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RESUMEN

Evaluacién de los efectos anti-inflamatorio y anti-
artritico de algunos extractos de plantas

El objetivo de la presente investigacion ha sido estudiar
la actividad anti-inflamatoria de flores de albahaca dulces,
hojas de eucalipto, hojas de apio y salvia. Se ha estudiado el
efecto sobre la inflamacion aguda de extractos metandlicos
de apio, salvia y eucalipto y sobre la artritis inducida en ratas.
Se han evaluado los efectos de los extractos metandlicos de
apio, salvia y eucalipto sobre los parametros bioquimicos de-
terminados en la artritis inducida y su seguridad en las fun-
ciones del higado y el rindn. Se han estudiado los acidos
grasos, hidrocarburos y fitoesteroles de todas las plantas ob-
jeto de la investigacion. Los resultados han revelado una ac-
tividad antiinflamatoria de los extractos de las plantas estu-
diadas con diferentes grados entre un 47 y un 62%. Los
extractos metandlico de apio, de salvia y de eucalipto han
mostrado una mejoria de los niveles de malondialdehido en
plasma, factor de necrosis tumoral o y de acido urico, tam-
bién se muestra una mejoria significativa en el peso corporal
y en la ingesta total de alimentos. Los extractos metandlicos
de apio, de salvia y de eucalipto han mostrado una total se-
guridad sobre la funcién hepatica y renal. Los &cidos
o-linolénico y linoleico estaban presentes en todas las plan-
tas estudiadas asi como los esteroles Estigmasterol y
B-sitosterol.

PALABRAS CLAVE: Albahaca — Anti-inflamatorio — Anti-
artritico — Apio — Eucalipto — Salvia.

SUMMARY

Evaluation of the anti-inflammatory and anti-arthritic
effects of some plant extracts

The objective of the present research was to study the
anti-inflammatory activity of sweet basil flowers, leaves of
eucalyptus and the aerial parts of celery and sage on acute
inflammation along with the effect of a methanol extract of
celery, sage and eucalyptus on adjuvant induced arthritis in
rats. The effect of the methanol extract of celery, sage and
eucalyptus on certain biochemical parameters in adjuvant
arthritis and its safety in liver and kidney functions were
evaluated. The fatty acids, hydrocarbons and phytosterols
of all plants under investigation were studied. The results
revealed a marked anti-inflammatory activity of all the studied

plant extracts with different degrees ranging from 47 to 62%.
The methanol extract of celery, sage and eucalyptus showed
improvement in the level of plasma malondialdehyde, tumor
necrosis factor-a. and uric acid and also showed significant
improvements in body weight and total food intake. The
methanol extract of celery, sage and eucalyptus showed
complete safety for liver and kidney functions. o-Linolenic
acid and linoleic acid were present in all the studied plants.
Stigmasterol and B-sitosterol were present in all the studied
plants.

KEY-WORDS: Anti-arthritic — Anti-inflammatory — Celery
— Eucalyptus sage — Sweet basil.

1. INTRODUCTION

Rheumatoid arthritis (RA) is one of the major
human autoimmune diseases affecting about 1 per
cent of the adult population (Lipsky, 2005). The
disease is characterized by inflammation of the
synovial tissue and damage to the cartilage and
bone of the joints, leading to severe deformities
(Brennan & Mclnnes, 2008; Gorman & Cope,
2008). The drugs that inhibit inflammatory reactions
are a vital component of the therapeutic arsenal
against RA (Kremers et al., 2004). However, the
adverse reactions and toxicity associated with the
use of these drugs have expeditiously promoted
the use of natural plant products or procedures
belonging to the diverse traditional systems of
medicine by patients with RA (Nozaki et al., 2006;
Chang et al., 2010) and other chronic inflammatory
disorders (Salvioli et al., 2007; Jung et al., 2007;
Alleva et al., 2010). This growing trend warrants
a continuous search for new natural anti-arthritic
products. Adjuvant-induced arthritis (AlA) is a well-
established model of rheumatoid arthritis that can
be induced in rats by an intradermal injection of
Freund’s adjuvant (Holmdahl et al., 2001). The AIA
model reproduces most of the bone changes found
in RA (Holmdahl et al., 2001), including inflammatory
bone loss, which has been linked to an increased
risk of fracture (Joffe & Epstein, 1991). The role of
plant products in various diseases has been known
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from ancient times. Various groups have shown
the beneficial effects of vegetables, fruits, tea,
etc., as these foods contain flavonoids and other
polyphenolic compounds which have been reported
to have multiple biological effects including anti-
inflammatory action, inhibition of platelet aggregation,
antimicrobial activity and antitumor activities (Prior,
2003). The objective of the present research was
to study the anti-inflammatory activity of sweet basil
flowers, the aerial parts of celery and sage and the
leaves of eucalyptus on acute inflammation using the
carrageenan model of inflammation and a methanol
extract of celery, sage and eucalyptus on rheumatoid
arthritis using adjuvant induced arthritis in rats. The
aim also included studying the effect of the methanol
extract of celery, sage and eucalyptus on certain
biochemical parameters in adjuvant arthritis. The
safety of the methanol extract of celery, sage and
eucalyptus was evaluated through the determination
of liver and kidney functions. The aim also included
studying the fatty acids and unsaponifiable matter of
all plants under investigation.

