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Abstract
The word"Herbal medicine" refers to the utilization of medicinal plants for the prevention or treatment of illness. This study utilized rat models to assess the analgesic and anti-inflammatory effects of Ageratum Conyzoides leaf extract. The carrageenan-induced paw edema model was utilized to evaluate anti-inflammatory activity. In contrast, the acetic acid-induced writhing test and the tail flick method were performed to ascertain analgesic efficiency. Rats were administered varying doses of 100, 500, 750, and 1000 mg/kg of the Ageratum Conyzoides extract. In the anti-inflammatory experiment, only the 800 mg/kg dosage yielded statistically significant anti-inflammatory effects (p < 0.05), while other levels had no observable impact. In the acetic acid writhing test, all groups exhibited decreased writhing responses, but none were statistically significant compared to the control group. The tail-flick test, however, had a distinct analgesic effect at elevated doses. The 1000 mg/kg dosage had substantial analgesic effects at both the two and 4-hour intervals (p < 0.05), while the 800 mg/kg dosage reached significance at the 4-hour point. The results demonstrate the conventional application of Ageratum conyzoides in relieving pain and inflammation, evidently attributable to its elevated concentrations of flavonoids, alkaloids, and saponins. The findings align with prior research and ensure the conventional application of Ageratum Conyzoides in the therapy of pain and inflammation.
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Introduction
Pain is presently characterized by the International Association for the Study of Pain (IASP) as “an unpleasant sensory and emotional experience linked to actual or potential tissue damage, or expressed about such damage.” This definition was proposed by the Subcommittee on Taxonomy and ratified by the IASP Council in 1979 [1]. Pain induces discomfort and is an aspect of human sickness. Regardless of the pain's classification as acute or chronic, peripheral or central, nociceptive or neuropathic, the fundamental reason is inflammation and the resultant inflammatory response. Inflammation is a physiological process involving white blood cells and their secretions to defend against entering germs and viruses. In certain instances, such as arthritis, the immune system induces inflammation despite the absence of pathogens to fight against. Recently, inflammation has been characterized as the series of alterations occurring in live tissue following damage, provided that the harm is insufficient to simultaneously compromise both the structure and health of the tissue [2]. Common drugs utilized as analgesics or anti-inflammatories include paracetamol, diclofenac, ketorolac, and opioids, among others. Aspirin, codeine, and morphine constitute a fundamental analgesic regimen; nonetheless, each is associated with various adverse effects, including potential impacts on the stomach, heart, kidneys, brain, and immune system [3]. 
Consequently, it is crucial to formulate highly efficacious anti-hyperlipidemic agents with minimal adverse effects. Plants are crucial in the identification and synthesis of innovative medicines [4]. They function as a valuable and plentiful source of naturally occurring compounds for therapeutic purposes. Experts suggest that specific chemical compounds derived from medicinal plants have therapeutic capabilities. Consequently, researchers continually seek innovative herbal remedies and other plant-derived medicines to address different health conditions [5] successfully. Traditional medicines have historically been utilized in numerous countries globally as cures sourced from plants, dietary supplements, and alternative medical practices. In recent years, there has been a notable rise in the utilization of traditional medicine, with many individuals nationwide relying on it as a primary mode of healthcare. Medicinal plants include a variety of chemical compounds, allowing them to produce a wide array of pharmacological and therapeutic effects. These substances include tanning agents, glycosides, alkaloids, saponins, polysaccharides, essential oils, terpenoids, resins, and plant lipids [7-9]. Genetically modified plants enable precise regulation of chemical concentrations, ultimately achieving the intended medicinal effect. Reverse genetics has multiple potential applications, one of which is enhancing secondary metabolite production, including synthesizing alkaloids [10]. Global improvements in scientific study have resulted in heightened exploration of the medicinal properties of plant species [11]. Plants are gaining popularity due to their intrinsic safety, robust pharmacological attributes, and economic advantages over manufactured medications.
Ageratum conyzoides L. is an annual aromatic herb belonging to the Asteraceae family. Numerous countries, particularly in tropical and subtropical regions, have a longstanding history of traditional medicinal applications. It is commonly referred to as Jangli pudina or appa grass in Hindi, Mentrasto in Portuguese, Mejorana in Spanish, and Igbo in West Africa. Ageratum conyzoides originates from numerous countries, including Brazil, Central America, and Korea [17]. Various phytoconstituents, including alkaloids, flavonoids, terpenes, chromenes, and sterols, have been examined from nearly all parts of this plant [18-19]. It has been utilized to treat a variety of problems, including leprosy, dermatological conditions, sleeping sickness, rheumatism, cephalalgia, dyspnea, odontalgia, pneumonia, ophthalmic issues, colic, ulcers, diarrhea, dysentery, and numerous others [18-19]. These phytoconstituents exhibit a variety of pharmacological activities, including antibacterial, anti-inflammatory, analgesic, antioxidant, anticancer, antiprotozoal, antidiabetic, spasmolytic, allelopathic, and others [18-19].
This study investigates the anti-inflammatory and analgesic effects of Ageratum conyzoides extracts, aiming to validate its potential as an effective, plant-based therapeutic alternative with fewer side effects 
Materials and Methods 
Pharmaceuticals, Compounds, and Apparatus Sigma Aldrich (Germany) provided alloxan, carrageenan, acetic acid, and ethanol. Healthcare Pharmaceutical Limited (UK) supplied ibuprofen and aspirin as complimentary samples. The analgesic and anti-inflammatory effects were assessed using a plethysmometer and an analgesia meter, respectively. 
Plant Collection and Preparation of Extracts. 
The medicinal plant garden at the University of Dhaka's Faculty of Pharmacy was the source for the Ageratum conyzoides herb, which was later verified and taxonomically classified. The plant specimens were preserved in compliance with the guidelines of the Bangladesh National Herbarium. The herb, shade-dried for 7–10 days and subsequently coarsely pulverized, was assigned the accession number 47380 by the herbarium authorities on February 11, 2019. The powdered leaves were vigorously agitated for 96 hours and immersed in 70% ethanol. Upon completion of the soaking process, the extract was filtered, and the resultant liquid was preserved. The concentrated extract was further filtered by a rotary evaporator. The concentrated extract was finally dried and stored for future use.
Experimental Animal Handling 
Male Wistar rats, weighing between 125 and 200 g, were procured from the Zoology Department of Jahangir Nogor University in Bangladesh and kept in the Institute of Nutrition and Food Science at the University of Dhaka, maintained on a 12:12 light: dark cycle at a constant temperature of 25 degrees Celsius. Prior to commencing the experiment, the rats were housed to acclimatize; hence, standard pellet food and fresh water were provided every day. All rat tests complied with the Institutional Animal Ethics Committee (IAEC) recommendations. The Swiss Academy of Medical Sciences (SAMS) and the Swiss Academy of Sciences (SCNAT) established guidelines for the care and utilization of animals in scientific research. 
Experimental Guidelines
All research was executed according to the ethical criteria of the 2013 Declaration of Helsinki [20]. 
Experimental Design
Individual rats were weighed to determine their body weight, after which the animals were divided into groups (Table 1) with an equitable distribution of rodents based on their body weight, comprising five rats in each group. 
Evaluation of Anti-Inflammatory Activity
Carrageenan was used to induce inflammation in the rats to examine the Analgesic activity of reference drug and the extract of Ageratum Conyzoides . 






