
   OPEN ACCESS Pharmacologia

ISSN 2044-4648
DOI: 10.5567/pharmacologia.2018.144.148

Short Communication
Phytochemicals Improve Anti-inflammatory Activity of Diclofenac
in Rat Paw Edema Model
1Supriya   Pandurang      Mortale,    1Ramdas    Ganpatrao    Bhong,    2Sushant    Shivdas   Sole  and 
1Sankunny Mohan Karuppayil

1School of Life Sciences (DST-FIST and UGC-SAP sponsored), SRTM University, Nanded, 431606, Maharashtra, India
2Department of Pharmacology and Toxicology, Bombay Veterinary College, Mumbai 400012, Maharashtra, India

Abstract
Background and Objective: Great effort has been expended on the development of drugs for the treatment of inflammation. Therefore,
combination of non-steroidal anti-inflammatory drug, Diclofenac sodium combination with Terpenoids can increase anti-inflammatory
activity. As natural components have pharmacological potential to act as anti-inflammatory agents. Current study aimed to reduce
Diclofenac sodium concentration in combination with phytochemicals. Materials and Methods: To examine the anti-inflammatory activity
of Diclofenac sodium combination with Eugenol, Thymol and Carvacrol a Carrageenan induced paw edema was studied in rat model.
Results: In this study it was found, Diclofenac-Thymol combination inhibited 80.88% of inflammation, whereas Diclofenac-carvacrol
combination inhibited 89.68% of inflammation after 3 h of Carrageenan administration. Diclofenac-carvacrol combination brought up
the inhibitory rate by two fold as compared to alone activity of drug. Conclusion: The present data confirmed that, components of
essential oils like Eugenol, Thymol and Carvacrol are efficacious in anti-inflammatory action in combination with Diclofenac sodium in
rat paw edema, permitting the use of lower doses and thus limiting the side effects.
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INTRODUCTION

A complex biological response given by vascular tissues
against aggressive agents such as pathogens, irritants or
damaged cells is called inflammation1. During inflammation
process, inflammatory mediators like histamine, serotonin,
cytokine, prostaglandin and leukotriene are released. These
mediators are responsible for redness, edema and
secretions2,3. Inflammatory mediators have ability to increase
the vascular permeability, thus leucocytes migrate to the sites
of inflammation4. Non-steroidal anti-inflammatory drugs
(NSAIDs) are the strong backbone for the management of pain
which arises due to inflammatory diseases. A number of
NSAIDs like Diclofenac sodium, Ketorolac, Aspirin, Piroxicam
etc., are  available in  market,  they  suppress  natural processes
responsible  for  inflammation5,6.  The NSAIDs  are potential
inhibitors of cyclooxygenase (COX) pathway which produces
prostaglandin. Diclofenac sodium is an inhibitor of COX-1 and
COX-2 enzyme, effective in treating acute and chronic pains.
However repeated use of high doses of NSAIDs may induce
bleeding, ulcers, renal disorders, nephro and hepatotoxic
effect2,7. Therefore, new anti-inflammatory drugs lacking those
toxic effects are being searched all over the world. For many
years physicians have used herbal extracts for the treatment
of pain and inflammation. Interaction between herbs and
drugs may either increase or decrease the pharmacological or
toxicological effects of each component in combination8.
Plants possessing anti-inflammatory activity could be an
alternative to anti-inflammatory therapeutics because of their
best availability and their low toxicity in comparison to other
drugs9,10. Eugenol, Thymol and Carvacrol are monoterpenes
present in the essential oils of various plants and spices such
as Nigella sativa, Thymus. Vulgaris L., Lamiaceae, Thymus
daenensis L., Lamiaceae, Origanum species and Eugenia
caryophyllata. These monoterpene are widely used and well
known for its medicinal properties2. These plants are used in
folk medicine for the treatment of pain, arthritis, asthma and
headache. Their components also have biological effect like
antioxidative,  antimicrobial,  antifungal,  anticarcinogenic,
antimutagenic, antiallergic,  antispasmodic,  expectorant,
antibacterial and anti-inflammatory properties9,10. Eugenol is
active against oral bacteria. It has been used in dental practice
to relive pain due to variety of sources. Anti-inflammatory
activity of eugenol was studied in rat model11. Thymol and
carvacrol are reported to inhibit inflammatory edema .Thymol
effectively inhibit COX-1 activity, where as Carvacrol and
eugenol inhibit COX-2 activity12. NSAIDs have been used as
external treatment but the uses of this kind of drugs are
sometime   restricted   due   to   side   effects.   To  avoid   these

adverse reactions many efforts have been made including
development of new compounds derived from natural
sources. In the present study, the effects of plant Terpinoids
Thymol, Carvacrol and Eugenol were studied in combination
with Diclofenac sodium in experimental models of Rat in
Carrageenan induced paw edema. The main aim of this study
is to reduce the concentration of doses of Diclofenac sodium.