2. MATERIALS AND METHODS

2.1. Materials
Plant samples

The flowers of sweet basil (Ocimum basilicum
L., Family Labiataceae,) the aerial parts of celery
(Apium graveolens, Family Umbelliferae) and sage
(Salvia officinalis Family Labiataceae) and the
leaves of eucalyptus (Eucalyptus globules, Family
Myrtaceae) were obtained from the Experimental
Station of Medicinal Plants, Faculty of Pharmacy,
Cairo University, Giza.

Chemicals

A-Carrageenan, type IV (Sigma, USA): One-
percent carrageenan suspension was prepared
freshly for the induction of acute inflammation.
Freund’s complete adjuvant (Sigma, USA) was
used for the induction of adjuvant arthritis in rats.

Animals

Male Sprague Dawley rats 120-150 g were used
in this study. The animals were kept individually in
stainless steel cages at room temperature of 25 +
2°C and a relative humidity of about 55%; water
and food were given ad-libtium.

Diets

A balanced diet composed of 10% protein
supplemented from casein, 10% corn oil, 23.5%
sucrose, 47% maize starch, 5% fiber, 3.5% salt
mixture (Briggs and Williams, 1963) and 1% vitamin

mixture (Morcos, 1967) was prepared for feeding
rats throughout the experimental period.

2.2. Methods
Preparation of plant materials

The fresh flowers of sweet basil, the aerial parts
of celery and sage and the leaves of eucalyptus
were washed with tap water. All plant materials
were dried separately in an air-circulated oven at
40°C to complete dryness and then reduced to
powder form.

Preparation of plant extracts

The dried powder of different plants was
separately placed in a continuous extraction
apparatus (Soxhelt) and subjected to successive
extraction using petroleum ether (40-60°C) followed
by methanol. The solvent of each extract was
removed by evaporation under reduced pressure.
All extracts were kept in vacuum dessicators
over anhydrous calcium chloride. The essential
oil of sweet basil was extracted using isolation by
hydrodistillation (200-300 g of plant per sample) for
6 h using a Clevenger-type apparatus according to
the European Pharmacopoeia (Conseil de I'Europe,
1996).

Assessment of fatty acids, hydrocarbons and
phytosterols contents in plant extracts

The hydrocarbon and phytosterol fraction and
fatty acid methyl esters of the studied extracts
were prepared according to A.O.A.C (2000) to
be subjected to a GLC analysis of fatty acids,
hydrocarbons and phytosterols.

The hydrocarbon and phytosterol fraction
was analyzed by GLC adopting the following
conditions: Column: 10% OV-101 packed column;
Stationary phase: Chromosorb W-HP; Detector
temperature: 290°C; Injector temperature, 28°C;
Carrier gas N,; flow-rate 30 ml/min; air flow-rate:
300ml/min; H, Flow-rate 30ml/min; Detector FID;
Chart speed: 0.5 cm/min; Oven program: Initial
temperature, 70°C; Final temperature, 270°C;
programmed 4°C/min. For 35min at 270°C, total
time, 85 min. The identification of hydrocarbons
and the sterol contents of the unsaponifiable
matter was carried out by comparison of their
retention times with co-injected authentic
reference compounds. Quantification was based
on peak area integration.

