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ABSTRACT 
 

A.pavarii (Ericaceae Family) is one of endemic plants growing in Libya 

(AL-Jabel AL-Akhdar region), which known locally as SHMARY. 

 A. pavarii is a member of the genus Arbutus used for honey production. 

 It's used in folk medicine in treatment of kidney diseases. The chemical 

screening showed the presence of Flavonoids, phenolics, triterpenoids, and 

sterols compounds. Through chromatographic techniques of acetone extract 

two compounds were obtained and identified as Lupeol and Epicatechin in 

addition to one compound was obtained from hydrolyzed methanol extract, 

which is identified as hydroquinone. The structure of these compounds had 

been elucidated using spectroscopic methods (1H- NMR, 13C- NMR and 

Mass). Two dimensions nuclear magnetic resonance technique (2D-NMR) 

and DEPT had been used to confirm the structure of these compounds. 
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INTRODUCTION  
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1. INTRODUCTION  

1.1 Ericaceae Family 
Arbutus is a genus of at least 14 species of flowering plants in the family 

Ericaceae, native to warm temperate regions of the Mediterranean, Western Europe, and 

North America. The North American members of the genus are called strawberry tree. 

Arbutus species are used as food plants; several species are widely cultivated as 

ornamental plants. Arbutus bark and leaves are used as medicines for colds, stomach 

problems, and tuberculosis.[1] 

Most of the pharmacological applications of the Arbutus species are shown in table (1).  

Table (1): Pharmacology Activeties of Arbutus Species 

Species Part Use Pharmacology Activeti Ref. 
 
 
 
 
 
 
 
 
 
 
 
 
 

A.unedo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Leaves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Against Trichomonas vaginalis  

Trophozoites 

Antihyperglycemic activity 

Antioxidants 

Hypertension and anti flammatory 

Antiaggregant action  

Gastrointestinal disorders 

Urological problems; 

Dermatologic problems 

Cardio-vascular 
application 

Kidney diseases 

Cardiac diseases 

Diabetes 

Antihaemorrhoidal 

Diuretic 

Anti-inflammatory       
Anti-diarrheal 

[2] 
 

[3] 
 

[4],[5] 
 

[6] 
 

[7] 
 
 
 
 
 

 
 
 
 
 
 
 

    
[8],[9], 

[10],[11]  
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A.unedo 
 
 
 
 
 
 
 
 
 
 

A.unedo 
 

 
 
 
 
 
 
 
 
 
 

A.unedo 
 

 

 
 
 
 

Fruits 
 

 
 

 
 
 
 
 
 
 

Bark  
 

 
 
 
 
 

 
 

 
 
 

Roots  

Gastrointestinal disorders  

Urological problems   

Dermatologic problems  

Kidney diseases 

Cardio-vascular 
application  

 

Gastrointestinal disorders 

Urological problems  

Dermatologic problems  

Cardio-vascular 
application  

 Hypertension 

  

Cardiac diseases  

 Diabetes  

 Diuretic 

 Anti-inflammatory 

 Anti-diarrheal. 

  

 
 
 
 

[8],[11], 
[12] 

 
 
 
 
 
 
 
 
 

[12] 
 
 
 
 
 
 
 
 
 
 
 

[12],[9], 
[13],[10] 

A.menziesii Leaves  Antibacterial [14] 

A.archorids Leaves  Antioxidants  [15],[16] 
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1.2 Phytochemistry  
 Most available literatures revealed the presence of different phyto-constituents in 

the leaves and fruits of A. unedo and the most of the compounds isolated from this 

species are triterpenes, irridoid glycosides, organic acids, tannins, flavonoids, sterols, and  

phenolic compounds [1]. The isolated compounds from this species are shown below: 

  

Table (2): Some Terpenoids And Steroids Isolated From Arbutus Species. 

Species Part Used Compounds Structure Ref. 

 
 
 

A.menziesii Leaves 

 

Triterpenoids & steroids 

Betulinic acid 

 Lupeol 

β-Sitosterol 

 
1 

2 

3 

 

[17] 

[18] 

[18] 

A.unedo 

Leaves&Steem 

 

Leaves&Steem 

 

 

Leaves 

 

 

 

Steem 

Betulinic acid 

 

Lupeol 

 

α-amyrin acetate 

Pomolic acid 3-acetate  

Betulin  

 

β-Sitosterol 

7β-hydroxystigmast-4-en-3-one. 

Ursolic acid 

 

1 

 

2 

 

4 

5 

6 

 

3 

7 

8 

[19],[20] 

 

[19],[20] 

 

[19] 

[19] 

[19] 

 

[19] 

[19] 

[20] 

 



 

4 
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6 
 

Table (3): Some Phenolic Compounds  Isolated From Arbutus Species. 

Species Part Used Compounds Structure Ref. 

Phenolic acids &phenylpropanoids 
A.andrachne 
 
A.unedo 

Leaves 
 
Leaves 

Arbutin 
 
P-hydroxybenzoyl arbutin 
galloylarbutin 

9 
 

10 
11 

[21] 
 

[22] 
[22] 

  Flavenoid&Flavenoid glycoside   

A.unedo 

Leaves 
 
 
 
 
 
 
 
 
 
 

Root  
 
 
 

Kaempferol   3-O-rhamnoside 13-a [22],[23] 
[23] ,[22] 
[23],[22] 
[23],[22] 

[22] 
[19] 
[22] 

 
[24] 
[25] 
[25] 
[25] 
[25] 
[25] 
[25] 
[25] 

Kaempferol   3-O-arabinoside 13-b 
Quercetin 3-O-arabofuranoside 13-c 
Quercetin 3-O- rhamnoside 13-d 
Quercetin 3-O- galactoside 
Myricetin 3-O- arabofuranoside 
(-)-catechin 
Gallocatechin 

13-e 
13-f 
26 
26 
 

Gallocatechin-4,8-catechin 
(+)-catechin 
(+) catechin gallate 
(-)epicatechin 
gentisic acid 
caffeic acid 
benzoic acid, 4-(acetyloxy)-3-
methoxy methyl ester 
4-hydroxy phenyl acetic acid 
 

14 
22 
23 
20 
16 
19 
 

17 

  Cyanidin &Anthocyanidin 

A.unedo. fruits 
Cyanidin-3-O-golactoglucoside 

Cyanidin-3-O-golactoside 
delphinidin-3-O-golactoside 

21 
24 
25 

[26],[24] 

A.unedo.  Fruit 

Ellagic acid derivatives  
Ellagic acid diglucoside 
Ellagic acid glucoside  

Methylellagic acid rhamnoside  
Ellgic acid arabinoside  

 
27-a 
27-b 
27-c 
27-d 

[24] 

 



 

7 
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OH

HO O
OH

OH

OH

OH

OH

O

O

(+) catechin gallate
(22)                      

 

 

 

OH

OH

HO O
OR

OH

(-)-catechin(26-a) R=H
(26-b) R=OH gallocatechin

(26)
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Table (4): Some Iridoids  And Iridoids Glycoside Isolated From Arbutus Species. 