Table 1: Group specification for Anti-Inflammatory  activity  
	Group Number
	Group specification
	Treatment species
	Dose Treatment
species (mg/mg)
	Abbreviation of group

	1 
	Carrageenan control  
	N/A 
	N/A 
	Car 

	2 
	Carrageenan+Ibuprofen  
	Ibuprofen  
	10 
	Car+Ib10 

	3 
	Carrageenan + Conyzoides  
Ageratum 
	Ageratum conyzoides  
	500 
	Car+AC500 

	4 
	Carrageenan +Conyzoides  
Ageratum 
	Ageratum conyzoides  
	750 
	Car+AC750 

	5 
	Carrageenan + Conyzoides  
Ageratum 
	Ageratum conyzoides  
	1000 
	Car+AC1000 



Carrageenan-Induced Acute Inflammatory Model
The carrageenan-induced rat paw edema test is the standard method for assessing the efficacy of anti-inflammatory agents. The anti-inflammatory assessment was performed with a plethysmometer, a specialized equipment. The subsequent phase was measuring the physical size of each rodent's paw. The subplanar tissue of the left hind paw of the rat was injected with a 1% carrageenan solution at a dosage of 0.1 mL per 100 g of body weight to induce edema. An hour was designated thereafter. The test medicine and extracts were administered to rats in various dosages. The paw's volume was quantified using a plethysmometer within 0 to 6 hours post-Carrageenan infusion. The following formula [21, 22] was utilized to determine the rate of edema blockage.
                                              Percentage Inhibition =  
                       Here, 
                               VPC = volume of animals' paw in Positive Control rat
                               V0=volume of animals' paw in Treatment Group
 Table 2: Group specification for analgesic activity by acetic acid writing 
	Group Number  
	Group 
Specification  
	Treatment species  
	Dose treatment species (mg/kg) 
	Abbreviation of Group  

