Different Models Used to Screen Inflammation: An Overview
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ABSTRACT
Inflammation is a crucial part of the body's defence system but chronic inflammation can contribute to the development of various diseases. Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used to manage inflammation but they can have associated side effects. To address this, pharmaceutical research employs various screening methods including in vitro assays, animal models, computational modelling and high-throughput screening techniques to identify as well as evaluate potential anti-inflammatory compounds. This paper provides an overview of acute and chronic inflammation also highlighting their characteristics, immune responses and resolution. It also discusses the molecular targets of NSAIDs such as the cyclooxygenase (COX) enzymes and the different types of NSAIDs available. Furthermore, the paper explores the causes of inflammation, including infections, injuries, autoimmune disorders, environmental factors and metabolic factors. The importance of screening methods in anti-inflammatory drug development is emphasized with a focus on in vitro assays, animal models and computational modelling. These methods enable researchers to understand the complex mechanisms underlying inflammation and identify promising candidates for further development. Finally, the paper stresses the need for effective anti-inflammatory therapies that target specific molecular pathways to manage chronic inflammation and improve patient outcomes. In conclusion, this paper provides a comprehensive overview of inflammation, anti-inflammatory drugs and causes of inflammation and screening methods in drug development. It highlights the importance of addressing chronic inflammation and developing safer and more potent anti-inflammatory therapies for better patient care.
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INTRODUCTION
Inflammation is the body's natural defence system's response to different internal and external stimuli, depending on how long it lasts, it might be classified as acute or chronic [1]. Acute inflammation is a short-term reaction to tissue injury, infection or exposure to potentially hazardous chemicals. It is a protective mechanism aimed at removing the actual cause of the injury, removing damaged tissues and starting the healing process [2]. On the other hand chronic inflammation is a long-term and persistent inflammatory response that can last months or years. Inflammation is an essential part of the healing process, aiding in the removal of foreign substances from the body [3]. Common symptoms of inflammation include pain, swelling, redness, heat and limited mobility. This process involves changes in blood vessels such as increased blood flow and dilation as well as cellular changes where white blood cells migrate to combat bacteria. Monitoring these changes helps assess the anti-inflammatory properties of compounds [4].

TABLE 1: ACUTE INFLAMMATION Vs CHRONIC INFLAMMATION [5].
	S. No.
	Characteristics
	Acute inflammation
	Chronic inflammation

	1.
	Onset
	It usually starts rapidly after tissue injury or infection.
	It may develop as a result of unresolved acute inflammation, persistent exposure to irritants or pathogens or an autoimmune reaction in which the immune system assaults healthy tissues.

	2.
	Duration
	It is a relatively short-lived response that lasts for a short period of time.
	It is a long-lasting inflammatory state that persists for an extended period of time.

	3.
	Symptoms
	It is characterised by redness, swelling, heat, discomfort and loss of function. These symptoms are often localized to the site of injury or infection.
	It may have milder or less noticeable symptoms than acute inflammation. However, it can cause long-term low-grade symptoms like weariness, joint soreness, and moderate fever. Over time, it can cause tissue damage and the development of several diseases.

	4.
	Immune response
	The immune system is activated, resulting in the release of inflammatory mediators such as histamine, cytokines and chemokines. This causes increased blood flow, blood vessel dilation and immune cell recruitment to the afflicted area.
	In chronic inflammation immune cells, particularly macrophage, lymphocytes, infiltrate the affected tissues and release pro-inflammatory molecules. This sustained immune response can cause damage to healthy tissues and contribute to the progression of diseases like rheumatoid arthritis, inflammatory bowel disease and atherosclerosis.

	5.
	Resolution
	Acute inflammation typically resolves once the injurious agent is eliminated and the healing process begins. The damaged tissues are repaired and normal function is restored.
	Unlike acute inflammation, chronic inflammation often lacks a resolution phase. The immune responses keep at leading to ongoing tissue damage and impaired tissue repair.



While anti-inflammatory medications are available to treat symptoms such as pain, swelling and fever many of them have adverse effects. The cyclooxygenase (COX) enzymes are the molecular targets of non-steroidal anti-inflammatory drugs (NSAIDs) and essential in the first step of arachidonic acid metabolism. NSAIDs primarily inhibit COX enzymes, reducing the formation of prostaglandins and thromboxane both of which are involved in inflammation and pain. COX has three isoforms: COX-1, COX-2 and COX-3 [6]. COX-1 is constitutively produced and found in platelets, kidneys and the gastrointestinal (GI) tract. It is responsible for maintaining kidney and GI tract homeostasis. NSAIDs that inhibit COX-1 can have adverse effects on the GI tract, including the formation of ulcers. COX-2 is an inducible isoform that is produced by a variety of cell types in response to endotoxins, mitogens and cytokines released during tissue injury [7]. It is overexpressed near the site of injury and helps to produce prostaglandins, which causes an inflammatory and painful reaction. COX-3 the third isoform is found mostly in the brain and heart. This isoform is thought to be targeted by acetaminophen (paracetamol). The goal of developing COX-2 selective inhibitors was to reduce the GI side effects associated with non-selective NSAIDs [8]. These selective inhibitors specifically target the COX-2 enzyme and have been shown to be well-tolerated with no risk of GI side effects. They are frequently used to relieve arthritic pain and inflammation [9].

NSAIDs are widely used for the management of acute and chronic pain associated with inflammation. They inhibit COX enzymes, interfering with the production of prostaglandins and thromboxane. COX-1 is present in most cells and has regulatory and protective effects, while COX-2 is activated during inflammation. NSAIDs are classified according to their selectivity for COX-1 or COX-2, the concentration required for clinical effects and other factors. Different forms of NSAIDs include non-selective NSAIDs, preferred COX-2 inhibitors and highly selective COX-2 inhibitors (coxibs). Adverse effects are frequently associated with COX-1 inhibition which is involved in a variety of physiological systems [10]. 
Therefore, there is a need to develop medications with reduced gastric irritation. In addition to using living organisms (in vivo) for testing, in vitro assays performed outside the body are valuable in investigating the anti-inflammatory activity of new drugs. These simpler assays can mimic the responses seen in vivo, making them widely used in the development and evaluation of new anti-inflammatory agents.Top of Form
TABLE 2: Some NSAIDs Drugs [12, 13].
	Salicylates         
	Aryl acetic derivatives
	Enolic acids
	Arylpropionic derivaives
	Phenemates
	Others 
	Coxibs

	Acetyl salicylic acid
Lysine clinixinate
Berorilate
Diflunisal
Salicylamide
Etersalate
Salsalate
Salicylic acid
Aspirin
	Aceclofenac
Bufexamac
Lonazolac
Alclofenac
Zomepirac diclofenac
Etodolac
Fetiazac
Ketorolac

	Oxicans
Droxicam
Meloxicam
Piroxicam
Tenoxicam
Oxaprozin
Lornoxicam
	Butibufen
Phenoprofen
Phenobufen
Flurbiprofen
Benoxaprofen
Suprofen
Ibuprofen
Ketoprofen
Dexetoprofen
Pyprophen
Indoprofen
Naprofen
Oxaprozin
Tiaprofen
Dexibuprofen
Flunoxaprofen
Alminoprofen
	Meclofenamic acid
Mefenamic acid
Flufenamic acid
Tolipanic acid
Niflumic acid
Etofenamates 

	Nabumetone 
Glucosamine
Diacerhein
Nimesulide
Proquazone
Azapropazone
Benzidamine
Orgotein
Feprazone
Morniflumato
Tenidap
Glucosaminoglcan
	Celecoxib
Rofecoxib
valdecoxib
Etoricoxib
Parecoxib 
4-aminophenol
Paracetamol

	
	
	Pyrazolones
Phenylbutazone
Mofebutazone
Oxyphenbutazone
Kebuzone
Metamizone
Feprazone
Nifenazone
Suxibuzone
Aminophenazone
	
	
	
	



[image: ]
FIGURE 1: Mechanism of Inflammation [11].
Inflammation plays a significant role in various diseases which making it important point of research and drug development. Screening methods are crucial for identifying and assessing potential anti-inflammatory compounds. The pharmaceutical industry employs various screening methods including in vitro assays that examine cellular and molecular responses related to inflammation. These approaches assess the inhibition of certain enzymes or pathways or the release of inflammatory mediators. Animal models are also important in determining the overall efficacy and systemic effects of anti-inflammatory drugs. Furthermore, advances in computational modelling and high-throughput screening techniques have facilitated the identification of novel anti-inflammatory agents in a more efficient and economical manner.

