
CHAPTER 10 

ANTIINFLAMMATORY & ANTIPYRETIC ACTIVITY 



Chapter 10 Antiinflammatory and antipyretic activity 

(A) ANTIINFLAMMATORY ACTIVITY 

10.1 Inflammation 

Based on visual obsetvation, an inflammation is characterized by five cardinal signs, namely 

redness (rubor), swelling (tumour), heat (calor), pain {dolor) and loss of function. The first four 

of these signs were named by Celsus in ancient Rome (30-38 B.C.) and the last by Galen (A.D 

130-200) (Hurley, 1972). Inflammation is described as ''the succession of changes which 

occurs in a living tissue when it is injured provided that the injury is not of such a degree as to 

at once destroys its structure and vitality" (Sanderson, 1871) or "the reaction to injury of the 

living microcirculation and related tissues (Spector et al, 1963). Although, in ancient times, 

inflammation was recognized as being part of the healing process, up to the end of the 19th 

century, inflammation was viewed as being an undesirable response that is harmful to the 

host. However, beginning with the work of Metchnikoff and others in the 19th century, the 

contribution of inflammation to the body's defensive and healing process was recognized 

(Hurley, 1972). The classical description of inflammation accounts for the visual changes seen. 

Thus, the sensation of heat is caused by the increased movement of blood through dilated 

vessels into the environmentally cooled extremities, also resulting on the increased redness 

(due to the additional number of erythrocytes passing through the area). The swelling (edema) 

is the result of increased passage of fluid from dilated and permeable blood vessels into the 

surrounding tissues, infiltration of cells into the damaged area and in prolonged inflammatory 

responses deposition of connective tissue. Pain is due to the direct effects of mediators, either 

from initial damage or that resulting from the inflammatory response itself, and the stretching 

of sensory nerves due to oedema. The loss of function refers to either simple loss of mobility in 

a joint, due to the oedema and pain, or to the replacement of functional cells with scar tissue. 

Today it is recognized that inflammation is far more complex than might first appear from the 

simple description given above and is a major response of the immune system to tissue 

damage and infection; although not all infection gives rise to inflammation. Inflammation is 

also diverse, ranging from the acute inflammation associated with S. aureus infection of the 

skin, through to chronic inflammatory processes resulting in remodeling of the artery wall in 

atherosclerosis; the bronchial wall in asthma and chronic bronchitis and the debilitating 

destruction of the joints associated with rheumatoid arthritis. These processes involve the 

major cells of the immune system, including neutrophils, basophils, mast cells, T -cells, B-cells, 

etc. However, examination of a range of inflammatory lesions demonstrates the presence of 

specific leukocytes in any given lesion. That is, the inflammatory process is regulated in such a 

way that ensures the appropriate leukocytes are recruited for their respective functions. These 

events are controlled by a host of extracellular mediators and regulators, including cytokines, 

growth factors, eicosanoids (prostaglandins, leukotrines, etc) and peptides. The role of 

inflammation as a healing, restorative process, as well as its aggressive role, is also more 
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widely recognized today. Inflammation is now considered as the full circle of events, from 

initiation of a response, through the development of the five cardinal signs stated before, to 

healing and restoration of normal appearance and function of the tissue or organ. However, in 

certain conditions it appears to be no resolution and a chronic state of inflammation develops 

that may last the life of the individual. Such conditions include the inflammatory disorders 

rheumatoid arthritis, osteoarthritis, inflammatory bowel diseases, retinitis, multiple sclerosis, 

psoriasis and atherosclerosis. In order to study inflammation, a multidisciplinary approach is 

necessary and knowledge of the immune system is required, in order to understand the events 

involved in initiation and maintenance of the inflammatory conditions. Recently it is recognized 

that the underlying genetics and molecular biology basis to cellular responses are also 

important in order to identify genetic predisposition to inflammatory diseases, while 

pharmacological studies are necessary to identify targets and for development of novel 

treatments to bring relief from chronic life-threatening inflammatory conditions. Thus research 

into inflammation includes not only the study of immunological and cellular responses involved 

but also the pharmacological processes involved in drug development to tre-at it (Rios et a/., 

2005). 

Many of the drugs used in the treatment of inflammatory conditions, predate our current 

understanding of the biochemical processes involved in the disease. Traditionally, the standard 

treatments for rheumatoid arthritis has been to use a non-steroidal anti-inflammatory drug 

(NSAID), such as aspirin, for pain relief and to use corticosteroids or even disease-modifying 

anti-rheumatic drugs in an attempt to reduce other symptoms of the disease. For many years 

the pharmaceutical industry attempted to develop NSA!Ds which shared the therapeutic action 

of aspirin but which did not cause the main adverse event, namely gastric ulceration. However, 

while all these drugs had clinical utility they also eroded the gastric mucosa. The fact that a 

large number of patients with severe chronic inflammatory disease fail to respond to 

conventional systemic or topical therapy resulting in a huge clinical and socio-economic burden 

urgently needs the development of novel therapies. 

