lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

FREPTES JEIPPILIN ooy
“ '

” s
it
L
C,
"“"M‘

af

i i}

L 4

L

il
d 19

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




SNV

i il it el At
@ ASUNET
FREPTES JEIPPILIN ooy

Sl (el lin) b
ok 551y (oo ST Gusigad
i

Wlaeetig bl gul i gl DALY ol ot il ot
i Gl 599 i) i Gl @ il O3 (o

-----

llllllllll
llllllllllll

ettty | i ) G| A
@ ASUNET

Ol e
shiid] ol daoad) g@l 58 0ad Basi

/——m. 4 n

=X

dDW‘DW‘DW—-‘DW—-‘Dﬂ-m—-‘ﬂW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW‘DW‘DW‘DW‘DW‘DW‘DW‘OH

AN AN AN N N AN NNt




g
§
{
§
§
§
{
§
;}
§
{
{
§
§
{
§
§
§

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)@o,.-)@(..m—
OIS IEHEATATOSHOH

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%é
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
]

i ol b |
@ ASUNET

FREPTES JEIPPILIN ooy

op)égc-op)&m.—)@(qo-—)@(qcp)@&-c.—)@qo-—)@(qnp)@(—.w—)@(qop)@(qop)@l(o,..-)@(qo.-

A

NN NN NN AN NS NN TAE

DélDé‘Dé‘lDéloélnﬂé‘lDé‘lDé‘Déloéloé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘D'




Ain Shams University
Faculty of Science
Chemistry Department

Optimization of Silymarin Extraction and Recovery of Value Added
Products from Silybum mariaum L. Growing in Egypt
A Thesis Submitted for the Degree of Ph.D. of Science

In
(Organic Chemistry)

Presented by
Sherin Kamal Mohamed Ali

Under the Supervision of
Prof. Dr. Mohamed Ali Hassan
Professor of Organic Chemistry
Chemistry Department, Faculty of Science, Ain Shams University
Prof. Dr. Ali Khalil Ali
Professor of Organic Chemistry
Chemistry Department, Faculty of Science, Ain Shams University
Prof. Dr. Nahla S. Abdel-Azim
Chemistry of Medicinal Plants Department, National Research Centre
Prof. Dr. Faiza Hammouda
Chemistry of Medicinal Plants Department, National Research Centre
To

Department of Chemistry
Faculty of Science
Ain Shams University
(2020)






Ain Shams University
Faculty of Science
Chemistry Department

APPROVAL SHEET FOR SUBMISSION

Thesis Title: Optimization of Silymarin Extraction and Recovery of Value

Added Products from Silybum mariaum L. Growing in Egypt

Name of candidate: Sherin Kamal Mohammed Ali

This thesis has been approved for submission by the supervisors:

1-Prof. Dr. Mohamed Ali Hassan

4. Prof. Dr. Faiza Hammouda
S gNAtULE: ...ttt e

Head of Chemistry Department

Prof. Dr. Ayman Ayoub Abdel-Shafi






List of Contents

Contents Page No.
LiSt Of PUBHCALIONS. ..o
1 REVIEW OF LITEratUre.....cveveiiiiiieeieiiiieiees e 1
1.1 Taxonomy, Description and DiStribUtion...........cccccevveienienieienieneene 1
1.2 Traditional Uses of Silybum marianum L.........ccccoocviviiiiniininnincceeen 3
1.3 Evidence Based Medicinal Uses of Silbum marianum L..............c......... 8
1.4 Chemical Constituents of Silybum marianum L............ccccccovveveiiennnenne. 9
LLA.LSERAS. ... 10
LA 2FIOWES. ...ttt bbbttt bbb 10
LL4.3 HEID o 11
1.4.4 Fixed Oil from Silybum marianum L. Seeds..........c.ccceevevvererieernennnn, 25
1.5 Nutritive Value of Silypbum marianum L. Seeds and Oil...................... 26
1.6 Pharmacological and Biological ACtiVIties............cccceriniiinieiinnnnnn 28
1.6.1 Silymarin and Liver DIiSOIerS........cccuvrererinieieieie e 28
1.6.1.3 HEPALITIS. ..ot 29
1.6.2  Anti-0Xidant ACHVILY.......c.cccveieiieiiee e 30
1.6.3 Anti-inflammatory ACtiVity.........ccccccevvveiiiieiieceece e 32
1.6.4 Immunomodulatory ACHVILY.........ccceieriiiiiiniiieiese e 33
1.6.5 Hypocholesterolaemic ACtIVILY.........cccooeriviiiveieiiere e, 33
1.6.6  ANL-CANCEr ACHIVILY....c.ooiieiiie e 34
1.6.7  NeuroproteCtive ACHVILY.......ccccceiiiiiiiiiiee e 36



