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Abstract: Preliminary phytochemical screening indicating that Isatis microcarpa and Pseuderucaria clavata
(family: Cruciferae) contained glucosinolates, phenolic and flavonoid compounds, while anthraquinones
was present only in Isatis microcarpa. The isolated and purified glucosinolate compounds of I. microcarpa
and P. clavata were identified as 4-methylthio-3-butenyl glucosinolate and 6-methyl sulfonyl hexyl
glucosinolate, while the compound 6-methyl sulfonyl-6-hydroxyhexyl glucosinolate was identified in Isatis
microcarpa only. Also phenolic acid compounds of I. microcarpa and P. clavata identified as ferulic acid,
gallic acid, while the compound caffeic acid was identified in I. microcarpa only. Meanwhile chlorogenic
acid and 2, 3-dihydroxy benzoic acid were detected and identified in P. clavata only. The isolated and
purified anthraquinines compounds of I. microcarpa were chrysophanol, physcion and emodin.

Key words: Isatis microcarpa, Pseuderucaria clavata, glucosinolates, phenolic acids and anthraquinones.

INTRODUCTION

Isatis microcarpa Boiss and Pseuderucaria clavate
(Boiss&Reut.) belong to family cruciferae which is one
of the largest families in the plant kingdom and is rich
in medicinal plants. It includes 338 genera and 3350
species that are distributed world wide . It is[1]

represented in Egypt by 53 genera and 107 species .[2]

The plants of this family are used as antidiabetic,
antibacterial, antifungal, anticancer, antirheumatic and
show a potent insecticidal effect .[3]

Many of the cruciferous plants serve as a source
of food and condiment such as cabbage, turnip, radish
and mustard. All of them contained unusual flavonol
glycosides and glucosinolates. The later upon
hydrolysis provides many of the culinary flavors
characteristic to these plants .[4]

Keum et al.,  correlated the strong[5 ]

anticarcinogenic of cruciferous vegetables with the high
abundance of glucosinolates. Griffiths et al., [6]

identified the glucosinolates from the fresh leaves of
Sisymbrium officinale L. and found that 65% of total
glucosinolates isopropyl glucosinolate (glucoputranjivin)
and 35% 3-indolylmethyl glucosinolate (glucobrassicin).
Harbaum et al.,  detected twenty-eight polyphenols[7]

(11 flavonoid derivatives and 17 hydroxy cinnamic acid
derivatives) in different cultivars of the Chinese
cabbage pack choi (Brassica campestris L. ssp.
Chinensis var. Communis).  Kaempferol was the major
flavonoid in pack choi and isorhamnetin was smaller
amounts. Khamis  identified four phenolic acids as: [8]

gallic acid, 2,3-dihydroxybenzoic acid, ferulic acid and

chlorogenic acid from Neotorularia aculealata (Boiss.)
Hedge & J. Leonard. Barbaste et al.,  reported that [9]

phenolic compounds have antioxidant, antimutagenic
and free-radical scavenging activities.

Lee  demonstrated that aloe-emodin and emodin [10]

induced apoptosis in lung carcinoma cell lines CH27
(human lung squamous carcinoma cell) and H460
(human lung non-small cell carcinoma cell).
Anthraquinones are characterized by high antibacterial
activities, while anthrones of chrysophanol, emodin and
physicon are also effective in treating psorias, herpes,
eczema and other diseases . [(11]

MATERIALS AND METHODS

Isatis microcarpa and Pseuderucaria clavata were
collected from El-Arish, North Sinai. Each plant was
cleaned, dried at room temperature, ground to fine
powder, and then used in the following investigation.

Preliminary Phytochemical Screening: This include
testing for glucosinolates , testing for flavonoids and[12]

phenolic compounds , testing for anthraquinones .[13] [1 4 ]

Determination of Total Glucosinolates: Total
glucosinolates were estimated according to Ahmed et 

al., .  [15]

Determination of Total Phenolic Acids: Total
phenolic acids were estimated according to Makkar et
al., . [16]
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D etermination of Anthraquinones C ontent:

Quantitative estimation of total, free and glycosidic

anthraquinones were determined according to Koshioka

and Takino  using chrysophanol as a standard.[17]

Investigation of Glucosinolates: 

