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Abstract: Pain is a common symptom associated with many pathological conditions, and its management 
remains a major clinical challenge. Conventional analgesics such as NSAIDs and opioids are associated 
with several adverse effects including gastrointestinal irritation, renal toxicity, and dependency. Herbal 
drugs offer a promising alternative due to their safety, efficacy, and traditional usage. The present study 
aims to evaluate the analgesic activity of selected herbal drugs using experimental animal models. The 
extracts were prepared using standard extraction techniques and screened for phytochemical constituents. 
Analgesic activity was assessed using models such as the hot plate method and tail flick method. Pain is 
an unpleasant sensory and emotional experience associated with tissue damage. It involves peripheral and 
central mechanisms mediated by nociceptors.  
The study confirms that herbal drugs possess significant analgesic activity. They can be considered as 
safer alternatives to synthetic analgesics. The herbal extracts showed significant analgesic activity 
comparable to standard drugs. The activity may be due to phytoconstituents such as flavonoids and 
alkaloids which inhibit pain mediators.  
The results demonstrated significant analgesic activity of herbal extracts, suggesting their potential as 
safer alternatives to synthetic drugs. 
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I. INTRODUCTION 
1.1 Introduction  
A clear statement of aim and objectives is essential to define the direction and scope of the research work. This outlines 
the primary goal of the study and the specific objectives designed to systematically evaluate the analgesic potential of 
selected herbal drugs using experimental models.[21][22]  
 
1.2 Aim of the Study  
The main aim of the present research work is:  
To evaluate the analgesic activity of selected herbal drugs using experimental animal models and to compare their 
effectiveness with a standard analgesic drug.  
 
1.3 Objectives of the Study  
To achieve the above aim, the following specific objectives were designed:  
1. Selection and Collection of Plant Material  
To select suitable medicinal plants based on traditional usage and reported analgesic properties, and to collect and 
authenticate them from reliable sources.  
2. Preparation of Herbal Extracts  
To prepare extracts of selected plant materials using appropriate extraction techniques such as Soxhlet extraction with 
suitable solvents.  
3. Phytochemical Screening  
To perform preliminary phytochemical analysis for identification of bioactive constituents such as:  

• Alkaloids   
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• Flavonoids   
• Tannins   
• Saponins   

4. Evaluation of Acute Toxicity  
To determine the safety profile and establish a safe dose range of the herbal extracts as per standard guidelines.  
5. Evaluation of Analgesic Activity  
To assess the analgesic activity of herbal extracts using standard experimental models:  

• Hot Plate Method (central analgesic activity)   
• Tail Flick Method (spinal reflex response)   
• Acetic Acid-Induced Writhing Test (peripheral analgesic activity)   

6. Comparison with Standard Drug  
To compare the analgesic activity of herbal extracts with a standard drug, Diclofenac sodium.  
7. Statistical Analysis  
To analyze the experimental data using appropriate statistical methods such as:  

• Mean ± SEM   
• One-way ANOVA   

8. Interpretation of Results  
To interpret the results and determine the effectiveness and mechanism of action of the herbal extracts.  
1.4 Outcome of the Study The study is 
expected to:  

• Validate the traditional use of herbal drugs in pain management   
• Identify effective plant-based analgesic agents   
• Provide a scientific basis for further research and development   

 
2.1 Overview of Pain  
Pain is a multidimensional experience involving sensory, emotional, and cognitive components. It acts as a protective 
mechanism, alerting the body to actual or potential tissue damage. Despite its protective role, persistent pain significantly 
reduces quality of life and requires effective management.  
According to the International Association for the Study of Pain, pain is defined as: "An unpleasant sensory and 
emotional experience associated with actual or potential tissue damage."[3][4][17]  
Pain perception varies between individuals due to genetic, psychological, and environmental factors. It is not merely a 
physical sensation but also influenced by emotional states such as anxiety and depression.[1]  
 
2.2 Physiology of Pain  
Pain transmission occurs through a complex neurophysiological process involving four major steps:  
1. Transduction  
Noxious stimuli (thermal, mechanical, chemical) are converted into electrical signals by specialized receptors known as 
nociceptors.[2]  
2. Transmission  
Pain signals are transmitted from peripheral nerves to the spinal cord via:  

• A-delta fibers (fast pain)   
• C fibers (slow pain)   

3. Modulation  
Pain signals are modified in the spinal cord through inhibitory neurotransmitters such as:  

• Endorphins   
• Serotonin   
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• Enkephalins   

4. Perception  
Pain is finally perceived in the brain, particularly in the:  

• Thalamus   
• Cerebral cortex   

 
2.3 Classification of Pain  
2.3.1 Based on Duration  

• Acute Pain: Short-term, protective   
• Chronic Pain: Long-lasting, persists beyond healing   

2.3.2 Based on Origin  
• Nociceptive Pain: Due to tissue injury   
• Neuropathic Pain: Due to nerve damage   

2.3.3 Based on Intensity  
• Mild   
• Moderate   
• Severe   

 
2.4 Pain Pathways  
Pain signals travel through ascending pathways such as:  

• Spinothalamic tract   
• Spinoreticular tract   

Descending pathways help suppress pain through endogenous opioids.  
 