10.2 Nonsteroidal anti-inflammatory drugs (NSAIDs} 

NSAIDs are the most commonly used drugs in inflammatory diseases, since they are effective 

in management of pain, fever, redness, edema arising as a consequence of inflammatory 

mediator release (Ferreira, 2002, Mitchell et al, 1999). The drugs are named NSAIDs because 

they are structurally different from steroidal anti-inflammatory drugs (Vane eta/., 1990). As 

NSAIDs possess analgesic, antipyretic and anti-inflammatory effects, they have certain 

advantages in the treatment of diseases with pain, fever and inflammation, when compared to 

264 



Chapter l 0 Antiinflammatory and antipyretic activity 

steroidal anti-inflammatory and narcotic analgesic drugs (Amadio et a!., 1993). Although 

NSAIDs have distinct chemical structures, they have similar therapeutic and side effects 

(Rainsford, 1999). Studies have shown that both therapeutic and side effects of NSAIDs are 

dependent on cyclooxygenase (COX) ('constitutive' COX-1 and 'inducible' COX-2) inhibition 

(Warner eta/., 1999). It has been suggested that COX-2 inhibition is responsible for the 

therapeutic effects of NSAIDs, while COX-1 inhibition causes the gastrointestinal and renal side 

effects (Patrignani, 2000, Xie eta/., 1991, Zhao eta/., 2001). Although both isoforms had 

similar amino acid sequence and catalytic activity, they were demonstrated to have different 

functions (Maricic eta/., 1999, Xie et al., 1991). Induction of COX-2 by various growth factors, 

proinflammatory agents, endotoxlns, mitogens, tumor agents (Ferraz eta!., 1997, Michauluart 

eta/., 1999, Mitchell eta/., 1994) indicates that this isoform may have a role in formation of 

pathological processes, such as inflammation (Siegle et al., 1998, Vane et al., 1994), COX-1 

products and prostaglandins (PGI2 and PGE2). Fig 10.1 gives a summary of the biosynthesis of 

prostaglandins (PGs). 
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10.2.1 Classification of NSAIDs 

NSAIDs can be grouped in four categories -

1. Selective COX-1 inhibitors, such as aspirin. 

2.. Non-selective COX inhibitors: a number of the NSAIDs examined exhibit COX-1/COX-2. IC50 

ratios between 0.5 and 3.0. 

3. Relatively selective COX-2. inhibitors, such as meloxicam, nimesulide, diclofenac with COX-

1/CiJX-2. IC50 ratios of 10 to 2.0. 

4. Highly selective COX-2. inhibitors comprising three experimental compounds (NS-398, L-745, 

337 and SC-5812.5, the prototype of celecoxib) with COX-1/ COX-2. I~ ratios from 140 to 

2.50 and rofecoxib with the ratio > 400 (Patrignani, 2000). 

10.2.2 Mechanisms of action of NSAIOs 

These mechanisms comprise inhibition of synthesis of COX and leukotriene (LO) products, 

prevention of release of toxic oxygen radicals and lysosomal enzymes, prevention of neutrophil 

aggregation, adhesion and chemo taxis, and uncoupling of oxidative phosphorylation 

(Bednarek D et al., 1999, Brooks PM et al., 1991, Celotti Fetal., 2001, Higgs G A et al., 1980, 

Jacobs J W G et al., 1996, Mahmud T et al., 1996). Recently, it has been suggested that 

stimulation of peroxisome proliferators-activated receptors (PPARs) and inhibition of nuclear 

factor kappa B (NF-KB) and other transcription factors play an important role in the mechanism 

of actions of NSAIDs. PPARs are members of the nuclear receptor family. Three genes encode 

the peroxisome proliferators activated receptor (PPAR) family members, PPAR-a, PPAR-13/o and 

PPAR-y. All three PPARs are widely expressed in different tissues. Influence of PPARs on gene 

expression may occur directly through promoter-binding and transcriptional modulation of 

target genes or through indirect interference with other transcription factor pathways leading in 

most cases to transcription inhibition. PPARs regulate transcription of target genes involved in 

lipid and lipoprotein metabolism, glucose homeostasis and cell differentiation (particularly 

adipogenesis). PPARs inhibit the activation of certain inflammatory response genes acting as 

trans repressors. 

