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Abstract: The unsaponifiable fraction afforded from pet. ether extract of the aerial parts of Cakile

12 32maritima was analysed by GLC. A series of hydrocarbons ranging from C -C  in addition Cholesterol,

Campasterol, b - sitosterol and the triterpenoid α – amyrin were identified. Analysis of the fatty acid

fraction by using GLC technique revealed the presence of 9 fatty acids. Fractionation of the glucosinolate

contents of C.maritima growing in Egypt was carried out. The study of the glucosinolate content of the

herb revealed the isolation and identification of 4 glucosinolate, glucotropaelin, 2-methyl butyl

glucosinolate, Ethyl glucosinolate and 4-pentyl glucosinolate. The glucosinolate compounds were identified

by the UV, MS and GC/MS techniques. The radical scavenging effect of the tested extracts and isolated

compounds on DPPH free radical were performed, in which the pet. ether, unsap and 2-methyl butyl

glucosinolate  showed a strong antioxidant activity. Molluscicidal activity of different fraction and isolated

compounds of Cakile maritima were carried out against Biomphalaria alexandrina snails, in which the

four glucosinolate compounds isolated from the herbs showed significant molluscicidal activity.
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INTRODUCTION

Crucifereae is a large family of 3200 species in

375 genera, it is also known as the Brassicaceae. It

include vegetable crops, medicinal plants and plants

uses as food. Several plants of this family are used as

antidiabetic, antibacterial , antifungal , anticancer ,[1] [2] [3]

antirheumatic  and show a potent insecticidal effect .[4] [5]

The family Crucifereae was represented in Egypt

by 53 genera and 105 species, the most common ones

are Anastatica, Arabis, Diplotaxis, Zilla, Lepidium  and

Cakile .[6 ,7]

The genus Cakile was represented in Egypt by one

species, Cakile maritima. The leaves, stems, flower

buds and immature seed pods – row are cooked. They

are rich in vitamin C but have a very bitter tasted ,[8]

used mainly as a flavouring and the very young leaves

can be added to salad, whilst older leaves can be

mixed with milder tasting leaves and used as potherb .[9]

The dried powder of the root when mixed with cereal

flours were used to make bread . A famine food, its[10]

only times of scarcity , and the seed contain fatty[9]

oil . It was found from literature that Cakile maritima[11]

is known as (Sea Rocket) and the analysis of the

glucosinolates presented in the plant resulted in the

release of only very small amounts of mustard oil, the

principal product being 1- Cyano- 4,5 epithiopentane .[12]

A knowledge of the biological activities and /or

chemical constituents of plants is desirable, not only

for the discovery of therapeutic agents, but because

such information may be of value in disclosing new

sources of material. Schistosomiasis is a serious

problem that infects millions of people in tropical and

subtropical regions . Through last decades many[13]

investigations studied the chemical control of molluscan

intermediate hosts of human schistosomiasis .[1 4 ]

Therefore searching for new agents from natural

products of different structures and mode of action is

one of the important subjects to be considered in the

hope to explore more effective control agents.

Numerous investigations on naturally occurring

molluscicides have been attributed saponines ,[14 ,15]

flavonoids , diterpenes and sulpher glycosides . [16] [17]

Preliminary phytochemical study of Cakile

maritima growing in Egypt with standard procedures,

showed that it contains flavonoids, coumarins,

alkaloids, triterpenes, sterols and sulpher glycosides. 

Very little informations were reported about the

phytoconstituents of C. maritima growing in Egypt and

their biological activities, therefore the present work

deals with the study of the glucosinolates of C.

maritima and the lipid constituents of the plant. It deals

also with a preliminary biological and phytochemical

study  of  the  plant  extracts  against  Biomphalaria
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alexandrina snails and evaluation of the anti- oxidant

activity of both the total extracts and the isolated
compounds using DPPH.

MATERIALS AND METHODS

Plant Material: Cakile maritima (Scope) was collected

from the Northern Mediterranean Cost near Borg El-
Arab during May 2005. The plant was identified by

Dr. M. El-Gebaly and Dr. S. El-Kawashty,
Taxonomists, National Research Centre, Cairo, Egypt,

to whom the authors are deeply indepted. The aerial
parts of the plant were air dried and ground into fine

powder. A voucher specimen was kept in the
herbarium of  NRC.

