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ABSTRACT
Infectious and non-infectious diseases have caused a huge burden to the affected people as well
as the healthcare systems across the globe. Antimicrobial resistance is on the rise and becoming
a major threat in the efforts to treat diseases. Medicinal plants and fungi offer alternative solutions
to this challenge and Bersama abyssinica is one of the plants used for treatment of various
diseases such as tumors, dysentery, and roundworm infestation. This study aimed to isolate
secondary metabolites from the stem barks and leaves of two subsp. of B. abyssinica and their
endophytic fungi. The stem bark and leaves of the two subsp. of B. abyssinica were collected
from Mt. Elgon National Forest. A portion of the collected plant materials was used for fungal
endophyte isolation while the other portion was dried for extraction of secondary metabolites.
The isolated pure fungal endophytes were subjected to fermentation on solid media followed by
subsequent extraction of secondary metabolites. The extracts from both plant material and
endophytic fungi were subjected to fractionation using column chromatography over silica gel
and Sephadex LH-20 followed by further purification by High-Performance Liquid
Chromatography (HPLC). Structure elucidation of pure compounds was done using a
combination of spectroscopic techniques that include 1D and 2D NMR spectroscopy and Liquid
Chromatography Mass Spectrometry. The relative configurations were defined by single-crystal
X-ray crystallography and Nuclear Overhauser Effect Spectroscopy (NOESY) correlations.
Structures for thirty compounds (17 — 46) were successfully elucidated with eight previously
undescribed compounds (17 - 19, 33 — 36, and 41). Paulliniogenin A (17), 16p-
hydroxybersamagenin 1,3,5-orthoacetate (20), 14-acetoxy-34,54-dihydroxy-15-methoxy-16,19-
dioxobufa-14(15),20,22-trienolide (35), epicocconigrone A (44) showed cytotoxic activities
against Hela (KB3.1) cell lines with ICs in the range of 1.4 + 0.77 uM and 5.9 + 1.89 uM. 1,2,3,6-
tetra-O-galloyl-B-D-glucose (24), epicoccolide B (43), epicocconigrone A (44) and eleganketal A
(45) showed weak cytotoxicity ranging between 11.7 + 6.78 UM and 35.82 + 5.40 uM for mouse
fibroblast (L929) cell lines. Compounds 24, 43, and 45 exhibited antibacterial activity against E.
coli and B. subtilis with an MIC value of 33.3 ug/mL. Moreover, 45 exhibited antifungal activity
against T. tonsurans with an MIC value of 18.75 pg/mL. The bioactive compounds are potential

lead compounds for the development of new drugs.



TABLE OF CONTENTS

DECLARATION AND RECOMMENDATION ...t [
COPY RIGHT Lttt e et et e s b e e et e n e e nne e nneenneas i
DEDICATION. ..ttt ettt bt s st e e s b e et e e ebe e e ab e e sbeeenteenneeannas i
ACKNOWLEDGEMENTS ...ttt ettt e snne s Y,
AB ST R A CT ettt e e r e %
LIST OF FIGURES ...ttt b e XiX
LIST OF TABLES ... oottt b e re e e e e XXI
LIST OF ABBREVIATIONS AND ACRONYMS ...t XXiii
CHAPTER ONE ...ttt bbbt et be et e e be e e sbe e nbeeabeenbee s 1
INTRODUGCTION. ...ttt sae e b e e sn e e b e e nnneeneeanne s 1
1.1 Background INfOrmMAation ...........cciiiiiiiie it 1
1.2 Statement Of the ProbIBM ..o s 3
1.3 ODJECTIVES. ...ttt bbbttt bbbttt bbb 3
1.3.1 GeNEral ODJECTIVE ..ot bbb 3
1.3.2 SPECITIC ODJECHIVES ....veviiiecie ettt e e sbeeee e 3

L4 HYPOLNESES ...ttt et st e et e et e e e e ae et e et e e ne e reeteene e raeneenee e 4
1.5 JUSTITICAEION ... bbbttt 4
CHAPTER TWO ..ttt ettt b et e et et e e sbe e e s e e s bt e e nbeenneeanbeesnee s 6
LITERATURE REVIEW ...ttt 6
2.1 An overview Of INTECLIOUS QISEASES. ........cuiveieiiieiti e 6
2.2 Bacteria and common bacterial INFECHIONS ...........ccooiiiiiiiiic 7
2.3 Overview of bacterial pathogens used in this StUAY .........cccooereiiiininiiene e 7
2.3.1 StAPNYIOCOCCUS AUIBUS ....oviiiiiiieiieiie ettt bbbt 8

Vi



2.3.2 Mycobacterium SMEQJMALIS ........eciveieerieeieseereeie st se e te e sreesre e e e sae e sreesneenee e 8

2.3.3 BACIHIUS SUBLITIS......c.eoviiiecicc e 9
2.3.4 ESCNEIICNIA CONI ... 9
2.4 OVErVIEW OF @NTIDIOTICS ....oveiiiiiieiicieee e 10
2.4.1 ANLIDIOTIC FESISTANCE .......veviiiiieiiecet et 10
2.4.2 ANtITUNQAl TESISTANCE ......ecvviciieciece st nas 11
2.5 Mechanism of antimicrobial reSISTANCE ...........coviiiiiiiieie e 11
2.5.1 Limiting drug UPLAKE ........oouiiiiiiieieee s 12
2.5.2 Modification Of drug targetS........ccoveiiiiriiiiesieeee s 12
2.5.3 Drug INACHIVALION .....ccuveiieic et ettt e ste e e nreenas 13
2.5.4 DIUQ FFIUX ..oevieeece s et ns 13
2.6 Dermatophytes and common dermatophytic INfECtiONS.............coiiiiieiiiicie s 14
2.7 Overview of dermatophytes used in this STUAY .........cccooeiiiiiiiiiiiiee 14
2.7.1 Trichophyton MentagrophYLeS .........c.coveiiiiiiiece e 14
2.7.2 TrichOPhYtON FUDIUM.......coiiiiii et 15
2.7.3 TrichOPNYLON tONSUFANS .......c.eiiviiieiie ittt sre e 16
2.7.4 Trichophyton benhamiae var. JUTBUM ..o s 17
2.8 The impact of SKiN CONITIONS ..........oiviiiiiiiiiii e 17
2.9 CANCET ...ttt e 17
2.10 Overview of cancer cell lines used in this StUAY ..........cccevviiiiieiicie e 19
2.10.1 KB3.L1 CEIITING ... bbb 19
2.10.2 L1929 CEI TINE .ottt 19
2.11 MEdICINAI PIANTS ...t ene s 19
2.12 Bersama @bYSSINICA........cccuiiiiiiii ettt 20
2.12.1 Geographical distribution of Bersama abyssinica............cccccevvviiiiiie e, 21

vii



2.12.2 Medicinal Uses of Bersama abySSINICaA..........cccvcvueiiereiiieiieieseseesie s sie e 22

2.12.4 Secondary metabolites previously reported in Bersama abyssinica ............cc.ceeveene.. 23
2.13 Medicinal plants as sources of antibacterial and antifungal agents ............ccccccevvvvieieenne. 24
2.14 Medicinal plants as sources of antiCanCer agENTS..........cccoreriririririeeieere e 25
2.15 Modes of action of plant secondary metabolites............cccooveveiiieiicii i, 26
pZ G T (o] o] 1)V USROS 27

2.16.1 Fungal endophytes as sources of antibacterial agents ............c.ccoovvvveieienciencnenenn, 28

2.16.2 Fungal endophytes as sources of antifungal agents..........c.ccocvvvviiiiinniencsene 29

2.16.3 Fungal endophytes as sources of antiCancer agents..........c.covvvrereeienenesesiesesenns 29
2.17 Overview of fungal endophytes isolated from Bersama abyssinica in this study ............ 30

2.17.1 EPICOCCUM NIGIUM ....iiiiiiiciieite ettt ettt te st e e steesaesaeesteensesteenteennesneennas 30

2.17.2 Hypoxylon [ivIdIPIgMENTUM ......c.coiiiiiiieessee s 31

2.17.3 Talaromyces PINOPNTIUS..........cviiiiiiiieie s 31

2.17.4. PurpureoCillium [aCinUM...........ccooiiiii e 31

2.17.5. ClONOSIACNYS FOSA.......cviiiieiticie ettt ettt ste e sreenas 32

2.17.6. SCOPUIArTOPSIS TUSCA ....ecvviiviiiieeie ettt sre e 32
2.18 Effect of ecological differences on production of plant secondary metabolites ............... 32

2.18.1 TEMPEIAUIE SIIESS ... .eveeueiriieiteete ettt sb e bbb 33

2.18.2 Carbon (iv) 0Xide (CO2) SIIESS.....uiiieiiriiiiieieesieiee st se s e 33

2.18.3 LIGNE SEIESS ...ttt et a e areens 34
2.19 Fermentation techniques and crude extract produCtioN............ccoouvvrieierenenese s 35

2.19.1 Solid State FErMENTatioN ..........cccieiiiiieieii s 35

2.19.2 Liquid State FErMENTAtION ........ccoiuiiiiirieiiesiesieeee e 35
2.20 Structure elucidation of the isolated COMPOUNS ..........ccccoviiiiiiiieiii e 36

2.20.1 IMASS SPECIIOMELIY ...eiiitiie ittt eiee ettt e et e e st e e st e e sab e e e snae e s nnbeeeneeeans 36



2.20.2 Nuclear magnetic resonance spectroscopy (NMR) .......cccooveviiiiiiieiecric e 37

CHAPTER THREE ...t 38
MATERIALS AND METHODS ... .ot 38
S L PIANT MALEIIAL ...t 38
3.2 General EXperimental PrOCEAUIES .........ccuviveiiieiecee ettt 38
3.3 Extraction of secondary metabolites from dried plant materials............cccccccocvvveiiivninennn. 39

3.3.1 Extraction of secondary metabolites from the stem bark of B. abyssinica subsp.
PAUTTINIOIAES ...ttt e e te e te s re e s be et e e reesaeeaesreenraenneas 39

3.3.2 Extraction of secondary metabolites from the stem bark of B. abyssinica subsp.
210 VA or: U U UPPOO PPN PRI 40

3.3.3 Extraction of secondary metabolites from the leaves of B. abyssinica subsp. abyssinica

............................................................................................................................................... 42
3.4 FUNQAI BNOOPNYLES. ... .ottt bbbt b e bbbt ene s 42
3.4.1. Fungal endophytes iSOIatioN ..........cccuiiiieiiiie e 42
3.4.2. Ribosomal DNA (rDNA) iS0lation.........c.ccceiiiiiiiiiiecece e 43
3.4.3. Polymerase Chain Reaction (PCR) amplification ..............cccccocveveiiiiicniniie e, 44
3.5 Fermentation of endophytic FUNGI .......cc.ooiiiiiiiiiice e 44
3.6 Extraction of secondary metabolites from endophytic fungus Epicoccum nigrum ............ 45
3.7 Nuclear magnetic resonance (NMR) SPECIIOSCOPY .....c.veiveeivreieirieiieeie e ste e sre e 45
R I\ RIS 1T £ (0] 01 PSR 46
3.0 BIOASSAYS ....veteeutestete stttk ettt kbbbt a bR bbbt bRttt b bbbt ere s 46
3.9.1 AntidermatOPNYLIC ASSAYS ... ..ueiverrerueeiieierierie sttt sttt ettt st ee e 46
3.9.2 ANLIDACLEMTAL BSSAYS .....evveuveeeiteite ettt et 47
3.9.3 ANLICANCET ASSAYS ...vveeivreerteeitreeiee st eteestte e bt e stae e teesteeabeessee e beeasaeasaesseeabeesseeenteesseeenns 47
3.10. DAta @NAIYSIS ...ecvieiiiieiie ettt r e e e 48
CHAPTER FOUR ..ottt st ettt e st et e be e e be e nneeenns 49



RESULTS AND DISCUSSION ....cooiiiiiiiiiiieieisie ettt eane e 49
4.1 Secondary metabolites isolated from the stem bark of B. abyssinica subsp. paulliniodes . 49

4.2 Secondary metabolites isolated from the stem bark of B. abyssinica subsp. abyssinica.... 55

4.3 X-ray Diffraction ANalysis (XRD).....ccuoiiieiiiiiiieii e 68
4.4 Secondary metabolites isolated from the leaves of B. abyssinica subsp. abyssinica.......... 70
4.5 Isolation of fungal eNAOPNYLES ........ceeiiiiiiiiice e 81
4.6 DNA Extraction and polymerase chain reaction (PCR) .........cccocviiiiiniiieienc e 81
4.7 DINA SEOUENCING . ....eueerteteiteste sttt ekttt e bbbt bt eb et e se e e et e b et e abesbeebeenes 82
4.8 Secondary metabolites and pharmacological activity of the isolated fungi...........ccccc....... 82
4.9 Secondary metabolites isolated from endophytic fungi Epicoccum nigrum....................... 83
4.10 BiologiCal ACHIVITIES.......ecvviiveeie ettt sreenreenee e 97
4.10.1 In-Vitro AntiDacterial @SSAY ..........cccieriiiiiiiii e 97
4.10.2 CYLOLOXICILY BSSAY ... veuveurerritesteetesseeseestesse sttt sbe sttt sb e bt e st e e e e e e sbenbesbe s e 98
4.10.3 ANtidermatopNYLiC @SSAY .......coviiieieeieiieieerie et e steesre s e et re et e s e e e sre e e sreennea 100
CHAPTER FIVE ..ttt b et e e e beeanee s 103
CONCLUSIONS AND RECOMMENDATIONS ... 103
5.1 CONCIUSIONS ..ottt bbbttt nb e bbb 103
5.2 RECOMMENUALIONS ...ttt bbbttt bbbt 103
REFERENGCES ...ttt ettt nbe e e et ane e 105
APPENDICES ...ttt 144
APPENdiX 1: HRESIMS OF 17 ..ottt 144
Appendix 2: Infrared SPECtrUM OF 17 ......oviiiiiiiie e 144
Appendix 3: *H NMR (700 MHz, CDCls) Spectrum 0f 17 ........cccocevvvrvereeeerecreeeeeeeeee e 145
Appendix 4: 33C NMR (175 MHz, CDCl3) Spectrum of 17 ........c.ccoeveveiirceeeeeeeeceeie e 145
Appendix 5: COSY (700 MHz, CDClz) Spectrum Of 17.......ccccooviiiiiiiiiiieneee e 146



Appendix 6: HSQC (CDCls) spectrum of 17 (*H: 700 MHz, 3C: 175 MHZ) .......c.ccceveeue.... 146

Appendix 7: HMBC (CDCls) spectrum of 17 (*H: 700 MHz, °C: 175 MHZ) ........ccccoceue..... 147
Appendix 8: NOESY (700MHz, CDCl3) Spectrum Of 17 ........cccccoviriiiiiniieicse e 147
Appendix 10: Infrared SPeCtrum OF 18 ........cooiiiiiiiiiee s 148
Appendix 11: *H NMR (700 MHz, CDCl3) spectrum 0f 18 ........c.ccoevvvrverceeierccreeeeieeeee e 149
Appendix 12: 3C NMR (175 MHz, CDCl3) Spectrum of 18.........cccccovvververerercreereieeeeenanee 149
Appendix 13: COSY (700 MHz, CDClIz) spectrum of 18.........cccooiiiiiiiniiieice e 150
Appendix 14: HSQC (CDCls) spectrum of 18 (*H: 700 MHz, 3C: 175 MH2Z) ..................... 150
Appendix 15: HMBC (CDCls) spectrum of 18 (*H: 700 MHz, 13C: 175 MH2)..................... 151
Appendix 16: NOESY (700MHz, CDCl3) spectrum 0f 18 .........ccccovvvivriiniiniieiene e 151
AppendixX 17: HRESIMS OF 19 ... 152
Appendix 18: Infrared SPeCtrum OF 19 ........coiiiiiiiiie s 152
Appendix 19: *H NMR (700 MHz, DMSO-dg) Spectrum of 19..........cccccevvverercerrcrererenan. 153
Appendix 20: ¥C NMR (175 MHz, DMSO-ds) spectrum of 19 ..........cccccevervierrerrierrennnne, 153
Appendix 21: COSY (700 MHz, DMSO-dg) spectrum 0f 19 ........cccovvviiiiiiniriene e 154
Appendix 22: HSQC (DMSO-ds) spectrum of 19 (*H: 700 MHz, 13C: 175 MH2) ............... 154
Appendix 23: HMBC (DMSO-ds) spectrum of 19 (*H: 700 MHz, 3C: 175 MHz) .............. 155
ApPpPendix 24: HRESIMS OF 20 .......oiiiiiiiieieiese e 155
Appendix 25: Infrared SPECtrumM 0f 20 ........coviiiiie e 156
Appendix 26: *H NMR (700 MHz, DMSO-ds) spectrum of 20...........ccceveerrrcverinrcreriinennnns 156
Appendix 27: 3C NMR (175 MHz, DMSO-ds) spectrum 0f 20 ..........cccevvverercrereecrereeeenane 157
Appendix 28: COSY (700 MHz, DMSO-dg) spectrum 0f 20 ..........cocuvvriiiniirene e 157
Appendix 29: HSQC (DMSO-ds) spectrum of 20 (*H: 700 MHz, $3C: 175 MH2) ............... 158
Appendix 30: HMBC (DMSO-ds) spectrum of 20 (*H: 700 MHz, 3C: 175 MH2) .............. 158
Appendix 31: NOESY (700MHz, DMSO-ds) spectrum of 20 .........ccccooveviieiiiiienieee 159

Xi



Appendix 32:
Appendix 33:
Appendix 34:
Appendix 35:
Appendix 36:
Appendix 37:
Appendix 38:
Appendix 39:
Appendix 40:
Appendix 41:
Appendix 42:
Appendix 43:
Appendix 44:
Appendix 45:
Appendix 46:
Appendix 47:
Appendix 48:
Appendix 49:
Appendix 50:
Appendix 51:
Appendix 52:
Appendix 53:
Appendix 54:
Appendix 55:

Appendix 56:

HRESIMS OF 21 ... s 159
'H NMR (600 MHz, MeOD) Spectrum Of 21.........cccccvveevveeeeeeeeeneeenenans 160
13C NMR (175 MHz, MeOD) Spectrum 0f 21........cccccovvererereeeereeereeeeenenans 160
COSY (600 MHz, MeOD) spectrum Of 21 .......ccccceiviiieienieiieneee e 161
HSQC (MeOD) spectrum of 21 (*H: 600 MHz, 3C: 175 MH2)..................... 161
HMBC (MeOH) spectrum of 21 (*H: 600 MHz, 3C: 175 MHZ).................... 162
NOESY (600 MHz, MeOD) spectrum of 21.........ccccooiiiniiieiinienieneeee e 162
HRESIMS SPECIIUM OF 22......c.eiiiiiiiiiiicieeee s 163
Infrared SPECrUM OF 22 ......c.oiiiii e 163
H NMR (600 MHz, DMSO-ds) Of SPECLIUM 22 .........ccovvereriierierereieeceeeeians 164
13C NMR (175 MHz, DMSO-ds) 0f SPECLIUM 22 .........cevevreereeerereieeeienaen, 164
COSY (600 MHz, DMSO-ds) spectrum of 22 .........ccccoeriiiieniineneneeiens 165
HSQC (DMSO-d6) spectrum of 22 (1H: 600 MHz, 13C: 175 MHz).............. 165
HMBC (DMSO-d6) spectrum of 22 (1H: 600 MHz, 13C: 175 MHz)............ 166
HRESIMS Of 23 ..o s 166
'H NMR (600 MHz, DMSO-ds) Spectrum of 23..........cccceevvveveereeireeereians 167
13C NMR (175 MHz, DMSO-ds) spectrum 0f 23 ........cccccevvvreveicrereiereeceens 167
COSY (600 MHz, DMSO-ds) spectrum of 23 .........coovviriiiieieiesce e 168
HSQC (DMSO-ds) spectrum of 23 (*H: 600 MHz, *C: 175 MHz) ............... 168
HMBC (DMSO-ds) spectrum of 23 (*H: 600 MHz, 3C: 175 MHz) .............. 169
HRESIMS OF 24 ...t 169
'H NMR (600 MHz, DMSO-ds) spectrum of 24............ccccovevereveereeererernennnn. 170
13C NMR (175 MHz, DMSO-ds) Spectrum 0f 24 ..........cccooovevvveceereiererereenne. 170
COSY (600 MHz, DMSO-ds) spectrum of 24 ..........cccovvevvvveieneiece e 171
HSQC (DMSO-ds) spectrum of 24 (*H: 600 MHz, *C: 175 MHz) ............... 171

xii



Appendix 57:
Appendix 58:
Appendix 59:
Appendix 60:
Appendix 61:
Appendix 62:
Appendix 63:
Appendix 64:
Appendix 65:
Appendix 66:
Appendix 67:
Appendix 68:
Appendix 69:
Appendix 70:
Appendix 71:
Appendix 72:
Appendix 73:
Appendix 74:
Appendix 75:
Appendix 76:
Appendix 77:
Appendix 78:
Appendix 79:
Appendix 80:

Appendix 81:

HMBC (DMSO-ds) spectrum of 24 (*H: 600 MHz, 3C: 175 MH2) .............. 172

HRESIMS OF 25 ... 172
H NMR (600 MHz, DMSO-ds) SPeCtrum of 25..........cccceevevevrereerereceiennans 173
13C NMR (175 MHz, DMSO-0s) SPECIIUM OF 25 .....ovooovvereereeeeeeeereesseeeeeees 173
COSY (600 MHz, DMSO-ds) spectrum of 25 .........cccoovvveiiiiniinieseieisens 174
HSQC (DMSO-d6) spectrum of 25 (1H: 600 MHz, 13C: 175 MHz)............. 174
HMBC (DMSO-ds) spectrum of 25 (*H: 600 MHz, 13C: 175 MHZ) .............. 175
HRESIMS OF 26 .....viiiiee sttt 175
'H NMR (700 MHz, DMSO-ds) SPectrum of 26............ccccvverrrcrerrerererennennnns 176
13C NMR (175 MHz, DMSO-ds) SPeCtrum 0f 26 ...........cccovvveerrrcrerreeiereneennnes 176
COSY (700 MHz, DMSO-ds) spectrum 0f 26 .........ccccvvrveivieneriniseseiienns 177
HSQC (DMSO-ds) spectrum of 26 (*H: 700 MHz, 13C: 175 MHz) ............... 177
HMBC (DMSO-ds) spectrum of 26 (*H: 700 MHz, $3C: 175 MH2) .............. 178
HRESIMS Of 27 ..ottt e 178
'H NMR (600 MHz, DMSO-ds) SPECtrum Of 27..........ccccceveveveeeereereeceerenan, 179
13C NMR (175 MHz, DMSO-ds) SPECtrum 0f 27 ......c.cvvveveeirceereeeeereennee 179
COSY (600 MHz, DMSO-ds) spectrum of 27 ........ccoovviriiiieiiineseneeeeens 180
HSQC (DMSO-ds) spectrum of 27 (*H: 600 MHz, 3C: 175 MHz) ............... 180
HMBC (DMSO-ds) spectrum of 27 (*H: 600 MHz, 3C: 175 MHz) .............. 181
HRESIMS Of 28 ... 181
'H NMR (600 MHz, DMSO-ds) Spectrum of 28............ccccvverrrcrerreererernennnn. 182
13C NMR (175 MHz, DMSO-ds) Spectrum 0f 28 ..........ccccevueverceerreerereceae. 182
COSY (600 MHz, DMSO-ds) spectrum of 28 ..........ccccovvririviineiesisese 183
HSQC (DMSO-ds) spectrum of 28 (*H: 600 MHz, *C: 175 MHz) ............... 183
HMBC (DMSO-ds) spectrum of 28 (*H: 600 MHz, 3C: 175 MHz) .............. 184