10.2.3 Methods of study of antiinflammatory activity 

a} carrageenan induced paw edema method 

This is a commonly employed method based on inhibition of the paw edema, induced by the 

injection of phlogistic agents (Inflammation causing agents). Carrageenan is a marine derived 

polysaccharide which is injected (0.1ml of 0.2% soln) in the subplantar region of hind paw of 

rats and the swelling or edema caused, is measured. The swellings can be measured with the 

help of plethysmograph (Volume) or by slide caliper (Thickness). 
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Other commonly used phlogistic agents (Vogel, 2002) are: 

0.05ml undiluted fresh egg white 

0.1ml of 1% ova albumin solution 

0.1ml of 1% formalin 

0.1ml of 1-3% dextran solution 

0.1ml of 0.1% trypsin solution 

0.1ml of 0.1% collagenase solution etc. 

b) Cotton pellets method 

The subcutaneous implantation of sterile cotton pellets into experimental animals is carried out 

to asses the effects of drugs on the formation of granulation tissue. The initial phase of the 

response occurs within the first 3 hr and is described as transudative phase, which is 

characterized by the accumulation of low protein exudates. The second phase of the response 

involves increase in vascular permeability and the subsequent appearance of exudates. The 

third phase of the response is described as the proliferative phase and is characterized by the 

appearance of collagen in the granuloma on day 4 after pellet implantation. This model has 

also been used to determine the contribution of several inflammatory mediators to the cellular 

response seen in implanted sponges (Meier eta/., 1950). 

Rheumatoid arthritis is a chronic inflammatory disorder of unknown etiology characterized by 

joint pain and swelling with multiple extra-articular manifestations. The adjuvant related 

diseases which manifestation is synovitis, similar to that of rheumatoid arthritis can be 

produced in rats injecting mineral oil containing cell protein from mycobacterium. In addition 

similar conditions in joint tissue can be produced in rabbits with streptococcal infections and in 

mice with mycobacterial infections (Nigel, 1987). The biochemical characteristics in Rheumatoid 

arthritis are due to chronic inflammatory parameters such as perturbations in serum proteins, 

low plasma level of histidine, increased fluid volume, color change of serum from pale yellow to 

white or dark yellow viscosity falls and poor dotting. 

The level of inhibition of edema can be calculated for each drug using the equation (Perez, 

1986): 

Inhibition {Ofo) = 100{1- (a-x/b-y)} 

Where, 

a= mean paw volume of treated animals after carrageenan injection 

x = mean paw volume of treated animals before carrageenan injection 

b = mean paw volume of control animals after carrageenan injection 

y = mean paw volume of control animals before carrageenan injection 
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or by using the following formula: 

% Inhibition of Paw Edema = {Vc-Vt) 100/ Vc 

Where, Vc =Volume of paw edema of control animals in ml, and 

Vt = Volume of paw edema of drug treated animals in mi. 

10.3 Anti-inflammatory activity of Urtica parviflora leaf, Callicarpa arborea leaf and 
Morinda citrifolia root. 

10.3.1 Materials and Methods 

10.3.1.1 Plant materials 

The fresh leaves of Urtica parvlflora (U. parviflora}, Ca/licarpa arborea (C. arborea) and root 

bark of Morinda citrifolia (M. citrifolia) were collected at Majhitar, East Sikkim and were 

authenticated by Botanical Survey of India (BSI), Gangtok, Sikkim and the herbaria were 

preserved in the institutional museum {HPI I PK/ No. 131, 132 and 133). 

10.3.1.2 Preparation of extracts and their respective isolated compounds 

The leaves of U. parviflora and c ar/Jorea, free from dirt were separated and shade dried for 

ten days and made to powder by a mechanical grinder. The powdered drugs (500g) were 

extracted with ethanol by continuous hot extraction process (soxhelation). The solvent was 

recovered and the extracts were concentrated under reduced pressure. In case of M. citrifolia 

the clean roots are shade dried for twenty days and then subjected to soxhelation using 

ethanol as the solvent. The extract yield was found to be 5% for U. parviflora (MEUP), 7.5% 

for C. arborea (MECA) and 11.0% for M. citrifolia (MEMC) and their Isolated compounds as 

compound I, II, and III were obtained as described in Chapter 3, used in the study. 

10.3.1.3 Instruments and Chemicals 

Plethysmometer (Modei-520-R, IITC Life sciences, USA); Ibuprofen, phenidone, carrageenan 

and arachidonic add were purchased from Sigma chemicals. All other chemicals were of 

analytical grade and procured locally. 