The analysis by GLC of the methyl ester was
carried out according to the following conditions:
Stationary phase: 10% diethylene glycosuccinate
(DEGS) packed column; oven temperature, 170°C;
detector temperature, 300°C; injector temperature,
250°C; Carrier gas, N,; flow-rate, 30ml/min; air
flow-rate, 350ml/min; H, flow-rate, 350ml/min;
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detector, FID; Chart speed, 2cm/min. Identification
of the fatty acid methyl ester was carried out by
direct comparison of the retention times of each of
the separated compounds with authentic samples
of the fatty acid methyl esters analyzed under the
same conditions. Quantification was based on peak
area integration.

Preparation of dosage form

A methanol and petroleum ether extract of
the aerial parts of celery and sage, leaves of
eucalyptus, sweet basil flowers and the essential oil
of sweet basil were emulsified separately in water
using gum acacia as emulsifying agent.

Design of experimental work

The work was divided into two stages.

First stage: Induction of acute inflammation in rats.

Sixty rats were divided into ten groups, each
group containing 6 rats. Prior to treatment, the
volume of the paw of each animal was determined
using vernier calipers. Eight groups were given
one oral dose of 500mg of methanol or petroleum
ether extracts of sweet basil, celery, eucalyptus
and sage /kg rat body weight. The ninth group of
rats was given one oral dose of essential oil of
sweet basil (500 mg/kg rat body weight). A control
group received a 0.9% NaCl solution, under the
same experimental conditions (Lanher et al., 1992).
One hour after these administrations, each rat
received a subplantar injection of 1% carrageenan
suspension (0.1 ml per animal) in its left hind
paw. Then the thickness of the paw (foot) of each
rat was measured at 1, 2, 3 and 4 hours after the
injection of the inflammatory agent. The thickness
of inflammation was calculated by subtracting the
foot thickness before inflammation from that of the
inflamed foot at the different time intervals.

Second stage: Induction of rheumatoid arthritis in
rats using adjuvant induced arthritis (Anti-arthritic
effect).

Thirty rats were divided into 5 groups, each
comprised of six rats. Three test groups were given
daily oral doses of 500 mg of methanol extract
of the aerial parts of celery, leaves of sage and
eucalyptus/kg rat body weight. The other two groups
served as control (one group as normal control and
the second as arthritic control). A day after starting
medication, arthritis was induced in all rats (except
one of the control groups which is the normal group)
by subcutaneous injection of Freund’s complete
adjuvant into the subplantar region of the right hind
paw (Singh et al., 1992). All the oral medication
continued for 14 days. The rats were maintained on
the balanced diet throughout the experiment. Paw
thickness were measured before the induction of

arthritis and at the end of the experimental period
using vernier calipers. At the end of experiment,
the increase in the thickness of the injected foot of
the rats of the test groups was compared with that
of the arthritic control rats. During the experiment,
body weight and food intake was recorded. At
the end of the experiment, total food intake, body
weight gain and food efficiency were calculated.
After the experimental period, the rats fasted for
16 hours and blood samples were taken from the
eye vein orbital of the anaesthetized rats. Plasma
were separated for the determination of plasma uric
acid (Watts, 1974), plasma tumor necrosis factor-o
(TNF-a) (an inflammatory biomarker) (Stepaniak et
al., 1995) and malondialdehyde (MDA) as indicators
of lipid peroxidation (Satoh, 1978). The safety of
plant extracts was studied through the evaluation
of liver and kidney functions. The plasma levels
of creatinine (Houot, 1985) and urea (Fawcett
& Scott, 1960) were determined as indicators of
kidney function, while the activity of aspartate
transaminase (AST), alanine transaminase
(ALT) (Reitman and Frankel, 1957) and alkaline
phosphatase (ALP) (Belfield and Goldberg, 1971)
were determined as indicators of liver function. The
animal experiments were conducted according to
the Medical Research Ethics Committee, National
Research Center, Cairo, Egypt. To deduce the
thickness of inflammation in the rats of each
group, the thickness of the foot at the start of the
experiment was subtracted from that at the end of
the experiment.

Statistical analysis

The results of the animal experiments were
expressed as MeanzSE and they were analyzed
statistically using the one-way analysis of variance
ANOVA followed by Duncan’s test.

