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ABSTRACT

Phytochemical investigations of Gleditsia fruitsvharevealed the presence of triterpenoidal saponirtsese
saponins proved to possess anti-inflammatory antiledliergic activities. The present study was urnidken to
evaluate the anti-inflammatory, analgesic and ayriic activities of the saponin fraction derivebrh the
methanolic extract of Gleditsia caspica fruits. Tinaction at 31.5 and 63 mg/kg b.wt. reduced sigaiftly the
oedema induced by carrageenan. The dose 63 mgtkgdtowed higher effect than that of indometh&tthmg/kg
b.wt.). Further, the saponin fraction showed siigaifit protective effect against complete Freundd§usant -

induced arthritis. At the dose 63 mg/kg b.wt. teecpntage inhibition was 39.2 versus 22.2 for ttamdard drug
prednisolone (4 mg/kg b.wt.), respectively, on Bagnd 53.2 versus 46.7, respectively, on day 12. affalgesic
activity results revealed that the saponin fractiahdoses 45 and 90 mg/kg b.wt. possessed signtifaantral
analgesic activity. In acetic acid-induced writhimgodel, the fraction showed significant peripheaalalgesic
activity characterized by double effect in suppireggshe number of writhes at dose 90 mg/kg b.whnpared to
acetyl salicylic acid (100 mg/ kg b.wt.). The antgdic activity results demonstrated that the fractat the two
dose levels 31.5 and 63 mg/kg b.wt. had no effectte and chronic toxicity tests showed that tlaetfon may be
safe for pharmacological uses. These observatioggest possible therapeutic potential of the sapdrsction in

the treatment of inflammation and pain.
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INTRODUCTION

Although a substantial progress in medicinal redeliave been made during the past decade, thstié & crucial

need for discovering new drugs to treat inflamnmatitseases which represent one of the world’s heatiblems
[1]. Inflammation involves a complex array of enzyractivation, mediator release, extravasation wifi§, cell

migration, tissue breakdown and repair [2]. Inflaatibn and pain conditions are currently managednbg-

steroidal anti-inflammatory drugs (NSAID) and naice. As a result of the adverse effects associafié these
drugs such as gastric lesions caused by NSAIDrante and dependence induced by opiates, the ubes# drugs
has not been successful. Therefore, alternativepies lacking these side effects are necessarglicial plants
that have been the subject of intense researchrgprésent a potential source of commercial drugs lead

compounds, could contribute to the discovery oéaffe, inexpensive and safe alternative anti-imftaatory and
analgesic drugs.
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GenusGleditsiacomprises 14 species of deciduous treesG8ditsiaspecies have been widely used in traditional
medicine.In China, the anomalous fruits and thorns are deedreating apoplexy, headache, productive cough,
asthma and suppurative skin diseases [4].

Phytochemical studies carried out on fruitsGléditsia members demonstrated that many triterpenoidalrsapo
and medicinal herbs rich in this kind of saponipgssess anti-inflammatory activities [5], [6], [T8], [9], [10],
[11]. Gleditsia caspicaa tree that grows up to 12 meters, is cultivatedublic gardens in Egypt for ornamental
purpose due to its graceful habit, elegant form delitate fern like foliage. Phytochemical invgations carried
out by us revealed the occurrence of many sapani@ caspicafruits and from the saponin- containing fraction
(SFGC), seven triterpenoidal saponins namely giedisaponin E’, gleditsioside |, gleditsia sapofh and
caspicaosides A-D, have been reported [12], [1&hd¢, the present study was undertaken to invésttha anti-
inflammatory, analgesic and antipyretic effects tbé saponin-containing fraction derived fro@®. caspica
methanolic fruit extract.

MATERIALS AND METHODS

Laboratory animals

The animals used in this study were adult malenall8prague-Dawley rats weighing between 130-15@gaatult
male albino mice weighing between 20 and 25g. Bats and mice were obtained from the Animal Hous® &y
of the National Research Centre (Giza, Egypt). TWese fed on a standard laboratory diet and suppli¢gh water
sourcead libitum

Drugs and chemicals

The chemicals used were carrageenan (Sigma-Aldd&i#); yeast (44% suspension in normal saline,llowrket
); complete Freund’'s adjuvant (CFA) (Difco, USAxetyl salicylic acid (ASA) (ADCO, Egypt); indomettin
(Merck, Germany); prednisolone (Sanofi- Aventis,ygly; Diaion- HP20 (Mitsubishi, Japan), methanold am
butanol (ADWIC, Egypt).