Preparation and Purification of Glucosinolates

Extract: 1.5 kg of the air dried powder of each plant

of I. microcarpa and P. clavata was defatted with

petroleum ether (40-60 C) in a soxhlet apparatus. Eacho

defatted powder was dried, then extracted with 80%

methanol. The methanolic extract was evaporated in

vacuo at 45 C and the residue was dissolved in hot o

distilled water. A lead acetate solution (2%) was added

to precipitate the undesired contaminates, filtered and

the filtrate was treated with 2% di-sodium hydrogen

phosphate solution, filtered, then the filtrate was diluted

with distilled water and subjected to an acidic

aluminium oxide column, which was washed with

distilled water. Elution was afforded with 2% aqueous

potassium sulfate solution, where the eluate was

evaporated under reduced pressure and the residue was

extracted with hot methanol. The solvent free residue

(total glucosinolate) was extracted with distilled water

and freeze dried.

Chromatographic Investigation:

Column Chromatography: The obtained residue (total

glucosinolate) of each plant was further purified on a

cellulose column using the upper layer of the solvent

system n-Butanol: ethanol: water (4:1:3). 

Paper Chromatography (PC): The total glucosinolate

fraction was investigated using descending techniques

o f pa p er  chrom ato graphy (W hatman N o .1 ) .

Benzylglucosinolate (glucotroeapolin) was used as a

Breference to determine the R * values of glucosinolate

spots with the solvent systems.

n-Butanol : pyridine : water (6:4:3).

n-Butanol : acetic acid : water (4:1:5, 4:1:3 and 4:1:2)

n-Butanol : ethanol : water (4:1:4).

B fNote: * R  : R  value of the glucosinolate spot relative

to the benzylglucosinolate.

The chromatographic investigation showed that the

chromatograms developed with n-butanol: acetic acid:

water (4:1:5, two runs) using descending technique

gave the best separation. 

Preparative Paper Chromatography of the Total

Glucosinolates: The purified glucosinolates of each

plant (I. microcarpa and P. clavata) was subjected to

preparative paper chromatography on (Whatman 3MM)

using the solvent system B: E: W (4:1:4, two runs) and

descending technique. The developed chromatograms

were air dried, then the outer margins of each

chromatogram was sprayed with ammonical silver

nitrate reagent.. The separated bands were cut off and

eluted separately with methanol (80%). Each band was

purified on a sephadex LH-20 column and eluted with

methanol (90%) to obtain the pure compounds. The

purified compounds were identified using chemical and

physical tests. 

Chemical Reactions:

Enzymatic Hydrolysis: The pure compound of

glucosinolate was dissolved in distilled water and the

solution was buffered by addition of citrate buffer

solution (pH=5.8). About 2 mg of myrosinase, few

crystals of citric acid were added and the mixture was

incubated at 37 c for 18 hrs. o [15]

Investigation of Phenolic Acids and Anthraquinones:

Each plant dried, fine powder was extracted with 70%

aqueous ethanol, where the extract was evaporated

under reduced pressure and low temperature. The

residue was extracted with chloroform and then

absolute ethanol was added to remove inorganic and

nonphethalic compounds.

Two Dimensional Paper Chromatography Technique

for Phenolic Acids: Initially two dimensional paper

chromatography investigation was carried out on 70%

alcoholic extract perior to separation of phenolic acids

to enable a diagnostic study of phenolic acids content

of the extract under investigation using Whatmann

No.1 (46x57 cm) with the solvent system n-butanol:

acetic acid: water (4:1:5 v/v/v) for the first way and

the solvent system acetic acid: water (15:85) for the

second way.

Preparative descending paper chromatography

technique was established for separation of phenolic

acids content using Whatmann No. 3. The developed

chromatograms were air dried and examined in both

m axvisible and UV light at ë =366 and 254 nm. The

investigated compound was cut from the chromatogram

then eluted with 70% ethyl alcohol. The eluent was

evaporated under reduced pressure at 40 C.o

Preparation of Preparative Thin Layer: A weight of

55 g silica gel GF254 (Adwic Co.) was added to 120

ml of distilled water with continuous stirring for 10

minutes. Homogenous suspension was poured on 20 x

20 cm glass plate. The plates were air dried at room

temperature for 24 hours and activated by heating for

30 minutes at 110 C.o

Solvent Systems: The solvent systems used for

developing the chromatograms are abbreviated by

symbols given below:
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PeE Petroleum ether 8.5:1.5

(60-80 C):Ethylacetateo

BM Benzene:Methanol 9:1

2EMW Ethylacetate : Methanol : H O 30:5:4

The chromatograms were sprayed with (10%)

potassium hydroxide to visualized of the separated

material on the plates.