By combining in vitro, in vivo and computational screening methods, researchers gain a better understanding of the complex mechanisms underlying inflammation. This approach enables the identification of promising candidates for further development as potential anti-inflammatory therapies.Top of Form
CAUSES OF INFLAMMATION:
It is crucial to highlight that acute inflammation is a natural and necessary aspect of the body's defence mechanism, while chronic inflammation can be harmful and contribute to the development of many different diseases. Managing chronic inflammation and addressing the underlying causes are vital for overall health and well-being. Inflammation can arise from various sources and triggers within the body. These causes include [14, 15, 16, 17]:
1. Infection: Pathogens like bacteria, viruses, or fungi can prompt an immune response leading to inflammation. Examples encompass respiratory, urinary tract, and skin infections.
2. Injury or trauma: Physical harm, such as cuts, burns, fractures, or sprains, can induce inflammation as the body initiates the healing process to repair damaged tissues.
3. Autoimmune disorders: Conditions such as rheumatoid arthritis, multiple sclerosis and lupus involve the immune system accidentally attacking healthy tissues resulting in chronic inflammation.
4. Allergic reactions: Some individuals may experience inflammation as a response to exposure to allergens like pollen, pet dander or certain foods. Allergic reactions can manifest as hay fever, asthma or food allergies.
5. Chronic diseases: Certain long-standing situations like inflammatory bowel disease (Crohn's disease, ulcerative colitis), psoriasis and atherosclerosis involve persistent inflammation as a component of their underlying pathological mechanisms.
6. Environmental factors: Exposure to environmental pollutants, toxins or irritants such as cigarette smoke, air pollution or certain chemicals can trigger inflammation within the body.
7. Metabolic factors: Factors such as obesity, excessive consumption of sugar and an unhealthy diet can contribute to chronic low-grade inflammation known as meta-inflammation which is associated with conditions like type-2 diabetes and metabolic syndrome.
8. Stress: Prolonged or chronic stress can disrupt immune system regulation and promote inflammation in the body.

TABLE 3: TttTop of Form
DIFFERENT MODELS USED TO STUDY INFLAMMATION.
	S. NO.
	SCREENING METHOD
	REFERENCES

	1.
	Acetic acid-induced vascular permeability
	18, 19, 20, 21, 22, 23, 24, 25

	2.
	Carrageenan-induced edema
	18, 19, 24, 25,  26, 27, 28, 29, 30, 31

	3.
	Carrageenan induced air pouch model
	18, 19, 29, 30, 31

	4.
	Cotton pellet-induced
	18, 19, 25, 29, 30, 31

	5.
	Migration induced
a) Leucocyte migration
b) Neutrophil migration into the peritoneal cavity
	18, 19, 32, 33

	6.
	Ear edema induced model
a) Croton oil-induced mouse ear edema
b) Ethyl phenyl propionate-induced ear edema
c) Topical acute edema of the mouse ear
d) TPA-treated mouse ear edema
e) Xylene or croton oil-induced mouse ear edema
f) Xylene induced ear edema
	18, 19, 22, 34, 35, 36, 37, 38, 43

	7.
	Paw edema induced model
a) Carrageenan- and arachidonic acid-induced paw edema
b) Egg white induced hind paw edema
c) Formalin induced edema in rat paw
d) Histamine- induced hind paw oedema
e) Hot scald-induced rat paw edema
f) Paw edema induced by histamine and serotonin
g) Paw oedema induced by egg albumin in rat
h) PGE2 induced hind paw edema
i) λ- Carrageenan (CARR) - induced paw edema
j) Kaolin- induced paw oedema
	18, 19, 20, 21, 22, 23, 35, 37, 38, 45, 46, 47, 48, 49, 50

	8.
	Pleurisy induced model
a) Carrageenan-induced pleurisy
b) LPS-induced pleurisy
	18, 19, 51

	9.
	Cutaneous inflammation induced to the inner surface of right ear
	18, 19, 52

	10.
	Formalin-induced edema in the rat paw
	18, 19, 20, 21, 22, 45

	11.
	Granuloma air pouch model
	18, 19, 29

	12.
	HRBC membrane stabilization
	18, 19, 23, 38, 43, 44, 45, 46

	13
	Human keratinocyte HaCaT cells
	18, 19, 53, 54, 55, 56, 57, 58

	14.
	LPS-activated raw264.7 cells
	18, 19, 35

	15.
	Mouse model of acute and chronic inflammation
	18, 19, 23Top of Form

	16.
	Zymosan-induced edema in mice
	18, 19, 59, 60, 61, 62Top of Form

	18.
	Carrageenan and dextran-induced pedal edema
	18, 19, 63, 64, 65

	19.
	Freund's adjuvant-induced inflammation model
	18, 19, 66, 67, 68, 69, 70

	19.
	Lipopolysaccharide (LPS)-induced septic shock
	18, 19, 71, 72 Top of Form

	20.
	Plasma leakage in the mouse skin
	18, 19, 73, 74

	21.
	Hyaluronidase inhibitory assay
	18, 19, 75, 76



1.  ACETIC ACID-INDUCED VASCULAR PERMEABILITY [18, 19, 20, 21, 22, 23, 24, 25]:
It is a commonly used method to evaluate inflammation in laboratory experiments, particularly in animal models. It assesses the leakage of fluid and proteins from blood vessels into surrounding tissues, which is a characteristic feature of inflammatory responses.

PRINCIPLE:
Acetic acid injection induces local vasodilation and increases the permeability of blood vessels, leading to the extravasation of plasma proteins and other macromolecules into the surrounding tissues.

GENERAL PROCEDURE:
1. Animal preparation: Select an appropriate animal model and divide them into control and experimental groups.
2. Acetic acid injection: Administer a small volume of acetic acid solution (usually 0.6-1.2% diluted in sterile saline) via subcutaneous or intradermal injection.
3. Control injection: Inject a similar volume of sterile saline at a separate site on the animal.
4. Incubation period: Allow the animals to recover and provide a specific incubation period (e.g., 15-60 minutes) for acetic acid-induced inflammation to develop.
5. Assessment of vascular permeability: After the incubation period, sacrifice the animals and measure the extravasation of plasma proteins or suitable indicators of vascular leakage.
6. Measurement techniques: Various methods can be employed, such as quantifying extravasated protein content using colorimetric assays or measuring fluorescence intensity of intravenously injected dyes.
7. Data analysis: Calculate and compare vascular permeability values between control and experimental groups using statistical analysis.

2. CARRAGEENAN-INDUCED EDEMA [18, 19, 24, 25,  26, 27, 28, 29, 30, 31]:
It is a commonly used method to study inflammation in experimental settings, particularly in animal models. It involves injecting carrageenan, a naturally occurring polysaccharide derived from red seaweed, into a specific tissue site to induce localized inflammation and measure the resulting edema or swelling.

