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ABSTRACT 

 
Extracts and compounds derived from Artemisia judaica (L.) and Simmondsia 

chinensis (Link) Schneider were evaluated for their molluscicidal activities 
against the terrestrial snail, Eobania vermiculata (Muller). Of eight non-polar 
and polar tested extracts, petroleum ether extract of A. judaica was the most 
potent with LD50 value of 0.18 mg/snail, while diethyl ether extract of S. 
chinensis was the least effective one with LD50 value of 4.81 mg/snail. 
Bioassay-guided fractionation of A. judaica essential oil and S. chinensis 
chloroform extract on silica gel columns provided a monoterpene piperitone 
and a phenylpropanoid trans-ethyl cinnamate, and two glucosides simmondsin 
and simmondsin 2`ferulate. The structure of these compounds was determined 
by using spectroscopic methods of UV, IR, 1H NMR, 13C NMR and MS. When 
tested for their molluscicidal effects against E. vermiculata, the isolated 
compounds showed a pronounced activity, particularly, piperitone and trans-
ethyl cinnamate. trans-Ethyl cinnamate showed the highest activity with LD50 
value of 0.055 mg/snail. To the best of our knowledge, this is the first study on 
molluscicidal potential of the extracts and the active principles from A. judaica 
and S. chinensis.   
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INTRODUCTION 

 
The increasing dependence on chemicals for pest control poses a serious 
threat to human health and environment. Further, the heavily use of pesticides 
lead to the development of resistance among pests. Plants-derived secondary 
metabolites have a great potential as alternatives to the currently used 
pesticides. Tens of thousands of secondary products of plants have been 
identified and there are estimates that hundreds of thousands of these 
compounds exist (Duke, 1990). There is growing evidence that most of these 
compounds are involved in the interaction of plants with other species, 
primarily the defence of the plant from plant pests. Thus, these secondary 
compounds represent a large reservoir of chemical structures with biological 
activity. The current research in pest control agents is focused on finding new 
classes of compounds with novel modes of action. Natural plant products that 
are biodegradable, exhibit structural and biological diversity and complexity, 
and rarely contain halogenated atoms constitute such class of chemicals (Duke, 
1990 and Dayan et al., 1999). 
 
Artemisia judaica (L.) is a perennial fragrant shrub which grows widely in the 
deserts and Sinai Peninsula of Egypt (Tackholm, 1974). Many Artemisia 
species have a characteristic scent and taste, caused by monoterpenes and 
sesquiterpenes, which in many cases, are the reason for their application in folk 
medicine. Mixture of the dry leaves of A. judaica, A. monosperma and A. hera 
alba is a very common anthelmintic drug in the most of North African and 
Middle Eastern countries under Arabic name of Shih. These Artemisia species 
have been used worldwide in tonic, stomachic and stimulant beverage and as 
antiseptic oils or tinctures for the relief of rheumatic pains (El-Massry et al., 
2002). It has been reported that the volatile components of A. judaica possess a 
repellent effect on snakes (Boulos, 1983). 
 
Simmondsia chinensis (Link) Schneider is a semi-arid evergreen shrub. It 
grows wild in the desert south-western United States and north-western Mexico. 
However, the plant is cultivated in some of the Middle Eastern and Latin 
American countries (Borlaug et al., 1985 and Bellirou et al., 2005). Jojoba oil 
has a good market in cosmetics and lubricants (Cokelaere et al., 1992). 
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Recently, it has been reported that the jojoba seeds possess anti-inflammatory 
activity (Habashy et al., 2005). The defatted jojoba meal contains 20 to 32 % of 
protein which consists mainly from albumins (79 %) and globulins (21 %) 
(Shrestha et al., 2002). This meal also contains approximately 15 % of a group 
of glucosides, known as simmondsins (Elliger et al., 1973 and Van Boven et 
al., 2000). Eight glucoside compounds (simmondsin and seven simmondsin 
derivatives) have been isolated and identified form the jojoba seeds (Bellirou et 
al., 2005). Among these the methylated compounds simmondsin and 
simmondsin 2`-ferulate exhibited food-intake inhibition to rodents and 
chickens.  
 
The terrestrial snail, Eobania vermiculata Muller (Mollusca: Gastropoda: 
Stylommatophora: Helicidae), is a destructive pest widely distributed in Egypt. 
It attacks the different parts of plants (leaves, roots, buds, flowers) of many 
field crops, vegetables, fruits and ornamentals, causing a great damage in 
quality and production (El-Okda, 1980). 
 
