PEOPLE’S DEMOCRATIC REPUBLIC OF ALGERIA
MINISTRY OF HIGHER EDUCATION AND SCIENTIFIC RESEARCH
UNIVERSITY OF MSILA

FACULTY OF SCIENCES DOMAIN: SCIENCE OF MATTER
DEPARTMENT OF CHEMISTRY STREAM: CHEMISTRY

J\ S Livevevaenaens [eveveeennns MI::D;;mb OPTION: ORGANIC

Université Mohamed Boudiaf - Msila

Phytochemical investigation of the n-BuOH

extract of Scilla lingulata using LC-ESI/MS

technique, enriched with molecular docking
studies

Dissertation submitted to the department of chemistry for the fulfillment of Master degree in
Organic chemistry

Submitted by Supervised by
Ms BENRAMDANE Zeyneb Dr CHERIET Thamere

Publically defended before the following jury

M™ MERATATE Faiza MCB-University of Msila Chairperson
M" CHERIET Thamere MCA-University of Msila Supervisor
M™ MOHAMADI Sabrina MCB-University of Msila Examiner

2019-2020



Acknowledgments

Al praises and jﬁ)@ ée/onﬂ to the a/mijﬁfy Allah, who gave
me health, courage, s'fmnﬂfﬁ, and heart-felt enthusiasm to
carry out this work, and who has p/acep/ his riﬂﬁfeauy servants
at my service.

M@ Allah will give me J'ffenﬂfﬁ and increase me in the

énow[%@e that 9 need to confinue. . .

At the outset, 9 would like to express my p/ee/aeyf ﬂmﬁfu&/e to the head of the
Uepartment of Cﬁemiyl‘@ and his staff for their kindness, ﬁe//a, and for éei@
ﬂ/u/@y on &/o@ Specm/ fﬁanéyﬂo to all of my teachers, for whom 9 hold endless
respect, for their énaw/e&@mé/e lectures, ﬂm’/fmce, unfﬁ'ncﬁinﬂ encouragements,
frieces of advice, fratience, and for their frrecious time that 9 spent with them,

Thank you 4 bunch far the ﬁny fﬁinﬂy that cost a lof

I want to give my sincere apforeciation to my supervisor for his faith in my scien tific
m/mciﬁey, @ ﬂffowil/y me to work on this p@'ecz‘ under his mpem/iyian, 9am rea@
ﬂmfe/[u/ for your constant ﬂl/liﬁ[ﬂl’lce, valuable feedback and for lﬂejfaamﬁnﬂ to my
questions and queries so fromp @,

9 would also like fo thank fﬁejuw members }[mﬂ mmﬁ'nﬂ the manwcm’/Jf and fow

accepﬁ@ to discuss ﬁaney@ the work, Thank you fmﬂ enm’cﬁinﬂ this one with your
énow/e@eaé/e remarks,

%’nﬂ@, nowords of the world can convey my pmﬁum/ﬂmﬁfu/e and thankfulness
to whole my fam@ for their boundless support and motivation; in parﬁcu/m, my



Acknowledgments

beloved, pmﬂem‘y, 9 send all’ my /ove@ words to the yﬁﬂonﬂ ﬂﬂﬁ/ﬂb’ﬁf/ﬂ soul who fmgﬁf
me how to trust in Allak, believe in myyeé{ and in the havd work, my wonderful

mum® 9 love You from the bottom of my heart, this /Mmye is less than Your
mcm’ﬁ'cinﬂ and love, Dear dad, 9 would like to thank you fo:ﬂ ﬂiw'nﬂ me the ﬁm’ﬁ
upp to be foogﬁ and self-made. 9 am Meep@ ﬂmfefu/ to my sweetheart sister, for
éemﬂ ﬂ/uf@y @ my side. You are one of the  greatest jiﬁ‘y that 9 have.,

9 can never thank my ][ﬂm@ as much as 9 should like
S0, J'imp@ thank you all

To be ][m'iﬂ with all 0][ my ﬁﬂiemg' and /aeaﬁ/e, who know me
from near or far, 9 would like to tell ‘you, I am so jl"ﬂfeﬁl/ for

Your mﬁp(m‘ and. encomﬂ@emenf.

”T:f/e:ﬂy cﬁﬂ//e@i@ work needs fo J'eéée/%rﬁ' as well as

jui/ance and m/;/;orf” %ﬁt///



(Z-;E[e o« Lontents

List of abbreviations

List of tables
List of figures
List of schemes
General INtTOAUCTION ......eit ittt e e e e ettt et e e e e neeanns 1
RETEIENCE TISt ... 4
Chapter |
Literature survey
I.1. Hyacinthaceae and Asparagaceae families ................oooiiiiiiiiiiiiiii e, 5
I.2. Presentation of the genus Scilla .......... ..., 6
1.3. Traditional medicinal uses of SCilla ....... ... 7
1.4. Previous phytochemical investigation on Scilla species ..............cocooiiiiiiiiiiinn. 10
1.5. Biological activities review of Scilla SPeCIes ............coviiiiiiiiiii e 17
[.5.1. HOMOISOFIaVONOIMS. ... 18
[.5.2. BURAAIENONIAES ... 18
[.5.3. ALKAIOIAS ..o 19

NS (S (S 1Sl T PP 20



Chapter |1

Experimental part

About S. lingulata

I1.1. Description of the investigated plant ... 24
I1.2. Taxonomical identification of S. lingulata in plant kingdom ................................ 24
11.3. Why Scilla lingulata? ... ... e, 25
1.4, EXTraction PrOCEAUIE ... .o.uit ittt e e e e e et et 25
Phytochemical study
[1.5. Phytochemical StUAY .........coiriii e 26
[1.5.1. Plant material ... 26
11.5.2. Apparatus and chromatographic conditions for LC-ESI-MS/MS ...................... 26
1.5.3. MELNOU ... 26
Molecular docking simulation studies

[1.6. Molecular dOCKING ..o e e e e 27
16,1, IMAEETIAIS ..o 27
[1.6.2. MEENOU ... o 27
11.6.2.1. Data Preparation .........c.cooueiriirit it e 27

11.6.2.2. DOCKING ProCEAUIE .. ..ot 32

R ereNCE LISt ...t 33

Chapter |11

Results and discussions

Phytochemical study



[11.1. Structural elucidation of the detected compounds in n-BuOH extract of S. lingulata using

LC-ESI/MS TECANIGUE ... .ttt 34
O COMPOUNG L .o e 35

®  ComPOUNG 2 ..ottt e 38
CompPoUNd 3 ..o 41

O CompPOUNd 4 ...ttt 44

®  ComPOUNA 5 .ottt e 47

®  ComPOUNG 6 ...onniitiit e 50

©  COMPOUNG 7 ettt e e 53
Compound 8 ... e 56

O Compound O ....o.eiiiii e 59

o Compound 10 ..o e 62

Molecular docking studies

[11.2. ChOlINEStErase aCtIVILIES. ... . .uuettene ettt ettt e et e e 67
IIL2.1. Background. ........oooiniiii e e e 67
II1.2.2. Vina results Interpretation. .........uvuutiieiieit ettt eee e eeee e 67
I11.2.2.1. Re-docked reference ligands............ccooieiiiiiiiiiii e, 67
111.2.2.2. Binding affinities of the elucidated compounds into the chosen receptors...... 67
e AChE — Compounds INteractioNS. .......eeuueeneeentttetteate et eateereeaeeaaeanneennans 68
Deductive remarks. ... ..o 73
e BChE —Compounds INteractiONS. ........ueeeeentteitteateeitteateeieeaeeeireenneeaaeanans 75
Deductive remarks. ... ..o 79

1.3, Anti-inflammatory activities. ... ......oiuiiri i, 81
IIL3.1. Background...... ..o e 81
II1.3.2. Vina results Interpretation. .........ovuutiineieit it e e e e eeaae s 81
[11.3.2.1. Re-docked reference ligands..............ooooiiiiiiiiiiii e, 81
111.3.2.2. Binding affinities of the elucidated compounds into the chosen receptors...... 82

. (COX-1) — Compounds iNtEraCtioNS. .........eueerineterine et ettt eeeereaeereeeanaans 82
Deductive remarks. ..........ooui i 86

o (COX-2) —Compounds INtETaCtiONS. ... ...vvereneiriterenetetenteteneeateraeareeeanennns 86
Deductive remarks. ..........oouiii i 91

R I ENCE LISt . . e e e ettt e, 94



General CONCIUSION ...........c.c..ovii i
AABSETACE ... 97
RESUTNE ... e 98

99



ISt of /q66refviations

Unities
°C Degree Celsius
Da Dalton
GHz Gega Hertez
h Hours
Kcal Kilcalorie
M Mole per litre
mm Millimetre
mg Milligram
mL Millilitre
mM Millimole per litre
min Minute
nm Nanometre
nL Microlitre
pm Micromitre
pg Microgram
\V/ Volt
Other abbreviations
APG Angiosperm phylogeny group
AGS Human gastric adenocarcinoma cell line
AChE Acetylcholinoesterase
ATP-ase Adenosine triphosphatase (enzyme)
Ara Arabinose
Ac Acetyl
AD Alzheimer’s disease
n-BuOH Normal-Butanol
BFL 2-(1, I'-Biphenyl-4-yl) propanoic acid
BChE Butyrylcholinoesterase
COX-1/ COX-2 Cyclooxygenase 1/ 2
CDX ChemDraw exchange format
CHCL, Chlorform
CH;CN Acetonitrile
Cp Compound
C Carbon


https://www.rcsb.org/ligand/BFL

DCM
EtOH
EtOAc
ESI
ESI/MS
Gal

Gle
GNT

H

H,O
HZOZ
HUVECs
HRECs
1Cso

I.D

K (orK")
LC
LC-MS
M

Me
MeOH
m/z

Na (or Na")
NMR
NPX

o

OH

PDA
PDB
PDBQT
R

Rha

Ref.
Rotavap.
S.

Syn.

SDF
THA

tR
UV-Vis
UV-DAD
VDW
WEHI-164
Y

X.

2D

3D

Dichloromethan

Ethanol

Ethyl Acetate

Half maximal effective concentration
Electrospray ionisation

Electrospray ionisation source used in mass spectrometry
Galactose

Glucose

Galantamine

Hydrogen

Water

Hydrogen peroxyde

Human umbilical vein endothelial cells
Human retinal microvascular endothelial cells
Half maximal inhibitory concentration
Inner diameter

Potassium (ion form)

Liquid chromatography

Liquid chromatography coupled with mass spectrometry
Molecular weight

Methyl

Methanol

Mass to charge ratio

Sodium (ion form)

Nuclear magnetic resonance
Naproxen

Oxygen

Hydroxyl

Photodiode array detector

Protein data bank

Protein data bank, partial charge (Q) and atom type (T)
Radical

Rhamnose

Reference

Rotary evaporator

Scilla

Synonym

Stands for structure-data file

Tacrine

Retention time

Ultraviolet - visible

Ultraviolet — Diode array detector

Van der waals

Mouse fibrosarcoma cell line

Yield

Radical element

Two dimension

Three dimension



L T ables

S y
Table 11.1. Botanical systematiC taXONOmMY...........ouiuiiriit it 24
Table 11.2. Selected complexes for docking studies.............ooviiiiiiiiiiiiiii e, 32
[ -
| Chapter I11 |
Nt o e e s e s ok ek ek ek ek ek ke = = s = s = s = s ek ke ke ke k= k= = s J

Table I11.1. Top binding affinities of the isolated compounds to the receptors (AChE, BChE)....68
Table 111.2. Top binding affinities of the isolated compounds to the receptors (COX-1, 2)....... 82



1St of T;gures

(7T mmmimimimm o mmmimm s -
; Chapter I :
Figure 1.1. Geographic distribution map of Hyacinthaceae family (the native one, in green).
........................................................................................................................................................ 6

Figure 1.2. Different parts of Scillaplant.......... ..., 7

Figure 1.3. Photos 0f SOME SCIlla SPECIES........ccuiiiiiiiic e 10

Figure 1.4. Chemical structures of different compounds isolated from the bulbs of S. scilloides
(LING.) DIUCE. .. eeeee e e e e e e e e e 11
Figure 1.5 (A/B). Different oligoglycosides isolated from the bulbs of S. scilliodes (Lind.)
DU C . .ttt e e 12/13
Figure 1.6. Chemical structure of compounds isolated from the bulbs of S. nervosa (Burch.)
TS0 o 14

Figure 1.7 (A/B). Chemical composition of S. maritima L. bulbs................................. 15/16
Figure 1.8 (A/B). Alkaloids and other biochemical isolated from the bulbs of S. socialis
(BAK). . e 16/17
Figure 1.9. Polyphenols isolated from the bulbs and aerial part of S. bifoliaL...................... 17
Figure 1.10. Structure of SCIHIaPersiCONe. ..........oiirii e 18

e -
| |
; Chapter 11 -
Y mmm s s s s r S F EEE O EEE O EEE O EEE F EEE R EEE § EEE F EE F EE F EE F ME F MmN F EEE F EEE § M M EE § EEE § EEm f EEm f Emm f s 8 s o mm I
Figure 111, Scilla lingulata Poir..........c.oieiii e e, 24
Figure 11.2. Extraction procedure of S. lingulata to obtain the n-BuOH extract ..................... 25

Figure 11.3. 3D structure of the compounds Cp1 and Cp2 represented in ball and stick................ 27



Figure 11.4. 3D structure of the compounds Cp3—Cp6 represented in ball and stick............... 28

Figure I1.5. 3D structure of the compounds Cp7—Cp10 represented in ball and stick............... 29
Figure 11.6. 3D structures of AChE (at left) and BChE (at right) proteins in complex with their
standard INHIDIEOTS. ... e e 30
Figure 11.7. 3D structures of the isozymes COX-1 (at left) and COX-2 (at right) proteins in
complex with their standard inhibitors. ............oooviiiiii e 31
P R R iR EE T PR -
: Chapter I11
Phytochemical study

Figure 111.1. LC-ESI/MS chromatogram of n-BuOH extract of S. lingulata at 296nm............ 34
Figure 111.2. ESI/MS (+) spectrumof compound 1., 36
Figure 111.3. ESI/MS (-) spectrum of compound 1.............cooooiiiiiiiiiiiiiiiiiiieeee 37
Figure 111.4: Chemical structure of compound 1.........c.ooiiiiiiiiiii e, 37
Figure 111.5. ESI/MS (+) spectrum of compound 2.............cooiiiiiiiiiiii e, 39
Figure 111.6. ESI/MS (—) spectrum of compound 2............ccooiiiiiiiiiiiiiiii i, 40
Figure 111.7. Chemical structure of compound 2.............cooiiiiiiiiiii e 40
Figure 111.8. ESI/MS (+) spectrum of compound 3............cooiiiiiiiii e 42
Figure 111.9. ESI/MS (-) spectrum of compound 3............ccooiiiiiiiiiiiiiiiiiii e 43
Figure 111.10. Chemical structure of compound 3. 43
Figure 111.11. ESI/MS (+) spectrum of compound 4............coooiiiiiiiii e 45
Figure 111.12. ES/MS (-) spectrum of compound 4............ccoeiiiiniiiiiiiiiiiiiiaieaeneenenn, 46
Figure 111.13. Chemical structure of compound 4. 46
Figure 111.14. ESI/MS (+) spectrum of compound 5...........cooiiiiiiiiiiiie e 48
Figure 111.15. ESI/MS (-) spectrum of compound 5............coiiiiiiiiiiiiiiiiiiieeene, 49
Figure 111.16. Chemical structure of compound 5............c.cooiiiiiiiiiii e 49
Figure 111.17. ESI/MS (+) spectrum of compound 6............c.oovviiiiiiiiiiiiiiieieeeeeene 51
Figure 111.18. ESI/MS (-) spectrum of compound 6.............c.ooviiiiiiiiiiiiiiiiiiienennns, 52

Figure 111.19. Chemical structure of compound 6..............ooiiiiiiiiiii e 52



Figure 111.20.
Figure 111.21.
Figure 111.22.
Figure 111.23.
Figure 111.24.
Figure 111.25.
Figure 111.26.
Figure 111.27.
Figure 111.28.
Figure 111.29.
Figure 111.30.
Figure 111.31.
Figure 111.32.

