Anti-inflammatory effect of some cucurbitaceous plants
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Summary

The anti-inflammatory effect of three plants of Cucurbitaceae family: Ecballium elaterium, Cu-
cumis prophetarum and Luffa cylindrica were studied using their petroleum ether and alcohol
extracts. The recorded LD, due to i.p. administration of petroleum ether of E. elaterium and
L. cylindrica and alcohol of C. prophetarum, as representative extracts, were 3.4, 0.45 and 1.5
g/kg b.wt., respectively. The carrageenan induced edema in rats was significantly reduced by
pre-treatment with petroleum ether extract of E. elaterium, C. prophetarum herbs and Luffa
cylindrica fruits after 2h, while alcohol extract of E. elaterium herb caused a maximum inhibi-
tion of edema which amounted to 76.9% in comparison with the other extracts.
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INTRODUCTION

Cucurbitaceae is one of the most important plant families supplying humans with
edible products and useful fibers. They are also well-recognized source of secon-
dary metabolites. Cucurbitacins, a bitter tasting and highly oxygenated group of
compounds are predominantly found in this family. However, they are also present
in several other families, e.g. Brassicaceae [1].The cucurbitacins are of great interest
due to their wide range of biological activity. A number of compounds of this group
has been investigated for their cytotoxic, hepatoprotective, anti-inflammatory, car-
diovascular effects and as diabroticites. Previous reports on the anti-inflammatory
activities of some cucurbitacins were linked with the inhibition of the cyclooxyge-
nase enzymes, although, no research was conducted to support this hypothesis [2].
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Three plants of Cucurbitaceae family were included in this investigation: Ecballium
elaterium is known as a squirting cucumber, common in Mediterranean region. Its
juice has been used in traditional medicine for various therapeutic treatments inc-
luding inflammation, sinusitis and rheumatic conditions [3]. Elaterium and cucurbi-
tacin B (isolated from Ecballium elaterium) had preventive and curative effects against
CCl,-induced hepatotoxicity [4]. Fruit juice of E. elaterium is used for the treatment of
jaundice in folk medicine. It was reported that cucurbitacins D, E and B decreased
the levels of direct bilirubin and total bilirubin in human plasma, while cucurbitacin
I, glycosyl derivatives and proteins of the juice did not modify the bilirubin levels [5].

Cucumis prophetarum, a plant locally known as khiyar dakar, endemic to Egypt, is
grown at Saint Katherine Mountains. It is a perennial, trailing herb with ellipsoidal
echinate fruits. The plant grows wild in various regions of Pakistan, India and tro-
pical Africa. The fruit is used in indigenous medicine as an emetic and purgative.
It is known to contain cucurbitacins B and D as well as traces of cucurbitacins G
and H [6]. Cucurbitacin B, isocucurbitacin B, dihydrocucurbitacin B, cucurbitacin
E, dihydrocucurbitacin E, isocucurbitacin D, dihydroisocucurbitacin D, cucurbita-
cin I, dihydrocucurbitacin I, cucurbitacin Q1, and dihydrocucurbitacin Q1 were
identified for the first time as a constituents of C. prophetarum L [7].

Luffa cylindrica (Cucurbitaceae) or loofa sponge is a tropical running vine with ro-
unded leaves and yellow flowers. The fruits are smooth, of cylindrical shape. Young
fruits are used as cooked vegetable while mature fruits are bitter and not edible but
the fibrous skeleton can be used as a sponge [8]. The alcohol extract of L. cylindrica
seeds significantly reduced the blood glucose levels in streptozotocin diabetic rats
during first three hours of treatment [9]. Two constituents (L-6a and L10) from le-
aves of L. cylindrica showed tendency to enhance memory keeping activity [10]. Luf-
fin from the seeds of L. cylindrica is cytotoxic to human metastatic melanoma cells
and in murine Ehrlish ascites tumor cells [11]. Sapogenins isolated from L. cylindrica
showed immunomodulatory effect on in vivo immune functions in mice [12].

The objective of present investigation was to determine the acute toxicity and
study the anti-inflammatory effects of different extracts of the three cucurbitace-
ous plants.

MATERIALS AND METHODS

Plant material

Ecballium elaterium and Cucumis prophetarum plants were collected from their
places of growing: first from El-Arish, second from Sant-Katherine Mountains, whi-
le Luffa cylindrica fruits and herb were collected in Kalyobia and Giza governorates.
The plants were authenticated by Prof. Loutfy Bolous (Botany Dept., Alexandria
University), while a voucher specimen was deposited in the herbarium of the Na-
tional Research Center.