PRINCIPLE: 
Carrageenan injection promotes an inflammatory response characterized by increased vascular permeability, immune cell infiltration, and the release of inflammatory mediators. These events contribute to the accumulation of fluid and the development of edema at the injection site.

GENERAL PROCEDURE:
1. Animal preparation: Select an appropriate animal model and divide them into control and experimental groups.
2. Carrageenan injection: Inject a solution of carrageenan into the subcutaneous tissue of the paw, typically the hind paw. Inject the carrageenan into one paw, while the contralateral paw receives a control injection of sterile saline.
3. Measurement of paw volume: Measure the baseline paw volume of both the injected and control paws before injection using a plethysmometer or a similar device.
4. Time course evaluation: Monitor and measure the paw volume at predetermined time intervals after carrageenan injection (e.g., 1, 2, 3, 4, and 24 hours) using the plethysmometer. Record the paw volume, which reflects the degree of edema or swelling.
5. Data analysis: Calculate and compare the changes in paw volume between the control and experimental paws at different time points. Perform statistical analysis to determine the significance of the observed differences.

3. CARRAGEENAN INDUCED AIR POUCH MODEL [18, 19, 29, 30, 31]:
It is an experimental technique used to study inflammation and immune responses in laboratory settings, particularly in rodents. It involves the creation of an air-filled pouch in the subcutaneous tissue and subsequent stimulation with carrageenan to induce inflammation. This model allows for the examination of inflammatory parameters and the evaluation of anti-inflammatory compounds or interventions.

PRINCIPLE:
The injection of carrageenan into the created air pouch leads to an acute inflammatory response characterized by the recruitment of immune cells, release of inflammatory mediators, and changes in the pouch fluid. Various inflammatory parameters can be measured to assess the inflammation in the air pouch.

GENERAL PROCEDURE:
1. Animal preparation: Select an appropriate animal model and divide them into control and experimental groups.
2. Air pouch creation: Anesthetize the animals, shave and disinfect the dorsal area, make a small incision, and create a subcutaneous pouch by injecting sterile air or fluid into the dissected area. Close the incision.
3. Allow pouch maturation: Allow the air pouch to mature for a specific period, typically 3-7 days, to develop a well-vascularized pouch lining.
4. Carrageenan stimulation: Anesthetize the animals again and inject a solution of carrageenan into the air pouch through a small needle. The volume of carrageenan solution injected can vary depending on the desired concentration.
5. Control injection: Inject a similar volume of sterile saline into the air pouch of the control group animals.
6. Incubation period: Allow the animals to recover and provide a specific incubation period, typically 4-6 hours or longer, to allow the inflammatory response to develop.
7. Collection of pouch fluid: Euthanize the animals, excise the air pouch, and collect the pouch fluid by flushing it with a suitable buffer (e.g., phosphate-buffered saline).
8. Measurement of inflammatory parameters: Analyse the pouch fluid for various inflammatory parameters using appropriate laboratory techniques or assays, such as total protein content, leukocyte counts, levels of inflammatory cytokines or chemokines, and enzymatic activity (e.g., myeloperoxidase activity).
9. Data analysis: Compare the inflammatory parameters between the control and experimental groups using statistical analysis.

4. COTTON PELLET-INDUCED [18, 19, 25, 29, 30, 31]:
This inflammation model is a widely used preclinical method to evaluate chronic inflammation and evaluate the anti-inflammatory potential of compounds or interventions. In this model, sterile cotton pellets are implanted subcutaneously, and the resulting tissue response is measured over time. 

PARAMETERS:
1. Wet weight of cotton pellets: Measures the extent of tissue granulation and edema formation.
2. Dry weight of cotton pellets: Reflects the degree of tissue fibrosis and cellular infiltration.
3. Histological assessment: Evaluates cellular infiltration, tissue remodelling, and neovascularization.
4. Inflammatory mediator levels: Measurement of cytokines, chemokines, or other inflammatory markers in the tissue.

PRINCIPLE: 
The cotton pellet-induced inflammatory model mimics chronic inflammation, which is characterised by fibroblast growth, cellular infiltration, and angiogenesis. The cotton pellets act as foreign substances, eliciting an immunological response from the host and resulting in the induction of inflammatory cells, tissue remodelling, and the production of pro-inflammatory mediators.

PROCEDURE: 
1. Animal preparation: Select the appropriate animal model, typically rats or mice, and divide them into control and experimental groups based on your study design.
2. Sterilization of cotton pellets: Sterilize the cotton pellets in an autoclave or other appropriate method to ensure they are sterile before implantation.
3. Anaesthesia and pellet implantation: Anesthetize the animals using suitable anaesthesia protocols. Make a small incision in the subcutaneous tissue, typically in the dorsal region. Implant the sterilized cotton pellets into the subcutaneous pockets created.
4. Control implantation: In the control group, implant sterile cotton pellets or sham implants without any treatment.
5. Closure and recovery: Close the incision with sutures or wound clips. Allow the animals to recover from anaesthesia in a warm and quiet environment.
6. Experimental endpoint: Determine the appropriate time point(s) for evaluating the tissue response. Common time points include 7, 14, or 21 days after implantation. Sacrifice the animals at the designated time points.
7. Harvesting of cotton pellets and tissue assessment:
· Wet weight: Excise the implanted cotton pellets along with the surrounding tissues. Blot off excess fluid, and weigh the wet cotton pellets using an analytical balance. Record the weight.
· Dry weight: Place the wet cotton pellets in a drying oven or desiccator to remove moisture until a constant weight is achieved. Weigh the dried cotton pellets and record the weight.
· Histological assessment: Fix the harvested tissues, embed them in paraffin, section them, and stain with appropriate histological stains (e.g., hematoxylin and eosin). Evaluate the tissue sections for cellular infiltration, fibrosis, and neovascularization.
8. Measurement of inflammatory mediators: If desired, collect tissue samples from the harvested area and measure the levels of specific inflammatory cytokines, chemokines, or other markers using suitable techniques such as ELISA or PCR.
9. Data analysis: Compare the parameters between the control and experimental groups. Perform statistical analysis to determine the significance of observed differences.

5. MIGRATION INDUCED [18, 19, 32, 33]: 
Leucocyte migration and Neutrophil migration into the peritoneal cavity are important processes of the immune response that occur in the context of inflammation and infection. 

PARAMETERS:
1. Cell Count: Measuring the total number of leukocytes (white blood cells) and neutrophils that have migrated into the peritoneal cavity.
2. Chemotaxis: Assessing the directional movement of leukocytes and neutrophils towards a chemotactic stimulus.
3. Adhesion Molecules: Studying the expression and role of adhesion molecules that facilitate leukocyte and neutrophil attachment to endothelial cells.
4. Cytokine and Chemokine Levels: Measuring the levels of cytokines and chemokines in the peritoneal fluid that attract and activate leukocytes and neutrophils.
5. Phagocytic Activity: Evaluating the ability of neutrophils to engulf and eliminate pathogens or foreign particles.
6. ROS Production: Assessing the production of reactive oxygen species (ROS) by neutrophil which helps in pathogen destruction.

PRINCIPLES:
1. Inflammation and Infection: Leukocyte and neutrophil migration into the peritoneal cavity are essential components of the immune response to inflammation and infection.
2. Chemotaxis: Cells are attracted by chemical gradients, guiding their movement towards sites of inflammation or infection.
3. Adhesion and Transmigration: Leukocytes and neutrophils adhere to endothelial cells in the blood vessels and then transmigrate through the endothelial lining to reach the site of injury or infection.
4. Immune Activation: The presence of pathogens or foreign particles triggers the release of cytokines and chemokines, activating leukocytes and neutrophils.