10.3.1.4 Test animals 

Healthy male albino rats weighing between 160-220gm were used in the study. They were 

individually housed in aseptic condition and maintained on normal diet and water. They were 

kept in plastic cages at 23 ± 1°C in 12:12 hr dark: light cycle. All the experiments were carried 

out between 10:00 and 16:00 hrs. The animal experiments were conducted as per protocol 

approved by the Institutional Animal Ethics Committee (IAEC) No. HPI/07/60/IAEC/0005. 
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10.3.1.5 Carrageenan induced rat paw edema test 

The rat paw edema method of Winter eta/., (1962) was used. The extracts, MEUP, MECA and 

MEMC at the dose of 200mg/kg b.w. and the isolated compounds I, II, and III at the dose of 

30mg/kg b.w. were administered orally to the animals of group III to VIII respectively. Control 

animals of group I received (2%w/v CMC 1ml/kg b.w.p.o) and the animals of group 

II(standard) received Ibuprofen at the dose of lOOmg/kg b.w. Thirty minutes after 

administration of the test drugs inflammation was induced by subplantar injection of 0.1 ml of 

1% w/v carrageenan solution. Edema was assessed in terms of volume of distilled water 

displaced by the paw before and at 0, 1, 2, 3, and 4 hours after induction of inflammation. The 

percentage inhibitions of paw edema in the animals were determined using the following 

equation. 

% Inhibition of Paw Edema = (Vc-Vt) 100/ Vc 

Where, Vc = Volume of paw edema of control animals in ml and 

Vt = Volume of paw edema of drug treated animals in mi. 

10.3.1.6 Cotton pellet induced granuloma test 

Cotton pellet granuloma was induced according to the method of D' Arcy et al, Sterilised 

cotton pellets each weighing lOmg were implanted in both axilla and groin of each rat under 

light ether anaesthesia. Forty eight rats were divided into 8 (eight) groups, six animals in each 

group. The group I was treated with 2% CMC (1ml/kg b.w.p.o) and group II was treated with 

Indomethacin at a dose of 10mg/kg b.w.p.o (Mujumdar et al, 2000). Animals of group III to V 

received MEUP, MECA and MEMC at the dose of 200mg/kg and the groups VI to VIII received 

the compound I, II, and III at the dose of 30mg/kg b.w.p.o. After 7 (seven) days the animals 

were sacrificed by cervical dislocation and the cotton pellets along with the granuloma tissues 

were collected and dried in an oven at 60°C, weighed and resulted weights were compared 

with control. The percentage inhibition of granuloma by the test drugs was determined. 

10.3.1.7 Arachidonic acid induced paw edema test 

Paw edema was induced by single injection of O.lml of 0.5% wtv arachidonic acid in 0.2M 

carbonate buffer (pH 8.4) into the right hind paw of each rat. The test drugs, MEUP, MECA and 

MEMC were administered at the dose of 200mg/kgb.w.p.o to animals of group III to V. The 

control group I received 2.0% CMC solution (1ml/kg b.w.) and the standard group II received 

the Standard drug, Phenidone at the dose of 200mg/kg b.w.p.o. Animals of group VI to VIII 

received the compound I, II, and III at a dose of 30mg/kg b.w.p.o. respectively. All the 

treatments were given before 2 (two) hours of administration of arachidonic acid and the paw 
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volumes were measured after one hour of administration of the same with the help of a 

Plethysmometer. The paw volumes of different groups of animals were compared with the 

control. 

10.4 Resu. s of the Antiinflammatory activity of Urtica parviflora leaf, 
Callicarpaarborea leaf and Morinda citrirolia root 

10.4.1 Carrageenan-induced edema test 

The results of the carrageenan induced paw edema study are presented in Table 10.1.From 

the result it is evident that the test drugs inhibited the paw edema in dose and time dependent 

manner. From the table, it is seen that Compound II in Group VII showed percentage inhibition 

of 17.39 at the 1st hour, where as the standard drug Ibuprofen had percentage inhibition of 

18.26 followed by MECA (16.52). In the 2nd hour maximum inhibition percentage amongst the 

test drugs treated groups was observed incase of Compound II treated group which was 

continued for 3rct ( 48.76) and 4th hour (61.69). It indicates the high efficacy of Compound II as 

compared to the standard drug Ibuprofen. In other words it can be said that Compound II at 

the dose of 30mg/kg b.w.p.o. has anti-inflammatory activity in carrageenan induced paw 

edema in rats similar to the standard drug at the dose of lOOmg/kg b.w.p.o. In conclusion out 

of the three plants the plant C.arboria (contains compound II) has got maximum anti

inflammatory activity. 