Materials for M olluscicidal Activity: 

Snails: The snails were collected from irrigation canals
located in Giza Governorate. They were maintained as

stock cultures in a well aeriated glass aquaria
containing dechlorinated tap water and fed on fresh

lettuce leaves daily at a temp. of 25-27  C.0

Anti-oxidant Activity: 
R e a g en ts  a n d  S o lv e n t s :  6 -h yd r o x y-2 ,5 ,7 ,8 -

tetramethylchroman-2-carboxylic acid (Trolox, Aldrich
Chemical Co.), 1,1 Diphenyl-2-picrylhydrazyl (DPPH,

Sigma Chemical Co.) and Methanol HPLC.

Chromatography:

C Paper Chromatography: Paper chromatographic
investigations were carried out on Whatman No. 1,

applying both the descending and ascending
techniques using glucotropaeolin as a reference

Bstandard to determine the R *.
C Column chromatography was performed on acid

aluminum oxide (Sigma Chemical Co., type WA –
I acidic), Cellulose (Merck , 64227 Darmstadt,

Germany) and Sephadex LH-20 (Pharmacia).
C Solvent systems:  n-butanol: ethanol: water (4-1-5),

n-butanol: ethanol: water ( 4-1-3), upper layer, n-
butanol: acetic acid: water (4-1-5), ethyl acetate:

pyridine: water (12-5 - 4).

3 C Visualization:-  Uv 365 nm, AgNO reagent,

trichloro acetic acid, ferric chloride and potassium
ferricyanide reagents.

Apparatus and Techniques: 

C Apparatus :- Shimadzu UV. Pc. 2401

spectrophotometer.
C Mass spectrophotometer GC-MS finnigan mat SSQ

7000  Mass spectroscopy 70 ev.
C Gas liquid chromatography Helwett HP 6890

series.

C Electron impact mass spectra ( EI-MS) were

carried out on a Finngan mat SSQ 7000 system

using glycerol as the liquid matrix.

The chemical composition of mucilage was

qualitatively studied by analyzing their hydrolysate by

using authentic sugars, PC [Whatmann No. 1, ethyl

acetate-pyridine-water (12: 5: 4) and n-butanol-benzene-

pyridine-water (5: 1: 3: 1) ] using  aniline phthalate as

spraying reagent.

GLC Analysis Were Carried out According to the

Following Conditions:

For the Unsaponifiable Matter: Column: HP-1

(methyl siloxane) 30m length/ 0.53 x 2.65 µm, Temp.

program:- Ini. Temp. 60 C, Ini. Time 2min., programº

rate 10 C/min., F. temp.  280 C, Final time 30 min.,º º

Injection temp.  260 C, Detector (FID), Temp. = 300 C,º º

2 2Flow rate of carrier gas N : 30 ml/min., H : 35

ml/min., Air: 30 ml/min.

For Fatty Acids: Methyl esters of fatty acids were

analysed on HP-6890 GC. 

Column: HP-5 (phenyl methyl siloxane) 30m

length/ 0.32 x 2.25 µm, Temp. program:- Ini. Temp. 60

C, Ini. Time 2min., program rate 8 C/min., F. temp.º º

270 C, Final time 10 min., Injection temp. 270 C,º º

Detector (FID), Temp. = 300 C, Flow rate of carrierº

2 2gas N : 30 ml/min., H : 35 ml/min., Air: 30 ml/min.

Extraction and Isolation:

Isolation of Lipids : Dried powdered plant of Cakile[18]

maritima (250 g) was extracted with petroleum ether

(br. 40 –60 C) by maceration (400 ml x 4). The0

combined pet. ether extract was evaporated in vacuo to

give a pale yellow residue (2.3 g). About 1.5 g of the

pet. ether extract was saponified (N/2 alcoholic KOH),

and the unsaponifiable matter (0.62g) was separated.

The librated fatty acid mixture, was extracted,

methylated (methanol, 4.5 % HCL). Samples of the

unsaponifiable fraction and the fatty acids were

subjected to GLC analysis.

Preparation of the Total Glucosinolates of

C.maritima: About 500g of aerial parts of the fresh

plant was chopped and extracted with boiling methanol

3containing 2 % Ca CO  to denaturizate the myrosinase

enzym . The combined extract was concentrated to[19]

about 500 ml, left, the precipitate was filtered, and the

filtered was diluted with distilled water to 1 liter and

then added onto an acidic alumina column (2 kg). The

column was first washed with deionized water (3 L)

2 4and  then the glucosinolates were eluted with K  SO
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(2%) till the brown zone reached the bottom of the

column. The eluate concentrated till dryness, and the

glucosinolates were extracted by refluxing with

2 4methanol for ½ hour to remove the exess of K  SO

salt. The solution was evaporated till dryness and the

total glucosinolates (3.4 g) were subjected to further

purification using cellulose column (500 g) and elution

was carried out using the upper layer of the solvent n-

butanol: ethanol: water, 4 -1-3). The eluant was

evaporated and the residue was dissolved in distilled

water, freez dried to 1.1 g in dry form and then

subjected to preparative paper chromatography ( 3 MM,

n-butanol: acetic axid: water, 4 -1-5 upper layer ) using

3the descending technique and sprayed with Ag NO .

