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ABSTRACT 

The inflammation is a complex process, which is frequently associated with pain and involves 

several events. Anti-inflammatory compounds can act on many steps of pathophysiological 

process by blocking the biosynthesis of proinflammatory mediators; by direct interaction with a 

key enzyme or by decreasing enzyme expression. The pomegranate, (Punica granatum L.)  has 

been used extensively in the folk medicine for a number of therapeutic purposes. In the present 

investigation antiinflammatory activity of pomegranate whole fruit (EPWF) and seeds (EPS) 

ethanol extracts and synthetic ellagic acid(EA) was evaluated in swiss albino mice using 

ethylphenylpropiolate and carrageenan induced edema models. EA and EPWF exhibited 

inhibitory effect (P<0.05) on the ear edema formation induced by ethylphenylpropiolate but the 

EPS treated group did not exhibit significant changes. EA and EPWF exhibited inhibitory effect 

(P<0.05) on the paw edema formation induced by carrageenan but the EPS treated group did not 

exhibit significant changes. Also EA and EPWF treated groups significantly reduced the COX 

activity similar to Indomethacin (P<0.05) when compared to inflammogen, carrageenan, where 

the enzyme activity was increased. Whereas the EPS treated group did not exhibit significant 

result (P>0.05) when compared to carrageenan treated groups. The findings of our study 

demonstrated that EA and EPWF has potential anti-inflammatory effects for the resolution of 

inflammation. 
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INTRODUCTION 

Inflammation, the first physiological defense system in the human body, can protect against 

injuries caused by physical wounds, poisons, etc. Inflammation is an important component of 

immune response to pathogens and damaged cell characterized by heat, redness, pains, swelling 

and sometimes loss of tissue functionality in chronic situation
1
. Although inflammatory response 

provides an important defense mechanism to injurious agents, injuries to some healthy cells at 

the inflammatory site could also occur 
2
. 

Cyclooxygenase and lipooxygenase oxidation of polyunsaturated fatty acid such as arachidonic 

acid or linoleic acid forming bioactive eicasanoids are the major features of inflammatory 

response
3
.Plant extracts are suspected to contain potential bioactive component that can strongly 

inhibit the expression of LOX and COX. 

Drugs that are currently used for the management of pain are opioids or nonopioids and that for 

inflammatory conditions are non-steroidal anti-inflammatory drugs (NSAIDs) and 

corticosteroids. All these drugs carry potential toxic effects. Although NSAIDS provide good 

therapeutic relief against inflammation, some of these drugs currently in use have various side 

effects, particularly in the gastrointestinal tract ulceration and kidney 
4
. Prolonged use of 

nonselective NSAIDs has adverse effects such as nausea, dyspepsia, gastritis, abdominal pain, 

peptic ulceration, gastrointestinal bleeding and/or perforation of gastroduodenal ulcers
5
. 

Recently, Rates (2001)
6 

reported that there has been a growing interest in plants as a significant 

source of new pharmaceuticals. The COX-2 selective drugs lower gastro toxicity than non- 

Antiselective NSAID but the finding of elevated incidence of myocardial infarction raises the 

question whether all of the side effects that may be associated with these drugs are known. It is 

well known fact that the herbal component has been a better alternative to the allopathic agents. 

So it’s ideal to look for a new herbal compound for eliciting the COX -2 specific actions with 

fewer side effects. Varieties of plants have been used for treating the ailments. 

The pomegranate, Punica granatum L., an ancient, mystical, and highly distinctive fruit, is the 

predominant member of the Punicaceae family. The pomegranate tree, which is said to have 

flourished in Eden, has been used extensively in the folk medicine for a number of therapeutic 

purposes. The pharmacological functions of pomegranate include anti-oxidation 
7
, anti-tumour 

8,9
 

anti-hepatotoxicity
10

, anti-lipoperoxidation
11

 and anti-bacteria properties
12

. In hematology, 

pomegranate could reduce the common carotid intima-medium thickness, thus lowering blood 

pressure and decreasing low-density lipoprotein (LDL) oxidation and the incidence of heart 
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disease
13

. Chia-Jung Lee et al., 2010
14

 in their previous studies, found that extract from the dried 

peel of the pomegranate could significantly inhibit NO production. Hence, suggested 

pomegranate peel contains the anti-inflammatory activity components. 

