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Abstract

Piper nigrum L. (black pepper), a commonly utilized traditional herbal medicine, possesses possible anti-inflammatory and analgesic properties attributed to its alkaloids, especially piperine. This study assessed the effectiveness of a 70% ethanolic extract of dried leaves of Piper nigrum in male Wistar rats. The anti-inflammatory effect was evaluated using carrageenan-induced paw edema. In contrast, the analgesic function was examined by acetic acid-induced writhes and tail-flick tests at dosages of 250, 500, 750, and 1000 mg/kg. The 750 mg/kg doses showed statistically significant inhibition of edema (p < 0.05) at 3 and 4 hours following carrageenan injection, demonstrating effects equivalent to ibuprofen. Only the maximum 1000 mg/kg test dose exhibited statistically significant analgesia (p < 0.05) in the writhing test. However, the tail-flick test demonstrated dose-dependent efficacy, with the 750 mg/kg dose being statistically significant (p < 0.05) at 2 and 4 hours. Phytochemical research revealed the presence of piperine and chabamide, which are likely to suppress the release of prostaglandins, mainly through piperine. Consequently, the findings reinforced the ethnopharmacological assertion regarding Piper nigrum, suggesting that its leaf extract may be a viable natural alternative to synthetic analgesics with reduced side effects. It warrants further investigation to contextualize chabamide's efficacy in optimizing therapeutic applications

Keywords: Piper nigrum, analgesic, anti-inflammatory, carrageenan, rat model, tail flick, acetic acid, medicinal plants, traditional medicine.



Introduction
Pain is currently defined by the International Association for the Study of Pain (IASP) as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage." This definition was recommended by the Subcommittee on Taxonomy and adopted by the IASP Council in 1979 [1]. Pain induces discomfort and is an aspect of human affliction. Irrespective of the pain's nature—acute or chronic, peripheral or central, nociceptive or neuropathic the fundamental cause is inflammation and the resultant inflammatory response. Inflammation is a physiological response involving white blood cells and their secretions to defend against invading germs and viruses. In certain instances, such as arthritis, the immune system induces inflammation despite the absence of pathogens to combat. In more recent times, the term inflammation has been defined as the sequential set of changes that happens in a living tissue when it is damaged, with the condition that the injury is not severe enough to destroy both the structure and the health of the tissue at the same time [2]. Common drugs utilized as analgesics or anti-inflammatories encompass paracetamol, diclofenac, ketorolac, and opioids, among others. Aspirin, codeine, and morphine make up a basic pain-killer routine, but they all come with their fair share of unwanted side effects, including those that can affect your stomach, heart, kidneys, brain, and immune system [3].
Consequently, it is essential to formulate highly efficacious anti-hyperlipidemic agents with minimal adverse effects. Plants are critical to discovering and synthesizing novel therapies [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. As a result, researchers are always searching for novel herbal remedies and other medicines derived from plants to effectively treat various ailments [5]. Traditional treatments 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 significant increase in the use of traditional medicine, with many across the country depending on it as a substantial form of care [6]. Medicinal plants include a variety of chemical compounds, allowing them to produce a wide array of pharmacological and therapeutic effects. These substances include many constituents, including 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 several potential uses, including the augmentation of secondary metabolite synthesis including the generation of alkaloids [10]. Global advancements in scientific research have led to an increase in the investigation of plant species' therapeutic attributes [11]. Plants are gaining popularity due to their intrinsic safety, robust pharmacological attributes, and economic advantages over manufactured medications.
 Piper nigrum L. (P. nigrum) is a prominent species within the Piperaceae family. It is grown in Pakistan, the southern hills of India, South America, and Africa. It is a resilient, woody, climbing perennial plant. Piperine is a principal alkaloid component of P. nigrum L. The sharpness of black pepper is attributed to the alkaloidal compounds found in the fruit. It is commonly used as a spice all over the world and also possesses pharmacological properties and is thus used in traditional systems of medicine, such as Ayurvedic and Unani medicine, for the treatment of various diseases such as fever, pain, and inflammation [12]. Piper nigrum is commonly referred to as black pepper, white pepper, green pepper (based on processing), and simply pepper. These names signify its extensive utilization as a spice obtained from its desiccated fruit, referred to as peppercorns. The phytochemical characteristics of Piper nigrum (black pepper) are chiefly ascribed to piperine, its principal alkaloid (4.6–9.7%), which demonstrates antioxidant, anti-inflammatory, antibacterial, and bioavailability-enhancing capabilities. Essential oils (e.g., β-caryophyllene, limonene) and phenolic components enhance their antioxidant and anti-inflammatory properties, corroborating their historical application in digestion and prospective therapeutic functions in chronic disorders. The historical application of black pepper in mitigating pain and inflammation, together with emerging scientific evidence, highlights its significance as a natural alternative to synthetic pharmaceuticals. Despite this, gaps remain in understanding the full scope of its efficacy and underlying mechanisms across diverse models [13]. Ethnopharmacological evidence and preliminary studies suggest Piper nigrum as a viable candidate for pain and inflammation management, yet its full efficacy and mechanisms remain underexplored [14]. This study aims to evaluate the anti-inflammatory and analgesic properties of Piper nigrum extracts. 
This study investigates the anti-inflammatory and analgesic effects of Piper nigrum extracts, aiming to validate its potential as an effective, plant-based therapeutic alternative with fewer side effects [15].
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 Piper nigrum 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 over 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 forcefully 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 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 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) 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 done according to the ethical criteria of the 2013 Declaration of Helsinki. 
Experimental Design
Rats were weighed to ascertain their body weight and then 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 anti-inflammatory activity of the reference drug and the extract of Piper nigrum.