P r e p a r a t iv e  T hin  L ay er  C h ro m a to g r a p h y

Technique: The majority of anthraquinone aglycones

were separated on preparative thin layer plates in

closed glass tank, where they were scrapped off the

chromatogram, then eluted with an organic solvent,

such as chloroform. Finally, the eluted material was

centrifuged to remove the adsorbent.

Column Chromatography : Silica gel G (mesh 70-[18]

230) (Merck) was used for isolation and purification of

anthraquinones and phenolic acids, while Sephadex LH-

20 (Pharmacia fine chemicals) was used for final

purification of phenolic acids. The sample was

dissolved in a suitable solvent and mixed with silica

gel, the solvent was removed under reduced pressure

and the sample was applied on the top of the column.

The solvent system used was introduced to the column,

where the eluted fractions were evaporated and the

dried material left in each fraction was examined by

application on either paper chromatography or thin

layer chromatography to identify the similar fractions

and the degree of purity each fraction was re-

fractionated.

Physical Studies: The isolated purified compounds of

glucosinolates, phenolic acids and anthraquinones were

subjected to the following physical analysis for

identification:

GC-Ms Analysis: Pure glucosinolate compounds were

subjected to GC-MS analysis using the following

conditions: 

Apparatus: GC/MS finnigan SSQ 7000.

Sample volume: 2ìl.

Work station: Digital DE-3000.

Column: DB5 capillary column, I.D. 0.25 mm.

Ionization mode: EIEV 70.

Temperature programe: 50-250, 4 C/min.o

Detector: MS

Mass: 40-400.

Ultraviolet Spectral Analysis (UV): Pure phenolic

acid compounds were subjected to UV analysis using

Shimadzu UV-visible spectrophotometer model-UV240

(National Research Center).

Infra-red Spectral Analysis (IR): Pure Anthraquinone

compounds were subjected to IR analysis in the Central

Laboratory (National Research Center) using Perkin-

Elmer 1600 Series FT-IR (KBr-Presslinge and film).

El-Mass Spectral Analysis: Pure glucosinolate,

phenolic acid and anthraquinone compounds were

subjected to electron impact (EI) mass spectral analysis

in the Central Laboratory of the National Research

Center using Finigan SSQ7000 and Finigan

MATTSQ700.

h-nmr Spectral Analysis: Pure glucosinolate and1

anthraquinone compounds were subjected to H-NMR1

spectral analysis in Central Laboratories (National

Research Center) using Jeol EX270 (270 MHz) and in

Nuclear Magnetic Resonance Laboratory (Faculty of

Science, Cairo University) using Varian VX 300 (300

MHz). The NMR measurements were carried out using

TMS as and internal standard and DMSO-d6 as a

solvent.

RESULTS AND DISCUSSION

Preliminary Phytochemical Screening: It was obvious

from table (1) that, I. microcarpa and P. clavata

contained glucosinolates, phenolic and flavonoid

compounds, while anthraquinines present in Isatis

microcarpa only.

Determination of Total Glucosinolates: The total

glucosinolates of I. microcarpa and P. clavata were

2.2g and 1.8g, respectively. 

Determination of the Total Phenolic Acids: The total

phenolic acids of I. microcarpa and P. clavata were

0.9% and 1.3%, respectively. 

Determination of Anthraquinons Content:  The

concentrations of free and total anthraquinones in 70%

acetone extract of Isatis microcarpa were found to be

0.31 and 0.92g/100g dry plant, respectively using

chrysophanol as standard. So the glycosid ic

anthraquinon was 0.61 g/100 g dry plant.

Investigation of Glucosinolates: Preparative paper

chromatography of glucosinolate showed three main

bands for I. microcarpa and two main bands for P.

clavata, where the isolated and purified glucosinolate

1 2,compounds from the two plants were G  and G  while

3 the compound G was isolated only from I. microcarpa.