 Ellagic acid has antiproliferative and antioxidant properties in a number of in vitro and small-

animal models 
15-17

. These properties of ellagic acid have spurred preliminary research into the 

potential health benefits of ellagic acid consumption
18

. As with other polyphenolic antioxidants, 

ellagic acid has a chemo protective effect in cellular models by reducing oxidative stress 
19

. 

However, the correlation between the phytochemicals and the anti-inflammatory properties of 

crude extracts of pomegranate fruit and seeds in comparison with synthetic ellagic acid has not 

been investigated. Therefore, our study aimed to clarify the anti-inflammatory activities of 

pomegranate extracts and synthetic ellagic acid. 

MATERIALS AND METHODS 

Plant Material 

The fruits of Punica granatum were collected from the local market, Mangalore and the 

specimens were identified. The whole fruit (peel+ seeds) and seeds of P.granatum were dried in 

hot air oven at 40-50°C for a period of one week. The dried plant material was powdered using 

mixer grinder, and subjected to soxhlet extraction with 99% ethanol for 24 hours. The mixture 

was evaporated to dryness in a rotary flash evaporator (Rotavap Model No.PBU-6) and stored in 

refrigerator. The condensed extracts were used for in-vivo antiinflammatory study. Synthetic 

compound, Ellagic acid was purchased from Sigma Aldrich. 

Experimental Animals  

Adult male Swiss Albino mice (6-8 weeks old/20-25g) were procured from the Institutional 

Animal House, K.S Hegde Medical Academy, Nitte University, Mangalore. Animal care and 

handling was carried out according to the guidelines set by WHO (World Health Organization, 

Geneva, Switzerland). They were housed under standard animal house conditions and fed with 

standard laboratory pellets and water ad libitum. The experimental protocol was approved by the 

Institutional animal ethical committee. 

Test drugs and drug administration 

For anti-inflammatory experiments all test substances viz., EA (Ellagic acid), EPWF (Ethanolic 

pomegranate whole fruit) and EPS (Ethanolic pomegranate seeds) were diluted in distilled water. 

They were orally administered in an equivalent volume of 0.1 ml/10 g body weight of the mice, 

at the concentration of 200mg/kg body weight except in the ear edema model where a local 
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application of the test drug to outer and inner surfaces of the ear was performed. Control groups 

received vehicle only in the same volume and same route of administration. 

ANTI-INFLAMMATORY STUDY 

Ethyl phenylpropiolate (EPP) induced ear edema 

Topical anti-inflammatory activity of the extract was assessed by the method described by 

Brattsand et al.,
 20

 and Young et al.
21

. Male mice weighing 20–25g were used. The inflammogen 

EPP was dissolved in acetone and ear edema was induced by topical application of EPP (1 

mg/20μl/ear) to the inner and outer surfaces of both ears using an automatic microliter pipette. 

Test substances dissolved in distilled water were administered topically (20μl/ear) just before the 

inflammogen. The thickness of each ear was measured with vernier calipers before and at 15, 30, 

60 and 120 min after EPP induction and at 60 min after EPP induction. The inhibitory effect on 

the edema formation was compared with that of the vehicle-control group and the percent 

inhibition was calculated. 

Carrageenan-induced hind paw edema 

Male mice weighing 20-25 g were used. Paw edema was induced by an intradermal injection of 

carrageenan (1% in normal saline solution) (Winter et al., 1962) 
22 

into the plantar surface of the 

right hind paw of the mice at a volume of 0.05 ml. The edema volume was determined using a 

water plethysmometer (Ugo Basile, Italy) prior to and 1, 3 and 5 h after carrageenan injection. 

