can cause serious and lethal hepatotoxicity. The daily maximal dose of acetaminophen is 4.0 g, and excessive doses between 7.5 g and 10.0 g can cause hepatotoxicity” (Zed and Krenzelok 1999) “because about 10% of acetaminophen is metabolized into the toxic metabolite N-acetylp- benzoquinone imine (NAPQI) by cytochrome P450” (Moyer et al 2011). “With similar pathophysiology, concurrent nephrotoxicity induced by acetaminophen has been raised as a concern over the past few decades” (Perneger et al., 1994).

Acetaminophen is an analgesic and an antipyretic drug. It has ubiquitous applications and is readily available worldwide with no less greater potential for toxic effects as compared to other common pain relief medications like ibuprofen and aspirin England and Wales an estimate of over 40,000 cases of acetaminophen poisoning occurred from 1989 to 1990, (mortality of over 0.39%) (Larson et al., 2005) but review of updates show it indeed has a much higher potential for events of hyper medication. According to Larson et al., (2005) “it is said to be the commonest direct etiologic agent in cases of acute hepatic failure in the United States and the United Kingdom. It is estimated that average of 175 deaths and 16 to 19 liver transplants occur as a result of poisoning each year in England and Wales. Acetaminophen overdose results in more visits to emergency units in the US than overdose of any other pharmacological substance, over 50,000 emergency room visits, 2,100 hospitalizations, and over 452 deaths due to acute liver failure per year” (Sheen et al., 2005; Gunnell et al., 2000).  “Paracetamol is one of the leading self-prescribed drugs in cases of voluntary hyper medications. In the UK, paracetamol is the most common culprit in hyper dosage, responsible for more than 40% of oral intake of poisons admissions to the hospital and associated with an approximated over one hundred and fifty deaths per year” (Hawkins et al., 2007). 

“Chromolaena odorata has been traditionally used as a wound healer in many parts of the world. The plant contains several bioactive compounds that are believed to possess antimicrobial, anti-inflammatory, and antioxidant properties, which help to promote healing and reduce the risk of infection” (Vijayaraghavan, 2019). The Cushioning Effect of Extracts of Amaranthus Viridis Linn (Green Amaranth) on Acetaminophen-Induced Hepatotoxicity has earlier been studied” (Enemali et al., 2024). “Herbs are becoming more useful than it used to be due to its observed therapeutic properties in the treatment of certain illnesses ranging from toxicity to acute liver inflammation. Medicinal plants such as Ocimum canum” (Ononamadu et al., 2019), Azadirachta indica (Ezeigwe et al., 2015, Ezeigwe et al., 2020), Abrus precatorius (Iloanya et al., 2021) have antidiabetic properties. The effects of some medicinal plants on bodyweight and haematological parameters have earlier been studied (Enemchukwu et al., 2022; Ezeigwe et al., 2022; Onuabuchi et al., 2022). The usefulness of herbs in the management and treatment of certain illnesses could be attributed to numerous phytochemical constituents (Enemchukwu et al., 2021; Enemor et al., 2022). 
“The efficiency of healing wounds comes from te antioxidant property of the plant, the plant is popularly used for traditional wound healing in Vietnam; moreover, the leaves aqueous extract has been used for treatment of soft tissue burns or skin infections” (Anupkumar, 2011).  “C. odorata reduces the bleeding and clotting time may be the first line of action in the physiology of wound healing. C. odorata can protect the cells from destruction by inhibiting the inflammatory mediators” (Mahadeva, 2016). Also, it has antibacterial activities against both Gram-positive and Gram-negative bacteria, suggesting that it may reduce the wound infections.
“C. odorata contributes to wound healing by stimulating and production of antioxidants at the wound site, therefore protecting tissues from oxidative damage and providing a favorable environment for tissue healing. Antioxidant enzymes superoxide dismutase and catalase are known to quench the superoxide radical and prevent free radical mediated damage to cells” (Akomas and Ijiomas, 2014). “Thus, the enhanced wound healing stimulated by C. odorata may be due to the free radical scavenging action of the plant, as well as enhanced antioxidant enzyme levels. In conclusion, flavonoids can scavenge ROS and free radicals, which are reactive intermediates that are potentially implicated in delaying wound healing” (Henshaw et al., 2016). C. odorata favourably affects bodyweight and haematological parameters of acetaminophen-induced toxicity in rats. Hence, this study aims to investigate the effect of aqueous extract of C. odorata on the haematological parameters of acetaminophen-induced toxicity in rats.
2.	METHODS
2.1	Sample Collection and Identification
C. Odorata leaves was gotten from a farm at Umunya, Anambra State. The leaves of C. odorata were identified by a taxonomist in the department of Botany, Faculty of Biosciences, Nnamdi Azikiwe University, Awka. The herbarium number is NAUH – 73D.
 