2.5 Mediators of Pain  
Pain is mediated by several biochemical substances:  

• Prostaglandins   
• Bradykinin   
• Histamine   
• Substance P   

These mediators increase sensitivity of nociceptors and enhance pain perception.  
 
2.6 Analgesics: Concept and Classification  
Analgesics are drugs that relieve pain without causing loss of consciousness.[3,4]  
 
2.6.1 Opioid Analgesics Examples:  

• Morphine   
• Codeine  Mechanism:  
• Act on opioid receptors in CNS   
• Inhibit pain transmission  2.6.2 Non-Opioid Analgesics (NSAIDs) Examples:  
• Aspirin   
• Diclofenac  Mechanism:  
• Inhibit cyclooxygenase (COX) enzyme   
• Reduce prostaglandin synthesis   

2.6.3 Adjuvant Analgesics  
Used in specific conditions:  
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• Antidepressants   
• Anticonvulsants   

 
2.7 Limitations of Conventional Analgesics  
Despite effectiveness, synthetic drugs have several drawbacks:  
NSAIDs  

• Gastric ulceration   
• Renal toxicity   
• Cardiovascular risks   

Opioids  
• Dependence   
• Tolerance   
• Respiratory depression   

These limitations highlight the need for safer alternatives.[3]  
 
2.8 Herbal Drugs: An Overview  
Herbal drugs are derived from plant sources and have been used for centuries in traditional systems such as:  

• Ayurveda   
• Unani   
• Traditional Chinese Medicine   

The World Health Organization estimates that a large percentage of the global population relies on herbal medicines for 
primary healthcare.[5]  
 
2.9 Advantages of Herbal Drugs  

• Natural origin   
• Lower incidence of side effects   
• Cost-effective   
• Better patient compliance   

 
2.10 Phytoconstituents Responsible for Analgesic Activity Herbal drugs contain 
bioactive compounds such as:  
Flavonoids  

• Anti-inflammatory   
• Inhibit prostaglandins   

Alkaloids  
• Act on central nervous system   

Tannins  
• Reduce inflammation   

Saponins  
   Modulate immune response   
 
2.11 Mechanism of Analgesic Action of Herbal Drugs  
Herbal drugs exert analgesic effects through:  

1. Inhibition of prostaglandin synthesis   

2. Modulation of opioid receptors   

3. Antioxidant activity   
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4. Anti-inflammatory action [3,23]  

    
III. REVIEW OF LITERATURE 

3.1 Introduction to Literature Review  
A literature review provides the scientific foundation for any research work. In the context of analgesic activity, it helps 
establish what is already known about pain mechanisms, limitations of existing therapies, and the therapeutic potential 
of herbal drugs.  
Over the past few decades, there has been increasing interest in validating traditional medicinal plants through 
experimental pharmacology. Many herbs used in systems such as Ayurveda have shown significant analgesic and anti-
inflammatory effects in both preclinical and clinical studies.  
 
3.2 Historical Perspective of Herbal Analgesics  
The use of plants for pain relief dates back thousands of years. Ancient texts describe numerous herbs used for managing 
pain, inflammation, and fever.  

• In Ayurveda, plants like turmeric and tulsi have been used extensively   
• Traditional Chinese Medicine uses herbal formulations for chronic pain   
• Indigenous systems worldwide rely on plant-based remedies   

The modern scientific approach aims to isolate active compounds and validate their pharmacological effects.  
 