Xiii



Appendix 82:
Appendix 83:
Appendix 84:
Appendix 85:
Appendix 86:
Appendix 87:
Appendix 88:
Appendix 89:
Appendix 90:
Appendix 91:
Appendix 92:
Appendix 93:
Appendix 94:
Appendix 95:
Appendix 96:
Appendix 97:
Appendix 98:
Appendix 99:
Appendix 100:
Appendix 101:
Appendix 102:
Appendix 103:
Appendix 104:
Appendix 105:

Appendix 106:

HRESIMS OF 29 ... 184
'H NMR (600 MHz, DMSO-ds) Spectrum of 29..........ccccevvverrrceerrerererereennnes 185
13C NMR (175 MHz, DMSO-ds) SPECHUM OF 29 ....oorvvveereeeeeeeseeeeeeeseseennns 185
COSY (600 MHz, DMSO-ds) spectrum 0of 29 .........ccocvviviiiieieieiecesee 186
HSQC (DMSO-ds) spectrum of 29 (*H: 600 MHz, 13C: 175 MHz) ............... 186
HMBC (DMSO-ds) spectrum of 29 (*H: 600 MHz, $3C: 175 MHz) .............. 187
HRESIMS OF 30 ..ottt 187
'H NMR (600 MHz, DMSO-ds) spectrum of 30..........cccccevvrerrrcveriererercrennnne 188
13C NMR (175 MHz, DMSO-ds) spectrum 0f 30 ........cccccevvvvevrvcrerieeierecennns 188
COSY (600 MHz, DMSO-ds) spectrum 0f 30 ........ccccovvvvieivieiiiniieseiiens 189
HSQC (DMSO-ds) spectrum of 30 (*H: 600 MHz, 3C: 175 MHz) ............... 189
HMBC (DMSO-ds) spectrum of 30 (*H: 600 MHz, 13C: 175 MHz) ............. 190
HRESIMS OF 31 ..ottt 190
H NMR (600 MHz, DMSO-ds) Spectrum 0f 31.........ccccceevvveecerererieeccrennan, 191
13C NMR (175 MHz, DMSO-ds) Spectrum 0f 31 ......c.covvvviveerirceeieceerereennes 191
COSY (600 MHz, DMSO-ds) spectrum of 31 ........cccovviveiiiiniiiesesieieens 192
HSQC (DMSO-ds) spectrum of 31 (*H: 600 MHz, 13C: 175 MHz) ............... 192
HMBC (DMSO-ds) spectrum of 31 (*H: 600 MHz, $3C: 175 MH2) .............. 193

HRESIMS Of 32 ...ttt 193

H NMR (600 MHz, DMSO-ds) Spectrum 0f 32 .........cccccevevvererereeeecieians 194

13C NMR (175 MHz, DMSO-ds) spectrum 0f 32 ........ccccoeeveveceerieieecean. 194

COSY (600 MHz, DMSO-ds) spectrum of 32 .........cccovviiiiiieineneeeee, 195

HSQC (DMSO-ds) spectrum of 32 (*H: 600 MHz, 3C: 175 MHz).............. 195

HMBC (DMSO-ds) spectrum of 32 (*H: 600 MHz, 3C: 175 MHz) ............ 196

HRESIMS 0f 33 ... oot e 196

Xiv



Appendix 107:
Appendix 108:
Appendix 1009:
Appendix 110:
Appendix 111:
Appendix 112:
Appendix 113:
Appendix 114:
Appendix 115:
Appendix 116:
Appendix 117:
Appendix 118:
Appendix 119:
Appendix 120:
Appendix 121:
Appendix 122:
Appendix 123:
Appendix 124:
Appendix 125:
Appendix 126:
Appendix 127:
Appendix 128:
Appendix 129:
Appendix 130:

Appendix 131:

Infrared SPeCtrum OF 33 ......ccooi i 197
'H NMR (700 MHz, CD30D) Spectrum of 33........cccccoevevvverereceeieeereseceeaes 197
13C NMR (175 MHz, CD30D) spectrum 0f 33.........ccoevvevereecrreereeeeeeeienans 198
COSY (CD30D) spectrum 0F 33......cc.oiieiieieeiesieeie e 198
HSQC (CD30D) spectrum 0f 33 ........ccciiiiiiiiee e 199
HMBC (CD30D) spectrum 0f 33 ......ccooiiieieeceerece e 199
NOESY SPectrum 0F 33......coiiiiieiiee e 200
HRESIMS OF 34 ...t 200
Infrared SPECtrUM OF 34 ... s 201
'H NMR (700 MHz, CD30D) spectrum of 34 .........cccccevvvveeeeeieecceeee 201
13C NMR (175 MHz, CD30D) Spectrum 0f 34 ........cc.ccevvvrerieeerceesreiesnen, 202
COSY (CD30D) SpecCtrum Of 34 ........cooieiiieieie et 202
HSQC (CD30D) Spectrum 0f 34 ..o 203
HMBC (CD30D) Spectrum 0f 34 ..o 203
NOESY (CD3z0D) Spectrum 0f 34 ........ccccoiiiiieieie s 204
HRESIMS 0 35 ... s 204
Infrared SPectrum OF 35 ... 205
'H NMR (600 MHz, CD30D) Spectrum of 35...........ccccevruereeeerercreeecie e, 205
13C NMR (150 MHz, CD30D) Spectrum 0f 35..........ccoevvvveerieeierceeescieneen, 206
COSY (600 MHz, CD30D) spectrum Of 35........cccooviiiinieieienene e 206
HSQC (CD30D) Spectrum 0f 35........ccciiiiiiiiieie e 207
HMBC (CD30D) Spectrum OF 35 ..o 207
NOESY (600MHz, CD30D) spectrum Of 35.........ccocviiieiiniieniene e 208
HRESIMS OF 36 ... e s 208
Infrared SPeCtrum OF 36 ........ccoviiiiiie e 209

XV



Appendix 132: 'H NMR (600 MHz, CD30D) Spectrum 0f 36 .........cccocvevreeerercrerirciereeeenane 209
Appendix 133: C NMR (150 MHz, CDCls) Spectrum 0f 36.........ccccovvvervrersrcrereeeieeceenanee 210
Appendix 134: COSY (600 MHz, CD30D) spectrum Of 36 ..........cccceviririiieieienene e 210
Appendix 135: HSQC (CD30D) SPeCtrum OF 36 ........ccovririiieieriesiesieseeee s 211
Appendix 136: HMBC (CD30D) SPeCtrum OF 36........ccccuuirrirriinieriinienisiesesieie e 211
AppendiX 137: HRESIMS OF 37 ....ooiioececeee et 212
Appendix 138: H NMR (600 MHz, MeOD-ds) SPectrum of 37 ........ccccvvvverinrernreireiennans 212
Appendix 139: 3C NMR (175 MHz, MeOD-d4) SpPectrum of 37 .........ccoevvververeirneiieinnnns 213
Appendix 140: COSY (600 MHz, MeOD-ds) spectrum Of 37........cccoovveviiiiiiciniieeee 213
Appendix 141: HSQC (MeOD-ds) spectrum of 37 (*H: 600 MHz, 3C: 175 MHz)............... 214
Appendix 142: HMBC (MeOD-dz) spectrum of 37 (*H: 600 MHz, 3C: 175 MHz)............. 214
Appendix 143: HRESIMS OF 38 ... .o s 215
Appendix 144: *H NMR (600 MHz, MeOD-d4) spectrum 0f 38 .........cccccocevevecrerricrereenennn. 215
Appendix 145: ¥C NMR (175 MHz, MeOD-da) spectrum 0f 38..........cccccevevriererererennnne, 216
Appendix 146: COSY (600 MHz, MeOD-d4) spectrum of 38...........ccceevvevviiiiieiececees 216
Appendix 147: HSQC (MeOD-ds) spectrum of 38 (*H: 600 MHz, 3C: 175 MHz)............... 217
Appendix 148: HMBC (MeOD-da) spectrum of 38 (*H: 600 MHz, 3C: 175 MHz).............. 217
Appendix 149: HRESIMS 0F 39 ..o 218
Appendix 150: *H NMR (600 MHz, MeOD-da4) spectrum 0f 39..........ccccvvevriireiicreenennnn, 218
Appendix 151: ¥C NMR (175 MHz, MeOD-da) spectrum 0f 39..........cccccevevrirerereierennnne, 219
Appendix 152: COSY (600 MHz, MeOD-d4) spectrum 0f 39..........cccovveininiininereenens 219
Appendix 153: HSQC (MeOD-dz) spectrum of 39 (*H: 600 MHz, 3C: 175 MHz)............... 220
Appendix 154: HMBC (MeOD-da) spectrum of 39 (*H: 600 MHz, 3C: 175 MHz).............. 220
AppendixX 155 HRESIMS OF 40 ......oooiiiiiieeec et 221
Appendix 156: *H NMR (600 MHz, MeOD-d4) spectrum of 40..........ccccvvevererericrerierennnn. 221

XVi



Appendix 157: ¥C NMR (175 MHz, MeOD-da) spectrum 0f 40..........cccccevervierersireriennne, 222
Appendix 158: COSY (600 MHz, MeOD-d4) spectrum 0Of 40...........ccocvrveririneininereenens 222
Appendix 159: HSQC (MeOD-d4) spectrum of 40 (*H: 600 MHz, °C: 175 MHz)............... 223
Appendix 160: HMBC (MeOD-d4) spectrum of 40 (*H: 600 MHz, 13C: 175 MHz)............. 223
Appendix 161: Sequences and blast search hits of fungal endophyte...........ccccccovvevviiiiiennnns 224
Appendix 163: HRESIMS OF 41 ......cooiiiiieiee e 227
Appendix 164: Infrared SPECLrUM OF 4L ........ooiiiiiiiiieee s 227
Appendix 165: 'H NMR (600 MHz, MeOD-ds) Spectrum of 41 ..........ccoeveviriererrneireiennnns 228
Appendix 166: *C NMR (175 MHz, MeOD-d4) SPectrum of 41.........cccoevverrivererrierreeennnns 228
Appendix 167: COSY (600 MHz, MeOD-ds) spectrum of 41.........cccooeviiieniiiniieeeenes 229
Appendix 168: HSQC (MeOD-ds) spectrum of 41 (*H: 600 MHz, 3C: 175 MHz)............... 229
Appendix 169: HMBC (MeOD-d.) spectrum of 41 (*H: 600 MHz, *C: 175 MHz).............. 230
Appendix 170: HRESIMS OF 42 ..o s 230
Appendix 171: *H NMR (600 MHz, MeOD-d4) spectrum of 42.........cccccovervreverriererinnennn. 231
Appendix 172: ¥C NMR (175 MHz, MeOD-da) spectrum 0f 42..........cccccevervierererrerrennne, 231
Appendix 173: COSY (600 MHz, MeOD-d4) SPectrum Of 42...........ccoceveiineneiniieneinens 232
Appendix 174: HSQC (MeOD-dz) spectrum of 42 (*H: 600 MHz, 3C: 175 MHz)............... 232
Appendix 175: HMBC (MeOD-da) spectrum of 42 (*H: 600 MHz, 3C: 175 MHz).............. 233
AppendiX 176: HRESIMS OF 43 ..ot 233
Appendix 177: *H NMR (700 MHz, MeOD-da4) spectrum of 43..........ccccvvevrrireriiererierennn. 234
Appendix 178: ¥C NMR (175 MHz, MeOD-da) spectrum 0f 43........c.cccoeerervierrerrrrerrenne, 234
Appendix 179: COSY (700 MHz, MeOD-d4) Spectrum of 43...........ccovveineneinenereeseens 235
Appendix 180: HSQC (MeOD-dz) spectrum of 43 (*H: 700 MHz, 3C: 175 MHz)............... 235
Appendix 181: HMBC (MeOD-dz) spectrum of 43 (*H: 700 MHz, 3C: 175 MHz)............. 236
AppendixX 182: HRESIMS OF 44 ...ttt 236



Appendix 183: 'H NMR (600 MHz, MeOD-d4) spectrum of 44 ...........cccccevevvierrereneriennne, 237
Appendix 184: ¥C NMR (175 MHz, MeOD-da) spectrum of 44..........c.cccoevervierrerereriennne, 237
Appendix 185: COSY (600 MHz, MeOD-d4) spectrum Of 44 ..........cccoovvveieieneiinineee 238
Appendix 186: HSQC (MeOD-d4) spectrum of 44 (*H: 600 MHz, °C: 175 MHz)............... 238
Appendix 187: HMBC (MeOD-da) spectrum of 44 (*H: 600 MHz, 3C: 175 MHz).............. 239
AppendixX 188: HRESIMS OF 45 .......ooiie et 239
Appendix 189: H NMR (600 MHz, MeOD-ds) Spectrum of 45 ..........cc.cccovvvriererrireireinnnns 240
Appendix 190: 3C NMR (175 MHz, MeOD-d4) SPectrum of 45..........c.ccccvverirererrnerreennnns 240
Appendix 191: COSY (600 MHz, MeOD-ds) spectrum 0f 45.........c.ccooeviiiiiiiii i 241
Appendix 192: HSQC (MeOD-ds) spectrum of 45 (*H: 600 MHz, 3C: 175 MHz)............... 241
Appendix 193: HMBC (MeOD-dz) spectrum of 45 (*H: 600 MHz, 3C: 175 MHz).............. 242
Appendix 194: HRESIMS OF 46 .........ooiiiiee e s 242
Appendix 195: H NMR (600 MHz, MeOD-ds) SPectrum of 46 ..........cccccovverriereernrnrieinnnns 243
Appendix 196: *C NMR (175 MHz, MeOD-da) Spectrum 0f 46..........c..cccoevevverererrirerrennnne, 243
Appendix 197: COSY (600 MHz, MeOD-d4) SPectrum 0Of 46...........cccceeeireneiniieneinens 244
Appendix 198: HSQC (MeOD-ds) spectrum of 46 (*H: 600 MHz, 3C: 175 MHz)............... 244
Appendix 199: HMBC (MeOD-da) spectrum of 46 (*H: 600 MHz, 3C: 175 MHz).............. 245
Appendix 200: PUBIICALION L........oiiiiiiiieee e 245
AppendiX 201: PUDHCALION 2.........cveiieieciccece ettt re e 246
AppendiX 202: NACOSTI PEIMIL ....ccviiiecicceese et sra e are e 246

xviii



LIST OF FIGURES

Figure 2.1: Bersama abyssinica subsp. abyssinica plant............cccoccevviiiiiieiiieie e 20
Figure 2.2: Bersama abyssinica subsp. paulliniodes plant............cccccoveveiieiiereiie e 21
Figure 2.3: Map showing the geographical distribution of B. abyssinica in Africa..................... 22
Figure 2.4: Chemical structures of secondary metabolites isolated from Bersama abyssinica.... 24
Figure 3.1: Map of Kenya showing Mt. Elgon national park .............cccoiiiiiiiiiie 38
Figure 3.2: Flow chart showing extraction and isolation procedure.................ccoeevveienann... 41
Figure 4.1: Chemical structures of compounds 17 - 20 ........ccccoeieriiiieninineeeeeee e 50
Figure 4.2: Chemical structure of COMPOUNAS 21.........ccooviiiiriiieieie e 55
Figure 4.3: Chemical structure of COmMpPOUNdS 22...........ccoveiiiiiieiieiciece e 566
Figure 4.4: Chemical structures of compounds 23 and 24.............ccceevveieieeiieece e 59
Figure 4.5: Chemical structures of compounds 25, 26 and 27...........cccoceveriiinieienenene e 62
Figure 4.6: Chemical structure of cCOmpouNd 28 ...........cccooiiiiiiieiee s 644
Figure 4.7: Chemical structures of compounds 29 - 32.........ccoiveiiiiiiince e 67
Figure 4.8: ORTEP drawing of 17, 18 and 22. The ellipsoids are shown at the 50% probability

TEVEL bbbt e et b 69
Figure 4.9: Chemical structures of compounds 33, 34 and 35...........ccceeeeiieieeie i 71
Figure 4.10: Chemical structures of compounds 36 and 37.........ccccceeiiiiiriininiiiene s 755
Figure 4.11: Chemical structure of compound 38 ...........ccooiiiiiiiiiene s 777
Figure 4.12: Chemical structures of compounds 39 and 40...........cccooiriieriiniieieiene e 800
Figure 4.13: Photos of the isolated endophytic fungi...............cooiiiiiiiiiiii 81
Figure 4.14: Chemical structure of compound 41 .........ccooiiiiiiiiiieiic e 844
Figure 4.15: Chemical structure of compound 41 showing HMBC correlations....................... 866
Figure 4.16: Chemical structure of COMPOUNG 42 .........cccooiiiiiiiiie s 877
Figure 4.17: Chemical structure of compound 42 showing HMBC correlations....................... 877
Figure 4.18: Chemical structure of compound 43 ..........c.ooiiiiiiiiiii e 899

XiX



Figure 4.19: Chemical structure of compound 43 showing HMBC correlations......................... 90

Figure 4.20: HMBC correlations of compound 44 .............cooveieiieiieir e 94
Figure 4.21: Chemical structure of compound 44 showing HMBC correlations...............cc.c...... 91
Figure 4.22: Chemical structure of COMpPoUNd 45 ..o 933
Figure 4.23: Chemical structure of compound 45 showing HMBC correlations........................ 955
Figure 4.24: Chemical structure of COmMpPoUNd 46 ..........cccoeiriieiieie e 977
Figure 4.25: Chemical structure of compound 46 showing HMBC correlations........................ 977

XX



LIST OF TABLES

Table 1.1: Mode of action of secondary metabolites isolated from medicinal plants .................. 27

Table 4.1: *H NMR (700 MHz) and *C NMR (175 MHz) Spectroscopic Data® of Compound 17—

I TSP PR 511
Table 4.2: *H NMR (700 MHz) and 3C NMR (175 MHz) Spectroscopic Data® of Compound 20
AN 22 bbb e R AR b b b e R e Rt R R et et bbb renn e e 533
Table 4.3: 'H NMR (700 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 23
AN 24 .ttt bbb e R Rt R et ettt b been e 577
Table 4.4: 'TH NMR (600 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 25 -
A SRS 6161
Table 4.5: *H NMR (600 MHz) and 3C NMR (175 MHz) Spectroscopic Data of Compound 28
..................................................................................................................................................... 633
Table 4.6: 'H NMR (600 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 30 -
S et e e e —e e e e e ——eeeai—eeee e i ——eee e e breeeeaabeeeeeaatrteeeaabreeeeaabeeeeeaabreeeaaareeens 666
Table 4.7: *H and **C NMR Data? of Compound 33-35 in CD30D. .........cccccevevuerreerercrerenennns 722
Table 4.8: 1H NMR (600 MHz) and 13C NMR (150 MHz) Spectroscopic Data of Compounds

K LCI (Lo I A [ IO B 11 ] 5 R 766
Table 4.9: *H and 3C NMR Data of Compounds 38 in CD30D ..........c.ccvevvveeeeeeeseieeeeennans 788
Table 4.10: 1H and *C NMR Data of Compounds 39 and 40 in CD30D..........cccccecevvrveennne 799

Table 4.11: Percentage sequence similarity of representative fungal endophytes from NCBI
ALADASE ...t a et a e reeaeaaeers 8282

Table 4.12: 'H NMR (600 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 41

XXi



Table 4.16:

Table 4.18:
Table 4.19:
Table 4.20:

Table 4.21:

'H NMR (600 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 45

.................................................................................................................................. 944
'H NMR (600 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 46

.................................................................................................................................. 966
MIC values? (ug/mL) of the antibacterial @SSaY .........cccccveviveiierieereiiesie e 999
IC50 valuesa (UM) of the CYtOtOXICILY ASSAY ...vevvirveerviiririeiiere e 100
MIC valuesa (png/mL) of the antifungal assay of crude extracts..........c.ccevveeriueennen. 101
MIC valuesa (ug/mL) of the antifungal assay of compounds ...........ccccevevvvverinennns 102

XXii



AIDS
AMR
BLAST
BC NMR
CcC
CCDC
CFU
CMA
CO2
COSsY
DEHP
DEPT
DMSO
ESBL
ESI
EtOAC
FDA
FTIR
'HNMR
HIV

HMBC

LIST OF ABBREVIATIONS AND ACRONYMS

Acquired immunodeficiency syndrome
Antimicrobial resistance

Basic local alignment search tool
Carbon-13 nuclear magnetic resonance
Column chromatography

Cambridge crystallographic data centre
Colony forming unit

Corn meal agar

Carbon (iv) oxide

Correlation spectroscopy
Di-(2-ethylhexyl)phthalate
Distortionless enhancement by polarization transfer
Dimethyl sulphoxide

Extended spectrum beta-lactamase
Electrospray ionization

Ethyl acetate

Food and drug administration

Fourier transform infrared spectroscopy
Proton nuclear magnetic resonance
Human immunodeficiency virus

Heteronuclear multiple bond correlation

xxiii



HPLC
HRESIMS
HSQC
1Cso
ITS
LC-MS
LF

LPS
MDR
MeOH
MIC
MRSA
MS
MTT
NCBI
NCCLS
NCI
NMR
oD
OMA
ORTEP

PBPs

High performance liquid chromatography
High-resolution electrospray ionization mass spectrometry
Heteronuclear single quantum correlation experiment
Half-maximal inhibitory concentration

Internal transcribed spacer

Liquid chromatography mass spectrometry

Liquid state fermentation

Lipoposaccharides

Multi-drug resistance

Methanol

Minimum inhibitory concentration
Methicillin-resistant Staphylococcus aureus

Mass spectrometry
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
National center for biotechnology information
National committee for clinical laboratory standards
National cancer institute

Nuclear magnetic resonance

Optical density

Oatmeal agar

Oak ridge thermal ellipsoid plot

Penicillin-binding proteins

XXV


https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Thiazole
https://en.wikipedia.org/wiki/Phenyl

PCR
PDA
pH
PVP
rDNA
SDA
SmF
SSF
TLC
TMS
UVv-VIS
WHO
XRD

YMA

Polymerase chain reaction
Potato dextrose agar

Potential of hydrogen
Polyvinylpyrrolidone
Ribosomal deoxyribonucleic acid
Sabouraud dextrose agar
Submerged fermentation

Solid state fermentation

Thin layer chromatography
Tetramethylsilane
Ultraviolet-visible spectroscopy
World health organization
X-Ray diffraction

Yeast malt extract

XXV



CHAPTER ONE
INTRODUCTION
1.1 Background Information

Microbial infections continue to be a growing concern in the world due to resistance to the
available antimicrobial agents. Infectious diseases caused by bacteria, viruses, fungi and parasites
are among the top 10 causes of mortality across the globe (WHO, 2017). Globally, approximately
700,000 deaths are reported every year as a result of infections caused by antimicrobial resistant
pathogens. Further, antimicrobial resistance (AMR) contributes directly to the decline in the global
economy (Dadgostar, 2019), and increase in poverty especially in middle and low income
countries (Ahmad & Khan, 2019; Mattar et al., 2020). According to the antimicrobial resistance
report by the Center for Disease Control and Prevention (CDC), about 2.8 million antibiotic-
resistant infections occur in the United States every year with approximately 35,000 deaths (CDC,
2019). Most of the developing countries are affected by the morbidity and mortality resulting from
infectious diseases with infants and children being the most vulnerable group (UNICEF, 2004). In
the year 2011, severe bacterial infections were reported to account directly for about one-third of
neonatal deaths in sub-Saharan Africa, South Asia (SA), Latin America, and the Caribbean (Liu
etal., 2012).