2.2	Sample preparation
The leaves were cut into smaller pieces and air-dried at room temperature for 4 weeks. They were pulverized to powder form using a corona grinder. The powdered leaves were exhaustively extracted with distilled water for 24 hours. The aqueous filtrate was concentrated using a Vacuum rotary evaporator (N-100, Eyla, Tokyo, Japan) at 40ºC to a dark brown mass and the residues was transferred to separate bottles and stored in a refrigerator until use. 

2.3	ACETAMINOPHEN-INDUCED TOXICITY
2.3.1	STUDY DESIGN AND ANIMAL GROUPING
Twenty-five (25) rats will be randomized into 5 groups of five rats each and used for the study. The grouping is as follows:
Group A: Normal Control
Group B: 42.9 mg/kg Acetaminophen (Negative Control)
Group C: Standard drug -100 mg/kg Silymarin (Positive Control)
Group D: 100 mg/kg aqueous extract of C. odorata 
Group E: 300 mg/kg aqueous extract of C. odorata

2.4	Determination of Bodyweight
The weight of the experimental subjects was checked using an electronic weighing scale. 

2.5	Haematological Analysis
Haematological parameters were determined using automated haematology analyzer (Mindray-BC-5300). The haematological parameters that were analysed include Haemoglobin (HGB), Packed Cell Volume (PCV), Red Blood Cells (RBC), Platelets (PLT), White Blood Cells (WBC), Neutrophils (NEUT), Lymphocytes (LYMPH), Monocytes (MON), Eosinophils (EOS), Basophils (BAS).

2.6	Statistical Analysis
[bookmark: _Hlk133497737]Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for windows version 25 (SPSS Inc., Chicago, Illinois, USA). All the data collected were expressed as Mean ± SEM. Statistical analysis of the results obtained were performed by using ANOVA Tests to determine if a significant difference exists between the mean of the test and control groups. The limit of significance was set at p<0.05.
3. RESULTS
3.1	Results of Bodyweight
The weekly bodyweight of the rats was expressed as mean ± SEM and shown in figure 1. The bodyweight of the group left uninduced and the groups induced and treated increased at weekly interval. However, there was no increase in the bodyweight of the group treated with 300mg/kg aqueous extract of C. odorata on the fourth week of the experiment. Treatment with the aqueous extract of C. odorata for a period of four weeks after the induction of liver injury using acetaminophen did not cause any significant difference (p<0.05) in the bodyweight of the rats.

Figure 1: Effect of aqueous extract of C. odorata on weekly bodyweight of acetaminophen-induced toxicity in Wistar rats. 
3.2	Results of Hematological Analysis
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on haemoglobin concentration of different groups of animals is expressed as mean ± SEM and is recorded in figure 2. There was an increase in the haemoglobin concentration of the normal control group and the groups treated with 100mg/kg silymarin and 100mg/kg aqueous extract of C. odorata compared with the untreated group.

Figure 2: Effect of aqueous extract of C. odorata on haemoglobin concentration of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on packed cell volume of different groups of animals is expressed as mean ± SEM and is recorded in figure 3. There was an increase in the packed cell volume of the normal control group and the groups treated with 100mg/kg silymarin and 100mg/kg aqueous extract of C. odorata compared with the untreated group.

Figure 3: Effect of aqueous extract of C. odorata on packed cell volume of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on red blood cell count of different groups of animals is expressed as mean ± SEM and is recorded in figure 4. There was an increase in the red blood cell count of the normal control group compared with the other groups.

Figure 4: Effect of aqueous extract of C. odorata on red blood cell count of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on platelet level of different groups of animals is expressed as mean ± SEM and is recorded in figure 5. There was no significant difference in the platelet count of the groups treated compared with the untreated group.