PROCEDURE:
1. Peritoneal Lavage: Inject a sterile saline solution into the peritoneal cavity and then aspirate it to collect peritoneal fluid containing the migrated leukocytes and neutrophils.
2. Cell Count: Perform a cell count using a haemocytometer or flow cytometry to determine the total number of leukocytes and neutrophils.
3. Chemotaxis Assay: Use a chemotaxis chamber or a Boyden chamber to study the directional migration of leukocytes and neutrophils towards a chemotactic stimulus placed in a separate compartment.
4. Adhesion Molecule Expression: Use immunohistochemistry or flow cytometry to analyse the expression of adhesion molecules on endothelial cells and leukocytes/neutrophils.
5. Cytokine and Chemokine Analysis: Employ ELISA or other immunoassays to quantify the levels of cytokines and chemokines in the peritoneal fluid.
6. Phagocytosis Assay: Incubate neutrophils with fluorescently labelled pathogens or particles, then measure phagocytic activity using flow cytometry or fluorescence microscopy.
7. ROS Production Assay: Utilize fluorescent probes like DCFH-DA to measure intracellular ROS levels in neutrophils using flow cytometry.

TABLE 4: DIFFERENCE BETWEEN LEUCOCYTE MIGRATION AND NEUTROPHILE MIGRATION INTO PERITONEAL CAVITY.
	S. No.
	PROCESS
	CELL INVOLVED
	MECHANISM

	a)
	Leucocyte migration

	Leukocytes are a huge category of white blood cells that comprise neutrophils, monocytes, lymphocytes (B and T cells), eosinophils, and basophils.
	The process of leukocyte migration involves several steps:
a. Margination and Rolling: Leukocytes move to the periphery of the blood vessels (margination) and begin to roll along the endothelial lining in response to inflammatory signals.
b. Adhesion: Adhesion molecules on the leukocytes interact with receptors on the endothelial cells, causing the leukocytes to firmly attach to the vessel wall.
c. Transmigration (Diapedesis): The leukocytes then squeeze between endothelial cells and migrate through the vessel wall into the surrounding tissues, guided by chemoattractant released at the site of inflammation or infection. 

	b)
	Neutrophil migration into peritoneal cavity

	Neutrophils, a type of granulocyte and a subset of leukocytes, are the most common white blood cells and play an important role in the innate immune response to bacterial infections.
	The process involves:
a. Chemotaxis: Inflammatory signals or chemoattractant released by damaged tissues or invading pathogens attract neutrophils from the bloodstream to the peritoneal cavity.
b. Diapedesis: Neutrophils adhere to the endothelial cells lining the peritoneal blood vessels and undergo transmigration, crossing the vessel wall to enter the peritoneal cavity.
c. Accumulation: Once in the peritoneal cavity, neutrophils accumulate at the site of inflammation or infection, where they phagocytize and destroy pathogens.



6. EAR EDEMA INDUCED MODEL [18, 19, 22, 34, 35, 36, 37, 38, 43]:
Ear edema induced models are widely used experimental models to study the inflammatory response and evaluate the effects of various compounds or substances on the development of edema (swelling) in the mouse ear. 

PARAMETER:
Measurement of ear edema (swelling) is a common parameter assessed in these methods. A typical criterion examined in these procedures is ear edema (swelling). The degree of edema is frequently measured by comparing ear thickness or weight to a control group.

PRINCIPLE:
The principle behind these methods is to induce an inflammatory response in the mouse ear, typically by applying a specific inflammatory agent or irritant topically. This causes an increase in vascular permeability, immune cell recruitment, and the release of inflammatory mediators, which results in the formation of edema.

PROCEDURE:
7. Animal Preparation: Experimental animals, typically mice, are selected and acclimated to the laboratory environment. The mice are often of the same strain and age to minimize biological variations.
8. Treatment Groups: Mice are divided into different treatment groups, including control and experimental groups. The experimental groups receive the agent or treatment intended to induce inflammation (e.g., croton oil, ethyl phenyl propionate, TPA, xylene, or croton oil/xylene), while the control group receives a vehicle or placebo.
9. Induction of Inflammation: The inflammatory agent or irritant is applied topically to the surface of the mouse ear. The specific dosage and duration of application may vary depending on the protocol and experimental design. This can involve a single application or multiple applications over a specified time period.
10. Observation Period: After the induction of inflammation, the mice are typically observed for a specific period to allow the inflammatory response to develop fully. This can range from a few hours to several days, depending on the study objectives.
11. Measurement of Edema: The mice are euthanized and the ears are collected at the end of the observation period. The extent of edema is determined by comparing the increase in ear thickness or weight to the control group. Ear thickness is measured using callipers, and ear weight is evaluated with a sensitive balance.
12. Statistical Analysis: The data obtained from measuring ear edema are statistically analysed to determine significant differences between the control and experimental groups. This analysis helps evaluate the effectiveness of the inflammatory agent or potential anti-inflammatory interventions. 

TABLE 5: VARIOUS INDUCING AGENT USE FOR DIFFERENT EAR EDEMA INDUCED MODEL.
	S. No.
	Model Name 
	Inducing agent 

	a)
	Croton oil-induced mouse ear edema
	Croton oil is a potent inflammatory agent derived from the seeds of Croton tiglium.

	b)
	Ethyl phenyl propionate-induced ear edema
	Ethyl phenyl propionate is a compound that can induce inflammation when applied topically to the mouse ear.

	c)
	Topical acute edema of the mouse ear
	Specific agent used may vary depending on the study or experimental design.

	d)
	TPA-treated mouse ear edema
	TPA (12-O-tetradecanoylphorbol-13-acetate) is a widely used agent to induce inflammation in various models.

	e)
	Xylen or croton oil-induced mouse ear edema
	Involves using either xylene or croton oil to induce ear edema in mice. Xylene is a solvent that can irritate the skin and induce inflammation, while croton oil, as mentioned earlier, is a potent inflammatory agent.

	f)
	Xylene induced ear edema
	Xylene is applied topically to the ear, resulting in inflammation.



7. PAW EDEMA INDUCED MODEL [18, 19, 20, 21, 22, 23, 35, 37, 38, 45, 46, 47, 48, 49, 50]:
Paw edema-induced models are commonly used in experimental research to study the inflammatory response and assess the effects of various compounds or substances on the development of edema (swelling) in the paws of rodents, such as rats. 

PARAMETER:
The common parameter assessed in these methods is the measurement of paw or hind paw edema (swelling). The degree of edema is typically quantified by measuring the increase in paw thickness or weight compared to a control group.

PRINCIPLE:
To induce an inflammatory response in the paw or hind paw of animals, typically rats or mice. Various agents or substances are used to initiate the inflammatory process, leading to increased vascular permeability, recruitment of immune cells, and the release of inflammatory mediators, resulting in paw edema.

PROCEDURE:
1. Animal Preparation: The experimental animals, usually rats or mice, are selected and acclimated to the laboratory environment. They are often of the same strain and age to minimize biological variations.
2. Treatment Groups: The animals are divided into different treatment groups, including control and experimental groups. The experimental groups receive the agent or substance intended to induce inflammation (e.g., carrageenan, arachidonic acid, egg white, formalin, histamine, serotonin, etc.), while the control group may receive a vehicle or placebo.
3. Induction of Inflammation: The specific inflammatory agent or substance is administered to the paw or hind paw. The route of administration may vary, such as injection, topical application, or other appropriate methods based on the specific agent used. The dosage and duration of exposure are determined based on previous studies or established protocols.
4. Observation Period: After the induction of inflammation, the animals are typically observed for a specified period to allow the inflammatory response to develop fully. This observation period can range from a few minutes to several hours, depending on the specific experimental design and objectives.
5. Measurement of Paw Edema: At the end of the observation period, the degree of paw edema is measured. This can be done by assessing the increase in paw thickness using callipers or measuring the paw weight using a sensitive balance. The measurements are compared to the control group to quantify the extent of paw edema.
6. Statistical Analysis: The data obtained from measuring paw edema are statistically analysed to determine significant differences between the control and experimental groups. This analysis helps evaluate the effectiveness of the inflammatory agent or substance and the potential anti-inflammatory effects of test compounds or interventions.