3.3 Review of Important Studies on Analgesic Activity of Herbal Drugs  
Desai K.G.H., et al. (2019) reported that herbal drug delivery systems play a significant role in the management of 
chronic pain and inflammatory conditions. Their study emphasized that plant-based formulations provide a multi-targeted 
approach by acting on various biochemical pathways involved in pain perception. They evaluated different herbal extracts 
and concluded that phytoconstituents such as flavonoids and alkaloids contribute significantly to analgesic activity by 
inhibiting inflammatory mediators and modulating central pain pathways.[7]  
Patel D.K., et al. (2021) investigated the role of plant-derived compounds in pain management. Their research 
highlighted that herbal extracts exert analgesic effects through mechanisms such as inhibition of prostaglandin synthesis, 
modulation of opioid receptors, and suppression of inflammatory cytokines. The study concluded that natural medicines 
have strong potential as alternative analgesics due to their safety, efficacy, and reduced side effects.[8]  
Sharma B., et al. (2020) studied the pharmacological effects of various medicinal plants traditionally used for pain relief. 
The authors evaluated different extracts using experimental animal models such as the hot plate and writhing test and 
reported significant analgesic activity. They concluded that the antioxidant properties of herbal drugs play an important 
role in reducing oxidative stress, thereby decreasing pain and inflammation.[9]  
Gupta R., et al. (2023) reviewed the analgesic potential of several Indian medicinal plants. The study discussed the 
importance of phytochemicals such as tannins, glycosides, flavonoids, and saponins in pain modulation. The authors 
concluded that herbal drugs not only reduce pain but also improve associated inflammatory conditions and enhance 
overall physiological function.[10]  
Modak M., et al. (2022) reported that herbal medicines exhibit analgesic activity through multiple mechanisms including 
inhibition of cyclooxygenase enzymes, reduction of prostaglandin synthesis, and central nervous system modulation. 
Their study emphasized the importance of integrating traditional knowledge with modern pharmacological validation. 
The findings suggested that herbal drugs could serve as promising candidates for the development of safer analgesic 
agents.[11]  
Kumar V., et al. (2020) evaluated the analgesic activity of polyherbal formulations in experimental models. Their study 
demonstrated that combination of different plant extracts produced synergistic effects, leading to enhanced pain relief. 
They concluded that polyherbal therapy may offer better efficacy compared to single-herb treatments.[12]  
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Singh A., et al. (2021) investigated the analgesic potential of flavonoid-rich plant extracts. The study revealed that 
flavonoids significantly reduced pain responses by inhibiting inflammatory mediators and enhancing endogenous opioid 
activity. The authors highlighted the importance of flavonoids as key contributors to herbal analgesic activity.[13]  
Verma S., et al. (2022) studied the role of alkaloids in pain management. Their findings indicated that alkaloid-containing 
plant extracts showed strong central analgesic effects by interacting with opioid receptors. The study concluded that 
alkaloids are important bioactive compounds responsible for pain-relieving properties of many medicinal plants.[14]  
 
3.4 Review of Important Analgesic Medicinal Plants  
Curcuma longa (Turmeric)  
Curcuma longa has been extensively studied for its analgesic and anti-inflammatory properties. Curcumin, its active 
constituent, inhibits cyclooxygenase enzymes and reduces prostaglandin synthesis. Several studies have confirmed its 
effectiveness in both central and peripheral pain models.  
Zingiber officinale (Ginger)  
Ginger contains gingerols and shogaols, which exhibit analgesic activity by inhibiting inflammatory mediators. It is 
particularly effective in reducing pain associated with inflammation and muscle disorders.  
Azadirachta indica (Neem)  
Neem possesses both central and peripheral analgesic activity. Its bioactive compounds reduce inflammation and 
modulate pain pathways.  
Ocimum sanctum (Tulsi)  
Tulsi contains eugenol and other compounds that act as central analgesics. It is widely used in traditional medicine for 
pain and inflammatory conditions.[24][25]  
    

IV. MATERIALS AND METHODS 
4.1 Introduction  
This chapter describes, with methodological precision, the materials, experimental design, and procedures used to 
evaluate the analgesic activity of selected herbal drugs. The methods are aligned with standard pharmacological practices 
and ethical guidelines for animal experimentation.  
 
4.2 Materials  
4.2.1 Plant Materials  
The following medicinal plants were selected based on traditional use and reported pharmacological activity:  

• Curcuma longa (Rhizomes)   
• Zingiber officinale (Rhizomes)   
• Azadirachta indica (Leaves)   
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Fig. 1: Selected Medicinal Plants 

All plant materials were collected from local sources and authenticated by a qualified botanist.  
4.2.2 Chemicals and Reagents  

• Methanol (analytical grade)   
• Ethanol   
• Distilled water   
• Acetic acid (0.6%)   
• Normal saline   

4.2.3 Standard Drug  
   Diclofenac sodium   
Used as a reference standard for comparison.  
4.2.4 Instruments and Equipment  

• Soxhlet apparatus   
• Hot plate apparatus   
• Tail flick analgesiometer   
• Digital weighing balance   
• Rotary evaporator   
• Animal cages   

 
4.3 Experimental Animals  

• Species: Albino mice   
• Weight: 20–30 g   
• Sex: Either sex   
• Housing: Standard laboratory conditions   
• Temperature: 25 ± 2°C   
• Light/dark cycle: 12/12 hours   

 
 

  Ocimum sanctum   ( Leaves)    
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Animals were acclimatized for 7 days before experimentation.  
 
4.4 Ethical Considerations  
The study was conducted according to guidelines of the Committee for the Purpose of Control and Supervision of 
Experiments on Animals.  