ESI/MS (+) spectrum of compound 7..........ccooiiiiiiiiiiiieeeeeeae 54
ESI/MS (-) spectrum of compound 7..........cooiiiiiiiiiiiieeeieeeaa 55
Chemical structure of compound 7...........oooiiiiiiiii e 55
ESI/MS (+) spectrum of compound 8............cooiiiiiiiiiiii e 57
ESI/MS (-) spectrum of compound 8.............ccoviiiiiiiiiiiiiiiiiea 58
Chemical structure of compound 8............ccoiiiiiiiiii i 58
ESI/MS (+) spectrum of compound 9...........coooiiiiiiiii 60
ESI/MS (-) spectrum of compound 9.............cciiiiiiiiiiiiiiiiii 61
Chemical structure of compound ... 61
ESI/MS (+) spectrum of compound 10...........ccooiiiiiiiiiiiiiii e 63
ESI/MS (—) spectrum of compound 10............coooiiiiiiiiiiiiiiiieeaas 64
Chemical structure of compound 10.............cooiiiiii i 64
UV spectra of the detected compounds (from 1t0 10) ................ooeeenent. 65/66

Molecular docking simulation studies

Figure 111.33.
Figure 111.34.
Figure 111.35.
Figure 111.36.
Figure 111.37.
Figure 111.38.
Figure 111.39.
Figure 111.40.
Figure 111.41.
Figure 111.42.
Figure 111.43.
Figure 111.44.
Figure 111.45.
Figure 111.46.

2D view of the binding poses of GNT in AChE (A) and THA in BChE (B)........67

2D view of the binding poses of Cp1 and Cp2 in AChE enzyme.................... 69
2D view of the binding poses of Cp3 and Cp4 in AChE enzyme.................... 70
2D view of the binding poses of Cp5 and Cp6 in AChE enzyme.................... 71
2D view of the binding poses of Cp7 and Cp8 in AChE enzyme.................... 72
2D view of the binding poses of Cp9 and Cp10 in AChE enzyme................... 73
3D alignment of Cp10 inside the AChE (1QTI) pocket................ooiiiiinint. 74
Intra-molecular interactions of Cpl and Cp2 with BChE enzyme in 2D............ 75
Intra-molecular interactions of Cp3 and Cp4 with BChE enzyme in 2D............ 76
Intra-molecular interactions of Cp5 and Cp6 with BChE enzyme in 2D............ 77
Intra-molecular interactions of Cp7 and Cp8 with BChE enzyme in 2D............ 78
Intra-molecular interactions of Cp9 and Cp10 with BChE enzyme in 2D.......... 79
3D alignment of Cp8 inside the BChE (4BDS) pocket............ccooooeviiiinin. 80
2D view of the binding poses of BFL in COX-1 (C) and NPX in COX-2 (D)....... 81



Figure 111.47. 2D view of the binding poses of Cp1, Cp2, and Cp3 in COX-1 enzyme............ 83
Figure 111.48. 2D view of the binding poses of Cp4, Cp5, Cp6 and Cp7 in COX-1 enzyme......84

Figure 111.49. 2D view of the binding poses of Cp8, Cp9, and Cp10 in COX-1 enzyme.............85
Figure 111.50. 3D view of the binding poses of BFL and Cp4—Cp10 in COX-1 enzyme.......... 86
Figure I11.51. Intra-molecular interactions of compounds Cpl-Cp4 with COX-2 enzyme in
) 5 P 88
Figure 111.52. Intra-molecular interactions of compounds Cp5—Cp8 with COX-2 enzyme in
2D e 90
Figure 111.53. Intra-molecular interactions of Cp9 and Cp10 with COX-2 enzyme in 2D......... 91

Figure 111.54. 3D alignment of Cp10 inside the COX-2 (3Q7D) pocket...........c.ovvevieninnnn.. 92



ist OfS Chemes

P T -
: Chapter I11

Scheme I11.1. Fragmentation pathway of compound ..o, 38
Scheme 111.2. Fragmentation pathway of compound 2..............cooiiiiiiiiiiiiiieae, 41
Scheme 111.3. Fragmentation pathway of compound 3., 44
Scheme 111.4. Fragmentation pathway of compound 4.............ccooiiiiiiiiiiiiiiiiee, 47
Scheme 111.5. Fragmentation pathway of compound 5..............cooiiiiiii i, 50
Scheme 111.6. Fragmentation pathway of compound 6................ccoiiiiiiiiiiiiiiin.. 53
Scheme 111.7. Fragmentation pathway of compound 7..............ccooiiiiiiiiiiiie, 56
Scheme 111.8. Fragmentation pathway of compound 8.................ooiiiiiiiiiiiin., 59
Scheme 111.9. Fragmentation pathway of compound ..., 62

Scheme 111.10. Fragmentation pathway of compound 10................c.ocoiiiiiiiiiiinn... 65



General

Introduction



General introduction

From plants to medicine

ver the years, people from virtually all cultures used to treat their sickness through
traditional herbal remedies, which have been prescribed by folk healers. Their
knowledge in curing human sufferance has resulted from the daily practicing
medication using directly or indirectly medicinal plants as a miracle source of healing. Hence, this
sort of treating the human set was as old as humankind itself. After centuries of empirical uses of
herbal preparations, the first isolation of active principles alkaloids such as morphine, strychnine,
quinine..., etc. in the early 19" century marked a new era in the use of medicinal plants and the

beginning of modern medicinal plant research [1].
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Until now, huge varieties of medicinal plants continue to retain their historical significance as
important sources of novel compounds useful directly as medicinal agents, model compounds for
synthetic or semisynthetic structure modifications and optimizations, and as sources of inspiration
for new generation of synthetic drugs with potent effects. Some relevant examples are artemisinin,
from Artemisia annua (L.), which used for the treatment of malaria [2]. Structural modification of
the natural product artemisinin has resulted in a series of ether and ester analogues including
artemether and sodium artesunate respectively [3, 4], where the first one was clinically as effective
as quinine in the treatment of cerebral malaria [5]. Galantamine (trade name ReminyI®) is a natural
product isolated from Galanthus woronowii (Losinsk.), which was approved for the treatment of



General introduction

Alzheimer’s disease [6]. Barton and Kirby [7] were perfected the laboratory synthesis of this
valuable compound in the 1960s. Atropine, the chief alkaloid in Atropa belladonna (L.) roots [8],
has a derivative compound named Tiotropium (trade name Spiriva®) which was reported as a

treatment of chronic obstructive pulmonary disease [9, 10].

Broadly speaking, natural products and related structures are essential sources of new
pharmaceuticals, because of the immense variety of functionality relevant secondary metabolites
of plant species. The developments of powerful analytical tools in the 21% century such as high-
liquid chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry and the
availability of advanced in vitro screening methods greatly expedite identification and

characterization of these natural products, in particular, those of medicinal plants [11].

In the same context, hayacinthaceae family is one of the largest groups of bulbous plants, where
the species belonging to this family are traditionally used either for the prevention or for the
curative treatment of several diseases [12]. In Algeria, the traditional healers recommend a
decoction of Scilla (L.) against liver diseases, where the most widely used species is Scilla
maritima (syn. Drimia maritima, Urginea maritima) [13, 14]. More researches on Scilla species
have been revealed the presence of numerous classes of secondary metabolites including
homoisoflavonoids, alkaloids, terpenoids, and cardiac glycosides (bufadienolides), which are
involved in the pharmacological properties of this species in treating diverse illnesses [15]. In
2014, a potent homoisoflavonoid named cremastranone, isolated from Scilla natalensis, was
synthesized by Lee et al [16]. The anti-proliferation activities on the ocular disease relevant
endothelial cells such as HUVECs and HRECs were demonstrated, that the synthetic
cremastranone showed a potent inhibitor activity against those cell models. Thus, this result
indicated that synthetic homoisoflavonoid could be used as an anti-angiogenic in treating eye
diseases [16].

O OMe

‘ OH

Cremastranone
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From this perspective, our research work is focused on the phytochemical investigations of the
n-butanolic extract of the endemic Algerian plant [17] Scilla lingulata using LC-ESI/MS
technique. Besides, the identified compounds are enriched with molecular docking studies. This

study was planned to include the following chapters:

Chapter I Highlights

3 The botanical taxonomy of both Hayacinthaceae and Asparagaceae families according
to the APG classification. The taxonomical identification of Scilla genus within those
families

The traditional uses of Scilla species in treating several diseases

N

The main secondary metabolites that have been formerly identified in this genus with

L

their biological activities

Cliapter II Shows

3 The experimental technique that used to investigate phytochemically the n-butanolic
extract of scilla lingulata

The molecular docking protocols that operated to recognize in silico enzymatic

N

activities of the identified compounds

Chapter I11 Reveals

3 The subtle interpretations of the obtained ESI/MS and UV-Vis spectra which were
concluded by sketching the chemical structures of the identified molecules
3 The discussions of in silico inhibition mode of the tested compounds and it displays

an approach to the glycosylated flavonoids class in inhibiting target proteins.
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Chapter I Literature survey

1.1] Hyacinthaceae and Asparagaceae families

In 1981, Cronquist used to include most of the monocots (Angiosperm?) bearing showy flowers
with six tepals?, six stamens and trilocular superior ovary in Liliaceae. Since the studies of
Dahlgren et al. in 1985, the genera formerly classified under Liliaceae have been distributed
among many smaller families organized in two main orders: Asparagales and Liliales (in APG I,
I1 and I11) [1, 2]. Although Cronquist classification still in frequent use, it has become outdated
classification [3] compared to APG one. Thus, the two new families Hyacinthaceae and
Asparagaceae are recently highlighted by the APG classification where the first one was described
to comprise about 46 genera with 700-900 species [4] of bulbous plants [5] which are mainly
distributed through Europe, but most richly represented in Southern Africa and in a region from
Mediterranean sea to the South-west Asia, with a single genus in South America. This family is

best adapted to a fluctuating moist-arid climate [6-8] (Figure 1.1).

In the first phylogenetic classification named APG I in 1998, the Hyacinthaceae family was
listed as separate family within the order Asparagales [3], but it can be treated currently as
subfamily Scilloideae of Asparagaceae (in APG I11) [7]. Moreover, the Asparagaceae family of
the flowering monocot plant within the largest order Asparagales (in APG I11) [9], consists of
about 114 genera and about 2900 species [10], which is widely distributed through the world [11].

The plants of Asparagaceae family are perennial, bulbous or rhizomatous® herbs as well as
subshrubs, shrubs and sparingly branched trees, with leaves basally aggregated when stemless or
along stems, simple, alternate sometimes scale-like. The Inflorescences are borne terminally or
laterally and they are often scapose or bracteates (racemes, panicles, spikes, solitary flowers or
umbel-like), where flowers are bisexual or rarely unisexual, actinomorphic* or zygomorphic® with
free or fused perianth. Stamens filaments usually free or basally fused, sometimes attached to
perianth. Ovary superior or inferior; carpels fused, usually septal nectaries, the plants have a

capsule, berry, drupe or nut fruit where seeds are usually black or pale brown [11].

L A plant that have flowers and produce seeds enclosed within a carpel, including herbaceous plants, shrubs, grasses,
and most trees.

2 The outer parts of flower (perianth). The term tepal is used when these parts cannot be classified either sepal or petal

% Producing or proliferating by rhizome (a root like subterranean stem, commonly horizontal in position that usually
produces roots below and sends up shoots progressively from the upper surface).

4 An actinomorphic flower is a type of flower that possesses radial symmetry. Any type of cut through the center will
divide the flower into two equal parts.

°> When flowers are zygomorphic, they are only bilaterally symmetrical, meaning they can bisected into two halves,
forming mirror images only by a medial cut through the central axis.
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Figure 1.1. Geographic distribution map of Hyacinthaceae family (the native one, in green).

1.2| Presentation of the genus Scilla

The genus Scilla, comprises approximately 81 taxa (or species) [12] of bulb forming perennial
herbs belonging either to the Liliaceae family in the order Liliales according to Cronquist
classification or to the Asparagaceae family, subfamily Scilloideae in the order Asparagales
according to the APG 111 (2009). The main distribution areas are Europe (29%), Southern Africa
(42%), and Southwest Asia (24%) as native plant [13], and are scarce in North America (5%) as

cultivated plant [13, 14].

This genus is monocotyledonous herbaceous plants; the strap shaped leaves are produced from
oval or spherical bulbs (as storage organs) in the spring and are followed by the terminal racemes
(inflorescence) of pink, violet, blue, or white flowers with six petals, where tepals are single-veined
and are borne in two whorls with three tepals in each. Six stamens and three chambered pistils
with septal nectaries are located in the flowers; the fruit with seeds are in capsule [15, 16] (Figure
1.2).
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Figure 1.2. Different parts of Scilla plant.

