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ABSTRACT 

Inflammation is one of the common events familiar to everyone and is body’s way to deal 

with infections and tissue damage. In Modern era, inflammation is one of the major reason 

for causing morbidity. A fine balance is maintained between inflammatory cascades and their 

potential for long term tissue damage and the imbalance causes acute as well as chronic 

debilitating diseases. Though mounting of inflammatory response is necessary for survival 

but the excessive and uncontrolled inflammation may leads to wide array of diseases like RA 

(rheumatoid arthritis), IBD (inflammatory bowel diseases), allergic asthma, allergic 

conjunctivitis, Crohn’s-disease, allergic rhinitis, chronic sinusitis, Diabetes, Alzheimer’s 

disease, cancer, atherosclerosis and cardiovascular diseases. Now a day, active constituents 

isolated from natural sources are very much important in development of new anti-

inflammatory agents. However, different in-vivo and in-vitro animal models are available for 

evaluating anti-inflammatory activity of compounds. But for systemic evaluation of active 

constituents appropriate selection of animal model is important step. This review explain 

different models for assessing anti-inflammatory drugs including particular mechanism 

involved in inflammation, advantages, limitations of these models, and also mentioned the 

targeted compounds showing the anti-inflammatory effect. Hence, this present article 

provides a systemic approach for assessing the anti inflammatory activity of drugs can 

account for the identification of new chemical moieties during the early stage of screening of 

drugs. 
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advantages, disadvantages. 

INTRODUCTION 

Vascular tissues show a biological response which is complex to harmful stimuli is known as 

inflammation. Harmful stimuli such as irritants, pathogens, chemicals and damaged cells are 

responsible to cause inflammation. Inflammation is shown by the organisms as a protective 

attempt to remove these harmful injurious stimuli and also initiate the process of  healing for 

the tissues.
1
 However, inflammation process is needed for healing of wounds but if 

inflammation remains unchecked it leads to onset of different diseases like rhinnorhoea, 

atherosclerosis, and rheumatoid arthritis.
2
 Inflammation involves complex process of 

activation of enzymes, chemical mediators release, recruitment of fluid, cell migration, tissue 

damage and healing.
3
 It involves processes like protein denaturation, increased vascular 

permeability, also membrane alteration and are associated with swelling, pain, fever and 

redness
4
. Chemical mediators show a crucial role in inflammatory process that leads to 

inflammatory response. Mast cells, neutrophils, monocytes, macrophages and platelets binds 

to the specific receptors and causes blood vessels to permit the passage of substances 

(Vascular permeability), contraction of smooth muscles, neutrophil chemotaxis and various 

enzymatic activities. While the chemical mediators like leukotrienes, histamine (Vasoactive 

amines), prostaglandins, tumor necrosis factor, cytokines and serotonins are commonly 

causes the inflammation.  

The cellular process of inflammation involves four steps:  

i. Changes in smooth muscle cell functioning leads to vasodilatation which leads to changes 

in blood flow,  

ii. Cytoskeletal contraction in endothelial cell which alter vascular permeability,  

iii. Phagocytic leukocytes get migrate towards site of inflammation.  

iv. Phagocytosis. 
1
 

Inflammation is of two types as acute or chronic. Pain, heat, erythma, primary loss of 

function and edema are the classical signs in the acute inflammation. The biologically active 

materials get released from lysosomal enzymes, polymorph nuclear leucocytes during the 

early inflammatory changes in the damaged or injured tissues.
5
 These active materials are 

responsible for initiation, progression, regulation and resolution of acute inflammation. This 



Shelar PA et.al./ SGVU Journal of Pharmaceutical Research & Education, 2020, 5(2), 490-509 

492 
 

resolution is influenced by several anti-inflammatory agents and recruitment of monocytes 

which removes cell debris. This resolution generally not occur in acute phase but leads to 

chronic phase and such chronic inflammation is associated to different pathological 

conditions.
6
 Thus in acute inflammation increased vascular permeability occur which leads to 

infiltration and emigration of leukocytes while in chronic inflammation infiltration of 

macrophages, monocytes, nutrophils and mononuclear immune cells occur. After infiltration 

stimulation and fibroblast proliferation with fibrosis occurs.
7
 

NECESSITY OF NEW ANTI-INFLAMMATORIES 

Inflammation related disorders are affecting the numerous populations hence inflammatory 

diseases along with rheumatic diseases are serious health problem in the world. Though a lot 

many anti-inflammatory agents are available to treat number of inflammatory diseases, but 

their long term use leads to severe side effects.
8
 Steroidal (SAIDs) and non-steroidal 

(NSAIDs) agents are used in treatment of different inflammatory diseases
9
 where NSAIDs 

act by inhibiting cyclooxygenase (COX) and thus inhibit the biosynthesis of prostaglandins. 

