Acute toxicity Study and effect of Chromolaena odorata Leaves on Some essential Biochemical Parameters of Acetaminophen-induced Toxicity in Wistar Rats
Abstract
Chromolaena odorata is a medicinal plant that has gained attention worldwide for the treatment and management of different diseases due to its pharmacological and therapeutic properties. This study aimed to determine the lethal dose (LD50) and the effect of aqueous extract of Chromolaena odorata leaves on some biochemical parameters of acetaminophen-induced toxicity in male Wistar rats. The aqueous extract of C. odorata was prepared using conventional methods.  The acute toxicity (LD50) study was done using Lorke’s method. The biochemical analysis was carried out using standard diagnostic methods. The acute toxicity study conducted revealed that the aqueous extract of C. odorata may not be very toxic as no death was recorded at a very high dose of 5000mg/kg bodyweight of the animals. Treatment with 100mg/kg and 300mg/kg bodyweight of the aqueous extract of C. odorata for a period of four weeks significantly ameliorated the alterations in the lactate dehydrogenase activity and malondialdehyde concentrations caused by acetaminophen toxicity. The aqueous extract of C. odorata is not toxic as evidenced from the result of the acute toxicity study as the LD50 value is above 5000mg/kg. The extracts restored to a great extent the damage caused by the acetaminophen toxicity as was revealed from the results of the lactate dehydrogenase and malondialdehyde analysis. The extract modulates the biochemical parameters of acetaminophen-induced toxicity in rats favourably towards recovery and improved health.
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1.0 INTRODUCTION

“Acetaminophen is a commonly used analgesic and antipyretic drug that is found in a number of combined prescriptions, including tylenol with codeine and hycotab” (Aminoshariae and Khan, 2015). “Acetaminophen is the leading cause of drug-induced liver injury worldwide” (Chang et al., 2020). “Paracetamol poisoning, also known as acetaminophen poisoning, is caused by excessive use of the medication paracetamol (acetaminophen). Most people have few or non-specific symptoms in the first 24 hours following overdose. These symptoms include feeling tired, abdominal pain, or nausea. Although its effectiveness and safety were confirmed at recommended doses, the acetaminophen overdose causes hepatotoxicity that leads to acute liver failure”  (Bunchorntavakul and Reddy, 2018). “According to the acute liver failure Study Group in the United States, acetaminophen-associated toxicity contributes to approximately 46% of all cases of acute liver failure in adults, which far exceeds idiosyncratic drug-induced liver injury by more than fourfold” (Ostapowicz et al., 2002; Lee, 2013).
“Accumulating evidence has highlighted that acetaminophen-induced oxidative stress and mitochondrial dysfunction are the fundamental factors in the pathogenesis of acetaminophen-associated liver injury; thus, N-acetyl cysteine, a scavenger of reactive oxygen species, is considered a standard therapeutic option for acetaminophen overdose” (Jaeschke et al., 2012). “However, due to the narrow therapeutic window, severe adverse effects, and rapid disease progression, the therapeutic efficacy of N-acetyl cysteine (NAC) is still limited” (Du et al., 2016). “For patients at the advanced stage, liver transplantation is the only way to improve survival outcomes” (Craig et al., 2010). Therefore, new treatments that are superior to NAC in terms of therapeutic efficacy and safety are required in clinical practice.
“Toxicity refers to the capacity of a chemical (toxin) to affect an organism adversely. Toxicity testing is critical in the evaluation of novel medications before they are used on humans. The goal of toxicity testing is to identify any potential hazardous consequences that a test chemical may have, not merely to determine how safe it is” (Nithya, 2023). “Environmental pollutants are usually referred to as xenobiotics, which are chemical compounds found in but not naturally produced within an organism or a biological system. Environmental xenobiotics mostly are wastes from anthropogenic activities (e.g., agriculture, mining, industrialization, urbanization, chemical spills, which can be grouped as pharmaceutical drugs, environmental pollutants, food additives, pesticides, carcinogens, antioxidants, hydrocarbons, and many more” (Nithya, 2023).  