Test substances were given 1 h prior to carrageenan injection. The control group received vehicle 

only. The inhibitory effect on the edema formation was compared with that of the vehicle-control 

group and the percent inhibition was calculated. 

Cyclooxygenase activity was assessed in the serum of mice using Cayman’s COX activity assay 

kit which measures the peroxidase activity of COX. The peroxidase activity was assayed 

colorimetrically in a ELISA (LISA plus) plate reader by monitoring the appearance of oxidized 

N, N, N
1
, N

1
 - Tetramethyl -p-phenyldiamine (TMPD) at 590nm. The kit includes isozyme 

specific inhibitors for distinguishing COX-2 activity from COX-1 activity. 

Statistical Analysis 

The statistical analysis of the data for significant variations within the groups was performed by 

using Graph pad prism statistical software. It was done by using the one way analysis of variance 

(ANOVA) and multiple group comparisons were made by using Tukey’s test. The values were 

expressed as mean ± S.D for six samples in each group. P< 0.05 was considered as significant. 

RESULTS AND DISCUSSION 

http://www.ajphr.com/


Bhandary et al ., Am. J. Pharm Health Res 2014;2(4)     ISSN: 2321-3647 

www.ajphr.com  74 

 

Effect of P.granatum ethanolic extracts and synthetic ellagic acid on ethylphenylpropiolate 

induced ear edema in mice 

In the present investigation, significant decrease was observed in the paw edema volume of  EA 

and EPWF treated groups when compared to EPP treated control (P<0.05,Table 1). EA and 

EPWF exhibited inhibitory effect on the ear edema formation induced by EPP but the EPS 

treated group did not exhibit significant changes. These results suggest that EA and EPWF 

possess anti-inflammatory activity. 

Table1. Effects of P.granatum Ethanolic Extracts and Synthetic Ellagic Acid on 

 Ethylphenylpropiolate Induced Ear Edema in Mice 

Group 

 

 

  Time after Topical Application of EPP  

15 min  30min  60 min  120 min  

ED(µm) EDI 

(%) 

ED(µm) EDI 

(%) 

ED(µm) EDI 

(%) 

ED(µm) EDI 

(%) 

Control 

EA 

EPWF 

EPS 

37.5±0.0 

15.0±0.0* 

16.5±0.002* 

30 ±0.037 

- 

60 

56 

20 

60.0±0.0 

32.0±0.0 * 

40.0±0.002* 

55.0±0.003 

- 

46.6 

33.33 

8.3 

75.0±0.003 

52.0±0.003* 

50.0±0.0* 

65.0±0.0 

- 

30.66 

33.3 

13.3 

62.0±0.0 

40.0±0.0* 

35.0±0.007* 

50.0±0.004 

- 

35.48 

43.54 

19.35 

Values are expressed as mean ± SD, n = 6. * Significantly different from control, P<0.05. 

ED = edema thickness (μm) at time %EDI = percent edema inhibition of test substance at time. 

The inflammation is a complex process, frequently associated with pain, involves several events 

like increase of vascular permeability, increase of granulocytes and mononuclear cells migration, 

as well as the granulomatous tissue proliferation. The diversity of drugs that have been found 

effective in modifying this process have resulted in numerous methods of assay for detecting 

anti-inflammatory substances. Therefore, in the field of inflammation research, several 

experimental models can be used to evaluate the inflammatory response. 

In the present study, the antiinflammatory property of pomegranate ethanol extracts and 

synthetic ellagic acid was assessed by using two models of inflammation namely, 

Ethylphenylpropiolate(EPP) induced ear edema and Carrageenan induced paw edema model in 

Swiss albino mice. 