As part of our search to find out new naturally occurring pest control agents 
from plants growing in Egypt, the molluscicidal activity of the extracts of A. 
judaica and S. chinensis was evaluated against the land snail, E. vermiculata. In 
addition, the isolation and identification of the two active principles piperitone 
and trans-ethyl cinnamate from A. judaica and the two glucosides, simmondsin 
and simmondsin 2`ferulate from S. chinensis and their molluscicidal effects 
were also studied.  
 

MATERIALS AND METHODS 
 

Plant materials: Aerial parts of Artemisia judaica (L.) (Shih plant) and seeds 
of Simmondsia chinensis (Link) Schneider (jojoba plant) were collected from 
Sinai Peninsula and Al-Bostan Region, respectively, in September, 2004. The 
plant materials were identified by Prof. Dr. Fath Allah Zaitoon, Department of 
Plant Pathology, Faculty of Agriculture, Alexandria University, where voucher 
No. 06/6 and 06/7 are deposited. 
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Instruments: 1H and 13C NMR spectra were recorded at 500 MHz and 125 
MHz, respectively, on a JEOL JNM ECD 500 Spectrometer in CDCl3. IR 
spectra were performed with Perkin Elmer 1430 Ratio Recording Inferared 
Spectrometer in KBr disks. UV spectra were measured with HEλIOSα UV-VL 
Spectrophotometer V4.60 in methanol. 
 

Used animal: The brown garden snail, Eobania vermiculata (Muller), was 
collected from gardens in Abohomos region, Behera Governorate, Egypt. The 
snail was acclimatized to laboratory conditions (26 ± 1°C) for two week and 
was fed on fresh lettuce leaves.   
 

Preparation of plant extracts: Dried and powdered aerial parts of A. judaica 
(0.5 Kg) and seeds of S. chinensis (1Kg) were exhaustively extracted with 
petroleum ether (60-80° C), diethyl ether, chloroform and ethanol, respectively, 
using Soxhlet apparatus for four hours. Evaporation of the solvents under 
reduced pressure gave 51.7 and 240.0 g of petroleum ether extracts, 34.5 and 
98.9 g of diethyl ether extracts, 40.0 and 45.4 g of chloroform extracts, and 44.0 
and 141.3 g of ethanol extracts for A. judaica and S. chinensis, respectively. 
 
Extraction and isolation of active principles from A. judaica: Dried and 
powdered aerial parts of A. judaica were hydrodistilled in a Clevenger-type 
apparatus. The resulting essential oil (18 g) was chromatographed on silica gel 
column using hexane, 2.5% acetone/hexane, 10 % acetone/hexane and acetone 
solvent systems. The resulting fractions were concentrated under reduced 
pressure and examined by TLC to offer two main fractions. The first fraction 
was further purified on silica gel column eluted with 1% acetone/hexane to give 
2.05 g of trans-ethyl cinnamate (2) (Figure 1). The second fraction was 
subjected to silica gel column eluted with chloroform to offer 2.52 g of 
piperitone (1). 
 
Piperitone (1): δ 1H NMR 0.50 and 0.60 (each 3H, t, J = 6.9 Hz, Me-8 and Me-
9), 0.74 (1H, m, H-4a), 0.94 (1H, m H-5), 1.35 (1H, m, H-4b), 1.46 (m, H-6b), 
1.59 (3H, d, J = 11.5 Hz, H-10), 1.66 (1H, m, H-7), 1.99 (1H, m, H-6a) and 
5.46 (1H, d, J = 11.5 Hz, H-3). 
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trans-Ethyl cinnamate (2): δ 1H NMR 1.06 (3H, t, J = 6.9 Hz, CH2CH3), 3.98 
(2H, q, J = 6.9 Hz, CH2CH3), 6.18 (1H, d, J = 17.6 Hz, H-2), 7.08 (3H, m, H-3`, 
4`and 5`), 7.23 (2H, m H-2`and H-6`) and 7.44 (d, J = 19.4 Hz, H-3). 
 
Extraction and isolation of active principles from S. chinensis: The 
chloroform extract of S. chinensis (45.4 g) was subjected to silica gel column 
chromatography eluted by chloroform, 10% methanol/chloroform, 20% 
methanol/chloroform and methanol solvent systems. Thirty fractions of 200 ml 
were collected and pooled to two main fractions based on their TLC profiles. 
Fraction 1 (3.4 g) was further purified by silica gel column chromatography 
using 10% chloroform/methanol solvent system to give 2.1 g of simmondsin 2`-
ferulate (4), (Figure 1). Similar purification of the second fraction (7.3 g) 
followed by recrystallization from acetone/chloroform (1:4) gave 5.4 g pure 
prisms of simmondsin (3).  
 