“Drug-induced toxicity is a cause of acute and chronic liver disease caused specifically by medications and the most common reason for a drug to be withdrawn from the market after approval. The global burden of hepatotoxicity affects over fifty million people worldwide” (Bruha et al., 2012).  “Depending upon origin, there are different types of liver diseases which include acute liver failure, hepatitis, liver cirrhosis, non-alcoholic fatty liver disease” (Huo et al., 2017). “Physiological factors such as age, gender, nutrition, pregnancy, and genetic factors including deficiency in certain enzymes may worsen liver injury. The most common drugs induce liver injury include antibiotics, isoniazid and nonsteroidal anti-inflammatory drugs. As the liver plays vital role in the metabolism of drugs, resulting in active and inactive metabolites, hence it is the target of acetaminophen poisoning and oxidative damage due to its toxic metabolite” (Mobasher et al., 2013). 
“Recently, herbal medicine was found to be a promising therapeutic approach for acute liver injury. Several herbal components were reported to have the same therapeutic effect as N-acetyl cysteine” (Chen et al., 2009; Mukazayire et al., 2010; Tien et al., 2014). In a previous study, the effectiveness of the treatment was significantly noticed when it was administered after acetaminophen, but not as a pretreatment. These underlying limitations regarding the applicability and effectiveness of herbal therapy have been modified and improved in recent years by direct application in an acetaminophen overdose setting.
“Despite supplements and approved drugs available in the market, there is still a need for the development of novel interventions for the treatment and prevention of drug-induced liver diseases without upstaging the essential biochemical parameters. Thus, greater attention needs to be given to drug-induced liver disease for reducing the rate in future for successful use of different drugs. In developing nations, about 80% of the population is dependent on traditional medicines which are reported to be a combination of phytochemical and herbal plants for curing various diseases. The use of these natural remedies helps in reducing the toxic metabolites with minimum cost” (Mobasher et al., 2013). “The included phytochemicals and plant extracts were reported to be hepatoprotective which upon further research might become versatile therapeutic approaches for treating liver toxicity. The contribution of different species of plant parts to health status of man cannot be over emphasized. Various plants in Nigeria have been identified to have therapeutic potential” (Ononamadu et al., 2019; Iloanya et al., 2021; Achara et al., 2025; Ezeigwe et al., 2025). “Medicinal plants become important when their functions are considered in the human body” (Adegoke et al., 2006). 

“Chromolaena odorata (L.) is an ornamental plant usually considered to be one of the top 100 most invasive environmental weeds of wastelands, roadsides and other exposed areas in the world. This flowering shrub is native to North and Central America, and was later introduced to parts of Asia, Africa, and Australia” (Chakraborty et al., 2011). “C. odorata is also known by various other names such as Armstrong’s weed, baby tea, bitter bush, butterfly weed, Christmas bush, devil weed, eupatorium, Jack in the bush, king weed, paraffin bush, paraffin weed, Siam weed, turpentine weed and triffid weed” (Chakraborty et al., 2011). “It possesses insecticidal properties and is used as a green manure. It is also used for the preservation of dead bodies” (Ukwueze et al., 2013). 

“The fresh leaves of C. odorata or the decoction have been used by practitioners of traditional medicine for the treatment of human burns, soft tissue wounds, ulcerated wounds, burn wounds, postnatal wounds and for the treatment of leech bites, indigestion, and skin infection” (Panyaphu et al., 2011). The numerous medicinal uses of C. odorata geared our interest in investigating its toxicity and possible effect on lactate dehydrogenase activity and malondialdehyde concentration of acetaminophen-induced hepatocellular toxicity.

2.0	METHODOLOGY
2.1	Sample Collection and Identification
C. Odorata leaves were collected from farmland 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 thoroughly washed and air-dried at room temperature for 4 weeks. They were pulverized to powder form using a corona manual grinder. The powdered leaves were exhaustively extracted with distilled water for 24 hours. The aqueous filtrate was concentrated using rotary evaporator at 40ºC to a dark brown mass and the residues were transferred to separate bottles and stored in a refrigerator until use. 

