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ABSTRACT

Nature has been identified as a rich source of potentially useful chemicals. Throughout the
years, phytochemical studies have led to the unearthing of a huge number of natural products,
their chemical diversity is unique and many of them possess various biological activities.
South Africa is blessed with a rich plant biodiversity of +24,000 indigenous plants, representing
about 10% of all higher plants on earth and with more than 50 % of such plant species found
nowhere else in the world but in South Africa. However, only a few of the South African
medicinal plants have been exploited to their full potential. Screening of more medicinal plants
for biological activities and phytochemicals is important for finding potential new compounds
for therapeutic uses.

As a contribution, this study attempts to relate specific constituents present in these plants with
their widespread ethnomedicinal uses. The extractions were carried out using broad spectrum
of solvents (hexane, dichloromethane, ethyl acetate, butanol, methanol and water).
Fractionation was carried out using standard chromatographic techniques. A total of twenty-
one compounds (1-21) were isolated from three of the investigated plants namely: Asparagus
lignosus, Cliffortia odorata, and Protea cynaroides. These twenty-one isolated compounds
were characterised and their structures were unambiguously established by spectroscopic
methods including 1D and 2D NMR, FTIR, HRMS and UV. Four of the of the isolated
compounds were reported for the first time from a natural source; 3,4-bis(4-
hydroxybenzoyl)-1,5-anhydro-D-glucitol (2), 4-hydroxybenzoyl-1,5-anhydro-D-glucitol (5),
2-(hydroxymethyl)-4-oxo-4H-pyran-3-yl-6-O-benzoate-p-D-glucopyranoside (7) and 3-

hydroxy-7,8-dihydro-p-ionone 3-O-f-D-glucopyranoside (8) (from Protea cynaroides).

Two compounds isolated from Cliffortia odorata demonstrated significant antidiabetic

properties as compared to well known drugs acarbose (a known alpha-glucosidase and alpha-



amylase inhibitor), compounds 15 with an 1Cso of 16.6 + 1.02 pg/mL and 16 with 1Cso values
of 3.8 £ 0.32 pug/mL respectively while 20 isolated from Apsaragus lignosus demonstrated the
weak in vitro alpha-glucosidase inhibitory activity with an I1Cso value of 110.8 £ 2.52 pg/mL.

For the alpha-amylase, none of the crudes and compounds showed any activity.

The extracts and isolated compounds were screened for their inhibitory activities on mushroom
tyrosinase using L-tyrosine as substrate. The tyrosinase inhibitory activity of the isolated
compounds showed the highest activity for 4 and 6 with ICso values of 0.8776 £ 0.2 and 0.7771
+ 0.09 pg/mL respectively when compared with kojic acid (ICso = 0,7062 pg/mL), a well-
known tyrosinase inhibitor. Compounds 1, 3, 11, 12, and 20 showed weak inhibition with the
ICso values of 162.52 + 1.21, 2745+2.12,131.9 £ 1.05, 274.5 £ 1.26 and 128.9 + 2.12 ug/mL
respectively while the rest of the compounds showed lowest activity and some did not show at
all.

This is the first scientific report to be carried out on the phytochemical and biological profiles
of all three species as well as the isolation and characterization of compounds. The results
suggest that these compounds might become natural candidates to inhibit alpha-glucosidase

and tyrosinase.

KEYWORDS: Asparagus lignosus, Cliffortia odorata; Protea cynaroides, alpha-

glucosidase, alpha-amylase, diabetes melitus, tyrosinase, chromatographic techniques.



DECLARATION

I, Masande Nicholas Yalo declare that the dissertation entitled ‘Phytochemical studies on
extracts of selected South African indigenous medicinal plants’; has been composed
solely by myself and that it has not been submitted, in whole or in part, in any previous
application for a degree. Except where stated otherwise by reference or acknowledgment, the

work presented is entirely my own.

Signature: %‘e



ACKNOWLEDGEMENTS

| exalt and bow down before the Creator, the most Merciful, the Gracious, the
Compassionate, the Beneficent, the Sole source of Wisdom and knowledge for the abundant
Blessings He bestowed upon me during the course of my thesis work. Glory indeed to
Almighty God for helping me finish my doctoral studies.

| offer my gratitude to my research supervisor Prof. W. T. Mabusela for his guidance,
support, patience, endless encouragement, positive criticism, discussion, editing and
intellectual input.

| wish to express my profound sense of gratitude to Prof. Ahmed Mohammed from CPUT
for his inspiration, constant guidance, valuable suggestions, sympathetic advice and
unparalleled encouragement made throughout the final stage of my work. I am truly indebted
to him.

| am deeply indebted and very grateful with deep sincere appreciation to Dr. Rajan Sharma
for his continuous help and guidance especially in the reviewing my work and giving
constructive critics throughout the final stage of my work.

Mr Masixole “Arnold” Makhaba for his assistance with structural elucidation of some of
the isolated compounds, | greatly appreciate his input. I thank the National Research
Foundation (NRF) of South Africa for the financial support.

| would like to thank all my colleagues and friends for providing a stimulating and fun
environment. Their support and colleagueship meant a lot. Through my time in the lab, | have
had the greatest pleasure of working with them; Mr. Ndikho “Legendary” Nako, Dr
Mkhuseli “Main man” Koki, Mrs Olusola Watti, Miss Kelly Correia. Also, from outside

our lab, support and friendship came from Prof Martin Onani, Dr Asanda Busa,



Ultimately but not the least, none of this would have been possible without the love and
patience of my family. I have been blessed with a very loving and supportive

family. May GOD bless them in a mighty way in everything they do.



DEDICATION

| dedicate my dissertation work to my family for all of their continued love and support. A
special feeling of gratitude to my loving parents, Harrison Mbonelwa and Monica Nondwe
Yalo whose words of encouragement and push for tenacity ring in my ears till this day.

To My siblings Nontobeko, Nwabisa, Sinalo and Sihle Yalo who have been pillows, role

models, catapults, cheerleading squad and sounding boards | have needed.

| also dedicate this dissertation to my three beautiful nieces Inam, Lunje and Aluncedo
Yalo who have made my life brighter every day since they were born.
Finally, it is dedicated to my late grandparents, Leonard Mntwabantu and Nofundile Yalo.

| wish that you could be here to celebrate with me.

Vi



LIST OF PUBLICATIONS

1. Yalo, M.; Makhaba, M.; Hussein, A.A.; Sharma, R.; Koki, M.; Nako, N, and
Mabusela, W.T. Characterization of Four New Compounds from Protea cynaroides
Leaves and Their Tyrosinase Inhibitory Potential. Plants 2022, 11, 1429.
https://doi.org/10.3390/plants11101429

2. Yalo, M.; Makhaba, M.; Sharma, R.; Sagbo, 1.J., Maina, M.H.; Hussein, A.A
and Mabusela, W.T. A sulphated flavonoid and other phytoconstituents from the
leaves of Cliffortia odorata and their alpha-glucosidase inhibitory activity. Plants
2022. (Manuscript under review).

3. Makhaba, M.; Yalo, M.; Pearce, K., Hussein, A.A and Mabusela, W.T. Isolation
and identification of pyrone-containing flavone from Helichrysum petiolare. Plants
2022. (Manuscript under review).

vii


https://doi.org/10.3390/plants11101429

TABLE OF CONTENTS

ABSTRACT .t bbbt bt h bbbt h e R R h e R e e b bRt bRt et e nbe et nbeetre b i
DECLARATION. ..ttt bbbt b e bbb et s bt b e ekt s bt et e et e neesbesbeenbe s iii
ACKNOWLEDGEMENTS ...ttt bbbt sbe e sbe e saeesaee s iv
DEDICATION. ...ttt bbbt bbbt e s bt ekt et s bt b e e besbe et e sbeeneesbesbeebe Vi
LIST OF PUBLICATIONS ...ttt ettt vii
TABLE OF CONTENTS ...ttt sttt sttt ettt b e sbe e be e b e e sbe e sneennaeanee viii
LIST OF FIGURES ... ..ottt bbbt s st e e be et e e teeenbeeba e Xiv
LIST OF TABLES AND SCHEMES ...t XVi
LIST OF ABBRIVIATIONS ...ttt st st nbe e e xviii
LIST OF ISOLATED COMPOUNDS ...ttt sttt XX
L8 o 1 e Y O ST SRPRTPP 1
INTRODUGCTION. ...ttt sttt ettt b sh e e s bt e ab e e bt e bt e be e sbeeebeeebbeenneenbeenbee e 1
1.1 General introduction t0 Natural ProdUCTS............coiiiiiiie s 1
1.2 South African mediCinal PIANTS ..o s 2
1.3 DIADELES IMBITITUS ...ttt 4

IR T R I V0T IO 0 [ = o= =TS TRU 4

1.3 2 TYPE 2 TIADELES ...ttt ettt ettt et e e et etesae et e steententesaeeneenaeenean 4

1.3.3 Symptoms and treatment Of dIADETES .........o.eeiieieeee e s 5

O N [ o] = T Y o TSR 6

I N [ o] - o | [N Tt Ts] o o TR 6
LT I8 (0151 - PSSR 8
1.6 Problem STATEMENT ..ot 8
1.7 Rationale Of the STUAY ..o 9
1.8 JUSTITICALION ...ttt b et ettt b e nnen e 10
1.9 AIM OF TN STUAY ...t sttt s eeere e b re et e sbeaneeneeeees 10
@ o =0t (A SRR 11

1.10.1 GENEral ODJECHIVES.......eeieeeeeieeie ettt sttt et ae e e tesneesesaeeneeseeneenes 11



1.10.2 SPECITIC ODJECLIVES ...ttt sttt st e s re b e s reesa e aeernenes 11

1.11 Sructure OF The TheSIS .......cviiiiiiie e 11
RETEIEICES ... . bbbt bbbttt 12
CHAPTER 2. et bt bbb s bt b ekt e bt e b e s bt sbe et e et sbeeneenbe e 22
LITERATURE REVIEW ...ttt 22
2.1 INEFOTUCTION. ...ttt ettt s b ettt et b e bt sb e e b et s e e et eseeseebesbenneneens 22
2.2 PrOtea CYNATOIUES ...ttt ettt sttt ettt b bbb et sesbesbenbenaens 22
2.2.1 Plant deSCIIPTION. ..c..eueeieieeiiettetestest ettt ettt sttt ese b e nnes 22
2.2.2. Distribution of Protea CyNAroides..........c..ecueereriririenienieieieieeiesiesie sttt 23
2.2.3 Ethnomedicinal use of Protea Cyanaroides ..........cocooevvereeieirereneneniesieseeieeee e 24
2.2.4 PhytoChEMICAl STUTIES......c.eeuiriirieriesieiee ettt sttt 25

2.3 CHTfOITIA OUOTALA . ......eueeueeiieiietirieeie ettt sttt ettt b e bbbttt sbesbenbeneens 28
2.3. 1 PIant deSCIIPLION....c.viitieeeticteete sttt ettt ettt e st e aa et e e e et e sbe e b e sbeersenbesreensesseennas 28
2.3.2. Distribution of Cliffortia 0dorata .............ccveerieireninieeeeee e 29
2.3.3 Ethnomedicinal use of Cliffortia 0dorata ............coceeeirerirennineeeeee e 30
2.3.4 PhytoChemMICAl STUAIES.....c.icuieieitieteee ettt ettt ettt beere e besre et e s reeanas 30

2.4 ASPATAQUS [IONOSUS ....eeviivieeriitieteeitiete ettt et estesteeteste e e e beeteebesbeensestessaessesssessentesssesesseensesseeseans 34
2.4. 1 Plant deSCIIPLION....cviitieietictete sttt ettt te st e st e e e e besaeesbesbeeabesbeessenbesrnensesreennas 34
2.4.2. Distribution of ASparagus lIgNOSUS........cccceeiieiieiere ettt re e et eanas 35
2.4.3 Ethnomedicinal use of ASpParagus lIGNOSUS .........c.cererierereeienieeeere sttt 36
2.4.4 PhytoChemiCal STUAIES.......eciieiieeiieie ettt e te e e rte e ste e st e s e s teeteebe e baesbaesraeenreenreas 36

(070 0] 11 ] o] o ST SSP 39
RETEIEINCES ... et b et r ettt 40
CHAPTER THREE ...ttt ettt see e s annas 50
EXPERIMENTAL PROCEDURE........ooitiieiesie sttt sttt nne e 50
3.1 Materials and INStrUMENTALION............coererieieieeeeeee et neen 50
3.2. ReageNts @nd SOIVENTS ......c..cueriiiiiiiiieiiricee ettt 50
KRG I O T o]0 4 100 - To] 1) Y20 RS 50
3.3.1 Thin Layer Chromatography (TLC) ...coeiiececieeeeseetereeeete sttt 50



3.3.2 Column chromatography (CC)......ocieieriiiieesteseetee ettt ettt s re s s ra e reennas 51

3.3.3.3 Electrospray ionization mass spectroscopy (ESI-MS)......ccccvvveveveeeecenecceneeeeseecveeee 51
3.4 SPEBCIIOSCOPY ..vveuveereeireeereeteesteesteeseessteesteaseeseesseesseesseessseasseessessseessesssseassesnsessessseessessseesseessens 51
3.4.1 Nuclear magnetic resonance (NMR) SPECIIOSCOPY ...vveverrireerieireeresieereeiesreesesteeeeessesreenns 51
3.4.2 Liquid chromatography mass spectrometry (LC-MS) .......cccevviieveveeeeeceeeeeeeere e 51
3.4.4 Ultra violet (UV) SPECLIOSCOPY ....vevveereerreirieiesteereetesteetessesssessessessessesseessessesssessessssssessessees 52
S5 PIANT MALETIAL ...ttt 52
3.5.1 Collection and identification of plant material.............ccccoeiriirinininenieeeeee 52
3.5.2 Plant PreParation .........cceeeeueriertirterieieieieeitete sttt ettt ettt sb st sbesa et s ettt ae b e b e 52
3.6 Extraction and fraction OF PIANTS........c.coerierieieiriere e 53
General SeqUENTIal EXIFACTION .......c.eiueiirirteietee ettt sbe b e 53
3.6.2. Extraction and isolation of compounds from BuOH extract of Protea cynaroides............ 54
3.6.3. Extraction and isolation of compounds from EtOAc extract of Cliffortia odorata ............ 55
3.6.4. Extraction and isolation of compounds from BuOH extract of Cliffortia odorata............. 56
3.6.5. Extraction and isolation of compounds from BuOH extract of Asparagus lignosus.......... 56
3.7 General experimental procedure for biological aSSAYS .......c.cveiveeeieriieiececeerece e 57
N 0 T = To =] S URRUPRR 57
3.7.2. alpha-glucosidase inhibition aCtiVILY..........cccooieeeiiiiceeeeeee e 57
3.7.3. alpha-amylase inhibition aCtIVILY ........cccoivieciiiieecce s 58
3.7.4. Tyrosinase INNIDITION @SSAY ......uecueeiieeieeiiecie ettt et e s rae e e teereeanes 58
3.8 StAtIStICAl ANGIYSIS.... .ottt sttt ettt sreeneen 59
L] (=L =] (0L USSR 60
CHAPTER 4.ttt ettt b e bt e e bt e e b bt e it e e be e sbe e sbeeseeesnbeaneas 61
CHEMICAL CHARACTERIZATION AND BIOLOGICAL INVESTIGATION OF PROTEA
CYNAROIDES ...ttt b e bt s h e st b e b e e ke e s be e ebe e e bt e e be e sbe e sbeesaeennneaneas 61
O o 0] (== WY=L 0] [0 SRR 62
4.1.1 Isolation of constituent of the ethyl acetate extract fraction ..........cccccoeeeveveeienvecerenenen, 62
4.1.2 Isolation of constituent of the butanol eXtract...........ccccoeeieeeirinineneneeeeeeeee 62
4:2 Structural elucidation and characterization of COMPOUNS ........c..ccvevreririnerereeeeeresene 64
4.2.1: Structural elucidation of cCOMPOUN L.......cccoiirieiiieeeeee e 64



4.2.2: Structural elucidation of COMPOUN 2........ccoooievieiiiiieeeeeee s 66

4.2.3: Structural elucidation of COMPOUN 3........ccoooieieiiiieeeeee s 72
4.2.4: Structural elucidation of COMPOUN 4........cooovievieiieceeeeee s 74
4.2.5: Structural elucidation of COMPOUN 5........ccooovieiieiiieeee s 76
4.2.6: Structural elucidation of COMPOUNT B.........c.coeeieeiiiieieeeeeeee s 82
4.2.7: Structural elucidation of COMPOUNT 7........ccviviieiieiieeeeeee s 86
4.2.8: Structural elucidation of COMPOUNd 8..........c.ccveueeiiiieieee s 91
4.3 Physico-chemical data of isolated compounds from P. cynaroides............ccceeveveeveeveneenenneenen. 99
4.3.1: 4-hydroXybenzoiC aCid (L) ....ccceevveireeieeiiiiieiesie ettt e sttt e re et s reeaa e be e e e reennas 99
4.3.2: 3,4-bis(4-hydroxybenzoyl)-1,5-Anhydro-D-glucitol (2) NEW.........ccceceeveveeveeveeeenrecreenen, 99
4.3.3: 1,5-Anhydro-D-glUCItOl (3)....cecoviiiieieiiieeeseeeee ettt st 99
4.3.4: 3,4-dihydroxXybenzoiC aCIA (4) ....covevveeeeeeeiirieriesiesiesteeetee ettt 99
4.3.5: 4-hydroxybenzoyl-1,5-Anhydro-D-glucitol (5) NEW.........cccevveeeriinieierieieieseeeeseeeens 100
4.3.6: 3-NYdroXYKOJIC ACIA (B)....verveeereriiiieierieseeieseeeeseeeete st ete e sseeste s e eseesseeseesesseessessesnnens 100

4.3.7: 2-(hydroxymethyl)-4-oxo-4H-pyran-3yl-6-O-benzoate-f3-D-glucopyranoside (7) New..100

4.3.8: 3-Hydroxy-7,8-Dihydro-B-lonone 3-O-B-D-glucopyranoside (8) NeW..........cccceeevereennene 100

4.4 Biological BVAIUALION.........ccecviiieiiie ettt e te st sbe s e be s re et e sbe e e e sreans 101
4.4.1 Alpha-glucosidase and alpha amylase inhibition............cccoeveveviecenesceereee e 101
4.4.2: MUSRIOOM L-TYIOSINASE @SSAY ..vveuvievrerrerreesrerresreessestesseessessessessesseessessesssessessesssessessssssessesnes 102
4.4.2.1: Anti-tyrosinase activity of various extracts from P. cynaroides..........ccceccevevveveerennenne 102
4.4.2.2: Anti-tyrosinase activity of isolated compounds from P. cynaroides...........cccccecevenncn. 103

T O] o] 11 ] o] o SRS 105
] (= =] 0L SR 106
CHAPTER 5.ttt sttt s e s et e st et e s e et et e s e s e aseebesnentenaenaeneeneas 109
oIS @ (0] (=T o o o] = - USRS 109
5.1.1 Isolation and identification of the chemical constituents of the ethyl acetate fraction ...... 110
5.1.2 Isolation and identification of the chemical constituents of the butanol fraction .............. 110

5:2 Structural elucidation and characterization of COMPOUNS...........cceerererenienierieieeeeseeee 112
5.2.1: Structural elucidation of COMPOUN 9.......cocuieiirieiieeeeee e 112



5.2.2: Structural elucidation of compound L10.........ccceeveiiiieiiiieeceeeee e 116

5.2.3: Structural elucidation of comMpPoUNd L1.......c.ccceeieiiiieiiiiieeceeeee e 118
5.2.5: Structural elucidation of compound 13.........ccocveiiiieiiceeeceeeee e 121
5.3 Physico-chemical data of isolated compounds from C. odorata ...........ccceeeveveivecieneeeesieeneene, 141
5.3.1: 6-methoXyChroman-4-0N€ (9) ...ceieeieiiieeeseeeee ettt et s steernens 141
5.3.2: 2,4-dihydroxy-6-methoxyacetophenone (10)........ccccceeveiieecieneeeereeeeeese e 141
5.3.3: CAtECIN (L1)eneeiiiciecieee ettt ettt e be et e s te e e e besraenbesbeenaenteereens 141
5.3.4: n-butyl-alpha-D-fructofuranoSide (12) .......ccceeveeiieierieieeie et 141
5.3.5: n-butyl -beta-D-fructofuranoside (13) ......ccoeveeeeiiiieeceee et 142
5.3.6: 1SOIArICITESINOI (14) ...uviiiceeeieeeeee ettt ettt et et e st e e e b e s reebesreenbesteeseens 142
5.3.7: KaBMPTEIOI (15)..uicteeieeticeee ettt ettt sttt e st e eaa e beereenbessaensesteereens 142
5.3.8: Kaempferol 3,7-O-diSUlPhate (16).......ccceceeeririeririeieieieeeesesese e 142
5.3.97 SUCTOSE (L7) cueeeeieeieeiesieetete st et e st et e ste st e e s teeseetesseestesseessessesseensesseessassesseensesseensessensenns 142
5.3.10: B-D-glucopyranose, a-D-glucopyranose, B-D-fructopyranose and -D-fructofuranose
(HONBY). (L8)..eecutieteeeeeiteeteete sttt ettt sttt et e b e st e st e s ba et e sbeesaesbesssenbesbesasestesbeensasteeseentesseanes 143
5.4 BiologiCal EVAIUBLION .........oiiiiiiiieeee s 144
5.4.1 Alpha-glucosidase iNNIDITION ...........coiiuieiiiiceeeee et e 144
5.4.2 Alpha-amylase iNNIDITION ........cocieierieee et 147
5.4.3: MUShIroOmM L-tYrOSINASE GSSAY ...veeververeeereriereeriiseessesseessessesseessessesssessesseessessesssessessesssessenses 147

5.4.3.1: Anti-tyrosinase activity of various fractions and isolated compounds from C. odorata147

TSI o1 [o1 11 1Yo TR 149
R I EINICES ...ttt ettt e e et e e ettt te e e e e ae e —teteeeeeeae e ——ttaeeeeaaa i ————taaeaeaaaa 150
CHAPTER B oottt et e et e e e et e e ettt e e e e e ee ettt eeeeeeeeae e eeteeeseanetaneeeeeens 153

CHEMICAL CHARACTERIZATION AND BIOLOGICAL INVESTIGATION OF

ASPARAGUS LIGNOSUS ...ttt ettt s e st e e st e e s be e e tee e s teeenanee e 153
6.1 ASPATAQUS lIONOSUS ....veuvieeeieiieetesteeteete st etesteeeeeste s e e testeesaestessaessessesssessesseassesseessessesssansenseenes 153
6.1.1 Isolation of constituent of the BUOH extract fraCtion............ccccevevererenenienienincncsenenne 153

6.2: Structural elucidation and characterization of COmMPOUNS.........cccecvevievieeereseececeeee e 155
6.2.1: Structural elucidation of cOmMPOUNd 19........coieiiririeee e e 155
6.2.2: Structural elucidation of cOmMPOUNd 20........ccveeiererieeeeeee e s 158



6.2.3: Structural elucidation of COMPOUNd 21.........coevevieiieieeeeee e e 160

6.3. Physico-chemical data of isolated compounds from A. lignoSUS.........cccceevevereecienieeeenieeeene 164
6.3.1: 20-HydroXyeCdyYSONE (19) ..ccueeeiiieieieiieeieierteetes e eteete et re ettt besre e e ensesaeenes 164

R I O 0 1=T (or=1 1] (I 40 ) [T 164
6.3.3: Isorhamnetin-3-O-rutinoside (NArcissin (21) .....cccveeevereeveeriieeerieseeeese e 164

R ST ol oo [ Tox: LAYz [V 14 o] USRS 165
6.4.1 Alpha-glucosidase iNNIDITION ........cooovirieieriee e e 165
6.4.2 Alpha-amylase iNhiDItION ..........ooiiiriiieee e e 166
6.4.3 MUShIrOOM L-tYFOSINASE @SSAY ..euveeveerrerrirreereerreeiesiesseessesseseessesseesessesssessesseessessesssessessesnes 167

6.5 CONCIUSTON «.ceertiteee ettt a bbbttt et seeaesbe e b e 169
5.6 RETEIEINCES. ...ttt sttt ettt a bbbttt e et seeae b e b e 170
CHAPTER 7 . ettt bttt bt s bbb s R b ettt e et e et e e sbbeenbeenbeenbe e e 174
CONCLUSION AND RECOMMENDATIONS ...ttt 174
RECOMMENUALIONS ...ttt b e 176
RETEIEICE ...ttt bbbt e bbbt b et b e 177
NMR spectra of isolated compounds from Protea Cynaroides.............coceverveieiinieninenenencnee 178
APPENTIX LB ..ottt bbbt bbb 182
NMR spectra of isolated compounds from Cliffortia odorata ...........cccccoeeeiviiiccie i, 182
F AN o] 01T o [t G SRRSO 194
NMR spectra of isolated compounds from Asparagus ligNoSUS ..........cccerereiiinienenenenene e 194

xiii



LIST OF FIGURES

FIGURE 1. 1: LIST OF ISOLATED COMPOUNDS FROM THE THREE PLANTS ...veviiiiitiieeeiireeeeeeneeen XX
FIGURE 1. 2: EXAMPLE OF DIFFERENT COMPOUNDS OF NATURAL PRODUCTS ....vvvveiiiirieeeeivreeeens 2
FIGURE 2. 1: PHOTOGRAPH OF PROTEA CYNAROIDES......uutieiiitrieeeiiireeesiirreeeeseireeesssssesesssissneessns 23
FIGURE 2. 2: DISTRIBUTION MAP PROTEA CYNAROIDES IN SOUTH AFRICA ....vvveiieeeeiiiirireieenn. 24
FIGURE 2. 3: SOME PHENOLIC COMPOUNDS ISOLATED FROM P. CYNAROIDES.........cccovvvivrrvinnnnn. 25
FIGURE 2. 4: PHOTOGRAPH OF CLIFFORTIA ODORATA. wuvtteitieeeiiieittteeeeeieesssssssssresssesssssssssssesessss 29
FIGURE 2. 6: PHOTOGRAPH OF ASPARAGUS LIGNOSUS ...vvveiiieeeiiiiisrireireeeessssssssrsreresssssssssssssesesssas 35

