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ABSTRACT

Essence was extracted by cold expression methads four varieties ofCitrus harvested in Chlef region:
C. Snensis, C. paradis, C. reticulate and C. aurantium. The characterization of the essence was done dsy ¢
chromatography coupled to mass spectrometry (GCJ MSorder to evaluate the quality and compositafnthese

molecular species.

The anti-inflammatory activity of Citrus Essenceswasted with a dose of 3 and 4 ml / kg by intreritpneal
route after induced the paw edema by carrageem inouse model (MORINI), the results obtained wermpared with

those of the standard treatment.

The results of our experiment showed that Citrserse had a significant anti-inflammatory effeet @valuation
of the percentage of inhibition of edema and adtgreriod of 120 min wittC.reticulata and C. aurantium, hence for
C.paradise andC. Snensis were after 150 min. In conclusion we find thatesg® extracted fror@itrus species reduces

with significant manner the edema, whereas the cotderesponsible for this effect could be limonene.
KEYWORDS: Citrus, Cold Expression, Anti-Inflammatory Activity, GQUS

INTRODUCTION

Inflammation is a reaction of defense of the boggiast various threats and attacks that can begailyshemical
or biological. the current treatment of the inflaations uses anti-inflammatory drugs ((glucocortisdi and non
steroidiananti-inflammatory (NSAIDs) (Gaziano and., 2006). In developing countries, plants poss@ssin
anti -inflammatory activity could include a theragie alternative in the anti - inflammatory treatmhgKhalil andal.,
2006)

The biological activity of many botanical extratiss been widely studied, but little research has lestablished
to evaluate the anti -inflammatory activity of esses extracted from the peel@itrus. In traditional medicine, the fruit of
Citrus is used as antipyritique, anti - inflammataanti -toxic and sedative (Arias and Romoin - &,a2005). TheCitrus
genus is characterized by the presence of manyctbieasecondary metabolism: flavonoids (Tripoli aad 2007.),
Limonoid (Mamers, 2007) coumarins, sterols (Ladar#tp08) volatile oil and alkaloids (He aald, 2010). The aim of the

study was to evaluated the anti-inflammatory attief the essence extracted fr@iirus .
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IMATERIALS AND METHODS

Plant Material and Extraction Procedure

The four varieties ofCitrus: C. Snensis, C. paradisi, C. reticulate and C. aurantium, were collected in the
Chlefregion in late February 2013. First @igrus fruits were weighted, cleaned and peeled zestdover. The extraction

of essences is made by cold expression method.
Analysis of Citrus Essence by GC / MS
GC: Hewlett Packard Agilent6890N controlled by Cigtation (NIST98).
The chromatography conditions are as follows:
e Injection of 0.5 Split mode 1/50
* Injectort emperature: 250 ° C
» Capillary Column HP5MS (30 mx 0.25 mm x Q%)
»  Programming temperature: 35 ° C for 10 min; 4 °rfiid up to 250 ° C for 10 min.
e Flow of carrier gas: Helium (1ml/min)
e Mass spectrum: model Agilent 5973
e Temperatures: interface (280 ° C), source (230, Gadrupole (150 ° C)
e The ionizationenergy of 70 eV.

To assess the quality and molecular compositiorCofinensis and C. aurantium essence, qualitative and

guantitative analysis by GC / MS were performed.
Animals

Male adult Swissmice weighing between 25 g and 30 wgre used in this experimentation
(The animals were provided by SAIDAL, MEDIA, Algaji The animals were housed in cage and kept inoanr
temperature (22 = 2°C) and lighting (light/dark leyof 12 h, lights on at 7 am), withfood and waaer libitum. All
experimental protocols were developed in accordarittethe principles of ethics and animal welfarecenmended. Each

lot included 06 mice.
Determination of Anti- Inflammatory Activity

The reaction of inflammation was induced by thedtipn of carrageenan in the hind paw plantar afenciausing
the occurrence of swelling of the metatarsal redinter et al., 1963). Then the animals were dididD3 groups as

follows:
Negative Control Group: An aqueous solution of 1% carrageenan was injantadra- peritoneal (IP) to mice.