1Identification of Compound G : The compound was

chromatographed on paper chromatography after

purification  on  sephadex  LH-20  using  the solvent
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Table 1: Preliminary phytochemical screening of I. microcarpa and P. clavata 

Test I. microcarpa P. clavata

Glucosinolates +ve +ve

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Flavonoid and phenolic com pounds +ve +ve

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Anthraquinons +ve -ve

system B: E: W (4:1:4), where it gave a single spot

B  with R 0.51. A pure compound was subjected to

enzymatic hydrolysis by myrosinase, where the

obtained aglycone was subjected for GC/MS analysis

and mass spectrum. The mass spectrum of the aglucone

of this compound showed a molecular ion peak at m/z

158 (M -1), which corresponding to the molecular+

5 7 2formula C H S N, in addition to the fragment ion peaks

3 2at 144 (M -CH ), 101 (M -NCS) and 73 (M -CH NCS).+ + +

From this fragmentation pattern the aglycone can be

identified as 4-Methylthio-3-butenyl isothioyanate .(19)

3 2 2 2CH -S-CH=CH-CH -CH -CH NCS. The enzymatic

hydrolysis of this compound revealed the presence of

both glucose and sulphate ions in the hydrolysate.

From the obtaioned data the compound identified as 4-

Methylthio-3-butenyl glucosinolate. 

4-Methylthio-3-Butenyl Glucosinolate:

2Identification of Compound G : The compound was

chromatographed on paper chromatography after

purification on Sephadex LH-20 using the solvent

system B: E: W (4:1:4), where it gave a single spot

Bwith R  0.66. A pure compound was subjected to

enzymatic hydrolysis by myrosinase, where the

obtained aglycone was subjected for GC/MS analysis

and mass spectrum. The mass spectrum of the aglycone

of this compound revealed the presence of a molecular

ion peak at m/z 221 (4.5%), which corresponding to

8 15 2 2the molecular formula C H O NS , in addition to the

fragment ion peaks at m/z 220 (M -1, 23%), 205 (M -+ +

4 3CH , 100%), 206 (M -CH , 20%), 177 (M -CS, 11%),+ +

m/z 189 (M+-s, 9%), m/z 163 (M -NCS, 7%) and m/z+

3 2142 (M -CH SO ). From this fragmentation pattern, the+

aglycone can be identified as 6-Methylsulfonyl hexyl

3 2 2 6isothiotanate (CH SO  (CH ) NCS). The enzymatic

hydrolysis of this compound revealed the presence of

both glucose and sulphate ions in the hydrolysate.

From the obtained data the compound was identified as

6-Methylsulfonyl hexyl glucosinolate.

6-methylsulfonyl Hexyl Glucosinolate:

3Identification of Compound G : The compound was

chromatographed on paper chromatography after

purification on sephadex LH-20 using the solvent

system B: E: W (4:1:4), where it gave a single spot

Bwith R  0.74. A pure compound when subjected to

enzymatic hydrolysis by myrosinase, gave glucose and

sulphate ions.

The mass spectrum of this compound showed a

molecular ion peak M at m/z 237 (3.6% )+  

8 15 3 2corresponding to the molecular formula C H NO S , in

addition to fragment ion peaks at m/z 236 (M -H;+

315.2%), 221 (M -(H +CH ); 28.6%), 204 (M+-SH;+ +

1 1 .6 % ) ,  1 8 0  ( M -N C S ; 7 4 . 1 % ) ,  1 6 5  ( M -+ +

2 2 3CH NCS;100%), 137 (M -(CH ) NCS;32%),123 (M -+ +

2 4 2 5(CH ) NCS; 12.5%), 109 (M+-(CH ) NCS, 8%) and 91

2 2 5 3 2(M -[H O+(CH ) NCS]; 11.6%) or (M -[CH SO -CH -+ + +

1].The latter two fragments (m/z 91,109) showed the

presence of a hydroxyl group (OH) at C-7 and the

fragmentation pattern showed that the compound

contain eight carbon atoms . So this aglucone is[19]

3 2 2 5CH -SO -CH (OH)-(CH ) NCS. T he enzymatic

hydrolysis of this compound revealed the presence of

both glucose and sulphate ions in the hydrolysate.

From the obtaioned data the compound identified as 6-

Methylsulfonyl-6-hydroxy hexyl glucosinolate.

6-methylsulfonyl-6-hydroxy Hexyl Glucosinolate: 

Abd El-Shafeek  isolated 6-Methylsulfonyl-6-hydroxy(20)

hexyl glucosinolate, 4-Pentenyl glucosinolate and 5-

Hydroxypentyl glucosinolate from Farsetia aegyptia

Turra. Also reported that total glucosinolates effect on

cotton leaf worm (Spodoptra littoralis).

