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Abstract
Herbal medicine, the application of medicinal plants for the prevention and treatment of ailments, is grounded in millennia of history. This study sought to assess the analgesic and anti-inflammatory effects of Bixa orellana leaf extract utilizing known rat models. The carrageenan-induced paw edema model was used 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 received 250, 500, and 750 mg/kg of the Bixa orellana extract. In the anti-inflammatory experiment, only the 750 mg/kg dosage yielded statistically significant anti-inflammatory effects (p < 0.05), whilst other dosages had no significant influence. All groups exhibited decreased writhing responses in the acetic acid writhing test; however, none were statistically significant relative to the control group. The tail-flick test, however, had a distinct analgesic effect at elevated doses. The 750 mg/kg dosage demonstrated substantial analgesic effects at 3 and 4 hours (p < 0.05), with significance attained specifically at the 4-hour interval. These findings substantiate the conventional application of Bixa orellana in alleviating pain and inflammation, presumably attributable to its elevated concentrations of flavonoids, alkaloids, and saponins. The findings align with prior research and reinforce the conventional application of Bixa orellana in pain and inflammation therapy. Despite being dose-and-time-dependent, the findings indicate the significant medicinal potential of this herb.
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The International Association for the Study of Pain (IASP) defines pain as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or expressed concerning such damage." A subcommittee on Taxonomy submitted this definition, which the IASP Council endorsed in 1979 [1]. Pain induces discomfort and is an aspect of human affliction. Whether the pain is nociceptive or neuropathic, central or peripheral, acute or chronic, inflammation and the inflammatory response are the fundamental etiological components. Inflammation is a physiological response that activates white blood cells and their secretions to counteract invading bacteria and viruses. In certain instances, such as arthritis, the immune system induces inflammation despite the absence of pathogens to combat. Inflammation is defined as a series of alterations in live tissue after injury, provided that the damage does not concurrently compromise the tissue's structure and integrity [2]. Frequently utilized medications as analgesics or anti-inflammatories include paracetamol, diclofenac, ketorolac, and opioids. Aspirin, codeine, and morphine constitute a fundamental analgesic regimen, yet each is linked to diverse side effects, including the stomach, heart, kidneys, brain, and immune system [3].
Thus, it is imperative to formulate highly efficacious anti-hyperlipidemic agents with minimal adverse effects. Plants are crucial in the advancement and synthesis of innovative medications [4]. They possess a substantial repository of natural chemicals for therapeutic applications. Experts in the field say that certain medicinal plant compounds have therapeutic characteristics. Consequently, researchers continuously seek innovative herbal remedies and other phytopharmaceuticals to address various health concerns efficiently [5]. Traditional medicines have been utilized globally as treatments based on botanical substances, nutritional supplements, and alternative therapeutic approaches. In recent years, the utilization of conventional medicine has markedly risen, with several individuals nationwide relying on it as their principal healthcare modality [6]. The chemical components in medicinal plants allow them to manifest a wide array of pharmacological and therapeutic actions. These substances include tannins, 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 various potential applications, one of which is enhancing secondary metabolite production, including alkaloid synthesis [10]. Global improvements in scientific study have resulted in heightened exploration of the therapeutic potential of plant species [11]. Plants are increasingly preferred due to their intrinsic safety, robust pharmacological attributes, and economic advantages over manufactured medications.