Positive Control Group: An agqueous solution of 1% carrageenan was injd&ed the mice in addition treatment

with declophenac.

Treated Group: An aqueous solution of 1% carrageenan was injéoté@ to mice in addition to treatment with 3
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and 4 ml / kg of Essences ©f Snensis, C. paradisi, C. reticulataandC. aurantium.
Evaluation of the Anti- Inflammatory Activity

The anti-inflammatory activity was evaluated byccéditing the percentage of inhibition of edema (%t).
The average of treatments groups with essendgitodis or declophenac were compared to those of the @ogtoup
treated with saline solution only. The percentagehition of inflammation is calculated using therhula (Sango and .,
2006):

final paw volume of control group — final paw volume of treated group
X

% Inhibition = 100

final paw volume of control group
Statistica Analysis

Statistical analysis of the results was carried byt comparing eachtreated group to the control snice
The comparison was done by using Ki-Two test. Aificant difference is represented by a p <0.05;5 represents the

number of experiments per group.

RESULTS
Analyze of Citrus essence composition by CG/SM
Chemical analysis showed a determined number opooents for both species: 30 compounds for thenessef
C. aurantium (99.92%) (Table 1), 17 compounds for the essef¢ sinensis (99.55%) (Table 2), 08 compounds for the
essence oF. reticulata(99.92 %) (Table 3), and 31compounds for the egsef€. paradisi(99.55%) (Table 4).

This analysis showed that these essences weratatetstfrom a major component which is the "limoeémith
different percentages (87.38% fOr aurantium essence, 86.29% for the essenc€.afinensis, 94,75% for the essence of
C. reticulate and 82,98% for the essenceparadisi). Moreoverminor compound in essenceCofaurantium has minor
compoundsg-pinene (3.59%)q-pinene (1.47%) and Furrancarboxaldehyde (1.13%g),ila traces: phellandene (0.31%)
Cyclohexane and (0.7%) (Table 1). In addition todhene essence Gf sinensis are represented If¢pinene (2.33%),
bicycloheptene (2.43%), aceticacid (2.94%), andréce a-pinene (0.75%) and Octanol (0.16%) (Table 2). Mues
minor compounds essence @freticulate are represented lfy/- pinene(2.44%) ,1-5 dimethyl 1venyl (0.72 %)pinéne
(0.91 %), p-phéllandrene(0.61 %) (Table3). In addition to Imeae, the essence Gf paradise has minor compounds:
B-myrcene (2.66%), 2H-1-benzopyranone (2.07 %) anttaces-pinéne (0.31 %) etl’acide n-hexadecanoique (0.98 %
(Tabled).

Table 1:Components (%) ofC. Aurantium Essence Analyzed by GC /MS

Pics Retentic_)n Chemical Composition %_ Reconnaissance|
Number | Time (min) Relative Level

1 17,85 g-pinéne 1,47 95
2 20,03 B-phellandrene 0,31 91
3 21,04 B-pinéne 3,59 94
4 23,52 D-limonéne 86,29 94
5 23,83 1, 3, 7-octatriene 0,36 95
6 24,84 Formicacid 0,19 91
7 26,05 1,6-octadien-3-ol 0,83 94
8 29,81 a-terpineol 0,10 91
9 30,24 Decanal 0,20 91
10 31,81 B-myrcene 0,26 90
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11 34,84 Cyclohexene 0,07 95
12 36,23 2,6-octadien-1-ol 0,15 91
13 37,68 Caryophyllene 0,14 99
14 39,63 Germacrene D 0,24 96
15 41,99 1,6, 10-dodecatrien-3-ol, 0,33 91
16 48,83 2(3H)-Naphthalenone 0, 55 99
17 52,81 n-Hexadecanoicacid 0,78 99
7H-Furo(3, 2-g) (1)
18 54,87 benzopyran-7-ol 0,28 93
19 56,59 Osthole 0,67 96
20 56,83 9,12-octadecadienoic acid 0,78 99
21 56,94 (2) 6, (2) 9-pentadecadien-1-ol 0,36 95
22 57,04 9-octadecenoic acid, 0,15 90
23 58,20 Cobalt 0,08 50
24 58,69 2-Furancarboxaldehyde 1,13 49
25 58,85 N.I. 0,16 35
26 59,64 Auraptenol 0,10 72
27 63,23 N.I. 0,07 27
28 65,03 1H-indole, 5-methyl-2-phenyl 0,21 62
29 65,11 Bis (2-ethylhexyl) phthalate 0,15 90
Total / / 99.92 /