MATERIALS AND METHODS

Molecules and drugs: Carvacrol (AR) and Carrageenan was
purchased from Sigma Chem. Mumbai., India. While Eugenol
(AR) and Thymol  (AR)  were obtained from HiMedia Chem.
Ltd., Mumbai, India. Non-steroidal anti-inflammatory drug
Diclofenac sodium was purchased from local market Mumbai,
India. Dimethyl sulphoxide (DMSO-1%) was used as solvent for
dissolving the Carvacrol, Thymol and Eugenol.

Animals: Male Wistar rats weighing between 150-200 g were
purchased from Central Laboratory Animal House, Bombay
Veterinary College, Mumbai. Rats were housed in colony cages
(4 rats per  cage),  at  an  ambient  temperature  of 25EC with
12 h light: 12 h dark cycle. Rats had free access to standard
food  and  water repetitive. The Principles of Laboratory
Animal Care13 were followed throughout the duration of
experiment.  All  the  experiments were performed according
to CPCSEA guidelines for the care and experimentation on
laboratory animals and the protocol was approved by the
Institutional Animal Ethics Committee (Protocol No/.
Registration. No of Animal House: 230/CPCSEA ).

Carrageenan-induced  paw  edema  in rats: The carrageenan-
induced paw edema model14,15 was used to evaluate the anti-
inflammatory effect of Diclofenac sodium combination with
Eugenol, Thymol and Carvacrol. The right and left hind paws
of the rats marked on the skin at apposition that was located
over the lateral malleolus and initial paw volume was
recorded. The animals were divided for oral treatment in nine
groups. Rat groups were orally administered by doses of
molecule alone and in combination with Diclofenac sodium.
In that, first group was saline (2 mL kgG1) negative control.
Second group was Carrageenan (100 µL of a 1% w/v solution
prepared in sterile saline) positive control and three groups
were combination of Diclofenac with eugenol, Diclofenac-
Thymol and Diclofenac-Carvacrol. After 30 min of Carrageenan
injection into the planter region of animals, the paw volumes
of each rat was measured after 0, 1 and 3 h of time interval.
The   measurement    of    foot    volume    was    accomplished
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immediately by displacement technique using the
plethysmometer16. The inhibition (%) of the inflammatory
reaction was determined for each animal by comparison with
controls and calculated by the formula17:

Mean paw volume in the control group
mean paw volume in the treated groupInhibition paw  = ×100edema (%)  Mean paw volume in the control group



Statistical analysis: Results of the paw edema of the rats were
reported as Mean±Standard error of mean (SEM). The total
variation was analyzed by performing one-way analysis of
variance (ANOVA). Probability levels of less than 0.05 were
considered b significant18.

RESULTS

Carrageenan administration produced an increase in the
volume of paws. Diclofenac sodium and three Terpenoids
exerted a dose dependent anti-inflammatory effect (p<0.001).
Diclofenac sodium combination with Thymol and with
Carvacrol showed significant anti-inflammatory activity in the
model of paw edema induced by carrageenan in rat compared
to positive control of Carrageenan self and alone activity of
Diclofenac sodium, eugenol, Thymol and Carvacrol.
Carrageenans induce 99.35% inflammation after 3 h of
administration. Diclofenac sodium at 3 mg kgG1 alone
inhibited 100% of inflammation. But at 1.5 mg kgG1 of dose,
Diclofenac alone inhibited 75.09% of inflammation after 3 h.
This same concentration (1.5 mg kgG1) of Diclofenac sodium
was used in combination with terpinoids to study anti-
inflammatory activity (Table 1).

Diclofenac-Eugenol (1.5, Diclo+75 mg kgG1 eugenol)
combination inhibited 55.96% of inflammation after 3 h. This
combination  brought  down  two fold inhibition as compare
to Diclofenac and eugenol alone activity. Diclofenac-Thymol
(1.5, Diclo+200 mg kgG1 Thymol) combination inhibited
80.88% of inflammation after 3 h. Diclofenac-Thymol was an
effective  anti-inflammatory  combination  because  one  fold

increases the inhibitory rate as compared to Diclofenac
sodium was observed. Diclofenac-carvacrol was a most
effective anti-inflammatory combination in this study.
Diclofenac-carvacrol (1.5, Diclo+10 mg kgG1 Carvacrol)
combination inhibited 89.68% of inflammation after 3 h.
Diclofenac-carvacrol combination brought up the inhibitory
rate by two fold as compared to alone activity of drug used
(Table 1). Diclofenac combinations with Thymol and with
Carvacrol were significantly effective against inflammation at
reduced doses of molecules in combination as compared to
alone activity of molecules and drug against inflammation
paw edema.