As important role played by NSAIDs to reduce the consequences of inflammation but their 

long term use leads to renal, cardiovascular and gastrointestinal toxicities.
10,11,12

 While 

hyperglycemia, osteoporosis, growth arrest and hypertension occours due to chronic use of 

corticosteroids.
13

 Currently available treatment on discontinuation leads to toxicity and 

recurrence and is the major problem faced by the people.
9
 Hence, it is important to develop 

new anti-inflammatory agents which are safe and is a subject of great interest. 
14

  

PLANT LEADS AS SOURCE OF ANTI-INFLAMMATORIES 

From thousands of years throughout the world plants and their products have been used as 

basis of many traditional systems of medicine and still plants are used for treatment purpose 

as they provide new remedies. Plants contain different active compounds which offer great 

possibility in isolation, identification, estimation of these compounds and development of 

new drugs for treating inflammatory diseases.
13

 Phytochemicals are used in treatment of 

inflammation since the ancient time. The bark of Willow tree from 400 BC used as analgesic 

and antipyretic leads to the revelation of aspirin and in 1899 it is used as first potent drug in 

treatment of rheumatic diseases.
15
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ANTI-INFLAMMATORY PHYTOCONSTITUENTS- CURRENT STATUS AND 

SYSTEMIC APPROACH 

Phytoconstituents are used as therapeutic agents from the centuries. Certain phytoconstituents 

like steroids, alkaloids, triterpenoids, flavonoids and phenols have potent anti-inflammatory 

properties. Phytoconstituents are the active moieties isolated from plants which are potent in 

their action hence these constituents’ shows therapeutic activities at micromolar 

concentration. As there are various advances in the allopathy, but still plant isolates are the 

sources of potential therapeutic agents not only in traditional systems but also in modern 

system of medicine.
13

 That means the plant extracts and their isolated compounds contribute 

to the drug revelation and developing new pharmaceuticals for their use in humans.
16

  

ANIMAL MODELS FOR EVALUATION OF ANTI-INFLAMMATORY ACTIVITY 

Specific models are used or designed to search new chemical moiety from nature and also to 

study the mechanism by which these moieties are showing action. Pharmacology plays an 

vital role in searching such moieties as it provides different models which are clinically and 

physiologically relevant to human beings before start of any experimental assay it is 

necessary to plan that experiment by considering sample size, route of administration, 

statistical methods and also use of positive control.
17

 Different designed experimental models 

are used to evaluate the inflammation by means of animal and biochemical models of 

inflammation. 
18

  

There are two broad classes of experimental models: 

1. Acute inflammatory models 

2. Chronic inflammatory models 

Acute models are used to test the drugs which modulate erythema (blood flow), leukocyte 

migration, Changes in blood vessel permeability, phagocytosis, chemotaxis, antipyretic, local 

analgesic action, paw edema while chronic models are used to find the drugs that harmonize 

the disease process and it includes granuloma pouches, pellet and sponge implants, adjuvant 

induced arthritis. 
18

 These models are widely used specially the rat paw edema test. These 

models can be utilized in numerous ways by using different inflammatory agents.    
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Figure 1: Animal models for screening anti-inflammatory activity. 