Table 2: Chemical Composition (%) ofC. sinensis Essence Analyzed by GC/SM

Pics Number Retention Chemical Composition % Relative Reconnaissance
Time (min) Level
1 2.50 Hexane 0,11 90
2 5.99 Aceticacid 2,94 91
3 7.65 2-Butanone 1,24 86
4 17.82 a-pinéne 0,75 97
5 20.02 Bicyclo (3, 1,1) heptane 2,43 91
6 21.01 B-pinéne 2,33 91
7 23.21 Limonéne 87,38 93
8 24.81 1-Octanol 0.16 90
9 26.03 1-6-octadien-3-ol 0.81 91
10 29.50 4H-pyran-4one 1.35 81
11 30.24 Decanal 0.40 91
12 30.97 2-Furancarboxaldehyde 0.72 93
13 33.94 2-methoxy-4-vinylphenol 0.19 91
14 35.22 1,2-Cyclohexanediol 0.44 53
15 39.98 Naphthalene 0.25 91
16 52.70 n-Hexadecanoicacid 0.28 98
17 56.69 9,12-octadecadienoic aciq 0.20 99
Total / / 99.55 /

Table 3: Chemical Composition (%) ofC. Reticulata Essence Analyzed by GC/SM

Nombre de pics Ré:-eirtrilgr? (Cri'r?in) Composition Chimique | % Relative RecE?\Lr]\);igzance
1 1.727 Acide formique 0.24 4
2 2.012 Ether éthyle 0.13 91
3 17.907 o pinéne 0.70 97
4 20.099 B-phéllandrene 0.61 91
5 21.079 B-pinene 2.44 94
6 23.169 D-limonene 94.75 94
7 26.086 1-5 dimethyl 1venyl 0.72 49
8 40.103 Naphtalene 0.42 99
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Table 4: Chemical Composition (%) ofC. Paradisii Essence Analyzed by GC/SM

Nom_bre de 'Terr_lps de_ Composition Chimique % Relative UL _de
pics Rétention (min) Reconnaissance
1 1.870 Ethanol 0.61 90
2 17.937 a pinene 0.91 96
3 20.116 B-phellandrene 0.49 90
4 21.114 B-myrcene 2.66 86
5 23.443 Limonene 82.98 93
6 23.840 Octariene 0.38 96
7 24.898 Acide formique 0.20 91
8 26.103 Octadien-3-ol 0.19 72
9 29.905 Cyclohexane 0.10 72
10 30.315 Decanal 0.29 86
11 36.331 a-cubebene 0.53 96
12 36.723 1,6cyclodecadiene 0.42 95
13 37,804 Caryophullene 1.25 99
14 38.945 Cycloundecatriene 0.17 98
15 39.111 Cycloheptasiloxane 0.08 90
16 39.741 1,6cyclodecadiene 0.31 96
17 40.863 Naphthalene 0.56 94
18 43.958 Sylane 0.19 55
19 48.139 Cyclononasiloxane 0.10 55
20 48.947 Naphthalenone 0.82 95
21 51.863 Cycloheptasiloxane 0.09 52
22 52.927 Acide n-hexadecanoique 0.88 98
23 55.267 Acide benzeneacetique 0.09 50
Acide
24 55.962 9,12octadecadienoique 0.09 99
25 56.674 Osthole 0.21 99
26 58.361 7 chloro-10-ethyl 0.17 46
27 58.741 2-naphthaldehyde 0.32 50
28 63.933 Cyclononasiloxane 0.16 52
29 65.263 Acide 1-2 : 0.27 80
benzenedicarboxylique
30 67.003 Acide benzenesulforigue 0.22 56
31 67.538 2H-1-benzopyranone 2.07 46

The Evaluation of the Anti- Inflammatory Activity

The results showed that the Citrus essence reduiteda significant manner the volume of the edeResults

obtained were compared with those of sodium de@opb, and those of the negative control (Tableb).