	1 
	Acetic Acid Control  
	Physiological saline  
	10ml/kg 
	Ace 

	2 
	Aspirin+ Acetic Acid 
	Aspirin  
	100 
	As100+ Acetic Acid 

	3 
	Ageratum conyzoides + Acetic Acid 
	Ageratum conyzoides 
	500 
	AC500 +Acetic Acid 

	4 
	Ageratum conyzoides + Acetic Acid 
	Ageratum conyzoides 
	750 
	AC750+Acetic 
Acid  

	5 
	Ageratum conyzoides + Acetic Acid 
	Ageratum conyzoides 
	1000 
	AC1000+Acetic Acid 



Acetic acid-induced writhing test
The acetic acid-induced writhing assay was employed to evaluate peripheral analgesic activity. Several test samples were administered 30 minutes before the intraperitoneal injection of acetic acid. The rats were given an intraperitoneal injection of 0.9% acetic acid (10 ml/kg) while subjected to unpleasant stimuli. During 20 minutes, beginning immediately after the acetic acid injection, the frequency of writhes (muscle contractions) was recorded. The percentage of writhing inhibition was calculated by tallying the instances of abdominal muscle contractions, hind limb retractions towards the abdominal walls, hind limb extensions, and intermittent back arching for twenty minutes. Equation [23] was employed to determine the percentage of writhes indicative of analgesic efficacy.
                                                  
                      Where  = the mean number of the writhing of each test group
 = The mean number of the writhing of acetic acid control group
The analgesic activity of the extract is then also assessed via the "Tail Flick Method" on the same experiment rat model after giving a break for seven days. The effect of injected acetic was terminated by this time. 
Table 3: Group specification for analgesic activity by tail flick method  
	Group Number 
	Group 
Specification  
	Treatment species  
	Dose Treatment species (mg/kg) 
	Abbreviation of  Group  

	1 
	Tail Flick Stress( control)  
	Physiological Saline  
	10ml/kg 
	TFS 

	2 
	Aspirin Tail Flick Stress 
	Aspirin  
	100 
	As100+TFS 

	3 
	Ageratum conyzoides+Tail Flick Stress 
	Ageratum conyzoides 
	500 
	GP500+TFS 

	4 






	Ageratum conyzoides+ Tail Flick Stress 
	Ageratum conyzoides 
	750 
	GP750+TFS 

	5
	Ageratum conyzoides+ Tail Flick Stress 
	Ageratum conyzoides 
	1000 
	Gp1000+TFS 




Tail Flick Method
The behavioral response of animals to painful stimuli is assessed by a nociceptive test known as the tail-flick experiment, initially described by Love and Smith in 1941 [24]. A tail-flick analgesia meter (UGO BASILE®, Germany) calibrated with radiant heat was employed to measure the latency between stimulus exposure and the initiation of the avoidance response. A continuous current of 4 Amps was sent through the exposed nichrome to achieve the appropriate temperature, assisted by the heat controls. Applying radiant heat to the central region of the rats' tails may induce pain. The duration to display a tail-flick response was documented for untreated and treated rats. After administering test substances to the animals, the experiments were executed at 0, 15, 30, 45, and 60 minutes.
Statistical Analysis 
Our results (raw data) were recorded and analyzed in a spreadsheet using MS Excel and categorized into various classifications, including a broad spectrum of study factors. Descriptive statistics were utilized on the data, with results presented as a mean and standard deviation (SD). The statistical significance of the observed variance among groups was evaluated using the "One Way ANOVA Test" tool in SPSS 1600. Occurrences are classified as statistically significant if the p-value is less than 0.05 (p < 0.05).
Results and Discussion
ThThe data was expressed as time and percent inhibition. The higher dose extract only showed highly significant (p < 0.05) results at the 4 hours, and the other doses did not show statistically significant results.
Table 4: Anti-inflammatory activity of Ageratum Conyzoides extract and Ibuprofen through paw edema test in a rat model (* presents the level of significance of result). 
	Group
	Time µL

	
	0 Minute(Just before carrageenan injection)
	1 hour (just before treatment
	2 Hours
	3 Hours
	4 Hours

	Car
	104.56±5.02
	115.45±6.47
	124.44±5.99
	131.47±6.44
	138.85±6.47

	Car+Ib10
	108.45±4.90
	113.70±5.57
	120.90±6.02
	114.78±5.50
	110.89±5.98

	Car+AC200
	103.45±6.02
	111.46±6.02
	121.56±5.47
	129.80±5.57
	135.78±6.02.