1.6.8 ANti-diabetic ACHVILY.......coiieiiiii e, 36

1.6.9 Curing Female Problems...........ccoiiiiiiiniieiesieneee e 36
1.7 Pharmaceutical Products from Silybum marianum L............c.cccceuenee. 36
1.8 Non-Medical Applications of Silybum marianum L..........cccccoevverunnnee. 44

1.8.1 HUMAN NULFTTION. ....ciiiiiiiiiicccee e 44

1.8.2 ANIMal NULITION. ..o 44

1.8.3 COSMELIC INAUSLIY....ccoveiiiiecieecie e 45

1.8.4 Other APPlICALIONS........ccviieiiecie e 45

2 Cultivation of Silybum marianum L...........cccovvevieeiiiieie e 46

2.1 LOCAEION. ...ttt 46

2.2 CUltIVAtION PraCtiCeS..........coiiiiiieiieiieieiei e 47

2.3 Crop HarveStiNG........coveiiiie e 47

3 RESUILS & DISCUSSION......eviiiiiieiiaiisieieie sttt 49

3.1 Chemical Studies on Silybum marianum L. Seeds.............ccocvrvrvrnnnns 49
3.1.1 Extraction of Qil from Silybum marianum L. Seeds...........cc.ccccuernrneen. 49
3.1.2 Extraction of Silymarin from Silybum marianum L. Seeds.................. 56
3.2 Investigation of Silybum mariunm L. Leaves..........cccccccevvverviiereennenne 69
3.2.1 Preliminary Phytochemical SCreening.........ccccoccevvveveevieseesn s 69
3.2.2 Determination of Phenolic Acids and Flavonoids Content of Silybum
MAFTUNM L. LEAVES. ...ttt 70
3.2.3 Nutrient Compostion of Silybum mariunm L. Leaves.............c.ccoce...... 74

3.2.4 Determination of Silymarin Content in the Leaves of Silybum
marianum L. during Different Growth Stages..........cccoovveniiienininninicenn 79



3.2.5 Isolation and Characterization of the Main Chemical Constituents from
the Leaves of Silybum mariunm L. 83

3.3 Biological ACHIVILIES........ceiiiieieiiesieie e 135
3.3.1 Evaluation of Anti-inflammatory Activity of Silybum mariaunm L...135
3.3.2 Evaluation of the Anti-cancer Activity of Silybum mariaunm L......... 137
3.3.3 Evaluation of the Anti-microbial Activity of Silybum mariaunm L.. 138

3.3.4 Docking Studies of Biologically Active Substances from Silybum

marianum L. with Anti-oxidant and Anti-inflammatory Pathways.............. 140
4 EXPErIMENTAL ..ot 148
4.1 Materials, Apparatus and Techniques for Chemical Studies............... 148
4.2.1 Extraction of Oil from Silybum marianum L. Seeds.............ccccovennenne. 153
4.2.2 Extraction of Silymarin from Silybum marianum L. Seeds................. 156
4.3 Chemical Studies on Silybum marianum L. Leaves.........ccc.ccocevvennene 161
4.3.1 Phytochemical SCreening..........cceovereieieninieieese e, 161
4.3.2 Determination of Phenolic Acids and Flavonoids Content of Silybum
MAFTUNM L. LEAVES......iiiieiieiieee ettt bbb 161
4.3.3 Nutrient Compostion of Silybum mariunm L. Leaves...........c..cccceueue.. 163

4.3.4 Determination of Silymarin Content in Silybum marianum L. Leaves
during different growth Stages.........coeveiieiieie s 164

4.3.5 Isolation and Characterization of the Main Active Constituents of
Silybum marianum L. LEAVES.........ccecvueiieiiee et 165

4.4 Materials and Apparatus for Evaluation of Biological Activities....... 167

4.5 Evaluation of the Anti-inflammatory ACtivity............ccocovvvivninininnn, 169



4.5.1 Inhibition of LPS-Induced Nitric Oxide Release in RAW 264.7

MacCrophage Cell...... ..o e 169
4.5.2 PrOCEUUIE. ..ottt 170
4.6  Evaluation for Cancer Chemoprevention.........c.cccocvevveveeneesesvesnennn 171
4.6.1 Induction of the Chemopreventive Marker NQOL1............cccccevvrennene. 171
4.6.2 PrOCEUUIE. ..ottt 172
4.6.3 Anti-Microbial ACHIVILY.........cooviiiiiiiiiie e 175
4.6.4 Docking Studies of Biologically Active Substances from Silybum
marianum L. with Anti-oxidant and Anti-inflammatory Pathways.............. 176
5 PIOQUCTS.....ctieieiiieee e 179
General SUMMANY........ccov it 175
ReCOMMENUALIONS. ......cceiiiiis e 182
RETEIBNCES. ... s 184
ATaDIC SUMMAIY ...