Simmondsin (3): δ 1H NMR 1.68 (1H, dt, J = 14.5 and 3.9Hz, H-6a), 2.48 (1H, 
dt, J = 15.3 and 3.9 Hz, H-6b) 3.13 (1H, dd, 9.2 and 3.1 Hz H-2`), 3.22 (1H, m 
H-4), 3.29 (1H, t, J = 8.4 Hz, H-5`), 3.32 (1H, t, J = 9.2, H-4`), 3.36 (1H, t, J = 
8.6 Hz, H-3`), 3.43 (3H, s, 5-OCH3), 3.45 (3H, s, 4-OCH3), 3.64 (1H, dd, J = 
12.3 and 5.4 Hz, H-6`a), 3.81 (1H, brd, J = 12.2 Hz, H-6`b), 3.90 (1H, q, J = 3.7 
Hz, H-5), 4.37 (1H, d, J = 8.4 Hz, H1`), 4.71 (1H, brd, J = 8.4, H-3), 4.86 (1H, 
t, J = 3.9, H-1) and 5.69 (1H, s, H-7).  
 
 Simmondsin 2`-ferulate (4): δ 1H NMR 1.47 (1H, d, J = 12.3 Hz, H-6a), 2.39 
(1H, d, J = 14.5 Hz, H-6b) 3.00 (1H, dd, 10.0 and 3.3 Hz, H-4), 3.23 (3H, s, 5-
OCH3), 3.35 (1H, m H-5`), 3.37 (3H, s, 4-OCH3), 3.45 (1H, dd, J = 19.1 and 
9.9, H-4`), 3.60 (1H, m, H-3`), 3.72 (2H, m, H-6`), 3.84 (3H, s, O-CH3), 3.84 
(1H, H-1`), 4.60 (1H, d, J = 7.7 Hz, H-3), 4.73 (1H, dd, J = 21.4 and 11.5 Hz, 
H-2`), 4.86 (1H, t, J = 9.2 Hz, H-1), 5.71 (1H, s, H-7), 6.34 (1H, d, J = 15.3, H-
2``), 6.80 (1H, d, J = 5.1, H-8``), 7.04 (1H, d, J = 8.4 Hz, H-9``), 7.63 (1H, d, J 
= 15.3 Hz, H-3``), 7.76 (1H, s, H-5``). 
 
Molluscicidal bioassay: The molluscicidal activity of the extracts and the 
isolated compounds was evaluated against the adult snail of E. vermiculata (26 
mm shell diam.) using the method described by Hussein et al. (1994) and 
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Radwan and El-Zemity (2001). Stock solutions in acetone of the test 
compounds were prepared. A concentration series of each compound was 
prepared by dilution with distilled water containing 0.05% of Triton-X 100. The 
tested doses (0.03, 0.15, 0.35, 0.7, 1.5 and 3.0 mg/snail) contained in 30µl of 
these dilutions were gently applied on the surface of the snail body inside the 
shell using a micropipette. Three replicates (ten snails in each) of each 
concentration and control were used. Control snails were treated with 
acetone/water/Triton-X 100 solution. The snails were fed on fresh lettuce leaves 
during the course of experiment. Methomyl (90%, Kafr El-Ziat Co., Egypt) was 
used as a reference pesticide for land snails. The mortality percentages were 
recorded after 48 hours of treatment. The lethal dose causing 50% mortality 
(LD50) expressed as mg/snail were calculated from log-concentration mortality 
regression lines (Finney, 1971).  
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RESULTS AND DISSCUSION 

 
Molluscicidal effect of A. judaica and S. chinensis extracts: The 
molluscicidal potential of A. judaica and S. chinensis extracts against                
E. vermiculata expressed as LD50 values is summarized in Table 1. The eight 
extracts were effective against the tested snail. Petroleum ether extract of A. 
judaica was the most potent among all of the tested extracts with LD50 value of 
0.18 mg/snail followed by chloroform extract of S. chinensis (LD50 = 0.39 
mg/snail). Diethyl ether and petroleum ether extracts of S. chinensis showed the 
least mollusicidal activity.  
 
Table1. Molluscicidal activity of Artemisia judaica and Simmondsia chinensis 
extracts against Eobania vermiculata after 48 h.  
 