FIGURE 2. 7: DISTRIBUTION MAP OF ASPARAGUS LIGNOSUS IN SOUTH AFRICA.......ccceeenn. 35
FIGURE 4. 1: CHEMICAL STRUCTURE OF COMPOUND L ..ovviiiiiiiiiiiiieiiee et 64
FIGURE 4. 2: CHEMICAL STRUCTURE OF COMPOUND 2 ..vvvviiieiiiieiirteeeeeee e e s s sisrsreeee e e s s s ssssssreeeseeas 66
FIGURE 4. 3: 'H NMR SPECTRUM PROTON OF COMPOUND 2 IN DMSO-Dg.....oeveveeereeereereesrnn, 67
FIGURE 4. 4: 3C NMR SPECTRUM OF COMPOUND 2 IN DMSO-D6 ....veveveieeeeeeeeeseeeeeeneesnen, 68
FIGURE 4. 5: HSQC SPECTRA OF COMPOUND 2 .....coitiiitiiaiiesiriaieesireesiesssseessesssseessessssesssesssses e 69
FIGURE 4. 6: HMBC SPECTRUM OF COMPOUND 2 .....uvvtiieiiieeeiiiiiirreeeeeee e e s s sisvsreeeseessssssssresesseas 70
FIGURE 4. 7: KEYy HMBC (—) AND COSY (==) CORRELATIONS OF COMPOUND 2.........cc0eernren. 70
FIGURE 4. 8: CHEMICAL STRUCTURE OF COMPOUND 3 ...uuiiiiiiiiiiiiiiiiieeie e e s siirireees e e e s ssssssbeneesees 72
FIGURE 4. 9: CHEMICAL STRUCTURE OF COMPOUND 4 ...vviiiiiiiiiiiiiiiiiee ettt eibbbaeee s 74
FIGURE 4. 10: CHEMICAL STRUCTURE OF COMPOUND 5 ...iiiiiiiiiiiiiiiiiii et 76
FIGURE 4. 11: *'H NMR SPECTRUM PROTON OF COMPOUND 5 IN CD30D.......ocveieeeeereeerreenn, 77
FIGURE 4. 12: 13C NMR SPECTRUM OF COMPOUND 5 ......outivieeeeeeteeeeeeet e een et eeeee e 78
FIGURE 4. 13: HSQC SPECTRA OF COMPOUND 5 ....iiiiiiiiiiciiiiie ettt e e entan e snnnee e 79
FIGURE 4. 14: HMBC SPECTRA OF COMPOUND 5 .....iiiiiiiiiii ittt ban e 80
FIGURE 4. 15: KEY HMBC (—) AND COSY (==) CORRELATIONS OF COMPOUNDS 5 ................ 80
FIGURE 4. 16: CHEMICAL STRUCTURE OF COMPOUND B ....ccccciiiiiiiiiiiiiiee s sirriee e seinbbeeee s 82
FIGURE 4. 17: 'H NMR SPECTRUM PROTON OF COMPOUND B ....v.vvveeeeeeeeeieeeeeeeeeeeeenseeeeeseen, 83
FIGURE 4. 18: STACKED *3C AND DEPT 135 SPECTRUM OF B.....vcvvveeeeeeeeeeeeeeeeeseeeeeeenseeseeeeeeen, 84
FIGURE 4. 19: HMBC SPECTRA OF COMPOUND B ......uvvviiiiiiieeiiieiiiieiee e e s s s sisrrree e e e e e s s sssssreeeee s 85
FIGURE 4. 20: CHEMICAL STRUCTURE OF COMPOUND 7 vvvvvvieeiiieitiieeieeiee e s s siirsreeee e e e s s ssssssseeeseeas 86
FIGURE 4. 21: 'H NMR SPECTRUM OF COMPOUND 7 IN CD30D .....oovieveeeeieeeeeeeeeeeeeeeeee e, 87
FIGURE 4. 22: 13C NMR SPECTRUM OF COMPOUND 7 IN CD30D .....cooiveeieieeeeeeeeeeeeeeeee e, 88
FIGURE 4. 23: HMBC SPECTRA OF COMPOUND 7 .....uvvtvviiiieeeeeseiiireeee e s e e e s s sisrsreeese e e s s ssssssesenseas 89
FIGURE 4. 24: KEY HMBC (—) AND COSY (=) CORRELATIONS OF COMPOUNDS 7 ........c....... 89
FIGURE 4. 25: CHEMICAL STRUCTURE OF COMPOUND 8 ....coiiiiiiiiiiieiii et e e ssivrbeeee s 91
FIGURE 4. 26: 'H NMR SPECTRUM OF COMPOUND 8 IN DIMSO-D6.....c.veveereereeeeeeeeeeeeeereseen, 92
FIGURE 4. 27: 3C AND DEPT-135 NMR SPECTRA OF COMPOUND 8.....covvveveeereeeeseeeneeeeseaeens 93
FIGURE 4. 28: 'H-'H COSY NMR SPECTRA OF COMPOUND 8.....covivevieveeeeieeeeeeeeeeeeeeeeeesseaeenn, 94
FIGURE 4. 29: HSQC NMR SPECTRA OF COMPOUND 8 ......cccviiiiiiiiiiieesiieessiie et siee e siee e 95
FIGURE 4. 30: HMBC NMR SPECTRA OF COMPOUND 8 ....ciiiiiiiiiiiiiiiiice ettt beeee s 96

FIGURE 4. 31: CHEMICAL STRUCTURES OF THE ISOLATED COMPOUNDS FROM P. CYNAROIDES ..98
FIGURE 4. 32: AVERAGE % INHIBITION OF ALPHA-GLUCOSIDASE OF THE PLANT EXTRACTS....102

Xiv



FIGURE 4. 33: AVERAGE % INHIBITION OF TYROSINASE BY THE EXTRACTS FROM P. CYNAROIDES

........................................................................................................................................ 103
FIGURE 4. 34: ICs0 PLOT OF COMPOUND 4 AND 6 FROM P. CYNAROIDES AGAINST KOJIC ACID..104
FIGURE 4. 35: ICs50 PLOT OF COMPOUND 1 AND 3 FROM P. CYNAROIDES.........cccvvvieeeeeeeeeiinnne, 104
FIGURE 5. 1. CHEMICAL STRUCTURE OF COMPOUND 9 ...utviiiiiieiiiiiiiiiiei ettt sannens 112
FIGURE 5. 2: 'H NMR SPECTRUM OF COMPOUND 9 IN CDCL31.v.vveeieeeeeeeeeeeeeeeeeeee et eeeneeeees 113
FIGURE 5. 3: HMBC SPECTRA OF COMPOUND 9 ..ottt 114
FIGURE5. 4 : HMBC AND COSY CORRELATIONS OF COMPOUND 9 ..uvvviviiiiiiiiiieieeeee e 114
FIGURE 5. 5: CHEMICAL STRUCTURE OF COMPOUND 10 ...vviiiiiiiiiiiiiiieiiie e 116
FIGURE 5. 6: CHEMICAL STRUCTURE OF COMPOUND 11 ..ovvviiiiiiiiiieiiiee e 118
FIGURE 5. 7: CHEMICAL STRUCTURE OF COMPOUND 12 ...vvviiiiiiiiiiiiieieie et 120
FIGURE 5. 8: CHEMICAL STRUCTURE OF COMPOUND 13 ...vviiiiiiiiiiiieieiei et 121
FIGURE 5. 9: CHEMICAL STRUCTURE OF COMPOUND 14 ...oeovviiiiiiiiiiiiieee et 123
FIGURE 5. 10: 'H NMR SPECTRUM OF COMPOUND 14 IN CD30D .....vooviveeeeeeeeeeeeeeeeeeseeneeen 124
FIGURE 5. 11: STACKED *3C AND DEPT 135 SPECTRUM OF 14 IN CD30D .....ccoovevevversennn, 125
FIGURE 5. 12: COSY SPECTRUM OF COMPOUND 14 INCD30OD......cccoveviieieiiiiieieeeee e, 126
FIGURE 5. 13: HSQC SPECTRUM OF COMPOUND 14 IN CD30D......ccccceiviieiiee e, 127
FIGURE 5. 14: HMBC SPECTRUM OF COMPOUND 14 IN CD30D.......ccccovvvviiiiiiiieec e, 128
FIGURE 5. 15: KEy HMBC /7N AND COSY mmmmm CORRELATIONSOF 14.......coovvvvrrvinnnnn. 128
FIGURE 5. 16: CHEMICAL STRUCTURE OF COMPOUND 15 ....ciiiiiiiiiiiiiiiiii e 130
FIGURE 5. 17: CHEMICAL STRUCTURE OF COMPOUND 16 ....ccccciiiiiiiiiiiiiiecc i 131
FIGURE 5. 18: 'H NMR SPECTRUM OF COMPOUND 16 IN DIMSO-D6 ....ovevevereeerereeeerseenrens 132
FIGURE 5. 19: 1*C NMR SPECTRUM OF COMPOUND 16 IN DIMSO-D6 .....vcveeeeeeeeeeeeeeeeeeeeenns 133
FIGURE 5. 20: CHEMICAL STRUCTURE OF COMPOUND 17 ..vovviiiiiiiiiiiiiiiiie et 135
FIGURE 5. 21: CHEMICAL STRUCTURES OF COMPOUND 18 .......cooiiiiiiiiiiii e 137
FIGURE 5. 22: 'H NMR SPECTRUM OF COMPOUND 18 IN D20 .....ovieieeeeeeeeeeeeeeeee oo 138
FIGURE 5. 23: STACKED *H NMR SPECTRA OF COMPOUND 18, SUCROSE, GLUCOSE, AND

S U Ton 0 1S = [N 7 JR R 139
FIGURE 5. 24: CHEMICAL STRUCTURES OF THE ISOLATED COMPOUNDS FROM C. ODORATA.....140
FIGURE 5. 25: AVERAGE % INHIBITION OF ALPHA-GLUCOSIDASE OF THE PLANT EXTRACTS IN

TRIPLICATES .. iiiiiettti ettt e et ettt et e e e e e e e ee b et eeeeesee e bbbt eeeeesea s bbbt eeesesess bbbt eeeeeseserabannses 144
FIGURE 5. 26: ALPHA-GLUCOSIDASE INHIBITORY ACTIVITY ESTIMATION OF ICs0 VALUES

ISOLATED COMPOUNDS 15 AND 16.....cciiiiiiitiiiiii ettt sttt e e seabbban e e e s e e e 146
FIGURE 5. 27: AVERAGE % INHIBITION OF TYROSINASE OF THE PLANT EXTRACTS .....covvvueneee. 148
FIGURE 5. 28: ICs50 PLOT OF COMPOUND 11 AND 12.....eeitiiiiiiiie ittt 149
FIGURE 6. 1: CHEMICAL STRUCTURE OF COMPOUND 19 ...vviiiiiiiiiiiiiieiiee e 155
FIGURE 6. 2: CHEMICAL STRUCTURE OF COMPOUND 20 ...vviiiiiiiiiiiiiiieieee e serrreeee e sisnees 158
FIGURE 6. 3: CHEMICAL STRUCTURE OF COMPOUND 21 ..vvviiiiiiiiiiiiiiiieieee et 160
FIGURE 6. 4: KEY HMBC (—) CORRELATIONS OF COMPOUNDS 21......ccioiiiiieniiiiiieniee e 161
FIGURE 6. 5: CHEMICAL STRUCTURES OF THE ISOLATED COMPOUNDS FROM A. LIGNOSUS....... 163
FIGURE 6. 6: AVERAGE % INHIBITION OF ALPHA-GLUCOSIDASE OF THE PLANT EXTRACTS...... 165
FIGURE 6. 7: % OF TYROSINASE INHIBITION BY A. LIGNOSUS EXTRACTS ....oooevvrrriiiiiee s sinnnnes 167
FIGURE 6. 8: IC50 PLOT OF COMPOUND 20 .. uvtiiiiiiieiiiiiiiiiieiie et n e e e ssababsses s s e e e ssannnnes 168


https://d.docs.live.net/bcdbc12b7b8e64f0/Documents/Thesis%20corrections/PHYTOCHEMICAL%20STUDIES%20ON%20EXTRACTS%20OF%20SELECTED%20SOUTH%20AFRICAN%20INDIGENOUS%20MEDICINAL%20PLANTS.docx#_Toc105278638
https://d.docs.live.net/bcdbc12b7b8e64f0/Documents/Thesis%20corrections/PHYTOCHEMICAL%20STUDIES%20ON%20EXTRACTS%20OF%20SELECTED%20SOUTH%20AFRICAN%20INDIGENOUS%20MEDICINAL%20PLANTS.docx#_Toc105278639
https://d.docs.live.net/bcdbc12b7b8e64f0/Documents/Thesis%20corrections/PHYTOCHEMICAL%20STUDIES%20ON%20EXTRACTS%20OF%20SELECTED%20SOUTH%20AFRICAN%20INDIGENOUS%20MEDICINAL%20PLANTS.docx#_Toc105278640

LIST OF TABLES AND SCHEMES

TABLES
TABLE 1. 1: SOME MEDICINAL PLANTS USED BY THE MAJORITY OF SOUTH AFRICANS ................ 3
TABLE 1. 2: MOST STUDIED AND COMMONLY USED ANTIDIABETIC MEDICINAL PLANTS.............. 7

TABLE 2. 1: SOME ISOLATED COMPOUNDS OF PROTEA GENERA AND THEIR BIOLOGICAL

Yo AV 1= TR 26
TABLE 2. 2: SOME ISOLATED COMPOUNDS AND ACTIVITIES OF CLIFFORTIA GENERA.......c......... 31
TABLE 2. 3: SOME ISOLATED COMPOUNDS AND ACTIVITIES OF ASPARAGUS GENERA ......cceev...... 37

1 13
TABLE4.1: H AND C NMR SPECTRAL DATA OF COMPOUNDS 1 ...ovveeiiiieeeeeeeeeeeeeeeeeeaen 65
1 13
TaABLE4.2. HAND C NMR SPECTRAL DATA OF COMPOUNDS 2 IN DMSO-Dg.....vvvunnnnn..... 71
1 13
TABLE4.3: HAND C NMR SPECTRAL DATA OF COMPOUNDS 3IN D20. .coovviiivieieeeeeee 73
1 13
TABLE4.4: H AND C NMR SPECTRAL DATA OF COMPOUND 4 IN PYRIDINE D5......uvvvneeee.. 75
1 13
TABLE4.5: H AND C NMR SPECTRAL DATA OF COMPOUNDS 5 IN CD30D.. ........cccc........ 81
1 13
TABLE4.6: H AND C NMR SPECTRAL DATA OF COMPOUNDS 6 IN DMSO-Dgs ................. 84
1 13
TaABLE4.7: H AND C NMR SPECTRAL DATA OF COMPOUNDS 7 IN CD30D.......vveeee. 90
1 13
TABLE4.8: H AND C NMR SPECTRAL DATA OF COMPOUNDS 8 IN DMSO-Dsg........u......... 97
TABLE 4. 9: IC5¢ OF ISOLATED COMPOUNDS AND ACARBOSE ON ALPHA-GLUCOSIDASE AND

AALPHAAMY LASE ¢ttt ettt eeteeettee st e ee st eee s aaseeeeesee st s teeeeeseeste b seeeeeteessstanteeeessessrnnnnes 102
TABLE 4. 10: % INHIBITION OF TYROSINASE AND ICs0 OF COMPOUND 4, 6 AND KOICACID.................. 104
TABLE 4. 11: ICs5p VALUES OF ISOLATED COMPOUNDS OF P. CYNAROIDE .....vvoveeeeeeeeeeeeeeeeeenn 105

1 13
TABLES.1: H AND C NMR SPECTRAL DATA OF COMPOUNDS Q. .ooveeiee oo 115
1 13
TABLES.2: H AND C NMR SPECTRAL DATA OF COMPOUNDS 10 ..ccvvveeieieeiieeeeeeeeeeenn 117
1 13
TABLES.3: H AND C NMR SPECTRAL DATA OF COMPOUND 11...cocvvviieieieeiieieiiieeeeeeeann 119
TaBLE5.4: 1H AND 13C NMR SPECTRAL DATA OF COMPOUND 12 AND 13 oo, 122
TaBLES.5: 1H AND 13C NMR SPECTRAL DATA OF COMPOUND 14 ..vooooeooeoeoeoeoeeoe, 129
TaBLE 5. 6: 1H AND 13C NMR SPECTRAL DATA OF COMPOUND 14 AND 15 ...evvoeovoeovin, 134
1 13
TABLES.7: H AND C NMR SPECTRAL DATA OF COMPOUND 17 ...covveeeeieeeeeieeeieeeeeeeeans 136
TABLE 5. 8: INHIBITORY ACTIVITY (%) OF C. ODORATA EXTRACTS AGAINST ALPHA-

GLUGCOSIDASE ENZYME ... eetuttteteeet e et e et e et se s e se s e ae s teeanseesntetetaseensaetseeanseesnserennsennneees 145
TABLE 5. 9: INHIBITORY ACTIVITY (%) OF C. ODORATA COMPOUNDS AGAINST ALPHA-

GLUGCOSIDASE ENZYME ... eetuittetteeeee ettt et e et te s et ee s s e et seeanseeantesetaseensseetseeanaeernresennsennneees 145
TABLE 5. 10: 1Cs50 VALUES OF TESTED COMPOUNDS ON ALPHA-GLUCOSIDASE ....ccoevvvvvveeeeeeenns 146
TABLE 5. 11: ICs50 VALUES OF ISOLATED COMPOUNDS FROM ETOAC EXTRACT OF C. ODORATA

........................................................................................................................................ 148

TABLE 6. 1: 'H AND 3C NMR SPECTRAL DATA OF COMPOUND 19 INCD30D ..o, 156
1 13

TABLEG6.2: H AND CNMR SPECTRAL DATA OF COMPOUND 20 IN CD30D.................... 159

XVi



1 13
TaABLEG6.3: H AND C NMR SPECTRAL DATA OF COMPOUND 21 INCD3OD................... 162
TABLE 6. 4: INHIBITORY ACTIVITY (%) OF C. ODORATA EXTRACTS AGAINST ALPHA-

GLUCOSIDASE ENZYME ..eetieettetee e et e e et et e e ettt e e et e e e et et e e e et et e e e e eet e e eeeetneeeeetneeerennees 165
TABLE 6. 5: INHIBITORY ACTIVITY (%) OF A. LIGNOSUS COMPOUNDS AGAINST ALPHA-
GLUCOSIDASE ENZYME ..oetiieeetetee e et e e e et eee e e ettt e e et et e e et et a e e et et e e e eeetneeeeetneeeeetneeerennees 166

TABLE 6. 6: 1Cs0 VALUES OF ISOLATED COMPOUNDS FROM BUOH EXTRACT OF A. LIGNOSUS .168

SCHEMES

SCHEME 4. 1: A SCHEME OF EXPERIMENTAL PROCEDURE FOR THE ISOLATION OF COMPOUNDS
FROM P. CYNAROIDE .....uiitiiitiiiiiicisis ittt 63

SCHEME 5. 1: A SCHEME OF EXPERIMENTAL PROCEDURE FOR THE ISOLATION OF COMPOUNDS
FROM C. ODORATA .. .ottt b e bt 111

SCHEME 6. 1: A SCHEME OF EXPERIMENTAL PROCEDURE FOR THE ISOLATION OF COMPOUNDS
FROM AL LIGNOSUS ...uitiiiiitisie it bbb 154

XVii



LIST OF ABBRIVIATIONS

1D NMR one-dimensional nuclear magnetic resonance
2D NMR two-dimensional nuclear magnetic resonance
'H NMR proton nuclear magnetic resonance

1BC NMR carbon 13 nuclear magnetic resonance

br broad signal

CDCls deuterated chloroform

CHCIs chloroform

CDs0D deuterated methanol

COSsYy correlation spectroscopy

d doublet

DCM dichloromethane

dd doublet of doublets

DEPT distortionless enhancement by polarization transfer
DMSO dimethyl sulfoxide

ESI-MS electrospray ionization mass spectrometry

et al. et altera (and others)

EtOAC ethyl acetate

FTIR Fourier-transform infrared spectroscopy

g gram

GC-MS gas chromatography-mass spectrometry
HMBC heteronuclear multiplebond connectivity
HSQC heteronuclear single quantum coherence

Hz herz

ICso Half maximal inhibitory concentration

XViii



LC

LC/MS

MeOH
mg
mL
mM
MS
m/z

Mg

puL
NMR

ppm

TLC

uv

coupling constant
liter
liquid chromatography
liquid chromatography-mass spectrometery
multiplet
methanol
milligram
millilitre
millimolar
mass spectrometry
mass per charge
microgram
microliter
nuclear magnetic resonance
parts per million
quartet
singlet
triplet
thin layer chromatography

ultra-violet

XiX



LIST OF ISOLATED COMPOUNDS

Figure 1. 1: List of isolated compounds from the three plants

XX



CHAPTER 1

INTRODUCTION

1.1 General introduction to Natural products

The use of medicinal plants in Southern Africa is widespread with many South African
households using medicinal plants for the treatment of various ailments (Atawodi, 2005). These
medicinal plants are a rich source of phenols which are essential to the human diet for optimum
health (Rice-Evans, et al., 1996). A number of the different classes of these phenols are
biologically active and responsible for the anti-oxidant, anti-inflammatory, chemopreventive,
and, neuroprotective activities (Atawodi, 2005; Long, et al., 2009). Natural product chemistry
is a discipline in which investigation of the chemical composition of medicinal plants is
undertaken towards the identification of the various classes of organic compounds present in
medicinal plants, which are responsible for their biological activity. The plant kingdom is rich
and has abundant sources of remedies for the prevention and cure of various human ailments,
as well as maintenance of a healthy and normal physiological state (Goswan, 2002).

Plants that have medicinal activities are known to have the advantage of possessing chemical
diversities of secondary metabolites. Such medicinal properties are often of superior, and if
not, of similar activity as modern synthetic drugs. A wide range of phytochemicals that includes
flavonoids, anthocyanins, alkaloids, and, coumarins among others, has been discovered (Jassim
and Naji, 2003). In Africa, people’s reliance on herbal medicine is very high, as indicated by
the fact that 70% of the population depends on traditional medicines for their primary health
care needs, despite the lack of scientific information on efficacy and side effects (Kokwaro,
1996). This is normally due to limited access to modern health facilities. Poverty further
aggravates the situation as sometimes the available medicine is unaffordable.

Depending on their chemical composition, the natural products may be grouped according to a

recurring structural feature, or they may be grouped according to the genus of their plant source,

1



or by their physiological effects (antimicrobials, antibiotics, analgesics), or by similarities in
the route by which they are synthesized by the organism (biosynthesis) and these groups are
classified as phenols, terpenes, triterpenoids, alkaloids, coumarins, fatty acids as well as
tannins, etc (Cannell, 1998; Mann et al., 1994; Rahman, 2012). This chemical diversity is a
result of secondary metabolism which occurs within the living organism (plant) from which

the natural products are derived (Caturla, et al., 2005).
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Figure 1. 2: Example of different compounds of natural products

1.2 South African medicinal plants

South Africa is a country that has a strong history of traditional healing, and hosts wide
biodiversity of approximately 30,000 flowering plant species, accounting for almost 10% of
the world’s higher plant species (Louw et al., 2002). Approximately 80% of black South
Africans still depend on using plants for medicinal purposes because they are cheap, safe, easily
accessible, culturally acceptable, better tolerated by patients, and at times the only therapy that
subsists (Shaikh, 2011). Statistically, about 25% of the world’s plants are found in South Africa
and about 3000 medicinal plants are often used for traditional medicine in South Africa with

2942 used for human administration (Van Wyk, 2008). The various uses of plants include



treatment of numerous diseases and life-threatening conditions such as viral diseases, diabetes,

and cancer (Street and Prinsloo, 2013).

Table 1. 1: Most commonly used medicinal plants by the majority of South Africans

Plant name

Part used

Uses

Reference

Aloe forex

artemisia afra

Aspalathus linearis

Helichrysum

Hypoxis hemerocallidea

Merwilla natalensis (Scilla)

Sutherlandia frutescens

roots, stems, and
leaves

roots, stems, and
leaves

leaves and twigs

leaves and twigs

roots and corm

bulb

shoots

for arthritis, conjunctivitis, toothaches, sinusitis,
stomach pains, burns, insect bites, sores, and
sunburn, eczema

coughs, colds, fever, loss of appetite, colic,
headache, earache, intestinal worms, and
malaria

pregnancy to relieve heartburn and nausea, colic
relief, and, as a milk substitute for infants

coughs, colds, fever, infection, menstrual pain,
headaches, insomnia, hypertension, allergies,
and diabetes.

cold, flu, hypertension, adult-onset diabetes,
psoriasis, urinary infections, testicular tumors,
prostate hypertrophy, HIV/AIDS and some
central nervous system disorders, anticancer,
antidiabetic, antimicrobial, antioxidant, and
anti-inflammatory

gastrointestinal ailments, sprains and fractures,
tumors, menstrual pains, infertility, and to
induce labor and delivery in pregnancy

treatment of cancer, gastric ailments,
gynecological problems, rheumatism, edema
and fevers and also as a bitter tonic or blood
purifier, colds, influenza, chicken-pox, diabetes,
varicose veins, piles, inflammation, liver
problems, backache, and rheumatism

Crouch et al., 2006;
Watt and Breyer-
Brandwijk, 1962;
Bruce, 1975.

Van Wyk et al.
2005.

Gruenwald, 2009.

Van der Walt, 2008;
Van Staden, 2009.

Hutchings et al.,

1996; Laporta et al.,

2007; Ojewole,

2006; Steenkamp et
al., 2006; Mills et
al., 2005.

Van Wyk et al.

1997; Watt and

Breyer-Brandwijk,

1962; Sparg et al.,

2002; Moodley et
al., 2004

Van Wyk and
Albrecht, 2008;
Drewes et al., 2006;
Crouch et al., 2006.




1.3 Diabetes Mellitus

Diabetes mellitus is a group of metabolic diseases in which the person has high blood glucose
(blood sugar) either because insulin production is inadequate, or the body’s cells do not respond
properly to insulin, or both (Alberti et al., 1998; WHO, 1999; Khan et al., 2009). Diabetes can
be classified into type 1, type 2, and gestational diabetes. In type 1, the body does not produce
insulin and approximately 10% of all diabetic patients fall into this group (Daneman, 2006).
In type 2 diabetes, the body does not produce enough insulin for proper function and it is
estimated that 90% of all diabetic cases worldwide are type 2 (WHO, 1999). In addition, the
prevalence of the disease is increasing rapidly with around 392 million people diagnosed with
type 2 diabetes in 2015 compared with 30 million in 1985 (Vos et al., 2016; Smyth and Heron,
2006). Gestational diabetes is defined as a condition in which your blood sugar levels become
high during pregnancy (WHO, 2013) and, may improve or disappear after delivery. Even
though it may be transient, gestational diabetes may damage the health of the fetus or mother,
and about 40% of women with gestational diabetes develop type 2 diabetes later in life

(Mayfield, 1998).

1.3.1 Type 1 diabetes

Type 1 diabetes is sometimes known as insulin-dependent diabetes mellitus or juvenile-onset
diabetes because its clinical manifestations occur before the age of 40. In this group, patients
need to take insulin for the rest of their lives. However, individuals with type 1 diabetes are
recommended to follow a healthy eating plan, do adequate exercises to lead a normal life

(WHO, 2016).