3. RESULTS

Tables (1) and (2) show the fatty acid,hydrocarbon
and phytosterol fractions in the studied plants. The
results of fatty acid analysis reveal that a-linolenic
acid (o-3 fatty acid) was present in all the studied
plants. The sweet basil flowers showed the highest
content of o-linolenic acid, while the sage aerial
parts showed the lowest content. All the studied
plants contain linoleic acid (-6 fatty acid). Palmitic
acid was the major saturated fatty acid in celery
aerial parts. Octanoic acid was the major saturated
fatty acid in sage aerial parts and sweet basil
flowers, while lauric acid was the major saturated
fatty acid in eucalyptus leaves. y-Linolenic acid
was present in all the studied plants except the
celery aerial parts. The sage aerial parts showed
the highest content of saturated fatty acids, while
basil sweet flowers showed the highest content of
unsaturated fatty acids. The GLC investigation of
the hydrocarbon and phytosterol fraction revealed
the presence of stigmasterol and B-sitosterol in all
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Fatty acids contents of the different plant;ribrlnz;r study (as percentage of total fatty acids)
Fatty acids Celery aerial parts Sage aerial parts Sweet basil flowers Eucalyptus leaves
Caprylic (C8:0) 13.4 30.4 7.7 3.8
Capric (C10:0) 4.8 15.8 1.2 20.5
Lauric (C12:0) 4.0 21.7 3.0 29.6
Myristic (C14:0) 4.2 - 3.4 -
Palmitic (C16:0) 19.3 18.1 0.37 19.2
Palmitoleic (C16:1) 2.2 3.2 4.2 10.1
Stearic (C18:0) 04 0.52 0.86 -
Oleic (C18:1) 2.5 0.86 17.9 -
Linoleic (C18:2) 22.6 6.6 5.8 7.0
o -Linolenic (C18:3) 6.7 1.0 34.3 8.7
vy -Linolenic (C18:3) - 0.98 0.40 0.98
Arachidic (C20:0) 1.5 0.78 0.85 -
Gondoic (C20:1) 18.4 - 20.0 -
Total saturated fatty acids 47.60 87.30 17.38 73.10
Total unsaturated fatty acids 52.40 12.64 82.60 26.78
Table 2

GLC analysis of hydrocarbons and phytosterols of the different plants under study
(as percentage of total hydrocarbons and phytosterols)

Hydrocarbon & phytosterols CeI(::Z::rial Sa‘c:oea ;Zrial Sv:lic;:nt,;assil Eulzzl‘yl/:;us
Hydrocarbon:
C14 1.6 8.6 - -
C16 3.7 17.4 - 0.18
Cc17 5.9 - - -
c18 6.7 1.5 8.4 0.59
C19 - 9.1 11.0 3.1
ca20 - 9.7 3.7 1.1
C21 0.6 1.1 1.2 1.2
Cc22 0.8 1.8 34.4 2.4
C24 54.7 18.8 0.7 34.9
C25 3.0 25 4.3 4.3
C26 0.9 5.7 6.2 6.3
c27 1.5 1.0 3.0 3.7
c28 12.0 3.8 3.6 6.5
C29 1.3 - - -
C31 - - 4.1 -
C32 - 4.5 - 2.0
Total hydrocarbon 92.7 85.5 80.6 76.3
Phytosterols:
Stigmasterol 5.6 11.4 6.4 11.1
B-Sitosterol 1.7 3.1 11 4.1
Total phytosterols 7.3 14.5 17.4 15.2
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the studied plants. Stigmasterol was of the highest
percentage in the sage aerial parts and eucalyptus
leaves, while -sitosterol was the major phytosterol
in sweet basil flowers. Sweet basil flowers showed
the highest content of total phytosterols, while
celery aerial parts contain the lowest.

The results of the acute inflammation test are
shown in Tables 3 and 4. In the control animals,
the sub plantar injection of carrageenan produced
inflammation in the following hour, which increased
progressively to reach a maximum intensity 3 or 4
hours after the injection of carrageenan. Pretreatment
with different plant extracts significantly reduced the
carrageenan-induced edema. All extracts showed
inhibition of inflammation in the first hour from
carrageenan injection. The inhibition of inflammation
was significant throughout the whole experimental
period (4 hours). The methanol and petroleum ether
extracts of sage showed the highest reduction of
inflammation in the fourth hour after carrageenan
injection (57% and 66%, respectively). The methanol
extract of eucalyptus showed the maximum inhibition
of inflammation in the first hour after carrageenan
injection. The present results indicate that the studied
extracts exhibit anti-inflammatory effects on the acute
inflammatory process (carrageenan induced edema
in rat paw). The petroleum ether extract of the sage
aerial parts was the most promising followed by its
methanol extract, while the methanol extract of sweet
basil flowers was the least efficient anti-inflammatory
agent.