Confidence limits Extract LD50 
(mg/snail) Lower Upper 

Slope 

Artemisia judaica 
Petroleum ether  0.18 0.14 0.23 1.15 
Diethyl ether 0.93 0.59 1.58 0.63 
Chloroform 1.89 1.11 3.96 0.60 
Ethanol 2.10 1.41 3.55 0.85 
Simmondsia chinensis 
Petroleum ether  3.06 1.69 7.06 0.62 
Diethyl ether 4.81 2.42 13.84 0.61 
Chloroform 0.39 0.25 0.59 0.64 
Ethanol 0.96 0.58 1.76 0.56 
Methomyl  0.0071 0.0052 0.0097 1.27 
 
Despite the extensive studies on the molluscicidal activities of plant oils and 
extracts against fresh water snails and other land snails, there have been only 
limited studies on the activity of plant extracts against E. vermiculata (Kassem 
et al., 1993; Ghamry, 1997; Saad, 1998; Abdelgaleil, 2005 and Abdelgaleil and 
Badawy 2006). The non-polar extracts (petroleum ether and diethyl ether) of A. 
judaica were more effective than the polar extracts (chloroform and ethanol) 
against the tested snail. In contrary, the polar extracts of S. chinensis were more 
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effective than the non-polar extracts. A possible explanation of this observation 
is that the non-polar extracts of A. judaica contain mainly volatile oil which 
possesses pesticidal activity due to the presence of biologically active 
monoterpenes. In the case of S. chinensis, the polar extracts contain a higher 
concentration of toxic glucosides than the non-polar extracts.    
 
Isolation and identification of active principles: A monoterpenoide 
piperitone (1) and a phenylpropanoid trans-ethyl cinnamate (2) were isolated 
from A. judaica essential oil by repeated silica gel column chromatography. In 
addition, the chloroform extract of S. chinensis was fractionated on silica gel 
column chromatography and the most active fractions were further purified on a 
silica gel column followed by recrystallization to give the two glucosides; 
simmondsin (3) and simmondisn 2`-ferulate (4). The chemical structures of the 
isolated compounds (1-4) were elucidated by using spectroscopic methods, 
including UV, IR, 1H NMR ,13C NMR and MS. Extensive studies of 
spectroscopic data of the isolated compounds allowed us to confirm the four 
isolated compounds as piperitone (1), trans-ethyl cinnamate (2), simmondsin 
(3) and simmondsin 2`-ferulate (4). The two isolated compounds 1 and 2 
represented the major constituents of the oil of A. judaica as stated by El-
Massry et al., 2002. On the other hand, the two glucosides 3 and 4 isolated from 
S. chinensis have been isolated before from jojoba seed (Van Boven et al., 1994 
and Van Boven et al., 1995). 
 

Molluscicidal effect of the isolated active principles: The results of 
molluscicidal activity of the four isolated compounds expressed as LD50 against 
E. vermiculata are shown in Table 2. trans-Ethyl cinnamate (2) revealed the 
highest activity with LD50 value of 0.055 mg/snail followed by piperitone (1) 
while simmondsin 2`ferulate (4) exhibited the lowest activity with LD50 value 
of 0.18 mg/snail. In general, compounds 1 and 2 were more toxic to the snail 
than glucosides 3 and 4. These compounds were more potent than 
sesquiterpenes isolated from Magnolia grandiflora (Abdelgaleil, 2005) and 
essential oils of Mentha microphylla and Lantana camara (Abdelgaleil and 
Badawy, 2006).  
 
In summary, the results of the present study indicate that the petroleum ether 
extract of A. judaica and chloroform extract of S. chinensis possess a 
reasonable mollusicicidal potential against E. vermiculata snail. Moreover, the 
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isolated compounds piperitone (1) and trans-ethyl cinnamate (2) have a 
remarkable molluscicidal activity. This may considered as a starting point for 
using such compounds in control of terrestrial snails.  
 
Table 2. Molluscicidal activity of the isolated compounds against Eobania 
vermiculata after 48 h.  
 

Confidence limits Compound  LD50 
(mg/snail) Lower Upper 

Slope 

Piperitone (1) 0.067 0.047 0.092 1.13 
trans-Ethyl cinnamate (2) 0.055 0.038 0.077 1.16 
Simmondsin (3) 0.11 0.08 0.15 0.93 
Simmondsin 2`ferulate (4) 0.18 0.13 0.25 0.89 
Methomyl  0.0071 0.0052 0.0097 1.27 
 

 
REFERENCES 

 
Abdelgaleil, S.A.M. (2005). Molluscicidal and insecticidal properties of 

sesquiterpene lactones and extracts of Magnolia grandiflora L. J. Pest 
Cont. Environ. Sci., 13:1-18. 