ACUTE INFLAMMATORY MODELS  

Carrageenan induced paw edema: 

This model is commonly and majorly used for anti-inflammatory activity for plant derived as 

well as synthetic compound.
19,20

 This model is distinctive with more reproducibility for acute 

inflammation.
21

 The activation of complementary system and mediators get activated by 

sulphated sugar present in carrageenan
22

 At the initial phase of inflammation carrageenan 

stimulate phospholipase A2 while the progress the inflammation occur due to cytotoxic 

effects.
23

 This model causes activation of cyclo-oxygenase pathway. The edema produced by 

carrageenan shows biphasic curve.
24

 Where the first phase is partly related to injection trauma 

and releases serotonin and histamine which act as acute phase mediators.
25

 While during the 

second phase, prostaglandins are important and this takes about three hours for development 

of inflammation after carrageenan injection.  

In the initial phase of inflammation following mechanism occurs: 

Carrageenan injection 

Dilates post capillary venules 

leads to exudation of fluid and cells 

Releases pro-inflammatory mediators 
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Advantages: 

1. It is the most preferred model of inflammation as the inflammation produced is 

reproducible, acute and non-immune. 
21 

2. Multiple mechanism are involved which makes this model as preliminary choice for 

screening anti-inflammatory agents. 

3. As the biphasic response is produced, it allows this model to anticipate biological targets 

that are probable for test drug in the inflammation.
21 

4. This model is suitable for testing the drugs that inhibit cyclo-oxygenase which is necessary 

for prostaglandin synthesis. Eg. NSAIDs.
21 

Limitations: 

1. This model needs at least one week for acclimatization of animals before start of an 

experiment. 

2. Trained persons are needed to investigate the activity for recording stable and reproducible 

results and also the type and preparation of solution needs careful attention 
26, 27

 

Histamine/5-HT induced Paw Edema: 

Histamine causes acute inflammation and is used for testing various anti-inflammatory drugs. 

Histamine and 5 HT act by increasing vascular permeability and they act by activation of 

prostaglandins which produces inflammation.
28, 29, 30

 The administration of histamine 

stimulates the H1 receptors which causes contraction of endothelial cells which disrupt the 

endothelial barrier hence result into increased blood flow in to extracellular spaces those 

results into development of edema.
30,31,32

 Histamine also secrets prostaglandins and 

neuropeptides, causes inflammation and hyperalgesia.
33

 Similarly 5-HT also increases 

vascular permeability by means of introducing endothelial gaps.
34

 

Advantages: 

1. It is suitable method for assessing the performance of acute inflammatory effects of 

substances. 

2. These models are used to for testing the drugs that shows anti-inflammatory action by 

inhibition of histamine or 5-HT. 
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3. These models are used as second authorized models for the drugs that showed activity at 

initial phase of Carrageenan induced inflammation, to analyze the results of carrageenan 

induced paw edema.
34, 35

 

Disadvantages: 

1. The inflammation produced by histamine and 5-HT is less and temporary. 

2. These models are not suitable for appraising the drugs act as prostaglandin inhibitor as the 

act by means of mechanism other than histamine or 5-HT.
36

 

Bradykinin-induced Paw Edema:  

Prostaglandins (PGs) are responsible for bradykinin-induced paw edema where bradykinin 

stimulate phospholipase which promotes biosynthesis of PGs (prostaglandins). Also release 

of metabolites of arachidonic acid when endothelial cell cultures of human are incubated with 

bradykinin.
37

 

Advantages: 

1. This model is used for acute inflammation. 

2. This is a proper model for prostaglandin inhibiting drugs.  

Disadvantages: 

1. The edema produced by bradykinin is temporary and mild.
37

 

Dextran-induced Paw Edema:  

In this model administration of dextran releases mediators like histamine and serotonin via 

increased vascular permeability and kinins activation where these mediators get interact with 

respective receptors (such as H1, H2 and 5HT2) which develops the osmotic edema having 

minimal neutrophils and proteins. This model leads to development of fast and short lived 

edema.
38, 39, 40

 

Advantages: 

1. As this model develops edema by releasing of histamine and serotonin hence, this model is 

used to evaluate the anti inflammatory activity of drugs having anti-histaminic or anti-

serotonin property. 
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2. It is also used to analyze the results obtained by paw edema induced by carrageenan.   