Plant Material
Fruits of G. caspicawere obtained from EI-Orman public Garden, GizgfEgn November 2004 and identification
was confirmed by Dr. Therese Labib senior spetifdisplant identification.

Preparation of SFGC

The methanolic extract (35 g) from the dried povwedefruits (1 kg) was suspended in water and pamitil with
chloroform (3x250 ml) followed by n-butanol (3x25@). The n-butanol fraction (20 g) was dissolvedlistilled
water and the aqueous solution was passed throeghuen packed with the porous polymer gel Diaid®-20 to
remove phenolics and other water soluble constituérhe absorbed material was eluted wit®©H25, 50, 75 %
and 100 % methanol. The material (15.2 g) fromdbmbined 75 and 100 % methanol fractions as SFG(S, w
freeze dried and kept until use.

Pharmacological studies

Anti-inflammatory activity

Carrageenan- induced rat paw oedema

The method described by Winter et al. [14] was @ygdl. Four groups each comprising six rats werd.uSeoup |
received orally distilled water and kept as cont@loups Il and Il received orally 31.5 and 63 kggb.wt. SFGC
while group IV received orally 10 mg/kg b.wt. indethacin and served as standard drug. Acute infldlomavas
induced in all groups by subcutaneous injectiof.&fml of 1% carrageenan in the left hind paw efithts one hour
after administration of drugs. Mean paw volume wasasured immediately before carrageenan injeclfgh dnd
then every hour (Y for four hours post administration of the testigliand control using a water displacement
plethysmometer. The percentage oedema and thenpageeinhibition were calculated as follows:

M Vo
% oedema (E) = ---------- x 100
o
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% inhibition = ---------- x 100

Complete Freund’s adjuvant (CFA)- induced arthritis in rats

The method described by Pearson and Woodv&S]applied. Arthritis was induced by 0.1 ml injectof CFA (6
mg/ml Mycobacterium butyricium in mineral oil) intine sub-planter surface of the left hind paw. Brugere
administered orally once a day from the day of dtigg of CFA and continued up to Yiday.The oedema
component of inflammation (yYwas quantified by measuring the difference in pamlume between the first day
(V,) and the volume recorded on day five and day tavé€i%) using a water displacement plethysmometer. Twenty
four rats were divided into four groups. Distillegter that served as control, was administeredyot@algroup |.
The doses 31.5 and 63mg/ kg b.wt. of SFGC were r@idtared orally to group Il and Ill, respective{yroup 1V
received the standard drug prednisolone at andwsé of 4 mg/kg b.wt. The percentage oedema armbipige
inhibition were calculated as shown in the previmethod.

Analgesic activity

Hot plate method

The method described by Turner [16] was used. TyvEntr mice were divided into four groups consigtiof six
animals in each group. Distilled water was oratlynénistered to group animal | which served as a@n@roups Il
and Il were orally administered SFGC at dosesrb 30 mg/ kg b.wt., respectively. Group IV servedeference
group received ASA at dose of 100 mg/kg b.wt. Thegiate was maintained at 53 £ 0.5 °C and theti@atime
between placing the animal on the hot plate uh&lanimal jumped or licked its hind paw, was reedr80, 60 and
90 minutes after the administration of the test isgfdrence drugs.