2.3	Acute Toxicity (LD50) Study
Acute toxicity (LD50) study was done using Lorke’s method (Lorke, 1983). This method tests acute toxicity in two steps.
i. In the initial investigations a range of doses were administered to calculate an established dose.
ii. Based on these results, further specific doses were administered to calculate an LD50.
The method described here assumed that the chemical substance to be investigated is completely unknown and that the investigation is to be carried out with a minimum number of experimental animals. It is initially necessary to determine the approximate range of acute toxicity. This was achieved by giving widely differing doses to the animals, e.g., 10, 100 and 1000 mg/kg b.w. The results showed whether a substance is very toxic, toxic, less toxic, or only slightly toxic.
The first phase utilized three rats in each group to determine the toxic range. The result of this test was used as a basis for selecting the subsequent doses. The following assumptions were made with respect to the subsequent dosage schedules:
· Substances more toxic than 1 mg/kg are so highly toxic that it is not so important to calculate the LD50 exactly.
· LD50 values greater than 5,000 mg/kg are of no practical interest
· An approximate figure for the LD50 is usually adequate to estimate the risk of acute intoxication.
2.3.1	Animal Grouping for LD50
Twelve male Wistar albino rats were randomized into 6 groups. There were three groups of three rats each in the first phase while the second phase involved three groups of one rat each as follows:
Ist Phase
Group A: 10mg/kg aqueous extract of C. odorata leaves
Group B: 100mg/kg aqueous extract of C. odorata leaves
Group C: 1000mg/kg aqueous extract of C. odorata leaves
2nd Phase
Group D: 1600mg/kg aqueous extract of C. odorata leaves
Group E: 2900mg/kg aqueous extract of C. odorata leaves
Group F: 5000mg/kg aqueous extract of C. odorata leaves
Based on these considerations and practical experience the doses listed in the table were based on the results of the first investigation. The new dosages are administered to the animals in the second test (table 3).
After the experiment, the LD50 can be estimated in the following manner. LD50 is calculated mathematically as
LD50 = √HNLD x LLD
Where HNLD = Highest non-lethal dose
              LLD = Least Lethal dose

2.4	Acetaminophen-Induced Hepatocellular Toxicity
2.4.1	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

2.4.2	Induction of Hepatocellular Injury and Treatment
Acetaminophen (42.9mg/kg) was used to induce hepatocellular injury on the rats. The induction was done at three days interval while the treatment with aqueous extract of C. odorata was done daily for a period of four weeks.

2.5		Lactate Dehydrogenase Activity Assay
Serum lactate dehydrogenase enzyme was determined using Randox diagnostic test kits. The procedures used were according to the manufacturer’s instruction.

2.6	Lipid Peroxidation (Malondialdehyde Concentration) Test
Lipid peroxidation was determined by the thiobarbituric acid-reacting substances (TBARS) assay method of Buege and Aust (1978). The reaction depends on the formation of complex between malondialehyde and theobarbituric acid (TBA).0.4ml of serum was collected into the test tubes; 1.6mlof 0.25N HCl was added together with 0.5ml of 15% trichloroacetic acid and 0.5ml of 0.375% of thiobarbituricacid and then mixed thoroughly.
The reaction mixture was then placed in 100oC boiling water for 15 minutes, allowed to cool and centrifuged at 3000 rpm for 10 minutes.The supernatant was collected and the optical density recorded at 532nm against reagent blank containing distilled water.
The lipid peroxidation activity was calculated using the formula:
Optical density    x    extinction co-efficient
       Time	              amount of sample
Where the extinction coefficient value is 1.56 x 10-5M-1CM-1
The unit is expressed as umol/MDA/mg of protein.

2.7	Data Analysis
[bookmark: _Hlk133497737]Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for windows version 23 (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.

3.0	RESULTS
3.1	Result of Acute Toxicity (Ld50) Study
The results of the acute toxicity study (LD50) are shown in table 1 and 2. The animals that were administered the different doses of the aqueous extract of C. odorata survived after 24 hours of administration. The result of the low doses that were administered is shown in table 1 while the result of the high doses was shown in table 2. Since no death was recorded even at 5000mg/kg body weight, it is an indication that the aqueous extract of C. odorata may not be toxic.
Table 1: the result of the administration of low doses of the aqueous extract of C. odorata to the rats.
	Extract Dose (mg/kg body weight)
	Mortality

	10
	0/3

	100
	0/3

	1000
	0/3


Number of deaths per group = 0, Number of rats per group = 3

Table 2: the result of the administration of high doses of the aqueous extract of C. odorata to the rats.
	Extract Dose (mg/kg body weight)
	Mortality

	1600
	0/1

	2900
	0/1

	5000
	0/1


Number of deaths per group = 0, Number of rats per group = 1

3.2	Results of Lactate Dehydrogenase Enzyme Assay 
The result of the effect of administration of aqueous extract of C. odorata leaves on the lactate dehydrogenase (LDH) activity of acetaminophen-induced hepatocellular injury in rats was expressed as mean ± SEM and is represented in figure 1. Induction of hepatocellular injury using acetaminophen caused a significant increase in the LDH activity of the rats compared to the normal control group left uninduced. Treatment with 100mg/kg and 300mg/kg bodyweight of the aqueous extract caused a significant difference (p<0.05) in the LDH activity of the treated groups compared with the untreated.


