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Abstract: Fractionation of the glucosinolate contents of both the seeds and fresh herb of Lepidium sativum

growing in Egypt were carried out. The study of the glucosinolate contents of L. sativum seeds revealed

the isolation and identification of glucotropaeolin and 2- Phenyl ethyl glucosinolate while the study of the

glucosinolate contents of the fresh herb revealed the presence of 2- ethyl butyl glucosinolate, methyl

glucosinolate, butyl glucosinolate and glucotropaeolin. The identification of the isolated glucosinolates were

substantiated through using different chemical methods (enzymatic hydrolysis) and spectroscopic

determinations (UV, MS and GC-MS for the corresponding isothiocyanates). Acute toxicity studies of

pet.ether and alcoholic extract of aerial parts of the plant, showed that the alcoholic extract is more safe

than that of pet.ether extract and both extracts has a hepatoprotective activity on liver at the same

concentration (50 ìg/mL). The different extracts of the seeds and herbs of Lepidium sativum showed a

potent effect against the White fly (Bemisia tabaci). The total glucosinolate and in particular

glucotropaeolin showed significant activity against the pest, which gave a highest mortality percentage on

the adult stage.

Keywords: Glucosinolates, Lepidium sativum , Insecticidal, Anti-oxidant Activity

INTRODUCTION

Brassicaceae is one of the largest plant families

consisting of about 300 genera and 1500 species, 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 effects .[4] [5]

The family Brassicaceae was represent in Egypt by

53 genera and 103 species, the most common ones are

Anstatica, arabis, Diplotaxis, Zilla and Lepidium .[6,7]

The genus Lepidium  comprises a several species

growing in most temperature  warm  climate. Some

species of Lepidium  are used as salad and the pods are

sometimes used as food . The genus Lepidium  is[8]

represent in Egypt by 3  species  viz:  Lepidium

latifolium ,   L.  sativum  and L. aucheri, in which the

most common  ones  is L.sativum . Several[7]

glucosinolates have  been  isolated  from  the

different Lepidium  spp. The  seeds  of  L. 

bonariense   yielded   glucosinolates (P-hydroxybenzyl

glucosinolate,  singrin,  glucotropaeolin  and

glucoaubrietin , while the seeds of L. heterophylla[9]

yielded glucoiberin , also glucotropaeolin and 3,4,5,[10]

trimethoxy  benzylglucosinolate   were   isolated 

from the seeds of L.hyssopifolium  and L. sordidum . It

was found from literature that four glucosinolate were

isolated from L. sativum, glucotropaeolin, gluconapin,

gluconasturtin and glucobrassicanapin , also 4 –[11]

methoxy glucobrassin was isolated from the seeds of

the plant . Previous studies of the flavonoids of the[12]

aerial parts of several Lepidium  species showed a

characteristic predominance of quercetin and

kaempferol glycosides, although other glycosides of

isorhamnetin were also present . Coumarins[12-16]

(umbelliferone and herniarin) have isolated from L.

ruderale ,  also  the  presence  of  alkaloids  in L.[17]

latifolium  and L. sativum has been reported .[18,19]

Lepidium sativum is one of the most common

plant species of genus Lepidium which growing in

Egypt, due to its important uses in the folk medicine

such as antidiabetic,and antibacterial properties due to

the presence of benzyl isothiocyanate .[20]

Preliminary phytochemical study of L. sativum

growing in Egypt with standard procedures, showed

that it contans flavonoids, coumarins, sulphur

glycosides, triterpenes, sterols and alkaloids.

Nothing  was  reported  about  the glucosinolates

of L. sativum growing in Egypt and their biological

activities,  therefore  the present work deals with the
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investigation of the glucosinolates in both L. sativum
fresh herb and seeds, as well as studying the
pharmacotoxicity and insecticidal activity of the plant.

MATERIAL AND METHODS

A- Plant M aterial: Lepidium sativum L. was collected
from the farm of National Research Centre, Giza,
Egypt and the seeds were purchased from the local
market. Both the  plant  and  the  seeds  were kindly
authenticated by Dr. M.M. El-Gebaly and Dr. Salwa-
El-Kawashty, Plant classification Dept. NRC. Cairo,
Egypt. The plant and seeds were separately air dried
and ground to fine powder. The voucher specimens of
Lepidium sativum L have been deposited in the
herbarium of National Research Centre (collection No.
2620).

B- Biological Activity: The hepatoprotection activity
tests were carried out in the biological section of
Chemistry of Medicinal Plants Department,NRC and
the insecticidal activity tests were carried out in Pest
and Plant Protection Dept. NRC.