Acetic acid induced writhing response

The method reported by Collier et al. [17] was &bl Twenty four mice were divided into four grougksix
animals each. The animals were orally administelistilled water, SFGC (45 and 90 mg/kg b.wt.) ar8l8A(100
mg/kg b.wt.). Thirty minutes after treatment, mieeeived an intraperitoneal injection of 10 mi/kgvb 0.7%
acetic acid in distilled water. The mice were tipdaced in transparent boxes for observation. Thebas of writhes
was counted for twenty minutes after acetic adelcition and the percentage protection was calallate

Antipyretic activity

Antipyretic activity was carried out according teetpreviously reported method [18]. Hyperthermia weluced in
rats by intramuscular injection of 1 ml/ 100g b.wt.44 % yeast suspension in normal saline. Afeerhaurs of
yeast injection, the animals that showed an ineraxs0.3-0.5°C in rectal temperature, were dividetd four
groups six animal each. Group | was consideredasa and received distilled water orally. Grolahd group Il
were treated with SFGC at dose of 31.5 and 63 migikty, respectively, while group IV served as pesicontrol
and orally received ASA at a dose of 100mg/kgvth.The rectal temperature was recorded by a ohdtinel
electric thermometer 1, 2 and 3 hours after dregtinent, compared with control group.

Acute toxicity test and LD

The toxicological studies on SFGC were carried foutdetermination of the acute toxicity and 4g0n mice
according tadhe method of Karber [19]. Thirty six mice were idied into groups of six mice each. Graded doses of
SFGC (0.25-2.5 g/ kg b.wt.) were separately adrengsl to the mice of each group. The toxic symptand the
mortality in each group were recorded 24 hours pdstinistration.

Chronic toxicity
The effect of prolonged administration (2 monthE$8® mg/kg b.wt. of SFGC on blood criteria, livand kidney
functions of rats was investigated.

Statistical analysis

The results were expressed as the mean + S.E.eBhéis obtained from the present study were andlyseng one
way analysis of variance (ANOVA) followed by Duntietcomparison test. P-values <0.05 were considered
statistically significant. Statistical analysis waerformed using SPSS analytical software versibnrklease (Aug,
23, 2008), Chicago, USA.
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Ethics

All animal procedures were performed after apprdrai the Ethics Committee of the National Reseatenter-
Egypt and in accordance with the recommendatiorthe@National Institutes of Health Guide for Carel &Jse of
Laboratory Animals.

RESULTS

Acute toxicity and LDsq
Administration of SFGC up to 2.5 g/kg b.wt. proddano behavioral abnormalities in the animals. dte LDs,
was found to be 900mg/kg b.wt. for mice equivater30 mg/kg b.wt. for rats.

Chronic toxicity

Chronic administration of SFGC at a dose of 63 mdikvt. for two months, produced no significant gibjogical
changes on kidney functions nor on liver functiores on the blood picture of rats, when compareddomal
control.

Carrageenan-induced paw oedema test

The two doses 31.5 and 63 mg/kg b.wt. of SFGC sHastatistically significant (P< 0.05) oedema redurctat all
the time intervals as shown in Table 1. The peagtinhibition values 57.00, 52.96, 57.21 and 54db8erved
after treatment with a dose of 63 mg/ kg b.wt.iraetintervals 1h to 4h, were found higher thandbeesponding
percentage inhibition values 45.78, 47.43, 48.7® 4290 shown by the standard drug indomethacan dase 10
mg/kg b.wt. The lower dose 31.5 mg/kg b.wt., redutiee oedema significantly (P<0.05) with less petage
inhibition compared with that of the standard datigll time intervals.

Table 1. The effect of SFGC on carrageenan-inducgzhw oedema in rats

Treatment Dose % Oedema
(mg/kg) tin ton t3n tan
Distilled water | -------- 38.42+1.53 55.80 + 1.57 71.71+454 72.09 £ 3.79
Indomethacin 10 20.83+1.23* (45.78) 29.33152.%7.43) | 36.75+ 2.60* (48.76) 41.17 +1.75* (9Q)
SFGC 315 24.24 + 2.35*% (36.90 47.20 £ 3.67* (15.4 49.26 + 3.68* (31.31) 53.13 +5.67* (19.5b)
SFGC 63 16.52 + 1.19* (57.00 26.25 + 1.51* (52.9630.69 + 2.05* (57.21) 33.05 + 2.71* (54.16)

Values represent the mean +S.E., n = 6, each vialparenthesis indicates the percentage inhibition
*P < 0.05: Statistically significant from controDunnett’s test).