The skin is the largest organ of the body with the function of protecting the body from infection
(Baroni et al., 2012). However, the skin itself may get infected, leading to destruction of the skin
structure. Dermatological infections are classified into; fungal skin infections, bacterial skin
infections, viral skin infections and parasitic skin infections (Russell, 2013). According to the
World Health Organization (WHO), skin diseases contribute to 1.79% of the disease burden in the
world measured disability adjusted life years (DALYSs) (Karimkhani et al., 2017). Fungal and
bacterial skin diseases are among the dermatological conditions that contribute to the high
disability adjusted life years (Karimkhani et al., 2017). Havlickova et al. (2009), estimates that 20-
25% of the population in the world is affected by fungal skin infections. Fungal infections of the
skin due to dermatophytoses are a common problem across the globe (Bitew, 2018). Trichophyton
species is the most common causative fungi for ringworm infections such as Tinea capitis,
ringworm of the scalp (Bongomin et al., 2020), Tinea cruris, fungal infection of the groin region,

Tinea pedis, ringworm of the feet and toes and Tinea unguium, nail fungus (Sahoo & Mahajan,



2016). T. capitis and T. corporis are the most frequent forms of dermatophytoses in the tropical
areas (Havlickova et al., 2009).

About 70-95% of the developing countries’ population depends on plants for primary
healthcare (Kaneria et al., 2017). Besides, in a number of rural areas, traditional medicine is the
only healthcare system available. According to Madzinga et al. (2018), medicinal plants have the
ability to treat a range of diseases including fungal and bacterial skin diseases. Bersama abyssinica
has been used by several communities in East Africa to treat several conditions (Kokwaro, 1993).
The plant has been used in the treatment of diseases such as, male infertility, skin infections,
diabetes (Kuete et al., 2007), syphilis, intestinal worms, cholera, gonorrhea, fatigue and malaria
(Zekeya et al., 2014). These properties are attributed to the presence of bioactive secondary
metabolites (Amuka et al., 2015). The genus Bersama (family Melianthaceae) are widely
distributed in tropical and subtropical Africa (Kuete et al., 2007). Pharmacological studies on
plants of this genus revealed antitumor, antioxidant, antispasmodic, and antimicrobial activities
(Asres et al., 2006; Kuete et al., 2007; Lock, 1962). Previous phytochemical studies on the genus
led to the identification of different bufadienolides (Steyn & van Heerden, 1998) and several
derivatives of this class have been reported from B. abyssinica including abyssinin (Kubo &
Matsumoto, 1984) abyssinol ( Kubo & Matsumoto, 1985b) and bersamagenin (Kupchan et al.,
1971). Recent updates are unavailable on phytochemical investigation on B. abyssinica and
decades have passed since the last report on the plants.

The main focus of this research was on phytochemical investigation of extracts of the barks
and leaves of two subsp. of B. abyssinica, collected from Mt. Elgon National Forest. Further, the
endophytic fungi from these plants was also investigated. The investigation led to the isolation and
identification of eight new compounds and twenty two known compounds. The isolation and
structure elucidation of these compounds is described. Eight of the described compounds are
bufadienolides while the rest are phenolic compounds. To evaluate the bioactivities of the isolated
compounds, antibacterial assay was done against Escherichia coli, Mycobacterium smegmatis,
Staphylococcus aureus and Bacillus subtilis. The cytotoxicity assay was done against HelLa
(KB3.1) and mouse fibroblast (L929) cell lines. The antidermatophytic assay was done against
Trichophyton mentagrophytes, Trichophyton rubrum, Trichophyton rubrum resistant,

Trichophyton benhamiae var. luteum and Trichophyton tonsurans.



1.2 Statement of the Problem

The discovery of antimicrobial drugs implied that the problem of infectious diseases would be
solved, creating a false sense of security. Besides pathogenic microbes for which there is no current
treatment option, emergence of multidrug resistant organisms compromises the use of antibiotic
and antifungal drugs. The adaptability and resistance of infectious agents to drugs designed to kill
them is incredibly fast-moving. For example, sulfonamide-resistant organisms, such as
Streptococcus pyrogenes, emerged shortly after the introduction of the first sulfonamide drug, the
azo compound that was developed in the 1930s as a solution for broad spectrum antimicrobial
therapy. Bacterial resistance has, thus, become one of the main factors in triggering a global, urgent
search for novel antimicrobial agents. Resistance associated with known pathogens such as
methicillin-resistant S. aureus (MRSA) and respiratory pathogens such as Streptococcus
pneumoniae, are increasingly often described in epidemiological analyses, impacting all fields of
medicine and representing a threat to public health. Futhermore, antifungal resistance especially
T. rubrum, a skin disease causing pathogen is on the rise. Antimicrobial resistance (AMR) is a
major problem in the treatment of patients with immunocompromised immunity such as cancer
and HIV/AIDS patients. This is partly because most of these pathogens are opportunistic and occur
severely and frequently in immunosuppressed individuals. The world health organization report
indicates that cancer is the leading cause of mortality worldwide. In Kenya, from 2012 to 2018,
the annual incidence of cancer increased from 37,000 to 47,887 new cases. Furthermore, the
number of new cancer cases is expected to rise by more than 120% over the next 2 decades. It is

therefore, important to search for alternative drugs to mitigate this problem.

1.3 Objectives
1.3.1 General Objective
To investigate antimicrobial and anticancer secondary metabolites from B. abyssinica subsp.
abyssinica, subsp. paullinioides and their endophytic fungi
1.3.2 Specific Objectives
i.  To isolate endophytic fungi from the stem barks and leaves of B. abyssinica subsp.

abyssinica and subsp. paullinioides



ii.  To isolate secondary metabolites from the stem barks and leaves of B. abyssinica subsp.
abyssinica, subsp. paullinioides and their endophytic fungi

iii.  To investigate the bioactivities of secondary metabolites isolated from the stem barks and
leaves of B. abyssinica subsp. abyssinica and subsp. paullinioides and their endophytic
fungi

iv.  Todetermine the structures of the secondary metabolites isolated from B. abyssinica subsp.
abyssinica, subsp. paullinioides and their endophytic fungi

1.4 Hypotheses
i.  Endophytic fungi isolated from the stem barks and leaves of B. abyssinica subsp.

abyssinica and subsp. paullinioides have similar molecular characteristics.

ii.  Secondary metabolites in crude form do not exhibit any antimicrobial and cytotoxic
activities.
iii.  The isolated pure compounds show no antimicrobial and cytotoxic activities against

controls
iv.  The chemical structures of the isolated compounds cannot be conclusively elucidated
using the available spectroscopic tools
1.5 Justification
Natural products have been used by humans as remedies for various diseases over time.
Antimicrobials from plant extracts and decoctions recorded in ethnobotanical studies have
shown potency against microbial pathogens and tumors that affect both human beings and
plants. The frequent misuse and overuse of available drugs has led to emergence of resistant
strains of microbial pathogens. Furthermore, some of these pathogens are opportunistic and
pose a serious threat to cancer patients because of the compromised immune system. The
trends of new antimicrobials that are being introduced into the market have remained
insignificant. This is because resistance towards the drug being introduced has apparently
increased, especially in patients undergoing long-term treatment. There has been increased
enthusiasm to search for bioactive secondary metabolites from natural sources that can
effectively manage and treat both infectious and noninfectious diseases with the aim of
improving people’s quality of life. Melianthaceae family plant extracts and decoctions have
been used in the past by traditional medicinal practitioners for the treatment of tumors, skin
infections, wounds, dysentery, and roundworm infestation. Furthermore, natural drugs

obtained from plants and their endophytic fungi have gained popularity because they have
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better patient tolerance, are relatively less costly and have fewer side effects. This study seeks
to investigate secondary metabolites in B. abyssinica subsp. abyssinica and subsp.
paullinioides with antibacterial, antifungal and anticancer properties. Medicinal plants such
as B. abyssinica can be propagated while endophytes can be cultured providing potential new
antimicrobial and anticancer compounds. The compounds derived adds to the library of
existing ones and may form a basis for future discovery of new or alternative antimicrobial
and anticancer compounds through structure activity relationship (SAR) techniques. This
study contributes to the sustainable development goal (SDG 3) on health and wellbeing.



CHAPTER TWO
LITERATURE REVIEW
2.1 An overview of Infectious diseases

Infectious diseases are also known as communicable diseases or transmissible diseases.
They comprise clinically evident illnesses that result from an infection in the presence of a
pathogenic bacterial agent in a host organism. Infectious diseases may be asymptomatic in a given
host for a long time. Infectious pathogens are the cause of disease epidemics and include; bacteria,
fungi, viruses, protozoa, and parasites (Mirzaei et al., 2020; Pirofski & Casadevall, 2020).
Infectious diseases are the biggest cause of death amongst both children and adults across the
globe. Each year, 13 million deaths are attributed to infectious diseases, translating to one in two
deaths in developing countries. The majority of deaths due to infectious diseases occur in low and
middle income countries. This is partly because developing countries spend little money in health
care systems (Engels & Savioli, 2006; Lindahl et al., 2015). However, infectious diseases are not
just a problem of the underdeveloped countries but a global problem, especially with increased air
travel leading to the transportation of pathogens from continent to continent. Furthermore, drugs
that are available for the treatment of infectious diseases are progressively being depleted because
of the increasing resistance of microbes to antimicrobial drugs (Shinu et al., 2022).

Organisms that cause human infections are divided into two categories; primary and
opportunistic pathogens. Primary pathogens are those organisms that cause disease in healthy
people while opportunistic pathogens mainly infect immunocompromised people or people with
underlying diseases such as cancer and HIV / AIDS patients (Martinez, 2007). Opportunistic
diseases are sometimes caused by microbes that the host is ordinarily in contact with, such as
pathogenic bacteria or fungi in the gastrointestinal or the upper respiratory tract. They may also be
due to microbes acquired from other hosts as in the case of Clostridium difficile colitis or from the
environment because of traumatic introduction for instance surgical wound infections or an open
fracture (Kumpitsch et al., 2019; Prabhu, 2023). Primary pathogens may also cause more severe
disease in a host with depressed resistance than would normally occur in an immunosufficient host
(Chahal, 2021). In addition, many diseases once thought unrelated to infectious diseases especially
cancers are now known to be the result of chronic infections. Cervical cancer, for instance is now
associated with human papillomavirus infection and is one of the most common type of cancer in

the developing world among women (Almeida et al., 2019; Chan et al., 2019; Sivars et al., 2023).



2.2 Bacteria and common bacterial infections

Bacteria are very small microorganisms that only have one cell. While most bacteria do
not cause illness, infectious bacteria can cause severe illness because they reproduce quickly in the
body and give off toxins that can damage the host tissue. Bacterial reproduction is by binary fission
and they multiply very fast under optimal conditions (Koch, 2002). Bacteria that cause infections
include; Escherichia coli, Streptococcus and Staphylococcus. Bacteria are classified into gram-
positive and gram-negative based on gram staining. Gram staining differentiates bacterial species
based on chemical and physical properties of their cell walls peptidoglycan, which is present in a
thick layer in gram-positive bacteria (Kristensen et al., 2023). Gram-positive bacteria stain blue
while gram-negative bacteria stain red. Further, they cause different types of infections and hence
are treated using different types of antibiotics.

A range of gram-negative microorganisms cause various infections. For instance,
Escherichia coli infections in the digestive tract; brucellosis, an infection caused by several species
of Brucella and characterized by fever, lower back pain, severe headache, chills, bone and joint
pain. Cholera, an infection of the intestine caused by vibrio cholerae bacteria. Pseudomonas
aeruginosa can infect any type of the body such as lungs, heart valves or blood stream. Salmonella
infections due to contaminated food and fluids causing diarrhea and typhoid fever. Legionella
infections caused by Legionella pneumophila often affect the lungs causing pneumonia, fever,
muscle aches, painful and difficult breathing. Klebsiella, Enterobacter and serratia infections
infect respiratory tract and urinary tract of people in health care facilities (Syed, 2021). Similarly,
gram-positive microorganisms cause various infections. For instance, Enterococcal infections
caused by Enterococcus faecalis and Enterococcus faecium. Erysipelothricosis, a skin infection
caused by Erysipelothrix rhusiopathiae characterized by hardened, itchy rash. Pneumococcal
infections caused by Streptococcus pneumoniae (pneumococci) leading to pneumonia, ear
infection, meningitis and sinusitis. Staphylococcus aureus, the most dangerous of staphylococcal
bacteria causes skin infections, pneumonia, bone infections and heart valve infections.
Streptococcal infections also lead to blood stream infections, pneumonia, skin and heart valve
infections (Shrestha et al., 2019).

2.3 Overview of bacterial pathogens used in this study
Gram-positive bacteria Staphylococcus aureus, Mycobacterium smegmatis and Bacillus

subtilis as well as gram-negative Escherichia coli were used in this study.



2.3.1 Staphylococcus aureus

Staphylococcus aureus is a gram-positive bacteria whose cells occur in clusters and is
spherical shaped in appearance (Gnanamani et al., 2017). Bacteria in the genus Staphylococcus
are pathogens that affect both man and other mammals. It causes a range of infections due to the
virulence factors and hence an important human pathogen. S. aureus has been reported to have the
ability to acquire resistance to various classes of antibiotics, making it a challenging pathogen to
treat. S. aureus is a major cause of hospital acquired infections of surgical wounds, deep-seated
infections such as osteomyelites and endocarditis and a number of skin infections. The emergence
of antimicrobial resistance in S. aureus is a threat in the public health sectors across the world.
Further, methicillin-resistant S. aureus (MRSA) strains, are often multi-drug resistant in both
hospitals and communities accounting for the large numbers of mortality and morbidity (Dilnessa
& Bitew, 2016). In humans, S. aureus causes a wide range of infections which, based on the origin
of the infection are classified into nosocomial and community categories. S. aureus is a leading
cause of mortality and morbidity in hospitals, being a predominantly nosocomial pathogen for
decades. Community infections from S. aureus are also on the rise. Nosocomial and community
infections are distinct in antibiotic susceptibility, clinical manifestation of infection and genetic
background of S. aureus strain leading to the infection. The most common S. aureus clinical
infections include; skin and soft tissue infections, bacteraemia, pleuropulmonary and osteoarticular
infections, meningitis, urinary tract infections, epidural abscess and toxic shock syndrome (Bitrus
et al., 2018). Methicillin resistant S. aureus (MRSA) causes outbreaks in hospitals and can be
problematic in the community (Rossney et al., 2007). It is reported that, inappropriate use of
penicillin could lead to mutant forms of S. aureus causing more serious infection in the host and
other people that the host is in contact with and hence could pass the resistant microbe (Sefton,
2002).

2.3.2 Mycobacterium smegmatis

Mycobacterium smegmatis is a gram positive bacteria with a thick cell wall and inner
membrane. It is reported to have low response to antibiotics because of the slow cell growth and
irregularly thick cell wall in comparison to the other gram positive bacteria. M. smegmatis is a
rapid growing bacteria and multiplies very fast in the affected host (Alqurashi et al., 2019). M.

smegmatis usually causes skin infections such as abscesses, erythema, subcutaneous nodules and



papules. These infections are mostly opportunistic and occur after cosmetic related procedures due

to the open wounds (Wang et al., 2022).

2.3.3 Bacillus subtilis

Bacillus subtilis is a rod-shaped ubiquitous organism that is found in water, soil, air and
even decaying matter. It produces endospheres which allow it to survive the extreme
environmental conditions such as desiccation and heat. B. subtilis can be grown in the laboratory
and is easy to manipulate. B. subtilis inhabits aquatic environments, plants, soil and roots in nature
and can also inhabit the gastrointestinal tract of animals including humans. B. subtilis has
generally been reported to be non-pathogenic to human beings. However, it has been linked to
food poisoning because the bacteria are able to survive the heat that is applied during cooking.
This leads to diarrhea and acute vomiting in affected patients and can be life threatening (Ali et
al., 2022; Parija, 2023).

2.3.4 Escherichia coli

Escherichia coli are a group of gram negative bacteria that are rod-shaped and facultative
anaerobic. E. coli commonly resides in the intestines of warm-blooded organisms such as humans
causing no disease (Ramos et al., 2020). Some strains however, can cause infection in many other
parts of the body. There are many types of E. coli most of which are harmless while some strains
cause severe infections. The bacteria are mainly acquired through drinking contaminated water,
meat and leafy vegetables (Heiman et al., 2015). Antibacterial resistant E. coli of animal origin
poses human health hazards. This is due to intensive use of antibacterial agents in food production:
Meat and milk is frequently contaminated with antibacterial resistant E. coli (Hammerum & Heuer,
2009). While most E. coli strains are harmless, some strains are pathogenic because they acquire
invasion factors, bacteriophage or plasmid DNA-encodingenterotoxins. The pathogenic strains are
responsible for various infections across the globe. These infections include; diarrhea, urinary tract
infections, neonatal meningitis and septicemia. People may develop intestinal infection by
ingesting contaminated food, drinking contaminated food or touching infected animals. Infections
with multidrug resistant E. coli are an increasing concern, with resistance mediated by extended-
spectrum [-lactamase (ESBL) production. These isolates are most often obtained from
hospitalized patients but are becoming an increased cause of community acquired infections as
well (Soltani et al., 2018; Sousa, 2006).



2.4 Overview of antibiotics

Antibiotics are drugs used to either destroy bacterial or slow down the rate at which bacteria
undergoes multiplication. They are not effective against viral infections and most other infections.
Antibiotics either kill bacteria or stop them from reproducing, allowing the body's natural
defenses to eliminate them (Morris & Cerceo, 2020; Paterson et al., 2016). Doctors try to use
antibiotics for specific bacterial infections, but they sometimes start antibiotics that can treat many
different bacteria while waiting for results of tests that identify the specific bacteria. Taking the
antibiotics as prescribed is important, and antibiotics should be taken in the dose, frequency, and
number of days that are most effective to treat a specific infection (Guilhaumou et al., 2019).
Bacteria can develop resistance to the effects of antibiotics, especially if they are not taken as
directed. Antibiotics can have side effects, such as upset stomach, diarrhea, and, in women, vaginal
yeast infections. Some people are allergic to certain antibiotics (Kopacz & Phadtare, 2022).
Antibiotics are grouped into classes based on their chemical structure. However, antibiotics within
each class often affect the body differently and may be effective against different bacteria. Classes
of antibiotics include the following: aminoglycosides, carbapenems, cephalosporins,
fluoroquinolones,  glycopeptides and  lipoglycopeptides, macrolides, monobactams,
oxazolidinones, penicillins, polypeptides, rifamycins, sulfonamides, streptogramins and
tetracyclines (Hutchings et al., 2019; Lima et al., 2020).
2.4.1 Antibiotic resistance

Antibiotics are medicines used to prevent and treat bacterial infections. Antibiotic
resistance (AMR) occurs when bacteria undergoes genetic mutation that allows it to resist the
action of an antibacterial drug. Antibiotic resistance arises when bacteria is no longer susceptible
to the antibiotics that designed to kill or slow down their cell division (Nadeem et al., 2020). While
strains that have not undergone mutation are wiped out by the antibiotic, the strain that has
undergone mutation survives antibiotic exposure. The genetic advantage is then passed on when
the strain undergoes replication. The infected host spreads the resistant strain to others and with
time it becomes the most prevalent strain and renders the antibiotic widely ineffective (Jian et al.,
2021). Antibiotic resistance is rising to dangerously high levels in all parts of the world. New
resistance mechanisms are emerging and spreading globally, threatening our ability to treat

common infectious diseases. A growing list of infections such as pneumonia, tuberculosis, blood
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poisoning, gonorrhea, and foodborne diseases are becoming harder, and sometimes impossible, to
treat as antibiotics become less effective (Chen et al., 2019).

Multidrug resistance (MDR) arises when a microbe is resistant to multiple antimicrobial
medicines that are normally effective against it. For instance, the emergence and spread of
methicillin-resistant S. aureus (MRSA) strains which are often multi-drug resistant in hospitals
and subsequently in community resulted in significant mortality and morbidity. The epidemiology
of MRSA has been evolving since its initial outbreak which necessitates a comprehensive medical
approach to tackle this pathogen. Vancomycin has been the drug of choice for years but its utility
was challenged by the emergence of resistance (Kumar et al., 2021). In the last 10 years or so,
newer anti-MRSA antibiotics were approved for clinical use. However, being notorious for
developing antibiotic resistance, there is a continuous need for exploring novel anti- MRSA agents
from various sources including plants and evaluation of non-antibiotic approaches such as

phytomedicines and probiotics (Bassetti et al., 2019).

2.4.2 Antifungal resistance

Antifungal drugs are used in the treatment of fungal infections stopping the growth of
dangerous fungi in or on the body. Fungi can develop resistance to antifungal drugs the same way
bacteria can develop resistance to antibiotics. The resistance happens when germs develop the
ability to survive exposure to the drugs designed to kill them (McDermott, 2022). Currently, only
a small number of antifungal drug types exist, so resistance can severely limit treatment options.
Some types of fungi, like candida auris, can become resistant to all the antifungal drugs normally
used to treat these infections. Resistance is especially concerning for patients with invasive fungal
infections where severe infections affect the blood, heart, brain, eyes, or other parts of the body.
Resistant fungi include Aspergillus, certain Candida species, and certain dermatophytes such as
Trichophyton rubrum (Maji et al., 2023).

2.5 Mechanism of antimicrobial resistance

Microbes use a lot of ways to survive the effect of antibacterial and antifungal drugs. The
mechanisms of antimicrobial resistance include, limiting the uptake of the antibiotic, modifying
the target of the antibiotic, inactivating the antibiotic and active drug efflux. Bacteria with intrinsic
or natural resistance can utilize the ability to limit the uptake of the antibiotic, modify the target of

the antibiotic and drug efflux. Acquired resistance mechanisms used may be modification of the
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drug target, inactivation of the drug, and drug efflux. Gram negative bacteria and gram positive
bacteria use varying mechanisms due to the differences in structure of the bacteria among other
factors. Gram positive bacteria don’t have the lipopolysaccharide outer membrane and therefore,
rarely uses the ability to limit the uptake of a drug. Furthermore, they do not possess the capacity
for certain types of drug efflux mechanisms. On the other hand, Gram negative bacteria utilizes all

the mechanisms mentioned earlier (Abushaheen et al., 2020; Reygaert, 2018).