Figure 5: Effect of aqueous extract of C. odorata on platelets of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on white blood cell count of different groups of animals is expressed as mean ± SEM and is recorded in figure 6. There was no significant difference in the white blood cell count of the groups treated compared with the untreated group.

Figure 6: Effect of aqueous extract of C. odorata on white blood cell count of acetaminophen-induced toxicity in Wistar rats.
3.3	RESULTS OF WHITE BLOOD CELLS DIFFERENTIALS OF ACETAMINOPHEN-INDUCED TOXICITY
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on neutrophil count of different groups of animals is expressed as mean ± SEM and is represented in figure 7. There was no significant difference in the neutrophil count of the groups induced with acetaminophen and treated with the extract compared with the untreated group.


Figure 7: Effect of aqueous extract of C. odorata on neutrophil concentration of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on lymphocyte count of different groups of animals is expressed as mean ± SEM and is represented in figure 8. There was no significant difference in the lymphocyte count of the groups induced with acetaminophen and treated with the extract compared with the untreated group.


Figure 8: Effect of aqueous extract of C. odorata on lymphocyte concentration of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on monocyte count of different groups of animals is expressed as mean ± SEM and is represented in figure 9. There was no significant difference in the monocyte count of the groups induced with acetaminophen and treated with the extract compared with the untreated group.


Figure 9: Effect of aqueous extract of C. odorata on monocytes concentration of acetaminophen-induced toxicity in Wistar rats.
The effect of continuous administration of aqueous extracts of C. odorata leaf on eosinophil count of different groups of animals is expressed as mean ± SEM and is represented in figure 10. There was no significant difference in the eosinophil count of the groups induced with acetaminophen and treated with the extract compared with the untreated group.

Figure 10: Effect of aqueous extract of C. odorata on eosinophil concentration of acetaminophen-induced toxicity in Wistar rats.
The result of the effect of continuous administration of aqueous extract of C. odorata leaf on basophil count of different groups of animals is expressed as mean ± SEM and is represented in figure 11. There was no significant difference in the basophil count of the groups induced with acetaminophen and treated with the extract compared with the untreated group.

Figure 11: Effect of aqueous extract of C. odorata on basophil concentration of acetaminophen-induced toxicity in Wistar rats.
4.0	DISCUSSION
“Medicinal plants have been beneficial to mankind for a long time. Chromolaena odorata is a rapidly growing perennial herb with multi stemmed shrub and grows up to 2.5 m in open areas” (Hataichanok et al., 2013). Its common name is Siam weed. Chromolaena odorata has been used in various parts of the world for medicinal and nutritional purposes. This study investigated the effect of C. odorata in bodyweight and haematological indices of acetaminophen-induced toxicity in rats. Treatment with the aqueous extract of C. odorata at a dose of 100 and 300mg/kg for a period of four weeks after the induction of liver injury using acetaminophen did not cause any significant difference (p<0.05) in the bodyweight of the rats. Hematological indices were investigated to provide physiological information on the blood picture and the reticuloendothelial system. 
Treatment with 100mg/kg bodyweight of aqueous extract of C. odorata increased the hemoglobin concentration, packed cell volume and platelet counts of the Wistar rats compared with the negative control group, although the increase was not statistically significant (p<0.05). This result agrees with the findings of Okoroiwu et al. (2017) who investigated some haematological parameters of Wistar rats treated with C. odorata leaves. Studies show that the extract can help prevent or reduce damage caused by acetaminophen, a common pain reliever. Furthermore, the extract can also influence other hematological parameters, such as white blood cell counts and platelet counts (Okoroiwu et al., 2017). It was also in line with the work of Nwankpa et al., (2013) which showed that ethanol extract of C. odorata significantly increased the level of RBC, HB, PCV, MCV, MCH and MCHC in salmonella typhi infected patients, hence reducing and ameliorating the anaemic condition induced by Salmonella typhi infection.
However, the result was contrary to the findings of Fasuyi et al., (2005) who reported that inclusion of siam weed more than 5% in feed causes a decrease in blood parameters like RBC, PCV, Hemoglobin concentration, mean corpuscular hemoglobin concentration, mean corpuscular hemoglobin, and mean corpuscular volume.
The haematological analysis showed that the aqueous extract of C. odorata at 300mg/kg bodyweight caused a decrease in the essential haematological parameters (haemoglobin, packed cell volume, red blood cell and platelets) although the decrease is not statistically significant (p<0.05). These parameters expressed reductions in the results of the different groups when compared with the negative control group. This shows that the aqueous extract of C. odorata can be toxic if administered at a higher dose for a long period. An attempt should be made to avoid using higher doses of C. odorata for therapeutic purposes as that may tend to toxicity instead of eliciting a cure.
1.0 CONCLUSION
Based on the findings from this work and correlation with other works, it is evident that acetaminophen influenced alteration of hematological parameters of the experimental animals. The presence of phytoconstituents in C. odorata leaves extracts make the plant useful for treating different ailments and have a potential of providing useful drugs of human use in the treatment of acetaminophen toxicity. The aqueous leaf extracts of Chromolaena odorata significantly increased hemoglobin concentration and packed cell volume in the experimental animal, suggesting its possible treatment-induced hematopoietic activity.
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RED BLOOD CELL