• Ethical approval was obtained   
• Minimal number of animals used   
• Pain minimized during experiments   

 
4.5 Preparation of Herbal Extracts  
4.5.1 Drying and Powdering  

• Plant materials were shade-dried   
• Pulverized into coarse powder   

 
4.5.2 Extraction Process (Soxhlet Method) Procedure:  

1. Powder loaded into Soxhlet apparatus   

2. Extraction with methanol for 6–8 hours   

3. Filtration of extract   

4. Concentration using rotary evaporator   

 
Fig. 2: Extraction Process (Soxhlet Method) 

5.   Stored in airtight container  [1][2]   
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4.6 Phytochemical Screening  
Preliminary tests were conducted to identify active constituents.[18][19]  

Test  Chemical  Observation  

Alkaloids  Mayer’s reagent  Cream precipitate  

Flavonoids  Shinoda test  Pink color  

Tannins  Ferric chloride  Blue-black color  

Saponins  Foam test  Persistent foam  

  
4.7 Acute Toxicity Study  
Toxicity study was conducted as per Organisation for Economic Co-operation and Development.  
Procedure:  

• Animals divided into groups   
• Single dose administered   
• Observed for 24–72 hours   

Parameters Observed:  
• Behavioral changes   
• Mortality   
• Physical activity   

Safe dose was selected for further study.[6][20]  
 
4.8 Experimental Design  
Animals were divided into groups (n = 6):  

Group  Treatment  

Group I  Control (saline)  

Group II  Standard (Diclofenac)  

Group III  Herbal extract low dose  

Group IV  Herbal extract high dose  

 
4.9 Evaluation of Analgesic Activity  
4.9.1 Hot Plate Method (Central Analgesic Activity)[21,22] Principle:  
Measures response to thermal pain stimulus. Procedure:  

• Temperature maintained at 55 ± 1°C   
• Animal placed on hot plate   
• Reaction time (paw licking/jumping) recorded  Observation Time Points:  
• 0 min   
• 30 min   
• 60 min 
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4.9.2 Tail Flick Method [21] 

Principle:  
Measures spinal reflex to heat stimulus.  
Procedure:  

• Tail exposed to radiant heat   
• Time taken to flick tail recorded   

 
4.9.3 Acetic Acid-Induced Writhing Test (Peripheral Activity)[22]  
Principle:  
Induces pain through chemical irritation.  
Procedure:  

• Acetic acid injected intraperitoneally   
• Number of writhes counted for 20 minutes   

      

Fig.  3 :   Hot Plate Method   
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 Fig. 4: Flowchart of Experimental Work Steps    
 

V. PHARMACOLOGICAL BACKGROUND OF ANALGESIC MODELS  
5.1 Introduction  
Before interpreting experimental results, it is essential to understand the scientific basis of the models used for evaluating 
analgesic activity. Different models assess different mechanisms of pain, ensuring a comprehensive evaluation.  

4.10   Flowchart of Experimental Work   
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5.2 Central Analgesic Models[21][22]  
Central analgesics act on the central nervous system (CNS).  
5.2.1 Hot Plate Method  

• Evaluates supraspinal response   
• Sensitive to opioid-like drugs   
• Measures reaction time (latency)   

Scientific Basis:  
Thermal stimulus activates nociceptors, and central analgesics increase pain threshold.  
5.2.2 Tail Flick Method  

• Measures spinal reflex   
• Quick and reliable method   

Scientific Basis:  
Heat applied to tail stimulates spinal reflex arc, which is modulated by central analgesics.  
 
5.3 Peripheral Analgesic Models[22]  
Peripheral analgesics act by reducing inflammation and mediators.  
5.3.1 Acetic Acid-Induced Writhing Test  

• Most widely used chemical method   
• Sensitive to NSAIDs   

Scientific Basis:  
Acetic acid releases:  

• Prostaglandins   
• Bradykinin   
• Substance P   

These induce abdominal constrictions (writhes).  
 
5.4 Importance of Using Multiple Models  
Using both central and peripheral models ensures:  

• Comprehensive evaluation   
• Identification of mechanism of action   
• Better validation of results   

 
5.5 Limitations of Experimental Models  

• Animal results may not fully translate to humans   
• Variability in response   
• Ethical concerns  

    
VI. STANDARDIZATION AND QUALITY CONTROL OF HERBAL DRUGS 

6.1 Introduction  
Standardization and quality control are essential components in herbal drug research to ensure identity, purity, safety, 
and efficacy of plant-based medicines. Unlike synthetic drugs, herbal materials exhibit variability due to differences in 
geographical origin, harvesting time, processing, and storage conditions. Therefore, systematic standardization is 
required to produce consistent and reproducible pharmacological outcomes.  
Regulatory bodies such as the World Health Organization emphasize the importance of quality control in herbal 
medicines to ensure their safe use in healthcare.  
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6.2 Need for Standardization  
Herbal drugs face several challenges that necessitate standardization:  