2.5.1 Limiting drug uptake

Gram negative bacteria have the lipopolysaccharide (LPS) layer which acts as a barrier to
some drug molecules. This layer allows those bacteria to develop natural resistance to some
antibacterial drugs (Blair et al., 2014). Bacteria with an outer membrane possess high lipid content
allowing hydrophobic drugs like rifampicin and fluoroguinolones to infiltrate the cell easily.
However, hydrophilic drugs cannot access the cell (Ayush & Schweizer, 2005; Lambert, 2002).
Bacteria that lack a cell wall, such as Mycoplasma and related species, are therefore intrinsically
resistant to all drugs that target the cell wall including B-lactams and glycopeptides. S. aureus, a
gram positive bacteria, developed resistance to vancomycin over a decade ago (Cong et al., 2020).
The bacteria produces thickened cell wall making it difficult for the drug go into the cell, and hence
providing resistance to vancomycin (Lambert, 2002; Miller et al., 2014). Bacterial communities
also form biofilm to protect themselves from antibiotics. The biofilms contain different kinds of
organisms but may have a predominant organism. Biofilms are thick, sticky matrix consisting of
polysaccharides, proteins and DNA from the bacteria, making it difficult for antimicrobial agents
to attack the bacteria (Acker et al., 2014; Mah, 2012; Soto, 2013).

2.5.2 Modification of drug targets

Bacteria has multiple cells that can be a target for antimicrobial agents and these targets
can also be modified by the bacteria to enable resistance to those drugs. For instance, -lactam
drugs are mostly used for gram positive bacteria, the mechanism of resistance to these drugs is by
altering the number or structure of penicillin-binding proteins (PBPs). The change in the number
of binding proteins has an impact on the quantity of the drug that can bind to that target and hence
decreasing or totally inhibiting drug binding (Beceiro et al., 2013; Reygaert, 2009). Gram negative
bacteria have thick LPS and hence have intrinsic resistance to glycopeptides such as vancomycin
and lipopeptides such as daptomycin. This is because glycopeptides also work by inhibiting cell
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wall synthesis and lipopeptides work by depolarizing the cell membrane (Randall et al., 2013).
Resistance to vancomycin has become a major issue in the enterococci and methicillin resistant S.
aureus (MRSA) (Beceiro et al., 2013; Cox & Wright, 2013).

2.5.3 Drug inactivation

Bacteria inactivates antibacterial drugs in two major ways. This includes; actual
degradation of the drug and transfer of a chemical group to the antibiotic. The p-lactams and
tetracycline are examples of drugs that are inactivated by degradation. Tetracyclines are
inactivated by hydrolyzation through the tetX gene while B-lactams can be hydrolyzed by enzymes
produced by the bacteria (Blair et al., 2015). Drug inactivation through the transfer of a chemical
group to the antimicrobial agent mostly utilizes transfer of three major groups; acetyl, adenyl and
phosphoryl groups. Acetylation is the most diversely used transferase mechanism against
chloramphenicol, aminoglycosides, streptogramins, and fluoroguinolones. Transferases involving
phosphorylation and adenylation are commonly used against the aminoglycosides (Blair et al.,
2015; Ramirez & Tolmasky, 2010; Robicsek et al., 2006; Schwarz et al., 2004).

2.5.4 Drug efflux

Efflux pumbs are transporters in the inner membrane of bacteria whose function is to export
antibiotics from the inside to the outside of the bacterial cells. These has contributed to multidrug
resistance (MDR) because one multidrug efflux pump has the ability to move multiple antibiotics
out of the bacterial cells. It is therefore, important to develop efflux pump inhibitors so as to
overcome infectious diseases resulting from multi-drug resistant bacteria (Nishino et al., 2021).
Bacteria possess chromosomally encoded genes for efflux pumps. Some are expressed
constitutively, and others are induced or overexpressed under certain environmental stimuli or
when a suitable substrate is present. This implies that, the high level of resistance is usually through
a mutation that modifies the transport channel. The efflux pumps function primarily to rid the
bacterial cell of toxic substances, and many of these pumps will transport a large variety of
compounds including antibiotic drugs. The resistance capability of many of these pumps is
influenced by the available carbon source (Blair et al., 2015; Thakur et al., 2021; Villagra et al.,
2012).
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2.6 Dermatophytes and common dermatophytic infections

The skin is the largest organ in the body and its major functions are regulation, sensation
and protection of the underlying organs (Lefévre-Utile et al., 2021). Skin diseases can be caused
by fungi, bacteria, viruses and parasites (Nahar et al., 2020). Skin infections are classified into
either; primary or secondary. Primary infections occur in normal skin, are initiated by a single
organism and have characteristic causes and morphologies. Secondary skin infections, on the other
hand, originate in diseased skin as a superimposed condition (Burstein et al., 2020). Fungal skin
infections are classified into two; dermatophytes and yeasts. Dermatophytes are caused by species
belonging to Trichophyton, Epidermophyton and Microsporum genera. In a study by Tiwari et al.
(2023), it is reported that, T. rubrum is the most prevalent causative agent of dermatophytes. The
prevalence of dermatophytes in developing countries is high because of high population densities,
poor social economic status and poor sanitary conditions (Nweze & Eke, 2018). Dermatophytes
commonly affecting human beings include; Tinea capitis, Tinea corporis, Tinea cruris (Nagaral
et al.,, 2018), Tinea barbae, Tinea faciei, Tinea manuum, Tinea pedis and Tinea unguium
(Chadeganipour et al., 2016). Furthermore, infections caused by dermatophytes are named
according to the anatomic location involved, for instance, tinea barbae (beard and moustache),
tinea capitis (scalp, eyebrows, and eyelashes), tinea corporis (face, trunk and major limbs), tinea
cruris (groin, perineal, and perianal areas), tinea pedis (soles and toe webs), tinea manuum
(palms) and tinea unguium (nails). Different dermatophyte species may produce clinically
identical lesions; conversely, a single species may infect many anatomic sites (Ahmad et al., 2021).

2.7 Overview of dermatophytes used in this study

The dermatophytes used in this study include: Trichophyton mentagrophytes, Trichophyton
rubrum, Trichophyton rubrum resistant, Trichophyton benhamiae var. luteum and Trichophyton
tonsurans. These strains are amongst the most common causative agents of most of the tinea
infections in humans (Moto et al., 2015). Statistics indicate that Trichophyton genus account for
93% of dermatophytoses, which was shared by Trichophyton rubrum (73.3%) and Trichophyton
mentagrophytes (19.7%), followed by Epidermophyton floccosum (4.2%) and Microsporum
gypseum (2.8%) (Venkatesan et al., 2007).
2.7.1 Trichophyton mentagrophytes

Trichophyton mentagrophytes is primarily a zoophilic dermatophyte that attacks humans.

Infections by zoophilic species result from animal-to-human contact such as cats, dogs, cattle, and
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laboratory animals (Samanta, 2015). It is the most common dermatophyte and may also survive
saprophytically in the soil. Infections caused by T. mentagrophytes have been reported in a large
number of both wild animals and domesticated animals (Gnat et al., 2019; Tang et al., 2021). Most
rodents carry T. mentagrophytes as normal flora without signs of disease (Tamura, 2010). T.
mentagrophytes colonies are powdery or granular, light buff to rose-tan with a buff to deep wine
or brown reverse. Macroaleuriospores are 3-5-celled, thin-walled, clavate, and not too abundant.
The most consistent microscopic feature is the production of large numbers of microaleuriospores
in grapelike clusters, especially in the zoophilic strains. T. mentagrophytes typically cause
suppurative inflammation with very itchy blisters followed by scaly, focal, or multifocal circular
and painful lesions with hair loss on the skin (Coyner, 2019; Rook & Abraham, 2022). This
dermatophyte is part of the natural skin flora of hedgehogs where it asymptomatically resides on
the skin and quills (Chermette et al. 2008; Connole 1968; Hata et al. 2000;). Several reports have
identified hedgehogs as a potential risk for the transmission of this species to human and dogs
through direct or indirect contact (Gnat et al., 2022; Jota Baptista et al., 2023; Ruszkowski et al.,
2021). Ringworm lesions on humans such as inflammatory T. pedis can be caused by T.
mentagrophytes (Sharquie & Jabbar, 2021).
2.7.2 Trichophyton rubrum

The Trichophyton rubrum is the most commonly encountered dermatophytic fungi with a
worldwide distribution with high keratinase activity. Dermatophytes with reduced sensitivity have
emerged across the world. T. rubrum is one of the most predominant fungi especially in developing
countries with reported antimicrobial resistance. The major predisposing factors include excessive
sweating, diabetes, and obesity (Chanyachailert et al., 2023). T. rubrum is one of the major
causative agent for ringworms such as T. capitis, T. cruris, T. pedis, and T. unguium (Duarte et al.,
2019). T. cruris commonly referred to as jock itch is usually caused by T. rubrum or
Epidermophyton floccosum. It typically appears as scaly, erythematous to tawny brown, bilateral
and asymmetric lesions extending down to the inner thigh and exhibiting a sharply marginated
border frequently studded with small vesicles. T. pedis varies in appearance, however, the most
common manifestation is maceration, peeling, itching, and painful fissuring between the fourth
and fifth toes. Acute inflammation conditions with vesicles and pustules and hyperkeratotic
chronic infection of the sole can also occur in T. pedis. Members of the T. mentagrophytes

complex frequently cause the more inflammatory type of infections, whereas T. rubrum usually
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causes the more chronic type (Cafiete-Gibas & Wiederhold, 2023). Dermatophytic nail infection,
T. unguium, is also most often caused by T. rubrum, and usually appears as thickened, deformed,
friable, discolored nails with accumulated subungual debris. This infection, in which the nail is
subungually infected beginning near its point of origin in the area of the lunula, is usually caused
by T. rubrum and often signals immunosuppression such as HIV / AIDS and diabetes mellitus
(Amaewhule, 2022).

2.7.3 Trichophyton tonsurans

Trichophyton tonsurans is an anthropophilic dermatophyte, responsible for infections of
the scalp and sometimes of the glabrous skin or nails (Havlickova et al., 2009). Unlike
dermatophytosis caused by other dermatophytes, the clinical features of infection due to T.
tonsurans are not very apparent initially. T. corporis due to T. tonsurans appears as small,
erythematous, scaly plaques, often measuring only 1-2 cm in diameter, have no central clearing,
and are similar in appearance to eczema. T. capitis due to T. tonsurans can be subdivided into three
types: the seborrheic subtype, which is primarily characterized by the presence of dandruff and
crusts; the kerion celsi subtype, which shows as acute inflammation; and the black dot subtype
which results from discolored patches and is exhibited mostly among sports players (Lee et al.,
2016). T. tonsurans, is the most common cause for T. capitis in North America. Other causes
include: Microsporum canis (more often than not from pets), Microsporum audouinii, T.
mentagrophytes, and Trichophyton violaceum. T. capitis is most prevalent in young children,
especially school going children. This poses a danger to family members and postmenopausal
caretakers can be infected. T. tonsurans is transmitted from human to human while M. canis is
transmitted from pets to humans (Romano et al., 2001).

T. corporis is a shallow skin disease that happens worldwide and influences all age groups.
Around half of the cases happen in age groups of 15-year old individuals and above. While all
dermatophytes cause skin disease, the prevalent pathogens differ topologically. T. rubrum, T.
tonsurans, T. mentagrophytes, M. canis, and E. floccosum are the most widely recognized reasons
for tinea corporis (Nenoff et al., 2014). T. unguium causes infections of the nails and is mostly
connected with T. pedis. It is more common in older individuals than children with overall
predominance ranging from 0.1% to 1%. Adults have a higher predominance at 2% to 14%, and

pervasiveness in old individuals approaches 40% (Alshehri et al., 2021). T. rubrum, T.
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mentagrophytes, and E. floccosum are the essential pathogens of tinea unguium (Chowdhry et al.,
2009).
2.7.4 Trichophyton benhamiae var. luteum

T. benhamiae var. luteum is a dermatophyte that is widely reported in guinea pigs, cats and
dogs. It is a zoonotic pathogen and therefore can spread to humans who are in contact with the
hosts (Cmokova et al., 2020; Maldonado et al., 2021; Scarpa et al., 2021; Spanamberg et al., 2023).
T. benhamiae var. luteum is most prevalent in Europe because most homesteads rear pets which
are the major carriers of the fungi (Cmokova et al., 2020). T. benhamiae causes Tinea infections
in both animals and humans. T. benhamiae infections in humans often result in severe skin lesions

like Tinea corporis, Tinea faciei and Tinea capitis (Baert et al., 2021; Nenoff et al., 2014)

2.8 The impact of skin conditions

The impact associated with both visible and hidden skin conditions is considerable and
often has negative impact on the life of the patients (Blome et al., 2016). People with skin problems
are at a higher risk of developing psychological and emotional stress, as well as, poor psychosocial
health. Patients with conditions such as eczema, skin cancer and psoriasis encounter psychological
challenges and hence their social life are affected negatively (Blome et al., 2016). Chronic skin
disorders lead to major depression, social withdrawal, and lack of confidence, anger and
frustration. The American academy of dermatology reports that, about 5% of American adults
suffering from chronic psoriasis experience suicidal thoughts. Further, 26% of individuals
suffering from mild psoriasis have been forced to change their lifestyle or discontinue their normal
daily activities and thereby, increasing the dependency rates (Luca et al., 2020). Besides, skin
disorders and the resulting consequences do not affect adults only, children also suffer with two

out of five of these children having psychosocial impairment (Xu et al., 2019).

2.9 Cancer

Cancer is the uncontrolled growth of abnormal cells anywhere in the body and it is one of
the most devastating disease and major cause of death in the world (Baskar et al., 2012). These
abnormal cells are termed cancer cells, malignant cells, or tumor cells and these cells can infiltrate
normal body tissues. Many cancers and the abnormal cells that compose the cancer tissue are
further identified by the name of the tissue that the abnormal cells originated from, for instance,

breast cancer, lung cancer, and colorectal cancer (Li et al., 2021). When damaged and unrepaired
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cells stay alive and become cancer cells, they show uncontrolled division and growth leading to
the development of a mass of cancer cells. Cancer cells break away frequently from the original
mass of cells, travel through the blood and lymph systems, and lodge in other organs where they
can again repeat the uncontrolled growth cycle. This process of cancer cells leaving an area and
growing in another body area is termed metastatic spread or metastasis. For example, if breast
cancer cells spread to a bone, it implies that the patient has metastatic breast cancer to bone (Fares
et al., 2020).

The cancer burden is on a steady rise and is further expected to rise, with over the predicted
20 million new cancer cases expected globally by 2025. In the low- and middle-income countries,
the picture is even darker, where approximately 70% of deaths are due to cancer diseases and
where only one in five countries have the necessary data to drive cancer policy (Mccormack &
Boffetta, 2011; Sankaranarayanan, 2014). Advancing the fight against cancer requires both
increased investment in cancer pathology research and in new safe, effective, inexpensive and
minimal side effect anticancer agents. Throughout history, many cultures across the globe have
used traditional herbal medicine to treat a myriad of diseases and disorders. Plants constitute a
common alternative for cancer treatment in many countries, and more than 3000 plants worldwide
have been reported to have anticancer properties (Alves-Silva et al., 2017; Tariq et al., 2017). In
the last two decades, the use of herbal remedies has also been widely embraced in many developed
countries as complementary and alternative medicine, but following tight legislation and under
surveillance (Enioutina et al., 2017). Natural products have garnered increasing attention in cancer
chemotherapy because they are viewed as more biologically friendly and consequently more co-
evolved with their target sites and less toxic to normal cells (Mishra & Tiwari, 2011). Moreover,
there is evidence that natural product derived anticancer drugs have alternative modes of
promoting cell death (Gali-Muhtasib et al., 2015; Khalid et al., 2016). Based on these facts, many
researchers are now centering their investigations on natural products sources such as plants, fungi
and bacteria with potential compounds for use in the pharmaceutical industry (Bernardini et al.,
2018; Huang et al., 2021; Katz & Baltz, 2016). From small molecules approved for cancer
chemotherapy between 1940 and 2014, around 49% are derived from natural products (Newman
& Cragg, 2016).
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2.10 Overview of cancer cell lines used in this study
Two mammalian cell lines namely; HeLa (KB3.1) and mouse fibroblast (L929) cell lines

were used in this study

2.10.1 KB3.1 cell line

KB3.3 cell line is human cervix carcinoma. It is a subclone of the parental KB cell line
which is a HELA subclone. The cell line was used to establish several drug resistance subclones

like the multi-drug resistant KB-V1 resistant to vinblastine (Akiyama et al., 1985).
2.10.2 L929 cell line

L929 Cell Line is a mouse subcutaneous connective tissue. L-929 is an adherent type of
mouse fibroblast cell line known as an alternate test system for toxicity assessment. L929 cells can
be used in the development of novel anti-cancer treatments. Resistance can be circumvented by
modulating agents such as verapamil and quinine. The parent cell line L929 was derived from

normal subcutaneous areolar adipose tissue (Cadagan & Merry, 2013).

2.11 Medicinal plants

Traditional medicine plays a major role in the healthcare of most communities particularly
in Africa and Asia (Ashworth & Cloatre, 2022). According to the World Health Organization
(WHO), approximately 80% of the human population relies on medicinal plants for therapy and
treatment of various diseases. Statistically, approximately 40,000 to 70,000 medicinal plant species
are utilized across the world as traditional medicines (Uttpal et al., 2019, 2022). It is reported that
approximately 25% of pharmaceuticals are also derived from plants either directly or indirectly
from plants and are effective in the management of illnesses. Plants, evolve and adapt to their
environment producing secondary metabolites that act as defense system towards the hostile
environments. These natural products are chemically complex molecules more often due to their
multiple chiral centers. It therefore, becomes a challenge to chemically synthesize these molecules
and where it is possible, the process is not commercially viable due to the costs involved. The
structural complexity of natural products contributes to their vast range of therapeutic activities
(Datta et al., 2021; Mohammed et al., 2021; Uttpal et al., 2019, 2022). It is therefore, imperative

that medicinal plants are the major sources of these medically important natural products (Halder
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et al., 2021; Khare et al., 2021). In this study, two subspecies of a medicinal plant, B. abyssinica
subsp. abyssinica and B. abyssinica subsp. paullinioides were selected for investigation of their

bioactive secondary metabolites.

2.12 Bersama abyssinica

The genus Bersama comprises of four species and belong to Melianthaceae family
including B. abyssinica, B. swinnyi, B. yangambiensis, and B. engleriana (Djemgou et al., 2010;
Kifle & Enyew, 2020). B. abyssinica consists of two subspecies, namely, B. abyssinica subsp.
abyssinica (Figure 2.1) and B. abyssinica subsp. paullinioides (Figure 2.2) (photos courtesy of
Prof. I. Wagara). The leaf of B. abyssinica subsp. abyssinica Verdc. has a wingless rachis with a
pointed apex and is usually hairy, whereas that of B. abyssinica subsp. paullinioides (Gurke) F.
White has a wingless or only slightly winged rachis that is spherical. Another distinguishing
character between the two is that the capsule of the latter is smoother than that in the former
(Beentje et al., 1994). B. abyssinica is localy known as morgenet and sigirwo by the Sabaot

community; omubamba by the Kisii community and olobayie tiang'ata by the Maasai.

Figure 2.1: Bersama abyssinica subsp. abyssinica plant
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Figure 1.2: Bersama abyssinica subsp. paulliniodes plant

2.12.1 Geographical distribution of Bersama abyssinica

The genus Bersama is widely distributed in tropical and subtropical Africa (Kuete et al.,
2007). It grows in lowland bush savanna, gallery forests and montane forests, from sea-level up to
2700 m altitude. In East Africa, there are two subspecies of B. abyssinica namely; B. abyssinica
Fresen. subsp. abyssinica and B. abyssinica subsp. paullinioides. It is distributed in Democratic
Republic of Congo, Tanzania, Mozambique, Zambia, Zimbabwe, Angola, Nigeria, Ethiopia,
Kenya, Sudan and Uganda (Mikkelsen & Seberg, 2001). Figure 2.3 shows the growing areas of B.
abyssinica across Africa.
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| B.abyssinica growing areas

Figure 2.3: Map showing the geographical distribution of B. abyssinica in Africa

2.12.2 Medicinal Uses of Bersama abyssinica

The majority of Bersama species are used traditionally as remedies to manage various
diseases. The leaf extracts of B. abyssinica are administered orally for treating dysentery and
roundworm infestations (Birhanu, 2013; Seyoum & Zerihun, 2014), and the aqueous extract of the
plant is also used to treat tumors (Schmelzer & Gurib-Fakim, 2013). The leaves extracts of B.
abyssinica are administered orally to treat stomach disorders such as abdominal pain, colic, cholera
(Regassa, 2013) and diarrhea (Lulekal et al., 2014). The stem bark and root bark decoctions are
used to treat amoebiasis, rabies, syphilis, gonorrhoea and malaria (Fenetahun & Eshetu, 2017).
The bark and leaves of B. abyssinica has been used against malaria and fever in humans (Guédé
et al., 2010). The stem and leaves has been used in the management of blackwater east coast fever
and rift valley fever in cattle by the Ogiek and Maasai communities (Amuka et al., 2015).
2.12.3 Phytochemistry and Pharmacological Activities of B. abyssinica

Phytochemical studies of B. abyssinica have been reported in various studies. B.
abyssinica fresen is rich in various secondary metabolites responsible for the drug's effects in the
treatment of various ailments. The stem bark of B. abyssinica is rich in phenols, flavonoids, and
saponins (Sinan et al., 2020). Gas chromatography-mass spectrometry of the methanolic fraction
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of leaf, stem bark, and root bark of B. abyssinica revealed the presence of flavonoids, terpenes,
steroid, carotenoid, unsaturated, and saturated fatty acids (Zekeya et al., 2014). The class of
compounds identified in the study by Mathewos et al., (2018) reported that B. abyssinica possess
antioxidant, antimicrobial, insecticidal and antitumor properties. The methanolic and chloroform
extracts of the leaves of the plant are rich in alkaloids, glycosides, and flavonoids, while the
methanolic extract of the leaves contained; steroids, phenols, tannins, triterpenes, anthraquinones,
polysterols, and coumarin (Mathewos et al., 2018). The aqueous extract of the leaves contains
phenolic compounds such as; flavonoids and tannins (Sinan et al., 2021). In another study by
Amuka et al. (2015), it is reported that extracts from B. abyssinica are effective against various
fungal and bacterial pathogens such as C. albicans, Escherichia coli and Klebsiella pneumonia.
Furthermore, the aqueous extract of B. abyssinica stem bark was tested against six multi-resistant
strains of S. aureus. All the multi-resistant strains were sensitive to the extract with an inhibition

zone of more than 10 mm (Bene et al., 2016).