Investigation of Phenolic Acids: The isolated and

purified phenolic acid compounds of I. microcarpa and

P. clavata were identified as ferulic acid and gallic

acid, while the compound caffeic acid was isolated and

identified only in I. microcarpa. Meanwhile the

c o m p o u n d s  c h l o r o g e n i c  a c i d  a n d  2 ,  3 -

dihydroxybenzoic acid (O- protocatechuic acid) were

identified in P. clavata only, where the phenolic acid

compounds  were  chromatographed on paper

chromatography after purified on sephadex LH-20 using
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the solvent system B: A: W (4:1:5) for the first way

and the solvent system acetic acid: water (15:85) for

fthe second way, where the R -values, UV spectral and

mass spectrum data for each compound was tabulated

at Table, 2. 

Uenobe et al., declared that caffeic acid, ferulic[21 ] 

acid, gallic acid, catechin,  quercetin and resveratrol

have been shown as anti-carcinogenic function due to

their ability to act as antimutagens in the Ames test. 

Investigation of Anthraquinones: The isolated and

purified anthraquinines compounds of I. microcarpa

1 2 3were A , A  and A .

1Identification of Compound A : The compound when

chromatographed on silica gel plate using two solvent

systems petroleum ether (40-60 C): ethylacetateo

(8.5:1.5) and petroleum ether: ethyl acetate: formic acid

f(75:25:1), Where they gave one single spot with R

0.71 and 0.92, respectively. The spot had an intense

yellow color in daylight while a yellow orange was

365obtained under UV  light and intense red color upon

exposure to ammonia vapor.

Infrared spectral analysis of the compound showed

a typical 3 ring system with exact vibrational

assignments for an anthraquinone compound. A strong

band at 3370.9 cm  that assigned to á-hydroxyl groups.-1

Bands at 2945.3, 2867.9 and 2834.1 cm  that were-1

3representative for í (CH ) asymmetric and symmetric

stretching, respectively. The characteristic band at

1662.3 cm  was assigned to the free carbonyl group-1

stretch, the other band at 1636.7 cm  was assigned to-1

the í (C=O) which is hydrogen bonded to the adjacent

–OH groups (conjugated). The bands around 1451.9

cm were assigned to ring stretched. The electron-1  

impact mass spectrum of chrysophanol declared that

the molecular ion [M]  at m/z 254 was a base peak.+

Other clues in the confirmation of the molecular

structure:

Weak signal at m/z 239 that corresponds to [M -+

3CH ]. Signal with fair abundance at m/z 226 for [M -+

CO]. Followed by another signal at m/z 197 due to

lose of the other carbonyl group. An obvious signal at

m/z 167.

1H-NMR spectrum for compound A  revealed the1

presence of resonance regions for aromatic and

aliphatic protons where the most upfield signal was

assigned to the three protons of methyl group at 2.5

ppm. Á-protons in aromatic region (2-H, 7-H) were

exhibited in lower field as singlet at 7.15 and souble of

doublet signal at 7.3 ppm, respectively. The protons

para to phenolic group (4-H, 5H) were more

deshielded, the signals are recorded at 7.7 and 7.85

ppm, respectively. The proton meta to phenolic group

(6-H) was less deshielded, that leads to appearing of

signal 7.65 ppm. The two phenolic protons (A&B)

were the most deshielded of all due to their close to

the oxygen atom, explaining their position at 12.0 and

12.15 ppm. From the obtained data the compound was

identified as chrysophanol.

1, 8 Dihydroxy-3-methyl-9, 10-anthracenedione

(Chrysophanol):

2Identification of the Compound A : The compound

when chromatographed on silica gel plates with solvent

systems: petroleum ether (40-60 C): ethylacetateo

(8.5:1.5) and petroleum ether:ethylacetate : formic acid

f (75:25:1), it gave one single spot with R 0.6 and 0.88,

respectively. The spot had intense yellow color in day

light, a yellow-orange color under UV365 light and a

red color upon exposure to ammonia vapour.

Infrared spectrum showed band at 3429 cm  due-1

to the vibrations of hydroxyl groups, while bands at

32923 and 2852 cm are representative for the (CH )-1  

asymmetric and symmetric stretching respectively. Band

at 1674.8 cm  was due to the free carbonyl stretch-1

(C=O). The weaker band at 1628 cm  can be assigned-1

to the í (C=O) which is hydrogen bonded to the

adjacent-OH groups. The band at 1566.7 cm  is-1

probably a ring stretch of three-ring system, also the

weak bands around 1461.6 cm  was also assigned to-1

ring stretches.