Species Part Used Compounds Structure Ref. 

A.andrachne 
 

Leaves 
&Bark 

Monotropein 
Monotropein methyl ester 
Stilbericoside 
Unedoside  
 

29-a 
29-b 
28 
30 

[21] 

A.unedo 

 
Leaves 
Leaves 

Arbutoside 
Unedide (6,7-dihydro-6β-
hyroxymonotropein) 
 

 
32 
31 
 
 
 

 
[27] 
[27] 

Steem 
Steem 
Steem 
Steem 
Steem 

Monotropein 
Monotropein methyl ester 
Stilbericoside 
Unedoside  
Iridoids geniposide 
 

29-a 
29-b 
28 
30 
33 

[20] 
[20] 
[20] 
[20] 
[20] 
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O

COOH

OCH2O

HO
HO

H

OH

H

OH

H

H

HO
H

HO

OH

OH

O

HO

O

OH

OH

HO

OH3C

Arbtoside
(32)  

 

 

  

O

O
O

HO
OH

CH2OH

OH

O

OHHO

Stilbericoside
(28)

33 



1.3

des

bar

sce

use

dis

A.p

to 

dis

val

 

 
 
 

 
 

 

3. Arbutus
 A.pava

scribed in th

rk is reddish

ent, like hon

ed for medi

eases in fol

pavarii is a 

its berries, 

eases. It is 

lue.[28] 

s pavarii P
arii Pamp.

he Libyan f

h brown fiss

ney, which 

icinal purpo

lk medicine

member of

as ornamen

recorded as

Pamp. 
 is one of 

flora; it is a

sured and p

is locally c

oses. It is u

.[28]  

f the genus A

nt trees. It 

s an endem
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the endemi

an evergreen
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called "ALH

used for reli

Arbutus. It

also has a m
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re (1): A.pa

ic species i

n shrub or s

mall flakes.

HANNON",

ief and as p

t's used for h

medicinal u

al species w

avarii .Pmp

n Al-Jabel 

small tree, 1

The flower

 is very exp

protection a

honey prod

use in the tr

with a high r
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Al-Akhdar
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rs have an a

pansive and

against a nu
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treatment of
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1.3.1. Phytochemistry of A. Pavarii 

The first chemical study was performed  by F.Elabbar(1999) which isolated  the 

following compounds[29]  

 

                                             

 

 

 

                                                
 

 

 

 
 
 

OH
CH3

CH3

CH3

CH3

COOH

CH3

CH3

H3C

Uvaol
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HO
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OH

OH

O
OH

H3C OH

HO

Quercitin-3-rhamnoside

O

OOH

HO

OH

OH

OH

OH

Myricetin
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2. EXPERIMNTAL 
 

2.1General Technique 

The NMR spectra were recorded on a Varian Mercury VX-300 NMR 

spectrometer and Bruker DPX. 1H-NMR spectra were run at 300 and 400 MHz and    
13C-NMR spectra were run at 100 MHz in CD3OD, CDCl3 and DMSO-d6. Chemical shift 

are quoted in δ and were related to that of the solvent signals.MS Finnigan mat SSQ7000 

Ionization mode EIeV 70. Analytical thin layer chromatography (TLC) was carried out 

on precoated 0.25mm silica gel plates with fluorescent indicator (Macherey-Nagel -

GF254). Preparative TLC was conducted on glass plates (20cm × 20cm) coated with silica 

gel 60 and the spots were visualized either by UV light (254-366) or I2 vapor. Wet 

column chromatography was carried out using RDH silica gel S (230-400 mesh ASTM) 

and silica gel (70-230mesh).  

2.2 Plant Collection and Identification  
The plant material of A.pavarii confined in the wild in AL-Jabel AL-Akhdar and 

adjoining area between Alhemda and Darna collected from AL-Abiar during August 

2010, the plant was identified by Botany department of Benghazi University .The Leaves 

were allowed to dry in air and then grounded into a fine powder and used for the 

preparation of extract. 
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2.3 Chemical Screening of A.pavarii     

2.3.1 Preparation of the Plant Extract 

Samples of dry leaves 100g were placed in Erlenmeyer flasks with 300ml of 

methanol covered with a funnel and refluxed for an hour followed by concentration of 

the extract to about 20ml in vacuum[30]. 

2.3.2 Screening for alkaloids 

An equivalent of 20g of leaves extract was evaporated to a syrupy consistency by 

evaporating over a steam bath. 0.5ml hydrochloric acid (2N) were added to the 

concentrated extract, and then heated for about five minutes. After cooling the mixture, 

about 0.5g of powdered sodium chloride were added to the mixture then filtered. The 

filtrate was divided into two equal portions; one portion was treated with a few drops of 

Mayer’s reagent and the other with similar amount of Wagner’s reagent. The leaves 

sample showed no sign of turbidity, which clearly indicate the absence of alkaloids in the 

sample[30],[31].  

2.3.3 Screening for Saponins 

Volume of the alcohol extract equivalent to 2g of sample was shook with 10ml of 

distilled water in stoppered test tube for 30 seconds. Then, it was allowed to stand and 

observed for a period of over 30 minutes. If the forth persisted up to30 minutes above the 

liquid surface in about 3cm height, then the sample is presumed to contain saponin in a 

high concentration. The sample showed no forth and that was firm evidence that 

Saponins were absent in the sample[30],[31].  
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2.3.4 Screening for Phenolic Compounds 

2.3.4.1 Preparation of the Defatted Plant Extract 

 The equivalent of 10 g methanol plant extract was evaporated over water bath 

then cooled to room temperature. The residue was treated with 10 ml of n-hexane. The 

treatment of the residue was repeated with fresh volume of the solvent until the solvent 

was almost colorless. The defatted residue was dissolved in 20 ml of methanol and the 

insoluble residue was filtered away, then divided into 2 test tubes.  

2.3.4.2 Test for Leucoanthocyanins 

0.5 ml of concentrated hydrochloric acid was added to test tube 1 then it was 

warmed on water bath for 5 minutes. The sample's color changed to red indicating the 

presence of Leucoanthocyanins[30],[31].  

