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Abstract

Two herbal formulated products containing essentials oils in two bases were evaluated for anti-
inflammatory activity against carrageenan induced oedema on Sprague Dawley rats. Gas
Chromatography Mass Sprectroscopy (GCMS) analysis of essential oils showed the presence of
components having anti-inflammatory activity. The first and second formulated herbal products
applied topically on the hind paw exhibted percentage reduction of oedema upto maximun 91%
in both after carragenan injection in three hours time interval.
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Introduction

The plants are important source of medicine. The
use of the plant based medication is gradually
becoming popular throughout the world.  Herbal
medicines have been used as the major remedies in
traditional system of medicine in medical practices
since antiquity (Goyal et al., 2011).

Inflammation is a defense reaction caused by tissue
damage or injury, characterized by redness, heat,
swelling and pain. The primary objective of
inflammation is to localize and eradicate the irritant
and repair the surrounding tissue. Inflammation aids
disposal of microbes, toxins or foreign material at
the site of injury, prevent their spread to other organs
and prepares the site for tissue repair. Thus it helps
restore tissue homeostasis (Goyal et al., 2011).

Essential oils have shown large variety of bioactive
substances with great potential of having biological
effect like  antioxidant, anti-inflammatory (Miguel,
2010), antibacterial (Lakehal et al., 2016), antifungal
(Linde et al., 2016), antiviral, antileishmanial
(Ramos et al., 2014), antiproliferative agents (Yagi
et al., 2016). The essential oils that are anti-
inflammatory suppress the inflammation and reduce
swelling. Historically they have been very useful in
rheumatic conditions. This study was conducted to

evaluate selected essentials oils having anti-
inflammatory properties in form of formulation to
establish as anti-inflammatory agent.

Materials and Methods

Collection of essential oils

Eight essential oils of plants chamomile- Matricaria
chamomilla L., citronella- Cymbopogon winterianus
Jowitt ex Bor., sugandhakokila - Cinnamomum
glaucescens (Nees) Hand.-Mazz.,  Eucalyptus
glaucescens Maiden & Blakely, Artemisia vulgaris
L., juniper - Juniperus communis L., kachur -
Curcuma zedoaria (Christm.) Roscoe and
wintergreen - Gaultheria fragrantissima Wall. were
collected from the public analysis section of NPRL
(Natural Products Research Laboratory).

Analysis of essential oils by GC-MS

The chemical constituents of these eight oils were
analysed by a gas chromatograph (Shimadzu GC
2010) having an Rtx-5MS column
(25m×0.25mm×0.25μm) and using Helium as
carrier gas. 1 μL of the sample diluted with
spectroscopic grade acetone in a ratio 1:100 was
injected into the GC inlet maintaining constant
column flow 0.68 ml/min and purge flow 3 ml/min
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after fixing split ratio at 1:150. The initial column
oven temperature was set at 40ºC and the injection
temperature was 250ºC. The oven temperature ramp
was set at 3ºC/min up to 230ºC and the temperature
was held for 4 minutes.

The constituents separated were detected and
identified by a MS (Shimadzu GCMS-QP 2010
Plus). During the analysis, the ion source and the
interface temperature was set at 250ºC and 200ºC
respectively. The detector gain mode was relative,
scanning time was from 4.00 min to 68.00 min and
scan speed was 666 with m/z range of 40.00- 350.00.
The MS library used for comparison was FFNSC
1.3 and NIST 11. Further, Retention Indices were
also calculated for each component during GCMS
analysis by injecting alkane standard using the same
method.

Formulation of topical preparation in two
different bases

Two topical ointments were prepared by fusion
method by varying different bases. The constituents
of the bases were placed in the melting pan and
heated in the order of ascending melting point and
were melted together. After melting, the ingredients
were stirred gently maintaining temperature of 70ºC

for about 5 minutes and then cooled with continuous
stirring. Formulation of ointments were done by
incorporating 40 ml combination of eight essential
oils into the melted two bases.