1.3.2 Type 2 diabetes
Overweight and obese people have a much higher risk of developing type 2 diabetes compared

to their healthy counterparts. Furthermore, being overweight, physically inactive, and eating



wrong foods all contribute to the risk of developing type 2 diabetes. Aging also contributes to
the risk of developing type 2 diabetes (Jain and Saraf, 2010). This is attributable to the fact
that with age, people tend to put on weight due to being less physically active. It is a general
recommendation that people with type 2 diabetes ought to eat healthily, be physically active,
and test their blood glucose. They may also need to take oral medication and/or insulin to
control blood glucose levels. The risk of cardiovascular disease is much higher for diabetic
cases. It is therefore crucial that blood pressure and cholesterol levels are monitored regularly.
Factors that put patients with diabetes at risk include smoking, inactivity, family history, high
blood pressure and abnormal cholesterol and triglyceride levels. It is therefore prohibited to
smoke as smoking is thought to have serious effects on cardiovascular health. Other factors
that have a bad effect on diabetic patients include hypoglycemia (low blood glucose) and

hyperglycemia (when blood glucose is too high) (WHO, 2006).

1.3.3 Symptoms and treatment of diabetes

Patients with high blood sugar typically experience polyuria (frequent urination), polydipsia
(increasingly thirsty) and polyphagia (hungry), unusual weight loss, fatigue, cuts and bruises
that do not heal, numbness and tingling in hands and feet. Patients with type 1 diabetes are
treated with insulin injection as well as special diet and exercise whereas those with type 2 are
usually treated with oral medication eg. metformin but sometimes insulin injections are also

required (Jain and Saraf, 2010; Maruthur et al., 2016).

Treatment of type 2 diabetes has often ranged from allopathic medicine to traditional medicine,
in the latter medicinal plants (ethnobotanicals) have been used. In allopathic medicine, other
drugs are used in addition to metformin including sulfonylureas which help the body to make
more insulin, meglitinides which stimulates the pancreas to release insulin, thiazolidinediones
which makes the body more sensitive to insulin and dipeptidyl peptidase-1V inhibitors which

help reduce blood sugar levels. Each of these medications has side effects as result, the
5



prevalence of the disease is increasing rapidly with around 392 million people diagnosed with
type 2 diabetes in 2015 compared with 30 million in 1985 (Vos et al., 2016; Smyth and Heron,

2006).

1.4 Enzyme inhibitors

Alpha glucosidase and alpha amylase are the important enzymes involved in the digestion of
carbohydrates. Alpha Amylase is involved in the breakdown of long chain carbohydrates and
alpha glucosidase breaks down starch and disaccharides to glucose. They serve as the major
digestive enzymes and help in intestinal absorption. Alpha amylase and glucosidase inhibitors
are the potential targets in the development of lead compounds for the treatment of diabetes

(Subramanian et al., 2008)

1.4.1 Alpha-amylase

The alpha-amylase enzyme catalyzes the endohydrolysis of alpha-1,4- glycosidic linkages in
common polysaccharides (starches) from the diet, to regulate blood sugar levels (Nickavar et
al., 2008). During the disease state of diabetes mellitus, this enzyme can be detrimental, due
to the biochemical defect causing blood glucose levels to be elevated. Inhibition of the
enzyme’s activity would lower glucose absorption by the small intestine and would control
the elevation of glucose levels. This would then allow more undigested starch to make it to

the colon (Gautam, et al., 2013).

1.4.2 Alpha-glucosidase

Alpha-glucosidase inhibitors are drugs that inhibit the breakdown of carbohydrates in the gut
and therefore the production and absorption of glucose may be employed in the treatment of
patients with type 2 diabetes or impaired glucose tolerance (van der Laar, 2008). The

membrane-bound intestinal alpha-glucosidase hydrolyzes oligosaccharides, trisaccharides, and



disaccharides to glucose and other monosaccharides in the small intestine. Inhibition of these

enzyme systems reduces the rate of digestion of carbohydrates (Naquvi et al., 2011).

In recent years, many efforts have been made to identify effective alpha-glucosidase inhibitors

from natural sources to develop a physiologic functional food or lead compounds for use

against diabetes. Many alpha-glucosidase inhibitors, such as flavonoids, alkaloids, terpenoids,

anthocyanins, glycosides, phenolic compounds, etc, have been isolated from plants (Mahajan

etal., 2011).

Table 1. 2: Most studied and commonly used antidiabetic medicinal plants

Plant name Family Part used Reference
Allium cepa (Onion) Alliaceae Onion bulbs Sheela et al., 1995; Kumari et al., 1995; Eidi et al., 2006.
Allium sativum (Garlic) Alliaceae Garlic cloves Sheela et al., 1992; Augusti and Shella 1996.

Aloe vera (Aloe barbadensis)

Catharanthus roseus

Cinnamomum cassia
Coccinia indica
Fiscus benghalensis
Gymnema sylvestre
Ginseng

Momordica charrant

Sclerocarya birrea

Securidaca longepedunculata

Sutherlandia frutescens
Syzygium cordatum (Hochst.)

Psidium guajava

Aspholedeceae

Apocynaceae

Lauraceae
Cucurbitaceae
Moraceae
Asclepiadaceae
Araliaceae

Cucurbitaceae

Anacardiaceae

Polygalaceae

Fabaceae
Myrtaceae

Myrtaceae

Leaf pulp and gel

Fresh leaf juice

Bark

Leaves

Leaves and bark
Leaves

Root and leaves
Fruit pulp, seed,
leaves

Bark

Stem bark and
roots

Shoots

Leaves

Leaves and roots

Rajasekaran., et al., 2004; Tanaka et al., 2006.

Benjamin et al., 1994; Marles and Farnsworth, 1995;
Singh et al., 2001; Nammi et al., 2003.

Jarvill-Taylor et al., 2001; Chase and McQeen, 2007.
Hossain et al., 1992; Kumar et al., 1993.

Achrecker et al., 1991; Augusti et al., 1994
Shanmugasundaram, 1990; Chattopadhyay, 1999.
Yang et al., 1990; Petit et al., 1995.

van de Venter et al., 2008.

Gondwe et al., 2008; Ojewole, 2004.

Ojewole, 2004.

Chadwick et al., 2007.
Musabayane et al., 2005.

an de Venter et al., 2008.



Vinca major

Apocynaceae Leaves and roots  van de Venter et al., 2008.

1.5 Tyrosinase

Tyrosinase is a multifunctional copper containing enzyme. Tyrosinase plays diverse
physiological roles in different organisms. In fungi and vertebrates, tyrosinase catalyzes the
initial step in the formation of the pigment melanin from tyrosine. In plants, the physiological
substrates are a variety of phenolics. Tyrosinase oxidizes them in the browning pathway
observed when tissues are injured. One possible role is protection of the wound from
pathogens or insects. Tyrosinase is thought to be involved in wound healing and possibly
sclerotization of the cuticle (Kim and Uyama, 2005). In addition, tyrosinase is known to be
involved in the molting process of insects and adhesion of marine organisms (Bernard and

Berthon, 2000; Haq et al. 2006; Kim et al. 2006; Lee et al. 2006).

1.6 Problem statement

In South Africa, different plant species are used to treat several diseases especially by the rural
population where western medicine is not accessible or affordable. Nowadays, about 200,000
traditional healers exploit traditional medicine in South Africa and a high proportion of the
population uses these traditional medicines as their primary source of health care (Lewis,
2009). The approach of using plant species in the discovery of therapeutics remains an ultimate
strategy for the effective usage of plants (Hostettmann, 1998). For instance, A. lignosus, C.
odorata, and P. cynaroides L. (King Protea) are common plants used traditionally as medicines
for the treatment of several diseases, yet the phytochemical and biological activity of these
plants has not been investigated in details. This thus necessitates more efficient research that
will lead to innovative use of the above-mentioned plants. A comprehensive investigation for
the presence of chemical constituents implicated in the various health benefits of these three

selected medicinal plants will be pursued.



1.7 Rationale of the study

Medicinal plants have had a wide application in treating human ailments from prehistoric
times because they produce many chemical compounds with biological functions, including
defense against insects, fungi, and herbivorous mammals. (Shi, et al., 2010; Fabricant and

Farnsworth, 2001).

Ethnobotanical studies are often significant in revealing locally important plant species
especially for the discovery of crude drugs. Documentation of traditional knowledge,
especially on the medicinal use of plants has provided many important drugs of modern days
(Teklehaymanot and Giday, 2007). Over 50% of all modern clinical drugs are of natural
origin and these natural products play an important role in drug development programs of the

pharmaceutical industry (Farombi, 2003).

For a developing country such as South Africa, the world health organization (WHO)
estimates that about 80% of the population relies on plant-based preparations used in their
traditional medicine system and as basic needs for human primary health care (Kesaran et al.,
2007). This is mainly because of the fact that African traditional medicine does not have as
many side effects as their modern counterparts coupled with the fact that African traditional
medicines are cost-effective (Benzie and Wachtel-Galor, 2011). South African traditional
healers exploit a multitude of such plants to treat many health or medical conditions and these
include Aloe succotrina, Asparagus lignosus, Carpobrotus edulis, Cissampelos capensis,
Chironia bassifera, Cliffortia odorata, Euclea undulata, Gethyllis multifolia, Kedrostris
nana, Protea cynaroides, Psidium guajava, and Sutherlandia frutescens. These plants were
initially selected for investigation in this study as they are indigenous South African plants

that have had applications in the treatment of arthritis, heart ailments, treatment of skin



disorders, stomach complaints, bladder and kidney ailments, cancer, treatment of back pain,
colds and flu, cough, diabetes, feet ailments, hypertension, Tuberculosis (TB) and as a
detoxification aid (Deutschldnder et al., 2009a; Van Wyk and Gericke, 2000; Van Wyk,
2008). In spite of these uses, there is a lack of scientific study/validation concerning the
safety evaluation and phytochemistry of the plants. And this necessitates to investigate the
phytochemistry of these selected South African indigenous medicinal plants to validate their
claimed medicinal use and to successfully characterize the metabolites that could be used to

establish fingerprints or characteristic features of each species.

1.8 Justification

Natural products have provided biologically active compounds for many years and many of
today’s medicines are either obtained directly from a natural source or were developed from a
lead compound originally obtained from a natural source (Koparde, Doijad, and Magdum.,
2019). The use of medicinal plants as a fundamental component of the African traditional
healthcare system is perhaps the oldest and the most assorted of all therapeutic systems. Since
poorer societies rely mainly on traditional medicine for primary health care, there is an urgent
need for phytochemical analysis of these medicinal plants to understand their mode of action,
efficiency, and safety. This research should reveal the main constituents which may be used as

part of commercial products for the cosmeceutical and pharmaceutical industries.

1.9 Aim of the study

To conduct a comprehensive phytochemical study on three indigenous South African medicinal
plants (Asparagus lignosus, Cliffortia odorata, Protea cynaroides) and biologically evaluate
their extracts and isolated compounds for enzymatic inhibition of alpha-glucosidase, alpha-

amylase, and tyrosinase enzyme.
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1.10 Objectives

1.10.1 General objectives
Preparation of aqueous and organic solvent extracts of Asparagus lignosus, Clifortia odorata
and Protea cynaroides, isolation and structural elucidation of secondary metabolites, and

biological evaluation of extracts and the isolates.

1.10.2 Specific objectives

- Collection and identification of the three plant species.

- Preparation of solvent extracts of A. lignosus, C. odorata and P. cynaroides.

- Isolation, identification, and structure elucidation of the chemical constituents from plant
extracts using chromatographic and spectroscopic techniques.

- To determine anti-diabetic activity by studying enzyme inhibitory activity of extracts and
isolated compounds on alpha-glucosidase and alpha-amylase enzymes.

- To determine anti-tyrosinase activity by studying the inhibitory activity of extracts and the

isolated compounds on tyrosinase enzyme.

1.11 Structure of the thesis

Chapter 1:  General introduction

Chapter 2:  Literature review of medicinal plants studied

Chapter 3:  Methodology

Chapter 4,5 and 6: Phytochemical and biological investigation of the three studied plants

Chapter 7:  Conclusions and recommendations
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Plants are a valuable source of new natural products. Natural products remain as one of the best
reservoirs of new chemicals. A small proportion of the hundred thousand plant species around
the world has been investigated both phytochemically and pharmacologically (Hostettmann,
1999).

Plants for the present study have been selected based on phytochemistry and ethnobotanical
information. Plant leaves were investigated, however, based on literature review these plant
parts have not been validated scientifically as yet. The aim of this study therefore, was to
investigate phytochemical and biological properties of selected plants. A brief description,

distribution, medicinal use and phytochemistry of each plant is discussed.

2.2 Protea cynaroides

2.2.1 Plant description

The Proteaceae or silk-oak family is one of the evergreen shrubs, trees, or sometimes sub
herbaceous perennial plants. There are more than 1674 species from approximately 83 genera
which are found largely in the dry, Mediterranean-type climatic regions of the Southern
Hemisphere, especially in South Africa and Australia (Christenhusz and Byng, 2016; Moodley
et al., 2013). The utmost diversity of genera and species are concentrated in Southwest
Australia and the Western Cape Province of South Africa with 16 genera (682 species) and 14
genera (331 species), respectively (Lamont et al., 1985; Cowling and Lamont, 1998).

Proteas were the most prominent woody plants in the Cape Region of South Africa 300 years

ago and were used by the early European settlers for a variety of their needs. The bark and
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leaves of most Protea species may be regarded as astringent, and all have probably been used
in the Cape Region for tanning. As early as 1720, “Syrupus Protea” was used as a cough syrup

(Verotta et al., 1999).

Protea cynaroides (King Protea) is an upright and multi-stemmed shrub that grows between
0.3and 2 mtall. It has thin branches, with hairless stems (Rebelo, 2000). The leaves are curved,
oval, or narrowly elliptic, ranging from 50 to 120 mm in length and 50 to 75 mm in width. The
flowerhead sizes range from 120 mm to 300 mm in diameter and the color of the bracts, which

are either hairy or hairless, range from pink to creamy-white (Patterson-Jones, 2000).

Figure 2. 1: Photograph of Protea cynaroides

2.2.2. Distribution of Protea cynaroides

Protea cynaroides has one of the widest distribution ranges of all the Proteaceae and occurs
from the Cedarberg in the northwest to Grahamstown in the east. It occurs on all mountain
ranges in this area, except for the dry interior ranges, and at all elevations from sea level to
1500 meters high. The combination of the different climatic conditions with the large range of
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localities has resulted in a large variety of leaf and flower sizes, as well as flower colors and
flowering times. The different forms retain these characteristics even when grown under the
same conditions on a commercial scale. This has made it possible to grow Protea cynaroides as
a cut flower for a wide variety of export markets, where the flowers are needed at different
times of the year. This South African protea is now grown in large quantities in New Zealand,
Australia, and Hawaii. In the Mediterranean climates of Europe, America, and Australia, it can

be grown successfully as a garden plant in the right type of soil.
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Figure 2. 2:m Distribution map Protea cynaroides in South Africa

2.2.3 Ethnomedicinal use of Protea cyanaroides

A study conducted by Arendse (2013) revealed that the plant is used to treat bladder and kidney
ailments as well as cancer and this is believed to be the main therapeutic benefit. As per this
report, the tea is prepared by adding a few leaves to a cup of boiling water and allowed to cool
and followed by straining. One cup is taken twice daily to treat bladder and kidney ailments

and thrice daily for the treatment of cancer and diabetes.
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2.2.4 Phytochemical studies

No conclusive studies have been carried out on the chemical substances present in this broad
family. However, a few phenolic compounds (Perold and Carlton, 1989; Verotta et al., 1999;
Ledn et al., 2014) and polyol sugars (Bieleskiand Briggs,2005) have been identified as leaf
constituents. Phenolic compounds in other Proteaceae members were also reported by Deans
et al. (2018a,2018b) where they found for example quercetin glycosides and naphthoquinones
in Lomatia species. Cyanogenic glycosides, derived from tyrosine, are often present as
proanthocyanidins (delphinidin and cyanidin), flavonols (kaempferol, quercetin, and
myricetin), and arbutin. Some members of the Protea genus have been shown to contain

aromatic esters of aryl glycosides as typical leaf constituents (Perold et al., 1979).

Perold et al., (1973) reported that there are two classes of glycosides that are found in Protea
sp., the C-glycosides proteacin or leucodrin and phenolic glycosides, which have 3,4-
dihydroxybenzyl alcohol as a common aglycon. The known sugars involved in the B-glycosidic
linkage are (+)-D-glucose and (+)-D-allose. Plant phenols have drawn an increasing attention
due to their strong antioxidant properties and their marked effects in the prevention of various
oxidative stress-associated diseases such as cancer (Dai and Mumper, 2010). Wu et al. (2007)
reported the isolation of 3,4-dihydroxybenzoic acid from P. cynaroides along with other

phenolic compounds such as caffeic, ferulic, gallic, and salicylic acids.

o
HO o o . 0
- SN
HO ©\)\OH j@/\)‘\OH
OH OH HO

gallic acid salicylic acid ferulic acid
O e} o}
H
HO HO HO
3,4-dihydroxybenzoic acid ~ 4-hydroxybenzoic acid caffeic acid

Figure 2. 3: Some phenolic compounds isolated from P. cynaroides
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Table 2. 1: Some isolated compounds of Protea genera and their biological activities.

Name of the plant Isolated compound Plant part  Activity Ref
Protea rubropilosa
N Leaves Antioxidant Perold et al., 1973
o0"~0
HO O o OH
OH
HO
Q.
Rubropilosin
o 20
O ..
HO o " Antioxidant
OH Leaves
HO é\( Perold et al., 1973
OH
Pilorubrosin
HO
. % Leodn et al., 2014
Protea hybrid ‘Susara’ QO Leaves Antioxidant

(6-ethoxy-3,5-dihydroxy-4-
oxotetrahydro-2H-pyran-2-
yl)methyl 4-hydroxybenzoate

o Leobn et al., 2014
OH Leaves Antioxidant

OH

2-ethoxy-4-
(hydroxymethyl)phenol
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Protea neriifolia )

2,4-Dihydroxyphenyl 6-O-
benzoyl-g-D-glucopyranoside

Protea eximia o£

Eximin (6-O-benzoylarbutin)

HO
Protea caffra
Phenol-2,4-bis (1,1-
dimethylethyl)
NH,
Rimantadine
Protea lacticolor OH

Lacticolorin

Leaves

Leaves

Twigs

Twigs

Leaves

Anticancer

Antiviral

Antioxidant

Antifungal

Antiviral
Antimicrobial

Syarifah et al.,
2011

Huang et al., 2011

Zhao et al., 2020

Ren et al., 2020

Vambe et al.,
2020

Manchand et al.,
1990

Perold et al., 1979
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2.3 Cliffortia odorata

2.3.1 Plant description

Cliffortia L. (Rosaceae) comprises 135 species of woody evergreen plants species, 109 of
which are endemic to the Cape Floristic Region (CFR) (Whitehouse 2002, 2004; Whitehouse
and Fellingman 2007). Although the genus is found from sea level to the highest mountain

summits in the CFR, further north it is restricted to high altitude areas.

Cliffortia odorata, commonly known as “Wildewingered” (wild vineyard) in Afrikaans, is a
scrambling shrub growing 1-2 m in height (Adamson and Salter, 1950). The young stems are
hairy and slightly pink, but later become hairless and rust-brown. The leaves are alternate
with stipules at the base of the short petioles. The leaf shape is ovate with saw-toothed edges.
The leaf is aromatic, dark to yellow-green, leathery, and hairy only on the lower surface
whereas its surface is covered in parallel and straight lateral veins that are closely spaced and
emerging at an angle from the midrib. These veins are conspicuously indented on the upper
surface and run straight into the margins. It grows on mountain slopes of the Western Cape,
the Eastern Cape, and KwaZulu-Natal in places where moisture is readily available
(www.plantzafrica.com; Bond and Goldblatt, 1984). As per the literature search, there are no

pharmacological and phytochemical investigations carried out on Cliffortia species.
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Figure 2. 4: Photograph of Cliffortia odorata.

2.3.2. Distribution of Cliffortia odorata
The plant is widespread on damp mountain slopes of the Western and Eastern Cape Provinces,

from Paarl to the Cape Peninsula and eastward to Port Elizabeth; also, north to KwaZulu-Natal.

Figure 2.5:# Distribution map of Cliffortia odorata in in South Africa

29



2.3.3 Ethnomedicinal use of Cliffortia odorata

The leaves of C. odorata have a variety of medicinal uses in traditional medicine with
acknowledgment of some of its properties in modern pharmacology. This plant is used for the
treatment of back pain, bladder and kidney ailments, cancer, colds and flu, cough, diabetes,
feet ailments, fever, headache, hypertension, pain, stomach ailments, tuberculosis (TB), and as
a detoxification aid (van Wyk, 2008). This treatment is achieved by adding a few leaves to 1
cup of boiling water and allowing it to cool down. Strain. Drink one cup daily to treat the
ailments mentioned. For pain, add a handful of leaves to the bathwater and immerse body into
the water. For the treatment of feet ailments, add a handful of leaves to a small foot bath and

soak feet for 30 minutes.

2.3.4 Phytochemical studies

In the literature, no information could be found on the phytochemistry or bioactivity
of Cliffortia species. However, preliminary microchemical tests indicated the presence of
flavonoids, tannins, saponins, triterpenoid steroids, glycosides, and quinones. Alkaloids and
essential oils were not detected (Arendse, 2013).

Although there is no phytochemical study reported on Cliffortia species, there are reports on
the study of its immediate sister taxon namely, Sanguisorba and Acaena. The most investigated
Sanguisorba species has been Sanguisorba officinalis (Cirovic et al., 2020) and among various
active compounds isolated from the root and aerial parts of the S. officinalis, phenolic acids,
triterpenoids, tannins and flavonoids have been reported as its major components (Nonaka et
al., 1982a; Nonaka et al., 1982b; Tanaka et al., 1983; Tanaka et al., 1984; Tanaka et al.,
1985and Chengand Yang, 1995; Han and Zhong, 2009).

Tanaka et al., 1984 have also reported various gallic acid derivatives such as methyl

glucoside gallates and gallic acid glucoside gallate from S. officinalis. Tannins and related
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compounds such as catechin, gallocatechin, procyanidin B-3, B-glucogallin, 1,2,3,6-tetra-O-

galloyl-B-D-glucose, 1,2,3,4,6-penta-O-galloyl-B-D-glucose, 4,6-hexahydroxydiphenoyl-D-

glucose, ped-unculagin, sanguiin H-6, and sanguiin H-11 have also been isolated from the

roots of S. officinalis (Ishimaru et al., 1995). A representative flavonol glycoside rutin as

another phenolic component from S. officinalis has also been reported (Kaneta et al., 1979).

Studies conducted by Ayoub (2003) and Tan et al. (2019), reported the isolation of phenolic

carboxylic acids and ellagic acid from S. minor and S. officinalis, respectively.

In 2002, Backhouse et al. reported the isolation of four phenolic derivatives from Acaena

splendens namely, tiliroside, epicatechin, 7-O-acetyl-3-O-p-D-glucosyl-kaempferol, and 7-p-

D-glucosyloxy-5-hydroxy-chromone. Free radical scavengers such as quercetin, quercetin-3-

O-B-D-glucoside, quercetin-3-O-p-D-galactoside, ellagic acid and catechin were isolated

from Acaena magellanica by Feresin et al. (2002)

Table 2. 2: Some isolated compounds and activities of Cliffortia genera

Name of the plant Isolated compound Plant part Activity Ref
Sanguisorba minor Whole plant  Antioxidant Ayoub, 2003
Acaena magellanica Whole plant  Anti-inflammatory )
Feresin et al., 2002
OH
HO O ° I O Anti-inflammatory
o Antioxidant

Acaena splendens Ho PR Whole plant  Anticarcinogenic Backhouse et al.,

T s Hepatoprotective 2002

Tiliroside




Sanguisorba ternuifolia

R, R, R; Ry Rs

1 =a-OH a-OH OH CH; CH;
2 =H b-O-coumaroyl H CH; CH;

1. Euscaphic acid

Rg
H
H

2. p-coumaroylursolic acid

Sanguisorba hakusanensis

HO

Quercetin 3-O-(B-D-gl
ucofuranoside)

Sanguisorba obtusa

Miquelianin

Acaena pinatifida

>
2

Tormentic acid

Roots

Leaves

Leaves

Roots

Antihypoglycemic

Antioxidant

Antioxidant

Anti-inflammatory

antibacterial

Kuang et al., 2011

Leo6n et al., 2014

Rice-Evans et al.,
1996

Pietta, 2000

Yang et al., 2016

Zang et al., 2007
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Acaena magellanicas

Sanguisorba alpina

Sanguisorba officinalis

Sanguisorba officinalis

Sanguisorba officinalis

@OH Roots

OH

OH

Catechin
N\\/O
HO" N -O~a0
HoY “OH

HO
Prunasin Leaves
HO,,

Roots

Zo,H

20,3p-dihydroxy-28-norurs-
12,17,19(20),21-tetraen-23-oic

acid

o
HO o) OH
HsCO O O /on

HsCO OCH,
OH

Lyoniside
HO
I
HO:&CLO N"0H
HOY Yo
OH O
Syringin

Cytotoxic

Antioxidant
Anti-inflammatory
Antibacterial
Anticancer

Antitumor

Antioxidant
Antifungal
Allelopathic

Anti-inflammatory
Pain-suppressing
Antioxidant

Yang et al., 2004

Liu and Jia, 1993

Liu et al., 2005

Szakiel et al., 2011

Wang et al., 2020

Lietal., 2013
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2.4 Asparagus lignosus

2.4.1 Plant description

The genus Asparagus belongs to the Asparagaceae family and comprises about 200 species
which are distributed around Africa, Asia, and Europe, of which nearly 88 are found in
Southern Africa (http://pza.sanbi.org/asparagus-ramosissimus). It is a large genus of herbs or
shrubs with stout, creeping, tuberous root-stocks, and erect or climbing stems. The leaves are
reduced to spinescent structures and their function is carried on by slender, flattened, green,
branched structures, called cladophylls (Stahl et al., 1978). African Asparagus species and the
European Asparagus species are related, and they display a very interesting structure
botanically. They do not have true leaves at all, but these are cladodes which may be the
modified branches, while the spines are formed from modified branches or modified leaves

(Mashele, 2019).