2.3.4.3 Test for Cyanidin  

0.5 ml of concentrated hydrochloric acid and three to four pieces of magnesium 

turnings were added to test tube 2. The sample's color changed from brown to red 

indicating the presence of Cyanidin in sample[30],[31]. 

2.3.4.4  Two Dimensional Paper Chromatography Detection of Flavonoids  

A spot of the defatted extract of sample was chromatographed on paper 

chromatography. The paper was developed by solvent mixture of t-butanol  : acetic acid : 

water (3:1:1) (TAW), when the solvent reached the desired range the paper was removed 

from the developing  chamber, and dried by warm air using a hair dryer. Then, the paper 

turned a whole (90o) and developed in the second direction using acetic acid (15%). 

 The examination of the paper chromatography was done in three stages  

 Stage one marking all spots under visible light 

 Stage two marking all spots under UV light  

 Stage three exposures all spots to ammonia vapor  

Conclusion: upon using the ammonia vapor, other spots and/or colors appeared 

indicating the presence of flavonoids in the sample[30],[31].  
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2.3.5 Screening for Tannins  

The equivalent of 10 g of methanol extract sample was evaporated to dryness on 

a hot water bath and cooled. Then 20 ml of hot distilled water was added and cooled, 

then 5 drops of sodium chloride (10%) solution was added to the mixture, then it was 

filtered off. To the clear solution three drops of gelatin-salt regent was added. The 

sample extract shows a precipitate that indicated the presence of tannins[30],[31]. 

2.3.6 Screening for Triterpenoids and Steroids  

The equivalent of 10 g of methanol extract was evaporated to dryness on a hot 

water bath; about 10 ml n-hexane was added to the cooled extract to remove most of the 

color of the residue. About 10 ml of chloroform were added, stirred and decanted into     

a test tube containing about 100 mg of anhydrous sodium sulphate. The mixture was 

filtered and it was treated with three drops of acetic anhydride then one drop of 

concentrated sulphuric acid was added. The appearing of deep red color indicates the 

presence of triterpenoids and /or steroids in the sample [30],[31].   

 2.4 Extraction the Leaves of A.Pavarii 

The plant leaves has been divided into two parts; part (A) extracted with acetone 

and part (B) extracted with petroleum ether, chloroform and methanol.  

2.4.1 Acetone Extract (Part A): 

The powdered leaves of A.pavarii 4.5 Kg were extracted with acetone (10L× 3) 

over 12 days at room temperature. The combined acetone extract passed through 

charcoal to remove the colored pigments, then filtered and evaporated under reduced 

pressure using rotary evaporator at 35oC to produce a brown crude extract 145 g. The 

crude extract was washed with methanol (250 ml × 2) to produce brown crude 50 g. as 

shown in Scheme (1). 

 

 

 

 



 

 

 

2

 

 

 

 

Scheme 

Brown 

1‐Aceto
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2.4 .2 Separation And Purification of Part (A)  

  15 g of the brown crude was subjected to flash column chromatography using 

silica gel 500g (70 – 230 mesh ASTM )  eluted with 100 % n-hexane followed by 

gradient elution with n-hexane : EtOAc (9:1 to 1:9) and EtOAc 100 % and elution with  

EtOAc : Methanol(1:1) and100 % Methanol to give 17 fractions (500 ml each), all 

fractions volume were reduced using rotator evaporator to 50 ml followed by 

examination  with TLC using 100% hexane, hexane / EtOAc (1:1).Resulting of 

combination of similar fractions are shown in table (5). 

Table (5): Combined Fractions of Column Chromatagraphy of the Leaves A.Pavarii 

Fractions Solvent System of Elution 

A(1-3) Two 100% n-hexane  then  (9:1 ) n-hexane /EtOAc 

B(4) 8:2 n-hexane /EtOAc 

C(5-6) 7:3 n-hexane /EtOAc- 6:4 n-hexane /EtOAc 

D(7-9) 3:7 n-hexane /EtOAc -  1:9  n-hexane /EtOAc 

E(10-11) 100% EtOAc 

12-17 Discounted  

 
Fractions B and D were further investigated by other chromatographic techniques. 

2.4.2.1 Separation and Purification of Compound M1 

Fraction B was pale yellow crude, 0.215g of which was subjected to wet column 

chromatography using 60g of silica gel (70 -230 mesh ASTM) eluted with 100% hexane 

followed by gradient elution with Hexane / chloroform  (9.9:0.1 to 0.1:9.9) and 100% 

chloroform  to produce 22 fractions (25 ml each ) as shown in  table (6). Each fraction 

was examined by TLC using 100% hexane, hexane / chloroform 1:1 and chloroform 

100% as solvent system. 
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Table (6): Fractions of Column Chromatography of Fraction B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fraction Number Solvent System of Elution  

1 100% n-hexane 

2 9.9:0.1    n-hexane / chloroform 

3 9.8:0.2   n-hexane / chloroform 

4 9.7:0.3   n-hexane / chloroform 

5 9.6:0.4   n-hexane / chloroform 

6 9.5:0.5   n-hexane / chloroform 

7 9.4:0.6  n-hexane / chloroform 

8 9.3:0.7   n-hexane / chloroform 

9 9.2:0.8   n-hexane / chloroform 

10 9.1:0.9   n-hexane / chloroform 

11 9:1         n-hexane / chloroform 

12 9:1         n-hexane / chloroform 

13 8:2        n-hexane / chloroform 

14 7:3        n-hexane / chloroform 

15 6:4       n-hexane / chloroform 

16 5:5       n-hexane / chloroform 

17 4:6      n-hexane / chloroform 

18 3:7        n-hexane / chloroform 

19 2:8       n-hexane / chloroform 

20 1:9       n-hexane / chloroform 

21 100% chloroform 

22 100% chloroform 
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Fraction 22 produced pure compound M1 (4mg) of which has spectra data as 

follows:  EI mass spectrum:  m/z =  426 (19%), 411(5%), 384 (0.3%), 207 (50%), 

189(48.5%). 1H NMR : 0.77(s,3H), 0.81(s,3H), 0.84(s,3H) , 0.95(s,3H), 0.96(s, 3H ), 

1.02 (s, 3H),1.69(s,3H), 3.18(dd,1H), 4.68( brs,1H), 4.57 (brs,1H). 13C NMR : 38.35   

(C-1),26.58   (C-2), 78.99(C-3), 38.78(C-4), 55.35(C-5), 18.35(C-6), 34.84(C-7), 

40.58(C-8) ,50.48 (C-9), 37.19(C-10), 21.69(C-11), 25.02(C-12), 38.10(C-13), 42.38   

(C-14), 27.44(C-15) , 35.9(C-16) , 42.78(C-17) , 48.35(C-18), 47.48( C-19) , 150.88   

(C-20), 29.71(C-21) , 39.68(C-22) , 28.12 (C-23) ,15.60(C-24),16.13(C-25),16.01(C-26) 

, 14.58(C-27) ,18.02 (C-28) ,109.34(C-29),20.025(C-30) . 