After intra- peritoneal (IP) administration of diktd water, carrageenan increases the diametdreopaw pads :
15.57% + 0.09, 17.74 + 0.11 %, 28.13 % + 0.12, 2190.08, 32.26 + 0.33 %, 45.38 % + 0.12 and 5%1B09 %,
respectively ; at 30min, 60min, 90min, 120min, Ifdh, 180 min and 210 min. The IP administrationOd® ml of
declophenac significantly prevent the increasehefdnti-inflammatory activity : 46.42 + 1.7, 56.634.2, 74.51 * 0.8,
79.09 £ 0.6, 89.08 = 1.6 and 100 at 30min, 60m@mi&, 120min, 150 min to 180 min respectively atidministration of

carrageenan (Table 3). These results are significdifferent from the negative control.

The IP administration dfitrusreticulata essence with 1 % of the dose prevent significamllswg of the paw of
mice after 30 min, 60 min, 90 min up to 120 minhngiercentages of increases in the respectiveiafiimmatory activity
of 29,28+ 1.4, 66.36+3.1, 87.58 +.0.4, 98.49+ 1@)% (Table 5).
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The IP administration dfitrus aurantium essence with 1 % of the dose prevent significaedlswg of the paw of
mice after 30 min, 60 min, 90 min up to 120 minhngiercentages of increases in the respectiveiafiimmatory activity
0f 39.39+1.3,52.67 £1.9,67.7 £ 2.0, 90.27 %, 1.00% (Table 3).

The IP administration ofitrus sinensis essence at a dose of 1 % significantly preventpéve edema of mouse
after 30 min, 60 min, 90 min, 120 min up to 150 mith percentages increases the respective afianimatory activity
of 34.54+1.7,69.19 +2.1,65.1 £ 0.8 76.7 £ B@.,17 + 0.7 and 100% (Table 5).

The IP administration dfitrus paradisi essence at a dose of 1 % significantly preventpdve edema of mouse
after 30 min, 60 min, 90 min, 120 min up to 150 miith percentages increases the respective afidtimmatory activity
of 24.54+ 1.6, 59.1 +1.3, 62.1+1,3, 76.7+ 1.1, 96t11.1. and 100% (Table 5).

Edema caused by carrageenan in the paw of the nmmassehree distinct phases: a first phase thatlveso
histamine and 5-hydroxytryptamine that promote ddation, plasma exudation and edema; a secondepthas uses the
kinins as mediators increase vascular permeatlaitiy a third phase which is supposed to be the teediaostaglandin

associated with leukocyte migration into the infeaharea (Lindsey aral., 1999. Bouhassira and Attal, 2000).

The inflammatory response include the recruitméréokocytes and the release of inflammatory cytekisuch
as : TNF -q, IL- 6, IL- 10. Indeed, many essential oils showekibitory activity against the production of clidnes
(Kumer andal., 2013). Kundsen and., 2011 have shown that flavonoids and limonoidsent in the plant Citrus are
responsible for the anti - tumor activity and anflammatoryin vitro andin vivostudy .

Citrus species are rich in terpene (sesquiterpene laclehyde) and oxygenated compounds (ketones)tbat a
probably responsible for this activity (Descheaeeak2003). The essential oil o€itrus seems to have an
anti - inflammatory activity via inhibition of NOrpduction in target areas (Yang aald 2009). This effect is mainly due
to the presence of limonene, the major componeaitrfs peel.