Anti-inflammatory Evaluation

(Winter et al., 1962;; Niemegeer et al., 1964; Sosa
et al., 2002; Amatya et al 2009; Mohini et al., 2011)

Experiment were carried out on Sprague Dawley rats
of either sex, weighing 180-300 g were used.
Procedures were followed in four groups (Two Test
groups, Standard and control groups) of six animals
in each group. Animals were fasted for 24 hrs before
the experiment. 1% of suspension of carrageenan in
distilled water was prepared. Approximately 0.2
gram of herbal ointment (Formulation 1) was applied
to the plantar surface of the hind paw by gentle
rubbing 50 times with the index finger. After 1 hour
50 μl of 1% of suspension of carrageenan in distilled
water was injected into the plantar side of the right
hind paw of rat. Hind Paw volume was measured
before and at 1, 2, 3 hrs intervals after carregenan
injection by using a plethysmometer. Same
procedure was applied with another herbal gel
(Formulation 2) and D.F.O gel (Manufacturer: Ozone
Pharmaceuticals LTD India; contents: Oleum lini
( containing predominantly á linolenic acid) B.P –
3.0% w/w, Diclofenac Dimethylamine B.P- 1.16 %
w/w equivalent to Diclofenac Sodium I.P- 1.0% w/
w, Methyl Salicylate I.P -10% w/w, Methanol I.P-
5% w/w Preservative Benzyl Alcohol I.P- 1.0 % w/
w Gel base-Quantity sufficient) which was taken as
standard. The increase in paw volume, i.e.
inflammation was recorded as difference between
readings  before  injection of carrageenan and after
injection of carrageenan at 1, 2, 3 hrs  and %
inhibition of inflammation (%I) calculated by
equation below (Ma et al, 2013)

% I= (Vc – Vt) /Vt × 100

where Vc  and Vt  are the Volume of edema in control
and Volume of edema in treatment of each animal,
respectively.

No. Name Composition ( ml) 

1 Chamomile oil 4 

2 Winter green oil 8 

3 Cinnamon oil 4 

4 Eucalyptus oil 4 

5 Artemisia oil 4 

6 Juniper oil 4 

7 Citronella oil 4 

8 Kachur oil 4 

9  Total 40 

Formulation Ingredients Concentration  in 100g 

Formulation 1 Eight essential oils 

Liquid paraffin 

Emusifying wax 

White soft paraffin 

40 ml 

20 g 

30 g 

50 g 

Formilation 2 Eight essential oils 

PEG 400 

PEG 4000 

40 ml 

50 g 

50 g 

Table 1:  Composition of formulation with eight essential oils
of medicinal plants.

Table 2: Composition of eight essential oils in 100g formulation
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Statistical analysis

Data of Carrageenan-induced rat paw edema were
reported as the mean ± SEM. and were analysed
statistically by means of analysis of variance
(ANOVA) followed by Tukey test at 5% level of
significance

Results and Discussion

The anti-inflammatory activity of two  topical
formulation containing eight essential oils were
studied  by Carrageenan-induced hind paw edema,
taken as standard experimental model of acute
inflammation.The results of  anti-inflammatory
activity after topical administration of herbal
formulation is given in table 3 and 4.

Table 3: Result of herbal formulation on carrageenan-induced
paw oedema in rats

Treatment 
Edema volume (ml) (mean±SEM) 

at 60 min at 120 min at 180 min 

Control' 0.391±0.032b 0.425±0.029b 0.264±0.031b 

D.F.0 gel standard 0.172±0.026a 0.093±0.017a 0.075±0.026a 

Formulation1 0.175±0.052a 0.032±0.007a 0.028±0.021a 

Formulation2 0.182±0.041a 0.122±0.036a 0.023±0.012a 

* The values in each column followed by different superscripts
are signicantly different at 5% level of significance as shown
by ANOVA test followed with Tukey HSD test.