Apparatus and Techniques:
Apparatus:-

C Shimadzu UV- Pc. 2401 spectrophotometer.
C Mass  spectrophotometer  GC-MS  finnigan  Mat

SSQ 7000.
C Electron impact mass spectra (EI-MS) were carried

out on a Finngan mat SSQ 7000 system using
glycerol as the liquid matrix.

B FR  Value: R  value of the detected glucosinolate spot
relative to the (glucotropaeolin)

GC/MS analysis were carried out using the following
condition: 
Apparatus: GC-MS finnigan SSQ 7000, work station:
Digital DEC 3000, Column: DBS Capillary, I.D.
0.25mm, Ionization mode: EI ev 70, Temp. Prog.: 50-
250 , 4 C /min,   Detection    MS,    Sample  o

volume:    2  ìL, Mass: 40 –350.

Preparation of the Total Glucosinolates of Lepidium
sativum  (Seeds): About 1 kg of the dried powdered
seed of L.sativum was deffated with pet.ether (40-
60 C). The deffated powder was air dried and extractedo

with 80% methanol, the solvent free extract (100 g)
was dissolved in hot water (500 ml), cooled for 24 hrs
and filtered. The aqueous filtrate was subjected to
acidic aluminum oxide column chromatography , after[21]

dilution with water to 1000 ml. The column was
washed with bi- distilled water till the eluate was
colorless (to remove the coloring matters) and then
eluted with 2 % aqueous potassium sulfate solution till

the brown zone reached the bottom of the column. The
aqueous eluate was evaporated till dryness and the
residue was extracted with hot methanol (4 x 250 mL),
filtered through centered glass funnel (G3) and
evaporated till dryness to give a brownish residue (total
glucosinolate, 2.3 g) which was further purified using
cellulose column chromatography . Elution was[22,23]

afforded with solvent mixture (n-butanol: ethanol:
water, 4 -1-3). The eluate (total glucosinolate) was
evaporated and the solvent free residue was extracted
with distilled water, freez dried to yield 1.3 g . The[22]

total glucosinolates was subjected to preparative paper
chromatography (3 MM, n-butanol: acetic acid: water,
4 -1-5 upper layer) using the descending technique and

3sprayed with Ag NO . Two zones A & B were

B Bseparated (A with R  1.0 and B with R  1.12) and the
obtained zones were eluted separately with 80 %
methanol. The eluted fractions were subjected for

20further purification using Sephadex LH-  column using
80 % methanol.

Preparation of the Total Glucosinolates of Lepidium
sativum (Fresh herb): About 1 kg of aerial parts of
the fresh plant was chopped and extracted with boiling

3methanol containing 2 % Ca CO  to denaturizate the
myrosinase enzym . The combined extract was[22]

concentrated to about 1 liter, left, the precipitate was
filtered,  the  filtered  was diluted with distilled water
to 1.5 liter and then added onto an  acidic  alumina
column (3 kg). The column was first washed with
deionized water (4 L) and then the glucosinolates were

2 4eluted with K  SO  (2 %) till the brown zone reached
the bottom of the column. The eluate concentrated till
dryness and the glucosinolates were extracted by
refluxing with methanol for ½ hour to remove the

2 4exess of K  SO  salt. The solution was evaporated till
dryness and the total glucosinolates (5 g) were
subjected to further purification using cellulose column
(700 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 1.5 g in dry
form and then subjected to preparative paper
chromatography (3 MM, n-butanol:acetic acid: water,
4 -1-5 upper layer) using the descending technique and

3sprayed with Ag NO . Three main zones were

Bseparated C, D and E (R  0.26, 0.57 and 1.0
respectively) and the obtained zones were eluted
separately with 80 % methanol. The eluted fractions
were subjected for further purification using Sephadex

20LH-  column using 80 % methanol.

Hepatoprotection Activity Tests:
*Samples Preparation for Bioassay:- About 50 g of
dried  powdered  plant  was  extracted  with  pet.
ether (40-60 C). The combined pet.ether ext. waso

evaporated  till  dryness  (100  mg).  The   deffated
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powdered  plant was extracted using 80 % ethanol
(500 ml), filtered and evaporated (50 ml).

* Bioassay Method (24-26 ):- Three doses for each
ext. were used (pet.ether and alcohol ext.) 50, 75, 100
ìg/ml were tested. The doses are in duplicate for each
concentration of each ext. and the mean value of the
viable cells was calculated. The method depends on the
following steps:-

1- Male rat was used (200 gm) and the rat liver cells
were isolated.