TABLE 6: VARIOUS INDUCING AGENT USE FOR DIFFERENT PAW EDEMA INDUCED MODEL.
	S. No. 
	Model used 
	Inducing agent

	a)
	Carrageenin- and arachidonic acid-induced paw edema
	Carrageenin is a natural polysaccharide derived from certain types of red seaweed and arachidonic acid is a fatty acid that can be metabolized into prostaglandins and leukotrienes.

	b)
	Egg white induced hind paw edema
	Egg white contains various proteins and inflammatory components, is injected into the hind paw of an animal.

	c)
	Formalin induced edema in rat paw
	Formalin, a chemical compound, can be injected into the paw to induce an inflammatory response.

	d)
	Histamine- induced hind paw oedema
	Histamine is inflammatory mediator involved in allergic and inflammatory reactions.

	e)
	Hot scald-induced rat paw edema
	The paw of a rat is subjected to a brief application of hot water or a hot plate to induce thermal injury.

	f)
	Paw edema induced by histamine and serotonin
	Involves injecting histamine or serotonin (another inflammatory mediator) into the paw to induce inflammation and edema.

	g)
	Paw oedema induced by egg albumin in rat
	Egg albumin, a protein component of egg white, can be injected into the paw to induce inflammation.

	h)
	PGE2 induced hind paw edema
	GE2 (Prostaglandin E2) is a bioactive lipid mediator known for its pro-inflammatory properties

	i)
	λ- Carrageenan (CARR) - induced paw edema
	λ-Carrageenan, a specific type of carrageenan, is used to induce paw edema

	j)
	Kaolin- induced paw oedema
	Kaolin, a type of clay mineral, can be injected into the paw to induce an inflammatory response.



8. PLEURISY INDUCED MODEL [18, 19, 51]:  
Pleurisy is an inflammation of the pleura, which is a thin membrane that lines the lungs and the inside of the chest cavity. It can be induced in laboratory animals like mice for research purposes to study the inflammatory response and potential treatments for pleurisy. 

PARAMETERS: 
1. Inflammatory Mediators: Measurement of various inflammatory mediators, such as cytokines (e.g., TNF-α, IL-1β, IL-6) and chemokines, in the pleural fluid or serum to assess the extent of the inflammatory response.
2. Cellular Infiltration: Quantification of infiltrating cells, particularly neutrophils and other immune cells, in the pleural cavity using techniques like cell counting or flow cytometry.
3. Pleural Fluid Accumulation: Measurement of the volume of pleural fluid accumulated in the pleural cavity, which is indicative of the severity of pleurisy.
4. Histopathological Analysis: Examination of pleural tissue sections under a microscope to assess tissue damage, inflammatory cell infiltration, and other pathological changes.

PRINCIPLE:
Carrageenan-induced pleurisy and LPS-induced pleurisy both share the common principle of inducing inflammation in the pleural cavity to study the pathophysiology of pleurisy and evaluate potential therapeutic interventions. Both models involve the injection of a specific agent (carrageenan or LPS) into the pleural space of mice, triggering an acute inflammatory response. By measuring inflammatory parameters, researchers can assess the severity and resolution of inflammation and understand the mechanisms involved in the immune response.

PROCEDURE: 
1. Animal Preparation: Mice are selected for the study and allowed to acclimate to the laboratory environment. They are housed under standard conditions with free access to food and water.
2. Anaesthesia: Before the induction procedure, mice are anesthetized to minimize pain and discomfort. Common aesthetic agents include isoflurane or ketamine-xylazine.
3. Surgical Exposure: A small incision is made in the skin, and the underlying tissues are gently dissected to expose the pleural cavity.
4. Induction of Pleurisy: For carrageenan-induced pleurisy, carrageenan solution is injected into the pleural cavity. For LPS-induced pleurisy, LPS solution is injected into the same area.
5. Control Groups: Typically, there are control groups, including a negative control (e.g., saline injection) and a positive control (e.g., untreated inflammation).
6. Observation Period: After injection, mice are observed for a specific duration (usually a few hours to a day) to allow the inflammatory response to develop.
7. Sample Collection: At the end of the observation period, mice are euthanized, and pleural fluid and/or tissue samples are collected for analysis.
8. Data Analysis: Inflammatory parameters, cell counts, cytokine levels, and other relevant measurements are analysed and compared between control and experimental groups.

TABLE 7: VARIOUS INDUCING AGENT USE FOR DIFFERENT PLEURISY INDUCED MODEL.
	S. No.
	Model Name 
	Inducing agent

	a)
	Carrageenan-induced pleurisy
	Carrageenan-induced pleurisy is triggered by the injection of carrageenan, a seaweed-derived polysaccharide.

	b)
	LPS-induced pleurisy
	LPS-induced pleurisy is triggered by injecting lipopolysaccharide from bacteria.



9. CUTANEOUS INFLAMMATION INDUCED TO THE INNER SURFACE OF RIGHT EAR [18, 19, 52]:
It is a commonly used model to study localized inflammatory responses in the skin. An inflammatory substance is administered to the right ear's inner surface, causing an immunological reaction and inflammation. The model allows for the evaluation of various parameters to assess the inflammatory reaction.
PARAMETERS:
1. Ear thickness: Measured as an indicator of edema or swelling in the treated ear.
2. Erythema score: Visual assessment of redness or erythema in the treated ear compared to the control ear.
3. Leukocyte infiltration: Evaluation of immune cell infiltration into the ear tissue.
4. Cytokine levels: Measurement of specific inflammatory cytokines or chemokines in the ear tissue or serum samples.

PROCEDURE:
1. Animal preparation: Select the appropriate animal model (e.g., mice or rats) and divide them into control and experimental groups.
2. Anaesthesia: Anesthetize the animals to minimize discomfort during the procedure.
3. Application of the inflammatory agent: Apply the chosen inflammatory agent to the inner surface of the right ear using an appropriate applicator.
4. Control application: Apply a vehicle control (e.g., the vehicle solution without the inflammatory agent) to the inner surface of the left ear of the control group animals.
5. Observation and scoring: Measure the thickness of both ears before and after the application of the inflammatory agent. Record the measurements and assess the degree of erythema in the treated ear using a scoring system.
6. Evaluation of leukocyte infiltration: At the desired time point, euthanize the animals and excise the treated and control ears. Process the ear tissue for histological analysis to evaluate the extent of leukocyte infiltration.
7. Measurement of cytokine levels: Collect ear tissue samples or serum samples at the desired time point. Analyse the samples for specific inflammatory cytokines or chemokines using techniques like ELISA or multiplex assays.
8. Data analysis: Compare the parameters between the treated and control groups and performs statistical analysis to determine significance.Top of Form

10. FORMALIN-INDUCED EDEMA IN THE RAT PAW [18, 19, 20, 21, 22, 45]: 
Formalin-induced edema in the rat paw is an experimental model used to study acute inflammation and assess the anti-inflammatory potential of compounds or interventions. 

PARAMETERS:
1. Paw volume or thickness: Measured as an indicator of edema development.
2. Paw weight: Used to assess the degree of swelling.
3. Leukocyte infiltration: Evaluation of immune cell migration into the paw tissue.
4. Inflammatory mediator levels: Measurement of specific cytokines, chemokines, or other inflammatory markers in the paw tissue.