Figure 1: Volume of edema after carageenan injection in
control group and treated group with D.F.O gel (Standard),
Formulation1 and Formulation2

Treatment 

Percentage reduction of inflammation (mean±SEM) 

at 60 min at 120 min at 180 min 

Control — — — 

Standard DFO gel 56.085±6.554a 78.040±4.015a 71.577±9.821a 

Formulation 1 59.068±10.078a 91.763±1.690a 89.262±7.854a 

Formulation 2 53.523±10.433a 71.373±8.580a 91.157±4.555a 

Table 4: Comparison of percentage reduction in inflammation at different time intervals by different treatments

* The values in each column followed by different superscripts are signicantly different at 5% level of significance as shown by
ANOVA test followed with Tukey HSD test.

Figure 2: Percentage reduction  of inflammation by different
formulations and standard at different time intervals
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Chromatograms

Figures 3: Chromatogram of eight oils a) Artemisia b) Chamomile c) Citronella d) Eucalyptus e) Juniper f) Kachur g)
Sugandhakokila and h) Wintergreen analyzed by GCMS.
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Table 5: Name of chemical constituents and % area of each contituents in respective oils (From MS)

Name of 

chemical 

constituents 

R. 

Index 

(RI) 

Area % of each constituents in respective oils (from MS) 

Artemisia Chamomile Citronella Eucalyptus Juniper Kachur 
Sugandha

kokila 

Winterg

reen 

Pinene 

<alpha> 932 2.52 - - 2.64 6.73 - 2.07 - 

Camphene  947 4.48 - - - - 1.37 - - 

Sabinene 972 1.62 - - - - 3.23 1.51 - 

Pinene 

<beta>  975 1.03 - - 1.41 - 1.45 2.77 - 

Myrcene 991 - - - - 3.54 - - - 

Phellandrene 

<alpha-> 1004 - - - - - - 3.12 - 

Carene 

<delta-3> 1011 - - - - 72.97 - - - 

p-Cymene  1024 2.05 - - - - - 2.04 - 

Phellandrene 

<beta> 1028 - - - - - - 3.16 - 

Limonene 1029 - - - 3.02 7.51 1.01 - - 

Eucalyptol 1031 20.00  - 89.22 - 15.39 48.32 - 

Terpinolene 1089 - - - - 1.08 - - - 

Linalool 1100 - - - - - - 1.95 - 

Thujone 

<beta> 1106 4.13 - - - - - - - 

Camphor 1138 17.70 - - - - 8.48 1.85 - 

Citronellal  1142 - - 4.81 - - - - - 

cis-Verbenol  1150 7.11 - - - - - - - 

Isoborneol 1158 2.43 - - - - 1.38 - - 

Terpinen-4-ol 1179 1.67 - - - - - 2.27 - 

Salicylate 

<methyl> 1184 - - - - - - - 99.92 

Terpineol 

<alpha> 1192 - - - - - - 3.46 - 

Verbenone, 

(L)  1198 2.05 - - - - - - - 

Citronellol 1231 - - 8.42 - - - - - 

Neral 1244 - - 5.62 - - - - - 

Geraniol 1259 - - 56.00 - - - - - 

Geranial 1272 - - 15.52 - - - 1.23 - 

Bornyl 

acetate 1288 1.16 - - - - - - - 

Lavandulyl 

acetate 1292 2.41 - - - - - - - 

Citronellyl 

acetate 1355 - - 1.11 - - - - - 

Cinnamate 

<(E)-, 

methyl> 1385 - - - - - - 17.00 - 

Geranyl 

acetate 1386 - - 2.85 - - - - - 

Elemene 

<beta> 1395 - - - - - 1.98 - - 

Bergamotene  

<trans-alpha-

> 1424 5.34 - - - - - - - 
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Farnesene 