Disadvantages: 

1. This model is not suitable for the drugs showing anti-inflammatory effect other than anti-

histaminic and anti-serotonin like mechanism.
38, 39

  

Lipopolysaccharide (LPS)-induced Paw edema: 

Injection of LPS produces acute inflammation as well as swelling if injected rat paw. LPS 

causes rise in the IL-1β, TNF-α as well as myeloperoxidase activity in mouse paw. Hence, 

paw edema introduced by LPS is used to identify drugs that reduce inflammation by acting 

against TNF-alfa.
41, 42

 

Advantages: 

1. Lipopolysaccharides not only produces inflammation but they also shows inflammatory 

hyperalgesia hence this model is simultaneously used for evaluation of anti-inflammatroy as 

well as analgesic activity.
41

  

2. This model is appropriate for testing the drugs that shows anti-inflammatory effect via 

modulation of cytokine.  

Arachidonic acid-induced ear edema: 

This model is mainly used for evaluating the potential of natural extracts as well as synthetic 

compounds as anti-inflammatory agents.
43

 Cutaneous inflammation produced by arachidonic 

acid gives valuable information of anti-inflammatory agents that are used in treatment of skin 

inflammation.
44

 Application of AA on particular are of skin causes inflammation by means of 

eicosanoids like leukotriene C4 (LTC4), prostaglandin-E2 (PGE2) and thromboxanes. This 

eicosanoids cause release of histamine by means of mast cell degranulation hence in this 

model the anti-inflammatory activity shown by the compounds is corresponds to antioxidant 

and antihistaminic property of the compound.
45

 This inflammation is demonstrated as edema, 

intense erythema and accumulation of neutrophills. 
46

 

Advantages: 

1. This model is appropriate for topical acute inflammation. 

2. It is used to identify the anti-inflammatory agents that act through eicosanoids inhibition. 
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Disadvantages: 

1. At the completion of protocol animals are sacrificed.
43, 47

 

Croton oil/ TPA-induced Ear Edema:  

Croton oil or its principle (irritant) (12-O-tetradecanoylphorbol-13 acetate) causes ear edema 

and are used to evaluate anti-inflammatory action of non-steroidal and steroidal anti-

inflammatory drugs.
44

 Herbal extracts as well as synthetic anti-inflammatory compounds are 

screened by means of this model.
48

 TPA model is used to study synthetic and local anti-

inflammatory compounds.
49

 Vasodilation is caused by topical use of croton oil which 

increases permeability of blood vessels resulting into influx of neutrophil that produces 

eicosanoids which releases histamine and serotonin.
45

 The cyclo-oxygenase and lipo-

xygenase inhibitors shows inhibition of TPA induced inflammation.
48

 While the TPA causes 

protein kinase C activation  which is responsible for activation of MAPKs (Mitogen-activated 

protein kinase) as well as phospholipase A2 Where phospholipase A2, COX and LOX 

inhibitors as well as corticosteroids reduces inflammation occoured due to TPA.
45,14

 

Advantages:  

Steroidal and non steroidal anti inflammatory drugs can be screened properly by using this 

model.  

In this model more potent results are correlated with COX inhibitors and less potent results 

are correlated with LOX inhibitors.  

Disadvantages:  

The model shows multiple mechanisms hence it is used to predict the mode of action of anti-

inflammatory drugs but not for approving their actions. 

Animals are generally sacrificed after experimentation for further investigation 
44, 45

 

Oxazolone induced ear edema: 

Oxazolone when applied topically it leads to increase in prostaglandin and leukotrienes like 

metabolites of arachidonate in tissues. It also shows increase in NOS-2 (Nitrous oxide 

synthetase -2) in keratinocytes. Oxazolone causes skin sensitization by increasing CD-8 + T-

lymphocytes. Oxazolone act as allergen and it initiate DTH (delayed type hypersensitivity). 

Inhibition of DTH induced by oxazolone and control on eicosanoids levels occurs due to 
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inhibitors of cortico-steroids and specific cytokine expression.
50,51

 In the experimental 

animals chronic contact dermatitis can be induced by repeated application of oxazolone to the 

ears, this chronic dermatitis is represented by noticeable inflammatory cell infiltration, 

continued ear swelling and remarkable epidermal hyperplasia. Additionally there occour 

marked rise in IFN-ɤ (interferon-ɤ) level and small variation in IL-4 level where interferon-ɤ 

causes activation of various inflammatory cells which increases keratinocytes proliferation 

and causes thickening of epidermal cells.
52, 53

 

Advantages: 

1. It is significant model for immune inflammation.  

Disadvantages:  

1. Drugs that show anti-inflammatory effect only through non-immune mechanisms may get 

excluded. 