Generally, the Scilla species live on limestone rocks, in grassland, open wood, grassy slopes
under shrubs, subalpine meadows, by streams, on rocky steppes and screes near permanent Snows
[17]. In Algeria, this genus is represented by five native species, which are S. anthericoides [18],

S. autumnalis, S. obtusifolia, S. numidica and S. lingulata [19].

1.3| Traditional medicinal uses of Scilla

Traditional or folk medicine is an ancient method of healing that practiced by more than 80%
of the world’s population to treat various diseases using plants as sources of conventional
medicaments [20]. Scilla species is one of oldest medicinal plants used by Romains (Southern
Europe) and Egyptians as heart stimulant and regulator of heartbeat [21]. Many herbal remedies,
which contain some Scilla species, are used to treat various lung diseases such as asthma, chronic
bronchitis and whooping cough. Chronic pain stemming from overstressed muscles ailments (as

fibromyalgia® ) can be treated by Scilla extracts [22].

% Is a chronic rheumatic disorder .1t is associated with widespread pain in the muscles and bones with general fatigue.
https://www.mayoclinic.org/diseases-conditions/fibromyalgia/symptoms-causes/syc-20354780
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According to vastly distribution of Hyacinthaceae family of bulbous plants in South Africa,
Scilla species have been widely used in African folk medicine by Zulu, Sotho and Tswana people
to treat different health problems [23]. From previous published studies on Scilla species (Figure
1.3), some of traditional medicine uses has been documented where we can listed some of their

uses here:

3 S.scilloides (Lind.) Druce: A perennial herb native to far Eastern Asia including Korea,
Japan and China. The bulb part has been historically used in traditional Chinese
medicine as an antidote, blood circulatory activator and as a treatment of dermal
inflammation such as abscess and dermatitis combustions [24].

L2

S. nervosa (Burch.) Jessop [Syn. S. rigidifolia Kunth, Schizocarphus nervosus
(Burch.) Van der Merwe], is the only most widespread plant of the genus Scilla in
Botswana (Southern Africa). It is an important medicinal plant to local people where
the bulbs have been used to treat nervous condition in children, dysentery and gastro-
intestinal ailments [25].They have also been used as analgesics against rheumatic fever
pains and as laxative for condition associated with infection and inflammation [26-28]
3 S.maritima L. [Syn. Uriginea maritima (L.) Baker, Drimia maritima (L.) Stearn], is
a native plant to the Mediterranean region, Africa and India. The bulbs have been used
traditionally to relieve joint pain when combined with oil [29, 30]. They are also applied
fresh (or dried) for the treatment of tumors and to heal neurological pains (such as
sciatica’), skin diseases (wound, edema and dermal fungus infection), heart diseases
(heart failure and fluid retention, cardio-tonic), chest ailments (bronchial asthma,
allergic cough ...), constipation, diabetes, renal diseases and rheumatic diseases [31,
32].

S. natalensis (Planch.) [Syn. S. Kraussii Bak.] [33]: This plant is widely distributed in

L2

South Africa occurring in Lesotho, Kwazulu-Natal [34], Swaziland, Eastern Free State
and Gauteng. It is one of the top ten most popular medicinal plants that have used to
treat various ailments including gastro-intestinal diseases (such as stomachache,
constipation and diarrhea), rheumatism, paralysis, sprains and fractures [35] and skin

diseases (eczema) [36].

3

S. maderensis Menezes: A vulnerable plant has purple bulbs, large green leaves with

brown-reddish spots, many very small flowers with blue-lilac perinath. It is endemic to

" Common type of pain affecting the sciatic nerve. Sciatica usually affects only one side of the lower body. Often, the
pain extends from the lower back all the way through the back of the thigh and down through the leg.
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the Portuguese Archipelago of Madeira. From the ethno-pharmacological® point of
view, this herb was originally used in Madeira to treat people suffering from erysipelas®
[36, 37].

3 S. bifolia (L.): A perennial plant herb native to Southern Europe and Asia Minor [38].
The bulbs have a medicinal uses to treat skin problems like healing wound or herniated
disc disease [39].

As we have already mentioned, several medicinal uses of Scilla species in traditional medicine
were reported since ancient time by various people in different part of the world to treat many
diseases. Nevertheless, Scilla has been reported to display negative effects such as diarrhea,
abdominal pain [16], emphysema®® and increased pulse rat which can be fetal [36] for human while

it is considered as toxic herb to sheep [16].

The presence of curative and poisoning side in the genus Scilla make the traditional knowledge
of healers become limited in folklore uses. So recently, many researchers posed the question of
how such medicinal or toxic effects can be explained. For that, several studies have focused on
various aspect related to the isolation, characterization and biological activities of different pure

compounds present in the genus Scilla or even its species where we will treat them in next section.

8 The study of the action and properties of medicinal agents, often derived from plants indigenous to population or
ethnic groups.

° It is a bacterial skin infection involving the super dermis.

101t is a lung condition that causes shortness of breath.
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Sttt scilloides:

Figure 1.3. Photos of some Scilla species.

14| Previous phytochemical investigation on Scilla species
Because of the therapeutic value of the bulbs, more researches on the phytochemistry of Scilla
species have been demonstrated the presence of different secondary metabolites such as alkaloids,

terpenoids, cardiac glycosides (bufadienolides) and homoisoflavonoids in this genus.

Extensive phytochemical investigations into the MeOH extract of fresh bulbs of S. scilloides
resulted in the isolation of nine homoisoflavones 1-9 specific to this plant, norlanostane-type
triterpenoids 10-15, lanostane-type triterpenoids 16, 17, xanthones 18-21, two homostilbenes 22,
23, a lignan 24, tow alkaloids 25, 26 (Figure 1.4), lanostane-type triterpenoids glycoside 27-29,
norlanostane-type triterpenoids glycosides 30-39 and phenylpropanoid glycoside 40 [40—49]
(Figure 1.5.A/B).

10
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Homoisoflavones Homostilbenes

R.O 0 og HO HO
| L ove Tl on
MeO R, ‘ R 7 O
OR, Me

OH O
1: R;=Me, R,= OH (Scillavone B) B 3 Ry OH
2: R;=R,=H (3.9-dihydroeucomnalin) 6: R, =OH. R,=Me (Scillavone A) 22: R=H .
3:R,;=H.R,=OH 7:R;j=Ry,=H 23: R= OMe (Scillabene A)

HO O OH HO
‘ - ‘ : HO Lignans
: e
iy O
MeO '

OH O _
4:R;=R,=H 8: R = H (Scillascillin) Ho—{H
5:R,= OMe . R,= OH 9: R = OH (2-hydroxyscillascillin) OMe
Norlanostane-type triterpenoids Lanostane-type triterpenoids 0 O:
. : OH
24: Pinoresinol
O
Alkaloids
OMe

Rl N
< “CH,0H
10: RIZ H._ R2: 2H- R3: CHJOH.
. 1;4:1;1 R R Mo R T 16: R,= B-OH. a-H (Scillascillol)
. =H. = s = e. = i _ . "
12: Ri: ’3_01%1_ Rzzzé, ! 17: Ry= O (Scillascillone) 25: O-methyllycorenine
R;=Me,R,=H 0 Xanthones
R, O R,
JOLICL,
HO O OH
R,

e

18: R;=OH. R,=OMe. R;=R.=H 26: Narciclasine
R4=Me (Griseoxanthone C)

19: R;= Me, R,=H., R;=Rs=OMe

R,=0H (Drimiopsin D)

R;=Me, R,=H. R;=OMe.R,=OH.Rs=H (Drimiopsin C)

20:
21: Ry=Me, R,=R;=R=H. R,=OH (Norlichexanthone)

8 14: R;= R,= H (15-Deoxoeucosterol)
CH,OR, 15: R,=R,= COMe

Figure 1.4. Chemical structures of different compounds isolated from the bulbs of
S. scilloides (Lind.) Druce.
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Oligoglycosides

Lanostane-type triterpenoids glycosides

OH OH 2 2
R0 27: R,=OH, R,=H, R;=4-D-Glc , R,= f-L-Rha (Scillasaponin B)

28: R;= R;=H, R,= OH, R, = #-L-Rha (Scillasaponin D)
29: R;=H, R,= OH. R3= Sug-1, R,=f-L-Rha (Scillanostaside E)

Norlanostane-type triterpenoids glycosides

30: R;=R,=Rs=H, Ry = -D-Gle,
R,= a-L-Rha (Scillascilloside E-1)

HO OH RHC CH,Rs
Ho’ﬁ/o - 31: R,=R,=H, R; = 8-D-Glc, R,= a-L-Ara
R30 Rs= OH (Scillascilloside E-2)

32: R1= R,=H. R;= -D-Glc. R,= a-L-Rha.
= OAc (Scillascilloside E-3)

o) , :
v 33: R;=R,= 0. R3=0Ac. R;= -D-Glc (Scillanostaside A)
HO - o 34: R;=R,= 2H, Ry=H, R,= Sug-1 (Scillascilloside G-1)
OH .. 35: R;= R,=2H. R;= H. R,= Sug-2 (Scillanostaside C)

12
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B
R,O : R;=R,=H, R;= Sug-3 (Scillanostaside H)
HO o : Ry=OH, R,=H, R3=Sug-4 (Scillanostaside I)
HO o] : R;=H, R,=0Ac, R3=Sug-5 (Scillanostaside L)
OH : R;=R,=H, R;=B-D-Gal (Scillascilloides B-1)
OH Ho OH
OH HO OH o) O
Sug-1: o O H% HO 3
HO o OH OH
HO OH *
OH OH p-D-Gal
H OH O (@] O
LO
Sug-2: HO o O
HO HO o
OH
o OH
OH

HO
Sllg-B:Hoﬁ/o Sug-4: HO ° 0 Sug-5: yo o ©
HO HO HO
O
o @]
N no 07"
HO
HO

OH OH

Figure 1.5 (A/B). Different oligoglycosides isolated from the bulbs of
S. scilloides (Lind.) Druce.

S. nervosa is a rich source of homoisoflavonoids which have been reported to display multiple
biological effects. An HPLC analysis on the MeOH extract of both yellow inter-bulb surface and
whole bulb of S. nervosa yielded twenty-one homoisoflavonoids 41-61 and three stilbenoids 62—
64 [26-38, 50, 51] (Figure 1.5).

13
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Homoisoflavonoids
R, Rs
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=
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- R]=R5=H, R'_)_=R.3=R7=OME, R4=R5=OH

h
[y

44: R;=R,~R4~OH, Ry-R;~R,—H, Re-OMe - 1 Ra~Rs7HL Ry™R,7OH, Re™R,=OMe
45: R,=R.=H. R,=R,~R ~OH. R;~OMe -f3‘ R,=Rs=R,=H, R,=R;=R,~OMe, Rc~OH
46: R1:R3:R5:R7:H, R2:R4:R6:OM8 54: R l:OH, R2:R4:R6:OMB, R3:R5:R7:H
47: R;=R;=R¢=H, R,=R~=OMe, R,=R,=OH  55: R;=Rs=R;,=H, R,=R;=Rs=OMe, R;=OH
48: R;=R;=Rs=R,=H, R,=R,=OMe, Rc=OH  56: R;=R,=R;=Rs= OMe, R4=R=R,=H

49: R;=R;=R,=Rs=R,=H, R,=R4,=OMe 57: R;=R,=R¢=OMe, R;=OH, R,=Rs=R,~H

R, o R,
W I Q0
OH O

58: R,=R;=OH, R,=OMe
59: R,=OH, R,=R;=OMe
60: R,=R;=OH, R,=H

61: R;=OMe, R,=H, R;=OH

Stilbenoids
OH
‘ OR
N & ¢
OR,

62: R1=H, R2=R3=Me
63: R1=Me, R2=R3=H
64: R,=R,=H, R,=Me

Figure 1.6. Chemical structures of compounds isolated from the bulbs of
S. nervosa (Burch.) Jessop.

Extensive work on different extracts of S. maritima (L.) bulbs lead to the isolation of numerous
bufadienolides 65-73 as main components of this plant, with various chemical structures [52, 53,
31], Some of them are illustrated in (Figure 1.7.A). Other biochemicals such as flavonoids 74-78
[54, 55], anthocyanins 79-81 [56], fatty acids 82—-84 and sterols 85-87 have been also identified
[57-59] (Figure 1.7.B).

14
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Bufadienolides
5: RIZ O!-L-Rh?l, REZMC. Sus-6: OH
R;-R?_‘=H (Proscﬂlandm A) HO/&/O
:Ry= Sug-6 HO o
R,=Me, R;-R,=H (Scillaren A) OH ’jSﬂ
: R;= -D-Glec, R,=Me, R;=0OAc, Hd OH
R,4=Rs=R;=H. Rs=0OH (Scilliroside)
: R;= a-L-Rha. R,=Me.R,= -OH,
R;=Rs-R;=H (Scillapheoside A)
: R;= Sug-6, R,=Me,
R,= p-OH. R;=Rs-R;=H (Glucoscillipheoside)
70: Rj= Sug-7. R,=Me, R3-R;=H (GlucoScillaren A)
O
O
N/ OH Sug-7:
O
OH [e)
O
OH Hmo
OH O
T
71: Ry= B-D-Glec, R,=R;=H, 73:Scillaridin A HO
R,4= CHO (Scillaren F)
72: R]_: ﬂ—D-GlC. Rzz OAC. R3:H.
R,= CHO (Scillicyanoside )
Flavonoids Anthocyanins

OH O

74: R;=H . R,=4-D-Glc. 77: R=4-D-Glc 79: R)= ﬂ-]?-Glc, R2=OH,R3=H
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Fatty acids
B OH (0]

MWO /\/\/\/\/\/\/\)JNOH

83: Palmitoliec acid

82: Lauric acid

OY\/\/\/\M/W
OH
84: Linolenic acid

Sterols

86: R= o-H (Campesterol )
87: R=H (Cholesterol)

85: Stigmasterol

Figure 1.7 (A/B). Chemical composition of S. maritima L. bulbs

In addition to the homoisoflavones, the NMR examination of the hydro-ethanolic extract
obtained from the bulbs of S. socialis (Baker) has resulted in the isolation of hyacinthacines 88—
98 where the genus Scilla is an especially rich source of these compounds, pyrrolidines 99, 100
and piperidines 101-103 [60]. The DCM and MeOH extracts of the bulb have yielded other
constituents such as polyhydroxylated difuran derivative 104, a sterol (stigmasterol) 85 and an
alcohol diterpenoid 105 [61] (Figure 1.8.A/B).