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 + Piper nigrum
	 Piper nigrum    
	 250                        
	 Car+PN250           

	 4            
	 Carrageenan + Piper nigrum
	 Piper nigrum    
	 500                            
	 Car+PN500              

	 5            
	 Carrageenan + Piper nigrum 
	 Piper nigrum     
	 750                           
	 Car+PN750             



Carrageenan-Induced Acute Inflammatory Model

The carrageenan-induced rat paw edema test is the standard procedure for assessing the efficacy of anti-inflammatory agents.  The anti-inflammatory assessment was performed with a plethysmometer, specialized equipment.  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.  Subsequently, an hour was designated.  The test medicine and extracts were administered to rats in various dosages.  The paw's volume was quantified utilizing a plethysmometer within 0 to 6 hours post-Carrageenan infusion.  The following formula [30, 31] was used 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 
	 N/A                     
	 Ace                       

	 2            
	 Aspirin + Acetic Acid        
	 Aspirin           
	 100                            
	 As100+Acetic Acid         

	 3            
	 Piper nigrum + Acetic Acid 
	 Piper nigrum   
	 250                           
	 PN250+Acetic Acid         

	 4            
	 Piper nigrum + Acetic Acid 
	 Piper nigrum  
	 500                            
	 PN500+Acetic Acid         

	 5            
	 Piper nigrum + Acetic Acid 
	 Piper nigrum   
	 750                           
	 PN750+Acetic Acid        



Acetic Acid-Induced Writhing Test

The acetic acid-induced writhing assay was employed to evaluate peripheral analgesic efficacy. Several 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 (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 [32] was employed to determine the percentage of writhes indicative of analgesic efficacy.
                 
    
 Where,
  = the mean number of writhing of each test group
 = The mean number of writhing of the acetic acid control group

The analgesic activity of the extract is then also assessed via the "Tail Flick Method" on the same experimental rat model after a break for seven days. The effect of injected acetic acid 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 Groups 

	 1            
	 Tail Flick Stress (control)     
	 Physiological Saline 
	 N/A                    
	 TFS                    

	 2            
	 Aspirin + Tail Flick Stress     
	 Aspirin           
	 100                            
	 As100+TFS              

	 5            
	 Piper nigrum + Tail Flick Stress 
	 Piper nigrum
	 250                       
	 PN250+TFS              

	 6            
	 Piper nigrum + Tail Flick Stress 
	 Piper nigrum
	 500                          
	 PN500+TFS              

	 7            
	 Piper nigrum + Tail Flick Stress 
	 Piper nigrum
	 750                          
	 PN750+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 [33].  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 was documented for untreated and treated rats to display a tail-flick response.  After administering test substances to the animals, the 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 change across groups was evaluated using the "One Way ANOVA Test" tool in SPSS 1600.  Occurrences are statistically significant if the 'p' value is less than 0.05 (p < 0.05).