Asparagus lignosus is a rigid, upright shrub reaching 80 cm in height. The branches are zig-
zagged, and pale grey-green to white. At each node along the branch, there is a single recurved
5 mm thorn. The stiff, linear (length 10-20mm), cylindrical, spine-tipped leaves are in tufts.
The flowers are white with a green stripe on each petal. The anthers are orange and exist as

single or in pairs.
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Figure 2. 5: Photograph of Asparagus lignosus

2.4.2. Distribution of Asparagus lignosus

This species is indigenous to the Western Cape Province, South Africa. Its distribution is
from Clanwilliam in the far north-west and Cape Town in the west, eastwards across the
Little Karoo and Overberg regions, as far as Mossel Bay in the south-east. It occurs in rocky
sandstone slopes, as well as rocky loamy soils in fynbos or renosterveld vegetation on lower

slopes and flats.

Figure 2. 6w Distribution map of Asparagus lignosus in South Africa
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2.4.3 Ethnomedicinal use of Asparagus lignosus

Nothing has been reported on A. lignosus yet. However, a group of closely related African
Asparagus species which includes A. concinnus and A. microraphis has been reported to have
medicinal uses. According to Shale, (2013), A. microraphis is used by the southern Sotho and
Xhosa people in treatment of venereal diseases. Extracts made from the whole plant can be
taken orally or applied to patients with eruptions and gonorrhoea. Chauke et al., 2015
reported that the roots of A. concinnus are boiled to treat gonorrhoea and also in mixtures for

treatment of all diseases.

2.4.4 Phytochemical studies

There are no pharmacological or phytochemical investigations on Asparagus lignosus in the
literature. However, the study of this plant is motivated by the fact that the commercially
available Asparagus officinallis commonly known as Asparagus for its rich bioactive
compounds, now is widely consumed all over the world. Bioactive components, such as
flavonoids, lignans and steroidal saponins were found in this plant (Fukushi et al., 2000;
Hafizur et al., 2012).

The literature survey of the genus Asparagus showed that this genus is a rich source of saponins
(Price et al., 1987, Schwarzbach et al., 2006). Saponin-rich plants have been found to improve
growth, feed efficiency, and health in ruminants (Mader and Brumm, 1987). The roots of
Asparagus are the main source of the drug shatavarin 1V, the crude drug also used for
increasing the secretion of milk and improving appetite in lactating women (Negi et al., 2010).
The roots possess a variety of biological properties, such as antioxidant, immunostimulant,
anti-inflammatory, antihepatotoxic, antibacterial, antioxytocic, and reproductive agents (Negi

et al., 2010).
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Table 2. 3: Some isolated compounds and activities of Asparagus genera

Name of the plant Isolated compound Plant part  Activity Ref
HO,
Lo
Asparagus africanus Lam 3 Roots Antimalaria Oketch-Rabah
etal., 1997
Nyasol
Yanget al., 2008
Estrogenic

Asparagus curillus

Asparagus filicinus

Leaves

Quercetin-3-glucuronide

Roots

HO,,

HO

-
z

Tormentic acid

Anti-inflammatory

Antioxidant

Anti-inflammatory

Anti-atherogenic

Lim et al., 2009

Rastogi and
Mehrotra, 1990

Chang et al., 2011

Anetal, 2011,
Fogo et al, 2009
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Roots Antimicrobial
Antioxidant
20-hydroxyecdysone
OH
OH
Asparagus gobicus HO O O OH Roots Cytotoxic

Isoagatharesinol

oH Aerial part  Antioxidant

O
Asparagus maritimus

OH OH

o OH Antioxidant
Asparagus officinalis \Q Leaves
OH OHOH
Rutin
Root Antitumor

Asparagus racemus

Asparagamine A

Wu et al., 2007

Nsimba et al.,
2008

Yang et al., 2004

Regalado et al.,
2017

Huang et al., 2008

Sekine et al., 1994
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Conclusion

This chapter described the traditional uses, phytochemical constituents, and highlighted the
biological importance of some notable chemical constituents isolated from each family/genus

of the three studied plants
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CHAPTER THREE

EXPERIMENTAL PROCEDURE

3.1 Materials and instrumentation

Plant materials: Asparagus lignosus
Cliffortia odorata

Protea cynaroides

3.2. Reagents and solvents

Hexane, Dichloromethane, Ethyl acetate, Methanol and Butanol, vanillin, and deuterated
chloroform, DMSO, methanol and pyridine were supplied by Merck (Cape Town, South
Africa). Acetonitrile, Dimethyl sulfoxide (DMSO), formic Acid, and methanol were of HPLC

grade were supplied by Fisher (Cape Town, South Africa).

3.3 Chromatography

3.3.1 Thin Layer Chromatography (TLC)

Thin layer chromatography was carried out on pre-coated silica gel 60 F2s4 plates (Merck)
with a 0.2 mm layer thickness. Visualisation of the TLC spots was carried out under UV light
at 254nm and/or 366nm, and further detection of compounds was achieved by spraying with
vanillin spray reagent (prepared by dissolving 15g of vanillin in 250 mL ethanol followed by
the addition of 2.5 mL concentrated sulphuric acid). After spraying, the TLC plates were

heated on a hot plate until spots became visible.
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3.3.2 Column chromatography (CC)
Glass columns (20-25 mm diameter) were packed with silica gel 60 (0.040-0.063mm) (230-

400 Mesh ASTM, Merck) were used for column chromatography.

3.3.3.3 Electrospray ionization mass spectroscopy (ESI-MS)
High resolution mass spectroscopy (HRMS) analysis was performed on waters Quattro micro

AP with electrospray ionization (ESI) interface working in the positive mode.

3.4 Spectroscopy

3.4.1 Nuclear magnetic resonance (NMR) spectroscopy

NMR spectra were recorded at 25° C, using deuterated methanol (CD3OD), DMSO-ds
(CD3SOCDg3), Pyridine (CsDsN) and chloroform (CDCls) as solvents, on a Bruker Avance 400
MHz NMR spectrometer that uses a 5mm BBO probe, based at the Department of Chemistry,
University of the Western Cape, South Africa. Chemical shifts of **C and *H were measured
relative to tetramethyl silane as internal reference. The chemical shifts were expressed in &

(ppm), and coupling constants (J) in Hz.

3.4.2 Liquid chromatography mass spectrometry (LC-MS)

Liquid chromatography mass spectrometry (LC-MS) Analysis. A Waters Synapt G2
Quadrupole time-of-flight (QTOF) mass spectrometer (MS) connected to a Waters Acquity
ultra-performance liquid chromatograph (UPLC) (Waters, Milford, MA, USA) was used for
high-resolution UPLC-MS analysis. Electrospray ionization was used in negative mode with a
cone voltage of15V, desolvation temperature of 275 °C, desolvation gas at 650 L/h, and the

rest of the MS settings optimized for best resolution and sensitivity.

3.4.3 Infrared (IR) spectroscopy
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Attenuated total internal reflectance FTIR measurements were performed using Spectrum 100
(Perkin Elmer Corporation). Spectra recording were achieved using the interface “Spectrum”.

Samples were dissolved using Dichloromethane (DCM).

3.4.4 Ultra violet (UV) spectroscopy

UV Nicolet Evolution (EV-100 ver. 4.60) spectrophotometer (Therma Electron Corporation,
Madison, USA) was used for measurement of absorbance maxima between the wavelengths

200-400 nm.

3.5 Plant material

3.5.1 Collection and identification of plant material

Fresh leaves of A. lignosus were collected in November 2020 from the Cape Nature Reserve at
UWC in Cape Town, South Africa.

The aerial parts of Cliffortia odorata and Protea cynaroides were collected in July 2018 in
Kirstenbosch Botanical Garden in Cape Town, South Africa. The plant samples from the three
plants were identified with the help of a taxonomist in the field. They were washed thoroughly
using running tap water and then air-dried at room temperature (20-25 °C) over the benches in
chemistry laboratory. The dry plant materials were then ground into fine powders using a

milling machine.

3.5.2 Plant preparation

All the plants collected were separately washed thoroughly using running tap water and then
air-dried at room temperature (20-25 °C) over the benches in chemistry laboratory. The dried
plant materials were then ground into fine powders using a milling machine. All the powdered
plant materials were stored in well labeled air-tight containers prior to analysis.

A. lignosus leaves = 155¢
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C. odorata leaves = 298g

P. cynaroides leaves = 445¢

3.6 Extraction and fraction of plants

General sequential extraction

The leaves of the plant material was blended and extracted with 80% methanol

(1.5-2. L) at room temperature (25 ° C) stirring for 24 h. The methanol extract was filtered
and evaporated to dryness under reduced pressure at 40 ° C. The total extract was
concentrated under vacuum to remove the methanol for freeze drying. The freeze-dried
material was suspended in water and partitioned successively with n-hexane, DCM, EtOAc
and BuOH. Each extract was concentrated to dryness under reduced pressure. Purification
and isolation of natural products was achieved through one or a combination of
chromatographic techniques. The process was the same for all three plant materials in the

study.

3.6.1. Extraction and isolation of compounds from EtOAc extract of Protea cynaroides
The EtOAC extract (3.27 g) was pre-adsorbed on silica gel and fractionated on a column by
gravity elution using the mixture of DCM elution as follows: 1L of 100%, then 1L volumes
of mixtures with EtOAc in the following ratios (80:20), (60:40), (40:60), (20:80), (10:90) and
finally 100% EtOAc. Finally, MeOH was introduced in the mixture with EtOAc up to 15%
MeOH, (95:5), (90:10), (85:15). A total of thirty-one fractions were analysed by TLC using
CHCIs: MeOH: H20 (200:52:6). Fractions with similar Rf values were pooled together. The
combined fraction from vials Fe-F12 (55 mg) and F1e-F21 (1.5 g) were each preadsorbed on
silica gel and loaded on separate columns for further separation. Fe-F12 was subjected to a

successive silica gel column and eluted with DCM: MeOH (90:10) isocratically and yielded a
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total of nineteen subfractions and this led to the isolation of compound 1 as white crystals
(15.0 mg). Fi9-F21 was also subjected to a successive silica gel column and eluted with DCM:
MeOH (90:10) isocratically and yielded a total of twenty-four subfractions and this led to the

isolation of compound 2 as light-brown crystals (980.0 mg).

3.6.2. Extraction and isolation of compounds from BuOH extract of Protea cynaroides

BuOH extract (6.82 g) was pre-adsorbed on silica gel and fractionated on a column by gravity
elution using the mixture of DCM elution as follows: 1L of 100%, then 1L volumes of
mixtures with EtOAc in the following ratios (50:50), (40:60), (30:70), (20:80), (10:90) and
finally 100% EtOAc. Finally, MeOH was introduced in the mixture with EtOAc up to 15%
MeOH, (95:5), (90:10), (85:15). A total of thirty-five fractions were analysed by TLC using
DCM: MeOH: H20 (90:10). Fractions with similar Rf values were pooled together. The
combined fraction from vials Fe-Fo (95 mg), F12-F14 (210 mg), F16 (305.0 mg), F1s-F20 (5.10
mg), F22 (150.0 mg) and F24 (75.0 mg) were each separately preadsorbed on silica gel and
loaded onto a column for further separation. Fe-F9 was subjected to a successive silica gel
column and eluted with EtOAc: MeOH (95:5) isocratically and this led to the isolation of
compound 3 as white crystals (36.0 mg).

Fraction F12-F14 was further separated by column chromatography using 100 %EtOAc.

This resulted into eleven subfractions (I-X1). Further separation of fraction V-VII on a
column using DCM-MeOH (95:5) yielded compound 4 (45.8 mg). Fractions Fis, F1s-F20and
F22 were all prepared for sephadex LH-20 using 95% ethanol as the eluent isocratically. Fie
yielded compound 5 (60.5 mg), Fis-F20 yielded compound 6 (202.6 mg) and similarly F22

yielded compound 7 (20.5 mg).
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F24 was further separated by column chromatography using DCM: MeOH (90:10, 85:15) and
a total of eight fractions were obtained and (1-9) and 4-6 were combined and

rechromatographed and led to the isolation of compound 8 (12.2 mg).

3.6.3. Extraction and isolation of compounds from EtOAc extract of Cliffortia odorata

EtOAcC extract (2.47 g) was pre-adsorbed on silica gel and fractionated on a column by
gravity elution using the mixture of DCM elution as follows: 1L of 100%, then 1L volumes
of mixtures with EtOAc in the following ratios (80:20), (60:40), (40:60), (20:80), (10:90) and
finally 100% EtOAc. Small portions of MeOH were introduced in the mixture with EtOAc up
to 15% MeOH, (95:5), (90:10), (85:15). A total of fifty-one fractions were analysed by TLC
using DCM: MeOH: H,0 (90:10). Fractions with similar R¢values were pooled together. The
combined fraction from vials Fs-Fs (55.0 mg), F10 (75.0 mg), F13-F15(90.0 mg), F22-F25 (25.0
mg) and Fs1-F33 (35.0 mg) were preadsorbed on silica gel and loaded onto a column for
further separation. F3-Fs was subjected to a successive silica gel column and eluted with
DCM: EtOAc in the following ratios (80:20), (70:30), (60:40), (50:50) and finally 100%
EtOAc and this led to the isolation of compound 9 as white powder (10.05 mg).

Fraction F1o was further separated by column chromatography using 100 %EtOAc and
compound 10 (20.1 mg) was obtained precipitating on the tip of the column as a white
crystalline solid.

Fractions F13-Fis was loaded on a sephadex LH-20 column using 100% ethanol as the eluent
isocratically and this yielded compound 11 (60.5 mg) as a yellow powder.

F22-F2s and Fs1-F33 were further separated by column chromatography individually using the
same solvent system DCM: MeOH (90:10, 85:15) and a total of eight and ten subfractions
respectively. Those that were similar were combined and rechromatographed and led to the

isolation of compound 12 (6.50 mg) and 13 (8.0 mg).
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3.6.4. Extraction and isolation of compounds from BuOH extract of Cliffortia odorata

The BUOH extract (8.12 g) was chromatographed using the solvent mixture of DCM: EtOACc
(50:50), (30:70), (10:90), (0:100) and small portions of MeOH were introduced in the mixture
with EtOAc up to 15% MeOH, (95:5), (90:10), (85:15). A total of forty-two fractions were
obtained.

Fractions Fs3-F4, Fs-F10, F19 were loaded on a sephadex LH-20 column individually using 90%
aqueous ethanol. Fractions of 2 mL each were collected and evaporated using rotary
evaporator. Fractions obtained were developed on TLC using solvent system C and the
fractions that displayed the same profiles on the TLC plate were combined and from this
compound 14 (20.5 mg), 15 (6,8 mg) and 16 (30.8 mg).

Fractions F24-F26, and Fss3-F3s were further separated by column chromatography individually
using the same solvent system EtOAc: MeOH: H20 (75:20:5) and both compound 17 80.6

mg), and 18 (120.5 mg) were obtained individually.

3.6.5. Extraction and isolation of compounds from BuOH extract of Asparagus lignosus

The BUOH extract (2.25g) was chromatographed using the solvent mixture of DCM: EtOAc
(50:50), (30:70), (10:90), (0:100) and small portions of MeOH were introduced in the mixture
with EtOAc up to 15% MeOH, (95:5), (90:10), (85:15). A total of forty-two fractions were
obtained.

Fraction Fs-F10 was subjected to a successive silica gel column and eluted with DCM: MeOH
in the following ratios (95:5) and (90:10) and this led to the isolation of compound 19 as white
powder (120.0 mg mg).

Fractions Fis-Fis and F22-F24 were loaded on a sephadex LH-20 column individually using

90% aqueous ethanol. Fractions of 2 mL each were collected and evaporated using rotary
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evaporator. Fractions obtained were developed on TLC using solvent system DCM: MeOH
(90:10) and the fractions that displayed the same profiles on the TLC plate were combined and

from this compound 20 (15.0 mg) and 21 (25.0 mg) were obtained.

3.7 General experimental procedure for biological assays

3.7.1. Reagents
alpha-glucosidase (Saccharomyces cerevisiae), alpha-amylase (procaine pancreas) and 3, 5, di-

nitro salicylic acid (DNS), 4-nitro-phenyl-a-D-glucopyranoside (pNPG), sodium carbonate

(Na2COg), sodium dihydrogen phosphate, di-sodium hydrogen phosphate secured purchased

from Sigma-Aldrich, South Africa.

3.7.2. alpha-glucosidase inhibition activity

Alpha-glucosidase inhibitory activity of the isolated compounds was carried out according to
the standard method employed by (Telagari & Hullatti, 2015), with a slight modification. In a
96-well plate, the reaction mixture containing 50 pL of phosphate buffer (100 mM, = 6.8), 10
pL of alpha-glucosidase (1 U/mL), and 20 pL of isolated compounds was pre-incubated at
37°C for 15 minutes. Next, 20 puL of p-NPG (5 mM) was added as a substrate and incubated
further at 37°C for 20 minutes. The reaction was then stopped by adding 50 pL of sodium
carbonate (Na.COs, 0.1 M). The absorbance of the released p-nitrophenol was measured at 405
nm using a Multiplate reader (Multiskan thermo scientific, version 1.00.40, Vantaa, Finland).
Acarbose at various concentrations was used as a standard. Each experiment was performed in
triplicates.

The results were expressed as a percentage inhibition, which was calculated using formula for

1)
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Inhibitory activity (%) = (1-A/B) x 100, where A is the absorbance in the presence of the test

substance and B is the absorbance of the control.

3.7.3. alpha-amylase inhibition activity

Alpha-amylase inhibitory activity of extracts was carried out according to the standard method
described by Kim et al., 2005 with some modification. In a 96-well plate, reaction mixture
containing 50 puL phosphate buffer (100 mM, pH = 6.8), 10 uL alpha—amylase (2 U/mL), and
20 pL of plant extracts at 2.0 mg/mL and was preincubated at 37°C for 20 min. Then, the 20
pl of 1% soluble starch (100 mM phosphate buffer pH 6.8) was added as a substrate and
incubated further at 37°C for 30 min; 100 uL of the DNS colour reagent was then added and
boiled for 10 min. The absorbance of the resulting mixture was measured at 540 nm using
Multiplate Reader (Multiska thermo scientific, version 1.00.40). Acarbose was used as a
control. The extracts or isolated compounds were measured in triplicates. The results for both
a-amylase and a-glucosidase were expressed as percentage inhibition, which was calculated
using the formula,

Inhibitory activity (%) = (1 — As/Ac) x100

Where:

As is the absorbance in the presence of test substance and Ac is the absorbance of control.

3.7.4. Tyrosinase inhibition assay

Tyrosinase inhibition assay was executed in the course of the study following the approach
used by Curto et al. (1999) and Nerya et al. (2003). Extracts were dissolved in DMSO
(dimethyl sulphoxide) to a final concentration of 20 mg/mL. This extract stock solution was
then diluted to 100 pg/mL and 200 pug/mL in 50 mM potassium phosphate buffer (pH 6.5).

‘Kojic acid’ was used as control drugs (Lee et al. 1997; Kim et al, 2006). In the wells of a
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96well plate, 70 pL of each extract dilution was combined with 30 pL of tyrosinase (500
Units/mL in phosphate buffer) in triplicate. After incubation at room temperature for 5
minutes, 110 pL of substrate (2 mM L-tyrosine) was added to each well. Final concentrations
of the extract samples and positive controls ranged from 0.2 to 1000 pug/mL. Incubation
commenced for 30 minutes at room temperature by measuring the absorbance at 490 nm with
the AccuReader M965 Metertech (V1.11). Equation 1 was employed in determining the

percentage of tyrosinase inhibition.

Equation 1: Percentage of tyrosinase inhibition;

(Acontrol — Ablank 1) - (Asample — Ablank

% Of tyrosinase inhibition= (Avonrol — Aban) X 100%
contro an

Where Acontrot i the absorbance of the control with the enzyme, Apiank 1 is the absorbance of
the control without the enzyme, Asampte is the absorbance of the test sample with the enzyme

and Abiank 2 is the absorbance of the test sample without the enzyme.

3.8 Statistical Analysis

All the measurements were repeated three times and ICso values were calculated using
GraphPad Prism 9 version 9.0.0 (121) (Graph pad software, Inc., La Jolla, CA, USA.)
statistical software. The data presented are means + SD obtained from 96 well plate readers

for all in vitro experiments.
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CHAPTER 4

CHEMICAL CHARACTERIZATION AND BIOLOGICAL INVESTIGATION OF
PROTEA CYNAROIDES

In the current study, a sequential extraction involving solvents of decreasing polarity (n-
hexane, DCM, EtOAc and BuOH) was used to extract and isolate bioactive compounds from
the leaves of Protea cynaroides and this afforded eight compounds, four of which are new
(compounds 2, 5 , 7, and 8) and identified as 4-hydroxybenzoic acid (1), 3,4-bis(4-
hydroxybenzoyl)-1,5-anhydro-D-glucitol (2), 1,5-anhydro-D-glucitol 3) 3,4~
dihydroxybenzoic acid (4), 4-hydroxybenzoyl-1,5-anhydro-D-glucitol (5) ,3-hydroxykojic
acid (6) ,2-(hydroxymethyl)-4-oxo-4H-pyran-3-yl-6-O-benzoate-p-D-glucopyranoside (7)
and, 3-hydroxy-7,8-dihydro-B-ionone 3-O-B-D-glucopyranoside (8). The chemical structures
of the isolated compounds were determined on the basis of 1D and 2D NMR, FTIR, and LC-
MS spectroscopy and in comparison, with literature data. Five of the compounds were isolated
for the first time from Protea cynaroides. Evaluation of tyrosine inhibitory activity showed
strong inhibitory activities for compound 4 and 6 with ICso values of 0.8776 + 0.2 and 0.7771
+ 0.09 pg/mL respectively while 1 and 3 demonstrated weak activity and only compound 1
showed activity towards alpha-glucosidase with an ICso value of 162.52 £ 1.21. This is the first
scientific report on the isolation and of compounds from P. cynaroides combined with

evaluation of their inhibitory activity towards alpha glucosidase, alpha amylase and tyrosinase.
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4.1 Protea cynaroides

The dried powdered leave material (445 g) was sequentially extracted with hexane, ethyl
acetate, and finally with butanol. The hexane (1.09g), DCM (0.55g), ethyl acetate

(3.27g) and butanol (6.82g) extracts were phytochemically studied for their bio-active

constituents.

4.1.1 Isolation of constituent of the ethyl acetate extract fraction
Column chromatography of the ethyl acetate extract (3.27g) afforded thirty-one main
fractions. Fo to Fi2 and Fio-F21 were combined and rechromatographed. This afforded

compound 1 (15.0 mg) and compound 2 (980 mg) respectively.

4.1.2 Isolation of constituent of the butanol extract

On running the column chromatography of the butanolic extract (6.82 g), thirty-five fractions
were obtained. Fractions Fe-Fo, F12-F14, Fis, F1s-F20, F22 and F24 were rechromatographed due
to their high percentage yield. This afforded compound 3 (36.0mg), compound 4 (45,8 mg),
compound 5 (60.5 mg), compound 6 (202.6 mg), compound 7 (20.5 mg) and compound 8 (12.2

mg) as shown in scheme 4.1.

62



Plant
(P. cynaroides )

Extraction with 80% MeOH

MeOH Crude Extracts

Partitioning with n-hexane, l
DCM, EtOAC and BuOH

A 4 A4 —_— RN A— v . . .« .
— 4 Biological activity
Hexane DCM EtOAC BuOH Water screening
Main Column fractionation
Fr 1. Fr 10. Fr 19. Fr 28. Fr 37 Fr 1. Fr7.Fr13. Fr 19, Fr 25
Sub fractionations J
\4
—y oy v L 2 v
Fo-Fi, Fi9-Fy Fg-Fy Fi-Fiy Fig Fig-Fa Fy, Fa
v
1 2 3 4 Combined and| rechromatographed 8

r{ Sephadex LH-20 }—l

5

v

7

Scheme 4. 1: A scheme of experimental procedure for the isolation of compounds from
P. cynaroide
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4:2 Structural elucidation and characterization of compounds

4.2.1: Structural elucidation of compound 1

Figure 4. 1: Chemical structure of compound 1

Compound 1 was obtained as white crystalline solid (15 mg). The structure of the compound
was established on the basis of 1D (*H, *3C NMR) (Table 4.1), FTIR and MS data (Appendix

1A).

'H-NMR spectrum of compound 1 (Apendix 1A) showed that all proton signals appeared in
the aromatic region confirming the presence of a benzene ring.
Two intense doublet signals were observed at 6w 7.79 (2H, d, J = 8.8 Hz, H-2/H-6) and 6.82

(2H, d, J = 8.8 Hz, H-3/ H-5) suggesting the presence of 1,4-para-substituted benzene ring.

In the 1*C-NMR spectrum of compound 1, the presence of five carbon signals between 100 —
170 ppm indicated the presence of aromatic ring carbons (Apendix 1A). Two intense aromatic
methine carbon were observed at 6c 115.6 (C-3/5) and 131.9 (C-2/6), two aromatic fully
substituted carbons were seen at ¢ 121.8 (C-1), 162.5 (C-4) while a very downfield signal at
dc 167.4 was assigned to the carbonyl function of a carboxylate function at C-7. Based on its
1D data as well as comparison with literature data (Silva et al., 2007), compound 1 was
determined to be 4-hydroxybenzoic acid. This compound was first reported from the same
plant by Wu (2007). 4-Hydrobenzoic acid has been identified as potential allelopathic agent
and is also used as preservatives in cosmetics and pharmaceuticals (Einhellig, 2004). Cho et al

(1998) reported that 4-hydroxybenzoic acid has antibacterial activity against most of Gram +
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ve and some of Gram - ve bacteria at 50% inhibitory concentration of 160 and 100-170 pg/mL

respectively.

Table 4.1: 'Hand "C NMR spectral data of compounds 1

Position dH (J in Hz) éc 4-hydroxybenzoic acid (Silva et al., 2007)
1 - 121.8 121.5
2 7.79 (d, 8.8) 131.9 131.4
3 6.82 (d, 8.8) 115.6 115.1
4 - 162.1 161.5
5 6.82 (d, 8.8) 115.6 115.1
6 7.79 (d, 8.8) 131.9 131.4
7 - 167.6 167.2
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4.2.2: Structural elucidation of compound 2

Figure 4. 2: Chemical structure of compound 2

Compound 2 was obtained as light-brown crystals (980 mg). The molecular formula was
established as C,,H,,Og, by the positive-ion ESI-MS, which showed molecular ion [M+H]*
at m/z 405.1195 (calculated value: 404.3742). The structure of the compound was
established on the basis of 1D (*H, *C and DEPT 135) and 2D-NMR experiments (HSQC,

and HMBC), FTIR and MS data.

The IR spectrum of 1 showed absorption bands for hydroxyl groups (3335 cm™), conjugated
ester (1693 cm™), o, B-unsaturated carbonyl (1633 cm™) and aromatic C=C (1600 cm™)

functionalities.