RBC (x 1012/L)	0.1	0.42	0.27	0.34	0.3	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	6.63	6.4	6.46	6.33	6.3	
RBC X1012/l



PLT 

PLT (x 109/L)	151.33000000000001	8.5	36.25	33.020000000000003	125.78	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	756.67	670	664	742.67	758.67	
PLT X109/L




WBC (x 109/L)	5.81	1.4	3.27	6.26	2.4500000000000002	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	21.82	19.98	23.98	18.920000000000002	15.49	
WBC (x109\L)



NEU 

NEU (%)	2.5499999999999998	7.24	4.8600000000000003	2.89	5.83	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	37.53	29.77	38.53	23.97	31.1	
NEU (%)



LYM

LYM (%)	2.59	7.06	3.6	3.34	6.4	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	58.73	67.069999999999993	55.7	72.5	62.5	
LYM(%)



MON 

MON (%)	0.38	0.41	7.0000000000000007E-2	0.38	2.57	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	1.27	0.77	0.83	0.87	3.87	
MON (%)



EOS 

EOS (%)	0.44	0.44	0.18	0.24	0.79	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	1.7	1.7	1.27	1.83	2.0299999999999998	
EOS (%)



BAS 

BAS (%)	0.09	0.21	0.12	0.18	0.15	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	0.77	0.8	0.8	0.83	0.5	
BAS (%)



Bodyweight

Week 0	1.08	1.05	2.67	2.13	2.09	1	 Normal Control	 42.9 mg/kg Acetaminophen (Negative Control)	 100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	124.4	125	132.19999999999999	129.19999999999999	132.6	Week 1	1.57	2.5099999999999998	3.9	2.2400000000000002	1.96	1	 Normal Control	 42.9 mg/kg Acetaminophen (Negative Control)	 100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	134.4	132	139.80000000000001	135.80000000000001	141.6	Week 2	1.07	2.52	4.05	2.46	2.62	1	 Normal Control	 42.9 mg/kg Acetaminophen (Negative Control)	 100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	139.80000000000001	136.4	143.80000000000001	141.19999999999999	143.80000000000001	Week 3	1.83	3.68	3.84	2.2000000000000002	1.93	1	 Normal Control	 42.9 mg/kg Acetaminophen (Negative Control)	 100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	143.80000000000001	144.75	149.19999999999999	146.4	150.25	Week 4	1.82	4.38	3.4	2.0699999999999998	3.47	1	 Normal Control	 42.9 mg/kg Acetaminophen (Negative Control)	 100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	152	146.6	154.80000000000001	150	150.25	
Bodyweigh (g)




HEMOGLOBIN

HGB (g/dl)	0.66	0.48	0.35	0.64	0.35	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	13.4	12.63	13.33	12.97	12.17	
HGB (g/dl)



PACKED CELL VOLUME

PCV (%)	2.17	2.4	0.45	2.39	1	1	 Normal Control	42.9 mg/kg Acetaminophen (Negative Control)	100 mg/kg Silymarin (Positive Control)	 100 mg/kg aqueous extract of C. odorata 	300 mg/kg aqueous extract of C. odorata	41.16	38	40	38.03	37	
PCV (%)