Anti-inflammatory effect of some cucurbitaceous plants

121

Extraction of the plant materials

200 g of the dried herb of each plant and L. cylindrica fruits were extracted
successively with petroleum ether 40-60°C and ethanol (95%) till exhaustion. The
combined extracts were evaporated under reduced pressure till syrupy residue
was obtained. The residues were kept in a desiccator over anhydrous calcium
chloride until used for biological studies.

Determination of total cucurbitacins

Total cucurbitacins were determined in the alcohol extract using the method
described by Attard and Scicluna-Spiteria [13].

Acute toxicity study

Female Sprague-Dawley albino rats of 20-25 g body weight were used to de-
termine the acute toxicity after intraperitoneal administration (i.p.). The animals
were kept in cages (6 mice per cage) at room temperature. Three plant extracts
(petroleum ether of E. elaterium and L. cylindrica and alcohol extract of C. propheta-
rum) were used. LD, was calculated according to the method adopted by Karber
[14].

Anti-inflammatory study
Animals

Female Sprague-Dawley Albino rats weighing 90-140 g were used for the exa-
mination of anti-inflammatory activities. All animals were conditioned in cages
(6 rats per cage). They were fed and allowed free access to drinking water. The
experimental work on rats was performed with the approval of the Animal Care
& Experimental Committee, National Research Centre, Cairo, Egypt, according to
the guidance for care and use of laboratory animals.

Carrageenan-induced edema in rats

The anti-inflammatory properties of petroleum ether and alcohol extracts of the
herb of all plants and fruits of L. cylindrica were investigated on rats paw, using the
carrageenan-induced acute edema test inspired with the method described by Win-
ter et al. [15]. The volume of rat’s paw was measured before each treatment by a ple-
thysmometer 7150, Ugo Basile. The average volume of the right back paw of each
animal was determined (V). The rats were divided into groups as follows: group 1:
control rats received i.p injections of saline; groups 2, 3, 4 and 5: rats received i.p.
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injections of petroleum ether extracts of E. elaterium , C. prophetarum and L. cylindrica
herb and fruits; groups 6, 7, 8 and 9: rats received i.p. injections of alcohol extracts
of E. elaterium, C. prophetarum and L. cylindrica herb and fruits.The petroleum ether
and alcohol extracts of E. elaterium and C. prophetarum were administered intra-
peritoneally at 334 and 150 mg/kg b.wt., respectively, while petroleum ether and
alcohol of L. cylindrica herb and fruits were administered at 45 mg/kg b.wt. Sixty
min. after these administrations each rat received in its right back paw a sub-planter
injection of 1% carrageenan suspension (0.05 ml per animal). Then, the average vo-
lume of the back paw of each rat was calculated at 1, 2, 3 and 4 hours after injection
of the inflammatory agent. The edema rate and inhibition rate were calculated.

Statistical analysis

The obtained results were expressed as mean=SE (n=6). Student’s-test was
used for comparison between each treatment and the control animal group. The
limit for significant difference was p<0.05.

RESULTS AND DISCUSSION

Estimation of total cucurbitacins

The total cucurbitacins content in the herbs of E. elaterium, C. prophetarum and
both L. cylindrica herb and fruits were determined and compiled in table 1. The
highest content of total cucurbitacins (4.45%) was found in E. elaterium followed
by C. prophetarum herb (4.23%) while L. cylindrica herb and fruits were 3.91% and
1.34%, respectively.

Table 1.
Total cucurbitacins content in the three plants under study
plant total cucurbitacins (%, wjv)
E. elaterium (herb) 4.45%0.2
C. prophetarum (herb) 4.23+0.3
L. ¢ylindrica (herb) 3.91%0.2
L. ¢ylindrica (fruits) 1.34=0.1

Determination of LD50 dose

The LD, of i.p. administration of petroleum ether extract of E. elaterium and L.
cylindrica and alcoholic extract of C. prophetarum as a representative extracts were
3.34, 0.45 and 1.5 g/kg b.wt., respectively.
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Carrageenan-induced edema in rats

Figure 1 illustrates the average back paw volumes for control and tested
extracts, while table 2 presents the edema and inhibition rate calculated for each
group and at each recorded time. The pretreatments with petroleum ether extract
of Ecballium, Cucumis and Luffa fruits significantly reduced the carrageenan in-
duced edema after two hours to reach a maximum intensity from carrageenan
injection, while treatment with petroleum ether extract of Luffa herb produced a
local edema which increased progressively to reach a maximum intensity after 4
hours. Administration of alcohol extract of E. elaterium herb and [. cylindrica fruit
significantly reduced the carrageenan induced edema.
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Figure 1. Influence of different extracts used on carrageenan-induced paw edema