Table 5: Percentage Inhibition of Edema in Functiorof Time for Tow Variety of Citrus
(C. Reticulata and C. Paradisi)

Temps D_urlr_lg 30 min 60 min 90 min 120 min | 150 min | 180 min 210 min
Injection
Control(-): 155740,0| 17,74+0.1| 28,13+0.1| 21,99+0.0| 32,2620,3| 45,3801
distilled | 15,53+0,15| ~>2/= A IR I =Y PO 55,16+0,09
9 1 2 8 3 2
water
Control (+):) 43 4741 5| 46,63t0,8 46.42+1)7 56,63+4.2 7451408 09+06| 89,08+1.4 100
declophena
" 0 0 0,
Crus | 15 510441 5 2494%£L,) 59,19%21, o) 10441 3 76 70621,2) 2617%%L 1000 100
paradisi 6 7 1
1 0, 0, 0, 0,
Citrus |7 o006 4 29,28%31] 66,36%:=3) 87,58%20, 98,49%0/ | 0 100 100
reticulata 4 1 4 6
Citrus 15,21+1,8 | 39,39+1,3 52,67+1|9 67,7#2|0 90,27#1,9 0 10| 100 100
aurantium
si(i:;l;ss 4521+0,8 | 34,54+1,7 69,19+2|]1 65,1+0\8 76,7+1,4 18607 100 100
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DISCUSSIONS
Analyze of Citrus Essence Composition by CG/SM

By studying the chemical composition of essentitd of C. sinensis, Moufida and Marzouk (2003) confirmed
thatthese essential oils consistmainly of limonefehis compound varies between 68% and 98%, hence

a-pineneis presented only in lowlevels (0.2% an@3%).

It is noted from this analysis that the acyclic munds such as nerol and geraniol are absent inptbeiesC.
aurantium and C sinensis. Gancel et al (2005) found the presence of thesecompounds only in the essence®f
limonum. Several studies (Moufida and Marzouk, 2003; Beled al., 2004;. Rehman andl., 2004) showed that
generally Citrus essential oil was consisting maofl monoterpene compounds (97%). Where as othapoands, such
as alcohols, aldehydes and esters are represeittddwvcontents of from 1.8 to 2.2%. Nogata aid 2006, contested

that flavonoids found il€itrus oils represented the non-volatile portion.
The Evaluation of the Anti- Inflammatory Activity

Edema caused by carrageenan in the paw of the nmwmssehree distinct phases: a first phase thativego
histamine and 5-hydroxytryptamine that promote ddation, plasma exudation and edema; a secondcephas uses the
kinins as mediators increase vascular permealality a third phase which is supposed to be the toediaostaglandin
associated with leukocyte migration into the infladvarea (Lindsey aral., 1999. Bouhassira and Attal, 2000).

The inflammatory response include the recruitmdénewkocytes and the release of inflammatory cytekisuch
as: TNF -q, IL- 6, IL- 10. Indeed, many essential oils showetibitory activity against the production of ckines
(Kumer andal., 2013). Kundsen and., 2011 have shown that flavonoids and limonoidsent in the plant Citrus are

responsible for the anti - tumor activity and anflammatoryin vitro andin vivostudy .

Citrus species are rich in terpene (sesquiterpene lactoleyde) and oxygenated compounds (ketonesptkat
probably responsible for this activity (Descheaeeakk003). The essential oil dfitrus seems to have an anti -
inflammatory activity via inhibition of NO productn in target areas (Yang aat, 2009). This effect is mainly due to the

presence of limonene, the major component of cjiae.
CONCLUSIONS

The results of the molecular compositionGifrus essential oils showed that the major componeritimdnene”
with different percentages (87.38 % foraurantium, 86.29% forC. sinensis, 94,75% for the essence ©f reticulate and

82,98% for the essence Gf paradisi).

Evaluation of percentage of inhibition indicatedttiihe essence dfitrus aurantium and C.reticulata has a
significant anti-inflammatory effect after a periei 120 min and after 150 min fdaCitrus sinensis and C. paradisi.

Limonene may The limonene could be the componenthwik responsible for this activity.
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