Alkaloids
A
R, R
MCD OH ) N OH Cb«OH
R; CH,0H R; CH,OH H;C CH,OH
88: Ry= $-OH. R»=H, Ry= o-CHj; 94: Ry=R,=H., R3= a-CHj 98
90: R;=R>=H, R3= a-CH(OH)CH,CH(OH)CH; 96: R;= -OH, R,=a-OH, R3= -CHj;
91: Ry= «-OH, Ry=H. R3= a-CH,OH 97: R{=R,=H. R3= o-(CH,),CH(OH)CH;
92: Rlz ﬂ'OH, REZH-. R3: ﬂ'CHS
93: Ry= @-OH. Ry= §-OH., R3= a-CH;
OH H
R CH,OH ~ N7NCH,0H 2
E R" X 2 H;C E CH,0OH
99: R=CH(OH)CH,(OH) 101: R=Me 103

100: R=(CH,),CH(OH)(CH,),CH(OH)CHj 102: R=FEt
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Other compounds

)

0]
Lo
0] o = )\/\/‘\/\M/\
HOH,C - OH
OH

HO 104: Polybotrin 105: Phytol

Figure 1.8 (A/B). Alkaloids and other biochemicals isolated from the bulbs of
S. socialis Bak.

HPLC and MS examination of extracts obtained from bulbs and aerial parts of S. bifolia (L.)

have yielded some of polyphenolic compounds 106-114 [62] (Figure 1.9).

OH OH
HO O O HO O ‘ HO
O O
OH OR
O

OH O OH O
106: Fisetin 107: R= B-D-Glc (Isoquercitin) 108: Myricetol
O o 0 HO__O
HO MeO .
:@/‘V'LOH e :@/‘\\\/LLOH WOH OH
HO HO HO
HO
109: Caffeic acid 110: Ferulic acid 111: p-Coumaric acid ~ 112: Gentisic acid
HO, [OOH
é\ 0 OH O
. HO_ - OH
15O NOH
OH 0O O
OH = OH
. . - OH 0
113: Chlorogenic acid 114: Caf'taric acid

Figure 1.9. Polyphenols isolated from the bulbs and aerial part of S. bifolia L.

1.5 Biological activities review of Scilla species
Phytochemical studies on Scilla species revealed the presence of main biochemicals including
homoisoflavonoids, bufadienolides and some types of alkaloids. Herein, many investigations of

the biological activities are associated to these compounds.
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I.5.1| Homoisoflavonoids
Homoisoflavonoids have been reported to show a wide range of biological properties including
antimicrobial, antimutagenic, antioxidant, immunomodulatory, anti-diabetic, cytotoxic,
antiangiogenic, vasorelaxant and anti-inflammatory effects. In addition, homoisoflavonoids were
reported to inhibit protein tyrosine kinase and showed estrogenic and anti-estrogenic activities [63]

some examples will be discussed here:

A homoisoflavonoid named Scillapersicone (Figure 1.10) was isolated from S. persica
HAUSSKN, showed significant in vitro cytotoxic activity with ICso values of 25 and 28 puM
against AGS and WEHI-164 cells [64]. Antimicrobial activity of CHCI3 and EtOAc extracts of
the plant bulb exhibited an efficient in vitro action on Escherichia coli, Staphylococcus aureus and
Bacillus cereus [65] which lead the research team to think that the presence of this class of

flavonoids is probably responsible of this activity [66].
OH
MeO 0 OH
‘ x g OH
OMe O

Figure 1.10. Structure of Scillapersicone.

Significantly, high anti-inflammatory activity (inhibition of prostaglandin synthesis >70% in
microsomal cell fractions) and selective inhibitory activity on COX-1 enzyme [67] were observed

for homoisoflavonoids isolated from S. natalensis [68], S. scilloides and S. nervosa.

Antioxidant examination of nine homoisoflavonoids isolated from S. scilloides resulted in
showing higher activities of compounds 1-3, 5 and 7 in DPPH test while ECsp values indicate that
compound 3 displayed a potent antioxidant activity with ECso value of 8.1uM .In H20O scavenging
assay, compounds 1-3, 5-7 showed 85.4-99.3% of high activity [69].

1.5.2 | Bufadienolides
Bufadienolides have been reported to be functioned as cardiotonic, blood pressure stimulant
and also to have antineoplastic activity [70]. Scillaren A 66 and proscillaridin A 65 are the major

glycosides found in the bulbs of S. maritima, S. indica Baker [71] and S. maderensis [37].

18
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In vitro study on isolated pulmonary artery of rabbit, showed that the extract of S. maritima has
a quite clear positive inotropic effect’* resulted from blocking Na*/K*-ATPase by glycoside

constituents (bufadienolide especially proscillaridin A 65) [72].

In vivo studies on the renal function of rabbit by intravenous injection of agueous extract of S.
martima produced significant increases in urine flow, urinary Na* excretion rate and reduction in
urinary K* excretion rate (diuretic and natriuretic effects) which mean that the isolated
bufadienolides has an aldosterone antagonist activity on Na*/K* pump (inhibitory effect). In the
same conditions, subcutaneous injection on rat showed decreases in both blood pressure and heart

rate, for that the plant extract display the hypotensive effect and vasoconstrictor activity*? [72].

The major toxic bufadienolide named scilliroside 67 from S. maritima has been reported to have

cardiovascular activity and rodenticide property (causing convulsion and death to rats) [73].

1.5.3| Alkaloids
In 2007, three alkaloids classes were isolated from S. socialis Baker where four hyacinthacines
were found to be glycosidase inhibitors. Compound 89 was found to be a good inhibitor of g-
glucosidase extracted from the named bacteria Caldocellum sacchrolyticim (ICso 13 uM), while
compound 96 showed a moderate inhibition effect (ICso 48 uM). Compound 91 was demonstrated
to be a potent inhibitor of f-galactosidase isolated from bovine liver. Compound 93 was shown to

have an inhibitory potential toward rat intestinal maltase a-glucosidase (ICso 45 uM) [60].

Pyrrolidine type alkaloid isolated from S. sibirica (How.) was found to be a potent inhibitor of
Caldocellum sacchrolyticim g-glucosidase (ICso 3.2 pg.ml™*) and bovine liver g-galactosidase
(ICso 4.4 pg.mlt) [74].

In 2017, a study on the extract of S. maritima bulbs showed a significant inhibitory effect on
acetylcholinesterase activity, where this enzyme was extracted from rice weevils (Sitophilus
oryzae). This effect is due to the interaction between a complex (polyphenols and alkaloids) and

insect tissues [75].

1 Is the contraction of the heart muscle.
12 \asoconstriction is the narrowing of the blood vessels resulting from contraction of the muscular wall of the
vessels.
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Chapter 11 Experimental part

About S. lingulata

1.1 Description of the investigated plant

Scilla lingulata is characterized by a white, small and oval bulb, where the aerial parts are
developed from this one. From 3 to 10 leaves with lanceolate shape, are joined in rosette form,
which appear before flowering. Short and green inflorescence stem grows in the center of leaves’
rosette, in which the end of the growing point produces a group of blue flowers well developed.

This plant was described as an endemic species in North Africa [1] (Figure 11.1).

Figure 11.1. Scilla lingulata Poir. (a. Flower, b. Inflorescence, c. Bulb)

11.2| Taxonomical identification of Scilla lingulata in plant kingdom
The botanical taxonomy of S. lingulata according to the APG Il classification is outlined as

below [2-4]:

Table 11.1. Botanical systematic taxonomy

Major taxonomic ranks Taxon
Kingdom Plantae
Division Angiospermae
Class Monocotyledonae
Order Asparagales
Family Asparagaceae
Subfamily Scilloideae / Hayacinthaceae
Genus Scilla
Species Scilla lingulata Poir.
Synonym Hyacinthoides lingulata (Poir.)Rothm.
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11.3] Why Scilla lingulata?

The choice of this plant as a subject for phytochemical and biological investigations was
motivated by:

3 The lack of previous studies, regarding structural elucidation and biological activities on S.
lingulata, make our work an original research.

3 The wide uses of Scilla species in folk medicine to treat different illnesses (see Chapter I 1.3).

3 Previous phytochemical studies on Scilla species have demonstrated the presence of various
secondary metabolites with potent biological effects (see Chapter I 1.4 and5) that gave us the

scientific curiosity to investigate the endemic S. lingulata, looking for important results.

11.4| Extraction procedure of Scilla lingulata
In 2017, a Master’s student at the University of Msila carried out the extraction of the whole

plant using Soxhlet extraction method [5]. The work was summarized as below:

Plant material it alvent: SO0 ml of
21g EtCH at =
Tim days { 6h per day)

EtOH extract
Y[) = 28.20

a
n-BuOH extract

Figure 11.2. Extraction procedure of S. lingulata to obtain the n-BuOH extract

The obtained extract was suspended

11 water.
Then partitioned by »-BuCH.
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Phytochemical study
11.5] Phytochemical study

II.5.1| Plant material
In the aim of determining the chemical composition of S. lingulata, in particular, the polar

constituents, the study was oriented to investigate the n-butanolic extract (6 g).

115.2| Apparatus and chromatographic conditions for LC-ESI/MS

All analyses were performed on a Hewlett—Packard (Palo Alto, CA, USA) Model 1100 Series,
liquid chromatograph coupled to both PDA detector (Agilent, Palo Alto, CA, USA) 1100 Series
and Esquire LC—ion trap mass spectrometer (BrukerDaltonics, Billerica, MA, USA) equipped with
an electrospray ionization (ESI) interface. UV-DAD 200-700 nm; UV chain: 204, 234, 254, 470
and 665 nm.

ESI source: positive and negative mode; injection: 5uL. The elution system is 80:20 (H20 + 1
mL ammonium acetate (10 mM): CH3CN + 1 mL ammonium acetate (10 mM)) for 30 min and
then it changes to 0:100 up to 56 min, the fractionation of the column effluent was performed with
a flow rate of 1 mL/min flowing into the mass spectrometer.

The LC-MS spectrum was performed on a Nucleosil® C18 Macherey-Nagel column (250 mm
x 4.6 mm 1.D.; 5 um particale size, end-capp). High-purity nitrogen was used as the nebulizer and
as the drying gas at 300°C, at a constant flow rate of 6 L/min. The full spectra were acquired in
negative ion mode in the m/z 100-1000 region, adopting the following parameters: trap drive units,

55.1; capillary output voltage, —120.4 V; skimmer 1 voltage, —43.3 V.

11.5.3| Method
The n-butanolic sample of 400 puL (10 mg/mL) was sent to the Laboratory of Bioorganic
Chemistry at the University of Trento-Italy for recording of the LC-ESI/MS profiles.
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Molecular docking simulation studies

11.6| Molecular docking

11.6.1| Materials

e Microcomputer
Memory (RAM): 4.00 GB Processor: i5_2520M CPU 2.50 GHz
System type: 64- bits Operating system Windows edition: 10 Pro 2015 version

e Software packages

ChemDraw Pro 12.0.2 OpenBabel 3.0.0 AutoDockTools 1.5.6
BIOVIA Discovery Studio 2020 Avogadro 1.2.0 AutoDockVina 1.1.2
UCSF Chimera-alpha 1.15

11.6.2| Method

11.6.2.1| Data preparation
e Ligand modeling
The structures of the identified compounds were sketched and saved as CDX files format using
ChemDraw. These files were converted to SDF format using OpenBabel then the 3D structures of

those ligands were obtained and saved as PDB format by Avogadro software (Figure 11.3— 5).

Cpl Cp2

Figure 11.3. 3D structure of the compounds Cpl and Cp2 represented in ball and stick
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Figure I1.4. 3D structure of the compounds Cp3—Cp6 represented in ball and stick
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Cp9 | Cp10 \

Figure I1.5. 3D structure of the compounds Cp7-Cp10 represented in ball and stick
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e Receptor preparation

The X-ray crystal structures of the selected proteins in the complex state (Table 11.2) were
retrieved from the RCSB Database (https://www.rcsb.org/pdb) and downloaded as PDB files
format. The protein structures were cleaned by removing both water molecules and ligands using
BIOVIA Discovery Studio software (Figure 11.6, 7). According to the literature data shown in the

above website, the active binding site pocket of the target proteins was identified using the same

software.

Figure 11.6. 3D structures of AChE (at left) and BChE (at right) proteins in complex with their
standard inhibitors
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3Q7DINPX \

Figure 11.7. 3D structures of the isozymes COX-1 (at left) and COX-2 (at right) proteins in
complex with their standard inhibitors

1Q4G/BEL
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Complex (PDB ID)
Docked Ref. ligand

Active site residues

(Amino acids)

Cholinesterase activities

AChE

1QTI
Galanthamine
(GNT)

G|C199, G|y118,
Ser?,

Phe®3! Trp®,
Phe®3, Asp’?,
Glyllg, Phe288,
Phe290, Hi5440,
AlaZOJ',

G|y117 Tyr130

BChE

4BDS
Tacrine (THA)

Trp®, Ser’,

G|y115 Glylle
His*®, Serl%
G|U197, Gly“39,
Tyr440 Met437
Trp430 Tyr332

Al a328

Experimental part

Table 11.2. Selected complexes for docking studies.

Anti-inflammatory activities

COX-1
1Q4G

2-(1,1'-Biphenyl-

4-yl)Propanoic
acid (BFL)

Ar9120, Ser353, 530

Tyr385, Tyr355,
Ala®?’, Val®*,
Trp387, LeU352,
Phe3!, val'le,
11652, Phe®t8,

Met*2, Gly®%,
Leu®®, Leu®*,

Tyr348

COX-2
3Q7D
Naproxen (NPX)

ArngO’ Ser353’ 530
Tyr385, Tyr355,
Ala®?’, Val**,
Trp387, Leu352,
Phe3!, val'le,
ValZ%, Phe®8,
Met*2, Gly®%,
Leu®®, Leu®*,

Tyr348

11.6.2.2| Docking procedure
According to the docking protocol reported by Muniba [6], the input PDBQT files of ligands
and receptors were created by AutoDockTools 1.5.6, then docking calculations were performed
using AutoDockVina software [7]. Both BIOVIA Discovery Studio and UCSF Chimera were used

to analyze and generate illustrations of ligand — receptor complexes (output) in the aim to:

]

Find out interactions between ligand atom and active site residues.

]

See the formation of complex ligand — receptor and its energy score.

]

Compare affinities of the compounds (Cpl- Cpl0) to the both receptors in each

activity.

32


https://www.rcsb.org/ligand/BFL
https://www.cgl.ucsf.edu/chimera/cgi-bin/secure/chimera-get.py?file=alpha/chimera-alpha-win64.exe

Chapter 11 Reference list

References

[1].
2]
[3].

[4].
[5].
[6].

[7]1.