2.4.2.2 Separation and Purification of Compound M2 

Fraction D was subjected to preparative TLC eluted with hexane / EtOA 

(5.5:4.5). Three bands with different Rf values  were separated , the band at Rf= 0.45 was 

recovered and evaporated till dryness to give yellow crude 0.2 g this crude was  

subjected to flash chromatography using 30g of dry silica gel and eluted with  hexane / 

EtOAc  (6:4) to produce three fractions (100 ml each). fraction (1) contains pure 

compound M2(5 mg) which has  spectra data as follows: EI  mass spectrum : m/z = 291 

[M+*] , 152(32.5%), 110(10.73%), 139(100%), 123(49.10%).1H NMR : 2.74 (dd , 1H), 

2.83 (dd ,1 H),4.18( brs ,1H),4.81(brs ,1H),5.93(d ,1H),5.96 (d ,1H) ,6.76(d,1H),6.81  

(dd, 1H),6.97(d,1H). 13C NMR:79.78(C-2),67.39(C-3), 29.15(C-4),157.48(C-5) ,96.5   

(C-6),157.82(C-7), 95.96(C-8),157.25(C-9), 100.17(C-10), 132.20(C-1'), 115.33(C-2'), 

145.82(C-3'), 145.67(C-4'), 116.0(C-5'), 119.45(C-6'). �

2.4.3 Petroleum Ether, Chloroform and Methanol Extract (Part B)  

About 1.2 Kg of dry leaves of A.pavarii was subjected and extracted with petroleum 

ether, chloroform and methanol as in scheme (2) 

 

 

 

 

 



 

. 

 

 

 

 

 

 

 

Sch

 

 

 

 

 

 

Petroleum

heme (4)  

m ether extra

Scheme

act  

e (2): Extra

 

Sa

S

23 
 

	

action of le

ample powd

E

P

C

M

Methanol e

E

H

F

Hydrolys

Subjected to

aves A.pava

der 1.2 Kg 

Extract by  

Petroleum eth

Chloroform 

Methanol  

extract  

Evaporated  

Hydrolysis  

Filtrate  

sed cured 

o F.C.C 

arii (Part B

her  

B) 

Chl

 

loroform extract  



 

24 
 

2.4.3.1 Separation and Purification of Part (B) 

Methanol extract was evaporated at 40 Co under vacuum till dryness to produce 

80g of crude. About 40 g of this crude were subjected to hydrolysis with HCl (2N) 

/methanol (1:1) under reflux for 5 hours to cleavage the glycoside unit, and yield 15g of 

hydrolysed crude. The hydrolysed crude was subjected to flash chromatography and 

eluted with hexane / chloroform (1:1) followed by gradient elution with n-hexane / 

chloroform (4:6 to 1:9) and 100% chloroform, followed by gradient elution with 

chloroform / EtOAc (9:1- 1:9), and 100% EtOAc to produce 16 fractions (400 ml each).	

2.4.3.1.1 Separation and Purification of CompoundM3   

Fraction 10 (chloroform / EtOAc) (6:4) containes compound M3 which was 

purified by washing with chloroform (4 Times) to produce pure white crystals (8mg), 

which has spectra data as follows: EI mass spectrum : m/z =110(100% ) [M+*] , 

109(4%), 82(7%) , 81(1%) ,53(27%), 39(23%).1H- NMR: 6.55(s, 4H Ar) ,8.58 (s, 2H) . 

13C -NMR : 117.20 , 151.65. 
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2.5 Extraction of Lipids Fraction:  
The combined petroleum ether extract from previous section (2.4.3) was 

extracted with diethyl ether, and passed through charcoal to remove the colored 

pigments, then filtered, dried over anhydrous sodium sulphate and evaporated under 

vacuum at 30
 
C0 till dryness to give a pale yellow residue (8g). The Ether residue was 

dissolved in boiling acetone (250 ml) and left overnight at room temperature.               

An amorphous precipitate was filtered, washed with cold acetone and recrystallized from 

chloroform / methanol to give bright white crystals (2g) of acetone insoluble fraction 

(hydrocarbons and fatty alcohols mixture). The filtrate (acetone soluble fraction) was 

evaporated till dryness[32] (4. 5g).  

2.5.1 GC/MS Analysis of Fatty Alcohols Fraction (Acetone Insoluble): 
The fatty alcohols and hydrocarbons mixture was dissolved in ether and subjected 

to GC/MS analysis using the conditions as shown in table (7) below. The results of GC/ 

MS were shown in Table (8).  

Table (7): GC/MS Instrument Parameters 

Instrument  SHIMADZU GC/MS-QP550A 

Column DB1, 30m ; .53mm ID; 1.5um  film (J&W scientific ) 

Carrier gas Helium 

Ionization method EI 

Ionization voltage 70ev 

Detector temperature 230 C 0 

Injector temperature 280C0 

2.5.2. Saponification of Acetone Soluble Fraction: 
The acetone soluble fraction (4. 5 g) was saponified by refluxing with 100ml     

(0.5 N) alcoholic KOH. The alcoholic solution was concentrated to about 25 ml and 

diluted with cold distilled water. The unsaponifiable constituents were extracted by 

shaking with successive portions of diethyl ether (3 x 100 ml). The combined ether 

extracts were washed with distilled water, dried over anhydrous sodium sulphate and 

evaporated under vacuum till dryness to give a yellowish brown semi-solid residue of 

unsaponifiable matters (2.5g).[32] 
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3. RESULTS AND DISCUSSION  

3.1 GC/MS Data Results  

3.1.1 GC/MS Data of Fatty Alcohols Fraction (the Acetone Insoluble) 

The results from the mass spectra of the separated peaks from the chromatograph were 

compared with the Wiley mass spectral data base and results are shown in table (8) 

Table (8): GC/MS Data Result of Fatty Alcohols Fraction 

 

	
 

 

 

 

 

 

 

3.1.2 GC/MS Data Results of Unsaponifiable compounds 
The results from the mass spectra of the separated peaks from the chromatograph were 

compared with the Wiley mass spectral data base and results are shown in table (9). 

Table (9): GC/MS Data Results of Unsaponifiable Compounds 

Number R.Time Compound Name % Structure 
No. 