• Variation in chemical composition due to climate and soil   
• Adulteration and substitution with inferior materials   
• Lack of uniform processing methods   
• Inconsistent therapeutic response   

Standardization ensures that every batch of herbal drug maintains uniform quality and therapeutic efficacy.[5]  
 
6.3 Objectives of Standardization  

  To confirm the identity of plant material   
  To ensure purity and absence of contaminants   
  To quantify active phytoconstituents   
  To maintain batch-to-batch consistency   
  To ensure safety and efficacy   

 
6.4 Steps in Standardization of Herbal Drugs  
6.4.1 Authentication of Plant Material Proper identification is 
the first step:  

• Botanical verification by taxonomist   
• Macroscopic and microscopic examination   
• Comparison with standard herbarium samples   

Examples of plants used in this study include Curcuma longa and Ocimum sanctum.  
6.4.2 Organoleptic Evaluation  
This involves sensory characteristics:  

Color   
Odor   
Taste   
Texture   

These parameters provide preliminary identification and help detect adulteration.[1][2]  
6.4.3 Macroscopic and Microscopic Evaluation Macroscopy:  

• Size, shape, surface characteristics  Microscopy:  
• Cellular structure   
• Presence of fibers, trichomes, starch grains   

Microscopy is particularly useful for detecting adulterants.  
6.4.4 Physicochemical Parameters[18][19]  
These parameters help assess purity and quality:  

a. Moisture Content  
• Determines water content   
• High moisture leads to microbial growth   

b. Ash Value  
• Total ash   
• Acid-insoluble ash   
• Water-soluble ash   

Indicates presence of inorganic matter or contaminants.  

c. Extractive Values  
• Alcohol-soluble extractive   
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• Water-soluble extractive   

Reflects amount of active constituents present.  
6.4.5 Phytochemical Standardization  
Identification of chemical constituents using:  

• Qualitative tests (alkaloids, flavonoids, tannins)   
• Quantitative estimation of active compounds   

These constituents are responsible for analgesic activity.  
6.4.6 Chromatographic Techniques[18]  
Used for fingerprinting and quantification:  

• Thin Layer Chromatography (TLC)   
• High Performance Liquid Chromatography (HPLC)   
• Gas Chromatography (GC)   

These techniques ensure reproducibility and detect impurities.  
6.4.7 Spectroscopic Analysis Advanced methods 
include:  

• UV-Visible spectroscopy   
• Infrared spectroscopy (IR)   
• Nuclear Magnetic Resonance (NMR)   

Used for structural identification of compounds.  
 
6.5 Quality Control of Herbal Drugs[24]  
Quality control ensures that herbal drugs meet defined standards.  
6.5.1 Raw Material Control  

• Proper identification   
• Removal of foreign matter   
• Controlled storage conditions   

6.5.2 Process Control  
• Standard extraction procedures   
• Controlled temperature and time   
• Use of validated methods   

6.5.3 Finished Product Control  
• Uniform composition   
• Stability testing   
• Microbial limit testing   

 
6.6 Contaminants and Adulteration  
Herbal drugs may contain unwanted substances such as:  

• Heavy metals (lead, mercury)   
• Pesticides   
• Microbial contamination   
• Adulterants   

Proper testing is essential to ensure safety.  
 
6.7 Good Practices in Herbal Drug Production  
6.7.1 Good Agricultural Practices (GAP)  

• Proper cultivation   
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• Use of quality seeds   
• Controlled harvesting   

6.7.2 Good Manufacturing Practices (GMP)  
• Hygienic processing   
• Standardized procedures   
• Quality assurance   

 
6.8 Stability Studies  
Stability studies determine shelf life:  

• Temperature effects   
• Light exposure   
• Humidity   

Ensures product retains efficacy over time.  
 
6.9 Regulatory Aspects  
Guidelines for herbal drug standardization are provided by:  

• World Health Organization   
• Pharmacopoeia Commission for Indian Medicine & Homoeopathy   
• National pharmacopoeias   

These ensure quality, safety, and efficacy.  
 
6.10 Importance in Analgesic Study 
 In the context of this study:  

• Ensures reliability of experimental results   
• Confirms presence of active analgesic compounds   
• Eliminates variability in response   

 
6.11 Challenges in Standardization  

• Complexity of plant constituents   
• Lack of reference standards   
• Environmental variability   
• Limited regulatory harmonization   

    
VII. TOXICOLOGICAL EVALUATION OF HERBAL DRUGS 

7.1 Introduction  
Toxicological evaluation is a critical component of herbal drug research, aimed at determining the safety profile, potential 
risks, and dose limits of plant-based formulations. Although herbal drugs are generally considered safer than synthetic 
medicines, they are not completely free from adverse effects. Improper dosing, contamination, or prolonged use may lead 
to toxicity.  
Therefore, systematic toxicological studies are essential before pharmacological evaluation and clinical application.[6]  
 
7.2 Importance of Toxicological Studies [6][20]  
Toxicity studies help to:  



I J A R SC T    
    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 10, May 2026 

 Copyright to IJARSCT           DOI: 10.48175/IJARSCT-35703  34 

   www.ijarsct.co.in  
 

 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
  Establish safe dosage range   
  Identify adverse effects and target organs   
  Determine lethal dose (LD₅₀)   
  Ensure safety for experimental animals and humans   
  Support regulatory approval   

These studies provide a scientific basis for the safe use of herbal drugs.  
 