List of Figures

Figure (1.a): Field preparation and cultivation practices of S. marianum L. 48

Figure (1.b): Mature flower of cultivated S. marianum L. ready for
0 L1 11T USRS 48

Figure (2): GC/MS chromatograms of Silybum marianum L. fatty acids
obtainNed DY COIA PreSS.......viveiiieieciece e 54

Figure (3): GC/MS chromatograms of Silybum marianum L. fatty acids
obtained by solvent eXraCtion ...........cccccveeiiereiie s 54

Figure (4): GC/MS chromatograms of Silybum marianum L. fatty acids

obtained by ultrasonic-assisted eXtraction ...........ccccccevviveiveiesieseese e, 54
Figure (5): HPLC chromatogram of standard silymarin (Sigma Co.) .......... 59
Figure (6): HPLC chromatogram of silymarin by acetonitrle ...................... 59
Figure (7): HPLC chromatogram of silymarin by ethyl acetate ................... 59
Figure (8): HPLC chromatogram of silymarin by methanol ...................... 59
Figure (9): HPLC chromatogram of standard silymarin (Sigma Co.) .......... 62
Figure (10): HPLC chromatogram of sample (1) .....cccccoeevenininenienieniee, 62
Figure (11): HPLC chromatogram of sample (2) ......ccccoeevenininieniniienieen, 62

Figure (12): HPLC chromatogram of standard silymarin (Sigma Co.) ........ 65

Figure (13): HPLC chromatogram of silymarin prepared from seeds
CUltIVAted 1N EQYPL ....ocireeeceeceee e 65

Figure (14): HPLC chromatogram of silymarin prepared from seeds obtained
TrOM GEIMANY .. ae e 65

Figure (15): HPLC Chromatogram of standard silymarin (Sigma Co.) ....... 68



Figure (16): HPLC Chromatogram of nano size seeds of Silybum marianum
L. (SAMPIE A).ee et 68

Figure (17): HPLC Chromatogram of normal size seeds of Silybum
marianum L. (SAMPIE B) .o 68

Figure (18): HPLC Chromatogram of chloroform: methanol (1:1) extract of
Silybum marianum L. [€AVES..........coiiiiiiii e 73

Figure (19): HPLC Chromatogram of standard compounds...............c......... 73
Figure (20): HPLC Chromatogram of standard silymarin (Sigma Co.) ....... 81

Figure (21): HPLC chromatogram of samples (1-3) representing the leaves
of Silybum marianum L. in three Stages........cccccvevveveerviie i 81

Figure (22): Flow chart showing extraction of pure compounds from

S.MArTUNM L. 1EAVES. ...t 84
Figure (23): "H-NMR spectrum of compound 1 in CDCls.......c..cco..oevvuncnn. 87
Figure (24): *C-NMR spectrum of compound 1 in CDCls.........c..ccoveveenece. 89
Figure (25): *H-NMR spectrum of compound 2 in CDCls.........ccccoovveene... 94
Figure (26): *C-NMR spectrum of compound 2 in CDCls.........coevveveenn.n.. 96
Figure (27): UV spectrum of compound 3..........ccooeveienineninnnieeeeee 102
Figure (28):'H-NMR spectrum of compound 3 in CDCls.......c..ccc.cevvene.. 103
Figure (29): *C-NMR spectrum of compound 3 in CDCls............cc.......... 105
Figure (30): UV spectrum of compound 4...........ccceevveveiieieeic e, 110
Figure (31): *H-NMR spectrum of compound 4 in CDCls.........c.coccvuuu..n 111
Figure (32): "*C-NMR spectrum of compound 4 in CDCI3...................... 113
Figure (33): UV spectrum of compound (5) .....ccccevverereninenininieeee 120
Figure (34): *H-NMR spectrum of compound 5 in CDCls.........c..coccvvuu.nc 121

Vi