1 5.480 Tetradecanoic acid 17.59 7 
2 6.992 Terpineol 26.28 6 
3 7.527 1,8-Cineol 5.02 15 
4 8.055 Ocimene 2.36 16 
5 10.092 Beta-Elemene 35.46 12 
6 12.6 Butyl phthalate 14.73 17 
7 13.795 Trans-Caryophllene 2.64 14 
8 15.709 p-methoxystyrene 0.86 18 
9 20.942 Octadecanoic acid 1.06 9 
10 21.81 Eugenol 7.22 15 
11 22.842 Caryophllene Oxide  1.34 11 

 

Structure 
No. 

% Compound Name R.Time Number 

3 4.71 Tetradecane 4.931 1 
2 7.62 Hexadecane 5.838 2 
9 12.17 Octadecanoic acid  6.818 3 
4 13.84 Hexadecanoic acid  10.432 4 
13 1.97 Apiol 12.11 5 
17 21.89 Butyl phthalate 15.942 6 
19 9.52 Palmitol  16.770 7 
1 3.73 Linalool 20.670 8 
8 20.04 Dioctyl phthalate 24.742 9 
10 3.51 Tricosane 29.411 10 
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3.2. Identification of Compound M1 

The 1H-NMR spectrums in table (10) and fig.(7) showed two olefinic protons as 

broad  singlets  at δH 4.57 ppm  and δH 4.68 ppm  due to the 2H at C-29; this effect is due 

to Geminal proton-proton coupling which ranges from 0-1 Hz resulting of broad 

unequivalent signals. Other  signal that appeared as singlet at δH 1.69 ppm  due to 3H on 

C- 30 (allylic proton), which is attached directly with methen carbon C-20. Another 

signal appeared as doublet of doublet at ( δH  3.18 ppm J=10.8, 5.4 Hz ) due to H -3 

which directly attached to C-3 that  connected to a hydroxyl group. An additional signal 

appeared as a multiple at δH 2.38 ppm  due to proton at C-19 this is a characteristic signal 

for proton on ring (E) holding the side chain . The spectrum showed six signals as   

singlets at δ 0.96,0.77, 0.84, 1.02, 0.95 and 0.80 ppm (3H each) assignable to methyl 

group protons at C-23, C-24, C-25,C-26 , C-27  and  C-28. All assignments are in good 

agreement with published data of  Lupeol in Table (10). 

Table (10):1H-NMR Spectral Data of Compound M1 and Literature of Lupeol 

No.of H δHM1ppm,       

J (Hz) 

δH ppm 
, J (Hz)[33] 

δH ppm, 
 J (Hz)[34] 

δH ppm, 
 J (Hz)[35] 

δH ppm, 
 J (Hz)[36] 

29 4.57   br s 4.55 4.56 4.57 4.55 

29 4.68  br  s 4.67 4.68 4.69 4.67 

3 3.18 dd , 10.8,5.4 3.17dd 3.21, 11.5 ,5.03 3.20 dd 3.17  10.2 ,5.1 

30 1.69 s 1.67 1.68 1.64 1.66 

26 1.02 s 1.02 1.02 1.04 1.01 

23 0.96 s 0.95 0.95 0.97 0.94 

27 0.95 s 0.94 0.93 0.94 0.92 

25 0.84 s 0.84 0.83 0.84 0.81 

28 0.80 s 0.82 0.8 0.79 0.76 

24 0.77 s 0.78 0.79 0.76 0.74 

M1-1H-NMR spectral data measured at 300  MHz in CDCl3 
[33]-1H-NMR spectral data measured at 400 MHz in CDCl3 
[34]-1H-NMR spectral data measured at 400 MHz in CDCl3 
[35]-1H-NMR spectral data measured at 400 MHz in CDCl3 
[36]-1H-NMR spectral data measured at 300 MHz in CDCl3 
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The 13C-NMR spectrum in fig.(8) was indicative of 30 carbon resonances the DEPT 

technique suggested the presence of seven methyl, eleven methylene, six methine and six 

quaternary carbon atoms as revealed in Fig.(9) .Two signals at δC 109.34 and 150.88 

ppm were due to two olefinic carbons of C-29 and C-20, respectively, of which the 
deshielded signal at δC 150.88 ppm was assigned for quaternary olefinic carbon C-20. 

The other deshielded signal at δC 78.99 was due to C-3 with a hydroxyl group attached. 

A comparison of carbon resonances of compound M1 and Lupeol published data as 

shown in Table (11) revealed a complete agreement in all data. 

However  from the HMQC  of  this compound showed the presence of  oxymethine  at 

δH 3.18 ppm and  olefinic proton δH 4.68 and 4.57 ppm were assigned to C-3 and C-29 

respectively . And another protons at  δH 1.69 ppm were assigned to C-30 . and six  

methyl proton signals δH  0.96, 0.95,0.77, 0.84 , 1.02 , 0.80 ppm were correlated  to C-23 

C-27 , C-24 , C-25 ,C-26 , C-28 respectively and as shown in Table (11) and Fig. (10). 
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Table (11):13C-NMR Data Spectral of Compound M1and Literature of Lupeol 

No. of C δC M1ppm δCppm ]37[  δCppm[38]  δCppm[39] 

1 38.35 38.0 38.9 38.7 

2 26.58 27.4 27.6 27.5 

3 78.99 79.00 78.2 79.3 

4 38.78 38.7 39.0 39.8 

5 55.35 55.3 55.5 55.5 

6 18.35 18.3 18.5 19.0 

7 34.84 34.2 34.4 34.2 

8 40.58 41.1 41.0 41.1 

9 50.48 50.4 50.6 50.9 

10 37.19 37.7 37.3 37.2 

11 21.69 20.9 21.1 21.2 

12 25.02 25.1 25.3 25.3 

13 38.10 38.10 38.2 38.5 

14 42.38 42.8 43.0 42.8 

15 27.44 27.4 27.7 27.2 

16 35.92 35.6 35.8 35.9 

17 42.78 43.27 43.2 43.2 

18 48.35 48.2 48.5 48.5 

19 47.48 48.0 48.2 47.8 

20 150.88 150.9 151.2 151.2 

21 29.71 28.5 30.0 30.1 

22 39.68 40.0 40.2 40.3 

23 28.12 28.1 28.2 28.4 

24 15.60 15.4 15.6 15.6 

25 16.13 16.1 16.2 16.2 

26 16.01 15.9 16.3 16.1 

27 14.580 14.6 14.7 14.8 

28 18.02 18.0 18.1 18.1 

29 109.34 109.5 109.5 109.5 

30 20.025 19.4 19.5 19.8 

          
             M1-13C-NMR spectral data measured at 100 MHz in CD Cl3 
             [37]-13C-NMR spectral data measured at 100 MHz in CD Cl3 
             [38]-13C-NMR spectral data measured at 125MHz in CD Cl3 
             [39]-13C-NMR spectral data measured at 125 MHz in CD Cl3 
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Table (12):HMQC Correlation of Compound M1 