10.4.2. Cotton pellet induced granuloma test 

There was dose dependant reduction in granuloma tissue formation in extract, isolated 

compouds and Ibuprofen treated rats as shown in Table 10.2. The activity was found to be 

statistically significant for the dose ranges used. In this test the standard drug Indomethacin at 

the dose of 10 mg/kg b.w.p.o. showed maximum (51.94%) inhibition of granuloma formation 

followed by Compound II (38.20%) at the dose of 30 mg/kg b.w.p.o. and MECA (36.01%) at 

the dose of 200 mg/kg b.w.p.o. In conclusion, out of three plants the plant C arborea 

(contains Compound ll) has got maximum anti-inflammatory actiVity. 

10.4.3. Arachidonic acid induced paw edema test 

The effect of methanolic extracts of U. parv!Rora, C arborea, M. cltrlfolta and their respective 

compounds on arachidonic acid induced inflammation in rats is presented in Table 10.3. The 

activity was found to be statistically signifiCant for the dose ranges used. The anti-inflammatory 

activity of Compound II (64.06%) at the dose of 30 mg/kg b.w.p.o. is comparable to that of 

standard drug Phenidone (71.86%) at the dose of 200 mg/kg b.w.i.p. followed by Compound 

III (63.20%) at the dose of 30 mg/kg b.w.p.o and MEMC (56.70%) at the dose of 200 mg/kg 

b.w.p.o .. 
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(B) ANTIPYRETIC ACTIVITY 

10.5 Pyrexia (Fever) 

The oral human body temperature is 98.6°F or 36.8±0.4nC. The axillary temperature is 36.5°C 

and the rectal body temperature is 37 .5°C. The body temperature is affected by food or liquid 

ingestion, physical activities, presence of infection, malignancy, collagen vascular diseases and 

undiagnosed causes. 

Fever is the elevation of body temperature above the normal circadian range i.e. above 

100.4°F. "Fever is nature's engine which she brings into the field to remove her enemy", except 

children with febrile seizures, pregnant women; patients with impaired cardiac, pulmonary and 

cerebral function. Very high grade fever is termed as hyperpyrexia or hyperthermia (Guyton, 

1998). 

10.5.1 Mechanism of Fever Production 

Normally the infected or damaged tissue or exogenous pyrogens release from virus, bacteria, 

fungi, endotoxins, Ag-Ab reaction, drug etc. initiates the enhanced formation of 

proinflammatory mediators or the endogenous pyrogens (cytokines, such as interleukin 1(31 o, 

(3, and TNF-a), which increase the synthesis of prostaglandin E2 (PgE2) near hypothalamic area 

and thereby trigger the hypothalamus to elevate the body temperature (Spacer eta/., 1994). 

The history of analgesic, antipyretic and anti-inflammatory substances started with the use of 

decocted salicylate-containing plants by ancient Greek and Roman physicians. Willow bark was 

already mentioned in the Corpus Hippocraticum (a collection of medical scripts compiled by 

Alexandrian scholars in approximately 300 BC) as a substance for treating fever and pain 

conditions. Over the past 140 years other substances have been introduced for therapy, 

collectively termed as nonsteroidal anti-inflammatory drugs (NSAIDs), after P. S. Hench 

discovered the anti-inflammatory properties of glucocorticoids in 1949. NSAIOs, which possess 

analgesic, anti-inflammatory and antipyretic properties, are a heterogeneous group of 

substances without any uniform chemical properties (although most are organic acids), but 

nevertheless share the same therapeutic and side effects. In the past few years there have 

been significant advances in explaining the mechanism of action of NSAIDs (Jurgen, 2000). 

10.6 Mechanism of action of NSAIDs 

In the 1930s, Goldblatt and Von Euler showed that human seminal fluid contained a 

component that reduced blood pressure, the effects of which could not be classified among the 
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tissue hormones known at the time. Von Euler termed these new, unknown substances 

'prostaglandins' because he presumed that these mediators were produced in the prostate 

(Goldblatt, 1933, Von Euler, 1935). After Bergstrom and Sjovall achieved the first chemical 

identification of a prostaglandin at the beginning of the 1960s, the era of prostaglandin 

research began (Bergstrom, 1962). It turned out that these hormones could be synthesized by 

many mammalian cells and that they participate in the regulation of numerous physiological 

functions. Another milestone was the discovery by Vane and co-workers that the analgesic, 

antipyretic and anti-inflammatory properties of acetylsalicylate were based on the inhibition of 

prostaglandin synthesis (Vane, 1971). Vane showed that the acidic anti-inflammatory 

analgesics decreased pro-inflammatory prostaglandin concentrations by inhibiting cyclo

oxygenase. This finding made sense because the prostaglandins characterized in the 1960s 

were found to be substantially involved in bringing about and maintaining inflammatory 

processes by increasing vascular permeability and amplifying the effects of other inflammatory 

mediators such as kinins, serotonin and histamine. Prostaglandin E2 (PGEz) is also involved in 

the induction of fever. As it is known that, prostaglandins are not themselves significant 

mediators of pain; instead, they increase the sensitivity of nociceptors to other stimuli in 

traumatized tissue. They switch normally non-excitable polymodal receptors (Silent 

nociceptors) into a state in which they are easily excitable (Fig 10.2). 
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Fig 10.2 Mechanism of action of antipyretics. 