BThree main zones were separated A, B and C (R  1.0,

0.46 and 0.76 respectively) and the obtained zones

were eluted separately with 85 % methanol. The eluted

fractions were subjected for further purification using

20Sephadex LH-  column using 80 % methanol.

Determination of Scavenging Effect on DPPH

Radicals : The decrease of the absorbance at 516 nm[20]

of the DPPH solution after addition of the sample

(plant  materials)  was  measured in a glass cuvette.

An aliquot of 0.1 ml M. methanol solution of DPPH

was mixed with the methanolic solution of the sample,

so that the relative concentration of plant materials

versus the stable radical in the cuvette was 0.14, then

the solution with tested sample was shaken vigorously.

The  absorbance was mentioned at the start and after

30 min. after being kept in the dark against a blank of

methanol without DPPH. All tests were run in

duplicate and averaged. The antioxidative of these

samples were compared with Trolox. Where 

516 nm     Abs of blank  

516 nm     - Abs of sample 

% RSA = 100%   X --------------------------------------

516 nm     Abs of blank   

The results are expressed as radical scavenging

activity (%RSA) as shown in table (3).

Molluscicidal Activity: 

50Measurment of LC  of the extracts and the

isolated fractions.

C Stock solutions (100 PPM) of extract or isolated

fractions were prepared separately by dissolving

100 mg in 1 ml ethanol and then diluted with

dechlorinated water (1 L) . Series of dilution that

50 90would permit the computation of LC  – LC

values were used.

C 10 mature snails (8 –10 mm diameter) were

immersed in suitable beaker containing 100 ml of

the tested concentration. Three replicates were

employed in each concentration beside a control

groups  containing  ethanol  and  water  only.

The exposure period was 24 hr. The molluscicidal

activity of the studied extracts were done

according to standard procedure  and the(21)

effectiveness of the extracts was expressed in

50 90terms of LC and LC  via statistical analysis

according to the procedure of Litchfield and

wilcoxon . [22]

RESULTS AND DISCUSSIONS

Unsaponifiable Fraction: GLC analysis of the

unsaponifiable fraction proved to be a mixture of

hydrocarbons, sterols and triterpenes. Identification of

the compounds was carried out by comparison of their

retention time with the available reference compounds

(Table 1).

Fatty  Acid  Fraction:  GLC  of  the fatty acid

methyl esters resulted in the identification of 9 fatty

18 (2) acids in which linoliec acid (C , 29 %) and oleic

18 (1) acid (C , 17.86 %) were found to be the main

components. The data are presented in table (2).

Glucotropaeolin (Compound I): The glucosinolate

Bzone (R  1.0, 3 MM, n-butanol: acetic acid: water, 4-1-

5 upper  layer)  gave after purification on Sephadex

-2 0LH  column using 80% methanol, a single pure

compound (Compound I). The UV absorption spectrum

Bof compound I[ R  1.0, n- butanol – acetic acid –

 m axwater (4 : 1: 5) ] in methanol showed λ  at 227 and

a hypsochromic shift to 221 nm by addition of NaOH

indicates the glucosinolate nature of the compound I .[23]

The EI- mass spectrum of compound I showed a

molecular ion peak at m/z 446 (M ,1%) corresponding+

14 17 9 2to the molecular formula C  H  O NS K and

fragment ion peaks at m/z 117 (100 %) corresponding

4to M - [S + glucose + KSO ].+ -

Enzymatic hydrolysis of compound I was carried

out in the presence of myrosinase (Thioglucosidase)

and crystal of citric acid  .The hydrolysate solution[24]

after saturation with sodium chloride was extracted

with ether. The ethereal extract, after washing with

water, dehydration and evaporated in vacuo leaving a

small amount of semisolid yellow residue which was

subjected to GC / MS analysis using the previous

conditions. EI – mass spectrum of the aglucone of

compound A showed molecular ion peak at m/z 149

(M , 23 %) corresponding to the molecular formula+

8 7C H NS and fragments at m/z 117 (M - S , 2 %), 91+

3(M - NCS, 72 %) and 73 (CH NCS , 48 %). From this+

fragmentation pattern the aglucone is identified as

benzyl isothiocynate .[25]
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Table 1: GLC analysis of unsaponifiable fraction of Cakile