2.12.4 Secondary metabolites previously reported in Bersama abyssinica

Plants of the genus Bersama have proved to be a rich source of bufadienolides (Steyn & Van
Heerden, 1998). A number of secondary metabolites (1-16) have been isolated from Bersama
abyssinica (figure 2.4). A study by Kupchan et al., (1968) led to the isolation of hellebrigenin 3-
acetate (5) and hellebrigenin 3, 5-diacetate (2) which showed antitumor properties. In another
study, bersaldegenin 1,3,5-orthoacetate (12) and 16p-hydroxy-bersaldegenin 1,3,5-orthoacetate
(13) were found to be cytotoxic against KB cell lines (Kupchan et al., 1971). Compounds 1-13 are
bufadienolides, a class of C-24 steroids consisting of a characteristic a-pyrone ring at C-17. Three
structures are drawn as a template of the common part of the compounds 1-13 and the varying
substituents are shown below. Compounds 14 — 16 are flavonoid glycosides and have been

previously reported from the leaves of B. abyssinica (Asres et al., 2006).
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Figure 2.4: Chemical structures of secondary metabolites isolated from Bersama abyssinica

2.13 Medicinal plants as sources of antibacterial and antifungal agents

Medicinal plants have been part of the integral culture of many communities for the
treatment of various ailments including bacterial and fungal infections (Mahomoodally, 2013). In
the recent past, scientists have reported various antimicrobial properties of extracts and compounds
from plants. Plant derived antibacterial and antifungal agents have generated a lot of interest for
the improvement of human health (Ververidis et al., 2007). Studies on clinical efficacy and
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antimicrobial effects as well as the chemistry of commercially available antibacterial and
antifungal agents of plant origin currently used in the prevention and treatment of infections have
been done. These infections include: skin infections, gastrointestinal infections, oral infections,
urinary tract infections and respiratory infections (Omwenga et al., 2015). More than 40 plant-
derived over the counter pharmaceuticals, cosmetics, herbal medicines and dietary supplements
are currently in use. Examples include extracts such as, Glycyrrhiza glabra extract, Melaleuca
alternifolia essential oil, and Pistacia lentiscus resin; pure compounds such as benzoic acid,
eucalyptol, salicylic acid, berberine and thymol; and derivatives such as, bismuth zinc pyrithione,
and subsalicylate. In vitro antimicrobial data supporting the efficacy of these products have been
illustrated through clinical trials. These data, as well as, the broad spectrum of various commercial
products currently available on the market indicate that medicinal plants are expected sources of
antibacterial and antifungal agents. Furthermore, medicinal plants are alternative sources of
secondary metabolites that could be effective against microbial human diseases that are recently
emerging. They also offer prospective solutions to the challenges of antimicrobial resistance
(Kokoska et al., 2019).

2.14 Medicinal plants as sources of anticancer agents

Plants have a long history of use in the treatment of cancer with more than 3000 plant
species reported to have been used in the treatment of cancer. It is significant that over 60% of
currently used anticancer agents are derived in one way or another from natural sources, including
plants, marine organisms and micro-organisms (Abbott et al., 1967; Graham et al., 2000; Shoeb,
2008; Talib et al., 2022). Secondary metabolites of plant origin are often excellent leads for drug
development. Scientists therefore modify the chemical structure of more promising compounds in
one strategic way to increase their anticancer action and selectivity, improve their absorption,
distribution, metabolism and excretion properties and decrease their toxicity and side effects (Guo,
2017; Yao et al., 2017). Some plant secondary metabolites and their derivatives obtained by
structural modifications, have made great achievements as anticancer agents. For instance,
vincristine, is one of the first anticancer agents of plant origin to be approved in clinical use. It is
a naturally-occurring alkaloid extracted from the leaves of Catharanthus roseus (L.) G. Don and
has been used in chemotherapy against acute lymphoblastic leukemia. Furthermore, it has been
used to treat other cancers such as rhabdomyosarcoma, lymphomas, neuroblastoma and
nephroblastoma (Almagro et al., 2015; Moore & Pinkerton, 2007).
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Another chemotherapy drug of plant origin is paclitaxel, a tricyclic diterpenoid. It was
isolated from the bark of Taxus brevifolia Nutt. (Pacific Yew) and sold under the brand name
Taxol® since 1993. Paclitaxel is a complex molecule that has become one of the most active cancer
chemotherapeutic drugs known (Bernabeu et al., 2017; Weaver, 2014). Traditional medicine uses
the bark extracts of Cephalotaxus harringtonii (Knight ex J.Forbes) K. Koch and Cephalotaxus
fortunei Hook. trees to treat cancer. Furthermore, homoharringtonine, is an alkaloid and was first
isolated from these plants and exhibits potent antiproliferative activity against leukemia cells. After
a series of clinical trials, the Food and Drug Administration (FDA) in 2014 approved
homoharringtonine for self administration at home and therapy by the patients or caregivers (Shen
et al.,, 2014). Cephalotaxine, a compound that is naturally occurring in the leaves of
Cephalotaxus species can be transformed into homoharringtonine by esterification (Butler et al.,
2014; Xiao et al., 2016).

2.15 Modes of action of plant secondary metabolites

Plants produce secondary metabolites which act as defense compounds against microbes,
as well as, signal compounds. These secondary metabolites exhibit a wide range of biological and
pharmacological properties (Wink, 2015). Because of this, some plant products have been and still
are used to treat infections and various health disorders. Secondary metabolites interact with the
main target in the cells such as proteins, biomembranes or nucleic acids. Secondary metabolites
specifically modulate a corresponding molecular target in animals or humans. Such targets are
often neuroreceptors, enzymes which degrade neuroreceptors, ion channels, ion pumps or
members of the cycloskeleton (Wink, 2015; Wink & Schimmer, 2010). Secondary metabolites
have been presently extracted from plants and endophytes and are used in modern medicine as
chemical entities with established applications. These secondary metabolites are specific for a
given target. Table 2.1 provides examples of secondary metabolites isolated from plants and their

mode of action as well as their medicinal application (Wink, 2015).
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Table 2.1: Mode of action of secondary metabolites isolated from medicinal plants

Secondary metabolites  Plant species Mode of action Application
Morphine Papaver agonist of endorphine analgesic,
somniferum receptors hallucinogen
Cocaine (A) Erythroxylum inhibits Na* channels and analgesic;
coca reuptake of noradrenaline and  stimulant
dopamine
Digitoxin, digoxin (T) Digitalis lanata inhibits Na",K*-ATPase heart

Dimeric Vinca alkaloids

Colchicine

Huperzine A

Pilocarpine

Cannabis sativa

Colchicum

autumnale

Lycopodium

clavatum

Pilocarpus
joborandi

inhibit microtubule assembly

inhibits microtubule assembly

Inhibits AChE (anti-

cholinesterases)

agonist of mMAChR
(Muscarinic acetylcholine

receptor)

insufficiency
tumor therapy

gout treatment

Alzheimer

treatment

glaucoma

treatment

2.16 Endophytes

Plants are reservoirs for an enormous number of bacterial and fungal microorganisms

known as endophytes (Tanvir et al., 2017). Endophytes colonize the internal tissues of plants

without causing any harm. Endophytes impact the mechanisms of the metabolism of host plants

by employing pathways such as; endophyte self-metabolizing, endophyte and host co-

metabolizing and signaling. Further, the introduction of secondary metabolites could be one of the

mechanisms endophytes influence the metabolism in the host plants (Huang et al., 2018).

Endophytes produce many bioactive secondary metabolites in plants and have proven to be good

sources of drugs for the treatment of various diseases (Kaul et al., 2012). Secondary metabolites

that have been isolated from endophytes include; quinones, alkaloids, flavonoids, benzopyrones,

saponins, terpenoids, xanthones, steroids, and tannins. Endophytes therefore, are potential sources



of novel compounds for exploitation in the pharmaceutical industry (Pimentel et al., 2011). In
another study by Nisa et al. (2015), it is reported that the use of medicinal plants as source of novel
compounds may lead to the deterioration of species and hence loss of biodiversity. Therefore,
microorganisms residing inside the medicinal plants offer an alternative to the process of drug
discovery while conserving the biodiversity.

A number of fungi have been isolated from medicinal plants and screened for biological
activities against various pathogens (Kaul et al., 2017; Vasundhara et al., 2016). Secondary
metabolites produced by different endophytic fungi from medicinal plants possess unusual
chemical structures with interesting bioactivities (Lunardelli et al., 2016). Endophytic fungi should
therefore, be exploited for lead compounds of pharmaceutical importance. Endophytes are
beneficial to the plants by producing secondary metabolites which prevent the host from being
attacked by pathogenic fungi, bacteria, and pests (Kusari et al., 2013). Endophytes have shown to
produce a variety of secondary metabolites with structures such as alkaloids, lipids, polyketides,
terpenoids and glycosides (Suresh & Sona, 2021). Several other studies report a wide range of
various classes of compounds such as steroids, xanthones, phenols, isocoumarins, perylene
derivatives, quinines, furandiones, terpenoids, depsipeptides, and cytochalasins. These secondary
metabolites exhibit pharmacological activities which include: antibacterial, antiviral, anticancer,
antioxidant, antifungal, insecticidal, antidiabetic, and immunosuppressive properties (Deshmukh
& Verekar, 2012; Gunatilaka, 2006; Hridoy et al., 2022; Manganyi & Ateba, 2020; Silva-Hughes
etal., 2015).

2.16.1 Fungal endophytes as sources of antibacterial agents

The potential of endophytic microorganisms to produce a range of secondary metabolites
makes them an interesting source in the search for new antimicrobial agents, and their application
in the food and cosmetics industry can contribute to several biotechnological applications. Some
of the metabolites produced by endophytes are terpenes, alkaloids, phenols, tannins, quinones,
saponins, steroids (Sharma et al., 2020). Several compounds have been isolated from various
endophytic fungi with interesting antimicrobial activities. For instance, sesquiterpenoids and
terpenes were isolated from endophytic fungus Leptosphaeria sp. isolated from the leaves of
Panax notoginseng. These molecules showed antibacterial activity against E. coli, P. aeruginosa,
and Salmonella typhimurium strains, with MIC ranging from 12.5 to >100 pg/mL (Chen et al.,
2019). An anthraquinone, altersolanol was isolated from endophytic fungus Phomopsis longicolla

28



obtained from the leaves of Bruguiera sexangular var. rhynchopetala. The compound was active
against Vibrio parahaemolyticus and Vibrio anguillarum with MIC values of 2.5 and 5.0 pg/mL,
respectively (Li et al., 2017). Alkaloids namely, indol-3-acetic acid, methyl indolyl-3- acetate, and
bassiatin from Fusarium proliferatum isolated from green Chinese onion showed activity against
E. coli with MIC above 100 pg/mL (Jiang et al., 2019). Further, di-(2-ethylhexyl) phthalate
(DEHP) was isolated from the endophytic fungus Diaporthe phaseolorum obtained from Paullinia
cupana var. sorbilis (Mart.). The compound showed antibacterial activity against multi resistant
and sensitive E. coli and P. aeruginosa strains, with MIC values of >30 pg/mL for E. coli and 0.23
pg/mL for P. aeruginosa (Silva et al., 2018).

2.16.2 Fungal endophytes as sources of antifungal agents

Endophytic fungi is reported to have the potential to produce secondary metabolites that
are active against fungal pathogens. In a study by Wu et al. (2016) compounds isolated from
Pestalotiopsis sp. obtained from Dendrobium officinale were tested for antifungal activities. They
exhibited anti-fungal activities against C. albicans, Cryptococcus neoformans, T. rubrum,
and Aspergillus fumigatus with MIC values < 50 ug/mL (Wu et al., 2016). In another study,
endophytic fungus Pestalotiopsis fici obtained from Camellia sinensis was a source of ficipyrone
A. This compound showed antifungal activity against Gibberella zeae, a fungal plant pathogen
with, an ICso value of 15.9 uM (Liu et al., 2013). A phenolic compound was isolated from
endophytic fungus Pestalotiopsis mangiferae associated with Mangifera indica Linn. The
compound exhibited strong antifungal activity against C. albicans with an MIC value of 0.039
pg/mL, while nystatin showed an MIC of 10.0 pg/mL (Subban et al., 2013). Further, compounds
isolated from endophytic fungus Rhizopycnis vagum obtained from Nicotiana tabacum showed
strong inhibition of Magnaporthe oryzae with ICsg values ranging from 9.9 pg/mL and 12.0 pg/mL
(Lai et al., 2016).
2.16.3 Fungal endophytes as sources of anticancer agents

Pacilitaxel is an important anticancer drug that is used for the treatment of ovarian cancer,
breast cancer, and lung cancer (Wood et al., 1995). It was initially isolated from a medicinal plant
Taxus brevifolia as discussed earlier. Later on the compound was isolated from an endophytic
fungal culture of Pestalotiopsis sp. The fungal culture was obtained from the stem bark of a
medicinal plant, Tabebuia pentaphylla (Visalakchi & Muthumary, 2010). The derivative of
pacilitaxel named docetaxel was also invented and the mechanism of these drugs is through the
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blockage of cell mitosis by stabilization of the microtubule polymer and consequently cell death
(Zwawiak & Zaprutko, 2014). More anticancer agents have been discovered from fungal
endophytes over time. Vinblastine and vincristine, was originally isolated from the plant
Catharanthus roseus and later found from the culture of Alternaria sp. (Guo et al., 1998) and
Fusarium oxysporum (Kumar et al., 2013). Alternaria sp. and F. oxysporum endophytic fungi were
obtained from the same plant host. Derivatives of camptothecin, topotecan and irinotecan were
isolated from the stem bark of Camptotheca acuminate plant. They exhibit cytotoxicity against
several cell lines including lung cancer, ovarian cancer and liver cancer and have also been found
in the culture of endophytic fungi such as Neuropsora sp., Fusarium solani and Entrophospora

infrequens (Kharwar et al., 2011).

2.17 Overview of fungal endophytes isolated from Bersama abyssinica in this study
Endophytic fungi have a great influence on plant health and growth, and are an important
source of bioactive natural compounds. These endophytic fungi belong to the phylum Ascomycota
and produce various classes of bioactive secondary metabolites (Gakuubi et al., 2022; Helaly et
al., 2018). In this study, six endophytic fungi were isolated from the plant tissues of B. abyssinica
subsp. abyssinica and subsp. paulliniodes. They include Epicoccum nigrum,
Hypoxylon lividipigmentum and Talaromyces pinophilus, Purpureocillium lilacinum,

Clonostachys rosea, Scopulariopsis fusca.

2.17.1 Epicoccum nigrum

Epicoccum nigrum is an endophytic fungi that has been isolated from terrestrial
microorganisms such as Salix sp. (Harwoko et al., 2019), Cordyceps sinensis (Guo et al., 2009),
Lysidice rhodostegia (Wang et al., 2010) and Mentha suaveolens (Amrani et al., 2014). E. nigrum
has also been isolated from Theobroma cacao L. (Sterculiaceae), commonly known as cocoa tree.
It is an economically important crop cultivated in several tropical and subtropical parts of the world
for the manufacture of chocolate, and for pharmaceutical and cosmetic purposes (Talontsi et al.,
2013a). In this study, the fungus E. nigrum was isolated from the fresh leaves of B. abyssinica
subsp. abyssinica. Previous studies reveal that the endophytic fungi E. nigrum is rich in
isobenzofuran derivatives, polyketides, thiodiketopiperazines and diketopiperazines (Amrani et
al., 2014; Guo et al., 2009; Harwoko et al., 2019; Wang et al., 2010).
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2.17.2 Hypoxylon lividipigmentum

Hypoxylon lividipigmentum has been reported as fungus from both medicinal plants and
lichens tissues. Ethyl acetate extract of the fungus has been reported to possess antioxidant, anti-
inflammatory, tyrosinase inhibitory and antibacterial potency. LC-MS dereplication was
conducted on the crude extract to identify the secondary metabolites. The secondary metabolites
in H. lividipigmentum include: ochrindole C, 2,5-Dihydroxybenzenemethanol, epoformin,
isoepiepoformin, 2,3,6-Trihydroxytoluene, aurantiomide A, jiangolide, cinatrin B, 5-
Methylpyrogallol and 2-Methylene-3-oxocyclopentanecarboxylic acid (Weerasinghe et al., 2021a;
Weerasinghe et al., 2021b).

2.17.3 Talaromyces pinophilus

Talaromyces pinophilus is an endophytic fungus from the genus Talaromyces and the
family Trichocomaceae. T. pinophilus is known for producing some essential bioactive secondary
metabolites, including terpenoids, alkaloids, polyketides, tetraene, esters, lactones, and
furanosteroids (Adelusi et al., 2022; Lan & Wu, 2020). Organic extracts obtained from the culture
filtrate of an endophytic strain of Talaromyces pinophilus isolated from strawberry tree (Arbutus
unedo) were studied. The analysis of secondary metabolites revealed the presence of bioactive
metabolites including; siderophore ferrirubin, the platelet-aggregation inhibitor herquline B and

3-O-methylfunicone with antibacterial activity (Vinale et al., 2017).

2.17.4. Purpureocillium lilacinum

Purpureocillium lilacinum belongs to the genus Purpureocillium and family
Ophiocordycipitaceae. A number of secondary metabolites have been isolated from the fungus P.
lilacinum including, acremoxanthone, acremonidin, paecilomide, pyrones, ergosterols,
cerebrosides and leucinostatins (Wei & Hu, 2022). P. lilacinum is an important fungus which has
been previously used in the development of pesticide products in China, USA and Europe.
Furthermore, P. lilacinum has been reported to be effective against Phyllotreta striolata, Thrips
palmi, and predatory mite (Hotaka et al., 2015; Yoder et al., 2018). Studies have reported that,
healthy crops and plants can be achieved by treatment with symbiotic fungi (Colla et al., 2015;
Hyde & Soytong, 2008; Strobel & Daisy, 2003). Endophytic fungi and mycorrhizal fungi are the
major groups of fungi in which such plant-fungus associations have been established (Bonfante &

Genre, 2010). P. lilacinum has been reported to be potential plant growth hormone. The fungus
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was used as a bioinoculant in beans, soybean and maize. The findings showed an increase in
vegetation growth and plant height were associated with the fungus P. lilacinum (Baron et al.,
2020). These findings can be attributed to the presence of growth promoting secondary metabolites
in this fungus (Erb & Kliebenstein, 2020; Selim et al., 2021).

2.17.5. Clonostachys rosea

The fungus Clonostachys rosea has been reported in mangrove plants, strawberry, onion
plants, lettuce cocoa trees, tomato and medicinal plants such as Blumea balsamifera among others
(Costa et al., 2012; Meng et al., 2022; Muvea et al., 2014; Shu et al., 2020; Supratman et al.,
2019). New secondary metabolites isolated from the fungus, C. rosea obtained from mangrove
plants have been described. These secondary metabolites include (-)-dihydrovertinolide, and
clonostach acid A, clonostach acid B, and clonostach acid C. Further, previously described
compound (-)-vertinolide was also isolated (Supratman et al., 2019). In another study, C. rosea
was obtained from the medicinal plant Blumea balsamifera. Secondary metabolites described as
verticillin A, (S)-(+)-fusarinolic acid, 8-hydroxyfusaric acid, cerebroside C, 3-Maleimide-5-
oxime, and bionectriol A were isolated from C. rosea. The compounds exhibited antibacterial
activities against a range of bacterial pathogens that include: E. coli, S. aureus, B. subtilis and P.

aeruginosa (Shu et al., 2020).

2.17.6. Scopulariopsis fusca

Scopulariopsis fusca has been reported as both endophytic marine fungus and endophytic
fungus from medicinal plants. It is one of the fungus with untapped potential and posses secondary
metabolites with a wide range of biological activities (Hawas & Al-Farawati, 2017; Manganyi &
Ateba, 2020). S. fusca is among the fungi that improve the resistance of the host marine organisms
to the harsh environment through the production of bioactive metabolites. The fungus produce
secondary metabolites that belong to various structural groups such as tannins, flavonoids,
quinones, alkaloids and steroids. These classes of compounds have been reported with
antimicrobial and insecticidal activities (Hawas & Al-Farawati, 2017).