10.6.1 NSAIDs as inhibitors of cyclo-oxygenase-1 and cyclooxygenase-2 

In 1990, the first evidence for the existence of an inducible isoform of cyclo-oxygenase (COX) 

was published by P. Needleman (Fu eta/., 1990; Masferrer eta/., 1990). Structural analysis 

showed that the isoenzymes COX-1 and COX-2 had an amino acid sequence homology of 

approximately 60%. However, the isoforms encoded by different genes differ in their tissue 
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distributions and regulation of expression. COX-1 is expressed constitutively in almost all cell 

types, including thrombocytes and those present in kidney, stomach and vascular endothelium, 

and is synthesized and regulated as a so-called 'housekeeping enzyme' involved in physiological 

adaptation. COX-2 in contrast is inducible; induction can occur during tissue damage or 

inflammation in response to cytokines (tumor necrosis factor- a, interleukin-1), mitogens and 

growth factors. The induction of COX-2 has been observed in macrophages and monocytes, 

endothelial cells, chondrocytes and osteoblasts. An increased COX-2 level has also been 

registered in the synovial tissue of patients with rheumatoid arthritis and osteoarthritis 

(Crofford, 1996). These first findings led to the hypothesis that a selective blockade of the 

COX-2 isoform should lead to the inhibition of inflammation and pain without impeding the 

COX-1-dependent effects in the GI tissue and kidney, and in blood coagulation (Vane, 1994). 

This hypothesis led to an intensive worldwide search for selective COX-2 inhibitors. Most of the 

antipyretic drugs inhibit COX-2 expression to reduce the elevated body temperature by 

inhibiting PgE2 biosynthesis (Cheng et a/., 2005). These synthetic agents irreversibly inhibit 

COX-2 with a high selectivity and are toxic to the hepatic cells, glomeruli, cortex of brain, and 

heart muscles. Natural COX-2 inhibitors have lower selectivity with fewer side effects (Cheng et 

a/., 2005). 

10.6.2 Salicy\ates 

Also Salicylates are the class of compounds, that are widely valued for their pain killing, 

antipyretic and anti-inflammatory properties (Moncada et al., 1979 and Insel, 1991). The most 

commonly known and used salicylates are salicylic acid (also called 2-hydroxybenzoic acid), 

aspirin (acetylsalicylic acid or ASA) and sodium salicyclates. They are used extensively for the 

relief of headache, inflammation, arthritis pain, and some are employed in the treatment of 

heart attacks and strokes in the elderly (Rainsford, 1984). Their mode of action is the inhibition 

of the synthesis of Prostaglandin and its derivatives that cause inflammation, pain, rise in 

temperature and related diseases (Moncada eta/., 1979; Meade eta/., 1993). 

Salicylate toxicity and poisoning are rare in recommended doses, however, salicylate poisoning 

and its side effects are prominent problem in developing countries where they are used as 

antipyretic in the management of infectious malaria, both in children and in elderly people. 

Meanwhile, there are development and introduction of new analgesic, antipyretic and anti

inflammatory agents that compete with aspirin (Fadeyi eta/., 2004). 
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10.7 Antipyretic activity of U.parviflora leaf, C.arborea leaf and M. citrifolia root 

10.7.1 Material and Methods 

10.7.1.1 Animals 

Albino rats (Wistar strain) of either sex weighing 180-200 g were used. The animals were 

maintained under suitable nutritional and environmental conditions throughout the experiment. 

All the experimental protocols were approved by the Institutional animal ethics committee vide 

its no. HPI/07/60/IAEC/0005. 

10.7.1.2Induction of fever by Brewer's yeast (Pyrexia) 

Yeast induced pyrexia (Burn et al.f 1997) was used to evaluate the antipyretic activity of the 

extracts of the plants with their isolated compounds. Male rats of Wistar strain (11-12 weeks) 

were procured from Ghosh Enterprises, Kolkata .. They were housed in polypropylene cages with 

paddy house bedding under standard laboratory condition. The animals had access to 

laboratory chow and water ad libitum. The animals were kept fasting for 24 hours prior to the 

experiment and were divided into eight groups of six animals each. The body temperature of 

each rat was recorded by measuring rectal temperature at predetermined time intervals with 

the help of tete-thermometer. Fever was induced by injecting 15% suspension of Brewer's 

yeast (Saccharomyces cerevisiae), following a standard method (Murugesan eta/., 2000). The 

rats were allowed to remain quiet in the cage for sometimes. A thermister probe was inserted 

3-4 em deep into the rectum, after fastened the tail, to record the basal rectal temperature. 