7.3 Classification of Toxicity Studies  
7.3.1 Acute Toxicity Study  

• Single dose administration   
• Observation period: 24–72 hours   
• Determines immediate toxic effects   

Purpose:  
To identify the maximum tolerated dose and initial safety profile.  
7.3.2 Sub-Acute Toxicity Study  

• Repeated dosing for 14–28 days   
• Evaluates cumulative effects  

 
Parameters observed:  

• Body weight   
• Food and water intake   
• Behavioral changes   

7.3.3 Chronic Toxicity Study  
• Long-term exposure (up to 90 days or more)   
• Assesses long-term safety   

Purpose:  
To identify delayed toxic effects and organ damage.  
 
7.4 Guidelines for Toxicity Studies  
Toxicological evaluation is conducted as per international guidelines by the Organisation for Economic Co-operation and 
Development.  
Common OECD Guidelines:  

• 423: Acute oral toxicity   
• 407: Repeated dose toxicity   

These guidelines ensure standardized and reproducible results.[6]  
 
7.5 Acute Toxicity Study (Methodology)  
7.5.1 Experimental Animals  

• Albino mice or rats   
• Healthy and acclimatized   

7.5.2 Procedure  

1. Animals divided into groups   

2. Herbal extract administered orally   

3. Dose levels selected (e.g., 300, 1000, 2000 mg/kg)   

4. Animals observed continuously for first 4 hours   
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5. Further observation up to 72 hours [20]  

7.5.3 Parameters Observed  
• Mortality   
• Behavioral changes (restlessness, sedation)   
• Physical signs (tremors, convulsions)   
• Food and water intake   

 
7.6 Signs and Symptoms of Toxicity  

• Reduced locomotor activity   
• Loss of appetite   
• Respiratory distress   
• Convulsions   
• Coma (in severe cases)   

Absence of these signs indicates safety of the extract.  
 
7.7 Toxicity of Herbal Drugs  
Although herbal drugs are natural, toxicity may arise due to:  

• Overdose   
• Adulteration   
• Contamination (heavy metals, pesticides)   
• Drug interactions   

Thus, evaluation is essential.  
  

VII. EXPERIMENTAL DESIGN AND DOSE JUSTIFICATION  
8.1 Introduction  
A well-designed experiment is essential for obtaining valid and reproducible results. 
 
8.2 Grouping of Animals [22]  

Group  Treatment  

Control  Normal saline  

Standard  Diclofenac  

Test Low Dose  Herbal extract  

Test High Dose  Herbal extract  

  
8.3 Dose Selection [20,21]  

• Based on acute toxicity study   
• Typically 1/10th of maximum safe dose   

 
8.4 Route of Administration  

• Oral (p.o.) preferred   
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• Intraperitoneal (i.p.) for writhing test   

 
8.5 Experimental Timeline  

• Day 1: Acclimatization   
• Day 7: Dosing   
• Same day: Analgesic tests   

 
8.6 Ethical Considerations  
Guidelines followed as per Committee for the Purpose of Control and Supervision of Experiments on Animals.  

 
IX. RESULTS 

9.1 Introduction  
This chapter presents the experimental findings obtained from evaluating the analgesic activity of selected herbal extracts. 
The activity was assessed using central (hot plate and tail flick) and peripheral (acetic acid-induced writhing) models. 
Results are expressed as Mean ± SEM and compared with the standard drug Diclofenac sodium.  
 
9.2 Phytochemical Screening Results  
Preliminary phytochemical analysis confirmed the presence of important bioactive constituents.  

Phytoconstituent  Result  

Alkaloids  Present  

Flavonoids  Present  

Tannins  Present  

Saponins  Present  

Glycosides  Present  

Interpretation:  
The presence of flavonoids and alkaloids suggests potential analgesic and anti-inflammatory activity.  
 