 
Abdelgaleil, S. A. M. and M. E. I. Badawy (2006). Acaricidal and 

molluscicidal potential of three essential oils isolated from Egyptian 
plants. J. Pest Cont. Environ. Sci., 14:35-46. 

 
Bellirou, A.; A. Bouali; B. Bouammali; N. Boukhatem, B. N. Elmtili; A. Hamal 

and M. El-Mourabit (2005). Extraction of simmondsin and oil in one 
step from jojoba seeds. Ind. Crops Prod., 21:229-233.  

 
Borlaug, N.; A. R. Baldwin; R. Estefan; M. Harris and D. L. Plucknett (1985). 

Jojoba, a new crop for arid lands. New raw material for industry. 
Washington DC: National Academy Press. pp. 6-13. 

 



 
 
 
 
 
 
Abdelgaleil.S. A. et al  

 110 

Boulos, L. (1983). Medical Plants of North Africa. Reference Publications, 
Algonac. 

 
Cokelaere, M. M.; H. D. Dangreau; S. Arnauts; E. R. Kuhn and E. Decuypere 

(1992). Effect of pure simmondsin on food intake in rats. J. Agric. Food 
Chem., 40:1839-1842. 

 
Dayan, F. E.; J. Romagni; M. Tellez; A. Rimando and S. Duke (1999). 

Managing weeds with natural products. Pestic. Outlook, 5:185- 188. 
 
Duke, S.O. (1990). Natural pesticides from plants. In: J. Janick and J.E. Simon 

(eds.), Advances in new crops. Timber Press, Portland, OR. pp. 511-
517.  

 
Elliger, C. A.; A. C. Waiss and R. E. Lundin (1973). Simmondisn, an unusual 

2-cyanomethylenecyclohexyl glucoside from Simmondsia californica.    
J. Chem. Soc. Perkin Trans, 1:2209-2212.  

 
El-Massry, K. F.; A. H. El-Ghorab and A. Farouk (2002). Antioxidant activity 

and volatile components of Egyptian Artemisia judaica L. Food Chem., 
79: 331-336. 

 
El-Okda, M. M. K. (1980). Land snails of economic importance on vegetable 

crops of Alexandria and neighboring regions. Agric. Res. Rev., 58:79-
86. 

 
Finney, D. J. (1971). Probit analysis, 3rd edn, Cambridge University Press, 

London, p. 318.  
 
Ghamry, E. M. (1997). Molluscicidal activity of pimpernel leaves and 

pomegranate fruits cortexes extracts against certain land snails. Zagazig 
J. Agric. Res., 24:805-814. 

 
Habashy, R. R.; A. B. Abdelnaim; A. E. Khalifa and M. M. Al-Azizi (2005). 

Anti-inflammatory effects of jojoba liquid wax in experimental models. 
Pharmacological Research, 51:95-105. 

 



 
 
 
 
 
 
 

J. Pest Cont. & Environ. Sci. 15 (1): 101 -112 (2007). 

 

 111 

 
Hussein, H. I.; A. Kamel; M. Abou-Zeid; A. H. El-Sebae and M. A. Salah 

(1994). Uscharin, the most potent molluscicidal compound tested 
against land snails. J. Chem. Ecol., 20:135-140. 

 
Kassem, F. A.; F. S. Sabra; S. S. Koudsieh and E. A. M. Abdalla (1993). Plant 

derived pest control agent. 1- molluscicidal efficacy of plant extracts 
against mollusca speices. 5th Nat. Conf. pests Dis Veg. Fruits Egypt 
(Ismailia) 1:98-108. 

 
Radwan M. A. and S. R. El-Zemity (2001). Synthesis and molluscicidal 

structure-activity relationships of some novel 1,2,4-triazole N-methyl 
carbamates. Pest Manag. Sci., 57:707-712. 

 
Saad, M. M. G. (1998). Plant derivatives as pest control agents. M.Sc. Thesis, 

Faculty of Agriculture, Alexandria University, Egypt.  
 
Shrestha, M. K.; I. Peri; P. Smirnoff; Y. Birk and A. G. Goldhirsh (2002). 

Jojoba seed meal proteins associated with proteolytic and protease 
inhibitory activities. J. Agric. Food Chem., 50: 5670-5675. 