2.18 Effect of ecological differences on production of plant secondary metabolites
Medicinal plants are a source of all kinds of secondary metabolites and are subjected to
various environmental stresses through the process of growth and development. Ecologically

limiting factors include temperature or heat, carbon dioxide, lighting in the area the plant grows,
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the nature of the soil in terms of fertility, humidity and salinity. These factors have significant
influence on the physiological and biochemical responses of medicinal plants’ which in turn impact
the synthesis of secondary metabolites (Mahajan et al., 2020; Pant et al., 2021). Secondary
metabolites are important for assessing the therapeutic ingredients of plants and their quality which
are natural derived drugs such as antimicrobials, immunosuppressant, anti-diabetic, and anti-
cancer (Nandy et al., 2020). Plants have the ability to synthesize a variety of secondary metabolites
to cope with the negative effects of stress. The environmental factor is the major limiting factor
for the survival and growth of medicinal plants. Studies have revealed that plants of the same
species grown in a different environment have a different concentration of a particular secondary
metabolite. This is because the plant has to produce a specified quantity and quality of secondary
metabolite to counter the environmental stress (Radusiené et al.,, 2013; Ramakrishna &
Ravishankar, 2011).
2.18.1 Temperature stress

The growth of plants and their metabolic pathways that signal defense responses and
physiological regulation change with temperature change. Temperature is a weather variable and
can influence the production and composition of secondary metabolites significantly due to the
disruption in the photosynthesis process to tolerate stressful environments (Mahajan et al., 2020;
Pantetal., 2021). For instance, the appearance of vegetative development increases as temperature
rise to the plants’ optimum level while growth and development are limited during cold
temperatures. It is reported that, the composition of alkaloids in Duboisia myoporoides R. Br.
increased slightly with a temperature increase of 4 °C (Ullrich et al., 2017). In another study, an
increase in the accumulation of tanshinones from Salvia miltiorrhiza Bunge was observed with an
increase in temperature (Zhang et al., 2019). Likewise, in Tithonia diversifolia A. Gary, there is
an increase in phenolic compounds at 22 °C and a decrease afterward (Sampaio et al., 2016).
Camellia japonica L. global gene regulation of unsaturated fatty acid and jasmonic biosynthesis
pathways were deduced in the low temperature (Li et al., 2016). On contrary, high temperature
reduce silymarin content in Silybum marianum L. roots showing secondary metabolites
accumulation is a temperature-dependent process (Rahimi & Hasanloo, 2016).
2.18.2 Carbon (iv) oxide (COz2) Stress

Carbon (iv) oxide is a greenhouse gas hindering the physiology of medicinal plants. The

concentration of this gas is increasing rapidly due to the industrial revolution (WMO, 2019). The
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metabolic plasticity in plants enables them to adapt to the changing environment. However, these
affect the production of secondary metabolites which are the basis of the plant's medicinal activity
(Yang et al., 2018). For example, Hypericum perforatum L. is known for its use in moderate
depression. It was treated with CO> and its growth increased after 4 months compared to ambient
conditions. Furthermore, the bud and flower formation advanced by 4 days. Hypericin, a
compound in H. perforatum L. decreased significantly under the combined effects of elevated CO-
and temperature (Sharma et al., 2020). Paris polyphylla var. yunnanensis, a traditional Chinese
medicinal plant, showed stronger photosynthetic activity and higher content of bioactive
compounds in western Yunnan than in a cultivar from central Yunnan under elevated CO>. In
western Yunnan, the growth rate increases at first and decreases with further CO> increase. On the
contrary, in central Yunnan growth rate is lower at first and increases afterward suggesting western
Yunnan cultivars are sensitive to atmospheric CO> concentration. Contents of bioactive compound
diosgenin of western Yunnan cultivars increased under elevated CO; suggesting Paris polyphylla
var. yunnanensis a potential candidate for industrial cultivation in a high CO environment (Qiang
et al., 2020). A similar study conducted on Mentha piperita L. showed an increase in flavonoids
concentration with the application of elevated CO> (Siavash et al., 2017).
2.18.3 Light Stress

Light is essential for plant metabolism and life due to its role in photosynthesis process.
Therefore, the survival of plants depends on their ability to sense different light spectra present in
solar radiation. Also, the light at different intensity impacts the levels of a broad range of secondary
metabolites in the complex biochemical interaction (Kazan & Manners, 2011). A study on plants
of the genus Mahonia (Mahonia bodinieri (Gagnep.) Laferr and Mahonia breviracema Y.S. Wang
& P.K. Hsiao) popularly known traditional Chinese medicine used for the treatment of
tuberculosis, dysentery, periodontitis, pharyngolaryngitis, eczema and wounds showed a higher
yield of alkaloids under 150 (50 % of sunlight) followed by 130 (30 % of sunlight) than under I10
(10 % of sunlight) and I100 (Full sunlight) (Kong et al., 2016). Therefore, 130 and 150 were beneficial
for the synthesis and accumulation of secondary metabolites indicating noticeable effects of light
intensity and duration of light exposure. Rarely, the opposite situation was also reported like in
Flourensia cernua DC, a Mexican traditional medicine used to treat indigestion, respiratory tract
infection, tuberculosis which showed higher total phenolic compounds under partial shade than on
fully irradiated conditions (Estell et al., 2016).
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2.19 Fermentation techniques and crude extract production

In the microbial growth phase, secondary metabolite production begins at the stationary
phase; these are usually compounds with unique chemical structures. Their production begins
when a vital source of nutrient such as carbon, nitrogen or phosphate are depleted. Fungal
endophytes should be obtained in pure culture and optimal media. Growth conditions must be
determined before fermentation begins as this will determine crude extract production. Factors that
quantitatively and qualitatively affect production of secondary metabolites include: degree of
aeration, temperature, media composition, pH and culture duration (Barrios-Gonzélez & Mejia,
1996; Hwang et al., 2014; Robinson et al., 2001). Different types of media can be used to cultivate
fungi, these are; Potato Dextrose Agar (PDA), Yeast Malt Agar (YMA), Oatmeal Agar (OMA),
Corn Meal Agar (CMA) among others. The type of media is dependent on the purpose and type
of species (Holker et al., 2004). Fermentation techniques used in the cultivation of fungal
endophytes include submerged fermentation (SmF) or liquid fermentation and solid state
fermentation (SSF) (Barrios-Gonzalez & Mejia, 1996; Udo Holker & Lenz, 2005). Although the
two techniques are different in terms of operation both can be used to identify secondary
metabolites produced by fungal endophyte. The appropriateness of a given procedure is usually
evaluated based on the objective of the study and available resources.
2.19.1 Solid State Fermentation

Solid state fermentation is the cultivation of microorganisms under controlled conditions
in the absence of free water. The advantages of solid state fermentation have attracted researchers
and industrialists. These advantages include; the high volume of productivity of secondary
metabolites, the simplicity of the process which requires low energy for production, meeting
aeration requirement is easier for solid state fermentation than liquid state fermentation and it
resembles the natural habitat of some microorganisms such as fungi and bacteria. The solid state
fermentation utilizes solid substrates such as rice bran, saw dust, sugar beet pulp, maize bran,

wheat straw, rice straw and banana (Naik et al., 2019; Pandey et al., 2000)

2.19.2 Liquid State Fermentation

Liquid state fermentation (LF) also referred to as submerged fermentation (SmF) is a
technique that utilizes free flowing substrates such as broths, vegetable and fruit juices and
molasses. The bioactive compounds are secreted into the fermentation broth and mycelial growths.
The substrates are utilized rapidly and hence constant supplementation of nutrients is required.
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Liquid fermentation technique is best for microorganisms that require high moisture content for

better production of secondary metabolites (Subramaniyam & Vimala, 2012).

2.20 Structure elucidation of the isolated compounds

Structure determination is often carried out using a combination of spectrometric and
spectroscopic techniques. Spectrometric methods such as mass spectrometry (MS) and tandem
mass spectrometry (MS") provide information linked to the structure of the molecule including the
molecular weight of the analyzed material and the nature of the bonds. Spectroscopic methods of
structure determination include; X-ray crystallography, cryo-electron microscopy, NMR
spectroscopy, ultra-violet visible (UV/Vis) spectroscopy, and Infrared spectroscopy (IR) (Karlsson
et al., 2023; Letourneau & Volmer, 2023).

2.20.1 Mass spectrometry

A typical LC-MS system is a combination of HPLC or UPLC with MS using an interface.
High performance liquid chromatography coupled to mass detection (HPLC-MS) is the
most frequently used technique for analyzing secondary metabolites. This is an important tool in
the identification, quantitation, and mass analysis of components. It is also used in determining the
purity as well as the composition of the analyte. HPLC-MS has high sensitivity and is optimal for
performing precise and reproducible quantitative analyses. Reversed-phase HPLC coupled with
mass spectrometry (HPLC-MS) is a popular analytical technique for semi-polar compounds and a
powerful platform for both targeted and untargeted profiling of secondary metabolites (Li et al.,
2013; Nahar et al., 2020; Parasuraman et al., 2014). High-resolution LCMS with exact mass
determination provides comprehensive mass and retention time fingerprints representing hundreds
of known and unknown metabolites. The combination with mass spectrometry fragmentation
abilities and / or UV / Vis detection also provides valuable structural information about the
compounds detected (Alvarez-Rivera et al., 2019). Liquid chromatography - mass spectrometry
(LC-MS) with electrospray ionization (ESI) can be performed in either negative mode or positive
mode, usually depending on the compounds of primary interest. The classes of compounds readily
detected in ESI-negative mode include; phenylpropanoids, flavonoids, terpenoids, and
glycosylated compounds (Ramabulana et al., 2021; Yahia et al., 2020). On the other hand,
polyamines and other compounds comprising chemical structures that easily form proton adducts,

e.g., alkaloids and anthocyanins, can be better detected in ESI-positive mode. Thus, analysis of
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samples in both positive and negative ionization modes provides the most comprehensive insight
into their metabolic composition. Nevertheless, profiling in just a single ionization mode may

already be sufficient to obtain an overview of the differences and similarities

2.20.2 Nuclear magnetic resonance spectroscopy (NMR)

For nuclei with I = 1/2, when placed in a magnetic field, two spin states exist, +1/2 and -
1/2, with the magnetic moment of the lower energy aligned with the external field and the higher
energy spin state opposed to the external field. The difference between the two spin states is
responded to the external magnetic field. The low state of nuclei will be excited to upper state by
absorbing energy from radiation, whereas the upper state nuclei will return to low state by releasing
the energy. If the population of the upper and lower energy spin states is not the same, there is a
Boltzmann distribution of the nuclei with a slight excess in the lower state, hence, the slight excess
of nuclei is observed (Atta-Ur-Rahman, 2012; Bovey et al., 1988). One dimentional NMR (*H
NMR, C NMR, DEPT) and two dimentional NMR (*H-'H COSY, HMBC, HSQC, NOESY,
spectroscopy are frequently used to elucidate structures. 'H NMR spectroscopy is a well-
established and important application during isolation: chemical shifts give the information about
the chemical environment of the protons; integrations show the number of protons; and J-coupling
constants provide detailed connectivity of adjacent protons. *C NMR and Distortionless
enhancement by Polarization Transfer (DEPT) display the information of carbons involved in the
structures including C, CH, CH; or CHs. *H-'H COSY (Correlation Spectroscopy) and NOESY
(Nuclear Overhauser Effect Spectroscopy) give the different relationship of neighboring protons
(adjacent connection for COSY and adjacent in space for NOESY), while HMBC (Heteronuclear
Multiple-Bond Correlation Spectroscopy) and HSQC (Heteronuclear Single-Quantum H—
Correlation Spectroscopy) provide the different relationship between protons and carbons (HMBC
detects C correlations over longer ranges of about 2 — 4 bonds, while HSQC detects direct
correlations between H and *3C nuclei). The samples for NMR are dissolved in deuterated
solvents, while tetramethylsilane (TMS) is the internal standard (Anand et al., 2022; Topcu &
Ulubelen, 2007).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Plant material

The leaves and stem barks of two subspecies of B. abyssinica, subspecies abyssinica, and
subspecies paullinioides were collected from Mt. Elgon national forest (1.1493° N, 34.5418° E).
The plants were identified by a taxonomist (the late Prof. S.T. Kariuki) at the Department of
Biological Sciences, Egerton University. The plant materials were dried under shade and at room
temperatures to prevent the loss of labile compounds and to retain their natural active compounds.
The plant materials were turned over periodically during drying to avoid growth of moulds.
Voucher specimens BW12 and PSK245 were deposited at the department of biological sciences,

Egerton University. Figure 3.1 is the map of Kenya indicating the sample collection site.
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Figure 3.1: Map of Kenya showing Mt. Elgon national park

3.2 General Experimental Procedures

Optical rotations were determined using a Kruss P8000-T polarimeter in methanol at 25
°C. IR spectra were recorded by Bruker Tensor-27 FT-IR spectrometer using a diffuse reflection
apparatus (Cricket, Harrick Scientific). UV spectra were measured using UV-1602 UV-VIS
spectrometry (Shimadzu). NMR experiments were performed with a Bruker Avance llI
spectrometer operating at 700 MHz (*H) and 175 MHz (**C). High-resolution mass spectra
(HRESIMS) were carried out using LTQ Orbitrap spectrometer (Thermo Scientific, USA)
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equipped with a HESI-II ion source. For column chromatography, silica gel 60 (0.063 — 0.2 mm,
Macherey-Nagel) and Sephadex LH-20 (18 — 111 um, GE Healthcare) were used. TLC was carried
out on pre-coated silica gel 60 plates (0.20 mm, Macherey-Nagel). Semi-preparative HPLC was
conducted using a Shimadzu LC-20AP pump equipped with DGU-20A5R degassing unit, a
Shimadzu SPD-M20A detector and a Shimadzu SIL-20ACHT auto-sampler, using LabSolutions

software.

3.3 Extraction of secondary metabolites from dried plant materials

Extraction for secondary metabolites from dried plant materials was carried out on three
samples separately; the stem bark of B. abyssinica subsp. paullinioides, the stem bark of B.
abyssinica subsp. abyssinica, the leaves of B. abyssinica subsp. abyssinica.

3.3.1 Extraction of secondary metabolites from the stem bark of B. abyssinica subsp.
paullinioides

The air-dried bark of B. abyssinica subsp. paullinioides (1300 g) was soaked with MeOH
for 24 h, twice at room temperature. The extracts were concentrated under reduced pressure to give
brown residues (135 g) and about 130 g of the extract was applied to column chromatography (CC)
over silica gel 60 and eluted with cyclohexane/EtOAc and then EtOAc/MeOH mixtures of
increasing polarities. Fractions were combined into eight fractions based on similar LC-MS
profile. Fraction 4 (EtOAc 100 %), fraction 5 (EtOAc/MeOH 90:10), and fraction 6
(EtOAc/MeOH 80:20) were identified as potential fractions for HPLC separation because of their
interesting masses. The fractions were passed through Sephadex LH-20 prior to separation by
semi-preparative HPLC and a Gemini Cig column (10 x 250 mm, 10 um particle size,
Phenomenex) was used for reversed-phase preparative HPLC. Double distilled water (A) (0.1 %
formic acid) and MeOH (B) were used as a mobile phase. The elution gradient used 45—65%
solvent B over 25 min and thereafter isocratic conditions at 100% solvent B for 10 min, and then
the system returned within 0.5 min to the initial conditions of 45% B and was equilibrated for 10
min. UV monitoring was carried out at 254, 275, and 350 nm, and the flow rate was 4 mL/min.
Six fractions (F4A-F4F) were collected from fraction 4, four fractions (FSA-F5D) from fraction 5
and five fraction (F6A-F6E) from fraction 6 were collected. Fraction F4D was further purified by
a reverse-phase preparative HPLC using VP 125/10 NUCLEODUR PolarTec column (10x125
mm, 5 pum, Macherey-Nagel) as a stationary phase and flow rate of 4 mL/min, elution gradient:
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65% isocratic conditions for 10 min, to afford compound 17 (2.4 mg). Unless stated otherwise, the
same column was used for the purification of the other fractions. Compound 18 (2.0 mg) was
obtained from fraction FAE using 65% isocratic condition. Application of the elution gradient 47-
50% solvent B for 10 min followed by isocratic condition at 50% for 5 min afforded 19 (2.5 mg)
from fraction F4C. Compound 20 (3.2 mg) and compound 21 (2.2 mg) were purified from fraction
F6D with elution gradient 10-50% of solvent B for 20 min and then isocratic condition at 50% for

5 min.

3.3.2 Extraction of secondary metabolites from the stem bark of B. abyssinica subsp.
abyssinica

The air-dried bark of B. abyssinica subsp. abyssinica (1300 g) was soaked with MeOH for
24 h, twice at room temperature. The extracts were concentrated under reduced pressure to give
brown residues (135 g) and applied to CC over silica gel 60, eluted with cyclohexane/EtOAc and
then EtOAc/MeOH mixtures of increasing polarities. Fraction 5 (EtOAc/MeOH 90:10), fraction 6
(EtOAc/MeOH 80:20) and fraction 7 (EtOAc/MeOH 80:30) were identified for further purification
after LCMS profiling. The fractions were passed through Sephadex LH-20 prior to separation by
semi-preparative HPLC and a Gemini Cig column (10 x 250 mm, 10 pum particle size,
Phenomenex) was used for reversed-phase preparative HPLC. Double distilled water (A) (0.1 %
formic acid) and MeOH (B) were used as a mobile phase. Four fractions (5A-5D) from fraction 5,
five fraction (6A-6E) from fraction 6 and four fractions (7A-7D) from fraction 7 were collected.
Compound 22 (3.7 mg) was purified from fraction 6D with elution gradient 10-50% of solvent B
for 20 min and then isocratic condition at 50% for 5 min. The same gradient was used to isolate
compounds 23 (2.2 mg) and 24 (3.2 mg) from fraction 6C and 6B, respectively. Three elagic acid
derivatives ellagic acid (25) (1.4 mg), elagic acid (26) and ellagic acid-4-O-5-D-xylopyranoside
(27) (2.0 mg) and were obtained from fraction F6A with isocratic elution of 50% solvent B for 15
min. Compound 28 (2.5 mg) was obtained from fraction 7A with isocratic elution of 45% solvent
B for 15 min. Compounds 29 (2.7 mg) and 32 (4.8 mg) were purified from fraction 7B with elution
gradient 10-50% of solvent B for 20 min and then isocratic condition at 50% for 5 min. Compounds
30 (3.9 mg) and 31 (2.1 mg) were obtained from fraction 7C and fraction 7D respectively using a
gradient elution of 10-45% of solvent B for 20 min and then isocratic condition at 45% for 5 min.

Figure 3.2 shows a flow diagram on the isolation and extraction procedure.
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Figure 3.2: Flow chart showing extraction and isolation procedure
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3.3.3 Extraction of secondary metabolites from the leaves of B. abyssinica subsp. abyssinica

The air-dried leaves of B. abyssinica subp. abyssinica (1642.9 g) was soaked with MeOH
for 24 h, thrice at room temperature. The extract was concentrated under reduced pressure to give
brown residue (194 g). About 190 g of the extract was applied to column chromatography (CC)
over silica gel 60 and eluted with cyclohexane/EtOAc and then EtOAc/MeOH mixtures of
increasing polarities. Fractions were combined into nine fractions based on similar LCMS profile.
Fraction 7 (EtOAc 100 %) and fraction 9 (EtOAc/MeOH 80:20) were subjected to further HPLC
separation. The fractions were passed through Sephadex LH-20 prior to separation by preparative
HPLC.

Compounds were separated on a Gemini C18 column (10 x 250 mm, 10 um particle size,
Phenomenex) using the following gradient programme: 45% to 65% MeOH (B) over 25 min and
thereafter isocratic conditions at 100% solvent B for 10 min, the system returned within 0.5 min
to initial conditions of 55% water (A) (0.1 % formic acid) and was equilibrated for 10 min; flow
rate: 4 mL/min, detection: UV at A 254, 275, and 350 nm. Eleven fractions (F7A-F7K) were
collected from fraction 7 and fourteen fractions (F9-1-F9-14) from fraction 9. Fraction F7K was
further purified by a reverse-phase preparative HPLC using VP 125/10 NUCLEODUR PolarTec
column (10x125 mm, 5 pum, Macherey-Nagel) as a stationary phase with a flow rate of 4 mL/min,
elution gradient: 55% isocratic conditions for 10 min compound 33 (1.0 mg). The same column
was used for the purification of the other fractions. Compound 34 (2.1 mg) was obtained from
fraction F7H using 50% isocratic condition for 10 min. Fraction F7J was purified using 55 %
isocratic condition for 12 min to afford compound 35 (1.3 mg). Compound 36 (1.8 mg) and 36
(2.6 mg) were obtained from fraction F7D using 40% isocratic condition for 15 min. Compound
38 (1.3 mg) was purified from fraction F9-4 with isocratic elution of 40% solvent B for 10 min.
Compound 39 (3.4 mg) and compound 40 (1.6 mg) were purified from fraction F9-13 and fraction

F9-14 respectively with isocratic conditions of 50% solvent B for 10 min.

3.4 Fungal endophytes
3.4.1. Fungal endophytes isolation

Endophytic fungi was isolated from fresh leaves and stem bark of B. abyssinica subsp.
abyssinica and subsp. paullinioides using a method described by Zinniel et al., (2002), with slight
modification. In this method, the leaves and stem barks of B. abyssinica subsp. abyssinica and

subsp. paullinioides were washed separately under running tap water to remove any soil or other
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foreign materials. Afterwards, they were surface sterilized for three minutes using 70% ethanol
followed by soaking in 1% sodium hypochlorite for one minute and washing three times with
sterile distilled water to remove any traces of the disinfectant. The surface sterilized leaves were
then cut aseptically into sections approximately 1 mm by 4 mm and inoculated in petri dishes
containing PDA (39 g/L) amended with streptomycin sulphate (250 mg/L). The inoculated plates
were placed in an incubator at 25 + 2°C for 1- 4 weeks. The petri dishes were monitored after every
three days to check for fungal growth. Sub-culturing of fungal mycelia of each endophyte isolate
into sterile petri dishes containing PDA without antibiotics was then done to prepare pure cultures.
The plates were incubated at 25 + 2°C for 1- 4 weeks. Three pure strains, BAPB_2, BAPB_B,
BAPB_D were obtained from the stem bark of B. abyssinica subsp. paullinioides, two strains,
BAPLC, BAPLC 1 were obtained from the leaf of B. abyssinica subsp. paullinioides and one
strain, BAAL_A2 was obtained from the leaf of B. abyssinica subsp. abyssinica.

3.4.2. Ribosomal DNA (rDNA) isolation

Genomic DNA was isolated using the ArchivePure DNA
Yeast and Gram- + wKit (5 PRIME, Hamburg, Germany) according to Kolatik et al., (2017) with
slight modification. Briefly, approximately 100 mg (wet weight) of fungal cells were suspended
in 200 pL distilled water in a ZR BashingBead™ lysis tube. About 750 pL BashingBead™ buffer
was added to the tube. The mixture was then mixed for 10 minutes followed by 1 minute
centrifugation at 10000 rpm. Up to 400 pL of the supernatant was transferred to a Zymo-Spin™
I11-F filter in a collection tube followed by centrifugation at 8000 rpm for 1 min. Genomic lysis
buffer (1200 pL) was added to the filter in the collection tube to open up the cells and make them
more permeable for DNA extraction. About 800 pL of the mixture was transferred to a Zymo-
Spin™ TICR column and centrifuged at 10000 rpm. The solution in the collection tube was
discarded and the process was repeated. About 200 uL of DNA pre-wash buffer was added to the
Zymo-Spin™ [ICR column in a new collection tube and centrifuged at 10000 rpm for 1 min. About
500 pL of g-DNA wash buffer was added to the Zymo-Spin™ IICR column in a new collection
tube and centrifuged at 10000 rpm for 1 min. Ultra-pure DNA was eluted from Zymo-Spin™ IICR
column using 100 uL DNA elution buffer and stored at 4°C for further analysis.
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3.4.3. Polymerase Chain Reaction (PCR) amplification

The Internal Transcribed Spacer (ITS) region of the ribosomal DNA (rDNA) was amplified
by conducting a Polymerase Chain Reaction (PCR). Polymerase Chain Reaction amplification was
done in a final volume of 20 puL by mixing 1 uL of the genomic DNA with 19 pL of the master
mix. The master mix was prepared by adding 0.3 pL of the forward primer ITS1
(CTTGGTCATTTAGAGGAAGTAA) (Bruns & Gardes, 1993) into a 2 mL eppendorf tube,
followed by 0.3 pL of the reverse primer ITS4 (TCCTCCGCTTATTGATATGC) (White et al.,
1990), 4.0 uL of MyTaq™ Reaction Buffer, 14.2 uL of RNA free PCR water and 0.2 pL of
MyTaqg DNA polymerase. The mixture was vortexed for 30 seconds. About 1 pL of distilled water
mixed with 19 pL of the master mix was used as the negative control. Amplification was done in
a thermal cycler (Mastercycler pro S) with an initial denaturation of 5 minutes at 94 °C, followed
by 35 cycles of denaturation for 1 munute at 95 °C, 35 seconds for annealing at 52 °C, 1 minute
for elongation at 72 °C and a final elongation of 5 minutes at 72 °C. The quality and quantity of
PCR products were checked by agarose gel electrophoresis on a 0.8% agarose gel. The PCR
products were mixed with 2 pl ethidium bromide (EtBr) and loaded in the already prepared gel
and 60 mL Tris/Borate/EDTA (TBE) buffer. It was then run for 30 minutes at 100 volts and
visualization was done by use of UV transilluminator. PCR products were purified with EXoSAP
Cleanup Reagent (Thermo Fisher Scientific, Waltham, MA, USA) according to manufacture’s
instructions and both strand sequenced at Macrogen Europe (Amsterdam, The Netherlands). The
sequences obtained were manually cut from unreadable sections and the highest sequence
probability was searched for in the GenBank database using BlastN similarity search. The
sequences were compared with those from reference strains published by taxonomic studies
(Hern&ndez-Gomez et al., 2017; Réblova et al., 2016).
3.5 Fermentation of endophytic fungi

Solid fermentation was carried out in ten 500 mL Erlenmeyer flasks containing 90 g of
parboiled rice in 90 mL distilled water per flask, previously twice autoclaved at 120 °C for 40 min
for each fungal strain. Agar plugs approximately 7 mm were cut using a sterile cork borer from 7
day old endophytic cultures on PDA media and inoculated. One flask, without inoculum was used
as the control. After 21 days incubation at 30 °C, 150 mL of methanol was added to each flask and
the contents allowed to stand overnight at room temperature. The methanol extract was filtered

and evaporated at reduced pressure. Methanol extract was partitioned between hexane and ethyl
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acetate. The resulting organic layers were evaporated under reduced pressure to produce hexane

and ethyl acetate extracts (Nascimento et al., 2012).