Ethylphenylpropiolate (EPP) induced ear edema model was selected because it produces  local 

response and also avoids drug metabolism
23

 EPP-induced mice ear edema is a useful model for 

screening and investigating the anti-inflammatory activity of test compounds. The inflammatory 

mediators released in this model include histamine, serotonin, bradykinin and prostaglandin 

(PGs). These mediators are capable of promoting vasodilation and increasing vascular 

permeability as well as synergistically producing edema 
24.
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Effect of P.granatum ethanolic extracts and synthetic ellagic acid on carrageenan induced 

paw edema in mice 

Table 2 shows the effect of P.granatum ethanolic extracts and synthetic ellagic acid on 

carrageenan induced paw edema. Significant decrease was observed in the paw edema volume of 

EA and EPWF treated groups when compared to carrageenan treated control (P<0.05) EA and 

EPWF exhibited inhibitory effect on the carrageenan edema formation but the EPS treated group 

did not exhibit significant changes. These results suggest that EA and EPWF possess anti-

inflammatory activity. 

In our present investigation, significant decrease was observed in the paw edema volume of  EA 

and EPWF treated groups when compared to EPP treated control (P<0.005,Table 1). EA and 

EPWF exhibited inhibitory effect on the ear edema formation induced by EPP but the EPS 

treated group did not exhibit significant changes. These results suggest that EA and EPWF 

possessed anti-inflammatory activity. This property may be due to the blocking of inflammatory 

mediators of the acute phase of inflammation. 

Table 2. Effects of P.granatum Ethanolic Extracts and Synthetic Ellagic Acid on 

Carrageenan Induced Paw Edema in Mice. 

Group  Time  after  1%carrageenan injection 

 1 h 3h 5h 

 EV %EI EV %EI EV %EI 

Control   

IN 

EA                    

EPWF             

EPS     

0.24±0.05    

0.045±0.02* 

0.055±0.02 * 

0.122±0.02* 

0.22±0.02 

- 

81.4 

77.3 

49.4 

7.21 

1.94 ± 0.22 

0.20 ±  0.06* 

0.79 ± 0.12 * 

0.9 ± 0.14 

0.81±0.08 

- 

89.5 

59. 0 

53.6 

15.05 

1.06±0.01 

0.10±0.01 

0.5±0.14 

1.65± 0. 05 

0.90±0.05 

- 

89.9 

52.9 

23.5 

15.0 

Values are expressed as mean ± SD, n = 6. * Significantly different from control, P<0.05. 

EV = edema volume (ml) at time %EI = percent edema inhibition of test substance at time. 

The carrageenan-induced paw edema is considered as a model of the acute phase of 

inflammation and is widely used for discovery and investigation of anti-inflammatory property 

of drug. Especially, this model is known to be sensitive to cyclooxygenase inhibitors which has 

been used to evaluate the effect of NSAIDs, which involves the inhibition of PGs synthesis 
25

. 

Inflammatory formation of carrageenan involves two distinct phases of mediator release. 

Histamine, serotonin and bradykinin are released in first phase which occurs between 0 and 2 h 

after carrageenan injection. In late phase, the inflammation reaches its maximum approximately 

3 h after carrageenan injection and then it begins to decline. The releasing of prostaglandin in 

late phase is the cause of edema which depends on the mobilization of neutrophils 
26

. 
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In the present study, significant decrease was observed in the paw edema volume of EA and 

EPWF treated groups when compared to carrageenan treated control (P<0.05, Table 2) EA and 

EPWF exhibited inhibitory effect on the carrageenan edema formation but the EPS treated group 

did not exhibit significant changes. These results suggest that EA and EPWF possess anti-

inflammatory activity. This property may be due to the blocking of the release of prostaglandin 

during late phase of inflammation. 

Effect of P.granatum ethanolic extracts and synthetic ellagic acid on Cyclooxygenase 

activity   in carrageenan induced paw edema in mice 

Figure1. shows the effect of  P.granatum ethanolic extracts and synthetic ellagic acid on 

Cyclooxygenase activity  in carrageenan induced paw edema  bearing mice. The result obtained 

showed that EA and EPWF treated groups significantly reduced the COX activity similar to 

Indomethacin (P<0.05) when compared to inflammogen, carrageenan where the enzyme activity 

was increased. Whereas the EPS treated group did not exhibit significant result (P>0.05) when 

compared to carrageenan treated groups. 