CFA-induced arthritis test

The results presented in Table 2 showed that SHG@fisantly (P<0.05) decreased the oedema on dand
extended to day 12 at dose 63mg/kg b.wt. with pegege inhibition value 53.20 higher than that of gtandard
drug prednisolone (46.70%) given at a dose 4 mblig. The lower dose level of SFGC (31.5 mg/kg b.atso
significantly (P< 0.05) decreased the oedema on5danpre effectively than prednisolone. The effectdpiced on

day 12, was slightly less than that of prednisclone

Table 2. The effect of SFGC on complete freund’s @avant-induced arthritis in rats

Treatment (r’r?gO/IS<Z) day 5 day 12
Distilled water | -------- 38.69+3.40, 5851471
Prednisolone 30-(121223535* 31-(14%%7589*
SFee 315 | M ss0 | (4040)
woo | e R v

Values represent the mean +S.E., n = 6, Each vialgparanthesis indicates the percentage inhibition
*P < 0.05: Statistically significant from controDunnett’s test).

Hot plate test

The results recorded in Table 3 demonstrated th&CSexhibited marked central analgesic activitg@denced by
significant increase in reaction time when comparethe control. The reaction time at doses 45 g@ikd 90
mg/kg b.wt was comparable to that of the standand ASA at dose 100 mg/kg b.wt. through-out theeginent.
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Table 3. The effect of SFGC on hot plate-induced [F@in mice

Treatment Dose Reaction time (s)
(mg/kg) 0 min 30 min 60 min 90 min
Distilled water |~ ------ 6.36 +0.27 7.27 £0.27 8.81.36 9.00+0.52
ASA 10C 6.75+0.2 | 10.03+0.19 | 12.8+0.37 | 12.755+0.44’
SFGC 45 6.57+0.2% 9.97+0.20F 11.08+0.26* 0D19.24*
SFGC 90 7.00+0.38 9.98+0.17F 11.27 +0.58* 826.43*

Values represent the mean £S.E., n = 6, *P < 08fatistically significant from control (Dunnettsst).

Mice writhing test

As shown in Table 4, intraperitoneal injectionaafetic acid elicited the writhing syndrome in cohtmice with
44.3 + 2.53 writhes counted in 20 minutes. SFGCdpeed a significant (P<0.05) reduction in the numdie
writhes with 100 % protection produced by the hgjtdose 90 mg/ kg b.wt. This effect was more thaubte that
produced by 100 mg/kg ASA (46.6%). The effect pamtliby the lower dose of 45 mg/kg b.wt. (51.1 %l&0
higher than that produced by ASA.

Table 4. The effect of SFGC on acetic acid-inducedrithing response in mice

Treatment ( rrl?;/SkZ) Number of writhes | % protection
Distilled water |~ ------- 443+253 | = -
ASA 100 23.7 £0.88* 46.6
SFGC 45 21.7£2.32 51.1
SFGC 90 0.00* 100.0

Values represent the mean +S.E., n = 6, *P < 0.8fatistically significant from control (Dunnettsst).

Antipyretic activity

The intramuscular injection of yeast suspensionkedly increased the rectal temperature in ratg a®ehours its
administration. Treatment with SFGC at 31.5 andr@fkg b.wt., respectively, showed no significantrgase in
rectal temperature of the hyperthermic rats aediffit time interval compared with that of ASA at tiose of 100
mg/kg b.wt. (Table 5).

Table 5. The effect of SFGC on yeast-induced hypérrmia in rats

Treatment Dose Rectal Temperature at different time intervals
(mg/kg) | Temperature after yeast injectior tanr tonr tanr
Distilled water | ------------ 39.1+0.19 39.3+0@2| 39.0+0.20| 39.1+0.18
ASA 100 39.2+0.13 38.1+0.23¢ 37.5+0.18* 3%.8.14*
SFGC 315 38.9+0.12 38.8+0.20 38.8+0.p4 3885
SFGC 63 38.8+0.15 38.9+0.20 38.8+0.16 380714

Values represent mean +S.E., n = 6, *P< 0.05: Stafally significant decrease from the hyperthermdntrol (Dunnett’s test).
DISCUSSION