Hamouche Y, Amirouche N, Misset MT, Amirouche R. Cytotaxonomy of autumnal flowering

species of Hyacinthaceae from Algeria. Plant Syst. Evol. 2010, 285(3-4):177-187

Dobignard A, Chatelain C. Index synonymique de la flore d’Afrique du nord. Ville de

Genéve : Conservatoire et jardin botaniques ; 2010, p.134

Chase MW, Reveal JL, Fay MF. A subfamilial classification for the expanded asparagalean

families Amaryllidaceae, Asparagaceae and Xanthorrhoseaceae. J. Linn. Soc. Bot. 2009, 161:

132-136

Byng JW. The Flowering Plants Handbook: A practical guide to families and genera of the

world. Hertford, UK: Plant Gateway Ltd.; 2014. p.92

Bouaziz M. L’impact de I’extraction sur la composition chimique et I’activité biologique d une

espéce algérienne. L université M® Boudiaf-M’sila, 2017, p. 30-31

Muniba F. (December 14,2016). How to perform docking in a specific binding site using
AutoDock Vina? Bioinformatics review. Retrieved from:
https://bioinformaticsreview.com/20161214/how-to-perform-docking-in-a-specific-
binding-site-using-autodock-vina/?v=fa3c7f2b5dae

Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of docking with a new

scoring function, efficient optimization and multithreading, J. Comput. Chem. 2010,

31(2):455-461

33


https://bioinformaticsreview.com/20161214/how-to-perform-docking-in-a-specific-binding-site-using-autodock-vina/?v=fa3c7f2b5dae
https://bioinformaticsreview.com/20161214/how-to-perform-docking-in-a-specific-binding-site-using-autodock-vina/?v=fa3c7f2b5dae

Chapter I11

Re,m[ts wna iscussions

Spectral analyses of the LC-IES1/MS profiles

Docking results (in silico assays)



Chapter 111 Results and discussions

Phytochemical study

111.1| Structural elucidation of the detected compounds in n-BuOH extract
of S.lingulata using LC-ESI/MS technique

The registered LC-ESI/MS profile revealed the presence of various chromatographic peaks in

the studied sample extract (Figure I11.1). As a result, forty-one components were detected by MS.

iiers. |

17.1

13.7

12.1

——————
16.7

z 17

I .

Figure I11.1. LC-ESI/MS chromatogram of the n-BuOH extract of S. lingulata at 296nm.
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Chapter 111 Results and discussions

Ten compounds were identified using ESI mass spectra, UV absorption in MeOH and by the
comparison with literature data. The ESI/MS identification method was based on the search of the
main molecular ions and also on some of the useful observed fragmentations. All detected
compounds showed UV absorptions maxima with three bands (Figure 111. 32) close to those of

apigenin at 232, 268 and 336 nm as mentioned in literature [1].
The interpretation of the MS spectra are discussed in more detail as below:
e Compound 1 (tr=12.4 min)

The molecular weight of compound 1 was determined from the mass spectral data as 902 Da.
This value was confirmed by the presence of representative molecular ion peaks in positive mode
(ESI +) at m/z 903 [M+H]", 925 [M+Na]* and 941 [M+K]", and at m/z 901[M-H] detected in
negative mode (ESI —) (Figure 111.2 and II1.3).

This compound was fragmented in ESI/MS (+) by the rupture of glycosidic linkages (the most
weak bonds in the molecule) losing sugar units and originating main abundant peaks. In analysis
of this spectrum, a high-intensity fragment at m/z 595 [M+H-308] * was observed, indicating two
successive losses of sugar residues. The first loss corresponds to a rhamnose (— O)* residue
[M+H-146]" giving the m/z 757 ion, followed by the elimination of hexose (— O) residue [M+H—
146-162]*, where the both are proposed to be linked as (1—2) O-diglycosides due to the high
intensity of the signal observed at m/z 595.1 and the loss of the whole sugar is easier for (1—2)
then (1—6) because of the sterical repulsion between the terminal rhamnose and the aglycone part
as reported previously [2]. The latter peak observed was fragmented to give an aglycone part at
m/z 287 (suggested to be luteolin) by losing again two successive sugar residues. The signal at m/z
433 indicates the loss of hexose (— O) moiety [M+H-308-162]" followed by the loss of rhamnose
residue [M+H-308-162-146]". Another fragment ion peak at m/z 271 (suggested to be apigenin)
was shown at high intensity then m/z 287 which can yield from losing the entire rhamnose (+ O)*.
The four sugar units are proposed to be linked at two O—positions, in luteolin structure both 7-O
and 3'-O are the preferred positions, as O-diglycosides. This result was clearly established by
detecting retro-Diels Alder (RDA) fragment ion peaks at m/z 499 and m/z 481.

3 Without oxygen in anomeric position.
14 with oxygen in anomeric position.
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Figure 111.2. ESI/MS (+) spectrum of compound 1.

In negative mode, the MS spectrum exhibited less fragmentation where the useful observed
peak ions are listed as m/z 755 [M-H-146] high-intensity signal, m/z 739 [M-H-162] , m/z 593
[M-H-308] , m/z 533 [M-H-308-60] indicating the loss of (OH—CH=CH—OH) part from
hexose or rhamnose residue and m/z 473.6 [M-H-308-120] showing the loss of
((O—CH—(—CH>—OH)—CH'—OH) which confirms that the 6-OH in hexose was not bonded, this
latter was fragmented by losing (OH—CH") from the rest part of hexose yielding a peak ion at m/z
443.6. All fragments issue from losing sugars moieties involve hydrogen rearrangement between
(glucide—glucide) and (glucide—aglycone). As reported earlier in chapter | (see 1.4), all

glycosylated flavonoids isolated from Scilla, present a hexose residue as glucose.
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Figure 111.3. ESI/MS (-) spectrum of compound 1.

Therefore, compound 1 is tentatively concluded to be luteolin 7-O- (rhamnosyl-(1"""—2"")-

glucoside)-3"-O-(glucosyl-(1"""""—2""""")-rhamnoside).
OH
OH HO
0
0 OH
OH
OH HO
0
HO
HMO
o O
"% OH

Figure I11.4. Chemical structure of compound 1.
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ESUMS(+) m/z
A:757.3 B,C: 433.1 (+H)
B: 595.1 B,D: 287.0 (+H)

HO OH.- fj/\ C: 741.3 B,D,E: 271.0 (+H)
P 0”0 D: 595.1 E: 579.1 (+H)
V7 OH F: 481.1 G: 499.1 (+K)
ot 0 .

_ ESI/MS(-) m/z
D a: 755.5 b: 593.5 a,b.c : 533.8
a,b,c,d: 473.6 a,b,c,d,e: 443.6

b e
i .01 O

Scheme I11.1. Fragmentation pathway of compound 1.

e Compound 2 (tr =12.7 min)

The molecular weight of compound 2 was deduced from the mass spectral data as 918 Da. This
value was confirmed by the presence of representative molecular ion peaks in positive mode (ESI
+) at m/z 919 [M+H]", 941 [M+Na]* and 957 [M+K]*, and at m/z 917 [M-H] detected in negative
mode (ESI -) as base peak (Figure 111.5 and I11.6).

In positive mode, the MS spectrum revealed only four main product ions demonstrating four
successive losses of hexose (— O) units from molecular ion peak at m/z 757 [M+H-162]", m/z 595
[M+H-2x162]*, m/z 433 [M+H-3x162]* and the last peak at m/z 271 [M+H-4x162]* identifies
the aglycone part of the molecule which was proposed to be apigenin. Additional fragment signals
were observed at m/z 741 [M+H-178]" indicating the loss of the entire hexose (+ O) unit followed
by the loss of hexose (— O) part at m/z 579 [M+H-178-162]".
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Figure 111.5. ESI/MS (+) spectrum of compound 2.

The ESI/MS (-) spectrum, showed only one useful peak at m/z 755 [M — H — 162] which

confirms the presence of hexose unit yielded from deprotonated molecular ion peak.
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Figure 111.6. ESI/MS (-) spectrum of compound 2.

As a result, compound 2 is tentatively identified as apigenin 7-O-(glucosyl-(1"""—2"")-

rrrrr

glucosyl-(1""""—6""")-glucosyl-(1

ol OH
OH
HO 0O O ¢}
HO
HO 0 HO |
HO

o} Q o_ P

OH HQ—IO

Figure 111.7. Chemical structure of compound 2.

—2"""")-glucoside).
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HO HO O ESUMS(+) m/z
A:757.2 B: 595.1 C: 433.1 D: 271.0
HO OH OH O E: 741.2 F: 579.2
- ESI/MS(-) m/z
A a: 755.7 (-H)
1y _E

OH OH

Scheme I11.2. Fragmentation pathway of compound 2.

e Compound 3 (tr =13.4 min)

According to the mass spectral data obtained, the molecular weight of this compound was
deduced as 756 Da. The result was confirmed by the presence of pseudo-molecular ion peaks in
positive mode (ESI +) at m/z 757 [M+H]*, 779 [M+Na]* and 795 [M+K]*, and at m/z 755[M-H]
detected in negative mode (ESI -) (Figure I11.8 and 111.9).

In ESI/MS (+) spectrum, compound 3 presented a base peak at m/z 595 [M+H-162]* and three
significant fragments at m/z 433 [M+H-324]" corresponding to the successive losses of two hexose
(= O) units suggested to be bonded at 3’-O position by (1—6) linkage due to the low intensity of
the signal observed, m/z 287 [M+H-324-146]" characterizing the aglycone part in the molecular
structure which can be suggested as luteolin by losing rhamnose (— O) residue from m/z 433. Where
the loss of the entire rhamnose unit (+ O) gave an ion at m/z 271. A signal at m/z 457 which
produced from sodiated molecule [M+Na]® was detected by losing dihydroxylated B ring
including the O-dihexoses. Therefore, the three sugar residues are fixed at two O—positions where
the O-dihexoses at 3’-O and rhamnose unit at 7-O which detected also by the presence of m/z 633

[M+Na-146]" generated from sodiated molecule.
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Figure 111.8. ESI/MS (+) spectrum of compound 3.

In negative mode, the MS spectrum exhibited less fragmentation where the useful observed
peaks are listed as m/z 609 [M-H-146] , a high-intensity signal at m/z 563 [M-H—(162+30)]
indicating the loss of the terminal hexose unit carrying with it the (—O—CH2—) moiety of the first
hexose unit which confirms that both hexose units are bonded through an interglycosidic (1—6)
linkage, this latter was fragmented by losing the rest part of hexose yielding a peak ion at m/z 443.8
[M—H—(162+30)-120] .
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Figure 111.9. ESI/MS (-) spectrum of compound 3

The collected data of compound 3 conclude tentatively its structural elucidation as luteolin 7-

O-rhamnoside-3"-O-(glucosyl-(1""""—6""")-glucoside).

HO
OH
o OH
o OH
OH
OH

HO
HO

OH O

Figure 111.10. Chemical structure of compound 3.
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ESIUMS(+) m/z
A: 595.1 (+H) B: 433.1 (+H) B,C: 287.0 (+H)
B,D: 271.0 (+H) C: 633.2 (+Na)
OH E,A:379.1 (+K) F: 457.1 (+Na)
H,C: 529.2 (+K) H: 675.2 (+K)
OH H,C,G: 5111 (+K)
ESI/MS(-) m/z
a: 609.3 b: 563.5 b,c : 443.8 (-H)

OH OH ~0
E

Scheme 111.3. Fragmentation pathway of compound 3

e Compound 4 (tr =13.7 min)

The molecular weight of compound 4 was determined from the mass spectral data as 756 Da.
This value was confirmed by the presence of pseudo-molecular ion peaks in positive mode (ESI
+) at m/z 757 [M+H]", 779 [M+Na]" and 795 [M+K]*. Besides, one peak detected with high-
intensity in negative mode (ESI —) at m/z 755 [M—H] (Figure I11.11 and 111.12).

In positive mode, the MS spectrum revealed only three main product ions demonstrating three
successive losses of hexose (— O) units from molecular ion peak at m/z 595 [M+H-162]" as a base
peak, m/z 433 [M+H-2x162]" with a low intensity suggesting that the two hexose moieties are
linked through (1—6) bond. The final product ion at m/z 271 [M+H-3x162]" characterizes the
aglycone part of the molecule which is proposed to be apigenin according to the UV data obtained.
The first hexose linked to the aglycone part is proposed to be bonded via (1—2) to the other units

due to the high intensity of the last signal observed.
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Figure 111.11. ESI/MS (+) spectrum of compound 4.
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Figure 111.12. ESI/MS (-) spectrum of compound 4

The obtained results suggest that compound 4 is tentatively structurally identified as apigenin

7-O-glucosyl-(1"""—2"")-glucosyl-(1""""—6""")-glucoside.

Figure 111.13. Chemical structure of compound 4
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HO OH +-
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OH ') 0 OH
0] O HO O
ESI/MS(+) m/z
HO OH HO A:595.1 (+H) B: 433.1 (+H) C: 271.0 (+H)
OH OH O

OH
Scheme I11.4. Fragmentation pathway of compound 4

e Compound 5 (tr =14.0 min)

According to the mass spectral data obtained, the molecular weight of this compound was
deduced as 740 Da. The result was confirmed by the presence of pseudo-molecular ion peaks in
positive mode (ESI +) at m/z 741 [M+H]", 763 [M+Na]" and 779 [M+K]* ,and at m/z 739.5 [M—
H] detected in negative mode (ESI ) (Figure 111.14 and 111.15).

In analysis of ESI/MS (+) spectrum, compound 5 showed a base peak at m/z 579 [M+H-162]"
and other significant fragments at m/z 433 [M+H-162-146]", m/z 271 [M+H-162-146-162]"
characterized the apigenin structure. From this analysis, the molecule must be contained two
hexose (— O) units and one part of rhamnose (— O) with an ambiguous glycane sequence deduced
from the presence of this proposition: m/z 595 [M+H-146]", m/z 433 [M+H-146-162]" and m/z
271 [M+H-146-162-162]". An additional fragment signal was observed at m/z 481 [M+Na—
(163+119)]" indicating the loss of the terminal hexose unit carrying with it the (OH—CH—CH
(OH)—CH (—CH2>—0")—0") moiety of the first hexose unit attached to the apigenin which proves
that both hexose units are bonded through (1—6) linkage and the second position of first hexose

unit is occupied by rhamnose part as (1—2) linkage (branched tri-saccharide).
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Figure 111.14. ESI/MS (+) spectrum of compound 5

The ESI/MS (-) spectrum, showed two useful peaks at m/z 533 [M—H-206] (206 = 146+60)

with a high intensity, indicating the loss of terminal rhamnose unit carrying with it the

(OH—CH=CH—0—) part of the first hexose, this latter was fragmented by losing ("O—CH

(—CH2—0OH)—CH"—O0H) part of the terminal hexose unit yielding a peak at m/z 443 [M—H-206—
90] which confirms the above result of sugar linkages.
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Figure 111.15. ESI/MS (-) spectrum of compound 5

According to the obtained interpretations, compound 5 is tentatively identified as apigenin 7-

O-glucosyl-(1"""—2"")-rhamnoside-(1""""—6"")-glucoside.