9.3 Acute Toxicity Study  
No mortality or significant behavioral changes were observed up to the tested dose.  

Dose (mg/kg)  Observation  

500  No toxicity  

1000  Safe  

2000  No mortality  

Conclusion:  
The herbal extract was found to be safe, and experimental doses were selected accordingly.  
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9.4 Hot Plate Method (Central Analgesic Activity) 
 9.4.1 Reaction Time (seconds)  

Group  0 min  30 min  60 min  

Control  3.2 ± 0.2  3.3 ± 0.3  3.4 ± 0.2  

Standard  3.1 ± 0.2  6.5 ± 0.4  8.2 ± 0.3  

Test Low Dose  3.0 ± 0.2  5.2 ± 0.3  6.4 ± 0.4  

Test High Dose  3.1 ± 0.3  6.0 ± 0.4  7.5 ± 0.3  

 
Fig. 5: Hot Plate Method (Central Analgesic Activity) 

Interpretation [21,22]  
• Significant increase in reaction time observed in test groups   
• High dose shows effect comparable to standard drug   
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   Indicates strong central analgesic activity   
 
9.5 Tail Flick Method  
9.5.1 Reaction Time (seconds)  

Group  0 min  30 min  60 min  

Control  2.8 ± 0.2  2.9 ± 0.2  3.0 ± 0.3  

Standard  2.9 ± 0.2  5.8 ± 0.3  7.0 ± 0.4  

Test Low Dose  2.7 ± 0.2  4.8 ± 0.3  5.9 ± 0.3  

Test High Dose  2.8 ± 0.2  5.5 ± 0.4  6.6 ± 0.4  

 
• Increased latency in tail flick response   
• Confirms involvement of spinal reflex pathways   

  

Fig.  6 :  Tail Flick Method   

Interpretation   [21]   
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   Demonstrates central analgesic effect   
9.6 Acetic Acid-Induced Writhing Test (Peripheral Activity) 9.6.1 Number of Writhes  

Group  No. of Writhes  % Inhibition  

Control  45 ± 2.1  —  

Standard  12 ± 1.2  73.3%  

Test Low Dose  20 ± 1.5  55.5%  

Test High Dose  15 ± 1.3  66.6%  

 
• Significant reduction in writhing observed   
• Indicates inhibition of prostaglandin synthesis   

   Confirms peripheral analgesic activity   
9.7 Statistical Analysis [21]  

• Data expressed as Mean ± SEM   
• One-way ANOVA followed by Dunnett’s test applied   

   Results showed p < 0.05 (statistically significant)   
    

 
X. DISCUSSION 

10.1 Introduction  
The discussion interprets the experimental findings in light of established pharmacological principles and previously 
reported literature. In this study, the analgesic activity of selected herbal extracts was evaluated using validated animal 

  

Fig.  7 :   Acetic Acid - Induced Writhing Test   

Interpretation   [22]   
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models representing both central and peripheral mechanisms of pain. The outcomes provide insight into the efficacy and 
possible mechanisms of action of these plant-based agents. [13]  
 
10.2 Interpretation of Phytochemical Screening  
Preliminary phytochemical analysis revealed the presence of key bioactive constituents such as:  

• Flavonoids   
• Alkaloids   
• Tannins   
• Saponins   

These compounds are widely reported to possess analgesic and anti-inflammatory properties. Flavonoids are known to 
inhibit enzymes involved in prostaglandin synthesis, while alkaloids may interact with central opioid receptors. Tannins 
and saponins contribute to membrane stabilization and modulation of inflammatory mediators.  
The presence of these constituents in the tested extracts provides a strong biochemical basis for the observed analgesic 
effects. [13,14]  
 
10.3 Discussion of Central Analgesic Activity  
10.3.1 Hot Plate Method  
The hot plate test is a well-established model for evaluating centrally acting analgesics. In this study:  

• The herbal extract significantly increased reaction time   
• The effect was dose-dependent   
• The higher dose showed results comparable to the standard drug Diclofenac sodium   

This suggests that the extract may act on supraspinal pain pathways, possibly involving opioid receptor modulation or 
inhibition of central pain mediators.  
10.3.2 Tail Flick Method  
The tail flick test evaluates spinal reflexes and is indicative of central analgesic activity.  

• Increased latency time was observed in treated groups   
• The response was significant compared to control   
• Results support involvement of spinal pain pathways   

These findings confirm that the herbal extract exerts a central analgesic effect, possibly through modulation of 
nociceptive transmission at the spinal level.  
 
10.4 Discussion of Peripheral Analgesic Activity  
Acetic Acid-Induced Writhing Test  
This model is widely used for evaluating peripheral analgesic activity.  

  Significant reduction in number of writhes observed   
  Indicates inhibition of chemical mediators such as:   

o  Prostaglandins  o 
 Bradykinin  o 
 Substance P   

The mechanism is likely due to inhibition of cyclooxygenase enzymes, similar to NSAIDs, resulting in reduced synthesis 
of prostaglandins.   
 
10.5 Dose-Dependent Response  
The study clearly demonstrated a dose-dependent increase in analgesic activity:  

• Low dose showed moderate effect   
• High dose showed significant effect   
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• Higher dose approached standard drug efficacy   

This suggests a direct relationship between dose and pharmacological response, which is essential for therapeutic 
application.  
10.6 Comparison with Standard Drug  
The herbal extract was compared with Diclofenac sodium, a widely used NSAID.  