In order to investigate whether the anti-inflammatory effect observed in the carrageenan-induced 

mice paw edema is caused by inhibition of COX enzyme (one of the mechanisms 

for anti-inflammatory activity), the COX enzyme activity was measured using Cayman’s COX  

activity assay kit. COX enzymes are the rate determining enzymes in the prostaglandin (PG) 

biosynthetic pathways. The modulation of the enzymes can help in anti-inflammatory treatments 

due to the key role of PG especially PGE2
 
in the inflammatory response 

27
. 

 

Figure.1: Effect of EA, EPWF and EPS on serum COX activity.  Values are expressed as 

mean ± SD, n = 6. * Significantly different from CR (Carrageenan), P<0.05. 
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The present study revealed the antiinflammatory property of EA and EPWF which was similar to 

standard NSAID, indomethacin. The result obtained showed that EA and EPWF treated groups 

significantly reduced the COX activity similar to Indomethacin (P<0.05) when compared to 

inflammogen, carrageenan where the enzyme activity was increased. Whereas the EPS treated 

group did not exhibit significant result (P>0.05) when compared to carrageenan treated groups. 

In the present study, the ellagic acid and EPWF treated groups displayed anti-inflammatory 

properties by decreasing the severity of carrageenan induced COX activity, accelerating the 

resolution of inflammation. Ellagic acid and EPWF reduced several inflammatory parameters, 

including the EPP induced ear edema and Carrageenan induced paw edema formation in mice. 

Ellagitannins present in the pomegranate (Punica granatum) fruit, which has been used for 

centuries for medical purposes. Studies with pomegranate extract have demonstrated its anti-

inflammatory effects in murine models of collagen-induced arthritis 
28

 and experimental colitis 

29
. In an experimental model of ALI (LPS-initiated), the pomegranate extract also reduced the 

myeloperoxidase (a heme enzyme present in the primary granules of neutrophils) in the lungs of 

mice 
30

. 

The key result from our study was EA and EPWF demonstrated preventive effects in reducing 

edema and COX activity during inflammation. In addition, EA and EPWF, similar to 

indomethacin, accelerated the resolution of inflammation by promoting the recovery from ear 

and paw edema and reduced the exacerbation of inflammation by COX inhibition. These results 

suggest that ellagic acid and Ethanolic pomegranate whole fruit extract (EPWF) has potent anti-

inflammatory activity and is able to reduce the inflammation, as well as its exacerbation. 

Together, these findings demonstrated that EA and EPWF has potential anti-inflammatory 

effects for the resolution of inflammation. 

Phytochemical analyses of P.granatum extract indicated that the large majority of its constituents 

were tannins. Tannins, both condensed and hydrolyzable, are widely dispersed in the plant 

kingdom, with some plants containing as much as several grams of tannin per kilogram of tissue 

31
. There have been several promising studies linking the radical scavenging activity of tannins 

with the inflammatory system, and many of those studies have attempted molecular definition of 

the active component in the tannin. In this regard the antiinflammatory activity of EPWF may be 

attributed to its tannin content. 
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CONCLUSION 

In conclusion, the present investigation indicates the efficacy of ellagic acid and EPWF as an  

effective therapeutic agent in the treatment of acute inflammations. Ellagic acid has 

demonstrated antioxidant and anti-inflammatory activity in several in vivo and in vitro 

experimental inflammation models. In Ethylphenylpropiolate and carrageenan initiated 

inflammation, EA and EPWF demonstrated potent anti-inflammatory effects, accelerated the 

resolution of inflammation, and decreased the exacerbation of the inflammation process. 

These effects could be attributed to the antioxidative nature of ellagic acid and EPWF via 

modulation of inflammation-related factors and thus exhibits anti-inflammatory activity. 

However, the results of this study are limited and further investigation in depth are warranted to 

illuminate the mechanisms of ellagic acid and EPWF against inflammation. 
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