 
Tackholm, V. (1974). Student Flora of Egypt, 2nd Edition, Cairo University 

Press, Cooperative Printing Co., Beirrut, Lebanon, p. 581. 
 
Van Boven, M.; S. Toppet; M. Cokelaere; and P. Daenens (1994). Isolation and 

structural indentifection of a new simmondsin ferulate from jojoba 
meal. J. Agric. Food Chem., 42: 1118-1121.  

 
Van Boven, M.; P. Daenens and M. Cokelaere (1995). New simmondsin 

2`ferulates from jojoba meal. J. Agric. Food Chem., 43: 1193-1197. 
 
Van Boven, M.; R. Holser; M. Cokelaere; G. Flo and E. Decuypere (2000). Gas 

chromatographic analysis of simmondsin and simmondsin ferulates in 
jojoba meal. J. Agric. Food Chem., 48: 4086-4083.  

 
 



 
 
 
 
 
 
Abdelgaleil.S. A. et al  

 112 

 
 
 

 ا9<=>; ا56789
 
 

 ?@@AB=<CD>9 EFدH6Iا ;JHK<9ت اHKتHMوا9<7آPQRQ 5=S T@F7KU T@BHMV9 W9H8X9ا  
5VM9ا YJاZ[9ا Eobania vermiculata  

  
 ZMS – ZMS 5VU اcD9م c6 5>=dل -  ZMS 5XaKU اZMS 7@>_ -5_HMS `@a=9 اZMS Z>[U ?@^89 ا9[=@\

  اZMS 5MV9 اR_79ل 
   jkXl –  nok^ اRfghiرe^ - ) اS )bTcXdV^ اaVرا_^  آ[- \]Z آXSUSء اRSTUVات 

 ^pSTVا ^eXUqت وXsiا ^tsXgk Z[\–  ^_راaVا ^S]ر (  آuvfkد  (- ^eرRfghiا ^jkXl – nok   
  

�ajU  �yy\u\ Ryyوb}XyyT� �yyk ^yyV ا�SdyyV واXoyy]~�[U  Xyyzulu�Vت واnUVآXyyTت اZSyyS|} Zyy}V V اXdyyfVط اXyyziدى    
 bfTVا�� اRtVاEobania vermiculata  . أن ��X�fVا �t�k]�~[� اn�TVوZSV اXTfV n�eت ا�SdV و\R أو

            ^yUS\ �y�Xآ �ySq XًcXdy� تXo]~�[UVا b]_ن اXآLD50   وىX[y}0.18   Zy�k /    �]~�[yk نXyآ XyUfSz �y\u\ 
    Xzulu�Vت اXTfV n�eا �S�eاى اRVا          ^yUS\ �y�Xآ �ySq ^yS]_Xs ةnyT�~UVا ^yS�XU�Vت اXoy]~�[UVا �y\أ uه LD50 

ا�oy�V اngVوnlu}XykاuyT�k bsع ZSS|�VXyz اuyStVي XyT� �yeaVت ا�SdyV                وأ_�X[}4.81  Zy�k  / �y\u\  .   byوى  
 �]~�[yyUVواXyyzulu�Vت اXyyTfV bkرuyysروu]gVا byyت وهXyyTآnk �yyzأر piperitone  و   trans-ethyl 
cinnamate وsimmondsin وsimmondsin 2`ferulate .   �neRyy|} Zyy} تXyyTآnUVا ��yyvV وىXyyUSgVا �yySآn�Vا

S]t�Vق اnc امR~�hXz   byوه ^y�]�~UVا b�S�Vا � UV و IR  و 
  1H NMR13 وC NMR و   MS  . ت  و أنXyTآnUVا

  ^yVوajUVا  Ry\         ـyVا ^y�X� nyT�~UVا �y\u|Vا Ry� . trans-ethyl cinnamateو اyVـ   piperitoneأ nyvت RySl �yS]_Xsة 

            ى X[yyy} �yyyVو  LC50أ nyyyv أ_[Xdyyy� byyyط �yyySq آyyyUS\ �yyy�X^ اyyyVـ      \nktrans-ethyl cinnamate  Ryyyآ�yyySq �yyy أن 
0.055 Z�k  /�\u\و             by]_ Xyzulu�Vو ا �SdyVا b}XyT� �yk ^yVXj�Vت اXyTآnUVت واXoy]~�[k ZSyS|} bys byVوiا nT�j} ^hراRVه�� ا 

 bfTVا�� اRtVا �\u\ .  
 
  

  
  
  