maritima

tPeak No. R Relative % Constituents

121 5.74 0.72 C  n-dodecane

132 6.45 1.84 C  n-tridecane

153 8.79 1.91 C  n-pentadecane

174 12.11 0.99 C  n-heptadecane

5 12.34 2.45 Non identified

206 14.92 0.87 C  n-cosane

217 16.53 3.74 C  n-uncosane

238 19.42 0.53 C  ntricosane

249 20.61 0.44 C  n-tetracosane

2810 24.77 0.82 C  n-octacosane

3111 27.89 0.72 C  n-unitricontane

12 28.09 0.35 Non identified

3213 29.68 0.86 C  n-dodatricontane

14 31.17 4.39 Cholesterol

15 32.09 6.51 Campasterol

16 35.41 17.23 b - sitosterol

17 36.79 1.91 Non identified

18 37.51 2.66 Non identified

19 38.93 50.34 α  - amyrin

Table 2: GLC analysis of fatty acid m ethyl esters of Cakile

maritima (Scop)

Peak No. RRt Relative % Constituents

91 0.357 9.5 Nonanoic (C )

112 0.485 3.42 Hendecanoic (C )

123 0.514 2.11 Lauric (C )

4 0.675 1.56 Unidentified

18:05 0.906 8.94 Stearic acid (C )

18:16 1 29.1 Oleic acid (C )

18:27 1.063 17.86 Linoloec acid (C )

20:08 1.254 4.92 Arachidonic (C )

20:29 1.315 7.55 Eicosanoic (C )

2210 1.388 9.3 Docosanoic (C )

11 1.42 6.3 Unidentified

The sugar moiety after separation from the aqueous

acidic solution, was identified as glucose [PC.

Whatman No. 1, ethyl acetate – pyridine –water (12 :

5 : 4) sprayed with aniline phthalate], also the presence

4of  SO  ions was confirmed by addition of few drops-2

2of  BaCl  solution to few ml of the aqueous layer of

the hydrolysate and the formed precipitate of barium

sulfate was noticed.

From the previous data obtained from TLC, PC,

MS, UV and enzymatic hydrolysis, compound I was

identified as benzyl glucosinolate (glucotropaeolin).

BCompound II: The glucosinolate zone (R  0.46) gave

-20after purification on Sephadex LH  column using 80%

methanol,  a single pure compound (Compound II).

BThe UV absorption spectrum of compound II [R  0.46,

n- butanol – acetic acid – water (4 : 1: 5)] in methanol

 m axshowed λ  at 228 and a hypsochromic shift to 221

nm by addition of NaOH indicates the glucosinolate

nature of the compound II . Compound II was[23]

subjected to enzymatic hydrolysis as described before

and the GC/MS analysis of the aglucone of compound

A , BII revealed the presence of two aglucones (II II ).

The  mass  spectrum  of  the aglucone of compound

A II  showed  a  molecular  ion  peak  at m/z 129 (M )+

6 11which corresponding to molecular formula C  H NS

2and  fragmentations  at  m/z  115 (M  - CH ), 100+

3 2(M  - CH - CH ), 73, 72 which found to be identical+

to that reported for 2- methyl butyl isothiocyanate .[2 5 ]

BThe mass spectrum of the aglucone of compound II

showed a molecular ion peak at m/z 87 ( M ) which+

3 5corresponding to molecular formula C H  NS and

2fragment ions at 73 (M  - CH ), 59 (HS – C / N –1)+

which coincided with that reported for ethyl

4 isothiocyanate . Glucose and SO  ions were also[25] –

detected in the enzymatic hydrolyzate, therefore

A compound II is identified as 2- methyl butyle

Bglucosinolate  and II  is identified as ethyl

glucosinolate.

BCompound III: The glucosinolate zone (R  0.76) gave

-20after purification on Sephadex LH  column using 80%

methanol , a single pure compound (Compound III).

BThe UV absorption spectrum of compound III [R

0.72, n- butanol – acetic acid – water (4 : 1: 5)] in

 m axmethanol showed λ  at 225 and a hypsochromic shift

to 218 nm by addition of NaOH indicates the

glucosinolate nature of the compound III. The mass

 spectrum of the aglucone of compound III showed a

molecular ion peak at m/z 127 (M , 81 %) which+

6 9corresponding to molecular formula C  H  NS and

2 2fragment ions at m/z 72 (M - CH  = CH – CH  –+

2CH ),  55,  41 which coincided with that reported for

44-  pentyl  isothiocyanates .  Glucose  and SO [25] –

ions  were  also  detected in the enzymatic

hydrolyzate,  therefore compound  III is identified as

4- pentyl glucosinolate.