3.6 Extraction of secondary metabolites from endophytic fungus Epicoccum nigrum

The ethyl acetate extract (95 g) was applied to column chromatography over silica gel 60
and eluted with cyclohexane/EtOAc and then EtOAc/MeOH mixtures of increasing polarities.
Fraction 10 (cyclohexane/EtOAc 10:90), fraction 11 (100% EtOAc), fraction 12 (EtOAc/MeOH
90:10) and fraction 13 (EtOAc/MeOH 80:20) were identified for further purification after LCMS
profiling. The fractions were passed through Sephadex LH-20 prior to separation by semi-
preparative HPLC and a Gemini Cig column (10 x 250 mm, 10 um particle size, Phenomenex)
was used for reversed-phase preparative HPLC, detection: UV at wavelengths (1) 254 275, 300
and 350 nm. Double distilled water (A) (0.1 % formic acid) and MeOH (B) were used as a mobile
phase. Two fractions (L0A and 10B) from fraction 10, four fractions (11A-11D) from fraction 11,
three fractions (12A-12C) from fraction 12, two fractions (13A and 13B) were collected.
Compound 41 (3.1 mg) was obtained from fraction 10A with isocratic elution of 55% solvent B
for 15 min using VP 125/10 NUCLEODUR PolarTec column (10x125 mm, 5 um, Macherey-
Nagel) as a stationary phase with a flow rate of 4 mL/min. The same column was used for the
purification of the other fractions. Compound 42 (3.7 mg) was purified from fraction 11B with
isocratic elution condition at 50% for 8 min. Compounds 43 (2.2 mg) and 44 (3.2 mg) were purified
using gradient elution of 10-50% of solvent B for 20 min and then isocratic condition at 50% for
5 min from fractions 12B and 12C, respectively. Compounds 45 (2.5 mg) was obtained from
fraction 13A with isocratic elution of 45% solvent B for 15 min. The same gradient was used to

purify compound 46 (2.5 mg) from fraction 13B.

3.7 Nuclear magnetic resonance (NMR) spectroscopy
The 'H, °C, DEPT, HSQC, COSY and HMBC NMR spectra were recorded on the Bruker
Advance 600 MHz and 700 MHz NMR spectrometer at the Technical University of Dortmund,
Germany. The measurements were done in deuterated DMSO, chloroform or methanol and
chemical shifts assigned by comparison with the residue proton and carbon resonance of the
solvent. Tetramethylsilane (TMS) was used as an internal standard and chemical shifts were
given as & (ppm). The off - diagonal elements was used to identify the spin — spin coupling
interactions in the *H —*H COSY (Correlation spectroscopy). The proton-carbon connectivity,
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up to three bonds away, was identified using *H-*C HMBC (Heteronuclear Multiple Bond
Correlation) spectrum. The *H-3C HSQC spectrum (Heteronuclear Single Quantum Coherence)

was used to determine the connectivity of hydrogen to their respective carbon atoms.

3.8 Mass spectrometry
The compounds’ mass high-resolution mass spectra (HRESIMS) were carried out using
LTQ Orbitrap spectrometer (Thermo Scientific, USA) equipped with a HESI-II ion source.
Thermo Xcalibur Qual computer software was used in the analysis of the mass chromatograms.
The masses of the compounds and molecular formula were obtained and used to determine the

structure of the compounds.

3.9 Bioassays
3.9.1 Antidermatophytic assays

Five dermatophytic strains; Trichophyton mentagrophytes CCF 6579, Trichophyton
rubrum IDE 241/20, Trichophyton rubrum resistant LY 8, Trichophyton benhamiae var. luteum
(CCF 6474) and Trichophyton tonsurans CCIS 5356 were used in the study. These strains were
obtained from the Institute of Microbiology - Czech Academy of Sciences. The MIC of the
secondary metabolites was assessed by broth microdilution assay according to the Clinical and
Laboratory Standards Institute (CLSI) M38-A2 guidelines (Wayne, 2008), with slight
modification. Briefly, the inoculum suspension of each test dermatophyte isolate was prepared by
scrapping the surface of 10-day-old cultures and suspended in sterile 0.1% (v/v) tween 80 in PBS
to make the stock solution. One mL of the stock solution was further diluted in 60 mL of yeast
malt broth and colony-forming units (CFU/mL) were confirmed microscopically using a
hemocytometer by counting the emerged colonies from 10 mL of the already prepared suspension.
Spore suspension (150 pL) containing 10° of each dermatophyte was inoculated into 96 well
microdilution plates. In the first row of each plate, an additional 130 pL of yeast malt broth and
20 pL of 4 mg/mL concentration of the test compounds were added in three replicates and mixed
thoroughly. In this experiment, methanol was used as a negative control while amphotericin B
antifungal was used as a positive control. The mixture was serially diluted by transferring 150 pL
from the first row into the subsequent row until the last row where the excess 150 pL of the mixture
was discarded after the last mixing making the final concentration of 300, 150, 75, 37.5, 18.75,
9.38, 4.69, 2.69 pg/mL. The mixture was incubated at 30°C for 3 to 7 days with continuous
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monitoring for growth. The least concentration in which no visible growth was observed was
defined as their MIC and reported in pg/mL.
3.9.2 Antibacterial assays

Four bacterial pathogens: E. coli DSM1116, M. smegmatis DSM ATCC 700084, S. aureus
DSM346 and B. subtilis DSM10 were used in this study. The bacterial strains were obtained from
Leibniz Institute DSMZ - German Collection of Microorganisms and Cell Cultures GmbH,
Braunschweig, Germany. Compounds were dissolved in MeOH (1 mg/mL) for the antibacterial
activity assay. The assays were carried out in 96 well microtitre plate in MH media. The stock
solution concentration was 300 pg/mL. Minimum inhibitory concentration (MIC), against
different test organisms were determined in serial dilution assay as described by Chepkirui et al.
(2018). Inhibition of growth was visually evaluated the next day. The MIC is defined as the lowest
concentration of the test compound where no growth of the test organism was observed. Methanol
was used as a negative control while oxytetracyclin and kanamycin were used as the positive

controls.

3.9.3 Anticancer assays

In vitro cytotoxicity (ICso) of the isolated natural products was determined against two
mammalian cell lines; HeLa (KB3.1) and mouse fibroblast 1.929. The cell lines were obtained from
the Leibniz Institute DSMZ - German Collection of Microorganisms and Cell Cultures GmbH,
Braunschweig, Germany. The cell lines were cultured in DMEM (Gibco, ThermoFisher Scientific
Hilden, Germany) media, supplemented with 10% of fetal bovine serum (Gibco) under 10% CO2
at 37 “C. The cytotoxicity assay was performed according to the MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5 diphenyltetrazolium bromide) method in 96-well microplates (Mossmann, 1983). Briefly
60 uL aliquots of serial dilutions from an initial stock of 1 mg/mL in MeOH of the test compounds
were added to 120 L aliquots of a cell suspension in 96-well microplates. After 5 days incubation,
a MTT assay was performed, and the absorbance measured at 590 nm using an ELISA plate reader
(Victor, PerkinElmer, Uberlingen, Germany). The concentration at which the growth of cells was
inhibited to 50% of the control (ICso) was obtained from the dose response curves. The negative
control was methanol. The positive control was epithilon B with 1Csg values of 0.000056 + 000001
and 0.001 081 £ 0.000 776 uM for KB3.1 and L929 cells, respectively.

47



3.10. Data analysis

NMR spectra was obtained in 1D and 2D NMR data and was analyzed using mestrenova
NMR software version 14.2.0. High resolution electrospray ionization mass spectrometry
spectral data was analyzeded using Thermo Xcalibur Qual computer software. The X-ray
diffraction data was analyzed on a Bruker D8 VENTURE area detector diffractometer according
to the method described by Kamtcha et al. (2018). The crystal was kept at 100.0 K during data
collection. Using Olex2 (Dolomanov et al., 2009), the structure was solved with the XT
(Sheldrick, 2015) structure solution program using Intrinsic Phasing and refined with the XL

(Sheldrick, 2008) refinement package using Least Squares minimisation.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Secondary metabolites isolated from the stem bark of B. abyssinica subsp. paulliniodes

The MeOH extract of the stem bark of B. abyssinica subsp. paullinioides was subjected to
successive column chromatography over silica gel and Sephadex LH-20 followed by preparative
HPLC to afford five compounds 17 — 21. Compounds 17, 18, and 19 were found to be new while
20 and 21 have been reported previously. Compound 17 (figure 4.1) was isolated as a colorless
needle. Its molecular formula C2sH300s was determined from its HRESIMS (appendix 1) at m/z
439.2117 [M + H]* (calcd for C2Hz10s, 439.2115). IR spectral cm™: 2944, 1746, 1721 (appendix
2). The *H (appendix 3) and 3C NMR (appendix 4) spectroscopic data (Table 4.1) suggested that
17 has a bufadienolide steroidal structure with a-pyrone ring system. The presence of this
characteristic a-pyrone ring was evidenced from *H NMR data at &y 7.30 (H-21, d, J = 2.5 Hz),
7.02 (H-22, dd, J = 9.7 Hz, 2.5 Hz), and 6.32 (H-23, d, J = 9.7 Hz), and from the 3C NMR at &c
151.2 (C-21), 6¢c 145.1 (C-22) and ¢ 116.4 (C-23) (Tian et al., 2010). The NMR data assignment
of the tetracyclic moiety was done by comparison with reported bufadienolides (Nogawa et al.,
2001) and by an extensive analysis of COSY (appendix 5), HSQC (appendix 6) and HMBC
(appendix 7) data. The compound has an orthoacetate group on ring A, confirmed from the
presence of a characteristic orthoacetate singlet methyl protons at Hz-26 (dn 1.45), which showed
a strong HMBC correlation with C-25 (6¢c 110.5) (Kupchan et al., 1971b).

Long range HMBC correlations of H-1 (61 3.96) with C-25 (6¢ 110.5) also supporting the
orthoacetate structure. Further, COSY correlations of H-2 with H-1 and H-3 then H-3 with H-2
and H-4 identified the connectivity sequence in ring A. Signals for 26 carbon atoms were observed
in the 3C NMR spectrum. Of these, signals at 5c 188.7 (C-14), 5c 124.2 (C-15), and ¢ 204.5 (C-
16) were due to the presence of a-p unsaturated carbonyl group in ring D, comparable to ring D of
that of abyssinol A (Kubo & Matsumoto, 1985). HMBC correlations from H-15 (61 4.28) to C-13
(6¢c 48.0), C-14 (3¢ 188.7), C-16 (8¢ 204.5), and C-17 (6¢c 61.2) as well as from H-17 (6 3.11) to
C-13, C-14, C-15, and C-16 are important correlations found in ring D. Singlet methyl groups at
OH 0.98 (8¢ 23.1) and 6+ 1.40 (6¢c 14.9) are typical steroidal methyl groups and were assigned C-
18 and C-19 respectively based on their HMBC correlations: Hsz-18 to C-12, C-13, C-14, and C-
17; H3-19 to C-1, C-5, C-9, and C-10. Moreover, the connectivity of the pyrone ring to C-17 was
deduced from HMBC correlations of H-17 to C-20, C-21 and C-22. The NOESY (appendix 8)

49



correlations between Hs-19 and H-8 and between H-8 and Hs-18 suggested the B-orientation of
Hz-18, H3-19, and H-8. Additional NOESY correlations from Hs-18 to H-21 and H-22 resonances
confirmed the B-orientation of the a-pyrone ring. In order to determine the full configuration in
17, the sample was re-crystallized from methanol-water and subjected to single-crystal X-ray
diffraction analysis. The result showed that the orthoacetate group occupied the axial positions (B-
orientation) in ring A. Therefore, the structure of the new compound 17 was determined as
(1B,3B,5B)-ethylidynetris(oxy)-16-oxobufa-14(15),20,22-trienolide and was given the trivial name
paulliniogenin A.

17 R=H 19 20
18 R=0CH;

Figure 4.1: Chemical structures of compounds 17 - 20

Compound 18 (figure 4.1) was isolated as colorless powder with a molecular formula
C27H3207 that was determined from HRESIMS (appendix 9) at m/z 469.2220 [M + H]" (calcd for
C27H3307, 469.2220). IR spectral cm™: 2945, 1736, 1707 (appendix 10). Its NMR data were very
similar to those of 17 except the presence of a methoxy group at C-15. This was deduced from
methoxy signals at on 3.82 (dc 58.9) and in effect the chemical shift of C-15 appeared further
downfield at 6c 150.1 compared to oc 124.3 in 17. HMBC correlations from the methoxy protons
OMe-15 (6n 3.82) to C-15, from H-8 to C-15, and H-17 to C-15 also supporting the attachment of
the methoxy at C-15. Comparison of its NMR data with literature revealed that ring D of 18 is the
same as those in abyssinin, which was isolated previously from B. abyssinica (Kubo & Matsumoto,
1984). The complete *H (appendix 11) and 3C NMR (appendix 12) signal assignments and
connectivity were determined from a combination of H-'H COSY (appendix 13), HSQC
(appendix 14) and HMBC (appendix 15) data. The relative configuration of 18 was established

from the observed identical coupling constants and NOESY (appendix 16) correlations as in 17.
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Therefore, the structure of 18 was elucidated for the first time as (1pB,3p,5p)-ethylidynetris(oxy)-

15-methoxy-16-oxobufa-14(15),20,22-trienolide and was given the trivial name paulliniogenin B.
Table 4.1: *H NMR (700 MHz) and *C NMR (175 MHz) Spectroscopic Data? of Compound

17-19

no.

la
2a
2
3a
4o

4p

60
6
7o,
76
8p
%a
10
lla
11P
120
12p
13
14
150
158
16a
170
18
19
20

13C, Type
74.7, CH
28.0, CH;

67.8, CH
33.2, CH:

74.9,C
31.6, CH:

24.1, CH:

36.6, CH
45.3,CH
40.3,C

20.6, CH>

39.9, CH>

48.0,C
188.7,C
124.2,CH

204.5,C
61.2, CH
23.1, CHs
14.9, CH3
1145,C

17°
'y mult.(J in Hz)
3.96, brs
1.69
2.45, dt (13.4, 3.5)
4.32, brs
2.00, dt (13.5, 3.2)
2.25, dd (13.5, 2.0)

1.86, dd (13.5, 5.0)
145 m

1.69

191, m

2.70, m

1.60, m

1.47
1.60
2.06, m
1.51, m

591, s

3.11,s
0.98, s
1.40, s

13C, Type
74.8, CH
28.0, CH;

67.9, CH
33.2, CH2

74.9,C
32.0, CH2

23.6, CH2

36.9, CH
44.7,CH
404,C

20.5, CH>

39.3, CH2

433,C
161.3,C
150.1,C

200.6,C
58.7, CH
23.6, CH3
15.1, CHs
114.2,C
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18°
'y mult.(J in Hz)
3.94, brs
1.70, d (14.0)
2.42
4.32, brs
2.01, dt (13.5, 3.0)
2.32

1.80, dt (13.5, 5.0)
1.41, m

1.98

2.31, m

2.74,td (12.0, 4.4)
1.65, td (12.0, 3.2)

1.43
1.54
1.98
1.43

3.00, s
0.94,s
1.36, s

13C, Type
74.3, CH
27.2, CH;

67.3, CH
32.6, CH2

74.9,C
31.7, CH2

21.0, CH:

40.5, CH
38.3,CH
40.0,C

20.3, CH2

38.7, CH>

49.2,C
82.2,C
39.8, CH>

73.5, CH
55.5, CH
16.2, CHs
14.5, CHs
117.0,C

19¢
'n. mult. (J in Hz)
3.81, brs
1.95,d (13.4)
2.12, m
4.19, brs
2.32,d (13.0)
1.76, m

1.54, m
1.20, m
1.11, m
1.90, m
1.64
1.56

1.10
1.12
1.34, m
1.40, m

1.74
2.74, dd (15.4, 9.1)
5.46, t (9.1)

2.93, d (9.0)

0.67, s

1.12,s



21 151.2,CH  7.30, d (2.5) 151.1,CH  7.30, d (2.5) 151.4,CH 753,s

22 145.1,CH 7.02,dd (9.7, 2.5) 145.0,CH 7.04,dd (9.7,2.5) 149.9,CH 8.13,d(9.5)
23 116.4,CH 6.32,d (9.7) 116.4,CH 6.32,d (9.7) 111.9,CH 6.21,d (9.5)
24 161.2,C 161.3,C 161.0,C

25 1105, C 1105, C 109.5,C

26 26.1,CHs 145;s 26.1,CHs 145,s 259,CHs 1.24,s

12 161.3 8.00, s
OMe-15 58.9 3.82,s

aSignals without multiplicity are overlapping signals deduced by HSQC.
bRecorded in CDCls. °Recorded in DMSO-d6

Compound 19 (figure 4.1) was isolated as colorless powder with molecular formula of
C27H340g, determined from its HRESIMS (appendix 17) at m/z 487.2328 [M + H]* (calcd for
C27H350s, 487.2326). IR spectral cm™t: 3480, 2947, 1715 (appendix 18). Like the previous
compounds, signals for the a-pyrone ring and the orthoacetate ring were observed in *H (appendix
19) and 3C NMR (appendix 20) spectrum (Table 4.1). However, compound 19 differ from the
previous compounds on ring D where a hydroxyl and a formyloxy group are present instead of a,
B-unsaturated group. Comparison of its NMR data with literature indicated compound 19 is a
derivative of 16B-hydroxybersamagenin 1,3,5-orthoacetate (20), which was isolated previously
from B. abyssinica (Kupchan et al., 1971). The only difference involved was the presence of
formyloxy group at C-16 in 19. *H-'H COSY (appendix 21), HSQC (appendix 22) and HMBC
(appendix 23) correlations were important in determining the structure of 19. This formyloxy was
deduced from a formyl proton at dn 8.00 which correlated with d¢c 161.3 (C-12) in the HSQC
(Nogawa et al., 2001). In the HMBC spectrum, H-16 (dn 5.46) correlated with C-12 (5c 161.3)
and H-12 (6w 8.00) correlated with C-16 (6¢ 73.5), suggested the position of the formyloxy to be
at C-16. Further, COSY correlations of H-16 with H»>-15 and H-17 supporting ring-D NMR
assignments. The relative configuration of the formyloxy group assigned B-position based on the
observed NOESY correlations of H-16 with H-17 and H-16 with H-15a (6n 1.74). Thus, the
structure of compound 19 was elucidated as 164-formyloxybersamagenin 1,3,5-orthoacetate.

Compound 20 (figure 4.1) was isolated as colorless powder with molecular formula of
C26H3407, determined from its HRESIMS (appendix 24) at m/z 459.2372 [M + H]" (calcd for
C27H350s, 459.2372). IR spectral cm™: 3410, 2947, 1725, 1706 (appendix 25). Like the previous
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compounds, signals for the a-pyrone ring and the orthoacetate ring were observed in *H (appendix
26) and *C NMR (appendix 27) spectrum (Table 4.2). However, compound 20 differered from
compound 19 on ring D where formyloxy group at C-16 is replaced by the hydroxyl group.
Comparison of its NMR data with literature indicated compound 16p-hydroxybersamagenin 1,3,5-
orthoacetate, which was isolated previously from B. abyssinica (Kupchan et al., 1971). The NMR
data assignment of the tetracyclic moiety was done by comparison with reported bufadienolide
(Kupchan et al., 1971) and by an extensive analysis of COSY (appendix 28), HSQC (appendix 29)
and HMBC (appendix 30) data. The COSY correlations of H-16 with H.-15 and H-17 were
important in determining the connectivity in ring D. Furthermore, HMBC correlations from H-16
(6n 4.44) correlated with C-13 (8¢ 49.7), C-14 (dc 83.3), C-15 (8¢ 42.9) and C-20 (oc 119.1),
suggested the position of the hydroxyl to be at C-16 and were important in establishing the
connectivity in ring D. The relative configuration of the hydroxyl group assigned 3-position based
on the observed NOESY correlations of H-16 with H-17 and H-16 with H-15a (61 1.62) (appendix
31). Thus, the structure of compound 20 was elucidated as 16B-hydroxybersamagenin 1,3,5-

orthoacetate.

Table 4.2: *H NMR (700 MHz) and **C NMR (175 MHz) Spectroscopic Data? of Compound 20
and 22

no. 20 22
Be, Type 'w, mult. (J in Hz) Be, Type 'w, mult. (J in Hz)

la 748,CH  3.82, brs 70.2, CH 4.31, brs
20 278,CH2 191, m 30.4, CH> 1.89
2B 2.13, m 1.93, dt (13.4, 3.5)
3a 67.8,CH  4.20, brs 64.9, CH 4.10, brs
40, 33.2,CH; 2.34,d(13.0) 37.3, CH; 1.54, dt (135, 3.2)
4B 1.75,m 2.22, dd (13.5, 2.0)
5 75.4,C 73.0,C
60 323,CH> 121, m 35.8, CH> 1.61, dd (13.5,5.0)
6p 153, m 2.61,m
Ta 21.7,CH; 1.11,m 23.5, CH> 1.17
7B 1.90, m 2.08, m
8B 40.5, CH 1.62 42.1,CH 1.32, m
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%a
10
lla
11P
12a
12p
13
14
15a
158
16a
17a
18
19
20
21
22
23
24
25
26

39.0,CH
495, C
20.8, CH>

39.5, CH>

49.7,C
83.3,C
42.9, CH>

70.9, CH
57.8, CH
17.3, CHs
15.0, CHs
119.1,C
150.8, CH
152.0, CH
111.4,CH
162.1,C
110.0,C
26.4, CHs

1.51

1.10
1.12
1.29, m
1.38, m

1.62

2.55, m
4.44,1(8.3)
2.65,d (8.2)
0.66, s
1.13,s

7.48,s

8.08, d (9.5)
6.14, d (9.5)

1.25,s

40.7, CH
56.4,C
21.3, CH:

38.7, CH2

48.6, C
82.6,C
42.2, CH

70.2, CH
57.2,CH
16.4, CHs
206.6, CH
118.5,C
150.3, CH
151.4, CH
111.0, CH
161.6,C
169.4, C
21.2, CHs

151, m

1.15
1.42
1.20, m
1.37, m

1.54,s
2.45
5.48
2.63,s
0.54,s
9.99, s

7.47,dd (2.5, 1.1)

8.06, dd (9.8, 2.5)
6.12, dd (9.8, 1.0)

1.84,s

spectra and by comparison with benzophenone compounds reported in literature data (Nedialkov
& Kitanov, 2002). The *H NMR spectrum (appendix 33) displayed signals at 5n 7.62 (2H, m, H-
2', H-6, 6.79 (2H, m, H-3', H-5, 5.97 (1H, s, H-5), 4.88 (1H, H-1) and sugar protons appeared
at chemical shift ranging between 81 3.19 and 1 3.58; 3C NMR spectrum (appendix 34) indicated
the presence of nineteen carbon signals at 8. 105.8 (C-1), 159.4 (C-2), 157.4 (C-3), 159.9 (C-4),
94.9 (C-5), 161.3 (C-6), 197.5 (C-7), 131.8 (C-1", 131.4 (C-2, C-6"), 114.1 (C-3', C-5"), 161.4 (C-
4, 75.1 (C-1"), 72.2 (C-2"), 78.5 (C-3"), 70.0 (C-4"), 81.0 (C-5"), 61.1 (C-6"). The complete 'H
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Compound 21 (figure 4.2) was isolated as a yellow powder with a molecular formula of
C19H20010, determined from its HRESIMS (appendix 32) m/z 409.1129 [M + H]* (calcd for
C19H21010, 409.1129). The NMR data assignment was done by analysis of 1D and 2D NMR



and *C NMR signal assignments and connectivity were determined from a combination of *H-'H
COSY (appendix 35), HSQC (appendix 36) HMBC (appendix 37) and NOESY (appendix 38)
data. HMBC correlations from H-1"to C-2, C-3 and C-4 established the connectivity between the
glycone moiety and aglycone moiety. Compound 21 was determined as 3-C-B-D-glucopyranosyl-
2,4,6,4¢- tetrahydroxybenzophenone (Severi et al., 2009; Shahat et al., 2003). 3-C-B-D-
glucopyranosyl-2,4,6,4¢- tetrahydroxybenzophenone is reported to be an effective anti-
inflammatory, immunomodulator analgesic and antioxidant which has been used traditionally in
the treatment of obesity (Shinde et al., 2010).