2- The materials and buffers used in cell culture of
hepatocytes were prepared.

3- The toxicity of both extracts of L. sativum on
hepatocytes were studied by adding the different
conc. (50, 75 and 100 ìg/mL) to the culture
hepatocytes and incubated for three hours at 37 C.o

4- Hepatoprotection activity were studied after the
addition of the different concentration (50, 75 and
100 ìg/mL) of both extract into the cultured
hepatocytes, incubated for two hours at 37 C,o 

then exposed to known concentration of cytotoxic

4compounds ( CCl , 25 mM ) for one hour.
5- The extent of the toxicity and/or hepatoprotective

activity afforded by any extract concentration was
achieved by counting the number of viable cells.

6- Each concentration was tested in duplicated. The
results are summarized in  table ( 1 )

Insecticidal Activity:- In recent years, the white fly,
Bemisia tabaci, has became a serious pest of cotton,
other field crops and medicinal plants and cause
reduction of their yield. Furthermore, the adult stage
acts as a vector of virus diseases for virus hosts. This
situation dictates the need for safe, locally available
and less expensive materials for controlling this pest.

MATERIAL AND METHODS

A stock culture of Bemisia tabaci was prepared on
broud bean seedlings cultivated in No. 10 plastic pots
under laboratory condition 25 ± 2°C and 65 ± 5 %
R.H. each pot was furnished with a lamp chimney
18x10 cm, with its top covered with block muslin.
Newly emerged adults were individually transferred to
been seedling previously planted in pots. Each infested
pot was directly sprayed with 5 ml of an aqueous
emulsion of the tested extracts and individual
compounds. Equal number of planted pots was
similarly sprayed with water and the emulsifier which
served as control. The number of eggs laid by each
female in the different treatments as well as in the
control plants was counted daily. The longevity of the
adults and the percent of mortality were calculated.
Eggs were surrounded by a ring made of a mixture of
equal parts of canada balsam and caster oil to prevent
the dispersal of the newly hatched larvae and were
sprayed with different extracts. The  incubation  period

Table 1: Results of the biological studies of Lepidium sativum on
rat hepatocellular cultures. 

Max. non Conc. That kills
toxic Conc. half of the cells Hepatoprotection

50 Sample ìg/mL LD ìg/mL  conc. ìg/mL
Petroleum ether  
 extract   50 150 50
Alcohol extract   75 200 50

and percent of hatchability were recorded. Each of the
newly hatched larva was transferred to a new leaf and
encircled in the same manner treated with different
extracts and observed daily until the adult emerged.
Laravel and pupa durations, percent of pupation and
emergence were calculated.

Ten replicates were carried out for each treatment.
Treatments were compared with multiple range test .[27]

RESULTS AND DISCUSSIONS

The Glucosinolates Isolated from Lepidium sativum
(Seeds):
Glucotropaeolin (Compound A): The UV absorption

Bspectrum of compound A [R  1.0, n- butanol – acetic

 maxacid – water (4: 1: 5)] in methanol showed ë  at 225
and a hypsochromic shift to 220 nm by addition of
NaOH indicates the glucosinolate nature of the
compound A .[28]

The EI- mass spectrum of compound A showed a
molecular  ion  peak at m/z 446  (M ,1%)+

14 17 9corresponding to the molecular formula C  H  O

2NS K and  fragment  ion   peaks   at  m/z  117  (100

4%) corresponding to M - [S + glucose + KSO ].+ -

Enzymatic hydrolysis of compound A was carried
out in the presence of myrosinase ( Thioglucosidase )
and crystal of citric acid .The hydrolysate solution[29]

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+

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

3%), 91 (M - NCS, 72 %) and 73 (CH NCS, 48 %) .+

From this fragmentation pattern the aglucone is
identified as benzyl isothiocynate .[30]

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,enzymatic hydrolysis and authentic samples
compound A was identified as benzyl glucosinolate
(glucotropaeolin).
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2- Phenyl Ethyl Glucosinolate (Compound B):- The

BUV absorption spectrum of compound B [R  1.2, n-
butanol – acetic acid – water (4: 1: 5)] in methanol

 maxshowed ë  at 223 and a hypsochromic shift to 219
nm by addition of NaOH  indicates the glucosinolate
nature of the compound B .[28]

The mass spectrum of compound B, showed a
molecular ion peak at m/z 459 (M -1, 1 % )+