HO OH
HO

OH O

Figure 111.16. Chemical structure of compound 5
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ESI/MS(+) m/z

A:579.1 (+H) B: 595.1 (+H) B, A: 433.1 (+H)
C:271.0 (+H) D: 622.0 (+H) E,D: 517.2 (+H)
F: 481.1 (+Na) E,D,G: 499.1 (+H) H: 543.3 (+K)
I: 185.0 (+K)

ESI/MS(-) m/z
a: 533.6 a,b: 443.6 (-H)

Scheme 111.5. Fragmentation pathway of compound 5

e Compound 6 (tr =14.2 min)
In comparison with the previous obtained MS data for compound 5, compound 6 produced the
same pseudo-molecular ion peaks in both negative and positive mode (Figure I11.17 and 111.18).

Thus, the two compounds are considered as isomers (identical molecular mass).

The ESI/MS (+) spectrum of this detected compound, revealed the same main peaks that
observed for compound 5 which are: m/z 595 [M+H-146]" as a base peak, m/z 579 [M+H-162]"
with a low intensity, m/z 433 [M+H-146-162]" or m/z 433 [M+H-162-146]" and the final product
ion at m/z 271 [M+H-162-146-162]* or m/z 271 [M+H-146-162-162]* characterized the
apigenin structure. The presence of two peaks generated from [M+H]" indicating the loss of either
hexose (— O) or rhamnose (— O) unit with different intensities, gave the following glycan sequence
suggestion [M+H-162-162-146]". This means that the base peak observed at m/z 579 refers to the
phenomenon of internal hexose residue loss as reported in literature [3], not to the loss of terminal
hexose. All detected sugar residues are proposed to be linked through (1—2) interglycosidic

linkages.
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Figure 111.17. ESI/MS (+) spectrum of compound 6

The ESI/MS (-) spectrum showed only one peak at m/z 739.5 [M—H] with high-intensity. The
absence of other fragmentations in both spectra indicates that the O-tri-saccharide is fixed at one

position as a linear sequence.
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Figure 111.18. ESI/MS (-) spectrum of compound 6

Thus, compound 6 is tentatively identified as apigenin 7-O-glucosyl-(1"""—2"")-glucosyl-

(17" —2""")-rhamnoside.

Figure 111.19. Chemical structure of compound 6
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Scheme 111.6. Fragmentation pathway of compound 6

e Compound 7 (tr =14.7 min)

The molecular weight of compound 7 (an isomer of the 4" compound) was determined from
the mass spectral data as 756 Da. This value was found by the presence of pseudo-molecular ion
peaks in positive mode (ESI +) at m/z 757 [M+H]*, 779 [M+Na]* and 795 [M+K]", and at m/z 755
[M—H] detected with a high abundance in negative mode (ESI -) (Figure 111.20 and 111.21).

In positive mode, the MS spectrum showed several fragmentation peaks. The most
representative are those observed at m/z 595 [M+H-162]*, m/z 433 [M+H-2x162]" as a base peak
and the final product ion at m/z 271 [M+H-3x162]" proposed to be the structure of apigenin
according to the UV data acquired. These registered peaks are yielded from the elimination of
three successive hexose (— O) units from molecular ion peak. A signal at m/z 499 which produced
from potassiated molecule [M+K]" characterizes the loss of B ring including a part of C ring and
4’-O-hexose, another signal at m/z 297 indicates the loss of A ring including a part of C ring and

7-O-dihexose. The elimination of the whole O-dihexose was observed at m/z 325.
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Figure 111.20. ESI/MS (+) spectrum of compound 7

The ESI/MS (-) spectrum, displayed three significant peaks listed as m/z 577 [M-H-178]
showing the loss of the entire hexose residue, m/z 533 [M-H-222] (222 = 163+59) indicating the
loss of hexose (— O) unit carrying with it (OH—CH=CH—O—) part, which means that both hexose
moieties are bonded through (1—2) linkage. This latter was fragmented by losing the
(OH—CH'—CH(OH)—O0") part from hexose moiety yielding a peak at m/z 443 [M-H-222-90] .
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Figure 111.21. ESI/MS (-) spectrum of compound 7

Consequently, compound 7 is tentatively identified as apigenin 7-O-(glucosyl-(1"""—2"")-

glucoside)-4"-O-glucoside.

MOH
OH 0 oH
Y en
HO 0 0
HO O O |
e
H(l)_IO OH OH O

Figure 111.22. Chemical structure of compound 7
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Scheme I11.7. Fragmentation pathway of compound 7

e Compound 8 (tr =15.0 min)
In comparison with the previous obtained MS data for compound 3, compound 8 shared the
same molecular weight which is 756 Da (757 [M+H]" in (ESI +) and 755 [M-H] in (ESI -))

(Figure 111.23 and 111.24). Thus, the two compounds are considered as isomers.

The ESI/MS (+) data, showed four significant fragment ion signals at m/z 595 [M+H-162]",
m/z 433 [M+H-2x162]* with a high-intensity, m/z 287 [M+H-324-146]" suggested to be luteolin
structure. A base peak observed at m/z 271 [M+H-324-162]" indicates the loss of the entire
rhamnose unit giving the apigenin fragment ion which characterized by producing m/z 253 and
m/z 152.9 fragment ion peaks. The moieties of rhamnose and O-dihexose are proposed to be fixed
at 3"-O and 7-O respectively, concluded from registered peak at m/z 297 showing the loss of B

ring including a part of C ring and 3’-O-rhamnose.
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Figure 111.23. ESI/MS (+) spectrum of compound 8

The above result is confirmed by investigating the ESI/MS (—) spectrum, which shows the

following useful fragment ion peaks: m/z 609 [M-H-146]

. m/z 593 [M—H-162]"

indicates the

loss of either hexose (— O) part or the entire rhamnose unit, m/z 533 [M-H-162-60] showed as

base peak, m/z 474 [M-H-162-119]

indicating the loss of ("O—CH(—CH>—OH)—CH(OH)

—CH'—OH) part with H-rearrangement, m/z 443 [M—H-162-60-90] , m/z 269 [M-H-162-324]

indicates the direct loss of the whole O-dihexoe which is more abundant then the observed peak at

m/z 285 [M—H-162-308] produced from losing both hexose (— O) and rhamnose (— O) units.
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Figure 111.24. ESI/MS (-) spectrum of compound 8

As a result, compound 8 can be identified as luteolin 7-O-(glucosyl-(1"""—2"")-glucoside)-3'-

O-rhamnoside.

OH

(0]
A
HO

oH O

Figure 111.25. Chemical structure of compound 8
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ESI/MS(+) m/z
2 A:595.1 B:433.1 (+H) B,C: 287.0 (+H)
B,D: 271.0 (+H) E: 297.2 (+H)
ESI/MS(-) m/z
a: 667.4 b: 609.2 ¢: 593.3
d: 533.8 ¢:443.8 ¢, 1:474.0
g, h: 269.2

Scheme 111.8. Fragmentation pathway of compound 8

e Compound 9 (tr=15.4 min)

According to the obtained mass spectral data, the molecular weight of this compound was
deduced as 594 Da. The value was confirmed by the presence of pseudo-molecular ion peaks in
positive mode (ESI +) at m/z 595 [M+H]" and 617 [M+Na]" ,and at m/z 593 [M-H] in negative
mode (ESI -) (Figure I11.26 and 111.27).

In positive mode, the MS spectrum revealed only two main product ions demonstrating two
successive losses of hexose (— O) units from molecular ion peak at m/z 433 [M+H-162]" and the
last peak at m/z 271 [M+H-2x162]" suggested to be the fragment ion of apigenin. These two
hexose units are proposed to be bonded through (1—2) linkage.
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Figure 111.26. ESI/MS (+) spectrum of compound 9

This result was supported by losing the whole O-dihexose part yielding a small peak at m/z 269

[M-H-324]" in ESI/MS (-).
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Figure 111.27. ESI/MS (-) spectrum of compound 9

According to the literature data [4], compound 9 was formerly identified in Scilla maderensis

Menezes as apigenin 7-O-(glucosyl-(1"""—2"")-glucoside).

(0)
HO 0 o) O
Ho O O |
O
(@)
H%%/ OH O
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Figure 111.28. Chemical structure of compound 9
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ESI/MS(+) m/z
A:433.1 (+H) B: 271.0 (+H)

ESI/MS(-) m/z
a: 269.0 (-H)

Scheme 111.9. Fragmentation pathway of compound 9

e Compound 10 (tr =17.1 min)

The molecular weight of compound 10 was deduced from the mass spectral data as 578 Da
basing on the presence of representative molecular ion peaks at m/z 579 [M+H]* and 601 [M+Na]*
in ESI/MS (+), and at m/z 577 [M—-H] detected by ESI/MS (-) (Figure I111.29 and 111.30).
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Figure 111.29. ESI/MS (+) spectrum of compound 10

Only one diagnostic fragment at m/z 271 [M+H-308]" is observed as a base peak in ESI/MS
(+) spectrum or at m/z 269 [M—H-308] in ESI/MS (-) data, indicates the elimination of rhamnose

(— O) and hexose (— O) residues as one part.
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Figure 111.30. Fragmentation pathway of compound 10

As aresult, compound 10 can be tentatively identified to be apigenin 7-O-(glucosyl-(1"""—2"")-
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ST
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Figure 111.31. Chemical structure of compound 10

rhamnoside).
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Figure 111.32. UV spectra of the detected compounds (from 1 to 10)
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Molecular docking studies

1.2 | Cholinesterase activities
111.2.1 | Background

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by the loss
of cognition and impaired intellectual ability and functionality [5]. Herein, acetylcholinoesterase
(AChE) and butylrylcholinoesterase (BChE) are some of the keys targets of drugs for treating AD

[6].

111.2.2 | Vina results interpretation

111.2.2.1 | Re-docked reference ligands

The re-docking results recapitulate that the standard inhibitors GNT and THA show an
orientation similar to that mentioned in the literature [7-10] inside the active site pocket of the
AChE (Trp®, GIu'®®, Ser’?® and His*%) and BChE enzymes (Trp®, Ala®?®, and His*®)

respectively.
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Figure 111.33. 2D view of the binding poses of GNT in AChE (A) and THA in BChE (B).

11.2.2.2| Binding affinities of the elucidated compounds into the chosen receptors

The docking calculations yielded several conformations with different energy values of the
protein — ligand complexes. Thus, the minimum binding energy indicates the preferred docked

ligand conformation with receptor as listed in (Table 111.1).

67



Chapter 111 Results and discussions

Table I11.1: Top binding affinities of the isolated compounds to the receptors.

AChE BChE
Compounds Binding energy (kcal/mol)

Ref. -104 -8.4
Cpl -10.6 -10.0
Cp2 -10.1 -11.2
Cp3 -11.2 -10.2
Cp4 -8.7 -10.3
Cp5 -10.8 -11.3
Cp6 -9.0 -11.3
Cp7 111 -10.5
Cp8 -11.2 -10.4
Cp9 -11.6 -9.8
Cpl0 -11.6 -10.2

The docking calculations of each compound produced several conformations. Among them, we
had chosen the conformation that has low binding energy. Next, the above-outlined compounds
are ranked in ascending order, where the compound with high energy in negative value has a good

affinity to the receptor.

AChE: Cpl0=Cp9<Cp8=Cp3<Cp7<Cp5<Cpl<Ref<Cp2<Cp6<Cps
BChE: Cp6 = Cp5 < Cp2 < Cp7 < Cp8 < Cp4 < Cp3 =Cpl0 < Cpl <Cp9 < Ref

e AChE - Compounds interactions
In comparison with the above figure (A) and reported data [7, 8], the binding mode observed
for Cpl shows that the hydroxyl (OH) group of the glycosidic part forms a hydrogen-bond (H-
bond) with Glu!®® and carbon-hydrogen bond (C-H bond) with Trp84. Three Van Der Waals
(VDW) interactions with Ser?®, Phe?® and His**® were observed. Besides, benzyl rings form two

n- m stacking interactions with Trp?”® and Tyr33* (Figure 111.34).

The glycosidic OH groups of Cp2 interact with Trp®, Glu'®, and Ser?® by forming H-bonds.

The benzyl ring forms n- « stacking interaction with Trp?’® (Figure 111.34).
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Figure 111.34. 2D view of the binding poses of Cp1 and Cp2 in AChE enzyme.

Note 1: These results indicate that Cpl and Cp2 may exhibit an inhibitory effect on the AChE

enzyme by creating the main bonds with the amino acids of the pocket.

The Cp3 diagram displays that both OH-flavone and OH-sugar form H-bonds with Phe33° and

Ser?% respectively. Two n- 7 stacking interactions with Trp?’® and Tyr®* created by the benzyl

rings. One VDW interaction and one C-H bond were observed for the sugar moiety with Trp8 and

His*4? individually. Two unfavorable interactions were created with Gly*'® 1° (Figure 111.35).

The binding mode observed for Cp4 shows that both OH groups of the glycosidic part and OH-
flavone form H-bonds with Trp®4, Phe®®, Phe33! and Trp?™®, respectively (Figure 111.35)
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Figure 111.35. 2D view of the binding poses of Cp3 and Cp4 in AChE enzyme.

Note 2: In this case, Cp3 and Cp4 may exhibit an inhibitory effect on the AChE enzyme according

to the interactions receptor-ligand observed (either H-bond or n- & stacking interactions). Because

of the unfavorable Donor — Donor interactions observed for Cp3 in the AChE pocket, this model

seems to be unsuitable for AChE inhibitory activity.

The analyses of the following 2D digrams (Figure 111.36) showed that:

The 8-bond in (-CH,—OH) of the glucose (Glc) unit in Cp5 creates a n-§ interaction with Phe33°,

An H-bond was formed between the OH-flavone group and Tyr®34. A n- & stacking interaction

with Trp?”® resulted by chromone rings.

The molecular docking result of Cp6 exhibited no interactions between ligand parts and the key

amino acids of the target protein.
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Figure 111.36. 2D view of the binding poses of Cp5 and Cp6 in AChE enzyme.

Note 3: Upon the above results, Cp5 is predicted to block the action of the AChE enzyme by
establishing different bond types with the active site residues, while Cp6 have no inhibitory effect

against AChE enzyme.

As it is shown in Figure 111.37, Cp7 forms various interactions with the target protein pocket.
The aglycone part interacts with Tyr334, Phe3®, Phe33! and Trp?” by including its OH group in H-
bond and its benzyl rings in either n- 7 stacking interactions or C-H bond. While the glycan part

interacts with Tyr'?! by forming H-bond and C-H bond, the VDW interaction was observed only

with Trp®.