DISCUSSION

Present study showed that Diclofenac combination with
Thymol and with carvacrol has significant anti-inflammatory
effect at low concentrations on the paw edema caused by
Carrageenan.  Diclofenac  combination  with  Eugenol
demonstrated a weak anti-inflammatory effect (Table 1).
Different mechanisms are well known to be involved in the
inflammatory reactions. The development of inflammatory
edema induced by intraplanter way injection of carrageenan
is characterized by an initial stage (1-2 h) and release of
histamine, serotonin and bradykinin, followed by a later stage
(3-4 h) that is maintained by the release of kinin, lysozymes
and prostaglandin E2, provoking significant increase in
edema19.

Interaction between Diclofenac and Curcumin against
anti-nociceptive  effect  was  synergistic  due  to  a
pharmacodynamics interaction20. Naproxen combination with
citral can produce minor gastric damage and may have
therapeutic advantages for the clinical treatment of
inflammation by the mechanism of inhibition of synthesis of
prostaglandin15. Carvacrol and Thymol combination with
Diclofenac sodium showed significant anti-inflammatory
activity in the model of paw edema induced by carrageenan
in rat.  It is probable that the anti-inflammatory effect
observed  was  produced  by  the  inhibition  of prostaglandin

Table 1: Anti-inflammatory activity of drug combination on carrageenan-induced paw edema in rat
Inhibition of carrageenan-induced paw edema in rat (%)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Diclofenac alone Inhibition (%) Inhibition (%) Inhibition (%)
and in combination (after 0 h) Mean±SEM (after 2 h) Mean±SEM (after 3 h) Mean±SEM
Diclofenac alone 0.00 0.485±0.012 71.32 0.595±0.026 75.09 0.605±0.023
Diclofenac+Eugenol 0.00 0.522±0.022 49.00 0.548±0.013 55.96 0.562±0.016
Diclofenac+Thymol 0.00 0.562±0.024 72.23 0.685±0.023 80.88 0.668±0.007
Diclofenac+Carvacrol 0.00 0.517±0.024 79.61 0.600±0.019 89.28 0.572±0.016
Each value represents the mean number and±Slandered Error of Mean (SEM) from 1- 6 for each group (Positive control-Carrageenan, Negative control-saline)
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synthesis. Present result demonstrated that Carvacrol was
ability to inhibit vascular permeability, which might be related
to the reduction of Cox-2 and tumor necrosis factor-". Cox-2
is an inducible enzyme found in activated inflammatory cells,
plays role in production of cytokine and prostanoid mediator
release. The  inhibition  cox-2  protein expression has been
used to  demonstrate  anti-inflammatory effects of molecule
in vivo21,12.

Carvacrol have an activity of vascular events of
inflammation possibly by suppressing the release of histamine
and serotonin from mast cell22,18. Similarly, there finding
suggested that Nitric oxide take part in the regulation of
increased vascular permeability that was apparent in
Carrageenan induced paw edema that was inhibited by
Diclofenac23. Thymol acts by inactivating calcium channel
machinery means it reduces intracellular calcium in human
neutrophils. This leads to the reduction of elastase, a serine
proteinase released by human neutrophils. Elastase is
considered as marker of inflammatory diseases24,12.

CONCLUSION

This experiment showed that carrageenan successfully
induced edema in paws. Tested molecules Diclofenac-thymol
and Diclofenac-carvacrol combination reduced paw volume,
the response being greater than Diclofenac and terpenoids
alone effect. Due to high doses of Diclofenac undesirable and
sometimes short and long term organ toxicities are come
forward, to overcome this problem this combinations are
effective. These combinations appear to be a promising
candidate for further preclinical and clinical trial in
inflammation.
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Management of pain and inflammatory conditions are
unmet need of our society however the current allopathic
treatment include the agents whose side effects to living
system are more dangerous viz Cox inhibitors are responsible
for gastric ulcers and cardiac arrhythmia due to PGI2
inhibition. Therefore, the current investigation is novel as the
phytochemicals used in the study are never before tested in
combination with Diclofenac. In addition the present study
findings showed reduction in dose of diclofenac in
combination with tested phytochemicals which can be
applied for translational research.
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