Result and Discussion
Carrageenan-induced paw edema method 
The anti-inflammatory activity of piperine has been evaluated by the carrageenan-induced paw edema method results are described in Table 4. Piperine exhibited inhibition of edema at all doses of 10, 500, and 750 mg/kg. The data was expressed as time and percent inhibition. The higher dose extract showed highly significant (p<0.05) results at the 3 and 4 hours, and the other doses did show statistically significant results at 3 and 4 hours (Car+PN500 ) . 
Table 4: Anti-inflammatory activity of Piper nigrum 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
	105.66±5.36
	114.59±7.98
	123.69±7.39

	129.22±6.47

	134.55±7.02


	Car+Ib10
	108.99±5.20
	                                114.50±6.32
	115.22±5.14
	111.22±3.90
	110.44±5.31

	Car+PN250
	108.45±5.22
	113.24±6.97
	117.96±5.59
	122.29±7.48
	127.97±6.54

	Car+PN500
	105.46±5.47
	110.47±5.90
	113.69±7.20
	119.80±7.20*
	123.22±6.40*

	Car+PN750
	106.48±6.40
	108.45±7.44
	114.58±5.47
	118.90±5.59*

	121.45±5.59*


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 Piper nigrum
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 Piper nigrum and Aspirin by acetic acid writhing test.

	Group specification
	Dose
	Number of writing
	% Inhibition

	Ace
	N/A
	99.46±7.54
	-

	As100+Acetic Acid
	100
	71.45±4.56
	-

	PN250+Acetic Acid
	250
	96.74±7.42
	2.05%

	PN500+Acetic Acid
	500
	94.45±6.97
	4.40%

	PN750+Acetic Acid
	750
	91.22±5.38*
	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.

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 750mg/kg showed statistically significant results (p< 0.05) among all the groups. The higher dose extract showed highly significant (p<0.05) results after 2 and 4 hours. Statistical significance (p< 0.05) was seen at both the 3- and 4-hour time points for a dosage of 750mg/kg.
Table 6: Analgesic activity of Piper nigrum 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±0.47
	4.12±0.61
	4.90±0.70
	5.44±0.88
	6.91±0.58

	2
	As100+TFS
	350±0.83
	4.57±0.93
	5.37±0.97
	7.22±1.08
	8.77±1.43

	3
	PN250+TFS
	3.37±0.77
	4.42±0.77
	5.24±0.77
	5.97±0.72
	6.18±0.44

	4
	PN500+TFS
	3.25±0.87
	4.52±0.77
	5.80±0.66
	6.29±0.74
	7.01±0.82

	5
	PN750+TFS
	3.03±0.73
	4.87±093
	5.47±0.87
	6.32±0.96*
	7.67±4.06*


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.