 

Biological Activity: The biological activity of the

petroleum ether,alcoholic extract and the total

glucosinolates of C.maritima were carried out against

Biomphalaria alexandrine snails.

The data obtained revealed that total glucosinolates

50 showed significant molluscicidal activity (LC = 22

ppm) while the petroleum ether extract and alcoholic

50 extract showed moderate activity (LC = 55 ppm,

51ppm), Table (4)

The radical scavenging effect of the petroleum

ether extract , alcoholic extract and the total

glucosinolates on DPPH free radical were performed,

the data obtained revealed that the three fractions had

a strong antioxidant activity compared to trolox

(standard antioxidant compound). Table (3). 
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Table 3: The radical scavenging effect of sam ples on DPPH free

radical

Tested Absorbance 516/

Compounds reaction period (min)

------------------------------------ RSA%

10 min 30 min

Trolox 0.023 0.025 95.34

Petr. ether 0.071 0.074 85.94

Unsap. 0.072 0.067 86.53

Fatty acid 0.087 0.091 82.75

Alcohol ext. 0.065 0.066 79.16

Total glucosinolates 0.078 0.082 84.5

Compound I 0.097 0.085 82.66

A       II 0.061 0.069 87.4

B       II 0.085 0.088 83.23

       III 0.094 0.097 81.49

The absorbance reading at each reaction period are the means of two

measurement.

Compound I: Glucotropaelin.

A         II : 2- methyl butyle glucosinolate.

B         II : Ethyl glucosinolate. 

         III: 4- pentyl glucosinolate.

Table 4: M olluscicidal activity of different fractions and isolated

compounds.

Plant fractions and

50 90isolated compounds LC  (ppm) LC  (pmm)

Petr. ether ext. 55 66

Unsap. 76 85

Fatty acid 99 113

Alcohol ext. 51 62

Total glucosinolates 22 31

Compound I 56 66

A        II 59 71

B        II 43 55

        III 71 79

Compound I: Glucotropaelin.

AII : 2- methyl butyle glucosinolate.

BII : Ethyl glucosinolate. 

III: 4- pentyl glucosinolate.

Discussion: In the course of searching of natural

antioxidants, we tried to isolate new antioxidant

compounds from medicinal plants, in particular from

the plants which have not been investigated previously

, therefore we studied the phytoconstituents of  Cakile

maritima and the different extracts and isolated

compounds were evaluated for antioxidant activity

against DPPH.

Fractionation of the constituents of the pet.ether

extract of Cakile maritima (Scop) was carried out and

the components of various fractions were identified by

GLC. The unsaponifiable fraction was found to contain

12 32a series of hydrocarbons ranging from C – C  in

21 which C (3.74 %) was the main component,

cholesterol, campasterol and β- sitosterol were

represented by 4.39% , 6.51% and 17.23% respectively

and the triterpenoid α – amyrin was also represented

by 50.34%. The study of the fatty acids was carried

out by GLC analysis of their methyl esters which

revealed the presence of 9 fatty acids in which oleic

acid (29.1%) was the main acid. The study of the total

glucosinolates of Cakile maritima revealed the presence

of  4 glucosinolates , glucotropanelin, 2-methyl butyl

glucosinolate, ethyl glucosinolate and 4- pentyl

glucosinolate. The glucosinolate compounds were

identified by (UV,MS). The individual corresponding

isothiocyanates (aglucone) which was obtained by

enzymatic hydrolysis of the individual glucosinolates

were identified using GC/MS technique. On reviewing

the literature, it was found that this is the first report

on the glucosinolates of Cakile maritima.

The radical scavenging effect of the tested extracts

and isolated compounds on DPPH free radical were

performed (table 3). The petr.ether, unsape and

Acompound II  (2-methyl butyl glucosinolate) has a

strong antioxidant activity while fatty acid fraction and

the isolated compounds represented a relatively strong

antioxidant effect. 

Molluscicidal activity of different fractions and

isolated compounds of Cakile maritima were carried

out against Biomphalaria alexandrina snails. Data listed

in table (4) revealed that the four glucosinolate

A Bcompounds (compound I, II , II , III) isolated from the

50plant showed significant molluscicidal activity (LC  =

56, 59, 43 and 71 ppm respectively), while the other

fractions gave low molluscicidal activity.
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