15 19corresponding to the molecular formula C  H

2 9 4NS O K and the fragment at m/z 149 [(M - KSO+

2+glucose + CH ), 5 %] corresponding to the benzyl
isothiocyanate fragment . Enzymatic hydrolysis of[30]

compound B revealed the presence of glucose and SO

4 which were detected as described before. The–

obtained aglucone was subjected to GC/ MS analysis
using the previous conditions.The mass spectrum of the
aglucone of compound B showed a molecular ion peak
at m/z 163 (M ,9%) corresponding to molecular+

9 9formula C H NS and fragment ions at m/z 162 (M - 1,+

227 %), 149 (M - CH , 86 %), 106 [M - (H + NCS, 38+ +

3%)], 91 (M - 1 CH NCS, 81 %), which are identical+

for tha of 2- Phenyl ethyl isothiocyanate .[30]

From the previous data (TLC, PC, MS, UV and
enzymatic hydrolysis), compound B is identified as 2
– Phenyl ethyl glucosinolate (gluconasturiin).

The Glucosinolates Isolated from L. sativum  (Fresh
plant):-
2- Ethyl Butyl Glucosinolates (Compound C):

BThe  UV  absorption spectrum of compound C [ R
0.26, n- butanol – acetic acid – water (4: 1: 5)] in

  maxmethanol showed  ë   at 224 which showed a
hyposochromic shift to 219 nm by addition of NaOH,
indicating the glucosinolate nature of the compound
C . The mass spectrum of the aglucone of compound[28]

C showed a molecular ion peak at m/z 143 (M , 72 %)+

7 13which corresponding to molecular formula C H NS and

3 2 2fragment ions at m/z 72 [M - CH  – CH  –CH (CH+ 

3 3 7– CH ], 15 %], 59 and 43 (C H , 100 %) which
coincided with that reported for 2 – ethyl butyl

4isothiocyanate . The glucose sugar moiety and SO [30] –

ions were also detected in the hydrolyzate as described
before, so the compound C is identified as 2 – ethyl 

Identification of Compound D: The UV absorption

Bspectrum of compound D [R  o.57, n- butanol – acetic

 maxacid – water (4: 1: 5)] in methanol showed ë  at 226

and a hypsochromic shift to 222 nm by addition of

NaOH indicates the glucosinolate nature of the

compound D . Compound D was subjected to[28]

enzymatic hydrolysis as described before and the

GC/MS analysis of the aglucone of compound D

1 2revealed the presence of two aglucones (D  and D ).

1The mass spectrum of the aglucone of compound D

showed a molecular ion peaks at m/z 73 (M ) and+

fragment ions at 74 (M  +  1,  64  %),  59  (HS - C+ 

/ N) 100 %) which coincided with that reported for+ 

methyl isothiocyanate . Also the mass spectrum of[30]

2 the aglucone of compound D showed a molecular ion

peak at m/z 115 (M , 11 100%) which corresponding+

4 9to molecular formula C H NCS and fragment ions at

2 3 2m/z 101 (M - CH , 21 %), 87 (M - CH CH , 13 %),+ + 

3 2 273 (M - CH CH CH , 52 %), 60 (HS – C / N +1,+ 

100 %) and 55 which found to be identical to that

4reported for butyl isothiocyanate . Glucose and SO [30] –

ions were also detected in the enzymatic hydrolyzate,

1 therefore compound D is identified as methyl

2 glucosinolate (glucocapparin) and D is  identified  as

b u t y l  g l u c o s in o la te  ( g lu c o b e n z o s i s y m b r i n ) .

Glucocapparin is isolated for the first time from L.

sativum.

Glucotropaeolin  (Compound  E):-  Compound  E

B(R   1.0,  BAW,  4:  1:  5),  isolated  from L.

sativum .  (fresh  plant) was identified as

glucotropaeolin  by  using different chromatographic

and  spectroscopic analysis PC, UV, MS and

enzymatic  hydrolysis which found to be identical to 
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Table 2: Effect of tested plant extracts on adult stage of B.tabaci

Conc. Mortality Longevity Fecundity
Treatment  % % In days eggs /female

1- Alc. Ext. of seed 2.0 85 11.74 63.0
2- Alc. Ext. of herb 2.0 80 11.9 60.56
3- Total glucosinolates 1.0 89.5 10.0 15.0
4- Butanol fraction 2.0 82.5 11.9 69.16
5- Glucotropaeoline 0.5 92.5 8.36 3.92
6- Pet.ether ext. of seed 2.0 90.0 11.74 55.56
7- pet.ether ext. of herb 2.0 85.0 11.9 60.21
8- Control 0.0  2.5 19.9 159.8

Table 3: Effect of tested extracts on egg stage of B. tabaci

Treatments Conc % Incubation period days Egg hatchability %

1 2.0 5.6 34.8
2 2.0 5.5 39.0
3 1.0 6.5 17.5
4 2.0 5.2 27.9
5 0.5 7.3 13.2
6 2.0 5.9 28.8
7 2.0 5.1 30.2
8 0.0 5.5 100

compound A (Glucotropaeolin) previously isolated from

the seeds. 