Medicinal plants are recognized for their efficacy, safety, and minimal side effects; approximately 80% of the global population relies on them for primary healthcare. In 1991, the WHO issued criteria for the assessment of herbal medicines. This study examined the anti-inflammatory and analgesic properties of a 70% ethanolic leaf extract of Piper nigrum in rat models, demonstrating dose-dependent effects.
In the carrageenan-induced paw edema assay, Piper nigrum leaf extract decreased edema across all administered dosages (250, 500, 750 mg/kg), with the 750 mg/kg dosage exhibiting substantial statistically significant inhibition (p < 0.05) at 3 and 4 hours. The carrageenan-induced paw edema method is the most often employed technique for evaluating non-steroidal anti-inflammatory drugs. Anti-inflammatory medicines primarily obstruct the cyclooxygenase enzyme, which plays a role in prostaglandin formation. The substantial decrease in edema at 750 mg/kg indicates that the extract may disrupt the initial and later stages of inflammation, possibly by suppressing histamine, bradykinin, and prostaglandins. We noted that piperine's suppression of edema volume at all dosages increased over time. This result aligns with the analgesic properties of Piper nigrum essential oil since it may interact with diverse pain receptors, such as opioid and cannabinoid receptors [16]. The temporal enhancement of edema suppression may indicate piperine's enduring bioavailability, facilitating extended regulation of inflammatory pathways.  In the acetic acid writhing assay, only the 1000 mg/kg dosage exhibited statistically significant outcomes (p < 0.05). The Writhing test is a chemical technique that involves injecting mice with irritants such as acetic acid or phenylquinone to cause pain of peripheral origin. The analgesic effect of the test substance is deduced from a reduction in the frequency of writhes [17]. The need for a substantial dosage to attain significant analgesia in this animal indicates that a pivotal concentration of active chemicals, especially piperine, is essential to mitigate visceral pain induced by inflammatory mediators such as prostaglandins and leukotrienes.  The 750 mg/kg dosage in the tail-flick test demonstrated statistically significant analgesia (p < 0.05) at 2 and 4 hours. The dose-dependent effect observed in the tail-flick test suggests potential central analgesic activity, perhaps via regulation of nociceptive pathways in the spinal cord or supraspinal regions. 
Various receptors participate in inflammatory pain. Peripheral tissues include opioid receptors. The primary cause of opioid analgesia is the activation of peripheral sensory neurons' opioid receptors [18]. Research has shown the analgesic properties of linalool, a compound found in Piper nigrum essential oil, and its association with opioid analgesia. Research has shown the analgesic properties of linalool, a compound found in Piper nigrum essential oil, and its association with opioid analgesia [19, 20]. The interaction of linalool with opioid receptors could enhance the extract's analgesic properties by diminishing pain perception via both peripheral and central processes, thereby complementing the actions of piperine.  Cannabinoid receptors represent a potential avenue for the inhibition of peripheral sensitization. The activation of either CB1 or CB2 cannabinoid receptors elicits an antinociceptive response. The former is expressed on central and peripheral neurons, whilst the latter may suppress immune cells. This receptor type may act synergistically with the opioid receptors, potentiating the final effect [21]. β-caryophyllene, a chemical constituent of Piper nigrum essential oil, has been proven to be an agonist of cannabinoid receptor 2 (CB2) by Klauke and colleagues in 2014 [22]. The CB2-mediated effects of β-caryophyllene could reduce inflammation generated by immune cells, hence lessening pain signals and improving the overall antinociceptive response when coupled with opioid receptor activation. 
The current investigation is constrained by a limited sample size and a short duration for inhalation due to time restrictions. Moreover, the study failed to evaluate the extract's pharmacokinetic profile, which could clarify the ideal dose frequency and duration of therapeutic effects. Subsequent research should confront these limitations. The study demonstrated outstanding results and provided insight into the therapeutic potential of leaf extracts. Chabamide 1 was previously isolated from Piper chaba, but this discovery represents the inaugural isolation of this alkaloid from Piper nigrum. Despite the lack of documented actions and underlying mechanisms, chabamide 1 is a notable molecule with diverse pharmacological properties. The identification of chabamide 1 indicates that dimeric alkaloids may uniquely increase the extract's bioactivity, potentially working synergistically with piperine to amplify anti-inflammatory and analgesic effects.  Although Piper nigrum's beneficial components have been identified before, chabamide 1, a dimeric alkaloid, was isolated from the plant for the first time [23]. These data demonstrate that piperine exhibits suppression of prostaglandin release-mediated anti-inflammatory effects. The synergistic effects of piperine and chabamide may influence several inflammatory pathways, such as cyclooxygenase-2 (COX-2) and nuclear factor-kappa B (NF-κB), establishing Piper nigrum as a viable candidate for natural therapeutic advancement.  Further investigation is required to identify the precise molecule accountable for the analgesic and anti-inflammatory effects [24]. 

Conclusion
This investigative research concedes the potent anti-inflammatory and analgesic properties of Piper nigrum L. This research shows that the extract of Piper nigrum decreased inflammation at 750 mg/kg in carrageenan-induced edema, while it inhibited pain at 1000 mg/kg in writhing tests and at 750 mg/kg in tail-flick tests. These effects have been attributed to the presence of piperine and chabamide, veritable markers of P. nigrum. Further research is needed to isolate these compounds and exploit their therapeutic potential.
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