Inflammation thickness of arthritic rats.

The increase in foot thickness (Thickness of
inflammation) of the control arthritic rats at the end

of the experiment compared with that of rats given
the different treatments are presented in Table (5).
Oral administration of plant extracts suppressed
the swelling in the foot significantly. Significant
changes were observed between arthritic rats given
the extract of eucalyptus or sage compared with
the celery extract. All extracts produced reductions
in inflammation ranging from 47 to 62%. Sage and
eucalyptus extracts showed the same inhibition
activity of 62%, while the celery extract showed
47% inhibition of the inflammation volume.

Biochemical and nutritional parameters of arthritic rats

The results of the biochemical changes in arthritic
rats given the different treatments are shown in
Table (6). The plasma levels of uric acid, MDA and
TNF-o. were significantly higher in arthritic control
rats than in the normal control. The plasma level
of TNF-o as an indicator of inflammatory markers
decreased significantly in arthritic rats given
different plant extracts compared to the arthritic
control but still significantly higher than the normal
control. Administration of different methanol extracts
showed a significant reduction in the plasma levels
of uric acid and MDA (indicator of lipid peroxidation)
with different degrees when compared with the
arthritic control but still significantly higher than the
normal control.

Plasma levels of creatinine and urea as
indicators of kidney function showed non-significant
changes in all groups (Table 7). Also, the plasma
activity of AST, ALT and ALP as indicators of liver
function showed non-significant changes in all the
studied groups. This revealed the complete safety
of the studied extracts (Table 7).

Table 3

Mean thickness of hind paw (mm) induced in different experimental groups by carrageenan

Time (hours)

Groups 0 1 5 3 4
Control 0.35° + 0.0 0.54*+0.008  0.60° + 0.02 0.64* + 0.02 0.72° +0.02
Methanol extract
Sage 0.35° + 0.0 0.45° + 0.02 0.46° = 0.02 0.49° + 0.02 0.51°" +0.02
Celery 0.35° + 0.0 0.46+0.02  0.49° + 0.01 0.53% + 0.01 0.55°® + 0.01
Eucalyptus 0.37%° + 0.01 0.45% + 0.01 0.48° + 0.01 0.52% + 0.01 0.54% + 0.02
Sweet basil 0.38% + 0.01 0.50*° +0.02  0.57°+0.02 0.59" + 0.02 0.59" + 0.01
Petroleum ether extract
Sage 0.37%° +0.01 0.53%* +0.01 0.50* + 0.01 0.49° + 0.01 0.49' + 0.01
Celery 0.36%° = 0.01 0.48° + 0.01 0.49° + 0.01 0.55% + 0.01 0.55%° + 0.01
Eucalyptus 0.37%° = 0.01 0.53% + 0.01 0.51° + 0.001 0.55% + 0.02 0.55%° + 0.02
Sweet basil 0.37% + 0.01 0.53% = 0.01 0.57% + 0.01 0.63* +0.02 0.63" + 0.02
Essential oil
Sweet basil 0.36% + 0.08 0.48°90.02 0.56% + 0.02 0.58°°+0.02 0.58° + 0.02

The data are expressed as mean values * standard error.
In each column the same letter means non significant difference, while different letters mean significant difference at 0.05 probability.
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Table 4

The mean anti-inflammation activity of different plant extracts under study.

Time (hours)

Groups

1 2 3 4
Control 0.20% + 0.01 0.24° + 0.02 0.30% + 0.02 0.37%+ 0.02
Methanol extract
Sage 0.10°+ 0.02 0.11°°+0.02 0.14* + 0.02 0.16° + 0.02
Inhibition % 48 55 51 57
Celery 0.11+0.02 0.14°+ 0.01 0.18°¢ + 0.01 0.2° + 0.01
Inhibition % 43 41 40 45
Eucalyptus 0.08°+0.02 0.12°+0.02 0.15% + 0.01 0.18%° +0.02
Inhibition % 57 52 49 52
Sweet basil 0.12°“+ (.02 0.18"+0.02 0.21°°+0.02 0.21°+0.01
Inhibition % 40 25 27 43
Petroleum ether extract
Sage 0.16%° + 0.02 0.13“+0.02 0.13°+ 0.01 0.13°+0.01
Inhibition % 19 45 57 66
Celery 0.12°+0.02 0.13% +0.01 0.2 + 0.01 0.2° + 0.01
Inhibition % 39 45 34 48
Eucalyptus 0.16% + 0.02 0.15+ 0.2 0.18% + 0.03 0.18° + 0.03
Inhibition % 19 38 37 50
Sweet basil 0.17%* + 0.01 0.20* + 0.01 0.26* + 0.3 0.26° + 0.03
Inhibition % 15 18 13 30
Essential oil
Sweet basil 0.13*?+0.017 0.20% + 0.02 0.23+0.02 0.23°+0.02
Inhibition % 36 15 23 39