Bixa orellana is a member of the Bixaceae family. The Bixaceae family is among the most minor plant families, with solely one genus, Bixa. Only five species are classified within a single genus, with Bixa orellana being the most prevalent [12]. It is called 'annatto' in English, 'achiote' in Spanish, 'yanzhimu' in Chinese, and 'urucum' in Portuguese [13]. It is a little perennial shrub that attains a height of 3-10 meters and is endemic to tropical America [14]. Latin American nations, namely Peru, Brazil, and Mexico, are the principal commercial producers of Bixa orellana, accounting for 60% of global output, followed by Africa at 27% and Asia at 12% [15]. They thrive in alluvial ground with a pH range of 6 to 7.5, and their economic longevity is 20 to 25 years [16]. The Bixa orellana fruit is cultivated and primarily sold to produce non-toxic annatto dye from its seeds and pericarp, the waxy aril layer encasing the seeds. This dye consists of the carotenoids norbixin or orelline (a water-soluble yellow pigment), bixin (an oil-soluble red pigment), and other lycopene-derived compounds. Bixin comprises 80% of the carotenoids in annatto dye. Annatto is extensively employed in the food, cosmetic, and pharmaceutical sectors [17, 18].
Traditional Mayan medicine has empirically exploited the leaves of Bixa orellana [19]. Evidence indicates that Curanderos (herbal healers) in the Peruvian Amazon utilize Bixa orellana leaf extracts by juicing fresh leaves and applying the extract to the eye for inflammation and infections [20]. The infusion of Bixa orellana leaves is frequently utilized to alleviate gastric ulcers, abdominal pain, colic, and inflammation of the oral cavity and pharynx. The herb is used to manage dyspepsia and viral infections [21]. Heated leaves are employed for wound treatment and as a topical remedy for rheumatism [22]. The Bangladeshi Bede tribes apply leaf paste bi-daily to affected locations for seven days [23], while the Tonchongya tribes use the entire powdered plant on painful parts [24]. It is a secure, cost-effective, and manageable product; among naturally occurring colorants, it ranks second in economic significance as a natural source of 'Bixin' with a consumption value of 10,650 tons [25].
The leaves demonstrate antibacterial [26], antifungal, antileishmanial [27], anticonvulsant, and analgesic [28] properties, along with significant inhibitory effects on bradykinin-induced inflammation [29]. Leaf extracts of Bixa orellana demonstrated a low content of saponins and a high concentration of anthraquinones across all examined accessions. The leaf extracts of Bixa orellana lacked alkaloids, coumarins, and tannins. However, alternative sources indicate that methanolic leaf extracts of Bixa orellana comprise tannins, coumarins, and alkaloids [30, 31]. The hydroethanolic extract of Bixa orellana leaves included terpenes, flavonoids, tannins, coumarins, and saponins but lacked alkaloids and anthraquinones [32, 33].
This work seeks to determine the analgesic anti-inflammatory activity of Bixa orellana.
Materials and Methods
Drugs, Chemicals and Instruments
Sigma Aldrich (Germany) provided alloxan, carrageenan, acetic acid, and ethanol. Healthcare Pharmaceutical Limited (UK) supplied ibuprofen and aspirin as complimentary samples. The anti-inflammatory and analgesic effects were assessed using a plethysmometer and an analgesia meter.
Plant Collection and Extract Preparation.
The medicinal plant garden at the University of Dhaka's Faculty of Pharmacy supplied the Bixa orellana leaf, which was later verified and taxonomically classified. The plant specimens were preserved in compliance with the guidelines of the Bangladesh National Herbarium. The shade-dried leaf, processed 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 subsequently filtered with a rotary evaporator. The concentrated extract was finally dehydrated and stored for future use.
Experimental Animal Handling
Male Wistar rats, weighing between 125 and 200 g, were procured from the Zoology Department of Jahangirnagar University in Bangladesh and kept at 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. Before commencing the experiment, the rats were housed to acclimate; hence, standard pellet food and fresh water were provided daily. All rat tests complied with the Institutional Animal Ethics Committee (IAEC) guidelines. 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. [34]. 
Experimental Design
50 rats were weighed to ascertain 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 utilized to provoke inflammation in rats to assess the anti-inflammatory efficacy of the reference drug and the extract of Bixa orellana.
Table 1: Group specification for anti-inflammatory activity
	Group Number
	Group Specification
	Treatment
species
	Dose Treatment species (mg/kg)
	Abbreviation of Groups