1H-NMR ppm 13C-NMR ppm 

3.18 dd  (78.99) C-3 

0.96 s (28.12) C-23 

0.77 s (15.6) C-24 

0.84 s (16.13) C-25 

1.02 s (16.01) C-26 

0.80 s (18.02) C-28 

4.68 br s ,4.57 br  s (109.34) C-29 

1.69 s (20.02) C-30 

 

The mass spectrum of compound M1 displayed a molecular ion peak   at m/z = 426 in 

agreement with molecular formula C30H50O.  And peak  at  m/z =  411 resulting from  

bonds  cleavage  at C-14 - C-27 and consequent  •CH3  elimination , the fragment ion at  

m/z = 411 convert to  fragment ion  at m/z = 384 by losing  (-C2H4 ) further it converts to 

fragment ion at m/z 207 by lose  water molecule to give fragment ion at m/z = 189. This 

fragmentation pattern was seen in more than one reference[40].  

Table (13): Mass Fragments of Compound M1 

Mass m/z Abundance % 

426 19 

411 5 

384 0.3 

207 50 

189 48.5 
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Scheme (5): Mass Fragmentation of Compound M1 
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On the basis of spectral data discussed above, and by comparative literature, the 
compound M1 was identified as   20 (29) lupen-3β-ol   (Lupeol). 

 

 

 

 

 

 

 

 

 

 

Figure (1): Structure of Compound M1(Lupeol) 
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3.3 Identification of Compound M2 
The 1H NMR spectrum of the compound explained AB system ring A with meta 

coupling , two doublet protons at δA 5.96 ppm (H-6,  4J= 2.18 Hz ) and δB 5.93 ppm    

(H-8, 4J= 2.16 Hz) ,were due to two phenyl protons situated at 1,3 position to each other 

of ring A which contain 5,7-dihydroxy substitution pattern which give rise to doublet in 

range 5.9 to 5.96 ppm , the H-6 doublet occurs consistently at higher filed than the signal 

for the H-8 .The spectrum also showed  two signals at δH 6.76  (d, J= 8.12 Hz) and 6.97 

(d, J= 2.14 Hz) assigned to two phenyl protons  situated at  C-5' and C-2'  in ring B 

respectively, and signal was recorded as doublet of doublet at 6.81ppm (dd , J= 8.35 , 

1.82  Hz )  which  occurs due to 6'-H, 2'-H  as meta coupling which has coupling 

constant 1.82 Hz  and 6'-H ,5'-H ortho coupling which has constant 8.5 Hz . A singlet at 

δH 4.81ppm (brs) was due to methine proton (C-3) having an adjacent –OH group and 

situated between methylene and a methine carbon. A singlet at δH 4.18(brs) for a methine 

proton(C-2) attached with an oxygen atom and CHOH group .Two doublet of doublets  

resonating at  δH  2.74 ppm(dd, J=16.90 , 3.0 Hz) and 2.83ppm  (dd, J=16.77 ,4.3 Hz)  

were due to two methylene protons (C-4 eq & C-4ax) adjacent with a methine carbon as 

showed in figure (12). 
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Figure (2): Data Volume of Ring System by H-NMR Compound M2 
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Table (14):1H-NMR Spectral Data of Compound M2 and Literature Data of 
Epicatechin 

No.of 
H δHM2ppm, 

J (Hz)M2 
δHppm ,  
J(Hz) [41] 

δHppm, 
 J(Hz) [42] 

δHppm, 
 J(Hz) [43] 

2 4.81 br s 4.80 4.80 4.81 
3 4.18   br  s 4.19 4.16 4.18 

4eq 2.74 dd   ,16.77 , 3.0 2.74 , 16.8 . 2.9 2.72 , 16.8 , 2.7 2.74 ,16.5 , 3.0 
4ax  2.83dd , 16.77 ,4.30 2.86 16.8 ,  4.3 2.86 ,  16.8  , 4.5 2.86 ,16.5 , 4.5 
6 5.96  d ,2.18 5.95  , 2.3 5.93  , 2.4 5.96 , 2.0 
8 5.93 d , 2.16  5.92. 2.3 5.90  , 2.4 5.90 , 2.0 
2' 6.97 d , 2.14 6.98 , 1.8 6.97 , 1.8 6.98 , 2.0 
5' 6.76 d , 8.12 6.76 , 8.2 6.75 , 8.1 6.76 , 8.0 
6' 6.81dd , 8.35 ,1.82 6.8 , 8.2  , 1.8 6.79 , 8.1  , 1.8 6.80 , 8.0  ,  2.0 

M2-1H-NMR spectral data measured at 400MHz in CD3DO 
[41]-1H-NMR spectral data measured at 400 MHz in CD3DO 
[42]-1H-NMR spectral data measured at 300 MHz in CD3DO 
[43]-1H-NMR spectral data measured at 300 MHz in CD3DO 
 
 

 The 13C-NMR of this compound had exhibited fifteen signals representing fifteen  

carbon skeleton , including  one secondary  carbon δC 29.15 ppm assigned to C-4  as in  

DEPT technique ,showed in figure (14) where there were five non-substituted aromatic  

carbon signal  at δC 96.5 representing  carbon C-6 and signal at δC 95.96 assigned to 

carbon C-8 and signal at δC 115.3 related to carbon C-2' and signal at 116.0 assigned to 

C-5'and signal at δC 119.45 assigned to C-6', the flavonoid  ring junction  appeared        

at δC 157.25 and 100.17 ppm for carbon  C-9 and C-10 respectively, other aromatic  

carbon attached to hydroxyl  group appeared at  C-5, C-7, C-3' , and  C-4' at δC  157.48, 

157.82 ,145.82 and 145.67 ppm respectively  the quaternary aromatic  carbon appeared  

as C-1' at δC 132.209 ppm and the tertiary carbon at δC 79.78 ppm assigned to C-2 and 

another tertiary carbon attached to hydroxyl group  appeared at δC 67.39 ppm assigned to 

C-3 ,  the table (15) also determine a comparison  of carbon  resonances  of isolated 

flavonol  with the literature data of Epicatechin [44],[45],[46] ,figure (4) illustrated  ring 

system by 13C-NMR. 
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Figure (3): Data Volume of Rin System by 13C-NMR Compound M2 