• Standard drug showed highest analgesic activity   
• Herbal extract at high dose showed comparable results   
• Indicates strong therapeutic potential   

Unlike synthetic drugs, herbal extracts may offer similar benefits with fewer adverse effects.  
[7-16]  
10.7 Correlation with Previous Studies  
The present findings are consistent with earlier research:  

• Studies have shown flavonoids inhibit prostaglandin synthesis   
• Alkaloids are known to act on central nervous system pathways   
• Antioxidant activity reduces oxidative stress and inflammation   

These similarities validate the experimental results and support the credibility of the study.  
10.8 Possible Mechanism of Action [15,16]  
Based on the results, the analgesic activity of the herbal extract may involve:  

1. Central Mechanism   
o  Activation of opioid receptors   
o  Modulation of neurotransmitters   

2. Peripheral Mechanism   
o  Inhibition of prostaglandin synthesis   
o  Reduction of inflammatory mediators   

3. Antioxidant Activity   
o  Reduction of oxidative stress   
o  Protection of tissues   

10.9 Safety and Toxicity Consideration  
The acute toxicity study indicated that:  

• No mortality observed   
• No behavioral abnormalities detected   
• Extract is safe at tested doses   

This confirms the safety profile of herbal drugs and supports their use in therapeutic applications. [3,4,17]  
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XI. CONCLUSION 

11.1 Conclusion  
Based on the experimental findings and analysis, the following conclusions can be drawn:  

• The selected herbal drugs possess significant analgesic activity   
• The activity is dose-dependent, with higher doses showing greater effects   
• The extracts exhibit both central and peripheral mechanisms of action   
• The analgesic effect may be attributed to the presence of flavonoids, alkaloids, and tannins   
• The herbal extracts showed comparable activity to standard drug Diclofenac sodium   
• The extracts were found to be safe and non-toxic at the tested doses   

Overall, the study provides strong scientific evidence supporting the traditional use of herbal drugs in pain management. 
It highlights their potential as safer and effective alternatives to synthetic analgesics. [7-16]  
 
11.2 Future Scope  
The present study opens several avenues for further research:  

• Isolation and characterization of active phytoconstituents   
• Detailed mechanism of action studies   
• Clinical trials in human subjects   
• Development of novel herbal formulations (tablets, gels, capsules)   
• Standardization and large-scale production  

    
XII. LIMITATIONS OF THE STUDY 

Study of Analgesic Activity of Herbal Drugs  
The present study demonstrated significant analgesic activity of selected herbal drugs; however, certain limitations were 
observed during the course of the research work. These limitations should be considered while interpreting the results 
and planning future studies.  
1. Use of Experimental Animal Models  
The study was conducted only on experimental animals such as mice/rats. Although animal models provide useful 
preliminary information, the results may not completely correlate with human physiological responses.  
2. Limited Duration of Study  
The investigation was carried out for a short experimental duration. Long-term studies are necessary to evaluate:  

• Chronic toxicity   
• Long-term safety   
• Sustained analgesic effects   

3. Crude Extracts Were Used  
The study utilized crude herbal extracts rather than isolated pure compounds. Therefore:  

• Exact active constituents responsible for analgesic activity were not identified   
• Synergistic interactions among phytoconstituents could not be fully explained  

4. Lack of Advanced Analytical Characterization  
Advanced analytical techniques such as:  

• HPLC   
• GC-MS   
• LC-MS   

were not employed for detailed phytochemical characterization and quantification of active compounds.  
5. Limited Mechanistic Evaluation  
Although significant analgesic activity was observed, the exact molecular mechanism of action was not fully investigated. 
Further studies are required to understand:  
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• Receptor interactions   
• Neurochemical pathways   
• Enzyme inhibition mechanisms   

6. Small Sample Size  
The number of animals used in each experimental group was limited. Larger sample sizes could improve:  

• Statistical accuracy   
• Reliability of results   
• Reproducibility of findings   

7. Environmental Variability of Herbal Materials  
The phytochemical composition of medicinal plants may vary due to:  

• Geographical location   
• Seasonal variation   
• Soil conditions   
• Harvesting time   

This variability may influence the consistency of pharmacological activity.  
8. Absence of Clinical Studies  
The study was limited to preclinical evaluation. Clinical trials in human subjects were not performed; therefore, 
therapeutic applicability in humans requires further investigation.  
9. Limited Comparative Analysis  
Only one standard drug, Diclofenac sodium, was used for comparison. Inclusion of multiple standard analgesics could 
provide broader comparative analysis.  
10. Stability Studies Were Not Performed  
The stability and shelf-life of the prepared herbal extracts were not evaluated under different storage conditions.  
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