<(Z)-, beta> 1460 - 72.92 - - - - - - 

Curcumene 

<alpha> 1486 3.34 - - - - - - - 

Curzerene 1488 - - - - - 1.35 - - 

Germacrene 

D 1490 1.14 -  - - - - - 

Myristicin 1498 - - - - - - 1.52 - 

Bisabolene 

<(Z)-, 

gamma> 1510 - 4.55 - -  - - - 

Cadinene 

<delta> 1529 - - - - 2.96 - - - 

Caryophyllen

e oxide 1590 1.83 - - - - - - - 

Salvial-4(14)-

en-1-one 1613 - - - - - 53.26 - - 

Eudesmol 

<beta> 1658 2.20 - - - - - - - 

Bisabolol 

oxide B 

<alpha-> 1661 - 1.15 - - - - - - 

Bisabolone 

oxide A 

<alpha> 1690 - 1.54 - - - - - - 

Germacrone 1705 -  - - - 3.02 - - 

Bisabolol 

oxide A 

<alpha> 1755 - 14.78 - - - - - - 

Tonghaosu 

<(Z)> 1889 - 1.34 - - - - - - 

Total 

Identified 

Constituents = 84.21 96.28 94.33 96.29 94.78 91.92 92.27 99.92 

RT= Retention Time, RI= Retention Index 

Note: The Chemical constituents were identified with the help of MS and Retention index. The numerical values of the 

constituents are the relative peak area % in chromatogram without considering correction factors. The relative peak area % 

corresponds to the composition % of the constituents present in the oil. 

From above Table 5, it is found that the highest %
constituents of Artemisia oil are Eucalyptol (20.00)
and Camphor (17.70), Chamomile oil are Farnesene
<(Z)-, beta> (72.92) and Bisabolol oxide A <alpha>
(14.78), Citronella oil are Geraniol (56.00) and
Geranial (15.52), Eucalyptus oil is Eucalyptol
(89.22), Juniper oil is Carene <delta-3> (72.97),
Kachur oil are Eucalyptol (15.39) and Salvial-4(14)-
en-1-one (53.26), Sugandhakokila oil are Eucalyptol
(48.32) and Cinnamate <(E)-, methyl> (17.00) and
Wintergreen oil is Salicylate <methyl> (99.92).

The development of carrageenan induced edema is
a biphasic in nature. The initial phase (0-1 hr) is due

to the release of serotonin, histamine, bradykinin and
substance P. The late phase (after 1 hr) is mainly
due to the neutrophil infiltration into the
inflammatory site and the production of large
amounts of pro-inflammatory mediators such as
PGE2 and various cytokines such as IL-1â, IL-6, IL-
10 and TNF-á (Ma et al., 2013; Patil et al., 2011). In
about 3 hr the edema volume reaches its maximum
and then begins to decline. Over production of
prostaglandins are involved in the late phase and
may continue until 5 hr post carrageenan injection
(Khuda et al., 2013). The mechanism of action of
formulation 1 and 2 cannot be explained from
present results, however, experiment suggests
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inhibition of biphasic event. The formulation 1 and
formulation 2 showed significant anti-inflammatory
activity which were comparable with the standard
(DFO gel) in initial phase as well as in late phase
upto 3 hr of inflammation. Statistical analysis
showed that the edema produced after application
of formulations and standard formulation taken
(D.F.O gel) are significantly different from control
group (Table 3, Figure 1). The comparison of
percentage reduction in inflammation showed (Table
4, Figure 2) that, at 60 min, 120 min as well as at
180 min, both formulations 1 and 2 reduced the
inflammation as effectively as the standard. More
over GCMS analysis  (Figure 3, Table 5) of eight
essentials oils used in the formulation indicated
presence of major components that contribute in anti
inflammatory activity like camphor, geraniol,
eucalptol, farnesene, á-bisabolol oxide A, methyl
salicylate (Zhang et al., 2011; Djilani and  Dicko,
2012).

Conclusion

The tested formulations were found to be as effective
as the widely used DFO gel.  Thus these herbal
formulations can be used as suitable alternative anti-
inflammatory agents.  Further research is necessary
to determine the most effective combination for the
formulations.
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