  

Table (15): 13 C-NMR Spectra of Compound M2 and Epicatechin 

No. of C δCM2ppm δCppm[44]  δCppm[45]  δCppm[46]  

2 79.78  79.8  79.8 78.31  
3  67.39  67.4  67.4 65.19  
4  29.151  29.2  29.2 28.47  
5  157.48  157.6  157.6 156.79  
6  96.508  96.4  96.4 95.36  
7  157.82  157.9  157.9 156.47  
8  95.96  95.9  95.8 94.38  
9  157.25  157.3  157.3 156.03  
10  100.17  100.1  100.1 98.79  
1' 132.209  132.3  132.2 130.9  
2'  115.33  115.3  115.3 115.12  
3' 145.82  145.9  145.9 144.66  
4' 145.67  145.7  145.7 144.73  
5' 116.00  115.9  115.9 115.06  
6'  119.45  119.4  119.7 118.27  

           M1-13C-NMR spectral data measured at 100 MHz in CD3DO 
             [44]-13C-NMR spectral data measured at 100 MHz in CD3DO 
             [45]-13C-NMR spectral data measured at 100 MHz in CD3DO 
             [46]-13C-NMR spectral data measured at 125MHz in DMSO-d6 
 
 
However the carbon signals at δC 96.5 ppm and δC 95.96 ppm corroborated  a direct 

connectivity with proton signals δH 5.93 ppm and δH 5.96 ppm in the HMQC spectrum 

respectively and   δC 115.33  ppm and δC 116.0 ppm  corroborated  a direct connectivity 

with proton signals δH 6.97 ppm and δH 6.76 ppm respectively. 

Table (16) and fig. (15) Showing correlation HMQC. 
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Table (16): Correlation  HMQC of Compound M2 

1H-NMR   ppm 13C-NMR  ppm 
2.74dd, 2.83dd (29.15) C-4 

4.18 brs (67.39) C-3 
4.81 brs  (79.78) C-2 
5.93d (95.96) C-8 
5.96d (96.50) C-6 
6.76d (116.00) C-5' 
6.81dd (119.45) C-6' 
6.97d (115.33) C-2' 

 

The mass spectrum of compound M2 displayed a molecular ion peak   at m/z = 290 in 

agreement with molecular formula C15H14O6    cleavage of bonds 1,2 and 3,4 produce 

fragment ion m/z = 139 and m/z =152  the fragment ion m/z =152 by losing HCO* to 

give  fragment ion   m/z =123 as showed in scheme (6). 

Table (17): Mass Fragmentation of Compound M1 

Mass m/z Abundance % 

139 100 
123 49.10 
152 32.5 
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Scheme (6):  Mass Fagmentation of Compound M2 
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The 1H-NMR and 13C-NMR spectrums confirmed that isolated compound M2 was 

(Epicatechin). 

 

 

Figure (4): Structure of Compound M2 (Epicatechin) 

 

 

 

Figure (5): 3D Structure of Compound M2  
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Scheme (7): Mass Fragmentation of Compound M3 
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Appendix  
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Figure 11 : HMQC Correlation of Compound M1



Figure(11): M
ass Spectrum

 of C
om
pound M

1



Figure(12) : H
-N
M
R
 Spectrum

 of C
om
pound M

2





Figure (14) : D
EPT Spectrum

 of  C
om
pound M

2 





Figure(16):  M
ass Spectrum

 of C
om
pound M

2





Figure (18):  C
-N
M
R
 Spectrum

 of C
om
pound M

3



40.267
39.986
39.708
39.430
39.151
38.872
38.597

Figure(19): D
EPT Spectrum

 of C
om
pound M

3



Figure (20):  M
ass Spectrum

 O
f C
om
pound M

3



AI-Azhar Univ-Mycol.Center 

Data: EP"BY1.D01 
Sample : Drl M. Eriby 
10 : 1 
Sample Amou:!1t : 0 
Dilution Factor : 0 
Type : rJnknown 
Operator 
Vial No. : 0 
Barcode 

TIC 400000000 

5 "'0 15 20 25 30 35 40 45 50 

Mycology Center-Azhr Univ 
1-1 



10 

I 

397943396 

AI-Azhar Univ-Mycol.Center 

Data: ERIBY2.D02 
Sample : Dr/ M. Eriby 

: Sample 2
 
Sample AmouClt : 0
 
Dilution Factor : 0
 
Type : Unknown
 
Operator
 
Vial No. : 0
 
Barcode
 

i-~----.._-_. -_.-

45
 9 10
1
 111213
 
--r-..-,-'-.--' 

5 10 15 20 25 30 35 40
 

Mycology Center-Azhr Univ 
1-1
 

45 



 

  

  

 

References  



 

63 
 

References  
 

[1] I. H. H. Hamad H. Hasan, Mariam. H. Gonaid and Mojahidul Islam, J. Nat. Prod. 

Plant Resour 2011, 1, 15-23. 

[2] T. M. Bijen KIVÇAK, Hatice ERTABAKLAR,. Cüneyt BALCIOGLU, Seray 

ÖZENSOY TÖZ, Türkiye Parazitoloji Dergisi 2009, 33, 114-115. 

[3] B. K. Hatice ERTABAKLAR, Tuba MERT , Seray ÖZENSOY TÖZ, Türkiye 

Parazitoloji Dergisi 2009, 33, 263-265. 

[4] L. Barros, A. M. Carvalho, J. S. Morais, I. C. F. R. Ferreira, Food Chemistry 

2010, 120, 247-254. 

[5] A. Pabuçcuoğlu, B. Kivçak, M. Baş, T. Mert, Fitoterapia 2003, 74, 597-599. 

[6] S. Mariotto, E. Esposito, R. Di Paola, A. Ciampa, E. Mazzon, A. C. de Prati, E. 

Darra, S. Vincenzi, G. Cucinotta, R. Caminiti, H. Suzuki, S. Cuzzocrea, 

Pharmacological Research 2008, 57, 110-124. 

[7] M. El Haouari, J. J. López, H. Mekhfi, J. A. Rosado, G. M. Salido, Journal of 

Ethnopharmacology 2007, 113, 325-331. 

[8] J.-H. El-Hilaly, M. - Lyoussi, B, Journal of Ethnopharmacology 2003, 86, 149-

158. 

[9] H.-H. Jouad, M. - Rhiouani, H. - El Hilaly, J. - Eddouks, M, Journal of 

Ethnopharmacology 2001, 77, 175-182. 

[10] A.-L. Ziyyat, A. - Mekhfi, A. - Dassouli, A. - Serhrouchni, M. - Benjelloun, W., 

Journal of Ethnopharmacology 1997, 58, 45-54. 