Biological Activity:- Table (1) summarizes the effect

of both pet.ether and alcohol extracts respectively of

Lepidium. sativum.on the cell viability (toxicity and

hepatoprotection activity).

It's clear from table (1) that the pet.ether and

alcohol ext. had hepatoprotective effect on the

4 hepatocytes against CCl cytotoxicity at concentration of

50 ìg/mL for both extracts.  While the concentration

that kill half of the cells was 150 ìg/mL and 200

ìg/ml respectively. The results obtained revealed that

the alcoholic extract is more safe on hepatocytes than

pet. ether extract.

Insecticidal Activity: The results obtained in table (2)

showed that the different treatments used significantly

affected on the adult stage of Bemisia tabaci. The

percentage of mortality was increased in comparison to

the  control.  Adults treated with glucotropaeolin

exhibited 92.5 % mortality, while 85 %, 82.5 % were

noted in case of pet.ether and butanol extracts

respectively. Glucotropaeolin proved to be mor efficient

than the other extracts tested as e.g at 0.5 % it

drastically reduced the fecunadity to 3.92 eggs in

comparison to 159.8 eggs / female for untreated control

adult females table (2). On the other hand, the

percentage of hatching of eggs differed greatly at the

different treatments table (3). The majority of eggs

failed to hatch and percentage dropped to 13.2 % only

when glucotropaeolin was used. The incubation period

of eggs was not greatly affected by various treatments

except  when  eggs  treated  with  glucotropaeolin

(7.3/ days).

Discussion: Brassicaceae is one of the largest plant

families consisting of about 300 genera and 1500

species and known to be rich in medicinal plants .[31]

The genus Lepidium  belonging to this family is

represented in Egypt by 3 species in which Lepidium

sativum  was the most common one . The plant (herb[7]

and seeds) was subjected separately to phytochemical

investigation concerning its glucosinolates as well as

studying the biological activity of the total extract

and/or isolated compounds. The study, of the total

glucosinolates of the seeds of Lepidium sativum

revealed the presence of two glucosinolates,

glucotropaeolin and gluconasturin. On the other hand,

four glucosinolates were isolated from the fresh herb

and were identified as 2 – ethyl butyl glucosinolate,

m e thyl  g luco s ino la te  (g luc o c a p p a r in ) ,  b u ty l

glucosinolate in addition to the glucotropaeolin which

was isolated also from the seeds. The glucosinolates

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.

In the present study, it’s the first record of methyl

glucosinolate, butyl glucosinolate and 2 – ethyl butyl

glucosinolate in L.sativum fresh herb.

The hepatoprotection activity of the different

extracts of the herb was studied using hepatocytes

monolayer culture from rat. The monolayer cells are

4 exposed to certain  toxic  dose  of CCl that capable of

making damage to the half of the isolated cells and

used as control group (25 mM). The results showed

that both the pet.ether and the 80 % ethanolic extracts

had hepatoprotective effect on the hepatocytes against

 4 CCl cytotoxicity at concentration  of  50  ìg/mL 

50where   the   LC    were 150 ìg/ml and 200 ìg/ml

respectively, so from these data its clear that the

alcoholic extract is more safe on hepatocytes than

pet.ether extract when used as hepatoprotective agent.

The insecticidal activity of the different extracts

was carried out on the white fly  ( Bemisia tabaci ).

The results showed  that  the  percentage of mortality

was increased in  comparison  to the control, where the

mortality reached to 92.5 % when the pest was treated

with the glucotropaeolin. Also its found that

glucotropaeolin reduces  the  fecundity  to 3.92 eggs

in comparison to 159.8 eggs / female for the control.

These data are in agreement with the results obtained

before . The majority  of eggs failed to hatch and the[32]

percentage  droped to 13.2 % when glucotropaeolin

was used.

Generally, our results demonstrated that current use

of plant extracts approached the total control required

for successful white fly suppression. The high activity
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of glucotropaeolin to an a synchronouns white fly

population was due to its toxicity against most white

fly stages, immature stages (larva and pupae) and

adults.
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