The animals were then given a subcutaneous injection of 10 ml/kg of 15% w/v Brewer's yeast 

suspended in 0.5% w/v methylcellu!ose solution (Debprasad et al., 2005) and the animals were 

returned to their housing cages. After the 19hrs of yeast injection, the rats were again 

restrained in individual cages to record their rectal temperature. Immediately the MEUP, MECA 

and MEMC extracts were administered orally at dose of 200 mg/kg to the Group III to V 

animals; the last three groups received 30 mg/kg of isolated compounds Compound I, 

Compound II and Compound III respectively, the Group I received 5 mlfkg of methylcellulose 

solution as vehicle control and the Group II animals were administered with 150 mg/kg of 

Paracetamol (for each rat 27 mg of Paracetamol was dissolved in 0.5 ml methylcellulose 

solution and diluted with 4.5 ml distilled water) as standard drug. Rectal temperatures of all 

the rats were recorded at immediately before extract or vehicle or Paracetamol administration, 

19hrs and again at 1hour interval up to 23 hrs, after yeast injection (Chattopadhyay eta/., 

2002). 

10.7.1.3 Statistical analysis 

The values are expressed as Mean ± SEM; where number of observation in a group is 6. The 

data of all the groups are compared with the mean value of respective control group and level 

of significance are cited. 
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10.8 Results of the antipyretic activity of U.parviflora leaf, C. arborea leaf and M. 

dtrifo/ia root. 

The effect of MECA, MEMC, MEUP and their isolated compounds on yeast-induced pyrexia is 

presented in Table 10.4. The data revealed that the rectal temperature of 38.19°C at 19 hr 

was markedly elevated to 40.52°C at the 21 hr and then slowed down for vehicle control. The 

results showed that the MECA at doses of 200 mg/kg b.w.p.o. caused significant lowering of 

the body temperature up to 4 hr following administration, as the normal mean temperature 

39.20°C at 19 hr was reduced to 38.00°C at 23 hr. While maximum lowering of body 

temperature was noticed in case of its isolated compound treated group i.e. Compound II 

treated group, which received 30 mg/kg b.w.p.o. In this group the body temperatures slightly 

increased at 19hr (37.59°C) from the basal temperature (37.55°C) and slightly go on increasing 

up to 21 hr (38.46°C) and then decreased to 37. 790c. The compound succeeded to keep the 

body temperature near normal. The pattern of body temperature was different from other 

groups. In the paracetamol treated group the body temperature was 38.46°C at 19 hr after the 

subcutaneous injection of yeast suspension which rose to 38.31°C in the next hour and then 

slowed down up to 23 hr. It was found that the antipyretic effect of Compound II at 30 mg/kg 

b.w.p.o. is similar to the paracetamol group. The study revealed that MECA and compound II 

i.e. the plant C arborea possess the maximum antipyretic activity out of the three plants 

studied. The statistical analysis also revealed that the temperature difference was significant in 

this case. 
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Table 10.1 Acute anti-inflammatory activity of l/. parviflora, C. arborea, M. citrirolia 
and their respective compounds on carrageenan induced rat paw edema. 

Paw volume in ml and inhibition °/o 
GROUP TREATMENT 

lhr 2hr 3hr 4hr 

I CONTROL 1.15±0.09 1.29±0.07 1.62±0.05 2.01±0.01 

IBUPROFEN 0.94±0.02* 0.90±0.04* 0.82±0.01* 0.74±0.02 
II 

100 mg/kg (18.26) {30.23) (49.38) (63.18) 

MEUP 1.01±0.05* 0.97±0.04* 0.94±0.03* 0.90±0.03* 
III 

200 mg/kg (12.17) (24.80) (41.97) (55.22) 

MECA 0.96±0.01* 0.92±0.02* 0.85±0.05* 0.79±0.07* 
IV 

200 mg/kg (16.52) (28.68) (47.53) (60.69) 

MEMC 0.97±0.05* 0.92±0.03* 0.84±0.02* 0.79±0.02* 
v 

200 mg/kg (15.65) (28.68) (48.14) {60.69) 

Compound I 1.08±0.03* 1.00±0.04* 0.95±0.02* 0.91±0.03* 
VI 

30 mg/kg (6.08) (22.48) (41.35) (54.72) 

Compound II 0.95±0.06* 0.91±0.03* 0.83±0.03* 0.77±0.06* 
VII 

30 mg/kg (17.39) (29.45) (48.76) {61.69) 

Compound 
0.98±0.09* 0.94±0.05* 0.90±0.06* 0.85±0.02* 

VIII III 

30 mg/kg 
(14.78) (27.13) (44.44) (57.71) 

Values are expressed as Mean± SEM, {n=6). '*'indicates P<O.Ol 
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Table 10.2 Effect of methanol extracts of leaves of U. parviflora, C. arborea, 
M. citrifoHa and their respective isolated compounds on cotton pellet 
Induced granuloma In rats. 