The data are expressed as mean values =+ standard error.

In each column the same letter means non significant difference, while different letters mean significant difference at 0.05 probability.

The results of the nutritional parameters
are shown in Table (8). Body weight gain, total
food intake and food efficiency ratio decreased
significantly in the control rats with adjuvant arthritis
and the arthritic rats given oral administration of the
different extracts compared to the normal control.
Oral administration of the different extracts showed
significant improvement in body weight gain with
different degrees compared with the arthritic
control. This improvement may be attributed to the
improvement in food intake.

4. DISCUSSION

Many animal models of acute inflammation
have been developed for the discovery and
evaluation of new anti-inflammatory agents. The
studied plant extracts showed significant anti-
inflammatory activity with different degrees in
the carrageenan model of acute inflammation in
rats. The edema which develops in rat paws after
carrageenan injection is mediated by histamine

and S-hydroxytryptamine during the first hour,
after which the increased vascular permeability
is maintained by a kinin release for up to 2.5
hours. From 2.5-6.0 hours, the inflammatory
mediator is prostaglandin [especially PGE,] (due
to the induction of COX-2) which coincides with the
enhanced thromboxanes B, (DiRosa & Willoughby,
1971; Selibert et al., 1994). So, the mechanism of
action of the studied extracts as anti-inflammatory
involved a reduction of all the aforementioned
inflammatory mediators since the inhibition of
inflammation occurred throughout the time intervals
of the experiment. The onset of inflammation
symptoms and increased prostaglandin production
usually correspond with cyclooxygenase 2 (COX-
2). COX-2 is not detectable in normal tissue, but
is detectable after introducing a pro-inflammatory
agent (van Ryn et al., 2000).

Chronic inflammation is a prominent feature
of many joint diseases, including rheumatoid
arthritis (de Grauw et al., 2009). Adjuvant-induced
arthritis is an animal model of chronic inflammation
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Table 5

The increase in thickness of injected foot (after 13 days) of adjuvant arthritis induction of arthritic
rats given a daily oral dose (500 mg/kg rat body weight) of methanol extracts of plants under study

Groups Mean+ SEM % Inhibition of inflammation
Arthritic control 0.38% = 0.02 -
Celery 0.20° + 0.03 47
Eucalyptus 0.14°+ 0.01 62
Sage 0.14°+ 0.01 62

In each column the same letter means non significant difference, while different letters mean significant difference at 0.05 probability.

Table 6

Effect of methanol extract of sage, eucalyptus and celery on the levels of plasma MDA,
TNF-o and uric acid of normal and arthritic rats

Groups MDA Uric acid TNF-o

(nmol/ml) (mg/dl) (pg/ml)
Normal 3.3°x0.25 1.9°+0.27 18.9° + 0.58
Arthritic control 6.9% + 0.81 3.4°+0.21 30.7°+0.78
Celery methanol extract 4.9°+0.33 2.7* +0.20 26.2° + 0.56
Sage methanol extract 3.9°+ 0.56 2.2+ 0.23 22.5°+0.59
Eucalyptus methanol extract 3.0°+0.17 2.5+ 0.21 23.5°+ 0.62

In each column the same letter means non significant difference while different letters mean significant difference at 0.05 probability.
The data are expressed as mean values =+ standard error.