Inflammation is a pathophysiological responseidfg tissue that leads to local accumulation afsphatic fluid

and blood cells. Although it is a defense mechartisat helps body to protect itself against infetiurns, toxic
chemicals or other noxious stimuli. The complexrdseand mediators associated with inflammation iodnice,

maintain and aggravate many diseases [20]. Camageaedema has been commonly used as experimairtala
model for evaluation of acute inflammation and ilidved to be biphasic. The early phase (1h-2h}thef
carrageenan model is mainly mediated by histangesgtonin and increase synthesis of prostaglandine.late

phase (3h-4h) is sustained by prostaglandin relaademediated by bradykinins, leukotrienes, polyshonuclear
cells and prostaglandins produced by tissue maagg[21]. SFGC at doses 31.5 and 63 mg/kg b.vaduced

significant inhibition of carrageenan induced pa@dema at all time intervals (1h-4h). Thereforeait be inferred
that the inhibitory effect of SFGC on carrageenashiiced inflammation could be due to inhibition loé tenzyme
cyclo-oxygenase and subsequent inhibition of pgdatadin synthesis. Significant inhibition of pawdeena in the
early hours of study could be attributed to thebition of histamine and/or serotonin.

The model of adjuvant induced inflammation in rhts been extensively used in the study of thermfiatory
processes. Freund adjuvant is an antigen solutimsified in mineral oil that is used as an immuomtentiator.
The complete Freund’s adjuvant (CFA) is composednattivated and dried mycobacterium butyricium asd
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effective in stimulating cell mediated immunity amghy lead to the potentiation of the productionceftain
immunoglobulins. Shortly after the administratiohGFA into the hind paw, pronounced swelling appearthe
hind paw which persists for several days. Aftert,thiae contra lateral paw as well as front paw dscomes
swollen and inflammatory nodules will be observéd.the present study, it was observed that SFGddcou
significantly (P< 0.05) inhibit the progressiontb& inflammation in the treated animals and thegmiage oedema
was decreased on day five at a dose of 63 mg/vidg &nd extended till day twelve. The effect waghleir than that
of the standard drug prednisolone at a dose of /4kmg.wt.

The analgesic activity of SFGC was studied usirgttbt plate and the mice writhing tests. The hateptest is one
of the most common tests for evaluating the anagefficacy of drugs. The paws of mice are verysitare to heat
at temperatures which are not damaging the skie.r&€bponses are jumping, withdrawal or licking plagvs. The
time until these responses occur is prolonged afleninistration of centrally acting analgesics. Tesults of the
analgesic activity of SFGC showed that it possesgguificant (P< 0.05) activity. The reaction tirfee the animal
group received SFGC at dose of 90 mg/kg b. wt. alm®st equal to that of the standard drug ASA aedevel of
100 mg/kg b.wt. The analgesic activity of SFGC \abso evaluated by using acetic acid induced writhimmice.
The injection of acetic acid into the peritonealitaof mice induces writhing (contraction followédxy extension of
the hind limbs). The writhing test which is a visepain model was found simple, reliable and rafud
investigating analgesics. The inhibition of writhiby using SFGC suggests peripherally mediatechari activity
based on the association of the model with stirardabf peripheral receptors especially the locatitpeeal
receptors at the surface of cells lining the pestd cavity [22], [23]. The results of this studgndonstrated that
SFGC significantly (P < 0.05) inhibited the aceditid induced pain in the low and high dose levéle animal
group that received SFGC at dose of 90 mg/kg bshibywed more than double the effect observed ordference
group treated with 100 mg/kg b.wt.of ASA.

It is worthy to note that many saponins have beponted to exhibit significant anti-inflammatorytimociceptive
and antipyretic activites as well as many otheedie activities such antiallergic, analgesic arbist [24], [25],
[26], [27]. Moreover, a variety of triterpenoidamonin-rich extracts such &olyscias fruticos428], Kalopanax
pictus [29], [30], Akebia quinata[31] andMimusops elengj32], have been found to display anti-inflammatory,
analgesic and antipyretic activities.

CONCLUSION

From the experimental findings in this study, wen a@nclude that the saponin-containing fractiomfrthe
methanolic extract ofsleditsia caspicafruits, showed anti-inflammatory and analgesiciviteés in the tested
models. The analgesic activity was found to berttost effective at higher dose employed. The affig&immatory
and the analgesic activities of SFGC are correlatedl might share common mechanism through inhibitibthe
prostaglandins pathways.
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