PRINCIPLE:
When formalin is injected into the paw, it causes tissue damage and an inflammatory response. The release of inflammatory mediators and activation of immune cells enhanced vascular permeability caused by formalin injection result in the creation of edema. This approach enables the assessment of numerous elements in order to estimate the level of inflammation and the efficiency of anti-inflammatory therapy.

PROCEDURE:
1. Animal preparation: Select rats and divide them into control and experimental groups.
2. Anaesthesia: Anesthetize the rats to minimize discomfort during the procedure.
3. Formalin injection: Inject formalin solution into the rat paw and a control solution into the contralateral paw of the control group.
4. Measurement of paw edema: Measure paw volume or thickness at regular intervals after formalin injection. Record measurements and weigh the paws at designated time points.
5. Assessment of leukocyte infiltration: Excise the paws at the desired time point and prepare paw tissue samples for histological analysis.
6. Measurement of inflammatory mediators: Collect paw tissue samples and optionally blood samples for cytokine analysis.
7. Inflammatory mediator analysis: Analyse paw tissue or serum samples for specific cytokines, chemokines, or markers using ELISA or multiplex assays.
8. Data analysis: Compare parameters between control and experimental groups and perform statistical analysis to determine significance.
Top of Form

11. GRANULOMA AIR POUCH MODEL [18, 19, 29]:
The granuloma air pouch model is an experimental model used to study chronic inflammation and granuloma formation. It involves the creation of an air-filled pouch in a subcutaneous tissue space, allowing for the injection of inflammatory agents or foreign substances to induce a localized inflammatory response.

PARAMETERS:
1. Pouch volume: Measured as an indicator of inflammation and edema development.
2. Inflammatory cell infiltration: Evaluation of immune cell migration into the pouch.
3. Granuloma formation: Assessment of the presence and characteristics of granulomas.
4. Cytokine and chemokine levels: Measurement of specific inflammatory mediators in the pouch fluid or tissue.

PRINCIPLE:
The granuloma air pouch model mimics chronic inflammation characterized by granuloma formation, fibrosis, and immune cell infiltration. The air pouch provides a controlled and accessible space to introduce inflammatory agents or foreign substances, thereby inducing a localized inflammatory response. The model allows for the evaluation of various parameters to assess the extent of inflammation, granuloma formation, and the efficacy of anti-inflammatory interventions.

PROCEDURE:
1. Animal preparation: Select the appropriate animal model, typically mice or rats, and divide them into control and experimental groups based on your study design.
2. Anaesthesia: Anesthetize the animals using suitable protocols to minimize discomfort during the procedure.
3. Creation of the air pouch: Create a subcutaneous air pouch by injecting a known volume of sterile air into the dorsal area of the animal.
4. Injection of inflammatory agents: Inject the desired inflammatory agent or foreign substance into the air pouch using a fine needle.
5. Experimental endpoint: At the desired time point, sacrifice the animals and collect the pouch fluid by aspirating it into a sterile syringe. Excise the air pouch and surrounding tissue for analysis.
6. Evaluation of parameters: Measure pouch volume and evaluate immune cell infiltration and granulomas through histological analysis. Analyse pouch fluid or tissue samples for specific cytokines, chemokines, or inflammatory mediators using ELISA or multiplex assays.
7. Data analysis: Compare parameters between control and experimental groups and perform statistical analysis to determine significance.

12. HRBC MEMBRANE STABILIZATION [18, 19, 23, 38, 43, 44, 45, 46]:
HRBC (Horse Red Blood Cell) membrane stabilization assay is used to evaluate the anti-inflammatory potential of compounds or interventions by measuring the ability of test substances to prevent the lysis or disruption of red blood cell membranes, which can occur in the presence of inflammatory agents or mediators.
PARAMETERS:
1. Percentage of HRBC membrane stabilization: Measured as the extent of protection provided by the test substance against membrane disruption.
2. Absorbance: Measured at a specific wavelength to quantify the release of haemoglobin, indicating membrane lysis.

PROCEDURE:
1. Preparation of HRBC suspension: Collect fresh horse blood in an anticoagulant solution using aseptic techniques. Centrifuge the blood to separate RBCs from plasma and buffy coat. Wash RBCs with an isotonic buffer to remove residual plasma or anticoagulant.
2. Preparation of test samples: Prepare test samples of the compound or intervention to evaluate anti-inflammatory activity. Include positive and negative controls.
3. Assay procedure: Prepare microplate wells with test substance, HRBC suspension, and inflammatory agent. Incubate the mixture for HRBC lysis. Include blank samples without test substance or inflammatory agent. Centrifuge the reaction mixture to pellet intact RBCs.
4. Measurement of absorbance: Transfer supernatant to a fresh microplate. Measure absorbance at a suitable wavelength using a spectrophotometer with blank samples as a reference.
5. Calculation and data analysis: Calculate the percentage of HRBC membrane stabilization by comparing absorbance of test samples with controls. Analyse data statistically for significance.

13. HUMAN KERATINOCYTE HaCaT CELLS [18, 19, 53, 54, 55, 56, 57, 58]:
Human keratinocyte HaCaT cells are commonly used in vitro models to study inflammation and the cellular responses of keratinocytes to inflammatory stimuli.

PARAMETERS:
1. Cytokine and chemokine production: Measurement of pro-inflammatory cytokines (e.g., IL-1β, TNF-alpha, IL-6) and chemokines (e.g., CXCL8/IL-8) released by HaCaT cells upon inflammatory stimulation.
2. Cell viability: Assessment of cell viability and cytotoxicity to ensure that the inflammatory stimuli do not cause significant cell death.
3. Gene expression: Analysis of the expression levels of inflammation-related genes (e.g., NF-κB, AP-1) using techniques such as quantitative real-time polymerase chain reaction (qRT-PCR) or RNA sequencing.
4. Protein expression: Detection of protein expression levels of specific inflammatory markers (e.g., COX-2, iNOS) using techniques like Western blotting or immunofluorescence.

PRINCIPLE: 
HaCaT cells, derived from human keratinocytes, retain several characteristics of normal keratinocytes and exhibit responses similar to primary human keratinocytes upon exposure to inflammatory stimuli. The principle of studying inflammation in HaCaT cells involves exposing the cells to inflammatory stimuli and assessing their inflammatory responses through cytokine production, gene expression, and protein expression.

PROCEDURE:
1. Cell culture: Maintain HaCaT cells in DMEM supplemented with FBS and antibiotics.
2. Experimental setup: Plate HaCaT cells in appropriate culture vessels at desired densities and allow them to adhere.
3. Inflammatory stimulation: Choose the inflammatory stimulus (e.g., cytokines, LPS) and prepare it at the desired concentration in suitable media. Add the stimulus to HaCaT cells and include control samples without the stimulus.
4. Incubation: Incubate the cells with the stimulus for the desired duration.
5. Analysis of inflammatory responses: Measure pro-inflammatory cytokine and chemokine levels in the supernatants using ELISA or multiplex assays. Assess cell viability and cytotoxicity with appropriate assays. Analyse gene expression by qRT-PCR or RNA sequencing. Evaluate protein expression with Western blotting, immunofluorescence, or immunocytochemistry.
6. Data analysis: Use statistical methods to determine significance between control and treated groups. Interpret results and draw conclusions about HaCaT cell responses to the inflammatory stimulus.
7. 
8. 
9. 
10. 
11. Top of Form


14. LPS-activated RAW264.7 cells [18, 19, 35]:
It is a typical in vitro model for studying inflammation and immune response. RAW264.7 is a murine macrophage cell line that can be induced to produce an inflammatory response by lipopolysaccharide (LPS).