The *H NMR data (Table 4.2) of compound 2 indicated the presence of eight protons resonating
as doublets in the aromatic region at o4 7.71 (2H, d, J = 8.8 Hz, H-2/H-6), 7.68 (2H, d, J = 8.8
Hz, H-2"/H-6") and 6.78 (4H, d, J = 8.8 Hz, H-3/3’, H-5/5") indicating the presence of two p-
hydroxybenzoate moieties. The other protons resonated o 5.27 (1H, t, J = 9.3, H-3), 5.05 (1H,
t, J=9.7, H-4), 3.94 (1H, dd, J = 11.1, 5.5, H-14), 3.76 (1H, m, H-2), 3.59 (1H, ddd, J = 4.2,

2.3, 2.2, H-5), 3.45 (1H, dd, J = overlapped, H-6y), 3.38 (1H, dd, J = overlapped, H-6,) and
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3.33 (1H, t, J =11.3, H-1,) showed the presence of a sugar moiety. The absence of the anomeric

proton suggested that the sugar moiety was a 1,5-anhydro-D-glucitol.
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Figure 4. 3: *H NMR spectrum proton of compound 2 in DMSO-ds

The 3C NMR spectrum of compound 2 showed sixteen carbon signals.

Apart from the p-hydroxybenzoate carbon signals, six oxygenated carbon signals at dc 79.5,
77.5,69.9, 69.7, 68.3 and 61.2 were observed in the *C NMR spectrum, which also supported
the presence of a sugar moiety (Table 4.2). The other carbon signals were observed at ¢ 115.6,
115.7, 120.1, 120.8, 131.9,132.0, 162.3, 162.6, 165.0, 165.6, which were all in duplicates

indicated that there were two p-hydroxybenzoate moieties.
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Figure 4. 4: 13C NMR spectrum of compound 2 in DMSO-ds

Further combined analysis of the *H-'H COSY, HSQC and HMBC spectra allowed the
establishment of the structure of compound 2.
The HSQC spectra allowed the assignment of all the protons attached to their corresponding

carbons.
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Figure 4. 5: HSQC spectra of compound 2

In addition, the attachment of the acyl groups to the sugar moiety was confirmed by HMBC
cross peaks between 61 5.27 (H-3) to d¢ 165.6 (C-7) and 5.05 (H-4) to 6¢ 165.0 (H-7"") thus
the structure of compound 2 was established as 3,4-bis(4-hydroxybenzoyl)-aceritol. A Sci-
Finder database search provided no evidence for compound 2 as having been previously
reported, therefore it is a new compound. Similar structures have been isolated before but with
a pyrogallol moiety instead of a p-hydroxybenzoate. These kinds of compounds are known to
show different bioactive such as alpha-glucosidase, alpha-amylase inhibition and anti-oxidant

activities (Machida et al., 2019).
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Figure 4. 7: Key HMBC (—) and COSY (==) correlations of compound 2
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Table 4. 2. 'H and °C NMR spectral data of compound 2 in DMSO-ds

compound 2

Position 8y (multi, J in Hz) % cosy HMBC
la 3.94 (dd, 11.1,5.5) 69.9 H-1b, H-2 C-2,C-3,C-5
1b 3.33 (t, 11.3) H-1a, H-2 C-2,C-3,C-5
2 3.76 (m) 68.3 H-1, H-3 C-1,C-3,C-5
3 5.27 (t, 9.3) 775 H-2, H-4 C-1,C-2,C-4,C-7°
4 5.05 (t, 9.7) 69.7 H-3,H-5 C-3,C-5,C6,C-7”
5 3.59 (ddd, 4.2, 2.3, 2.2) 795 H-4, H-6 C-6
6a 3.38 (dd, *) 61.2 H-5, H-6b C-5
6b 3.45 (dd, *) H-5, H-6a C-5
I’ - 120.8 - -
2’ 7.71 (d, 8.8) 132.0 H-3° C-1°,C-3/5°,C-4’, C-7’
3 6.78 (d, 8.5) 115.6 H-2’ C-1°,C-2/6’, C-4’, C-7’
4 - 162.3 - -
5 6.78 (d, 8.5) 115.6 H-6°
6 7.71 (d, 8.8) 132.0 H-5°
7 - 165.6 - -
1” - 120.1 - -
27 7.68 (d, 8.8) 131.9 H-3" C-17, C-37/5”, C-4”, C-7”
3” 6.78 (d, 8.5) 115.7 H-2" C-17, C-27/6”, C-4”, C-7”
4 - 162.6 - -
5” 6.78 (d, 8.5) 115.7 H-6"
6” 7.68 (d, 8.8) 131.9 H-5"
7 - 165.0 - -

* = overlapped signals, could determine the J values
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4.2.3: Structural elucidation of compound 3

Figure 4. 8: Chemical structure of compound 3

Compound 3 was obtained as white crystals (36.0 mg). Its chemical structure was elucidated
by 1D NMR (*H, 13C and DEPT) and it was compared with those from an authentic sample of

aceritol. Its chemical formula was determined to be CgH120s.

!H-NMR showed proton signals between 3.10 — 4.00 ppm (Table 4.3). Protons of two
methylenes were observed at 3.84 (1H, dd, J =11.2 Hz, 5.4 Hz, H-1b), 3.13 (1H, t, J =10.9, H-
la), 3.74 (1H, dd, J = 12.2 Hz, 1.4 Hz, H-6a) and 3.54 (1H, dd, 1H, J = 12.3, 1.6, H-6b) and
protons of four methines at 3.43 (1H, m, H-2), 3.28 (1H, m, H-3), 3.21 (2H, m, H-4, H-5) and
this information suggested that compound 3 was a sugar and the absence of an anomeric proton

led into identifying the compound as a 1-deoxyglycoside (Appendix 1A).

The 3C NMR and DEPT 135 exhibited the presence of six carbon resonances, two of those
were the two methylenes at 6 68.8 and 6 60.9 attributed to C-1 and C-6 respectively and the
remaining four carbon signals were the methines at 6c 80.3(C-5), 77.5(C-3), 69.7(C-4), and
69.4(C-2). The structural identity of compound 3, was tentatively established as 1,5-anhydro-
D-glucitol (aceritol) based on its 1D NMR spectra as well as by comparison with literature data
(Kamori et al., 2016). This compound was first identified by Plouvier (1964) from Protea
cynaroides, and from seven other Protea species such as P. compacta, P. eximia, P.

lepidocarpodendron, P. neriifolia, P. obtusifolia, P. pityphylla and P. repens. Boeyens et al.,
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(1983) reported the occurrence of 1,5-anhydro-D-glucitol as a major leaf compound in three

South African Protea species namely P. arborea, P. barbigera, and P. roupelliaea.

Table 4. 3: 'H and 130 NMR (400MHz) spectral data of compounds 3 in D20.

Position oH o 13C Aceritol (Kamori et al., 2016)

la 3.84 (dd, 11.2, 5.4) 68.8 68.0

1b 3.13 (t, 10.9)

2 3.43 (m) 69.4 68.5

3 3.28 (M) 775 76.6

4 3.21 (m) 69.7 68.8

5 3.21 (m) 80.3 79.4

6a 3.74 (dd, 12.2, 1.4) 60.9 60.1

6a 3.84 (dd, 12.2, 1.4)
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4.2.4: Structural elucidation of compound 4

Figure 4. 9: Chemical structure of compound 4

Compound 4 was obtained as reddish-brown crystals (20 mg) and gave molecular ion at m/z
154.0267 which was consistent with molecular formula C7HsO4. The compounds gave dark
blue colour when treated with ferric chloride indicated the presence of phenolic hydroxyl

function. The structure of the compound was established on the basis of 1D (*H, *C NMR)

(Table 4.4), FTIR and MS data (Appendix 1A).

The *H NMR spectrum exhibited three proton signals in the aromatic region confirming the
presence of a benzene ring. Three doublets were observed at 64 7.14 (1H, d, J = 2.1 Hz), 7.11
(1H, dd, J=8.2, 2.1 Hz) and 6.58 (1H, d, J = 2.1 Hz) which were assigned to H-5, H-6, and H-2,
respectively, based on their coupling constants and mutual couplings and this suggested a 1,3,4

trisubstituted benzene ring.

The 3C NMR and DEPT 135 spectra of compound 4 (Table 4.4) exhibited the presence of
seven carbon resonances, three substituted aromatic carbons at & 147.0 (C-4), 143.1 (C-3) and
128.4 (C-1), three protonated aromatic carbons at & 122.4 (C-6), 116.8 (C-5, and 115.1 (C-2),
a very downfield signal at & 174.5 was assigned to a carboxylic group at C-7. Based on these
spectroscopic data and the literature information, the structure of compound 4 was concluded
to be 3,4-dihydroxybenzoic acid (protocatechuic acid), previously reported from the stem of

Protea cynaroides (Wu et al, 2007).
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It is reported to exhibit antifungal activity, anti-inflammatory, antihepatotoxic (Sroka and
Cisowski, 2003), anti-oxidant (Hur et al., 2003), free radical scavenger (Yip et al., 2006),
cytotoxic (Vari et al., 2010), chemopreventive, apoptotic (Yin et al., 2009), antiplatelet

aggregation, neuroprotective and LDL oxidation inhibitor activity (Khadem and Marles, 2010).

Table 4.4 'H and "C NMR (400 MHz) spectral data of compound 4 in pyridine ds

Position o1 (J in Hz) dc Protocatechuic acid (Wu et al, 2007)
1 128.4 123.9
2 6.58 (d, 2.1) 131.9 131.4
3 143.1 146.2
4 147.0 151.5
5 7.14 (d, 2.1) 116.5 115.8
6 7.11 (dd, 8.2, 2.1) 122.4 123.8
7 174.5 171.0

75



4.2.5: Structural elucidation of compound 5

Figure 4. 10: Chemical structure of compound 5

Compound 5 was obtained as white clear crystals. The molecular formula was established as
C,3H1605, by the positive-ion HR-ESI-MS, which showed molecular ion [M+H]" at m/z
285.0978 (calc. for 284.3659). The structure of the compound was established on the basis
of 1D (*H, 3C and DEPT 135) and 2D-NMR experiments (HSQC, COSY and HMBC), FTIR

and MS data.

Compound 5 was somewhat similar to that of compound 5 indicating that the structures of both
compounds were closely related, and the only difference was likely the absence of an additional
p-benzoate moiety in compound 5.

The *H NMR data indicated the presence of two intense protons resonating as doublets in the
aromatic region at oy 7.83 (2H, d, J = 8.8 Hz, H-2°/H-6"), and 6.75 (2H, d, J = 8.8 Hz, H-3’/H-
5”) indicating the presence of p-hydroxybenzoate moiety. The other protons resonated o1 4.81
(1H, t, J = 9.3 Hz, H-4), 3.89 (1H, dd, J = 11.2, 4.6, H-1,), 3.51 (1H, m, H-2), 3.51 (1H, m, H-
3), 3.49 (1H, m, H-6p), 3.40 (1H, m, H-6,), 3.38 (1H, m, H-5) and 3.16 (1H, t, J = 10.6 Hz, H-
1) suggested the presence of a sugar moiety. The absence of the anomeric proton suggested

that the sugar moiety was a 1,5-anhydro-D-glucitol.
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Figure 4. 11: *H NMR spectrum proton of compound 5 in CDs;0D

Inspection of the *C NMR data showed signals indicative of 4-hydroxybenzoyl moiety
resonating at § 167.7 (C-7°), 163.8 (C-4°), 133.2 (C-3°/5°), 122.1 (C-1") and 116.3 (C-2°/6").
Apart from the 4-hydroxybenzoyl carbon signals, six oxygenated carbon signals at ¢ 81.0,
77.9,73.0, 71.7, 71.1 and 62.9 were observed in the *C NMR spectrum, which also

supported the presence of a sugar moiety.
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Figure 4. 12: *C NMR spectrum of compound 5

Further combined analysis of the *H-'H COSY, HSQC and HMBC spectra allowed the
establishment of the structure of compound 5. The HSQC spectrum allowed the assignment

of all the protons attached to their corresponding carbons.
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Figure 4. 13: HSQC spectra of compound 5

The HMBC correlations between H-4 and the ester carbonyl (C-7') indicated that the 4-para-
hydroxybenzoate group was linked at C-4 of the 1,5-anhydro-glucitol moiety thus the structure
of compound 5 was established as 4,5-dihydroxy-2-(hydroxymethyl)tetrahydro-2H-pyran-3-yl
4-hydroxybenzoate. A database search provided no evidence for compound 5 as having been
previously reported, therefore it is a new compound.

The nearest analogue of compound 5 found in literature is 4-O-galloyl-1,5-anhydro-D-
glucitol (maplexin B), published by Wan et al., 2012. Only the aromatic ring of this molecule
differs by having three hydroxyl groups on the 3,4,5-carbons, whereas compound 5 has only

one hydroxyl groups on C-4 position of.

79



1L ’

|l

o @ o

00
@@ ‘@‘

F30

k40

+50

60

70

‘80
0

0
66 @

80

F90

100

F110

F120

F130

140

150

160

F170

180

190

T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f2 (ppm)

Figure 4. 14: HMBC spectra of compound 5
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Table 4.5: 'H and "C NMR spectral data of compounds 5 in CDsOD.

Compound 5
éC

Position  9n (J in Hz) cosy HMBC

la 3.89 (dd, 11.1,5.5) 711 H-1b, H-2 C-2,C-3,C-5

1b 3.16 (t, 10.6) H-1a, H-2 C-2,C-3,C-5

2 3.51 (m) 71.7 H-1, H-3 C-1,C-3,C-5

3 3.51 (m,) 77.8 H-2, H-4 C-1, C-2, C-4,

4 4.81 (t, 9.3) 730 H-3, H-5 C-3,C-5,C-6,C-7’

5 3.38 (m) 81.0 H-4, H-6 C-6

6a 3.38 (m) 62.9 H-5, H-6b C-5

6b 3.45 (m) H-5, H-6a c5

r - 122.1 - -

2’ 7.83 (d, 8.8) 1332 H-3’ C-1’, C-3°/5°, C-4°, C-T’
3 6.75 (d, 8.5) 116.3 H-2’ C-1’,C-2’/6’, C-4’,C-T’
4 - 163.8 - -

5 6.75 (d, 8.5) 116.3 H-6° -

6 7.83 (d, 8.8) 133.2 H-5° -

7 - 167.7 - -
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4.2.6: Structural elucidation of compound 6

Figure 4. 16: Chemical structure of compound 6

Compound 6 was obtained as a light brown solid (200 mg). The molecular formula was
established as C4HgOs, by the positive-ion HRMS, which showed molecular ion [M+H]" at
m/z 159.5810 (calc. for 158.3628). The IR spectrum of 6 showed absorption bands for hydroxyl
groups (3270.8 cm™), cyclic-C=0 (1663 cm™), aromatic C=C (1611 cm™), cyclic C-O-C (1074)

functionalities.

The *H NMR spectrum of compound 6 displayed the following signals: two singlets, each
integrating for one proton each appearing as a doublet at 6+ 9.05 (s) and 9.03 (s) which were
assigned to the two -OH groups at C-3 and C-5, one olefinic methine at 64 8.04 (1H, s, H-6), a
singlet appeared at 61 4.40 (2H, s) was attributed to H-7 along with a small singlet signal at 6n
5.40 (s) which was from the OH group attached to the methylene at position 7 which were

characteristics of a 2,3,5-trisubstituted 4-pyrone.
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Figure 4. 17: *H NMR spectrum proton of compound 6

The 3C NMR and DEPT-135 spectra revealed signals for six carbons: one carbonyl carbon
resonating at 169.6 (C-4), three olefinic fully substituted enol carbons at 150.7, 144.8 and
141.7 which were assigned to C-2, C-5 and C-3 respectively, one olefinic methine at 139.9
(C-6) and an oxymethylene at 55.8 attributed to C-7. All these *3C NMR signals together with
the *H NMR signals established the structure of 3-oxykojic acid. Further confirmation was

obtained through HSQC and HMBC correlations
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Figure 4. 18: Stacked *C and DEPT 135 spectrum of 6

A —13C NMR spectrum of 6
B - DEPT-135 of 6

Table4.6: 'Hand "C NMR spectral data of compounds 6 in DMSO-ds

Compound 6
Position 8 (J in Hz) ¥ HMBC
2 150.7
3 141.7
4 169.6
5 - 144.8 -
6 8.04 (s) 139.9 C-3,C-4,C-5
7 4.40 (s) 55.8 C-2,C3

This compound was first isolated from the culture broth of Gluconobacter cerinus var.
ammoniac (Terada et al., 1961) and from Gaultheria leucocarpa, and is used for the
treatment of rheumatoid arthritis, swelling pain, trauma, chronic tracheitis, colds and vertigo

(Liu et al., 2013). Yao et al., 2005, reported that the asymmetric unit in the crystal structure
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of this compound consists of two nearly parallel molecules with different conformations

linked by a strong intermolecular O—H- - - -O hydrogen bond.
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Figure 4. 19: HMBC spectra of compound 6
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4.2.7: Structural elucidation of compound 7

OH

HO HO

Figure 4. 20: Chemical structure of compound 7

Compound 7 was obtained as light brown solid. The molecular formula was established as
C19H20041, by the positive-ion HRMS, which showed molecular ion [M+H]* at m/z 425.1094
(calc. for 425.3689). The IR spectrum of 7 showed absorption bands for hydroxy! groups (3225
cmt), conjugated ester (1688 cm™), alpha, beta-unsaturated carbonyl (1644 cm™) and aromatic

C=C (1612 cm) functionalities.

The *H NMR spectrum showed the presence of one set of ortho-coupled aromatic protons at
on 7.97 (1H, d, J = 5.6 Hz, H-6) and 6H 6.31 (1H, d, J = 5.6 Hz, H-5), also an oxymethylene
protons at 8 4.69 (1H, d, J = 14.1 Hz, H-7a) and 4.47 (1H, d, J = 14.1 Hz, H-7b) which were
characteristics of a 1,2-disubstituted 4-pyrone unit and another set of ortho-coupled aromatic
protons at 61 7.84 (2H, d, J = 8.8 Hz, H-2"/H-6") and 61 6.83 (2H, d, J = 8.8 Hz, H-3"/H-5"),
which indicated the presence of a 1,4-disubstituted benzoate unit. In addition, one sugar
moiety was deduced by the presence of an anomeric proton resonating at 6 4.94 (1H, d, J =

7.7 Hz) and other signals in the range, o 3.12-3.55 (m).
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Figure 4. 21: *H NMR spectrum of compound 7 in CDsOD

The 3C NMR and DEPT-135 spectra showed that compound 7 possessed 16 signals counted
for 18 carbons, including characteristic signals of 4-hydroxybenzoyl moiety at 6 167.9, 163.7,

133.0x 2, 122.1 and 116.4 x 2, a pyranone moiety at 6c 177.4, 163.9, 157.5, 142.3 and 117.7;

T T
.8 3.6 34 3

T T T T
.2 3.0 28 26 24 22

a glucopyranosyl unit at 6c 104.0, 77.8, 76.2, 75.4, 71.7 and 64.4 and an oxymethylene at

oc 57.7.
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Figure 4. 22: 1*C NMR spectrum of compound 7 in CD30D

Further combined analysis of the *H-'H COSY, HSQC and HMBC spectra allowed the
establishment of the structure of compound 7. The HSQC spectrum allowed the assignment

of all the protons attached to their corresponding carbons.

The observed correlation of H-6’ from the sugar unit with C-7" (6 167.9) in the HMBC
spectrum indicated the 4-hydroxybenzoyl moiety was attached at C-6’ of the glucosyl.
Furthermore, HMBC experiment indicated a correlation of the anomeric proton H-1" of the
glycosyl (61 4.94) unit with 6 142.3 which is attributed to C-3 of the pyrone unit. Also, the
oxymethylene was located at position C-2 of the pyrone unit which was confirmed by the
HMBC correlations between H-7 (6w 4.69a, 4.47b) and C-2 (6c 142.3) and (6¢ 163.9)

(Figure 4.7.4). Therefore, 7 was determined as 2-(hydroxymethyl)-4-oxo-4H-pyran-3yl-6-O-
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benzoate-B-D-glucopyranoside. A database search provided no evidence for compound 7 as

having been previously reported, therefore it was a new compound.
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Figure 4. 23: HMBC spectra of compound 7
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Table 4.7: ‘H and °C NMR spectral data of compounds 7 in CD3OD.

Compound 7

o dc cosy HMBC
2 - 163.9 - -
3 - 1423 - -
4 - 177.4 - -
5 6.39 (d, 5.6) 117.7 H-6 C-3,C-4,C-6
6 7.97 (d, 5.6) 157.5 H-5 C-2,C4,C5
7a 4.69 (d, 14.1) 57.7 H-7b C2,C3
7b 4.47 (d, 14.1) H-7a
I’ 4.94 (d, 7.7) 104.0 H-2’ c3
2’ 3.41 (m) 75.4 H-1",H-3> C-1’,C-3
3’ 3.45 (m) 77.8 H-2’, H-4 C-2’,C-4
@ 3.43 (m) 717 H-3’,H-5> C-3,C-5,C-6’
5 3.56 (m) 76.2 H-4,H-6> C-4,C-6
6a’ 4.58 (dd, 11.8, 2.2) 64.4 H-6b,H-5  C4,C-7”
6b’ 4.45 (dd, 11.8, 2.2.) H-6a’,H-5>  C-5,C-7”
1” - 1221 - -
27 7.84 (d,8.7) 1330 H-37/H-6  C4”,C-5",C-7”
3” 6.83 (d, 8.7) 116.4 H-2"/H-5"  C-17C4",C-6”
4> - 163.7 -
5” 7.84 (d,8.7) 133.0 H-3/H-6  C-37,C4”,C-7”
6” 6.83 (d, 8.7) 116.4 H-2”/H-5"  C-17C-3",C4”
7 - 167.9 - -
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4.2.8: Structural elucidation of compound 8
0]
11 12
N
HO 0 (@) 5 13

HO N7 OH
HO™~

Figure 4. 25: Chemical structure of compound 8

Compound 8 was obtained as white solid. The molecular formula was established as C;4H3,0g,
by the positive-ion HRMS, which showed molecular ion [M+H]* at m/z 389.2177 (calc. for
388.4615). The IR spectrum of 8 showed absorption bands for hydroxyl groups (3179 cm™),
conjugated ester (1693 cm™), a, B-unsaturated carbonyl (1633 cm™) and aromatic C=C (1600
cmt) functionalities.

The *H NMR spectrum showed signals of two methyl protons at 5+ 0.86 (3H, s, H-12), 1.01
(3H, s, H-11), a vinyl methyl at 1.56 (3H, s, H-13) and an acetyl methyl at 61 2.07 (3H, s, H-
10). Three methylene protons were observed resonating at 6+ 2.00 (1H, dd, J = 17.4, 6.4 Hz,
H-4a), 2.31 (1H, dd, J = 17.4, 6.4 Hz, H-4b), 2.09 (1H, m, H-7a), 2.16 (1H, m, H-7b) and

2.45 (2H, t, J = 8.1 Hz, H-8). Also, two oxymethine protons were seen at 61 3.16 (1H, d, J =
2.9 Hz) and 3.70 (1H,) and were attributed to H-2 and H-3 respectively. A resonance at on
4.28 (1H, d, J = 7.8 Hz) was an indication of an anomeric proton and the J coupling constant
suggested that it’s a beta anomeric proton. This then implied that the structure has sugar

moiety. The other sugar peaks were clustered between 3.0 and 3.70.
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Figure 4. 26: 'H NMR spectrum of compound 8 in DMSO-ds

The 3C NMR and DEPT-135 spectra showed that compound 8 displayed nineteen carbon

resonances, including, four methyls at ¢ 19.5 (C-13), 22.0 (C-12), 25.6 (C-11) and 30.1 (C-
10), three methylene at 6¢c 22.2 (C-7), 37.9 (C-4) and 43.9 (C-8), two oxymethines at ¢ 75.7
(C-2) and 76.9 (C-3) and four fully substituted carbon resonances at dc 42.2 (C-1), 123.9 (C-
5), 136.0 (C-6) and including one carbonyl at 8¢ 208.9 (C-9) for the aglycone group. The *C

NMR displayed a characteristic anomeric carbon resonance at 6c 101.4 (C-1"),
which corresponded to a typical anomeric proton resonance at o4 4.28 (d, J = 7.8 Hz) in the

HSQC spectrum and this suggested that compound 8 possessed one sugar group. The other
sugar moiety signals appeared at d¢c 61.4 (C-6”), 70.4 (C-4°), 73.7 (C-2°), 77.2 (C-3”) and

76.8 (C-5").
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Figure 4. 27: *C and DEPT-135 NMR spectra of compound 8

The coupling of H-3 (6n 3.70) with H-2 (61 3.16) and H-4 (6n 2.00 and 2.31) was observed in

the COSY H-'H. H-7 (81 2.09 and 2.16) with H-8 (51 2.45).
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Figure 4. 28: 'H-'H COSY NMR spectra of compound 8

The HSQC spectra allowed the assignment of all the protons attached to their corresponding

carbons.
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Figure 4. 29: HSQC NMR spectra of compound 8

In the HMBC spectra, the observed correlation of the anomeric proton H-1’ from the sugar
unit with (8 75.7) which was attributed to C-3 of the aglycone unit, confirming the position of

the sugar moiety attachment.

Furthermore, HMBC experiment indicated a correlation of the oxymethine proton at H-2 with
C-11 (25.6), C-12 (22.0) and C-3 (75.7). Also, a correlation between H-13 and C-4 (37.9), C-
5(123.9) and C-6 (136.1) confirmed the position of the methylene at position 4. (Figure:

4.30)
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Figure 4. 30: HMBC NMR spectra of compound 8

According to the above information, compound 8 was determined as 2-hydroxy-7,8-
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dihydro-ionone-3-O-B-D-glucopyranoside. A database search provided no evidence for

compound 8 as having been previously reported; therefore, it was a new compound.