2. In this method after completion of experiment animals are need to be sacrificed. 

Acetic acid/ compound48/80-Induced vascular permeability: 

Compound 48/80 is powerful activator of histamine release by means of degranulation of 

mast cell.
54

 At the time of inflammation it causes arterioles and venules dilation by means of 

mast cells stimulation which causes release of mediators like prostaglandins, histamine and 

leukotrienes and thus increases vascular permeability. Due to this increased vascular 

permeability plasma constituents (antibodies and complement) get access towards the tissues 

that are infected or injured.
55

 Due to raised vascular permeability and subsequent edema the 

plasma proteins and fluids force out from the vessels into the surrounding area. The 

assessment of increased blood vessel permeability is carried out by using Evan’s blue dye at 

injected sites.
56

  

Advantages: 

1. It is suitable model for acute anti-inflammatory effect. 

2. The anti-inflammatory agents which show activity against increased vascular permeability 

caused by compound 48/80 are linked with antihistaminic activity or mast cell stabilization of 

drugs.  
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Disadvantages:  

1. Severe irritation is caused by acetic acid when injected through intraperitoneal route and is 

inappropriate with respect to animal welfare. 

2. Often, after completion of experiment, animals are sacrificed.
56, 55

  

Pleurisy Model:  

In the experimental animals pleurisy is induced by different inflammatory agents like 

dextran, compound 48/80, enzymes, carrageenan and antigens. These agents cause exudative 

inflammation. Pleurisy induced by carrageenan causes acute inflammation and the parameters 

like leukocyte migration, fluid blowout, different biochemical parameters are evaluated.
56, 57

 

The quantitative assessment of pleural exudates, leukocyte migration inhibition and total 

protein content represents the anti-inflammatory response of test drug which is acute.
58

  

Advantages: 

1. This is significant model for acute inflammation. 

2. This model enables to assess inflammatory phenomenon like leukocyte migration, fluid 

extravasation and biochemical-parameters in exudates. 

Disadvantages: 

1. This method imposes severe pain and accompanied by systemic infection.  

2. Generally animals are sacrificed after the completion of experiment.
56,

 
57

 

SUB-ACUTE INFLAMMATION MODELS  

Granuloma Pouch Model:  

The rapid multiplication of granulation tissue occurs when irritant substances are 

administered into the subcutaneous air pouch. Additionally, infiltration of macrophage and 

poly-morphonuclear leukocyte occurs due to administration of irritant substances. Sometimes 

there is chance of exposure of growing tissues to mutagenic and carcinogenic substances. 

Direct contact of test drugs facilitated with the target cells when test drug is administered in 

the form of air pouch.
56
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Advantages: 

1. This model is used to study sub-acute inflammation. 

2. Direct contact of test compounds with target cells occur when test drug is administered in 

the form of air pouch. 

Disadvantages:  

1. This method is painful in the experimental animals.  

2. Anesthesia is given during procedures. 

3. Frequently animals need to be sacrificed after completion of protocol.
56, 58

 

CHRONIC INFLAMMATION 

Cotton Pellet-Induced Granuloma:  

This model is commonly used for evaluation of chronic inflammation as it shows 

characteristic pathological events similar to that occur in chronic inflammation. This model is 

commonly used for assessing newer compounds.
40

 It shows fibroblast proliferation, monocyte 

infiltration, angiogenesis and exudation.
59

 The proliferation of macrophases, neutrophils and 

macrophases along with multiplication of small blood vessels produce granulomatous tissue 

that is highly vascularized reddish mass and this granulomatous tissue is characteristic of 

chronic inflammation.
60

 In this method, the cotton pellet absorbs the fluid which affects the 

moist weight of granuloma.  The moist weight of cotton pellet is related with moist transudate 

while the dry weight is linked with granulomatous tissue formation.
61

 For this model 

corticosteroids are found to be effective as they show their action at proliferative stage and 

inhibit the inflammation.
20

 

Advantages: 

1. This model is commonly used for chronic inflammation.  

2. The moist weight of granuloma is related to amount of transudate while the dry weight of 

granuloma is related with granulomatous tissue formation. 