PARAMETERS:
1. Cytokine and chemokine production: Measurement of pro-inflammatory cytokines (e.g., TNF-alpha, IL-1β, IL-6) and chemokines (e.g., MCP-1, CXCL10) released by RAW264.7 cells upon LPS stimulation.
2. Nitric oxide (NO) production: Assessment of NO production by measuring nitrite levels, an indicator of inducible nitric oxide synthase (iNOS) activity.
3. Gene expression: Analysis of the expression levels of inflammation-related genes (e.g., TNF-alpha, IL-1β, iNOS) using techniques such as quantitative real-time polymerase chain reaction (qRT-PCR) or RNA sequencing.
4. NF-κB activation: Evaluation of NF-κB activation, a key transcription factor involved in the inflammatory response.

PROCEDURE:
1. Cell culture: Maintain RAW264.7 cells in suitable conditions.
2. Experimental setup: Plate RAW264.7 cells in appropriate culture vessels and allow them to adhere.
3. LPS stimulation: Prepare LPS stock solution and dilute to desired concentration. Stimulate RAW264.7 cells with LPS-containing medium. Include control samples without LPS stimulation.
4. Incubation: Incubate cells with LPS for desired duration, typically up to 24 hours.
5. Analysis of inflammatory responses: Measure pro-inflammatory cytokines and chemokines in cell supernatants using ELISA or multiplex assays. Measure nitrite levels using Griess reagent or specific assays. Analyse gene expression by qRT-PCR or RNA sequencing. Assess NF-κB activation through Western blotting or immunofluorescence.
6. Data analysis: Use appropriate statistical methods to determine significance between LPS-stimulated and control groups. Interpret results and draw conclusions about RAW264.7 cell inflammatory response to LPS stimulation.

15.  Top of Form
MOUSE MODEL OF ACUTE AND CHRONIC INFLAMMATION [18, 19, 23]:
It is commonly used to study the underlying mechanisms, progression, and resolution of inflammatory processes.

PARAMETERS:
1. Inflammatory cell infiltration: Evaluation of immune cell recruitment and infiltration at the site of inflammation.
2. Cytokine and chemokine production: Measurement of pro-inflammatory cytokines (e.g., TNF-alpha, IL-1β) and chemokines (e.g., CXCL1/KC, CCL2) in the affected tissues.
3. Tissue damage and fibrosis: Assessment of tissue pathology, including histopathological changes, tissue damage, and fibrotic responses.
4. Resolution of inflammation: Evaluation of the resolution phase, including the reduction in inflammatory mediators and the restoration of tissue homeostasis.

PRINCIPLE: 
This model aims to mimic the key features of human inflammatory diseases by inducing an immune response and subsequent tissue damage. Acute inflammation is characterised by a fast immunological response, which includes neutrophil infiltration and the production of pro-inflammatory cytokines. Chronic inflammation is a sustained inflammatory response involving the recruitment of mononuclear cells, tissue remodelling, and fibrosis. These models allow researchers to investigate the cellular and molecular events associated with inflammation and test therapeutic interventions.

PROCEDURE:
1. Animal selection and grouping: Choose the appropriate mouse strain and divide them into experimental groups based on research objectives.
2. Ethical considerations: Obtain ethical approvals and adhere to animal welfare guidelines.
3. Induction of inflammation:
· Acute inflammation model: Administer inducers like LPS, turpentine oil, or carrageenan via various routes (i.p., i.v., s.c., or local injection). Determine optimal dose and timing based on previous studies or pilot experiments.
· Chronic inflammation model: Induce chronic inflammation through repeated administration of a low dose of an inflammatory agent or genetic modifications in transgenic mice. Determine treatment duration and frequency.
4. Sample collection and analysis: Assess immune cell infiltration, cytokine/chemokine production, tissue damage, and fibrosis. Use flow cytometry, ELISA, histopathology, immunohistochemistry, gene expression analysis, and biochemical assays. Include relevant controls for comparison.
5. Data analysis: Analyse data using statistical methods to determine significance. Interpret results, draw conclusions, and relate them to underlying inflammation mechanisms.
Top of Form

16. ZYMOSAN-INDUCED EDEMA IN MICE [18, 19, 59, 60, 61, 62]: Top of Form

Zymosan-induced edema in mice is an experimental model used to study inflammation and evaluate the effects of zymosan, a fungal cell wall component, on edema formation.

PARAMETERS:
1. Paw thickness: Measured as an indicator of edema development using a calliper or micrometre.
2. Paw weight: Used to assess the degree of swelling.
3. Inflammatory mediators: Measurement of pro-inflammatory cytokines (e.g., TNF-alpha, IL-1β) or other inflammatory mediators in the paw tissue or serum.
4. Histopathological analysis: Examination of paw tissue sections for signs of inflammation, including cellular infiltration and tissue damage.

PRINCIPLE: 
Zymosan is injected into the paw of mice in the zymosan-induced edema model, causing an immunological response and subsequent inflammatory reactions. Zymosan activates immune cells such as macrophages and neutrophils, resulting in the release of pro-inflammatory mediators. This causes enhanced vascular permeability, leukocyte recruitment, and paw tissue edema. The model allows for the assessment of several factors in order to determine the level of inflammation and the effect of anti-inflammatory therapies.

PROCEDURE:
1. Animal selection and grouping: Choose the appropriate number and strain of mice. Divide them into control and experimental groups.
2. Ethical considerations: Obtain ethical approvals and follow animal welfare guidelines.
3. Edema induction: Anesthetize mice and inject zymosan solution into the paw. Control mice receive a vehicle injection (e.g., saline, phosphate-buffered saline).
4. Measurement of paw edema: Measure paw thickness at regular intervals after zymosan injection. Record measurements and weigh excised paw tissue.
5. Analysis of inflammatory mediators: Collect paw tissue samples and optionally blood samples. Measure pro-inflammatory cytokines or other mediators using ELISA or multiplex assays.
6. Histopathological analysis: Process paw tissue samples for histological examination. Stain sections with appropriate dyes and examine for signs of inflammation.
7. Data analysis: Compare parameters between control and experimental groups. Perform statistical analysis to determine significance. Interpret results and draw conclusions on the inflammatory response.

17. CARRAGEENAN AND DEXTRAN-INDUCED PEDAL EDEMA [18, 19, 63, 64, 65]:
It is an experimental model used to study inflammation and evaluate the effects of carrageenan and dextran on edema formation in the paw of rodents.

PARAMETERS:
1. Paw thickness: Measured as an indicator of edema development using a calliper or micrometre.
2. Paw weight: Used to assess the degree of swelling.
3. Inflammatory mediators: Measurement of pro-inflammatory cytokines (e.g., TNF-alpha, IL-1β) or other inflammatory mediators in the paw tissue or serum.
4. Histopathological analysis: Examination of paw tissue sections for signs of inflammation, including cellular infiltration and tissue damage.

PRINCIPLE: 
Carrageenan or dextran is injected into the subcutaneous tissue of the paw, triggering an immune response and subsequent inflammatory reactions. Carrageenan and dextran cause tissue damage and induce vascular changes, leading to increased vascular permeability and the release of inflammatory mediators, resulting in edema formation in the paw tissue. The model allows for the assessment of several factors in order to determine the level of inflammation and the impact of anti-inflammatory therapies.