The 2D diagram of Cp8 shows the formation of two H-bonds with His**° and Ser?® via OH-
sugar groups. In addition, the glycan part interacts by its OH groups with Tyr334 and Trp?’® (Figure
111.37).
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Figure 111.37. 2D view of the binding poses of Cp7 and Cp8 in AChE enzyme.

Note 4: Both Cp7 and Cp8 may exhibit an inhibitory effect on the AChE enzyme by creating main
bonds with the key amino acids of the pocket. On the other hand, each compound reveals

unfavorable Donor-Donor or Acceptor-Acceptor interactions which can decrease their inhibitory

effect.

The 2D interactions of Cp9 show three main H-bonds with Ser?®, Gly'*8, and Tyr'?! focused
on the glycosidic part. Furthermore, the aglycone part interacts with Tyr33*, Trp?’® and Phe3* by
involving its benzyl rings in n- m stacking interactions. The Phe3*! residue interacts with both

carbonyl group by forming n-Donor-H bond and OH-group by creating C-H bond.

In the 2D view of Cp10, the aglycone part forms four n-  stacking interactions with Tyr33*,
Trp?™ and Phe3*® in which one H-bond created by OH group with Phe®°, and one C-H bond
between carbonyl group and Phe®!. Moreover, the OH groups of the glycan part interact with

Ser?®, Gly'8-119 and Trp® by forming H-bond (Figure 111.38).
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Figure 111.38. 2D view of the binding poses of Cp9 and Cp10 in AChE enzyme.

Note 5: Although Cp9 and Cp10 may exhibit an inhibitory effect on the AChE enzyme by forming
significant bonds with the key amino acids of the pocket, Cp9 seems to be inappropriate to the

AChE inhibitory activity due to the unfavorable Donor-Donor observed interaction.

Deductive remarks

In comparison with the standard AChE inhibitor GNT, the docking study revealed that all
docked compounds excepting Cp6, have an acceptable alignment at the active site by interacting
with the most crucial amino acid residues of the target protein pocket, which gave them an
AChE inhibitory effect. Herein, both of flavonoid and glycosidic moieties are played a role in
blocking AChE enzyme. Among these 9 active compounds, Cp10 presents a top pose inside
the enzyme pocket by giving the lowest binding affinity at (-11.6 Kcal/mol) comparing to the

native ligand at (-10.4 kcal/mol). Our choice was supported by the following data:

The docked free OH-groups apigenin has been previously presented an inhibitory effect against
AChE enzyme [11] by establishing n-r stack to Phe**° as mentioned in literature [12]. Previous
study revealed that the presence of 7-O-glycosylation can be enhanced the AChE inhibitory
effect of the flavonoid [13], which make our result in agreement with the reported data due to
the presence of H-bindings between glycosidic moieties (OH-groups) and the key amino acid
of the AChE enzyme.
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Figure 111.39. 3D alignment of Cp10 inside the AChE (1QTI) pocket.
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e BChE — Compounds interactions
Based on the previous literature data [7, 9] and re-docking result that showed in Figure 111.34.B,

the binding mode observed for Cp1 shows that the OH group of the glycosidic part forms H-bonds
with Trp®, Tyr#4® and C-H bond with His*®. Three VDW interactions formed with Trp*°, Ala3?8

and Gly!'®. Besides, chromone rings form 7t- anion interactions with Asp’® (Figure 111.40).

The glycosidic OH groups of Cp2 interact with Gly1> 116 Tyr440. 332 Agn70 and Ser!® py
forming H-bonds. It shows also hydrophobic interactions (n- Donor H-bond, C-H bond) with

Trp®, GIy**°, Ser'%®and His**® (Figure 111.40).
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Figure 111.40: Intra-molecular interactions of Cpl and Cp2 with BChE enzyme in 2D.

Amide-Pi Stacked

Note 1: These investigations reveal that Cpl interacts with the key amino acids by introducing its
chromone rings and glycosidic moiety, and Cp2 interacts by involving only its glycosidic moieties.

Both compounds may exhibit an anti-BChE activity.
The Cp3 diagram presented in figure 111.41, displays that this compound establishes no

associations with the key amino acid residues of the active site.

The 2D analysis of Cp4 reveals several types of associations. Sert%, His*3 Tyr#40.332 gnd Trp*°
share H-bonding with 4’-OH group in flavonoid skeleton, and with OH groups of the glycosidic
part. Asp’® showed n- anion associations with chromone rings. Unfavorable interactions were

observed between Trp® and glycosidic side (Figure 111.41).

75



Chapter 111

Results and discussions

Cp3 Cp4 :
YR fi 9 ASP
GLU A332, AT0
A404 THR  ASN ; -
SER A53 A28 ' SER
a2 [THR A289 AA % o ¢ A298 199
L% VAL A229 x PRO .
4 A S a0 ~ ~ ’ e
an @B ARG & foog 2B S f f o Y
233 A242 5 H .t A231
A238 . VAL A360 ' B S o Al17
\ % A361 LN % e g ’
\ { aLy
" ST I » Y J\ A116
\"‘ Ay N N N e e . o ~o
o 1 > |
= 6Ly n? - »
b 3§ \‘T o’ . PRO o A333 TYR. ALA PHE \f
I : (PHE asw sy 0 ass - A329 | St
o B A358 6Ly : ~ /RO = A119
£ TRP PRO TR A78 Hish A285. o
A287 A231 A359 TRP A438 LEU | |
A430 e A286 Ou 0
LN ;
7 O 4 o PHE AT %
A28 | A357 > SER
¢ ASN A287
A397
LEU
A286
THR
A284
Interactions
Interactions

D van der Waals

- Unfavorable Acceptor-Acceptor

E] van der Waals - Unfavorable Acceptor-Acceptor [:_] Conventional Hydrogen Bond ]:] Pi-Anion
D Conventional Hydrogen Bond E] pi-Alkyl D Carbon Hydrogen Bond D Pi-Pi Stacked
D Carbon Hydrogen Bond - Unfavorable Donor-Donor E] Pi-Alkyl

Figure 111.41. Intra-molecular interactions of Cp3 and Cp4 with BChE enzyme in 2D.

Note 2: Upon the above investigations, Cp4 is predicted to block the action of the BChE enzyme
by establishing different bond types with the active site residues. On the other hand, this compound

displayed an unfavorable interaction with the Trp® which can decrease its inhibitory effect.

As seen in Figure 111.42, Cp5 forms H-bond with Ser!%®, Glu*®” and His**® by comprising OH-
groups of the flavonoid skeleton and glycosidic moieties. B-ring of flavonoid part shares a n-6

interaction with Trp®. Three unfavorable interactions were detected for this compound.

The molecular docking result of Cp6 showed the formation of H-bonds between OH-sugar
groups and Ser*®® Glu®®” and Tyr 3%2, It shows also hydrophobic interactions (VDW, C-H bond)
with Trp82 430 Tyr#4% and Gly** (Figure 111.42).
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Figure 111.42. Intra-molecular interactions of Cp5 and Cp6 with BChE enzyme in 2D.

Note 3: The docking study of these compounds revealed that they create several associations with
the key amino acids of the enzyme pocket. As a result, Cp5 and Cp6 may exhibit an inhibitory
effect on the BChE enzyme. Besides, the Cp5 predicted to be unfitting as an inhibitor for the BChE

protein due to the unfavorable interactions.
The analyses of the following 2D illustrations (Figure 111.43) showed that:

The two linked glucose units of Cp7 create different associations with the key amino acids by
forming H-bonds with GIu*®’, Ser'®®, His**®, Trp%2, Tyr®32and Asp’®, hydrophobic interaction with

GIly*°, His*®8, Tyr*40, Ala®? and Trp**° besides to the unfavorable interaction on the 4'-O-Glc.

Gly!® shows amide-r stacking interaction with chromone rings.

The B-ring of Cp8 forms n-n stacking interaction with Trp®? and H-bond between 4'-OH and
Glu®. The A-ring creates an mt- anion interaction with Asp’® and H-bond between the same amino
acid and 5-OH. A number of hydrophobic interactions were observed on the monoglycodic side
with Ala®?8, Tyr332 and His**® besides the H-bindiging on the bi-saccharide parts with Pro?% and

Ser287
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Figure 111.43. Intra-molecular interactions of Cp7 and Cp8 with BChE enzyme in 2D.

Note 4: These results indicate that Cp7 and Cp8 may exhibit an inhibitory effect on the BChE
enzyme by creating the main bonds with the amino acids of the pocket. Despite the main
interactions with the active site associated with Cp7, the presence of the unfavorable interactions

makes it less active as an inhibitor.

As shown in Figure 111.44, both Cp9 and Cp10 share the same interactions with the following
residues: Trp® (n-m stacking interaction), Asp’® (as m- anion interaction with A-ring and as H-
bonding with 5-OH). A number of VDW interactions were also observed with His*®, Phe3?°,

Gly''>116 and Tyr332, Additionnel H-bond with Glu'®’was observed for Cp10.
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Figure 111.44. Intra-molecular interactions of Cp9 and Cp10 with BChE enzyme in 2D.

Note 5: According to the docking analyzed data, Cp9 and Cp10 are predicted to inhibit the action
of the BChE enzyme by interacting with the most important amino acid residues of the target

protein.

Deductive remarks

Based on the binding energies illustrated in (Table 111.1), all docked compounds showed a
higher affinity to the binding site of the BChE enzyme compared to the native ligand THA. The
2D interactions diagram revealed that all docked compounds excluding Cp3, have a satisfactory
alignment at the active site by interacting with the most crucial amino acid residues. This result
can lead to the bioactivity of these compounds against BChE. Profound analysis revealed that the
active compounds were Cp6 (-11.3 Kcal/mol), where the inhibitory activity was focused only on
the tri-saccharide part, besides Cp8 (-10.4 Kcal/mol), Cp9 (-9.8 Kcal/mol) and Cp10 (10.2
Kcal/mol). Basing on their binding energy the best inhibitor is Cp8. This compound interacts by
involving its aglycone part (A, B rings and OH-groups at 5, 4’ position) and glycosidic moeities.
Our result and also previously published docking studies of flavonoid derivatives [14, 15] support

the idea about inhibition via the aglycone part.
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Ligand: THA
Receptor: 4BDS

\

Ligand: Cp8
Receptor: 4BDS

Figure 111.45. 3D alignment of Cp8 inside the BChE (4BDS) pocket.
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11.3| Anti-inflammatory activity
III.3.1| Background

Inflammation is a dynamic process that is elicited in response to mechanical injuries, burns,
microbial infections, and other noxious stimuli that may threaten the well-being of the host. Non-
steroidal anti-inflammatory drugs (NSAIDs) are widely used for the treatment of inflammatory
ailments such as: rheumatism diseases (rheumatoid arthritis). The pharmacological effects of

NSAIDs are due to the inhibition of a membrane enzyme called cyclooxygenase (COX) [16, 17].

111.3.2| Vina results interpretation
111.3.2.1 | Re-docked reference ligands
Through the results shown by the re-docking studies, the standard ligands BFL and NPX reveal

approximately the same interactions with the key amino acids, into COX-1 and COX-2

respectively. These results are in agreement with the online models [18, 19] and literature [20, 21].
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Figure 111.46. 2D view of the binding poses of BFL in COX-1 (C) and NPX in COX-2 (D).

Note 1: Because COX-1 and 2 are isozymes, they share a similar key amino acid residues in their
active site (see chapter 1l .Table 11.2). Only one difference was detected at position 523. So, this
latter was defined as Ile in COX-1 and as Val in COX-2 [22, 23].
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111.3.2.2 | Binding affinities of the elucidated compounds into the chosen receptors

The docking calculations yielded several conformations with different energy values of the
protein — ligand complexes. Therefore, the minimum binding energy indicates the preferred

docked ligand conformation with receptor as listed in (Table 111.2).

Table I111.2: Top binding affinities of the isolated compounds to the receptors.

COX-1 COX-2
Compounds Binding energy (kcal/mol)
Ref. -8.9 -9.0
Cpl -9.0 10.8
Cp2 -9.1 6.1
Cp3 -8.9 4.6
Cp4 -8.5 0.7
Cp5 -9.4 -0.7
Cp6 -8.8 0.7
Cp7 -9.0 3.8
Cp8 -9.1 3.1
Cp9 -8.8 -3.2
Cpl0 -9.2 -3.4

From the binding energy point of view, the compound with lower binding energy was selected
to be the preferred inhibitor. Which means it has a higher affinity to the pocket of the target protein.
The affinity of the tested compounds to the receptor are ranked in descending order as below:

COX-1: Cp5 >Cpl0 > Cp2 =Cp8 > Cp7 = Cpl > Ref = Cp3 > Cpb6 = Cp9 > Cp4
COX-2: Ref > Cpl10 > Cp9 > Cp5> Cp6 = Cp4 > Cp8> Cp7 > Cp3 > Cp2 > Cpl

e (COX-1) — Compounds interactions
Despite the low registered energy in compounds Cpl, Cp2, and Cp3, the 2D visualization of

them revealed no interactions with the key amino acid residues of the target COX-1 enzyme
(Figure 111.47). By doing so, these compounds have no inhibition activity against the COX-1

enzyme.
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Figure 111.47. 2D view of the binding poses of Cp1, Cp2, and Cp3 in COX-1 enzyme.
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The compounds Cp4, Cp5, Cp6 and Cp7 show only one association with Tyr®*® by involving
their 5-OH group of the flavonoid skeleton. An H-bonding is observed for Cp4 and Cp6, while

Cp5 and Cp7 create a hydrophobic interaction (VDW type) with the same amino acid (Figure
111.48).
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Figure 111.48. 2D view of the binding poses of Cp4, Cp5, Cp6 and Cp7 in COX-1 enzyme.

Note 2: As a result, the above compounds are predicted to block the action of the COX-1 enzyme

by establishing an H-bond or a VDW interaction with Tyr®® in the active site.
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The analyses of following 2D digrams (Figure 111.49) showed that:

The 5-OH group of the flavonoid part in Cp8 creates an H-bond with Tyr3%, Another H-bond
was formed between the OH group of Glc moiety and Ser®>®, The compound Cp9 creates two
VDW interactions with Tyr3% and Ser®®3, Moreover, the compound Cp10 shows an H-bond with

Trp% by involving its 4'-OH group in the interaction.
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Figure 111.49. 2D view of the binding poses of Cp8, Cp9, and Cp10 in COX-1 enzyme.