Weight of dry cotton 
0/o 

Treatment Inhibition Group 
(mg/kg b.w.p.o) pellet granuloma of (mg) 

granuloma 

I Control (2% CMC) 36.23±1.37 

II Indomethacin 17.41±1.44"** 51.94 
10 mg/kg 

m MEUP 27.01±0.78** 25.44 
200 mg/kg 

IV 
MECA 23.18±0.97** 36.01 

200 mg/kg 

v MEMC 26.65± 0.99* 26.44 
200 mg/kg 

VI Compound r 
25.01±1.68** 30.96 

30 mg/kg 

VII 
Compound II 22.39±0.82*** 38.20 

30 mg/kg 

VIII 
Compound III 

29.41±0.64* 23.18 
30 mg/kg 

Values are expressed as Mean ± SEM (n=6). '*'indicates P <0.05, '**'indicates P <0.01 and 

'***'indicates P<O.OOl. 

277 



Chapter 10 Antiinflammatory and antipyretic activity 

Table 10.3 Effect of methanolic extracts of u. parviflora, C arborea, M. citrifoliaand 
their respective compounds on arachidonic acid induced infla.mmation in 
rats. 

GROUP Treatment 

I Control (2%CMC) 

Phenidone 
II 

200 mg/kg i.p 

III MEUP 
200mgfkg p.o 

IV 
MECA 

200 mg/kg p.o 

v MEMC 
200 mg/kg p.o 

VI Compound I 
30 mg/kg p.o 

VII 
Compound II 
30 mg/kg p.o 

VIII Compound III 
30 mg/kg p.o 

Paw volume in (ml) at 

1 hr after arachidonic 

acid injection 

2.31±0.03 

0.65±0.02** 

1.94±0.04 NS 

1.31±0.02** 

1.00±0.02** 

1.58±0.01* 

0.83±0.03** 

0.85±0.21 ** 

Ofo Reduction in 

Paw volume 

71.86 

16.01 

43.29 

56.70 

31.60 

64.06 

63.20 

Values are expressed as Mean± SEM, (n=6). '*' indicates P 50.05; '**' indicates P 50.001 and 

NS=Not Significant 
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Table 10.4 Antipyretic effect of MEUP, MECA, MEMC and their respective 
compounds on albino rats. 

(Group) Basal RECTAL TEMPERATURE °C IN HOURS ± SEM 
Treatment temper 

(Oral) ature in 
oc 19 Hour 20 Hour 21 Hour 22 Hour 23 Hour 

(Gr I) 
37.22 38.19 39.11 40.52 40.00 39.51 

CONTROL ±0.31 ±0.28* ±0.14 ±0.20* ±0.15 

(Gr II) 
37.78 

38.46 38.31 38.05 37.81 37.82 
Paracetamol ±0.11* ±12 ±32** ±0.01*** ±0.02** 

(Gr III) 
38.20 39.00 38.92 38.85 38.77 MEUP 37.05 ±0.13 ±0.22* ±.0.30 ±0.10 ±0.13* 

200.mg/kg 
(Gr IV) 

39.20 38.55 38.35 
38.13 38.00 MECA 37.42 ±0.60 ±0.28* ±0.31 ** ±0.09 ±0.06* 

200 1Tl9/kg * 
(Gr V) 

39.50 40.50 38.90 38.70 38.37 MEMC 37.61 
±0.19 ±0.98 ±0.68* ±0.49 ±0.33 200 mg/kg 

(Gr VI) 
38.80 39.71 38.40 38.20 38.15 Compound I 37.51 
±0.13 ±0.13 ±0.13 ±0.13 ±0.13 30 mg/kg 

(Gr VII) 
Compound 

37.55 37.59 38.30 38.46 38.22 37.79 
II ±0.02*** ±0.01*** ±0.61 ±0.81* ±1.21*** 

30mg/kg 

(Gr VIII) 
Compound 

37.40 38.71 39.9 38.42 38.01 ** 37.89 
III ±0.74 ±0.37** ±0.62 ±0.12 ±0.22* 

30 mg/kg 

Values are expressed as Mean ± SEM ; '*' indicates P ~0.05. '**' indicates P ~0.01 
and '***' indicates P ~0.001 
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