2The El-mass spectrum of A  showed the molecular

ion [M]  at m/z 284.3. This is a typically strong +

molecular ion a stable polycyclic compound with

several aromatic rings. Other key features in the

confirmation of the molecular structure: the distinctive

base peak signal at m/z 256.3 that was assigned to [M-

CO ] ion. Followed by another signal at m/z 241 that+

3was assigned to [M-CO-CH ]  ion. Afterward it lost+

another molecule of CO to give a signal at m/z 213,

3followed by loss of CH  group to give signal at m/z

198. Two assignments at lower m/z values are 142,

typical of the M  of a stable polycyclic compound,++

and 129 for the [M-CO]  ion. The fragmentation+ +

pattern for physcion was (284.3 [M] 256.3, 241, 213,+ 

198, 185, 142 and 129).

H-NMR spectrum showed a pure polycyclic1

compound, which is consistent with that reported in the

literature. The most upfield signal in the spectrum was

the three singlet protons at 2.5 ppm, assigned to H

protons of the methyl group. A further downfield signal
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fTable 2: R -values and UV spectral data of phenolic acid compounds of I. microcarpa and P. clavata.

fCompounds R UV EI-M ass Structures

----------------------------------------- ---------------------------------------

B: A: W Acetic acid: M ethanol Sodium

(4:1:5) water (15:85) methoxide

Ferulic acid

0.88 0.56 286, 313 291, 319 M at 194 m /z  + 

Gallic acid

0.78 0.59 272, 335 275, 345 M  at 169 m/z+

Caffeic acid

0.79 0.26 224, 330 224, 335 M  at 181 m /z +

Chlorogenic acid

0.92 0.43 245, 330 365, 382 M at 363.5 m/z+ 

2, 3- dihydroxybenzoic 0.87 0.69 245, 317 245, 328 M  at 154 m/z+

acid  (O-

protocatechuic acid)

at 3.9 ppm assigned to H protons of the methoxy (O-

3CH ) group due to their association with an oxygen

atom. The four aromatic protons were all singlets,

including the protons ortho to the phenolic groups (7-H

and 2-H) appearing at 6.7 and 7.1 ppm, respectively.

The protons para to the phenolic group were more

deshielded with 4-H proton being the most down field

signal at 7.6 ppm, leaving 5-H at 7.4 ppm. The two

phenolic protons (A&B) were the most deshielded of

all, because they close to the oxygen atom, explaining

their positions at 12.15 and 12.35 ppm, respectively.

From the obtained data the compound was identified as

physcion.

1 ,  8  d i h y d r o x y .3 - m e t h o x y -6 -m e th y l-9 ,  1 0 -

anthracenedione (physcion)

3Identification of Compound A : The compound when

chromatographed on silica gel plate using solvent

systems:petroleum ether (40-60 C):ethyl acetateo

(8.5:1.5) and petroleum ether: ethyl acetate: formic acid

f (75:25:1), where it gave one single spot with R 0.3 and

0.65, respectively. The spot was orange in color in

365daylight and under UV  light and turned into red

upon exposure to ammonia vapor.

3Infrared of A  showed band at 3381.46 cm  that-1

assigned to á-hydroxyl groups. Characteristics bands for

anthraquinone compound 1673.21 and 1620.15 cm-1

were assigned to the free carbonyl group stretch and

the conjugated carbonyl group respectively. Band at

1474.75 cm  was probably assigned to a skeletal ring-1

stretches.

3H-NMR spectrum for A  illustrated characteristic1

features for an aromatic pure compound that support IR

analysis and get close to the structure of emodin. The

first signal was at 2.4 ppm that assigned to the three

proton of methyl group, followed by signals for by

signals for aromaticity that are detailed as follows:
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Singlet signal at 6.6 ppm that assigned to the á-proton

to hydroxyl group at position 7(7-H). Doublet signal at

7.1 ppm that assigned to the á-proton to hydroxyl

group at position (2-H).The protons para to hydroxyl

group were more deshielded 4-H is the most down

field exhibited at 7.45 ppm, leaving 5-H as singlet

signal at 7.15 ppm. The three phenolic protons (A, B

and C) were the most deshielded of all due to their

close to the oxygen atom, explaining their positions at

12, 12.05 and 11.35 ppm, respectively. From the

obtained data the compound was identified as emodin.

1, 3, 8-trihydroxy-6-methyl-9, 10 anthracenedione

(Emodin)

Yi  reported that emodin displayed the capability[22]

of reactive oxygen species (ROS) and facilitating

arsenic cytotoxicity in both leukemia and solid tumer

cell lines. 
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