Table 7
Effect of different methanol extracts on liver and kidney functions of rats
AST ALT ALP Urea Creatinine
Groups
(U/ml) (U/ml) (IU/L) (mg/dl) (mg/dl)

Normal Control 25.0°*+0.86 29.5°+1.24 79.7* +5.28 46.2% + 3.03 0.6°*=0.12
Arthritic control 25.1*+0.80 28.3°+ 1.18 81.9°+7.10 38.9% + 4.32 1.0°+0.29
Sage methanol extract 26.8°+0.76 28.2% + 0.89 75.0% + 8.76 41.1%+£3.95 0.8+ 0.13
Eucalyptus methanol 283°+071  287°+103 683%+900 349°x202  0.9°=0.40
extract
Celery methanol extract 26.6°+ 1.28 26.8%+ 0.59 55.1°+ 4.03 37.6°+ 3.81 1.0°+0.18

In each column the same letter means non significant difference while different letters mean significant difference at 0.05 probability.

The data are expressed as mean values =+ standard error.

which is similar to rheumatoid arthritis in humans.
It can be induced in rats by an intradermal
injection of Freund’s adjuvant. Adjuvant arthritis is
characterized by inflammation, high oxidative stress
and reduction in body weight (Ibafiez de Caceres
et al., 2000).The induction of chronic inflammation
in rats in the present work was reflected in the
increased inflammatory biomarkers. TNF-o. was the
biomarker of inflammation assessed in the present
study and showed extreme elevation in the control
adjuvant arthritic rats compared to the normal
control. This result was in agreement with the work
of Glenn & Kooyers (1966) and Mahajan et al.
(2007). The elevation in the plasma levels of MDA in
the arthritic control rats in the current research is in

agreement with the results of Tastekin et al. (2007).
The administration of methanol extract of sage,
celery and eucalyptus to arthritic rats produced
significant improvement in inflammatory and lipid
peroxidation biomarkers together with a reduction
in inflammation thickness. Serum wurate has
powerful antioxidant properties. At concentrations
normally occurring in human plasma, urate directly
scavenges the hydroxyl radical, singlet oxygen and
peroxyl radicals from lipid peroxidation (Heffner
and Repine, 1989). Additionally, uric acid prevents
the oxidation of vitamin C (Sevenian et al., 1985).
The results showed significant increases in plasma
uric acid in arthritic rats when compared with the
normal control. Oral administration of different
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Nutritional parameters of diffeE:tlee)E:perimental groups (Meanz SE)

Initial body Final Body weight Total food Food
Groups weight body weight Gain intake efficiency

(9) (9) (9) ratio
Normal control 151.2°+ 1.9 1914+ 2.7 39.8°+ 1.6 211.5*+ 3.0 0.19% + 0.01
Arthritic control 151.0°+ 1.5 170.3°+ 1.8 19.39+1.2 164.3°+ 5.9 0.12°+0.00
Celery methanol extract 151.32+28 186.5%+27 35.2°+0.9 207.0°+3.3 0.17°+0.00
Eucalyptus methanol extract 151.3°*+ 1.6 182.5°+ 1.5 31.2°+1.0 199.7°+ 1.6 0.16°+ 0.01
Sage methanol extract 151.28 + 2.1 178.8°+ 2.0 27.7°+1.3 190.0* + 4.0 0.15°+ 0.00

In each column the same letter means non significant difference while different letters mean significant difference at 0.05 probability.

extracts reduced urate levels as a result of reducing
oxidative stress.

The anti-inflammatory effect of the studied plants
may be attributed to the presence of long chain
fatty acids, phytosterols and phenolic compounds.

Long chain fatty acids have been reported to
have antidenaturant activity, which might have
beneficial effects in rheumatic diseases. These fatty
acids possess significant anti-inflammatory activity
(Saso et al, 1999). Polyunsaturated fatty acids,
especially a-linolenic acid (w-3), were present in all
the studied plants. Polyunsaturated fatty acids of
the ®-3 series are essential for normal growth and
development. The health effects of these fatty acids
include a reduction in cardiovascular risk due to anti-
arrhythmic, anti-inflammatory, anti-thrombotic and
lipid lowering actions (Martain et al., 2009). Ingestion
of 03 fatty acids decreases membrane arachidonic
acid and concomitantly decreases the capacity
to synthesize eicosanoids from the arachidonic;
eicosapentaenoic acid gives rise to the 3-series
prostaglandins and thromboxans and the 5-series
leukotrienes (Calder, 1998). Diets containing o—3
fatty acids are beneficial in decreasing the levels
of certain pro-inflammatory chemokines thereby
delaying the onset of and severity of autoimmune
symptoms (Venkatraman & Meksawan, 2002). Alpha-
linolenic acid can be converted to eicosapentaenoic
acid, which competitively inhibits the oxygenation
of arachidonic acid by cyclooxygenase. In addition,
eicosapentaenoic acid is able to act as a substrate for
both cyclooxygenase and 5-lipoxygenase leading to
inhibition of the inflammatory mediator prostaglandin
E, and leukotriene B, (Calder & Yaqoob, 2009).