	Car+AC400
	105.42±5.42
	112.45±5.29
	120.42±6.38
	125.59±5.24
	131.47±5.69

	Car+AC800
	103.45±5.29
	109.64±5.27
	117.50±6.01
	123.78±5.65
	129.67±6.08*


Note: The results were expressed in Mean±SEM (standard mean error) *p< 0.05, **p< 0.01, and ***p< 0.001 were considered as statistically significant. The statistical analysis followed by one-way analysis of variance (Dunnett’s test) compared to the control.

Analgesic Activity of Ageratum Conyzoides:  
Writhing test: The result of the acetic acid writhing test is shown below in Table 5. Only the high dose 1000mg/kg showed statistically significant (p < 0.05) results among all the groups.
Table 5: Analgesic effect of different doses of Ageratum Conyzoides and Aspirin by acetic acid writhing test.
	Group specification
	Dose
	Number of writhing
	% Inhibition

	Ace
	N/A
	97.82±5.56
	

	As100+Acetic Acid
	100
	57.42±4.59
	

	AC200+Acetic Acid
	500
	95.22±6.91
	

	AC400+Acetic Acid
	750
	91.50±5.58
	

	AC800+Acetic Acid
	1000
	87.22±6.30*
	


Note: The results were expressed in Mean±SEM (standard mean error) *p< 0.05, **p< 0.01, and ***p< 0.001 were considered as statistically significant. The statistical analysis followed by one-way analysis of variance (Dunnett’s test) compared to the control.
Tail flick test (TFS): Table 6 shows the outcomes of the experiment. Treatment with FR improved the pain threshold in a dose-dependent way in both non-diabetic and diabetic rats; however, the impact was less than that of the gold standard medication, aspirin. Only high dose 1000mg/kg showed statistically significant results (p< 0.05) among all the groups. 




Table 6: Analgesic activity of Ageratum Conyzoides and Aspirin by the tail-flick test method. 
	Group No
	Group Specification
	Basal Reaction
	Reaction time in second

	
	
	
	After 30 minutes
	After 1 Hour
	After 2 Hour
	After 4 Hour

	1
	TFS
	3.20±0.49
	4.36±0.59
	5.48±0.70
	6.33±0.79
	7.42±0.82

	2
	As100+TFS
	4.76±0.68
	5.70±0.50
	6.88±0.82
	7.93±0.84
	9.38±0.79

	3
	AC200+TFS
	3.29±0.47
	4.33±0.57
	5.71±0.99
	6.90±0.68
	7.80±0.87

	4
	AC400+TFS
	3.64±0.62
	4.89±0.79
	6.03±0.88
	7.28±0.84
	8.09±0.77

	5
	AC800+TFS
	4.12±0.84
	5.10±0.70
	6.15±0.81
	7.49±0.93*
	8.30±0.92*


Note: The results were expressed in Mean±SEM (standard mean error) *p< 0.05, **p< 0.01, and ***p< 0.001 were considered as statistically significant. The statistical analysis followed by one-way analysis of variance (Dunnett’s test) compared to the control.

The therapeutic properties of plants have been recognized for an extended period. Indigenous populations worldwide have utilized traditional herbal therapy for centuries to treat various illnesses. This research examined the efficacy of Ageratum Conyzoides leaves as an analgesic and anti-inflammatory agent. At a 4-hour interval, the impact of a dosage of 1000mg/kg on anti-inflammatory activity was statistically significant (p<0.05). However, statistically significant changes were observed with any other dosage. Higher levels of flavonoids [25,26,27,28] are responsible for their potent anti-inflammatory effects. Two investigations involving Ageratum Conyzoides yielded analogous results [29,30]. The number of writhing rats in the acetic acid writhing test decreased across all administered dosages, with this trend being statistically significant at elevated doses compared to the positive control groups. The tail flick test demonstrated statistical significance (p < 0.05) for the 800 mg/kg dosage at both the 2-hour and 4-hour periods. Statistical significance (p < 0.05) was observed at 2 and 4 hours after administering the 800 mg/kg dosage. Prior studies [31,32,33] suggest that elevated alkaloids and flavonoids contribute to the analgesic effects. Subsequent investigations corroborated the findings on Ageratum Conyzoides [34,35].
Further investigation is required to identify the precise molecule accountable for the analgesic and anti-inflammatory properties.
Conclusion
This study indicated that, utilizing a rat model and different doses of ethanolic extract alongside specified drugs, the ethanolic extract of Ageratum Conyzoides leaves exhibits analgesic and anti-inflammatory properties. However, the plant possessed analgesic and anti-inflammatory qualities. A more comprehensive analysis is required to determine the active component.
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