Note 3: According to the docking analyses, Cp8, Cp9, and Cp10 are predicted to inhibit the action

of the COX-1 enzyme by interacting with the most important amino acid residues of the target

protein such as Ser®>3, Tyr®*® and Trp®’.
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Deductive remarks

In comparison with the standard COX-1 inhibitor BFL, the 3D visualization revealed that
although the docked compounds Cp4—Cp10 present an association with some amino acid of the
active site, they do not bind to the active site pocket of the target protein as observed for the re-
docked BFL inhibitor. By doing that, the tested compounds may exhibit no inhibitory effect against
the COX-1 enzyme. Our results were closely accorded with literature [24] where the docked

flavonoids, apigenin and luteolin, show interactions out of the pocket of target COX-1 enzyme.

Ligands:
- Receptor: |

Figure 111.50: 3D view of the binding poses of BFL and Cp4—-Cp10 in COX-1 enzyme.

e (COX-2) — Compounds interactions

The 2D complexes generated by docking the compounds Cp1-Cp4 into the COX-2, illustrated
in (Figure 111.51), show that:

The OH groups of the glycosidic part in Cpl form H-bonds with Arg*?°, Gly®® and Ser®®,
while, the flavonoid part interacts by involving its rings in hydrophobic interactions with Leu3%%
34 Ala®?’, Gly®2®, In addition to the H-bond observed between 5-OH group and Met>?? residue.
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The tri-saccharide part of Cp2 form an H-bonds with Arg*?°, and Ala®*’. And C-H bond with
Tyr®, Ser®3, valP?®, and Leu®?, this latter presents also a VDW interaction. Moreover, the
flavonoid part interacts by involving its rings in hydrophobic interactions (such as n-n stacking, -
alkyl, m-lone pair, and VDW) with the following amino acid residues: Tyr3*8:38 Ser5%0 | eu®* and

PheZOS, 209_

The bi-saccharide moiety of compound Cp3, create different associations with Ala®?’, Leu®?,
and Ser®®3 by forming H-bonds. As well, it shows hydrophobic interactions VDW type with Val®%,
Met>22 and Phe®!8 residues. Furthermore, the aglycone part involves interaction with Val6 349,

Leu®®, in addition to H-bonding focused on the 4'-OH group with Ser>%,

The glycosidic part in Cp4 creates two H-bonds with Arg!? and Ser®*® in addition to the
hydrophobic interactions with Tyr3%®. On the other side, a number of hydrophobic interactions
were observed on the flavonoid skeleton by intruding all rings in association with Leu®?, Phe>28,
Ser®3, Tyr®® pesides to the interaction observed between carbonyl group (C=0) and Gly>%.
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Figure I11.51. Intra-molecular interactions of compounds Cp1-Cp4 with COX-2 enzyme in

2D.

Note 1: According to the docking analyses, the tested compounds exhibited several linkages with

the most key amino acids in the active site. Nevertheless, numerous clashes were created into the

pocket of the target protein as unfavorable bumping or Donor-Donor interactions, presented in the

red label on the 2D diagram. By doing so, these types of interactions can make those compounds
non-active as inhibitors against the COX-2 enzyme. Moreover, this result is supported by the high

positive values of the binding energies (Table 111.2) yielded by the studied compounds.
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As seen in Figure 111.52, Cp5 forms various interactions with the target protein pocket. The
glycan part interacts with Arg'?®, Ser®®® by forming H-bonds besides to the hydrophobic
interactions with Val'® 34 | eu®! Ala®?" and Gly®%. The aglycone part creates linkages with
Val?Z, Ala®?" and Leu*®? by introducing its chromone rings. Similarly, the compound Cp6 made
an H-bonding between its glycosidic side and Arg*?°, Ser® and Leu®? residues. Also, it is bound
to the active site with the rings of the aglycone part, which interact with Arg'?® (zn- cation
interactions) and Val''® (hydrophobic interaction). Then, the luteolin skeleton of the Cp7 (Figure
111.52) introduced its rings in several hydrophobic interactions with Leu®®?, Val*?®, Gly*% and
Ser>®, 1t also creates a C-H bond between 5-OH and Phe®®. Two significant H-bonds were
observed on the glycosidic side with Ser®?2 and Gly®®3, besides the VDW interactions with Arg*?,
Val''® and Tyr3®.

Eventually, the most hydrophobic interaction of compound Cp8 with the key amino acids
Valt 349 Alad?7 | Leu3 %3 and Tyr3s® were centered on the flavonoid rings. Besides, the H-bonds

were observed between bi-saccharide, Tyr*®and Met®?2,
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Figure I11.52. Intra-molecular interactions of compounds Cp5—Cp8 with COX-2 enzyme in

2D.

Note 2: Similar to the previous results on Cpl1-Cp4, the presence of numerous clashes like

unfavorable bumping or Donor-Donor/Acceptor-Acceptor interactions makes the compounds

Cp5-Cp8 unsuitable for inhibiting COX-2 enzyme. Even though the main interactions with the

active site residues were associated with the studied compounds.

As shown in Figure 111.53, both Cp9 and Cp10 share approximately the same hydrophobic
interactions (VDW, -6, n- alkyl, m-n- T shaped (in Cp9) and amide- = stacked (in Cp10)) with the
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following residues: Val''® 34 Tyr3%  Ala%2" Arg'?, Leu®® % and Gly®% (only in Cp10).
Furthermore, H-bonding was observed in Cp10 between Met>?? and 4'-OH and in Cp9 between

the OH-groups of the disaccharide part and Ser®®3, Leu®®? and Tyr®,
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Figure 111.53: Intra-molecular interactions of Cp9 and Cp10 with COX-2 enzyme in 2D.

Note 3: In comparison with the previous docked compounds (Cp1-Cp8), Cp9 and Cp10 showed
satisfactory associations with the key amino acids in the target protein pocket. As a result, the both
compounds may exhibit an inhibitory effect against the COX-2 enzyme. Deep analysis in Cp9
revealed that the unfavorable bumping interaction can make this compound less active than the

Cp10 (reinforced by the binding energy values, E cpio < E cp).

Deductive remarks

By ignoring all tested compounds from Cp1 to Cp9 and basing on the re-docking result obtained
for the standard inhibitor NPX into the COX-2 enzyme and as reported earlier for some docked
flavonoids [25], compound Cp10 arranged similarly and successfully inside the active site pocket
by introducing its flavonoid part, mainly the B ring [26]. This result is in agreement with literature
data [27] which revealed that the presence of H-bond and ©-n hydrophobic interaction between the
active site of the receptor and the compound are responsible for the potent anti-inflammatory
activity. Although this compound has high binding energy in negative value (-3.4 kcal/mol) than
the native ligand (-9.0 kcal/mol), it displays an acceptable alignment inside the protein pocket by

forming several interactions.
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Figure 111.54. 3D alignment of Cp10 inside the COX-2 (3Q7D) pocket.

The molecular docking studies on the glycosylated flavonoid compounds (Cp1-Cp10), which
are identified from the n-butanolic extract of Scilla lingulata, delivered an approach to understand
the affinity of this class of compounds to the hydrolytic enzymes (AChE and BChE). Both
enzymes are present in the brain and they play an essential role as target receptors for treating the
AD. For that reason, our study revealed that some of the investigated compounds present
suitableness to the active site pocket of the studied proteins, by forming the main interactions with
the key amino acids that are focused strongly on both flavonoid and glycosidic moieties. As a
conclusion, the novel inhibitors were chosen by considering their pose inside the active site, vital

interactions, and their lowest binding energy compared to the native inhibitors.

92



Chapter 111 Results and discussions

Furthermore, the same simulations were studied on the cyclooxygenase isozymes (COX-1 and
2) to perform the anti-inflammatory activity of those identified compounds. The results showed
that only one compound was docked successfully into the active site of COX-2, while no
interactions were observed into COX-1.

In addition, we may say that the observed unfavorable interactions inside the target receptors
do not mean definitely that the tested compounds are non-active as inhibitors, but they can be
related to the following suggested reasons:

e The subtle details of the experimental setup

Here, we may say that the 3D modeling of ligands has not been edited properly by the chosen
software, or even their energies have not been minimized enough to be ready for docking.

Another proposition might be on the docking protocol that followed to create PDBQT files of
the receptors, or on their Gid Box size parameter.

In conclusion, our molecular docking studies need further ameliorations on the tested parameter
to get more results that are satisfactory. So, these deductive results must be enhanced by further in

vitro studies to improve the biological activities of those compounds.
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General conclusion

We have been reported in the bibliographic synthesis, that the Scilla species were well-known
from the ancient time with their medicinal uses in folk healing. For that, several recent studies
regarding the chemical compositions and the biological activities of the Scilla plant extract, have
focused on the isolation, structural identifications and the biological behaviors of the
phytochemicals that present in the plant. In that perspective, the current research work aims at
casting light on the Algerian endemic species S. lingulata Poir. (Asparagaceae), which presents a

lack of phytochemical and biological studies.

The use of the analytical technique LC-ESI/MS in the purpose of investigating phytochemically
the n-BuOH extract of S. lingulata, allowed us to identify the chemical structure of ten compounds

present in the polar solvent. They was classified as glycosylated flavonoids (flavone-type):

3 Glycosylated apigenin

rrrrr

Apigenin 7-O-(glucosyl-(1"""—2"")-glucosyl-(1""""—6""")-glucosyl-(1
Apigenin 7-O-glucosyl-(1"""—2"")-glucosyl-(1""""—6""")-glucoside
Apigenin 7-O-glucosyl-(1"""—2"")-rhamnoside-(1""""—6"")-glucoside
Apigenin 7-O-glucosyl-(1"""—2"")-glucosyl-(1""""—2""")-rhamnoside
Apigenin 7-O-(glucosyl-(1"""—2"")-glucoside)-4"-O-glucoside
Apigenin 7-O-(glucosyl-(1"""—2"")-glucoside)

Apigenin 7-O-(glucosyl-(1"""—2"")-rhamnoside)

—2"""")-glucoside)

3 Glycosylated luteolin

rrrrrrrrrr

Luteolin 7-O- (rhamnosyl-(1"""—2"")-glucoside)-3"-O-(glucosyl-(1
Luteolin 7-O-rhamnoside-3"-O-(glucosyl-(1""""—6""")-glucoside)
Luteolin 7-O-(glucosyl-(1"""—2"")-glucoside)-3"-O-rhamnoside

)-rhamnoside)

Owing to the outbreak COVID-19 pandemic, the presented study is lacked in the in vitro assays
that evaluate the biological activity of the studied extract. As a result, the in silico enzymatic assays
were performed, using molecular docking method, to the identified molecules in order to
understand the binding mode of these class of compounds into the target proteins and to give also
an approach insight to the structure-activity relationships by establishing interactions inside the
protein — ligand complexes.

The in silico anti-Alzheimer’s activity was observed for compound 10 and 8 by inhibiting AChE
and BChE ezymes, respectively. The anti-inflammatory activity (in silico) was detected for

compound 10 by inhibiting only COX-2 enzyme.
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n this work, we mainly focused on the phytochemical study of the Algerian endemic
species, Scilla lingulata Poir. (Asparagaceae), in order to structurally identify its
chemical composition. The use of the analytical LC-ESI / MS technique, allowed us to
investigate the phytoconstituents, especially the polar compounds, present in the n-
butanolic extract of this plant. Profound analysis in the UV-Vis and ESI / MS spectra (in positive
and negative mode) allowed us to elucidate the structure of ten glycosylated flavonoids (flavone
type). The in silico assays of those latter were carried out by means of molecular docking to

evaluate the anti-Alzheimer and anti-inflammatory activities of these molecules.

Keywords: n-butanolic extract of Scilla ligulata, UV-Vis, LC-ESI/MS, glycosylated flavonoids,

Molecular docking, Anti-Alzheimer activity, Anti-inflammatory activity.
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esume

ans ce travail, nous nous sommes essenticllement concentrés sur 1’étude
phytochimique d’une plante algérienne, ’espéce endémique Scilla lingulata Poir.
(Asparagaceae), dans le but d’identifier structuralement sa composition chimique.
L’utilisation d’une technique d’analyse LC-ESI/MS nous a permis d’investiguer les
phytoconstituants, notamment les composés polaires, présentant dans I’extrait n-butanolique de
cette plante. L’analyse approfondie des spectres UV-Vis et ESI/MS (en mode positif et négatif)
nous a permis d’élucider la structure de dix flavonoides glycosylés (type flavone). Les essayes in
silico de ces derniers ont été réalisés au moyen de ’amarrage (docking en anglais) moléculaire

pour évaluer les activités anti-Alzheimer et anti-inflammatoire de ces molécules.

Mots clés: I’extrait n-butanoliqgue du Scilla lingulata, UV-Vis, LC-ESI/MS, flavonoide

glycosylés, L’amarrage moleculare, in silico, activité anti-Alzheimer, activité anti-inflammatoire.
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Abstract: In this work, we mainly focused on the phytochemical study of the endemic Algerian
species, Scilla lingulata Poir. (Asparagaceae), in order to structurally identify its chemical
composition. The use of the analytical LC-ESI / MS technique, allowed us to investigate the
phytoconstituents, especially the polar compounds, present in the n-butanolic extract of this plant.
Profound analysis in the UV-Vis and ESI / MS spectra (in positive and negative mode) allowed us to
elucidate the structure of ten glycosylated flavonoids (flavone type). The in silico assays of those latter
were carried out by means of molecular docking to evaluate the anti-Alzheimer and anti-inflammatory

activities of these molecules.

Keywords: n-butanolic extract of Scilla ligulata, UV-Vis, LC-ESI/MS, glycosylated flavonoids,

Molecular docking, in silico, Anti-Alzheimer activity, Anti-inflammatory activity.

Résumé: Dans ce travail, nous nous sommes essentiellement concentrés sur 1’étude phytochimique
d’une plante algérienne, I’espéce endémique Scilla lingulata Poir. (Asparagaceae), dans le but
d’identifier structuralement sa composition chimique. L’utilisation d’une technique d’analyse
LC-ESI/MS nous a permis d’investiguer les phytoconstituants notamment les composés polaires
présentant dans I’extrait n-butanolique de cette plante. L’analyse approfondie des spectres UV-Vis et
ESI/MS (en mode positif et négatif) nous a permis d’élucider la structure de dix flavonoides glycosylés
(type flavone). Les essayes in silico de ces derniers ont été réalisés au moyen de I’amarrage (docking
en anglais) moléculaire pour évaluer les activités anti-Alzheimer et anti-inflammatoire de ces
molecules.

Mots clés: I’extrait n-butanolique du Scilla lingulata, UV-Vis, LC-ESI/MS, flavonoide glycosylés,

L’amarrage moléculaire, in silico, activité anti-Alzheimer, activité anti-inflammatoire.
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