Figure 1: Effect of aqueous extract of C. odorata on lactate dehydrogenase activity of acetaminophen-induced toxicity in Wistar rats.
3.3	Result of Malondialdehyde Test
The result of the effect of administration of aqueous extract of C. odorata leaves on the malondialdehyde (MDA) concentration of acetaminophen-induced hepatocellular injury in rats was expressed as mean ± SEM and is represented in figure 2. Induction of hepatocellular injury using acetaminophen caused a significant increase (p<0.05) in the malondialdehyde concentration of the rats compared to the normal control group left uninduced. Treatment with 100mg/kg bodyweight of the aqueous extract caused a significant reduction (p<0.05) in the malondialdehyde concentration compared with the untreated. Although a reduction in MDA concentration was observed in the group treated with 300mg/kg bodyweight compared with the untreated control group, the reduction was not statistically significant.


Figure 2: Effect of aqueous extract of C. odorata on malondialdehyde concentration of acetaminophen-induced toxicity in Wistar rats.
3.0 DISCUSSION
Chromolaena odorata is one of the important medicinal plants with high therapeutic value. Its therapeutic value is because of various chemical constituents present in it. This is also attributed to its high antioxidant properties which made it a free radical scavenger (Achara et al., 2025). This study revealed that aqueous extract of C. odorata leaf has important properties and may not be very toxic at a very high dose.
The result of the acute toxicity (LD50) study revealed that the aqueous extract of C. odorata was not toxic at a very high dose, 5000mg/kg bodyweight (table 2). According to Lorke, (1983) administration of a high dose (5000mg/kg) of the extract without recording mortality entails that the extract has a very high LD50 value and may not be very toxic. The higher the LD50 value, the lower the toxicity of the extract. 

“Acetaminophen caused a significant increase (p<0.05) in the lactate dehydrogenase (LDH) activity of all the groups induced. However, treatment with aqueous extract of C. odorata significantly reduced (p<0.05) the LDH activity of the test groups compared with the induced untreated control. The reduction was noticed more in the group that was treated with 100 mg/kg bodyweight compared with the group that received 300 mg/kg bodyweight. The main mediator in cellular damage is generation of excess free radical. This free radical extracts electrons from the membrane, leading to the formation of lipid peroxidation products. One of these products is malondialdehyde (MDA). The level of MDA in the liver and kidney of rats administered with C. odorata leaves extracts showed that the extract has the potential to act as an antioxidant. There were significant (p<0.05) increases in MDA levels of the acetaminophen hepatocellular injury induced untreated when compared with the normal control and the test groups. An increase in MDA concentration in tissues is an indicator of oxidative stress condition and is usually accompanied by alteration in antioxidant enzyme activities” (Liu et al., 2009). 

“Acetaminophen toxicity leading to generation of free radicals could cause lipid peroxidation. Therefore, the significant increase (p<0.05) in malondialdehyde (MDA) concentration in the rats administered acetaminophen is an indication of membrane damage resulting from toxicity. This is in line with earlier study that reported an increase in MDA contents of rats” (Achuba, 2018). “The reduced MDA levels observed in the rats administered with acetaminophen and administered with C. odorata leaves extracts is an indication of the antioxidative effect of the C. odorata leaves extracts. Chromolaena odorata leaves extract may reduce the spontaneous production of oxygen radicals through blocking early events in the membrane inflammation cascade, thus preventing tissue damage caused by lipid peroxidation and membrane inflammation. C. odorata leaves extracts have secondary metabolites, including flavonoids and alkaloids, that can direct the enzymatic breakdown of free radicals through endogenous antioxidants, thereby inhibiting the actions of the inflammatory cells” (Liu et al., 2009).


4.0 CONCLUSION
Based on the findings from this work and correlation with other works, it is evident that continuous administration of acetaminophen significantly increased (p<0.05) lactate dehydrogenase activity and malondialdehyde concentration of experimental animals. Treatment with graded doses of the aqueous extract of C. odorata significantly reversed (p<0.05) the alterations in the biochemical parameters caused by acetaminophen toxicity. This shows that the aqueous extract of C. odorata leaves can be a good treatment regimen for acetaminophen-induced toxicity without altering the biochemical parameters.
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LDH 

LDH (IU/L)	4.25	9.23	1.42	8.35	4.4000000000000004	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	58.2	74.760000000000005	58.13	56.67	60.23	
LDH (IU/L)



MDA 

MDA ((µmol/L x 10-10)	0.2	0.26	0.17	0.12	0.12	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	0.34	0.8	0.4	0.3	0.6	
MDA (µmol/Lx10-10)