Table 2 shows that alcohol extract of Echallium herb caused a maximum inhibi-
tion of edema amounted to 76.9% in comparison with other extracts This may be
due to the high percentage of total cucurbitacins found in Ecballium herb (4.45%).
It was reported that Echallium elaterium has an anti-inflammatory activity induced
by cucurbitacins [16], while the fruit juice of Ecballium and its cucurbitacin B dose
dependently inhibited the serotonin and bradykinin-induced edema in mice [17].
Several authors reported that nitric oxide and prostaglandins participate in the
inflammatory and nociceptive events. Prostaglandins, mostly prostaglandin E, and
prostacyclin are important mediators of inflammation and fever. They are synthe-
sized in tissues by the constitutive enzyme cyclooxygenase-1 and by its isoform
cyclooxygenase-2, which can be induced with cytokine, growth factors, or other
inflammatory stimuli [18, 19]. Prostaglandins are hyperalgesic and enhance noci-
ception produced by other mediators such as bradykinin [20].
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Table 2.

Edema rate (%) of different extracts used on carrageenan-induced edema

edema rate (%)after carrageenan administration groups
+4h +3h +2h +1h
control

58.9+6.7 41.5%5.6 37.4+5.8 27+4.92
36.8+2.93" 24.8+1.86" 22.4%2.54 26.7+2.87 .

(37.9) 40.2) 40.1) (1) pet. ether of E. elaterium herb
38.1+£4.49" 27£2.1% 27£2.78" 22.5+2.69

(353) (349) 278) (166) pet. ether of C. prophetarum herb

69+6.0 46.1+3.1 40.5+4.8 33.5%£5.2 L

“17.1) (11) 82) (24 pet. ether of L. cylindrica herb
23.6x3.7° 15.3+3.90* 14.2+£2.3" 23.3£1.65 Lo .

(59.5) (63.1) 62) (13.7) pet. ether of L. cylindrica fruits
13.6+1.08" 18.1+1.77* 10.35%£1.59* 10.6+1.36" .

(76.9) (56.3) 723) 60.7) alc. of E .elaterium herb
51.1£2.2 30%2.56 35.2+2.12 33.6x3.8 alc. of C. prophetarum herb

(13.2) (27.7) (5.8) (-24.4) HOLprop
47.1£4.26 33.5+£4.43 32.1+2.79 29+3.0 Lo

20) (19.2) (14.1) (74 alc. of L .cylindrica herb

39.1£6.7* 40.1£6.2 40.3+4.4 37+4.9 L .

(33.6) (33) 77) 37) alc. of L .cylindrica fruits

Values represent the mean=+ SE.
p<0.05, significantly different from control group
Values with parentheses indicate percent inhibition rate.

Non-steroidal drugs and plants used in folk medicine to treat inflammatory
conditions have been found to contain triterpenoids displaying potentially im-
portant anti-inflammatory actions. They are used as analgesics by suppression
of prostaglandins and cytokine production [21, 22]. Several species containing
cucurbitacins are commonly used as anti-inflammatories: Ecballium elaterium, Bry-
onia alba and Cayaponia tayuya are applied topically in popular medicine to cure
problems of sinusitis or rheumatism [17]. Furthermore, cucurbitacins B and E iso-
lated from Wilbrandia ebracteata (Cucurbitaceae) showed anti-inflammatory activity
in carrageenan-induced paw edema in rats [23].The anti-inflammatory action of
cucurbitacin B could be related to inhibition of eicosanoid synthesis since this
substance modifies the synthesis of leukotriene B4 [24].

In conclusion, Echallium elaterium extracts have the highest anti-inflammatory
activity in comparison to other plant extracts. This may be due to the high percen-
tage of total cucurbitacins found in Echallium herb.
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Streszczenie

Badano dzialanie przeciwzapalne trzech roslin z rodziny Cucurbitaceae: Ecballium elateri-
um, Cucumis prophetarum i Luffa cylindrica, stosujac wyciag alkoholowy i wyciag uzyskany
za pomocyq eteru naftowego. Odnotowane wartosci LD, jako wynik podawania wyciagu
otrzymanego z uzyciem eteru naftowego z E. elaterium and L. cylindrica i wyciagu alko-
holowego z C. prophetarum wynosity odpowiednio 3,4, 0,45 i 1,5 g/kg m.c. Obrzek tapy
wywolany u szczuréw przez karagenine wyraznie zmniejszyt sie po 2 godzinach dzieki
wczesniejszemu zastosowaniu wyciggow otrzymywanych przez ekstrakcje za pomoca
eteru naftowego z ziela E. elaterium, ziela C. prophetarum i owocéw Luffa cylindrica, nato-
miast wyciag alkoholowy z ziela E. elaterium spowodowat maksymalne zahamowanie
obrzeku, nawet do 76,9% w poréwnaniu z innymi wyciagami.

Stowa kluczowe: dziatanie przeciwzapalne, Cucurbitaceae, test obrzeku tapy u szczura indu-
kowany karagening