	1
	Carrageenan Control
	N/A
	N/A
	Car

	2
	Carrageenan + Ibuprofen
	Ibuprofen
	10
	Car+Ib10

	3
	Carrageenan + Bixa orellana
	Bixa orellana
	250
	Car+BO250

	4
	Carrageenan + Bixa orellana
	Bixa orellana
	500
	Car+BO500

	5
	Carrageenan + Bixa orellana
	Bixa orellana
	750
	Car+BO750



Carrageenan-Induced Acute Inflammatory Model:
The classic approach for assessing the efficacy of an anti-inflammatory drug is the carrageenan-induced rat paw edema test. The anti-inflammatory assessment was performed utilizing a plethysmometer, a specialized instrument. The subsequent phase was measuring the dimensions of each rodent's paw. The subplanar tissue of the left hind paw of the rat was administered 0.1 mL of a 1% carrageenan solution per 100 g of body weight to induce edema. An hour was thereafter allocated. The test medicine and extracts were administered to rats in various dosages. The paw volume was quantified with a plethysmometer at 0 and 6 hours post-Carrageenan infusion. The following formula [35, 36] was employed to compute 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
Evaluation of analgesic activity
The rodent is stimulated with pain through the acetic acid-induced writhing test and tail-flick method.
Table 2: Group specification for analgesic activity by acetic acid writhing method
	Group Number
	Group Specification
	Treatment
species
	Dose Treatment species (mg/kg)
	Abbreviation of Groups

	1
	Acetic Acid Control
	Physiological Saline
	10ml/kg
	Ace

	2
	 Aspirin  + Acetic Acid 
	Aspirin
	100
	As100+Acetic Acid

	3
	 Bixa orellana + Acetic acid
	Bixa orellana
	250
	BO250+Acetic Acid 

	4
	Bixa orellana + Acetic acid
	 Bixa orellana
	500
	BO500+Acetic Acid

	5
	Bixa orellana + Acetic acid
	Bixa orellana
	750
	BO750+Acetic Acid


Acetic acid-induced writhing test
The acetic acid-induced writhing assay was employed to evaluate peripheral analgesic efficacy. Multiple test samples were administered in the 30 minutes preceding the intraperitoneal injection of acetic acid. The rats received an intraperitoneal injection of 0.9% acetic acid at 10 ml/kg while subjected to aversive stimuli. During 20 minutes commencing 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 [37] 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 extract's analgesic efficacy is subsequently evaluated using the "Tail Flick Method" on the identical rat model following a seven-day interval. By this time, the action of the injected acetic acid had ceased.
Table 3: Group specification for analgesic activity by tail flick method
	Group Number
	Group Specification
	Treatment
species
	Dose Treatment species (mg/kg)
	Abbreviation of Groups

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

	2
	Aspirin + Tail Flick Stress
	Aspirin
	100
	As100+TFS

	5
	Bixa orellana + Tail Flick Stress
	Bixa orellana
	250
	BO250+TFS

	6
	Bixa orellana + Tail Flick Stress
	Bixa orellana
	500
	BO500+TFS

	7
	Bixa orellana + Tail Flick Stress
	Bixa orellana
	750
	BO750+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 [38]. A tail-flick analgesia meter (UGO BASILE®, Germany) calibrated with radiant heat was utilized to measure the latency between stimulus exposure and the initiation of the avoidance response. A continuous current of 4 Amps was delivered to the exposed nichrome to achieve the appropriate temperature, aided 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, trials were performed at 0, 15, 30, 45, and 60 minutes.
Statistical analysis:
Our results (raw data) were documented and analyzed in a spreadsheet using MS Excel and categorized into various classifications, including a broad spectrum of study variables.  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.  We categorize the occurrences as statistically significant if the 'p' value is below 0.05 (p < 0.05).
Results and Discussion
Antiinflammatory Activity of Bixa orellana:
Table 4: Anti-inflammatory activity of different doses of Bixa orellana extract and Ibuprofen through paw edema test in a rat model.
	Group
	Time µL

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

	Car
	108.45±6.45
	115.48±7.42
	126.45±6.45

	133.45±6.58

	141.45±8.50


	Car+Ib10
	109.65±5.65
	113.45±5.65
	120.44±6.42
	124.57±5.57
	126.47±5.48

	Car+BO250
	106.45±5.59
	115.47±5.88
	124.22±8.78
	130.99±6.47
	138.90±7.89.