According to our findings, compound 8 is an isomer of a compound called 3,4-dihydroxy-

7,8-dihydro-ionone-3-O-B-D-glucopyranoside (icariside Bg). This compound was first

isolated from Epimedium diphyllum (Miyase et al., 1989).
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Table 4.8: 'Hand “C NMR spectral data of compounds 8 in DMSO-ds

Position 'H (J in Hz) 13C DEPT- CosY HMBC
135

1 - 42.2 C - -
2 3.16 (m) 76.9 CH H-3 C-1,C-3,C-11,C-12
3 3.70 (d, 6.7) 75.7 CH H-2, H-4 C-2,C-1’
4a 1.99 (dd, 9.5, 7.7) 37.9 CH. H-3 C-2,C-3,C-5,C-6
4b 2.31(dd, 10.9., 6.8) H-3 C-2,C-3,C-5,C-6,C-13
5 - 123.9 - - -
6 - 136.1 - - -
7a 2.09 (m) 22.2 CH. H-8 C-1,C-5,C-6,C-8
7b 2.16 (m) H-8 C-1,C-5,C-6,C-8
8 2.45 (t, 8.1) 43.9 CH. H-9 C-6,C-7,C-9
Q — 208 Q C — —
10 2.08 (s) 30.1 CHs - C-8,C-9
11 1.01 (s) 25.6 CHs - C-1,C-2,C-6,C-12
12 0.86 (s) 22.0 CHs - C-1,C-2,C-6,C-11
13 1.52 (s) 19.5 CHs - C-4,C-5,C-6
I’ 4.28 (d, 7.8) 101.4 CH H-2 C-3,C-2’
2’ 3.00 (m) 73.6 CH H-1, H-3 C-1’,C-3
3’ 3.15 (m) 77.3 CH H-4 C-2°,C-4",C-5
4 3.05 (m) 70.5 CH H-3, H-5 C-2’,C-5,C-6’
5 3.16 (m) 76.8 CH H-6 C-6’, C-4°
6a’ 3.44 (m) 61.5 CH. H-5 -
6b’ 3.65 (m) H-5 -
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Figure 4. 31: Chemical structures of the isolated compounds from P. cynaroides
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4.3 Physico-chemical data of isolated compounds from P. cynaroides

4.3.1: 4-hydroxybenzoic acid (1)

Molecular formula C7HsO3 MW 138.0800 g/mol
Description: White amorphous powder

Mass spectrum: ESI- MS m/z (ES+) 139.2158 [M+H] *
NMR spectrum: 'H and °C see Table 4.1

4.3.2: 3,4-bis(4-hydroxybenzoyl)-1,5-Anhydro-D-glucitol (2) New

Molecular formula C20H2009 MW 404.6812 g/mol
Description: Light brown powder

Mass spectrum: ESI- MS m/z (ES+) 405.1192 [M+H] *
NMR spectrum: 'H and °C see Table 4.2

4.3.3: 1,5-Anhydro-D-glucitol (3)

Molecular formula CeH1205 MW 164.1888 g/mol
Description: White crystals

Mass spectrum: ESI- MS m/z (ES+) 165.4571 [M+H] *
NMR spectrum: 'H and 13C see Table 4.3

4.3.4: 3,4-dihydroxybenzoic acid (4)

Molecular formula C7H604 MW 154.0227 g/mol
Description: Reddish brown amorphous powder
Mass spectrum: ESI- MS m/z (ES+) 155.5756 [M+H] *
NMR spectrum: 'H and B°C see Table 4.4
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4.3.5: 4-hydroxybenzoyl-1,5-Anhydro-D-glucitol (5) New

Molecular formula C13H1607 MW 284.1861 g/mol
Description: White clear amorphous powder

Mass spectrum: ESI- MS m/z (ES+) 285.0978 [M-H]*"
NMR spectrum: 'H and °C see Table 4.5

4.3.6: 3-hydroxykojic acid (6)

Molecular formula CeHsOs MW 158.0287 g/mol
Description: Light brown rough solid

Mass spectrum: ESI- MS m/z (ES+) 159.8521 [M+H] *
NMR spectrum: 'H and 13C see Table 4.6

4.3.7: 2-(hydroxymethyl)-4-oxo-4H-pyran-3yl-6-O-benzoate-p-D-glucopyranoside (7)

New

Molecular formula C19H20011 MW 424.3281 g/mol
Description: Light brown solid

Mass spectrum: ESI- MS m/z (ES+) 425.1094 [M+H] *
NMR spectrum: 'H and 1°C see Table 4.7

4.3.8: 3-Hydroxy-7,8-Dihydro-B-lonone 3-O-g-D-glucopyranoside (8) New

Molecular formula C19H3208 MW 388.2561 g/mol
Description: White needles

Mass spectrum: ESI- MS m/z (ES+) 389.2177 [M+H] *
NMR spectrum: 'H and 13C see Table 4.8
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4.4 Biological evaluation

To validate the ethnopharmacological applications and to explore the therapeutic potential of
the plant P. cynaroides, its extracts and the respective isolated compounds were evaluated for

their activity to inhibit alpha-glucosidase, alpha-amylase, and tyrosinase enzyme.

4.4.1 Alpha-glucosidase and alpha amylase inhibition

The extracts (EtOAc, BUOH and aqueous) of P. cynadoides were screened for their alpha-
glucosidase and alpha-amylase inhibitory activity against alpha-glucosidase and alpha-
amylase enzyme. This preliminary screening was done at a working concentration of 0.2
mg/mL of the extracts. As shown in Figure 4.8.9, EtOAc and BuOH extracts of the leaves of
P. cynaroides demonstrated the highest percentage inhibition against alpha-glucosidase
activity (43% and 58% respectively). The aqueous extracts yielded the lowest inhibitory
activity (15%) against a-glucosidase. The extracts didn’t show any inhibitory activity for
alpha-amylase and they showed negative inhibitory activity and this could be that the

inhibitor is not acting as an inhibitor, but is instead stimulating the enzyme.
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Figure 4. 32: Average % inhibition of alpha-glucosidase of the plant extracts

The 1Cso values of isolated compounds from P. cynaroides (which showed strong alpha

glucosidase inhibitory activities during screening) were investigated and the results showed

that only compound 1 demonstrated weak alpha-glucosidase inhibitory activity with 1Cso

value of 162.56 + 1.21 pg/mL as well as the ICso of acarbose. The other tested compounds

showed very low activity against alpha-glucosidase and no activity for alpha-amylase

inhibitory activity as summarised in Table 4.9

Table 4. 9: I1Cso of isolated compounds and acarbose on alpha-glucosidase and alpha-amylase

Tested Samples % Inhibition alpha-glucosidase 1Cso % Inhibition alpha-amylase 1Cso
(0.2mgmL? (ng/mL) (0.2mgmL™Y) (pg/mL)

1 60.7 162.56 + 1.21 NA NA

2 7.1 - NA NA

3 2.7 - NA NA

4 6.8 - NA NA

5 4.8 - NA NA

6 7.6 - NA NA

7 16.5 - NA NA

8 3.6 - NA NA
Acarbose 59.9 101 +1.05 97.5 7.65+0.34

NA: not active at the tested concentrations. The results are expressed as mean +SEM for n =3

4.4.2: Mushroom L-Tyrosinase assay

4.4.2.1: Anti-tyrosinase activity of various extracts from P. cynaroides

Inhibition of tyrosinase activity of EtOAc, BuOH and water extracts of P. cynaroides was

measured using L-tyrosine. The BUOH extract exhibited 45% tyrosinase inhibitory activity at

0.2 mg/mL. It showed the highest anti-tyrosinase activity as compared to the EtOAc and

water extracts which showed the lowest values (Figure 4.33).
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Figure 4. 33: Average % inhibition of tyrosinase by the extracts from P. cynaroides

4.4.2.2: Anti-tyrosinase activity of isolated compounds from P. cynaroides

The average tyrosinase inhibition percentages of the isolated compounds screened at 0.2 mg/mL
revealed that compound 4 and 6 had an inhibition of 100%, while 1 showed a moderate inhibition of
55% and 3 showed weak inhibition of 25%. The rest of compounds were shown to be ineffective
inhibitors of mushroom tyrosinase with their inhibition percentage less than 10%. The compounds
with the high inhibition percentage were then investigated further for their 1Cso values. Compounds 4
and 6 showed an ICs; values of 0,8776 + 0.12 and 0.7771 + 0.09 pg/mL respectively and the two
compounds showed similar inhibition activity compared to of kojic acid (KA), a well-known

tyrosinase inhibitor (Figure 4.34).
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Figure 4. 34: ICs plot of compound 4 and 6 from P. cynaroides against kojic acid

Table 4. 10: % inhibition of tyrosinase and 1Cso of compound 4, 6 and Koic acid

% inhibition (ng/mL)

Tested Samples 200 20 2 0.2 I1Cs0

4 99.7 82.3 30.9 3.9 0,8776
6 99.9 86.2 27.7 5.8 0,7215
KOJIC ACID 99.8 88.9 31.5 8.2 0,7062

The other two compounds showed weak inhibition and their 1Cso values were determined. Compound 1

showed an ICspvalue of 149.2 + 1.06 pg/mL and compound 3 exhibited an ICso value of 2745 +2.12

pg/mL among the tested isolated compounds.
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Figure 4. 35: ICso plot of compound 1 and 3 from P. cynaroides
104



Table 4. 11: 1Cso values of isolated compounds of P. cynaroides

% inhibition(pg/mL)

Tested Samples 1000 500 250 125 1Cso

1 78.2 75.3 56.6 32.7 149.2
2 ND ND ND ND -

3 62.3 29.8 15.6 6.5 2745
5 ND ND ND ND -

7 ND ND ND ND -

8 ND ND ND ND -
KOJIC ACID 99.8 98.9 98.5 98.21 3.8

ND: not determined at the tested concentrations. The results are expressed as mean £SEM for n =3

4.5: Conclusion

Phytochemical and biological investigation of the EtOAc and BuOH soluble fractions of
Protea cynaroides leaf extract using column chromatography isolation techniques afforded
eight compounds, with four of them being (compounds 2, 5, 7 and 8). The compounds were
identified as 4-hydroxybenzoic acid (1), 3,4-bis(4-hydroxybenzoyl)-1,5-anhydro-D-glucitol
(2), 1,5-Anhydro-D-glucitol (3) ,3,4-dihydroxybenzoic acid (4), 4-hydroxybenzoyl-1,5-
anhydro-D-glucitol (5) ,3-hydroxykojic acid (6) , 2-(hydroxymethyl)-4-oxo-4H-pyran-3-yl-6-
O-benzoate-B-D-glucopyranoside (7) and, 3-hydroxy-7,8-dihydro-B-ionone 3-O-B-D-
glucopyranoside (8) as its bioactive constituents with significant anti-tyrosinase inhibitory
activities as well as weak alpha glucosidase inhibitory activities. Five of the isolated
compounds are also reported for the first time from the extracts of Protea cynaroides with
four of them being novel compounds. Good anti-tyrosinase activity exhibited by three of
these compounds warrants further investigation of the use of P. cynaroide given the activity
that has now been shown by the plant. This study highlights the importance of Protea

cynaroides, the national plant of South Africa, as a medicinal plant with therapeutic potentia
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CHAPTER 5

CHEMICAL CHARACTERIZATION AND BIOLOGICAL INVESTIGATION OF
CLIFFOTIA ODORATA

The phytochemical investigation of Cliffortia odorata afforded ten compounds and identified
as 6-methoxychroman-4-one (9), 2,4-dihydroxy-6-methoxyacetophenone (10), catechin (11),
butyl-a-D-fructofuranoside (12), butyl-p-D-fructofuranoside (13), isolariciresinol (14),
kaempferol (15), kaempferol 3,7-O-disulphate (16), sucrose (17), mixture of -
Dglucopyranose, a-D-glucopyranose, B-D-fructopyranose and B-D-fructofuranose (18) as its
bioactive constituents with significant alpha glucosidase inhibitory activities as well as weak
antityrosinase inhibitory activities. To the best of our knowledge, all of the isolated
compounds are reported for the first time from the extracts of C. odorata. Compound 15 and
16 demonstrated moderate to remarkable alpha glucosidase inhibitory activities with the 1Cso
values of 16.6 + 1.02 pg/mL and 3.8 + 0.32 pg/mL respectively and on the other hand
compounds 11 and 12 demonstrated weak antityrosinase inhibitory activities with the I1Cso
values of 131.9 £1.05 pg/mL and 231.8 £1.26 pg/mL and this could mean there is a need to
validate the use of C. odorata in cosmetic and pharmaceutical industries upon further

biological and clinical investigation.

5.1 Cliffortia odorata

The dried powdered leave material (298 g) was macerated in 80% methanol and sequentially
extracted with hexane, DCM, ethyl acetate and finally butanol. The hexane (1.05 g), DCM
(852 mg), ethyl acetate (2.47 g), butanol (8.12 g) and water (68.21 g) extracts were

phytochemically studied for their bioactive constituents
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5.1.1 Isolation and identification of the chemical constituents of the ethyl acetate
fraction

Column chromatography of the ethyl acetate extract (2.47 g) afforded fifty-one main
fractions (Table 6). Fs-Fs, F1o, F13-F1s, F22-F2s5 and Fs1-Fs3 were combined based on similar
profile on TLC and rechromatographed. This afforded compounds 9 (10.05 mg), 10 (20.1

mg), 11 (30.5 mg), 12 (6.5 mg) and 13 (8.0 mg)

5.1.2 Isolation and identification of the chemical constituents of the butanol fraction
On running the column of the butanoic extract (8.12 g), forty-two fractions were obtained.
Fractions Fs-Fa, Fs-F1o, F19, F24-F26, and Fs3-Fss were rechromatographed. This afforded
compound 14 (20.5 mg), 15 (6,8 mg), 16 (30.8 mg), 17 (80.6 mg), and 18 (120.5 mg) as

shown in section scheme 5.1.
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Scheme 5. 1: A scheme of experimental procedure for the isolation of compounds from
C. odorata
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5:2 Structural elucidation and characterization of compounds

5.2.1: Structural elucidation of compound 9

Figure 5. 1: Chemical structure of compound 9

Compound 9 was obtained as a white powder (3.6 mg). The negative ESI (-)-HRMS revealed
a molecular ion [M-H] peak at m/z 178.0800, corresponding to the molecular formula
C10H1003. Compound 9 was identified as a chroman-4-one derivative on the basis of 1D and
2D NMR experiments (see Table 5.1, Appendix 1B).

The *H NMR spectrum revealed the presence of aromatic protons, a doublet of doublets at S
7.54 (1H, dd, J =8.2, 1.8, Hz, H-7) and it is overlapping with a singlet at o4 7.54 (1H, s, H-5)
and another doublet resonating at 61 6.95 (1H, d, J = 8.2 Hz) representing 1,2,4-trisubstituted
benzene ring. A sharp singlet 6 3.96 (3H, s, OCHj3) integrating for three protons indicate the
aromatic methoxyl group being present and two triplets resonating at 6+ 4.00 (2H,t,J=5.3
Hz, H-2) and &n 3.18 (2H, t, J = 5.3 Hz, H-3) were attributed to two sets of methylene
protons, one being adjacent to the carbonyl group (H-3) and the other one being connected to

an oxygen (H-2).
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Figure 5. 2: 'H NMR spectrum of compound 9 in CDCls

Analyses of the 13C NMR and DEPT 135 data revealed the presence of ten carbons, seven of
them were aromatic carbons at 5¢c 199.1, 150.8, 146.8, 129.6, 123.7, 113.9 and 109.6, two
methylenes at 6c 56.1 and 39.7 and one oxygenated methyl group at 6c 56.1. These results
suggested that compound 9 has a monosubstituted chromanone structure. The locations of the
substituent was established primarily on the basis of HMBC. The HMBC correlation of
methoxy protons to C-7 established the position of the aryl methoxy group. Correlations of
the protons of the -OCH2CHa-unit with the carbonyl at 6c 199.1 and two adjacent aryl
carbons (C-9 and C-10) as shown in Figure 5.1 required formation of a pyranone ring fused

to the benzenoid moiety and this led to the complete assignment of the structure.
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Table5.1: 'H and "C NMR spectral data of compounds 9 in CDCl3

Position 3y (3 in Hz) ¥ HMBC

2 4.00 (t,5.3) 58.3 C-3,C-4,C-9

3 3.18 (t, 5.3) 39.8 C-2, C-4, C-10

4 - 199.2 -

5 7.54 (brs) 109.6 C-4, C-6, C-7, C-9, C-10
6 - 146.8 -

7 7.54 (dd, 8.2, 1.8) 123.7 C-5, C-6,C-8, C-9
8 6.95 (d, 8.2) 113.9 C-6,C-7,C-9, C-10
9 - 150.8 -

10 - 129.6 -

OCHs 3.95 (5) 56.1 C-6
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5.2.2: Structural elucidation of compound 10

Figure 5. 5: Chemical structure of compound 10

Compound 10 was obtained as a white crystalline solid (20.1 mg). The negative ESIMS
revealed a molecular ion [M-H] peak at m/z 182.6800, corresponding to the molecular
formula CeH1004. Compound 10 was identified as an acetophenone derivative on the basis of

1D and 2D NMR experiments (see Table 5.2, Appendix 1B).

The *H NMR spectrum of compound 10 indicated the presence of four protons. The spectrum
showed two aromatic proton signals at 6 5.92 (1H, d, J = 2.1 Hz, H-5) and 5.88 (1H, d, J =
2.1 Hz, H-3) in the meta position and this suggested that the compound is 1, 2, 4, 6-
tetrasubstituted benzene. The spectrum also showed two 3H signals at & 3.85 (s) and 6 2.55
(s) assigned to the methoxy and acetyl methyl protons respectively. The *H-NMR chemical

shift assignments are presented in the Table 5.2

The 3C-NMR and DEPT-135 spectra of the compound 10 showed the presence of nine
carbon atoms in the molecule. Four substituted aromatic carbons at ¢ 166.0 (C-6), 164.5 (C-
4), 163.1 (C-2) and 104.2 (C-1). Two protonated aromatic carbons at 6c 89.9 (C-3) and 94.8
(C-5), one carbonyl carbon at 6c 202.2 (C-7), one methoxyl carbon at 6c 54.1 and one methyl
carbon at 6¢c 31.1 (C-8). On the basis of above spectral data the compound 10 was identified
as 2,4-dihydroxy-6-methoxyacetophenone. This compound has been reported to occur in

the Artemisia annua (Singh et al., 1997) and Inula viscosa (Grande et al., 1985)
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Table5.2: 'Hand “C NMR spectral data of compounds 10 in CD3OD

Position 6H (Jin Hz) o C
1 - 104.2

2 - 163.1

3 5.93(d, 2.1) 89.9

4 - 164.5

5 5.89 (d, 2.1) 94.8

6 - 166.0

7 - 202.2

8 2.55 (brs) 311
OCH: 3.85 (br ) s4.1
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5.2.3: Structural elucidation of compound 11

Figure 5. 6: Chemical structure of compound 11

Compound 11 was isolated as a yellow powder (40 mg). The negative ESIMS revealed a
molecular ion [M-H] peak at m/z 289.0800, corresponding to the molecular formula
C15H1406. Compound 11 was identified as a flavanol on the basis of 1D and 2D NMR

experiments (see Table 5.3, Appendix 1B).

IH NMR spectrum has shown 1,3,4-trisubstituted aromatic ring with protons appears at o
6.72 (1H, d, J = 1.8 Hz), 6.68 (1H, d, J = 8.0 Hz) and 6.59 (1H, dd, J = 8.0, 1.8 Hz). These
protons were related to H-2’, H-5°, and H-6" respectively. Signals of two meta coupled
protons were shown resonating at on 5.88 (1H, d, J = 2.1 Hz) and 5.68 (1H, d, J = 2.1 Hz)
and were related to H-6 and H-8. Two methine protons were identified at 6 4.47 (1H, d, J =
2.1 Hz) and 3.81 (1H, m) for H-2 and H-3 respectively. Finally, a methylene group was also
identified at o 2.65 (1H, dd, J = 16.0, 5.2 Hz, H-4eq) and 2.35 (1H, dd, J = 16.0, 8.1 Hz, H-
4ax). A strong J coupling constant between o1 4.47 (H-2a) and 3.81 (H-3a) was observed,

supporting a trans-configuration between these two protons (Foo, 1987).

The 13C and DEPT-135 NMR experiment detected 15 carbon signals including twelve
aromatic carbons, one oxygenated aliphatic carbon, one aliphatic methine and one aliphatic
methylene carbon. The aromatic methine signals were observed at oc 118.4, 115.1, 114.5,

95.1 and 93.8 ppm for C-6°, C-5°, C-2’, C-6 and C-8 respectively and the remaining seven
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signals were the aromatic substituted carbons resonating at 6c 156.5 (C-7), 156.2 (C-5), 155.4

(C-9), 144.8 (C-3°/4), 130.6 (C-1) and 99.1 (C-10). The oxymethine signal was seen at 81.0

(C-3) and the aliphatic methine was observed at ¢ 66.3 (C-2). The methylene signal

resonated at d¢c 27.9 and was allocated to C-4. The above data showed that compound 11

consists of a flavan-3-ol backbone. On the basis of a thorough literature review; it was

identified as catechin, a common procyanidin monomer typically isolated from Wedelia

prostrata and Scurrula liqguidambaricolus (Shen et al., 1993).

Table5.3: 'H and °C NMR spectral data of compound 11 in DMSO-de

Position 'H (J in Hz) 13C DEPT- Lit (Shen et al., 1993)
135
2 3.81 (m) 66.3 CH 66.4
3 4.47 (d, 2.1) 81.0 CH 81.0
4a 2.35 (dd, 16.0, 8.1) 27.9 CH; 27.7
4b 2.65 (dd, 16.0, 5.2)
5 - 156.2 C 156.1
6 5.88 (d, 2.1) 95.1 CH 95.3
7 — 156.5 C 156.4
8 5.68 (d, 2.1) 93.8 CH 94.0
9 - 155.4 C 155.3
10 - 99.1 C 99.2
1’ - 130.6 C 130.7
2 6.72 (d, 1.8) 114.5 CH 114.9
3 - 144.8 C 144.8
4’ - 144.8 C 144.8
5 6.68 (d, 8.0) 115.1 CH 115.1
6 6.59 (dd, 8.0, 1.8) 118.4 CH 118.4
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5.2.4 Structural elucidation of compound 12

N4003 OH
HO  OH

Figure 5. 7: Chemical structure of compound 12

Compound 12 was obtained as amorphous powder (6 mg). The [M+Na]™ at m/z: 259.6648 in
the HR-ESI-MS spectrum corresponds to the molecular formula C10H200¢ (calc. 236.2202),
indicating one degrees of unsaturation. Compound 12 was identified on the basis of 1D and

2D NMR experiments (see Table 5.4, Appendix 1B).

The 'H-NMR data showed a triplet at § 0.93 (3H, t, J =7.3 Hz,) for terminal methyl protons
attributed to H-4’, three multiplets at 6 1.40 (2H, m), 1.55 (2H, m) and 3.53 (2H, m) for H-3’,
H-2 and H-1" respectively integrating for two protons each, consistent with three methylene
groups which suggested the presence of an n-butoxyl moiety. In these spectra, it is still
observed that the presence of signals in the region between ¢ 3.40—4.2 ppm referring to the

presence of a sugar unit.

The 3C and DEPT-135 NMR experiment indicated the ten carbons signals, one methyl, three
methines, five methylenes and one quaternary. The presence of an anomeric carbon at 6¢c 107.4
and, also the presence of two hydroxymethyls at dc 62.8, 61.9 ppm and three hydroxymethine
groups at ¢ 84.2, 83.5 and 78.8 ppm suggested that the structure contained a sugar probably
in the furanose form. The other four remaining signals resonating at 6¢c 62.2, 33.7, 20.7 and
14.5 ppm indicated the presence of a butyl moiety as the aglycone part. Consequently, the
structure of compound 12 was confirmed by comparison with the previously reported data

(Zhang et al., 1996). Compound 12 was identified as n-butyl-a-D-fructofuranoside. This
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compound was first reported by Zhang et al (1996), he isolated it from Cynomorium
songaricum grows in the northwest of China and is used in traditional Chinese medicine for

the treatment of kidney disorders.

5.2.5: Structural elucidation of compound 13

HO 3

S43 OH
HO  OH

Figure 5. 8: Chemical structure of compound 13

Compound 13 was obtained as amorphous powder (8 mg). The [M+Na]™ at m/z: 259.2593 in
the HR-ESI-MS spectrum corresponds to the molecular formula C10H200¢ (calc. 236.2202),

indicating one degrees of unsaturation.

The H-NMR data of compound 13 showed signals in the region between 0.9-3.5 ppm the
same pattern of multiplicity of signals found in compound 12, which together with the number
of hydrogens estimated by the integral also confirmed the presence of a butyl group. In the
spectrum, the presence of signals in the region between 6 3.40-4.2 was also observed, referring

to the presence of a sugar unit.

13C NMR and DEPT-135 spectra were in agreement with the suggested molecular formula,
as it showed the presence of ten well resolved carbon signals. The signals at 6c 62.3 and 62.0
belong to the C-6 and C-1 carbons of sugar, confirming fructofuranose by the presence of
two methylenic groups. compound 13 also showed the presence of an anomeric carbon at 6¢

105.5. Based on the above information and comparison with the previously reported
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literature, compound 13 was established as n-butyl-p-D-fructofuranoside (Dudikova et al.,

2007).

Table 5. 4: 1H and 13Cc NMR spectral data of compound 12 and 13 in CD3OD

n-Butyl-a-D-fructofuranoside

n-Butyl-B-D-fructofuranoside

Position 8C H (Jin Hz) BC H (Jin Hz)
1a 61.9 3.71 (d, 11.7) 62.5 3.66 (d, 11.8)
1b 3.62 (d, 12.0) 3.52 (d, 11.7)
2 109.1 - 105.5 -

3 83.5 4.05 (d, 4.9) 78.7 4.11 (d, 8.1)
4 78.8 3.89 (dd, 7.0, 4.9) 77.6 3.92 (1,7.8)
5 84.2 3.84 (m) 83.6 3.85 (m)

6 62.8 3.70 (m) 65.3 3.68 (m)

ik 62.2 3.53 (m) 62.2 3.50 (m)

2’ 33.7 1.55 (m) 33.7 1.52 (m)

3’ 20.7 1.40 (m) 20.7 1.39 (m)

4 145 0.93 (t, 7.3) 14.6 0.95 (t, 7.3)
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5.2.6: Structural elucidation of compound 14

Figure 5. 9: Chemical structure of compound 14

Repeated column chromatography of the BuOH extract yielded compound 14 (15.0
mg) as a pale yellow amorphous solid. On TLC it showed an active spot under UV and a
purple prominent spot after spraying with vanillin/H2SO4 reagnet. The molecular formula
C20H2406 was established by the ion at m/z 397.1705 g/mol [M+Na]* in the ESI-MS spectrum
and. Theoretical mass of this compound is 374.1158 g/mol. The structure of the compound
was established on the basis of 1D (*H, 3C and DEPT 135) and 2D-NMR experiments

(HSQC, COSY and HMBC), (Table 5.6), FTIR and MS data.