[11] L.-L. R. Cornara, A. - Marsili, S. - Mariotti, M, Journal of Ethnopharmacology 

2009, 125, 16-30 

 

[12] M.-C. Leonti, L. - Sanna, F. - Bonsignore, L, Journal of Ethnopharmacology 

2009, 121 

255-267. 

[13] M.-S. Novais, I. - Mendesa, S. - Pinto-Gomes, C., Journal of Ethnopharmacology 

2004, 93, 183-195. 

[14] R. E. H. E, E. D. P. D, W. L. R. L, 1952, 41, 561-565. 



 

64 
 

[15] S. Serçe, M. Özgen, A. A. Torun, S. Ercişli, Journal of Food Composition and 

Analysis 2010, 23, 619-623. 

[16] K. Tawaha, F. Q. Alali, M. Gharaibeh, M. Mohammad, T. El-Elimat, Food 

Chemistry 2007, 104, 1372-1378. 

[17] F. P. Robinson Jr, H. Martel, Phytochemistry 1970, 9, 907-909. 

[18] F. P. Robinson Jr, T. N. McCaig, Phytochemistry 1971, 10, 3307-3308. 

[19] E. J. Carcache-Blanco, M. Cuendet, E. J. Park‡, B.-N. Su§, J. F. Rivero-Cruz, N. 

R. Farnsworth, J. M. Pezzuto¶, A. Douglas Kinghorn§, Natural Product Research 

2006, 20, 327-334. 

[20] G. A. Karikas, M. R. Euerby, R. D. Waigh, Planta Med 1987, 53, 223-224. 

[21] M. Z. B. M.K.sakar, I.Calis. , Fitoterapia. 1991, 12, 176-177. 

[22] A. Fiorentino, S. Castaldi, B. D'Abrosca, A. Natale, A. Carfora, A. Messere, P. 

Monaco, Biochemical Systematics and Ecology 2007, 35, 809-811. 

[23] J. C. Dauguet, Foucher,J.P, Plant.Med.Phytother 1982, 16, 185-191. 

[24] K. Pallauf, J. C. Rivas-Gonzalo, M. D. del Castillo, M. P. Cano, S. de Pascual-

Teresa, Journal of Food Composition and Analysis 2008, 21, 273-281. 

[25] N. D. M.A. DIB, H. ALLALI and B. TABTI, Asian Journal of Chemistry 2010, 

22, 4045-4053. 

[26] C. g. Maccarone.Emanuele, passerini.Amedeo, Rapisarda.Paolo, Ann.Chim 1990, 

80, 171-176. 

[27] E. Davini, P. Esposito, C. Iavarone, C. Trogolo, Phytochemistry 1981, 20, 1583-

1585. 

[28] S. E. shatshat, International Journal of  Human Geography & Environmental 

Studies 2009, 1, 20-22. 

[29] F. A. E. A. Z. Z. Ikram M. Said, Journal of Tropical Medicinal Plants 1999, 1, 1. 

[30] M. a. K. Hickey, C., 100 familes of flowering plant, Cambridege university press, 

London, 1981. 

[31] L. a. L. Benson, J. D., plant classification D.C.Heath and company, Lexington, 

1979. 

[32] M. A. Diba, J. Paolini, M. Bendahou, L. Varesi, H. Allali, J. M. Desjobert, B. 

Tabti, J. Costa, Nat Prod Commun 2010, 5, 1085-1090. 

[33] M. R. C. Mohammad .M. R , Partha Saha, M. H. Chowdhury, S. M. Estiar 

Haque, Md. Saddam Nawaz, International Journal of Biosciences 2012, 2, 74-80. 



 

65 
 

[34] M. M. H. Md. Ahsanul Haque, Atanu Das, Bilkis Begum,, M. Y. A. a. H. 

Morshed, Journal of Applied Pharmaceutical Science 2012, 2, 79-83. 

[35] S. R. VENKATACHALAPATHI S, International Journal of Pharmacy and 

Pharmaceutical Sciences 2012, 4, 405-408. 

[36] W. T. a. O. Theanphong, Thai J. Pharm. Sci. 2007, 31, 1-8. 

[37] H. U. S. Md. E.Haque, A.U. Mohamad,H. Rahman, AKM. Islam and M. 

S.Hossain, Dhaka Univ. J. Pharm. Sci 2006, 5, 53-57. 

[38] M. H.-o.-R. A.H.M. Khurshid Alam , Md. Aziz Abdur Rahman , Abdullahil Baki 

and M. Golam Sadik, Pakistan Journal of Biological Sciences 2002, 5, 1264-

1266. 

[39] H. H. Mouffok S., Lavaud C., Long C., Benkhaled M, Rec. Nat. Prod. 2012, 6, 

292-295. 

[40] T. C. d. Carvalho, A. M. Polizeli, I. C. C. Turatti, M. E. Severiano, C. E. d. 

Carvalho, S. R. Ambrósio, A. E. M. Crotti, U. S. d. Figueiredo, P. C. Vieira, N. 

A. J. C. Furtado, Molecules 2010, 15, 6140-6151. 

[41] A. L. Q. A. Galotta, M. A. D. Boaventura, L. A. R. S. Lima, Química Nova 2008, 

31, 1427-1430. 

[42] E. Y. Tânia Mara ANTONELLI USHIROBIRA , Leila Mariko UEMURA , 

Celso Vataru NAKAMURA ,Benedito Prado DIAS FILHO  and João Carlos 

PALAZZO DE MELLO, Latin American Journal of Pharmacy 2007, 26, 5-9. 

[43] R. B. M. Luciano da Silva Lopes, Heliana Barros Fernandes, Sergio da Silva 

Pereira,, M. H. C. a. F. R. A. Mariane CC Ayres, Journal of Biomedical Science 

2012, 19, 68. 

[44] W.-L. K. e. a, J Chin Med 2007, 18, 27-36. 

[45] H. Schroeter, C. Heiss, J. Balzer, P. Kleinbongard, C. L. Keen, N. K. Hollenberg, 

H. Sies, C. Kwik-Uribe, H. H. Schmitz, M. Kelm, Proceedings of the National 

Academy of Sciences of the United States of America 2006, 103, 1024-1029. 

[46] G. A. M. a. S. R. M. Ibrahim, ARKIVOC 2007, xv, 281-291. 

[47] I. L. Qiu Cui, Gareth Westler, Brendan Hodis, Mark E. Anderson, John L. 

Madison MetabolomicsMarkley, 2013,11, 27-28. 

 

 

 