Phytosterols are important structural components
of plant membranes and they play a key role in plant
cell membrane function (Dillard & German, 2000).
The present results show the presence of f—sitosterol
and stigmasterol in the unsaponifiable fraction of
the studied plants. B-sitosterol, its glycoside and
stigmasterol have been reported to have anti-
inflammatory and immune-modulating activities
(Gomez et al., 1999; Bouic & Lamprecht, 1999).
Plant sterols display their anti-inflammatory activity
through inhibition of the secretion of interleukin-6 and
tumor necrosis factor-o. (Bouic, 2001). Phytosterols

have been shown to possess antioxidant and anti-
inflammatory activities (Mohamed et al., 2005).

Phenolic compounds play an important role in the
protection of humans from damage by free radicals
through its antioxidant activity (L&liger,1991). Phenolic
compounds also have been reported to possess
anti-inflammatory activity (Ldliger, 1991). Celery
contains B-carotene, lutein and the flavones, luteolin
and apigenin (Lugasi et al, 2003). Lopez-Lazaro
(2009) has shown that luteolin possesses a variety
of pharmacological activities, including antioxidant
and anti-inflammatory activities. Different celery leaf
extracts are scavengers of OH" and DPHH' radicals
and reduce liposomal peroxidation, which points to
their antioxidant activity. The antioxidant activity of
celery leaf extracts may be due to the presence of
flavonoids (Popovic et al., 2006). Recently, petroleum
ether and methanol extracts of both celery leaves
and seeds showed anti-gout activity in gouty rats
(Mohamed and Al-Okbi, 2008). The anti-gout, anti-
inflammatory and antioxidant activity of celery extracts
may be due to the presence of phenolic compounds,
long chain fatty acids and phytosterols as reported by
Mohamed and Al-Okbi (2008). Sweet basil contains
rosmarinic acid, which possesses anti-inflammatory
and antioxidant activities (Makino et al, 2000;
Jayasinghe et al, 2003). Sage leaf aqueous and
butanol extracts have analgesic and anti-inflammatory
effects due to the presence of carnosol and carnosic
acid, which are phenolic diterpenes (Qnais et al.,
2010; Kim et al., 2010).

The decrease in body weight gain and food
efficiency ratio in the control arthritic rats compared
to the normal control was expected since it has
been reported that rheumatoid arthritis is usually
associated with loss of lean tissues, which contain
most of the body’s protein (Bistrian & Blackburn,
1983). The decrease in body weight gain in the
arthritic control rats may be due to tissue destruction
in adjuvant arthritic rats. The rates of protease-
mediated degradation of muscle protein were
accelerated without changes in protein synthesis
in experimental arthritis (Fagan et al., 1987). When
intracellular proteolysis of muscle proteins by
lysosomal proteases is mediated by PGE, the later
increased during inflammation (Fagan et al., 1987).
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Also, the reduction in body weight gain may be due
to muscle wasting in experimental arthritis, which
seems to be due to enhanced protein breakdown
by the ubiquitin—proteasome proteolytic pathway
(Lecker et al., 2004; Granado et al., 2005). It
was noticed that food intake was also reduced
significantly, which may share in the reduction of
body weight gain. It has also been reported that
rheumatoid arthritis is associated with anorexia
(Bistrian & Blackburn, 1983). It was noticed that all
treatments produced significant increases in body
weight gain and food efficiency ratio. The significant
improvement in body weight gain in arthritic rats is
an indicator of improvement in adjuvant arthritis
(Glenn & Kooyers, 1966).

In conclusion, the methanol and petroleum ether
extracts of celery, sage, eucalyptus and sweet basil
and the essential oil of sweet basil can be used as
anti-inflammatory agents in acute inflammation.
The methanol extract of celery, sage, eucalyptus
and sweet basil can be safely used as anti-arthritic
natural products. The anti-inflammatory effect may
be attributed to the presence of polyunsaturated
fatty acids, phytosterols and phenolic compounds.
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