The *H NMR data showed that compound 14 has an ABX coupling system assignable
to one 1,3,4-trisubstituted benzene ring on 6.79 (1H, d, J = 1.7 Hz, H-5), 6.75 (1H, d, J = 8.1
Hz, H-2’) and 6.68 (1H, br s, H-2), two aromatic protons o1 6.62 (1H, dd, J =8.1, 1.7 Hz, H-
6”), and 6.22 (1H, br s, H-5) which suggested the presence of a 1,3,4,6-tetrasubstituted
benzene ring in the structure; two methoxy groups at o4 3.83 and 3.82; two sets of oxygen
connected methylenes each with two non-equivalent protons at 6w 4.12 (1H, dd, J=9.8, 2.9
Hz, H-9a), 3.89 (1H, dd, J = 9.8, 2.9 Hz, H-9’b) and 6+ 3.79 (1H, dd, J = 10.1, 3.4 Hz, H-
9a), 3.74 (1H, d, J = 11.7, 6.2 Hz, H-9b) respectively; one non-oxygenated methylene protons
at 61 2.86 (2H, brd, J = 10.5 Hz, H-7) and three methine protons resonating at 6 3.95 (1H, d,

J=10.5 Hz, H-7°), 2.08 (1H, m, H-8") and 1.93 (1H, m, H-8).
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Figure 5. 10: *H NMR spectrum of compound 14 in CDsOD

Analyses of the 13C NMR and DEPT 135 data revealed the presence of twenty carbons,

twelve of them were aromatic carbons (dc 147.4, 145.8, 144.4, 143.8, 137.1, 132.5, 127.8,

121.7,115.9, 114.7, 112.9, 110.9); three methylenes (dc 66.1, 63.4 and 32.2); two oxygenated

methyls overlapped at 5c 54.9 and three methines at ¢ 46.5, 43.8 and 37.7.
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Figure 5. 11: Stacked *3C and DEPT 135 spectrum of 14 in CDs0D

The COSY H-!H cross peaks observed, were between H-7 (8w 3.95)/ H-8’ (81 1.93); H-8
(51 2.08)/ H-7 (81 2.85), H-8/H-9 (8 3.79a and 3.74b), and H-8/ H-9’ (31 4.12a and 3.89h)

(see Figure 5.11 and Table 5.6).
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Figure 5. 12: COSY spectrum of compound 14 in CD30D

HSQC experiment was used to assign proton signals to the corresponding carbon signals; the

five HSQC correlations are well resolved and are shown in Figure 5.13.
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Figure 5. 13: HSQC spectrum of compound 14 in CD30D

The HMBC correlations (Table 5.5) long range cross-peaks of methylene protons at H-7 with
C-1, C-2, C-6, C-8, and C-8’ revealed that C-7 was attached at a disubstituted benzene ring.
HMBC cross-peaks of H-2 to C-1, C-3, C-4, C-6, and C-7 indicated that a one methoxyl
group was attached at disubstituted aromatic ring. The correlations of H-7’ to C-1, C-6, C-1°,
C-2’> C-5” and C-6’ deduced that H-7" attached to 1,3,4-trisubstituted benzene ring. The
connectivity between C-8 and C-9 was supported by the HMBC correlation between H-8 / C-

9and H-9/C-8
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Figure 5. 14: HMBC spectrum of compound 14 in CDs0D

Figure 5. 15: Key HMBC /"N and COSY == correlations of 14

The above information and comparison with literature (Fonseca et al., 1978; Okuyama et al.,

1987; Thomford et al., 2018) suggested compound 14 to be isolariciresinol and to the best of
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our knowledge this compound is reported for the first time from C. odorata. Isolariciresinol is
a lignan and according to MacRae and Towers, 1984, and Arroo et al., 2002, lignans are
known to possess a wide range of biological activities, including anti-cancer, antibacterial,

antifungal, antiviral, antioxidant and anti-inflammatory effects.

Table5.5: 1H and 13C NMR spectral data of compound 14 in CDsOD

Positio *H (J in Hz) 8C COSY (*H-'H) HMBC
n
1 - 127.8 - -
2 6.68 (s) 110.9 - C-3,C-4,C-6,C-7
3 - 145.8 - -
4 - 143.8 — _
5 6.22 () 115.9 - C-1,C-3,C-4,C-7’
6 - 1325 - -
7 2.86 (br d, 10.5) 32.2 H-8 C-1,C-2,C-6,C-8,C-8’
7 3.95 (d, 10.5) 46.5 H-8’ C-1,C-6,C-1°,C-2° C-5°, C-6’
8 2.08 (m) 377 H-7, 8, 9a, 9b -
g’ 1.93 (m) 438 H-7, 8,9, 9’b C-1,C-7°
9a 3.79 (dd, 3.4, 6.5) 63.4 H-8, 9b C-7,C-8
9b 3.74 (dd, 3.4, 6.5) H-8, 9a C-7
9’a 4.12 (dd, 2.7, 9.8) 66.1 H-8’,9’b C-7
C-7°,C-8
9’b 3.89 (dd, 2.7, 9.8) H-8’, 9a’
1’ - 137.1 - -
2’ 6.79 (d, 8.1) 112.9 H-6’ C-3°,C-4’,C-6’, C-T
3 - 144.4 -
4’ - 147.4 -
5’ 6.75 (d, 1.7) 1147 H-6’ C-1’,C-2°,C-3", C-4
6’ 6.62 (dd, 1.7, 8.1) 121.7 H-2°,5° c-2’,C-3°,Cc4,C-T
OCHs 3.82(s) 54.9 - 147.4
OCHs 3.83 (s) 54.9 - 145.8
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5.2.7: Structural elucidation of compound 15

Figure 5. 16: Chemical structure of compound 15

Compound 15 was obtained as a yellow powder (7 mg). The negative ESIMS revealed a
molecular ion [M-H] peak at m/z 272.0800, corresponding to the molecular formula
C15H120s. The structure of the compound was established on the basis of 1D (*H, *3C and

DEPT-135) (see Table 5.7, Appendix 1B).

The *H NMR spectrum analysis revealed four diagnostic signals in the aromatic region. The
presence of two pairs of intense doublets at & 7.24 (2H, d, J = 8.8 Hz, H-2’/H-6") and 6.73
(2H, d, J = 8.8 Hz, H-3°/H-5") suggested an existence of a 1,4-disubstituted benzene ring.
Also, a set of two meta coupled aromatic protons at  6.29 (1H, d, J = 2.1 Hz, H-8) and &

6.08 (1H, d, J = 2.1 Hz, H-6) confirming a tetra-substituted benzene ring.

The 3C NMR and DEPT 135 spectra of compound 15 exhibited the presence of thirteen
signals counted for fifteen carbons at 6¢c 179.1 (C-4), 163.0 (C-5), 165.6 (C-7), 161.2 (C-4’),
158.5 (C-2), 158.3 (C-9), 132.1 (C-2°/6"), 123.0 (C-1°), 116.1 (C-3°), 105.9 (C-10), 99.7 (C-
6), 94.6 (C-8), Based on the obtained results and comparison with literature data, the

compound 15 was identified as kaempferol (Telange et al., 2016; Wang et al., 2010).
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5.2.8: Structural elucidation of compound 16

Figure 5. 17: Chemical structure of compound 16

Compound 15 was obtained as a brown solid (16 mg). The positive ESIMS revealed a
molecular ion [M+H]" peak at m/z 446.9704, corresponding to the molecular formula
C15H10012S2 and another fragment at m/z 367.0129 corresponding to [M-HOsS]*, and
indicated the presence of two sulphate groups. The structure of the compound was established
on the basis of 1D (*H, 3C and DEPT-135), FTIR and MS data (see Table 5.7, Appendix

1B).

The *H NMR spectrum analysis showed only aromatic signals, indicating the absence of
aliphatic substituents on the flavonoid nucleus. The spectrum exhibited the characteristic 5-
OH proton signal at 6 12.55. Ortho coupled doublets were observed at 6 8.15 (2H, d, J = 8.9
Hz, H-2’/H-6) and 6.88 (2H, d, J = 8.9 Hz, H-3°/H-5") suggesting the existence of a 1,4-
disubstituted benzene ring. Also, a set of two meta coupled aromatic protons at 6 6.97 (1H, d,

J=2.0Hz, H-8) and 6 6.58 (1H, d, J = 2.0 Hz, H-6) confirming a 5, 7-disubstituted ring.
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Figure 5. 18: *H NMR spectrum of compound 16 in DMSO-ds

13C NMR spectrum of compound 16 also exhibited only thirteen aromatic signals at ¢ 178.3
(C-4), 160.7 (C-5), 160.6 (C-4’), 159.9 (C-7), 157.5 (C-2), 155.7 (C-9), 133.0 (C-3), 131.3
(C-2°/6"), 121.4 (C-1°), 115.7 (C-3°/5), 106.5 (C-10), 102.3 (C-6) and 97.9 (C-8) which were
all typical kaempferol signals besides the change of C-3 and C-2 chemical shifts, which

suggested that the sulphate was attached at position C-3.

The other sulphate group was placed in position C-7 based on the fact that both C-6 and C-8
signals were shifted to the low field when compared to kaempferol (Table 5.7). The structure

of compound 16 was identified as kaempferol 3,7-di-O-sulphate.
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Figure 5. 19: *C NMR spectrum of compound 16 in DMSO-ds

The first flavonoid sulphate was reported in 1937, named isorhamnetin 3-sulphate
(persicarin), isolated from Polygonum hydropiper L. (Polygonaceae). Later, other related

flavonoids were isolated, usually from plants found in swampy areas (Teles et al., 2018).

Flavonoids are known for their great variety of biological activities and several studies have
demonstrated pharmacological properties for sulphated flavonoids, highlighting their
anticoagulant, anti-inflammatory, and antitumor activities (Barron et al., 1988; Guglielmone

et al., 2005; Gledhill et al., 2007; Calzia et al., 2015; Teles et al., 2015).
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Table 5.6: 1H and 13Cc NMR spectral data of compound 14 and 16 in DMSO-ds

Compound 15 Compound 16

Position *H (J in Hz) BC 'H (JinH2) BC

2 - 147.2 - 157.5
3 - 135.8 - 133.0
4 - 177.6 - 178.3
5 — 156.5 — 160.7
6 6.15 (d, 2.1) 98.6 6.58 (d, 2.0) 102.3
7 - 164.2 - 159.9
8 6.39 (d, 2.1) 93.8 6.97 (d, 2.0) 97.9
9 - 161.1 — 155.7
10 - 103.4 - 106.5
1’ - 121.9 - 121.4
2’ 8.00 (d, 8.8) 129.9 8.15 (d, 8.9) 131.3
3 6.88 (d, 8.8) 115.8 6.88 (d, 8.9) 115.7
4’ - 159.5 — 160.6
5’ 6.88 (d, 8.8) 115.8 6.88 (d, 8.9) 115.7
6’ 8.00 (d, 8.8) 129.9 8.15 (d, 8.9) 131.3
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5.2.9: Structural elucidation of compound 17

Figure 5. 20: Chemical structure of compound 17

Compound 17 was obtained as a white crystal (100 mg). The structure of the compound was

established on the basis of 1D (*H, *C and DEPT-135) (see Table 5.8, Appendix 1B).

The *H-NMR spectrum showed a downfield doublet at 5y 5.32 (1H, d, J= 3.8 Hz, H-10)
which is characteristic of the anomeric proton of a glucosyl moiety and another doublet
resonating at 6n 4.12 (1H, d, J= 8.8 Hz) which was also a characteristic of the H-3" of the
furanoside moiety. Three triplets appeared at 3.96 (1H, t, J = 8.5 Hz), 3.67 (1H,t,J=9.8
Hz) and 3.38 (1H, t, J = 9.5 Hz) and were attributed to H-4’, H-3 and H-4 respectively. A
singlet appeared at 3.59 (1H, s) was assigned to H-1’ and a doublet of doublets at 3.47 (1H,

dd, J=9.9, 3.9, Hz) was assigned to H-2.

13C-NMR and DEPT-135 spectra showed the presence of twelve signals, one quaternary at dc
106.2 (C-2°), eight methines at 5c 94.7 (C-1), 83.9 (C-5"), 78.9 (C-3"), 76.5 (C-4"), 75.0 (C-
3), 74.9 (C-5), 73.6 (C-2), 71.7 (C-4) and three methylenes at 6c 64.9 (C-6’) 63.8 (C-1’) and
62.6 (C-6), which were characteristic of a disaccharide. Based on the above information and
comparison with the previously reported literature, compound 17 was established as a-D-
glucopyranosyl (1—2) B-Dfructofuranose (sucrose) ((De Bruyn and Van Loo, 1991; Zhang et

al., 2015).
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Table5.7: 'H and “°C NMR spectral data of compound 17 in D20

Position *H (J in Hz) BcC DEPT Lit (Zhang et al., 2015)
135

1 5.32 (d, 3.8) 94.7 CH 92.2
2 3.47 (dd, 9.9, 3.9) 73.6 CH 71.1
3 3.68 (t, 9.8) 75.1 CH 12.6
4 3.38 (t, 9.9) 71.7 CH 69.2
5 3.76 (M) 74.9 CH 72.4
6 3.72 (d, 2.8) 62.6 CH; 60.1
1’ 3.59 (s) 63.8 CHs 61.4
2 - 106.2 c 103.7
3’ 4,12 (d, 8.8) 78.9 CH 76.5
4 3.96 (t, 8.9) 76.5 CH 74.0
5’ 3.80 (m) 83.9 CH 814
6’ 3.73 (d, 2.9) 64.8 CH> 62.4
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5.2.10: Structural elucidation of compound 18

HO OH

Figure 5. 21: Chemical structures of compound 18

Compound 18 was obtained as an off-white powder (41 mg). The structure of the compound

was established on the basis of 1D (*H, 3C and DEPT-135) (Appendix 1B).

The *H-NMR spectrum clearly indicated the presence of two doublets at 5y 5.12 (1H, d, J =
3.7 Hz) and 4.56 (1H, d, J = 7.9 Hz) which were characteristics of the alpha and beta
anomeric protons of a glucose respectively and also one doublet appeared at 4.03 (1H, d, J =
3.7 Hz) which was a clear indication of the presence of an alpha fructofuranose H-3 proton.
An up-field doublet of doublets resonation at 3.16 (1H, dd, J = 8.1, 1.1 Hz) which were also
characteristics of H-2 protons of the glucose was observed. The rest of the peaks were just a

cluster between 3.78 and 3.29 ppm (see Figure: 5.21)
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Figure 5. 22: *H NMR spectrum of compound 18 in D2O

In addition, the *H NMR of compound 18 was run against commercially available sugars
(glucose, fructose and sucrose) (Figure 5.22), from which we were able to rule out that
compound 18 could be a mixture of B-D-glucopyranose, a-D-glucopyranose, B-D-

fructopyranose and B-D-fructofuranose.
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Figure 5. 23: Stacked 'H NMR spectra of compound 18, sucrose, glucose, and fructose in
D20. Where A — compound 18, B — sucrose, C — glucose, D — fructose.

The presence of glucose in leaves could be there awaiting the synthesis of glucosides
or some role in attracting insects or birds, which might ultimately be related to propagation of
the species and glucose is one of those metabolites that every biological fluid is likely to have

as a primary metabolite and primary source of energy.
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Figure 5. 24: Chemical structures of the isolated compounds from C. odorata
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5.3 Physico-chemical data of isolated compounds from C. odorata

5.3.1: 6-methoxychroman-4-one (9)

Molecular formula C10H1003 MW 178.0806 g/mol
Description: White powder

Mass spectrum: ESI- MS m/z (ES+) 179.2111 [M+H] *
NMR spectrum: 'H and °C see Table 5.1

5.3.2: 2,4-dihydroxy-6-methoxyacetophenone (10)

Molecular formula CyH140, MW 182.6808 g/mol
Description: White powder

Mass spectrum: ESI- MS m/z (ES+) 183.6776 [M+H] "
NMR spectrum: 'H and °C see Table 5.2

5.3.3: Catechin (11)

Molecular formula C15H1404 MW 290.8012 g/mol
Description: Yellow powder

Mass spectrum: ESI- MS m/z (ES+) 291.4558 [M+H] *
NMR spectrum: 'H and 13C see Table 5.3

5.3.4: n-butyl-alpha-D-fructofuranoside (12)

Molecular formula C10H2004 MW  236.452 g/mol
Description: Yellow gummy oil

Mass spectrum: ESI- MS m/z (ES+) 237.6156 [M+H] *
NMR spectrum: 'H and °C see Table 5.4
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5.3.5: n-butyl -beta-D-fructofuranoside (13)

Molecular formula C10H2004 MW 236.655 g/mol
Description: Yellow gummy oil

Mass spectrum: ESI- MS m/z (ES+) 237.2888 [M+H] *
NMR spectrum: 'H and 1°C see Table 5.4

5.3.6: Isolariciresinol (14)

Molecular formula CyoH2404 MW 360.1170 g/mol
Description: Pale yellow amorphous solid

Mass spectrum: ESI- MS m/z (ES+) 378.1252 [M+NH4] *
NMR spectrum: 'H and °C see Table 5.5

5.3.7: Kaempferol (15)

Molecular formula C15H1006 MW 286.1980 g/mol
Description: Yellow powder

Mass spectrum: ESI- MS m/z (ES-) 285.3808 [M+H]"
NMR spectrum: 'H and 13C see Table 5.6

5.3.8: Kaempferol 3,7-O-disulphate (16)

Molecular formula C15H10012S2 MW 445.9123 g/mol
Description: Brown pwoder

Mass spectrum: ESI- MS m/z (ES+) 446.9704 [M+H] *
NMR spectrum: 'H and 3C see Figure 5.6

5.3.9: Sucrose (17)

Molecular formula C21H2606 MW 342.3571 g/mol
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Description: White crystals
Mass spectrum: ESI- MS m/z (ES+) 343.3005 [M+H] *

NMR spectrum: 'H and 1°C see Table 5.7

5.3.10: B-D-glucopyranose, a-D-glucopyranose, f-D-fructopyranose and f3-D-

fructofuranose (Honey). (18)

Molecular formula mixture
Description: Brown amorphous solid
NMR spectrum: 'H and 13C see Figure 5.21 and 5.22
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5.4 Biological evaluation

To validate the ethnopharmacological applications and to explore the therapeutic potential of
the plant C. odorata, its extracts and the respective isolated compounds were evaluated for

their activity to inhibit alpha-glucosidase, alpha-amylase, and tyrosinase enzyme.

5.4.1 Alpha-glucosidase inhibition

EtOAc, BuOH, and water extracts of the leaves of C. odorata were screened for their
alpha-glucosidase inhibitory activity at 0.2 mg/mL. As shown in Figure 5.24, EtOAc and
BuOH extracts demonstrated the highest percentage inhibition against alpha- glucosidase

activity (100% and 100% respectively). The water extract yielded the lowest inhibitory

activity (4%).
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Figure 5. 25: Average % inhibition of alpha-glucosidase of the plant extracts in triplicates
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Table 5. 8: Inhibitory activity (%) of C. odorata extracts against alpha-glucosidase
enzyme

Inhibitor/extract Percentage % Concentration (ug/mL)
EtOAC 100 200
BuOH 100 200
Water 4.00 200
Acarbose 45.0 200

The ten isolated compounds from C. odorata were also screened for their alpha-glucosidase
inhibitory activity. Compound 15 and 16 demonstrated the highest percentage inhibition
against alpha- glucosidase activity (99% and 60% respectively), and the rest of the

compounds yielded the lowest percentage inhibition (Table 5.10).

Table 5. 9: Inhibitory activity (%) of C. odorata compounds against alpha-glucosidase
enzyme

Inhibitor/compound Percentage % Concentration (ug/mL)
9 NA 200
10 7.50 200
11 9.50 200
12 1.80 200
13 3.00 200
14 NA 200
15 60.0 200
16 99.0 200
17 NA 200
18 NA 200
Acarbose 38.50 200

NA not active at the tested concentrations
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ICso values of compound 15 and 16 (which showed strong alpha glucosidase % inhibitory
activities during screening) as well as the 1Cso of acarbose determined from corresponding
dose-response curves of percentage inhibition versus inhibitor concentration. Compound 16
demonstrated the highest alpha-glucosidase inhibitory activity 1Cso value of 3.8 £ 0.32 pg/mL
followed by compound 15 with ICso value of 16.6 + 1.02 pg/mL. The ICsp value of compound

15 was in agreement with the reported value of 16.5 + 0.81 pg/mL (Dewi and Maryani, 2015).
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100 Compound 15
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€ 50 c 0
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log [concentration] pg/mL log [concentration] pg/mL

Figure 5. 26: alpha-glucosidase inhibitory activity estimation of I1Cso values isolated
compounds 15 and 16

Table 5. 10: 1Cso values of tested compounds on alpha-glucosidase

Inhibitor/extract alpha-glucosidase 1Cso (ug/mL)
15 16.6 £1.02

16 3.8+£0.32
Acarbose 215 + 0.55

The ICsp values of both compounds 15 and 16 were significantly lower than that of acarbose,
a positive reference (Table 5.10). These results implies that these compounds may be

competitive inhibitors of alpha glucosidase with the ability to bind to the enzyme or substrate

(Lopez, et al., 2015).
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5.4.2 Alpha-amylase inhibition

The extracts of C. odorata (EtOAc, BuOH, and water) and isolated compounds were screened
to determine their inhibition activity against alpha-amylase enzyme. The extracts and the
compounds were tested at 0.2 mg/mL. The results for enzyme of both the extracts and the
isolated compounds showed no significant inhibition on the alpha-amylase inhibitory. Most
of the results were negative and this could be that the inhibitor is not acting as an inhibitor,

but is instead stimulating the enzyme.

5.4.3: Mushroom L-tyrosinase assay

5.4.3.1: Anti-tyrosinase activity of various fractions and isolated compounds from C.
odorata

Inhibition of tyrosinase activity of EtOAc, BUOH and water extracts of C. odorata was
measured using L-tyrosine. EtOAc extract exhibited 16.5% tyrosinase inhibitory activity at
0.2 mg/ml. It showed the highest anti-tyrosinase activity as compared to BuOH and water
extracts which showed the lowest values (Figure 5.26). The average inhibition percentage of
the isolated compounds at 0.2 mg/mL was determined and it revealed that compound 11 and
12 had an inhibition of 50% and 30% respectively. The rest of the other compounds showed
not to be effective inhibitors of mushroom Tyrosinase with their inhibition percentage less
than 10%. The two compounds with high inhibition percentage were then investigated for

their 1Csp values.
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Figure 5. 27: Average % inhibition of Tyrosinase of the plant extracts

Compound 11 and 12 showed ICso values of 131.9 + 1.05 and 274.5 + 1.26 pg/mL

respectively.

Table 5. 11: 1Cso values of isolated compounds from EtOAc extract of C. odorata

% inhibition(ng/mL)

Tested Samples 1000 500 250 125 I1Cs0
9 NA NA NA NA -
10 NA NA NA NA -
11 76.5 71.9 63.2 35.7 131.9
12 61.9 47.9 30.3 18.04 231.8
13 NA NA NA NA -
KOJIC ACID 99.8 98.9 98.5 98.21 3.1

NA: not active at the tested concentrations. The results are expressed as mean +SEM for n =3
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Figure 5. 28: I1Cs plot of compound 11 and 12

5.5: Conclusion

Phytochemical and biological investigation of the EtOAc and BuOH soluble fractions of
Cliffortia odorata leaf extract using column chromatography isolation techniques afforded
ten bioactive compounds with significant alpha glucosidase inhibitory activities as well as
weak antityrosinase inhibitory activities. To the best of our knowledge, all of the isolated
compounds are reported for the first time from the extracts of C. odorata. Compound 15 and
16 demonstrated remarkable alpha glucosidase inhibitory activities and on the other hand
compounds 11 and 12 demonstrated weak antityrosinase inhibitory activities and this could
mean that C. odorata could be a good candidate in cosmetic and pharmaceutical industries

upon further biological and clinical investigation.
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CHAPTER 6

CHEMICAL CHARACTERIZATION AND BIOLOGICAL INVESTIGATION OF

ASPARAGUS LIGNOSUS

In this study, phytochemical and biological investigation of the BuOH fraction of Asparagus
lignosus afforded three known compounds, 20-hydroxyecdysone (19), quercetin (20), and
isorhamnetin-3-O-rutinoside (narcissin) (21). All isolated compounds are reported for the
first time from A. lignosus; however, these compounds are common in the Asparagaceae
family. The isolated compounds were assayed for their alpha-glucosidase, alpha-amylase and
tyrosinase activity and only compound 20 showed weak to moderate activity on both alpha-
glucosidase and tyrosinase, with the ICsp values of 110.8 + 2.52 pg/mL and 128.9 + 2.12

pg/mL respectively.

6.1 Asparagus lignosus

The dried powdered leave material (155g) was extracted with 80% MeOH and sequentially
extracted with hexane, ethyl acetate, methanol and finally with water. The hexane (0.12g),
DCM (0.08g), EtOAc (0.25g), BuOH (2.25g) and water (12.21g) extract and due to the
limited yield of the hexane and DCM extracts, only BUOH was phytochemically studied for

its bioactive constituents

6.1.1 Isolation of constituent of the BUOH extract fraction
Column chromatography of the BUOH extract (2.25¢g) afforded thirty-eight main fractions.
Fe-F10, F15-F1s and F22-F24 were combined and rechromatographed, see Scheme 6.1. This

afforded compound 19 (150mg), 20 (15mg), and 21 (25mg).
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Scheme 6. 1: A scheme of experimental procedure for the isolation of compounds from
A. lignosus
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6.2: Structural elucidation and characterization of compounds

6.2.1: Structural elucidation of compound 19

Figure 6. 1: Chemical structure of compound 19

Compound 19 was obtained as a white powder (120 mg). The molecular formula was
established as C,;H,,05, by the positive-ion HR-ESI-MS, which showed molecular ion
[M+H]" at m/z 504.2185 (calc. for 503.36). The structure of the compound was established

on the basis of 1D and 2D (NMR) (Table 6.1), (Appendix 1C).

The *H NMR spectrum of compound 19 in displayed five methyl signals, two of them
appears as two singlet signals at 6 0.89 (3H, s, H-18) and 0.97 (3H, s, H-19), the other three
observed as singlet integrated for nine protons at 1.21 (9H, s, H-21, H-26 and H-27); three
signals at 6 3.33 (1H, m, H-22), 3.84 (1H, m, H-3) and 3.96 (1H, m, 1H, H-2) each integrating
for one proton is due to oxymethine protons indicating that three oxymethine groups are
present in the compound. An olefinic proton was observed as a singlet adjacent to carbonyl at

5.82 (1H, s, H-7).

The 3C NMR and DEPT 135 experiments of compound 19 showed the presence of
twenty-seven carbon signals which indicated that the compound might possess a steroidal
skeleton with a side chain. DEPT revealed the presence of twenty protonated carbon signals.

Thus, the other remaining seven signals could be attributed to fully substituted carbons. One
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carbonyl carbon resonated at 6c 206.6 (C-6), five quaternary carbons at 6¢c 85.4, 78.5, 71.4,
49.9 and 40.4 were attributed to C-14, C-20, C-25, C-13 and C-10 respectively and one fully
substituted olefinic carbon at ¢ 168.1 (C-8). Seven methine groups were observed at d¢
122.3 (C-7) 78.0 (C-22), 68.8 (C-3), 68.6 (C-2), 51.9 (C-5), 50.6 (C-17), and 35.3 (C-9). The
methylene (seven) carbon peaks appeared at 6¢c 43.6 (C-24), 38.5 (C-1), 34.0 (C-12), 33.6 (C-
12), 32.9 (C-4), 28.6 (C-23) and 22.7 (C-11) while the five methyl carbons absorbed at 5¢
30.9 (C-26), 30.1 (C-27), 25.6 (C-19), 22.2 (C-21) and 19.2 (C-18). Based on the data
obtained for compound 19 and upon comparison with literature data (Girault and Lafont,

1988; Vokac et al., 1998) confirmed the structure as 20-hydroxyecdysone.