	Car+BO500
	108.22±6.90
	112.47±7.46
	121.46±8.45
	126.45±6.75
	135±5.66

	Car+BO750
	104.56±5.54
	111.47±7.20
	119.89±6.45
	122.46±7.99*
	130.22±6.47*


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 Bixa orellana:  
Table 5: Analgesic effect of different doses of Bixa orellana extract and Aspirin by acetic acid writhing test (* presents the level of significance of result).
	Group specification
	Dose
	Number of writhing
	% Inhibition

	Ace
	N/A
	97.46±8.90
	

	As100+Acetic Acid
	100
	66.45±5.57
	

	BO250+Acetic Acid
	250
	94.25±6.24
	2.05%

	BO500+Acetic Acid
	500
	92.33±5.45
	4.40%

	BO750+Acetic Acid
	750
	89.47±6.33*
	7.37%


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.

Table 6: Analgesic activity of Bixa orellana 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
	4.02±0.77
	4.47±0.87
	5.67±0.77
	6.27±0.55
	7.12±0.97

	2
	As100+TFS
	3.47±0.93
	5.05±0.82
	6.93±0.69
	7.46±0.95
	9.34±0.82

	3
	BO250+TFS
	3.77±0.63
	4.93±0.91
	5.56±0.82
	6.10±0.74
	6.80±0.91

	4
	BO500+TFS
	3.65±0.85
	4.62±0.93
	5.93±0.90
	6.72±0.83
	7.70±0.95

	5
	BO750+TFS
	3.90±0.82
	5.03±0.99
	6.17±0.79
	7.32±0.0.91*
	8.01±0.95*


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 acknowledged for millennia, with Indigenous societies utilizing traditional herbal treatments to address various maladies. This study examines the analgesic and anti-inflammatory effects of Bixa orellana leaves, seeking to scientifically substantiate their traditional application and assess their potential as a natural medicinal agent for pain and inflammation control [39]. The anti-inflammatory effects of a 750 mg/kg dosage were statistically significant (p < 0.05) at a 4-hour interval. Nevertheless, no statistically significant differences were observed with any other dosage. Elevated concentrations of flavonoids [40, 41] and saponins [42, 43] are accountable for their significant anti-inflammatory effects. Numerous studies, including Bixa orellana, yielded analogous results [44, 45]. The number of writhing rats in the acetic acid writhing assay decreased across all administered dosages, although this trend lacked statistical significance compared to the positive control groups. The tail flick test demonstrated statistical significance (p < 0.05) for the 750 mg/kg dosage at the 3-hour and 4-hour intervals. Statistical significance (p < 0.05) was observed solely 4 hours post-administration of the 750 mg/kg dosage. Prior studies [46, 47] suggest that the elevated alkaloids and flavonoids account for the analgesic properties. Subsequent investigations corroborated the findings on Bixa orellana [48, 49]. Other phytoconstituents, including anthraquinones [50], terpenes, tannins, and glycosides, may also contribute to the analgesic and anti-inflammatory effects [51] found in rat models, necessitating further phytochemical study to clarify their precise functions.
Further investigation is required to identify the precise molecule accountable for the analgesic and anti-inflammatory properties.
Conclusion
This study revealed, utilizing a rat model and different dosages of ethanolic extract and reference drugs, that Bixa orellana leaves display considerable analgesic and anti-inflammatory properties, especially at 750 mg/kg. The inclusion of flavonoids, saponins, and alkaloids likely enhances these bioactivities. Despite several results lacking statistical significance, the findings are consistent with previous studies, reinforcing the plant's therapeutic promise and necessitating further exploration to optimize dosage and efficacy.
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