PROCEDURE:
1. Animal selection and grouping: Choose the appropriate number and strain of animals (e.g., rats, mice). Divide them into control and experimental groups based on research objectives.
2. Ethical considerations: Obtain necessary ethical approvals and follow animal welfare guidelines.
3. Edema induction: Anesthetize animals and inject carrageenan or dextran solution into the subcutaneous paw tissue. Control animals receive a vehicle injection (e.g., saline, mineral oil).
4. Measurement of paw edema: Measure paw thickness at regular intervals after injection. Record measurements and weigh excised paw tissue.
5. Analysis of inflammatory mediators: Collect paw tissue samples and optionally blood samples. Measure pro-inflammatory cytokines or other mediators using ELISA or multiplex assays.
6. Histopathological analysis: Process paw tissue samples for histological examination. Stain sections and examine under a microscope for signs of inflammation.
7. Data analysis: Compare parameters between control and experimental groups. Perform statistical analysis to determine significance. Interpret results and draw conclusions regarding the inflammatory response in the paw.

18.  Top of Form
FREUND'S ADJUVANT-INDUCED INFLAMMATION MODEL [18, 19, 66, 67, 68, 69, 70]:Top of Form
It is a widely used experimental model to study chronic inflammation and evaluate the effects of Freund's adjuvant, an immunostimulatory substance, on the development of inflammation. Freund's adjuvant is typically composed of killed or inactivated mycobacteria, which elicit a strong immune response and induce long-lasting inflammation.

PARAMETERS:
1. Paw thickness: Measured as an indicator of edema development using a calliper or micrometre.
2. Paw weight: Used to assess the degree of swelling.
3. Inflammatory mediators: Measurement of pro-inflammatory cytokines (e.g., TNF-alpha, IL-1β) or other inflammatory mediators in the paw tissue or serum.
4. Histopathological analysis: Examination of paw tissue sections for signs of inflammation, including cellular infiltration and tissue damage.

PROCEDURE:
1. Animal selection and grouping: Choose the appropriate number and strain of mice. Divide them into control and experimental groups.
2. Ethical considerations: Obtain ethical approvals and follow animal welfare guidelines.
3. Edema induction: Anesthetize mice and inject zymosan solution into the paw. Control mice receive a vehicle injection.
4. Measurement of paw edema: Measure paw thickness at regular intervals after zymosan injection. Record measurements and weigh excised paw tissue.
5. Analysis of inflammatory mediators: Collect paw tissue samples and optionally blood samples. Measure pro-inflammatory cytokines or other mediators using ELISA or multiplex assays.
6. Histopathological analysis: Process paw tissue samples for histological examination. Stain sections with appropriate dyes and examine for signs of inflammation.
7. Data analysis: Compare parameters between control and experimental groups. Perform statistical analysis to determine significance. Interpret results and draw conclusions on the inflammatory response.

19.  Top of Form
LIPOPOLYSACCHARIDE (LPS)-INDUCED SEPTIC SHOCK [18, 19, 71, 72]: Top of Form

Lipopolysaccharide (LPS)-induced septic shock is an experimental model used to investigate the pathophysiology of septic shock and the effects of LPS, a component of Gram-negative bacteria's outer membrane, on the development of systemic inflammation. LPS injection causes a systemic inflammatory response that mimics sepsis.

PARAMETERS:
1. Survival rate: Assessing the mortality rate following LPS administration.
2. Hemodynamic parameters: Monitoring blood pressure, heart rate, and other cardiovascular parameters.
3. Inflammatory markers: Measurement of pro-inflammatory cytokines (e.g., TNF-alpha, IL-1β) or other inflammatory mediators in the blood or tissues.
4. Organ dysfunction: Assessing the function and histopathological changes in vital organs, such as the liver, lung, and kidney.

PROCEDURE:
1. Choose appropriate animals; divide into control and experimental groups.
2. Obtain ethical approvals and follow animal welfare guidelines.
3. Anesthetize and administer LPS intravenously or intraperitoneally; control animals receive a vehicle injection.
4. Monitor animals for survival, body temperature, weight, and clinical signs of septic shock. Measure hemodynamic parameters and collect blood samples for inflammatory marker analysis. Sacrifice animals for histopathological analysis.
5. Analyse data, including survival rate, hemodynamic parameters, inflammatory markers, and histopathological findings. Perform statistical analysis to determine significance. Interpret results and draw conclusions about systemic inflammatory response and organ dysfunction in LPS-induced septic shock.Top of Form

20.  PLASMA LEAKAGE IN THE MOUSE SKIN [18, 19, 73, 74]:
It is an experimental parameter used to study inflammation and evaluate the increased vascular permeability that occurs during inflammatory processes. Extravasation, or the flow of plasma proteins from blood arteries into surrounding skin tissue, is measured. 

PARAMETERS:
1. Evans blue dye extravasation: Measurement of extravagated Evans blue dye, which binds to plasma proteins, in the skin tissue.
2. Spectrophotometric analysis: Quantification of the amount of extravagated Evans blue dye by spectrophotometry.
3. Skin edema: Assessment of the degree of edema formation in the skin.

PROCEDURE:
1. Choose appropriate number and strain of mice. Divide into control and experimental groups.
2. Obtain ethical approvals and follow animal welfare guidelines.
3. Anesthetize mice and induce inflammation by applying an inflammatory stimulus to the skin. Control animals undergo a similar procedure without the stimulus.
4. Administer Evans blue dye systemically via intravenous injection into the tail vein.
5. Sacrifice mice at desired time point after dye administration. Excise inflamed skin area or site of interest.
6. Homogenize skin tissue to extract Evans blue dye using a suitable solvent.
7. Measure absorbance of extracted dye using a spectrophotometer and quantify the amount of extravagated dye.
8. Measure skin thickness at the site of inflammation using a calliper or micrometre.
9. Compare parameters between control and experimental groups. Perform statistical analysis to determine significance. Interpret results and draw conclusions about plasma leakage and inflammation severity in the mouse skin.
Top of Form

21. HYALURONIDASE INHIBITORY ASSAY [18, 19, 75, 76]:
The hyaluronidase inhibitory assay is a biochemical test that determines the inhibitory activity of chemicals or substances against hyaluronidase, an enzyme involved in the degradation of hyaluronic acid, a significant component of the extracellular matrix.
PARAMETERS:
1. Enzyme activity: Measurement of hyaluronidase activity, typically assessed by quantifying the hydrolysis of hyaluronic acid substrate.
2. Inhibitory activity: Evaluation of the inhibitory effect of test compounds or substances on hyaluronidase activity.

PROCEDURE:
1. Prepare hyaluronidase enzyme from a suitable source or obtain it and purify if needed.
2. Dissolve hyaluronic acid powder in a buffer to create a stock solution and dilute to the desired working concentration.
3. Prepare stock solutions of test compounds to be evaluated for inhibitory activity against hyaluronidase.
4. Set up reaction mixtures containing enzyme, substrate, and test compounds at different concentrations in microplates or test tubes. Include positive and negative control wells.
5. Incubate the reaction mixtures for a specific duration at an appropriate temperature.
6. Stop the reaction and measure released reducing sugars or hyaluronic acid fragments using suitable assays.
7. Calculate hyaluronidase activity in each reaction mixture using a standard curve.
8. Calculate the percentage inhibition of hyaluronidase activity for each concentration of the test compound using the following formula: % Inhibition = [(Control Activity - Sample Activity) / Control Activity] × 100
9. Plot a graph of percentage inhibition against the concentration of the test compound.
10. Determine the IC50 value, representing the concentration that inhibits 50% of hyaluronidase activity.
11. Perform statistical analysis to assess the significance of inhibitory effects, if necessary.

CONCLUSION
Inflammation is a complex biological process with a significant role in various diseases, making it a central focus of research and drug development. By employing a combination of in vitro, in vivo, and computational screening methods, researchers can gain a better understanding of inflammation's mechanisms and identify potential anti-inflammatory therapies that may lead to improved treatments for various inflammatory-related conditions.
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