20-Hydroxyecdysone is a naturally occurring ecdysteroid hormone which regulates
the ecdysis moulting in insects. These types of compounds are found abundantly in plant

species and have anabolic effects in vertebrates (Isenmann et al., 2019).

Ahmed et al (1996) and Khalig-uz-Zaman et al (2000) reported the isolation of 20-
hydroxyecdysone from A. dumosus and it being responsible for anti-microbial activity of the

extracts of the species.

Table 6. 1: *H and 3C NMR spectral data of compound 19 in CD3OD

Position  'H (mult. Ju,) 13c Lit (Vokac et al., 1998)
la 1.82 (m) 38.5 37.4
1b 1.44 (m)

3.96 (m) 68.6 68.7

3.84 (m) 68.8 68.5
4a 1.99* 32.9 32.9
4b 1.61*
5 2.388* 51.9 51.9
6 - 206.6 206.5
7 5.82 (brs) 122.3 122.1
8 - 168.1 167.9
9 3.16 (m) 35.3 35.1
10 - 40.4 39.3
1lla 1.99* 22.6 215
11b 1.81*
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12 2.14* 32.6 325

13 - 49.9%* 49.6*
14 - 85.4 85.2
15a 1.99% 33.9 318
15b 1.61*

16a 1.96* 22.7 21.6
16b 1.72*

17 2.39 (m) 50.6 50.5
18 0.89 (s) 18.2 18.1
19 0.97 () 24.5 24.4
20 - 785 77.9
21 1.20 (s) 21.2 21.1
22 3.33 (br d, 14) 78.0 78.4
23a 1.69 (m) 28.6 273
23b 1.29 (m)

24a 1.81 (m) 425 42.4
24b 1.43 (m)

25 - 71.4 713
26 1.20 (s) 30.1* 29.7
27 1.21 (s) 30.9¢ 28.9

+ Interchangeable
*The proton chemical shift overlapped, determined from 2D spectra (overlapped signals)
**The chemical shift overlapped with the solvent peak
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6.2.2: Structural elucidation of compound 20

Figure 6. 2: Chemical structure of compound 20

Compound 20 was obtained as a yellow powder (17 mg). The HRES-MS showed a pseudo
molecular peak at m/z 303.3851 [M+H]" corresponding to the molecular formula C15sH1007.
The structure of the compound was established on the basis of 1D (*H, *C and DEPT-135)
(see Table 6.2, Appendix 1C).

'H NMR spectrum showed two meta coupled aromatic protons at 6w 6.29 (1H, d, J = 2.1 Hz)
and on 6.09 (1H, d, J = 2.1 Hz), assigned for H-6 and H-8 respectively, confirming a 5, 7
dihydroxy substituted ring A. Other three aromatic protons appeared at o1 7.64 (1H, d, J =
2.1),7.54 (1H, dd, J = 8.5, 2.1 Hz) and 6.79 (1H, d, J = 8.5) were assigned as H-2’, H-6", and

H-5" of the B-ring respectively, suggesting a 3°, 4’substitued B-ring of a flavonoid.

The 3C NMR spectrum of compound 20 (Table 6.2) exhibited the presence of fifteen carbon
resonances at 177.6 (C-4), , 165.9 (C-7), 162.8 C-5, 158.5 C-9, 149.0 (C4’), 148.2 (C-2),
146.5 (C-3°), 137.5 (C-2), 124.4 (C-1°), 121.9 (C-6"), 116.5 (C-5), 116.3 (C-2"), 104.8 (C-
10), 99.5 (C-6) and, 94.7 (C-8), Based on the obtained results and comparison to the
literature, the compound 20 was identified as quercetin (Dhasan et al., 2008; Abdel-Sattar et

al., 2009; Mohammed, 2015).

This compound has been isolated from other Asparagus species such A. officinalis (Grubben,
and Denton., 2004) and A. racemosus (Anthony et al., 2012). Quercetin has various

biological properties, including antioxidant, anti-inflammatory, antibacterial, antiviral,
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radical-scavenging, gastroprotective, and immune-modulatory activities (David et al., 2016;
Massi et al., 2017). It is reported to inhibit the uptake of glucose from the blood, blocks the
fat cell production, and enhances fat cell necrosis (Strobel et al., 2005, Yang et al., 2008) and
it also has potential anticancer properties which include antiproliferative, growth factor

suppression, and antioxidant (Lamson and Brignall, 2000)

Table 6. 2: 'H and C NMR spectral data of compound 20 in CDsOD

Position *H (J in Hz) 13c

- 148.2
- 1375
- 177.6
- 162.8

6.29 (d, 2.1) 99.5
- 165.9

6.09 (d, 2.1) 94.7
- 158.5

- 104.8

- 124.4
7.64 (d, 2.1) 116.3

- 146.5

- 149.0
6.79 (d, 8.5) 116.5
7.54 (dd, 8.5, 2.1) 121.9
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6.2.3: Structural elucidation of compound 21

OH O o OH
00 OH
HO OH OH
OH

Figure 6. 3: Chemical structure of compound 21

Compound 21 was obtained as a yellow powder (25 mg). The molecular formula was
established as C,5H3,045, by the positive-ion HR-ESI-MS, which showed molecular ion
[M+H]" at m/z 625.7538 (calc. for 624.5441). The structure of the compound was

established on the basis of 1D and 2D (NMR) (Table 6.3), FTIR and MS data (Appendix C).

The *H NMR spectrum of compound 21 exhibited a doublet at 5y 7.75 (1H, d, J = 1.8 Hz), a
doublet of doublets at 6+ 7.44 (1H, dd, J = 8.5, 1.8 Hz) and a doublet at 61 6.69 (1H, d, J=8.5
Hz) and they were assigned to H-2’, 6’ and 5’ protons of 1,3,4-trisubstituted ring B from a
flavonoid framework respectively. Additionally, the *H NMR spectrum exhibited one singlet
at on 3.83 (3H, s), indicating the presence of a methoxy group. There were also two anomeric
proton signals at 61 4.89 (1H, d, J = 7.4 Hz) and &n 4.34 (1H, s), which together with overlapped
proton signals at 64 3.76—3.18, demonstrating the glycosylated nature of compound a rutinoside

unit. Observing a doublet at 4 0.95 (3H, d, J = 6.2 Hz), typical of rhamnose methyl group.

In the *C-NMR spectrum of compound 21 established fifteen carbon signals for the flavonoid
nucleus at 3¢ 94.9 (C-8), 97.3 (C-6), 104.1 (C-10), 115.1 (C-2°), 116.9 (C-5), 124.6 (C-6"),
123.3 (C-1°), 135.8 (C-3), 149.2 (C-3°/C-4"), 152.4 (C-2), 158.6 (C-9), 159.7 (C-5), 163.1 (C-
7) and 178.9 (C-2). Two anomeric carbons at 6c 105.9 (C-1"’) and 6c 103.2 (C-1’"") were

observed suggesting the presence of two sugar moieties, one of which is L-rhamnose confirmed
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by a doublet at 6 1 0.95 ppm. Signals attributed to the glucose moiety were observed to resonate
at 6¢c 69.3 (C-6"), 72.8 (C-4"’), 76.6 (C-2’*), 77.9 (C-5"), 78.9 (C-3”*). While those which
indicated L-rhamnose moiety were observed at 18.6 (C-6’""), 70.5 (C-5"""), 72.2 (C-2""), 72.9

(C-37"), 74.6 (C-4>").

The HMBC spectral data (Appendix C) showed correlation of methoxy protons resonating at
OH 3.83 t0 C-37°/C-4"’ established the position of the aryl methoxy group. The linkage between
the flavonoid and the sugar was observe through a correlation between H-1"" at & 1 4.98
correlated with C-3 at 6 ¢ 135.9, also a correlation between the anomeric proton of rhamnose
H-1""" with the with C-6"’ of glucose at dc 69.3 was observed which confirmed the link between
the two sugar units.

The chemical structure of compound 21 was proposed to be isorhamnetin-3-O-rutinoside
(narcissin) by comparison with the previously reported data (Yeskaliyeva et al., 2006;
Olennikov et al., 2012; Alhozaimy et al., 2017). This compound has been previously isolated
from many genera including Atractylis (Chabani et al., 2013), Coyza (Calzada et al., 2001),
Daniellia (Afifi et al., 2006), Ferula, (Znati et al., 2014), and Strumpfia (Hsu et al., 1981).
Barros et al. also reported that the flavonoid profile of the young stems of A. acutifolius

comprised of rutin, narcissin and nicotiflorin.

Figure 6. 4: Key HMBC (—) correlations of compounds 21
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Table 6.3: 'H and “°C NMR spectral data of compound 21 in CD3OD

Position'H (J in Hz) (® Narcissin
(Yeskaliyeva et al., 2006)
2 - 158.4 158.9
3 - 135.8 135.5
4 - 178.9 179.4
5 - 163.1 163.1
6 6.11 (brs) 97.4 99.7
7 - 165.7 166.1
8 5.89 (brs) 93.8 94.9
9 - 158.7 158.5
10 - 104.1 105.7
I - 123.3 123.0
2’ 7.75 (d, 1.8) 115.1 114.6
3’ - 149.2 148.3
4’ - 149.2 150.8
5’ 6.68 (d, 8.0) 116.9 116.1
6’ 7.43 (dd, 8.0, 124.6 123.9
OCHsz 3.83(s) 57.3 56.8
3-0-C(6)-Glucosyl
17 4.97 5.68 (d, 105.9 104.4
27 3.37 (m) 76.6 75.9
37 3.35 (m) 79.1 78.2
4 3.52 (m) 72.8 71.6
57 3.25 (m) 78.3 774
6a 3.28 (m) 69.3 68.5
6’b 3.71 (m)
6’-O-Rhamnosyl
1 4.42 (d, 0.9) 103.2 102.5
2 3.15 (m) 72.2 721
3 3.40 (m) 72.9 72.3
4> 3.17 (m) 74.7 73.8
5 3.31 (m) 70.5 69.8
6 0.95 (d, 6.2) 18.6 17.9
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Figure 6. 5: Chemical structures of the isolated compounds from A. lignosus
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6.3. Physico-chemical data of isolated compounds from A. lignosus

6.3.1: 20-Hydroxyecdysone (19)

Molecular formula Cy7H440; MW 503.7751 g/mol
Description: White solid

Mass spectrum: ESI- MS m/z (ES+) 504.2185 [M+H] *
NMR spectrum: 'H and 1°C see Table 6.1

6.3.2: Quercetin (20)

Molecular formula Ci5H1004 MW 302.1775 g/mol
Description: Yellow powder

Mass spectrum: ESI- MS m/z (ES+) 303.3851 [M+H] *
NMR spectrum: 'H and °C see Table 6.2

6.3.3: Isorhamnetin-3-O-rutinoside (narcissin) (21)

Molecular formula C2sH32016 MW 624.5441 g/mol
Description: Yellow needles

Mass spectrum: ESI- MS m/z (ES+) 625.7538 [M+H] *
NMR spectrum: 'H and 13C see Table 6.3
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6.4 Biological evaluation

Two extracts of the A. lignosus plant material namely BuOH, and water were screened for

their inhibitory activities against alpha-amylase, alpha-glucosidase and Tyrosinase.

6.4.1 Alpha-glucosidase inhibition

BuOH, and water extracts of the leaves of A. lignosus were screened for their alpha-
glucosidase inhibitory activity at 0.2 mg/mL. As shown in Figure 6.8, BUOH extracts
demonstrated a moderate but not high inhibitory activity on alpha-glucosidase and the water

extract had no inhibitory activity (Table 6.4 and Figure 6.8).
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Extracts

Figure 6. 6: Average % inhibition of alpha-glucosidase of the plant extracts

Table 6. 4: Inhibitory activity (%) of C. odorata extracts against alpha-glucosidase
enzyme

Inhibitor/extract Percentage % Concentration (ug/mL)
BuOH 34.7 200
Water 1.00 200
Acarbose 39.4 200
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The isolated compounds from A. lignosus were also screened for their alpha-glucosidase
inhibitory activity. Only compound 20 showed activity against alpha- glucosidase (42%), and

the rest of the compounds yielded the lowest percentage inhibition (Table 6.5).

Table 6. 5: Inhibitory activity (%) of A. lignosus compounds against alpha-glucosidase
enzyme

Inhibitor/compound Percentage % Concentration pg/mL
19 NA 200
20 42.0 200
21 59.55 200
Acarbose 38.7 200

ICso values of compound 20 as well as the 1Cso of acarbose determined from corresponding
dose-response curves of percentage inhibition versus inhibitor concentration. Compound 20

demonstrated alpha-glucosidase inhibitory activity 1Csg value of 110.8 = 2.52 pg/mL.

6.4.2 Alpha-amylase inhibition

The fractions of A. lignosus BuOH, and water, and isolated compounds were screened to
determine their inhibition activity against alpha-amylase enzyme. The extracts and the
compounds were tested at 0.2 mg/mL. The results for enzyme of both the extracts and the
isolated compounds showed no inhibitory activity on the alpha-amylase. The results were
negative and this could be either because the solvent enhances the activity of the enzyme or

because the extinction coefficient of the product is higher when the solvent is present.
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6.4.3 Mushroom L-tyrosinase assay

6.4.3.1 Anti-tyrosinase activity of various extracts and isolated compounds from A.
lignosus

Inhibition of tyrosinase activity of BUOH and water extracts of A. lignosus was measured
using L-tyrosine. BuOH extract exhibited moderate tyrosinase inhibitory activity at 0.2
mg/ml. It showed the highest anti-tyrosinase activity as compared to the water extract which
showed the lowest values (Figure 6.7). The average inhibition percentage of the isolated
compounds at 0.2 mg/mL was determined and it revealed that compound 20 had an inhibition
of 55%. The rest of the other compounds showed not to be effective inhibitors of mushroom
Tyrosinase with their inhibition percentage less than 5%. Compound 20 was then investigated
for its ICsp value and showed ICso values of 128.7 + 2.12 pg/mL (Figure:6.8) and this value

was in agreement with the reported value 130 pug/mL (Chen and Kubo, 2002).
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Figure 6. 7: % of Tyrosinase inhibition by A. lignosus extracts
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Table 6. 6: 1Cso values of isolated compounds from BuOH extract of A. lignosus

% inhibition(pg/mL)

Tested Samples 1000 500 250 125 1Cso
19 ND ND ND ND -
20 74.1 68.2 51.2 25.3 128.9
21 ND ND ND ND -

Kojic Acid 99.8 98.9 98.5 98.21 3.1

ND: not active at the tested concentrations. The results are expressed as mean +SEM for n =3

ND-: Not determined

1004 ® Compound 20

50

% Inhibition

0 T T
1 2 3

log [concentration] pg/mL

o

Figure 6. 8: 1Csp plot of compound 20
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6.5 Conclusion

Investigation of the BuOH fraction of Asparagus lignosus afforded two known compounds,
20-hydroxyecdysone (19), quercetin (20), and isorhamnetin-3-O-rutinoside (21). All isolated
compounds are reported for the first time from A. lignosus; however, these compounds are
common in the Asparagaceae family. The isolated compounds were assayed for their apha-
glucosidase, alpha-amylase and tyrosinase activity and only compound 20 showed weak to

moderate activity on both alpha-glucosidase and tyrosinase.

169



6.6 References

Abdel-Sattar, E., Abd EI-Monem, A.R. and Sleem, A.A., 2009. Biological and chemical

study of Cleome paradoxa B. Br. Pharmacognosy Research, 1(4).

Afifi, M.S., Salama, O.M., Gohar, A.A. and Marzouk, A.M., 2006. Iridoids with
antimicrobial activity from Plumeria alba L. Bulletin of Pharmaceutical Sciences.

Assiut, 29(1), pp.215-223.

Alhozaimy, G.A., Al-Sheddi, E.S. and Ibrahim, T.A., 2017. Biological activity and
isolation of compounds from stem bark of Plumeria acutifolia. Pharmacognosy

magazine, 13(Suppl 3), p.S505.

Anthony, M.P., Burrows, J.N., Duparc, S., IMoehrle, J. and Wells, T.N., 2012. The
global pipeline of new medicines for the control and elimination of malaria. Malaria

journal, 11(1), pp.1-25.

Barros, L., Duefas, M., Ferreira, 1.C., Carvalho, A.M. and Santos-Buelga, C., 2011. Use
of HPLC-DAD-ESI/MS to profile phenolic compounds in edible wild greens from

Portugal. Food Chemistry, 127(1), pp.169-173.

Bathori, M., Mathe, I., Girault, J.P., Kalasz, H. and Lafont, R., 1998. Isolation and
structural elucidation of two plant ecdysteroids, gerardiasterone and 22-epi-20-

hydroxyecdysone. Journal of Natural Products, 61(3), pp.415-417.

Calzada, F., Cedillo-Rivera, R. and Mata, R., 2001. Antiprotozoal Activity of the

Constituents of Conyza f ilaginoides. Journal of Natural Products, 64(5), pp.671-673.

Chabani, S., Haba, H., Lavaud, C., Benkhaled, M. and Harakat, D., 2013. Flavonoid

glycosides and triterpenoids from Atractylis flava. Phytochemistry Letters, 6(1), pp.9-13.

170



Chen, Q.X. and Kubo, I., 2002. Kinetics of mushroom tyrosinase inhibition by

quercetin. Journal of Agricultural and Food Chemistry, 50(14), pp.4108-4112.

David, A.V.A., Arulmoli, R. and Parasuraman, S., 2016. Overviews of biological

importance of quercetin: A bioactive flavonoid. Pharmacognosy reviews, 10(20), p.84.

Dhasan, P., Jegadeesan, M. and Kavimani, S., 2008. Cucurbitacins isolated from the fruits

of Momordica cymbalaria Hook f. Pharmacognosy Magazine, 4(14), p.96.

Girault, J.P. and Lafont, R.D., 1988. The complete 1H-NMR assignment of ecdysone and

20-hydroxyecdysone. Journal of insect physiology, 34(7), pp.701-706.

Grubben, G.J.H. and Denton, O.A., 2004. Plant resources of tropical Africa 2.

Vegetables. Plant resources of tropical Africa 2. Vegetables.

Hsu, C.C., Dobberstein, R.H., Bingel, A.S., Fong, H.H.S., Farnsworth, N.R. and Morton,
J.F., 1981. Biological and phytochemical investigation of plants XVI: Strumpfia maritima

(Rubiaceae). Journal of Pharmaceutical Sciences, 70(6), pp.682-683.

Isenmann, E., Ambrosio, G., Joseph, J.F., Mazzarino, M., de la Torre, X., Zimmer, P.,
Kazlauskas, R., Goebel, C., Botre, F., Diel, P. and Parr, M.K., 2019. Ecdysteroids as non-
conventional anabolic agent: performance enhancement by ecdysterone supplementation in

humans. Archives of Toxicology, 93(7), pp.1807-1816.

Khalig-uz-Zaman, S.M., Simin, K. and Ahmad, V.U., 2000. Chemical constituents from

Asparagus dumosus. Fitoterapia, 71(3), pp.331-333.

Lamson DW, Brignall MS. 2000. Antioxidants and cancer, part 3: Quercetin. alternative

Med Rev. 5: pp 196-208.

171



Mamadalieva, N.Z., El-Readi, M.Z., Janibekov, A.A., Tahrani, A. and Wink, M., 2011.
Phytoecdysteroids of Silene guntensis and their in vitro cytotoxic and antioxidant

activity. Zeitschrift fir Naturforschung C, 66(5-6), pp.215-224.

Massi, A., Bortolini, O., Ragno, D., Bernardi, T., Sacchetti, G., Tacchini, M. and De
Risi, C., 2017. Research progress in the modification of quercetin leading to anticancer

agents. Molecules, 22(8), p.1270.

Olennikov, D.N., Tankhaeva, L.M., Partilkhaev, V.V. and Rokhin, A.V., 2012. Chemical
constituents of Caragana bungei shoots. Revista Brasileira de Farmacognosia, 22, pp.490-

496.

Strobel P, Allard C, Perez-Acle T, Calderon R, Aldunate R, Leighton F. 2005. Myricetin,
Myricetin, quercetin and catechin-gallate inhibit glucose uptake in isolated rat adipocytes.

Biochemistry Journal. 386(Pt 3): pp 471-478.

Thuy, T.T., Tam, N.T., Anh, N.T.H., Hau, D.V., Phong, D.T., Adorisio, S., Van Sung, T.
and Delfino, D.V., 2017. 20-Hydroxyecdysone from Dacrycarpus imbricatus bark inhibits
the proliferation of acute myeloid leukemia cells. Asian Pacific journal of tropical

medicine, 10(2), pp.157-159.

Vokaé, K., Budésnsky, M., Harmatha, J. and Kohoutova, J., 1998. Ecdysteroid

constituents of the mushroom Tapinella panuoides. Phytochemistry, 49(7), pp.2109-2114.

Yang JY, Della-Fera MA, Rayalam S, Ambati S, Hartzell DL, Park HJ, et al. 2008.

Enhanced inhibition of adipogenesis and induction of apoptosis in 3T3-L1 adipocytes with

combinations of resveratrol and quercetin. Life Science. 82: pp 1032-1039.

172



Yeskaliyeva, B., Mesaik, M.A., Abbaskhan, A., Kulsoom, A., Burasheva, G.S., Abilov,
Z.A. and Choudhary, M.1., 2006. Bioactive flavonoids and saponins from Climacoptera

obtusifolia. Phytochemistry, 67(21), pp.2392-2397.

Znati, M., Ben Jannet, H., Cazaux, S., Souchard, J.P., Harzallah Skhiri, F. and
Bouajila, J., 2014. Antioxidant, 5-lipoxygenase inhibitory and cytotoxic activities of

compounds isolated from the Ferula lutea flowers. Molecules, 19(10), pp.16959-16975.

173



CHAPTER 7

CONCLUSION AND RECOMMENDATIONS

Plants have been used since time immemorial to provide humans with food and medicine.
The various ways that humans utilise plants are complex and dynamic (Heinrich et al., 2006).
Phytochemical and pharmacological evaluation of plants has led to the elucidation of novel
structures to manufacture new drugs (Freund and Hegeman, 2020). Ethnobotanical surveys
provide a platform to identify potential plants for further investigation as well as plants which
could possibly be at risk of becoming extinct. As a result, documentation of medicinal plants
isimperative.

In screening several plant species from an inventory of common medicinal plants from South
Africa for diverse medicinal purposes, 3 plants were selected based on their interesting and
useful ethnomedicinal values. These plants are Asparagus lignosus, Cliffortia odorata and
Protea cynaroides. The extractions were carried out using hexane, dichloromethane, ethyl
acetate and, butanol. Fractionation was carried out using standard chromatographic
techniques. A total of twenty-one compounds were isolated from the three plants namely
Asparagus lignosus, Cliffortia odorata and Protea cynaroides. The isolates were
characterised and their structures were unambiguously established by spectroscopic methods

including 1D and 2D NMR, FTIR, HRMS and UV spectroscopy.

The phytochemical investigation of Protea cynaroides afforded eight compounds,

from which 2, 5, 7 and 8 were reported for the first time from a natural source, while 6 was
isolated for the first time from Protea cynaroides. Bio-evaluation against tyrosinase showed
strong inhibitory activities for compound 4 and 6 with 1Csp values of 0.8776 + 0.2 and 0.7771
+ 0.09 pg/mL respectively while 1 and 3 demonstrated weak activity and only compound 1

showed activity towards alpha-glucosidase with an ICso value of 162.52 + 1.21. All
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compounds showed no activity on alpha-amylase. This is the first scientific report on the
phytochemical isolation and bio-evaluation of alpha-glucosidase, alpha-amylase and

tyrosinase inhibitory activities of Protea cynaroides.

The phytochemical investigation of Cliffortia odorata afforded ten compounds,

from which 9-18 were reported for the first time from Protea cynaroides. Bio-evaluation
against alpha-glucosidase showed strong inhibitory activities for compound 16 with an ICso
value of and 6 with ICso values of 3.8 £ 0.32 pg/mL and 15 with an 1Cso value of 16.6 = 1.02
pg/mL. No activity was detected on alpha-amylase for all the compounds while on the other
hand 11 and 12 demonstrated weak antityrosinase inhibitory activities with the 1Cso values of
131.9 £1.05 pg/mL and 231.8 £1.26 pg/mL. This is the first scientific report on the
phytochemical isolation and bio-evaluation of alpha glucosidase, alpha amylase and

tyrosinase inhibitory activities of Cliffortia odorata.

The phytochemical investigation of Asparagus lignosus led to the isolation of three known
compounds, 19-21 which were reported for the first time from Asparagus lignosus. The
isolated compounds were assayed for their alpha-glucosidase, alpha-amylase and tyrosinase
activity and only compound 20 showed weak to moderate activity on both alpha-glucosidase
and tyrosinase, with the 1Cso values of 110.8 + 2.52 pg/mL and 128.9 + 2.12 pg/mL
respectively. This is the first scientific report on the phytochemical isolation and bio-
evaluation of alpha glucosidase, alpha amylase and tyrosinase inhibitory activities of
Asparagus lignosus.

The enzyme inhibitory effects indicated by the plants extracts and compounds isolated afford
these plants an opportunity to be used as agents for antidiabetic management and in cosmetic
and pharmaceutical industries further biological and clinical investigation. To a certain

degree, the study validated some of the ethnomedicinal uses of the plants.
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This study has therefore contributed to the body of knowledge relating to the phytochemistry
of some South African medicinal plants in particular and the chemistry and biological

activities of natural products in general.

Recommendations

A reasonable amount of plant material of the examined plant species must be used in

future, so to be able to obtain the available constituents in the plant of interest in

adequate amounts; which in return will allow further relative biological studies on

such isolated constituents.

Since some of the isolated compounds are novel, and their biological activities have not been
completely explored, there is a need to further bio-evaluation against different biological
targets.

Since some of the isolated compounds are active on the biological activity of interest, a
rapid search to verify their structural integrity and binding effect to targets of the alpha-

glucosidase and tyrosinase activity through molecular docking may be of importance.
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Appendix 1A

NMR spectra of isolated compounds from Protea cynaroides
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Appendix 1B

NMR spectra of isolated compounds from Cliffortia odorata
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Compound 13
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Compound 17
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Appendix 1C

NMR spectra of isolated compounds from Asparagus lignosus
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HMBC NMR spectra of compound 19
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Compound 20
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Compound 21
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