3. The chronic irritation and inflammation proliferative changes occur where the granuloma’s 

biochemical analysis of gives information regarding these proliferative changes. 
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4. This model is used as for assessing newer anti-inflammatory drugs. 

Disadvantage:  

1. In this method localized sepsis occurs due to implantation which leads to dumbfound 

observations. 

2. This method anaesthetic and surgical skills. 

3. Removing surgical stitches, repeated handling of animals and sacrifice the animals are the 

limitations of this model.
20, 61

 

Formalin induced paw edema:  

This model is used for assessing chronic anti-inflammatory effect of different drugs. This 

model is closely related with human arthritis.
62

 Formalin induces biphasic inflammation 

where the early phase is neurogenic phase conciliated by substance-P and bradykinin. While 

the later phase shows involvement of prostaglandins, 5-HT, histamine and bradykinin.
54

 The 

drugs like opioids suppress both phases while the drugs like NSAIDs and corticosteroids 

inhibit the second phase.
63

 

Advantages: 

1. This model is having close resemblance to the human arthritis. 

2. It is commonly used for chronic inflammation.  

3. This model helps to study involvement of central or peripheral components in the drug’s 

anti-inflammatory effect. 

Disadvantages: 

1. Formalin is severe irritation causing agent hence the experimental animals faces severe 

pains after administration of formalin.
63, 54

  

Complete Freund’s Adjuvant (CFA) Induced arthritis: 

This model shows chronic inflammation where in experimental animals it causes synovial 

hyperplasia including several systemic changes.
64

 Inflammation results from enormous 

leukocyte infiltration, increase in levels of chemokine and cytokine along with IL-1β and 

TNF-α, cartilage and bone destruction, release of ROS also causes swelling and 
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deformation.
64, 65, 66

 Injection of CFA in to rat footpad causes inflammation of ligaments and 

joints. In the initial phase of CFA inflammation, edema is produced and it increases gradually 

and within two weeks it remains constant. The anti-inflammatory effect was studied by 

measuring injected and non-injected paw edema along with antioxidant estimation, 

biochemical and hematological evaluations with radiological and histo-pathological study, 

visual arthritis scoring, nitrite content determination helps to know the possible mechanisms 

for anti-inflammatory as well as analgesic effects of tested compounds.
67, 68

  

Advantages: 

1. This model is used for chronic inflammation and for arthritic alteration. 

2. Inflammation produced by CFA involves immune inflammatory components. 

3. CFA induced inflammation shows primary and secondary lesions and these resemble to the 

clinical symptoms of human inflammation and arthritis, respectively.  

4. The test drugs can be tested against acute, chronic, immune mediated inflammation and 

arthritic conditions by using this model. 

Disadvantages: 

1. Administration of CFA need careful attention as it affects the arthritic severity response. 

2. The time required for activity is more. 

3. Induction of CFA, exposes experimental animals to painful condition. 

4. For evaluation of inflammatory paw volume it requires plethysmometer and von Frey 

apparatus. 

5. After completion of protocol animals are need to be sacrificed.
64,

 
67
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Figure 2: Scheme for preclinical evaluation of acute anti-inflammatory activity. 

CONCLUSION 

Plants consist of different secondary metabolites which are responsible for different 

pharmacological actions.  Recently, natural sources are found to be of great interest in the 

process of discovery of drug where the use of plant isolates to study anti-inflammatory 

activity and also other activities have been increased. These plant isolates offer a hope for 

finding the potent anti-inflammatory compounds. These plant constituents show anti-

inflammatory activity by acting on different inflammatory targets. Also they show the action 

at minute concentration and therefore reduce the risk of side effects.  But, study of these 

phytoconstituents is not carried out till the determination of molecular mechanism also their 

pharmacokinetics. Hence, the systematic study of these phytoconstituents using suitable 

animal models, estimation of biochemical parameters, molecular estimation, pharmacokinetic 

study and also safety data, etc should be studied to find the new anti-inflammatory agents 

from natural sources. 
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