21

Figure 4.2: Chemical structure of compounds 21

4.2 Secondary metabolites isolated from the stem bark of B. abyssinica subsp. abyssinica
The MeOH extract of the stem bark of B. abyssinica subsp. abyssinica was subjected to
successive column chromatography over silica gel and Sephadex LH-20 followed by preparative
HPLC to afford eleven compounds 22 — 32. Compound 22 (figure 4.3) was isolated as a colorless
crystal with molecular formula of C26H3409, determined from its HRESIMS (appendix 39) m/z
491.2274 [M + H]* (calcd for CzsH3asOe, 491.2275). IR spectral cm™: 3436, 2877, 1711, 1632
(appendix 40). Like the bufadienolides from the stem bark of B. abyssinica subsp paulliniodes,
signals for the a-pyrone ring were observed in *H (appendix 41) and 3C NMR (appendix 42)
spectrum (Table 4.2). 'H NMR data at &y 7.47 (H-21, dd, J = 2.5 Hz, 1.1 Hz), 8.06 (H-22, dd, J =
9.7 Hz, 2.5 Hz), and 6.12 (H-23, d, J = 9.8 Hz, 1.0 Hz), and from the *3C NMR at 8¢ 150.3 (C-21),
dc 151.4 (C-22) and 6¢ 111.0 (C-23). The major difference in the bufadienolides obtained from
the stem barks of B. abyssinica subsp abyssinica and B. abyssinica subsp paulliniodes occurred
on ring A. Compound 22 lacked the orthoacetate ring which was observed on ring A of all the
bufadienolides from the stem of B. abyssinica subsp paulliniodes. Further, the methyl group at C-
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19 was oxidized to form an aldehyde in compound 22. The complete *H and *3C NMR signal
assignments and connectivity were determined from a combination of *H-'H COSY (appendix 43),
HSQC (appendix 44) and HMBC (appendix 45) data. Further, COSY correlations of H-2 with H-
1 and H-3 then H-3 with H-2 and H-4 identified the connectivity sequence in ring-A. Signals for
26 carbon atoms were observed in the 3C NMR spectrum. Furthermore, compound 22 was similar
to compound 20 on ring D where hydroxyl groups were observed at C-14 and C-16.

HMBC correlations from H-16 (dn 4.48) to C-14 (dc 82.6), C-15 (6¢c 42.2), and C-17 (6¢
57.2) as well as from H-17 (6w 2.63) to C-13 (6¢c 48.6), C-14 (6c 82.6), C-15 (dc 42.2) and C-16
(6c 70.2) are important correlations found in ring D. Singlet methyl group at 61 0.54 (6¢c 16.4)
typical of steroidal methyl groups was assigned to C-18 based on their HMBC correlations: Hz-18
to C-12, C-13, C-14, and C-17. Moreover, the connectivity of the pyrone ring to C-17 was deduced
from HMBC correlations of H-17 to C-20, C-21 and C-22. In order to determine the full
configuration in 22, the sample was re-crystallized from methanol-water and subjected to single-
crystal X-ray diffraction analysis. The result showed that the orthoacetate group occupied the axial
positions (B-orientation) in ring A. Therefore, the structure of compound 22 was determined as
16p-hydroxybersaldegenin-1-acetate (22).

Figure 4.3: Chemical structure of compounds 22

Compound 23 (figure 4.4) was obtained as a white powder with molecular formula of
C27H24018, determined from its HRESIMS (appendix 46) m/z 637.1041 [M + H]" (calcd for
C27H25018, 637.4790). The H (appendix 47) and *C NMR (appendix 48) spectroscopic data
(Table 4.3) suggested that 23 has a glucose structure with three galloyl groups (Lavoie et al., 2016).
Singlet signals for the galloyl groups were observed in the *H spectrum at &y 6.97 (H-2' and H-
6"), 81 6.92 (H-2" and H-6") and &n 6.87 (H-2" and H-6"), and from the *C NMR at &¢ 119.2 (C-
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1), 6c 108.6 (C-2'), éc 145.5 (C-3"), d¢c 138.5 (C-4"), 6¢c 145.5 (C-5), dc 108.6 (C-6"), 6¢c 165.7
(CO); 119.0 (C-1"), 6c 108.8 (C-2"), dc 145.4 (C-3"), dc 138.6 (C-4"), 6c 145.4 (C-5"), 6¢c 108.8
(C-6"), 8¢ 164.9 (CO); 117.7 (C-1"), d¢ 108.9 (C-2"), 6c 145.6 (C-3™), 6c 139.4 (C-4™), d¢c 145.6
(C-5"), 6¢ 108.9 (C-6"), 6c 164.1 (CO). The anomeric signals at o4 5.90 (H-1) and 6¢ 92.2 (C-1)
suggested the presence of a glucose substructure (Pomin, 2012). Signals of the glucose moiety
were observed in *H and 3C NMR spectra at &1 5.90 (H-1, d, J = 3.83 Hz), 51 5.04 (H-2,t,J=9.0
Hz), 61 3.70 (H-3, t, J = 9.59 Hz), 8n 3.52 (H-4, J = 9.5 Hz), 81 3.81 (H-5, m), dn 4.32 (H2-6, dd,
J=12.2 Hz, 4.7 Hz) and 8¢ 92.2 (C-1), 8¢ 72.7 (C-2), éc 73.6 (C-3), d¢c 69.8 (C-4), 6c 74.8 (C-5),
dc 62.9 (C-6).

The complete *H and **C NMR signal assignments and connectivity were determined from
a combination of *H-'H COSY (appendix 49), HSQC (appendix 50) and HMBC (appendix 51)
data. COSY correlations of H-2 with H-1 and H-3; H-3 with H-2 and H-4; H-5 with H-4 and H-6
identified the connectivity sequence in the glucose moiety. HMBC correlations from 64 4.32 (Ha-
6) to dc 165.7 (CO); from 61 5.04 (H-2) to d¢ 164.9 (CO) and from 641 5.90 (H-1) to 6¢ 164.1 (CO)
established the links between the glucose moiety and the three galloyl groups. Compound 23 was
determined as 1,2,6-tri-O-galloyl-p-D-glucose. Compound 23 has been isolated previously from
traditional Chinese medicine, Galla Chinese and is described to exhibit antiviral activities (Duan
et al., 2004).

Table 4.3: *H NMR (700 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 23
and 24

23 24
Be, Type 'h mult.(J in Hz) Be Type 'w, mult.(J in Hz)

Glucose

1 92.1,CH  5.90,d (8.38) 92.3,CH  6.13,d(8.30)

2 72.7,CH  5.04,t(9.0) 71.1,CH  5.27,dd (9.90, 8.30)

3 73.6,CH  3.70,t(9.59) 74.8,CH  5.52,t(9.50)

4 69.8,CH 3.52,d(9.50 68.1,CH  3.81,1t(9.50)

5 748,CH 381, m 75.0,CH 4.09,m

6 62.9,CH, 4.32,dd (12.2,4.7) 63.1,CH, 4.39,dd (12.2, 4.5)
4.44,d (11.0)

Galloyl

1 119.2,C 1195
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2' 108.6, CH
3 145.5,C
4' 1385, C
5' 1455, C
6' 108.6, CH
Cc—0 165.7,C

1" 119.0,C
2" 108.8, CH
3" 1454, C
4" 1386, C
5" 145.4, C
6" 108.8, CH
c—0 164.9,C

1" 117.7,C
2 108.9, CH
3 145.6,C
4" 139.4,C
)
6

" 145.6,C
" 108.9, CH
C—0 1641,C

6.97,s

6.97,s

6.92,s

6.92,s

6.87,s

6.87,s

109.1, CH
146.1,C
139.2,C
146.1,C
109.1, CH
166.1, C

1194,C
109.3, CH
145.9,C
139.1,C
1459, C
109.3, CH
165.5,C

1185, C
109.2, CH
145.9,C
139.5,C
1459, C
109.2, CH
165.1,C

117.8,C
1094, C
146.1,C
140.2,C
146.1,C
109.4, CH
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Figure 4.4: Chemical structures of compounds 23 and 24

Compound 24 (figure 4.4) was obtained as a white powder with molecular formula of
Ca4H2802,, determined from its HRESIMS (appendix 52) m/z 689.1150 [M + H]* (calcd for
C3z4H29022, 789.1150). Like compound 23, the *H (appendix 53) and *C NMR (appendix 54)
spectroscopic data (Table 4.3) suggested that 24 has a glucose structure except with four galloyl
groups. Singlet signals for four galloyl groups were observed in the *H spectrum at &4 6.99 (H-2'
and H-6"), 1 6.92 (H-2" and H-6"), 6w 6.81 (H-2" and H-6") and), 6+ 6.89 (H-2"" and H-6"") and
from the *C NMR signals appeared at 6c 119.5 (C-1'), 8¢ 109.1 (C-2"), 5c 146.1 (C-3'), 5¢c 139.2
(C-4"), 8¢ 146.1 (C-5"), 6¢ 109.1 (C-6"), 6¢c 166.1 (CO); 119.4 (C-1"), 6¢c 109.3 (C-2"), ¢ 145.9 (C-
3"), 8¢ 139.1 (C-4"), 6c 145.9 (C-5"), 6c 109.3 (C-6"), 6c 165.5 (CO); 118.5 (C-1"), 6¢ 109.2 (C-
2"), ¢ 145.9 (C-3"), dc 139.5 (C-4™), d¢c 145.9 (C-5"), ¢ 109.2 (C-6"), d¢c 165.1 (CO). oc 117.8
(C-1"), éc 109.4 (C-2""), &c 146.1 (C-3"), ¢ 140.2 (C-4""), d¢c 146.1 (C-5""), 6c 109.4 (C-6""),
dc 165.4 (CO). The anomeric signals at 6n 6.13 (H-1) and 6¢ 92.3 (C-1) suggested the presence of
a glucose substructure (Pomin, 2012). Signals of the glucose moiety were observed in *H and **C
NMR spectra at 4 6.13 (H-1, d, J = 8.3 Hz), 6w 5.27 (H-2, dd, J = 9.9 Hz, 8.3 Hz), 1 5.52 (H-3,
t, J = 9.5 Hz), 61 3.81 (H-4, t, J = 9.5 Hz), 61 4.09 (H-5, m), dn 4.39 (H2-6, dd, J = 12.2 Hz, 4.5
Hz), 61 4.44 (H2-6, d, J = 11.0 Hz) and &¢ 92.3 (C-1), 8¢ 71.1 (C-2), ¢ 74.8 (C-3), 6¢c 68.1 (C-4),
¢ 75.0 (C-5), 8¢ 63.1 (C-6). The complete *H and **C NMR signal assignments and connectivity
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were determined from a combination of *H-*H COSY (appendix 55), HSQC (appendix 56) and
HMBC (appendix 57) data. COSY correlations of H-2 with H-1 and H-3; H-3 with H-2 and H-4;
H-5 with H-4 and H-6 identified the connectivity sequence in the glucose moiety. HMBC
correlations from 6n 4.32 (H2-6) to 6c 166.1 (CO); from & 5.27 (H-2) to d¢ 165.5 (CO); from oH
6.13 (H-1) to 6¢ 165.1 (CO) and from &n 5.52 (H-3) to ¢ 164.4 (CO) established the links between
the glucose moiety and the four galloyl groups. Compound 24 was determined as 1,2,3,6-tetra-O-
galloyl-B-D-glucose. Compound 24 has also been isolated previously in Galla Chinese with
antiviral properties (Duan et al., 2004).

Compound 25 (figure 4.5) was obtained as a white powder with molecular formula of
C14HeOs, determined from its HRESIMS (appendix 58) m/z 303.0135 [M + H]" (calcd for
C14H70s, 303.0141). The NMR data assignment was done by analysis of 1D and 2D NMR spectra
(table 4.4) and by comparison with elagic acid derivatives reported in literature data (Ito et al.,
2002; Ye et al., 2007). The *H NMR spectrum (appendix 59) displayed a single singlet signal at
dn 7.44 (H-3/H-3") which upon integration showed the presence of two protons. The 3C NMR
spectrum (appendix 60) indicated six quartenary carbon signals at d¢c 107.2 (C-1/C-1"), 6c 113.0
(C-2/C-2"), ¢ 148.7 (C-4/C-4"), 6c 141.1 (C-5/C-5"), d¢c 136.8 (C-6/C-6"), 6¢c 159.7 (C-7/C-7") and
one methine carbon at 5c 110.3 (C-3/C-3'). The complete *H and *C NMR signal assignments and
connectivity were determined from a combination of H-'H COSY (appendix 61), HSQC
(appendix 62) and HMBC (appendix 63) data. The HMBC correlation from 61 7.44 (H-3) to oc
107.2 (C-1), 6c 113.0 (C-2), 6¢c 148.7 (C-4), 6c 141.1 (C-5), dc 136.8 (C-6), 6¢c 159.7 (C-7) and
from 6n 7.44 (H-3") to 8¢ 107.2 (C-1"), 6¢ 113.0 (C-2"), 6¢c 148.7 (C-4"), dc 141.1 (C-5"), d¢c 136.8
(C-6"), 6c 159.7 (C-7") led to the establishment in the connectivities in compound 25. Compound
25 was determined as ellagic acid.

Compound 26 (figure 4.5) was obtained as a white powder with molecular formula of
C14HeOs, determined from its HRESIMS (appendix 64) m/z 303.0135 [M + H]* (calcd for
C14H70s, 303.0141). Compound 26 is similar to 25 except for the shift in the position of the
carbonyl ester and oxygen which in turn led to a shift in the carbon chemical shifts downfield. The
1D NMR data is shown in (table 4.4). The 'H NMR spectrum (appendix 65) displayed a single
singlet signal at o 7.36 (H-5/H-5") which upon integration showed the presence of two protons.
The 3C NMR spectrum (appendix 66) indicated six quartenary carbon signals at 6c 113.5 (C-1/C-
1"), ¢ 136.6 (C-2/C-2"), 8¢ 160.1 (C-3/C-3'), ¢ 149.1 (C-4/C-4"), ¢ 143.6 (C-6/C-6") 6¢c 163.6 (C-
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7/C-7') and one methine carbon at §c 109.1 (C-5/C-5"). The complete *H and *C NMR signal
assignments and connectivity were determined from a combination of *H-'H COSY (appendix 67),
HSQC (appendix 68) and HMBC (appendix 69) data. The HMBC correlation from 6n 7.36 (H-5)
to 6c 113.5 (C-1), 8¢ 136.6 (C-2), 6c 160.1 (C-3), dc 149.1 (C-4), ¢ 143.6 (C-6), dc 163.6 (C-7)
and from 6 7.36 (H-5") t0 8¢ 113.5 (C-1"), 6¢c 136.6 (C-2"), 6¢ 160.1 (C-3"), 6c 149.1 (C-4"), 6c 143.6
(C-6"), 6c 163.6 (C-7") led to the establishment in the connectivities in compound 26. Compound

26 was also determined as ellagic acid.

Table 4.4: 'H NMR (600 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 25 -

27
25% 26%
No. B 'h, mult.(J in Hz) P e 'q, mult.(J in Hz)
1 107.2,C 1135,C
2 113.0,C 136.6,C
3 110.3,CH 7.44,s 160.1,C
4 148.7,C 149.1,C
5 141.1,C 109.1,CH 7.36,s
6 136.8,C 143.6,C
7 159.7,C 163.6,C
1 107.2,C 1135,C
2' 113.0,C 136.6, C
3 1455,C 160.1,C
4 110.3,CH 7.44,s 149.1,C
5' 141.1,C 109.1,CH 7.36,s
6' 136.8,C 143.6, C
7 159.7,C 163.6, C
1"
o
3"
4
5"

B¢, Type
108.0, C
115.3,C
111.9, CH
147.4,C
141.4,C
136.6, C
1594, C
108.7,C

112.2,C
110.9, CH
149.2,C
140.1,C
137.2,C
1595, C
103.3, CH
73.5, CH
76.0, CH
67.8, CH
66.3, CH:

272
'y mult.(J in Hz)

7.70,s

7.49,s

5.00, d
3.40
3.31
3.43
3.37
3.85

aRecorded in DMSO-d6
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Figure 4.5: Chemical structures of compounds 25, 26 and 27

Compound 27 (figure 4.5) was obtained as a white powder with molecular formula of
C19H14012, determined from its HRESIMS (appendix 70) m/z 435.0914 [M + H]* (calcd for
C19H15012, 435.0923). Compound 27 was similar to 25 except the presence of xylopyranoside ring.
The NMR data assignment was done by analysis of 1D and 2D NMR spectra (table 5) and by
comparison with ellagic acid derivatives reported in literature data (Ito et al., 2002; Ye et al.,
2007). The *H NMR spectrum (appendix 71) displayed singlet signal at &y 7.70 (H-3) and &n 7.49
(H-3") which were attributed to the presence of ellagic acid. Proton signals for the xylopyranoside
ring were observed at 64 5.0 (H-1"), dn 3.40 (H-2"), 8w 3.31 (H-3"), 61 3.43 (H-4"), 61 3.37, 3.85
(H2-5"). The 3C NMR spectrum (appendix 72) indicated signals for twelve quartenary carbon at
dc 108.0 (C-1), d¢c 115.3 (C-2), 6c 147.4 (C-4), 6c 141.4 (C-5), dc 136.6 (C-6), dc 159.4 (C-7) dc
108.7 (C-1"), 6¢c 112.2 (C-2'), ¢ 149.2 (C-4"), 6c 140.1 (C-5"), 8¢ 137.2 (C-6"), 6¢c 159.5 (C-7"); six
methine carbon signals at 6¢ 111.9 (C-3), d¢ 110.9 (C-3'), 6¢ 103.3 (C-1"), d¢ 73.5 (C-2"), 8¢ 76.0
(C-3"), 8¢ 67.8 (C-4"); and one methylene carbon signal at §c 66.3 (C-5"). The complete *H and
13C NMR signal assignments and connectivity were determined from a combination of *H-'H
COSY (appendix 73), HSQC (appendix 74) and HMBC (appendix 75) data. The HMBC
correlation from dn 7.70 (H-3) to 8¢ 108.0 (C-1), 6c 115.3 (C-2), 6c 147.4 (C-4), ¢ 141.4 (C-5), dc
136.6 (C-6), 6c 159.4 (C-7) and from 6n 7.49 (H-3) to 6c 108.7 (C-1"), 6c 112.2 (C-2"), 6c 149.2 (C-
4", 6¢ 140.1 (C-5"), 6¢ 137.2 (C-6"), 6c 159.5 (C-7') led to the establishment of the connectivities
in the ellagic acid moiety. HMBC correlations from 6n 5.0 (H-1") to ¢ 73.5 (C-2"), 6c 76.0 (C-
3"), 6¢ 66.3 (C-5"); from &n 3.31 (H-3") to ¢ 73.5 (C-2"), 8¢ 67.8 (C-4"), 6c 66.3 (C-5") were some

of the important correlations in determining the xylopyranoside moiety. Furthermore, COSY
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correlations of H-2" with H-1" and H-3"; H-3" with H-2" and H-4"; H-4" with H-5" identified the

connectivity sequence in the xylopyranoside moiety. The link between the ellagic acid moiety and

xylopyranoside moiety was established by HMBC correlation from 6n 5.0 (H-1") to 6c 147.4 (C-

4). Compound 27 was determined as ellagic acid-4-O-p-D-xylopyranoside. Ellagic acid-4-O-B-D-

xylopyranoside is reported to exhibit antimicrobial properties to both human and plant pathogens
(Fogliani et al., 2005).
Table 4.5: *H NMR (600 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 28

no.

4a
4b

13C, Type
162.2,C
108.0, C
164.3,C
93.8, CH
156.6, C
151.4,C
108.1, CH
155.3,C
144.4,C
108.1, CH
111.7,C
101.7,C
179.4,C
82.1, CH
73.6, CH
71.1,CH
70.7, CH
79.5, CH
62.0, CH>

28
'y mult.( J in Hz)

6.41

6.22

7.60

6.89

7.76

28*
B¢ Type 'y, mult.(J in Hz)
161.3,C
108.1,C
161.3,C
108.1, CH
156.7,C
151.2,C
101.8, CH
1545, C 6.42
144.6, C
108.5, CH 6.22
112.2,C
103.1,C
179.6,C
82.3,CH
73.5, CH 7.61
71.1, CH 6.89
70.6, CH
79.4, CH
62.0, CH 7.73

Compound 28 (figure 4.6) was isolated as a yellow powder with molecular formula of C19H18011,
determined from its HRESIMS (appendix 76) m/z 423.0918 [M + H]" (calcd for C19H19011,
423.0924). The NMR data assignment was done by analysis of 1D and 2D NMR spectra (table
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4.5) and by comparison with xanthone compounds reported in literature data (Sun et al., 2013).
The *H NMR spectrum (appendix 77) displayed a total of nine signals of which signals at 54 6.37
(s, H-4), on 6.83 (s, H-5), on 7.36 (s, H-8) were attributed to the xanthonoid moiety. The rest of
the protons were attached to the glucopyranosyl moiety. A total of ninteen carbon signals were
observed in the ¥*C NMR spectrum (appendix 78). The complete *H and *C NMR signal
assignments and connectivity were determined from a combination of *H-'H COSY (appendix 79),
HSQC (appendix 80) and HMBC (appendix 81) data. Compound 28 was determined as mangferin,
a C-glucopyranoside of 1,3,6,7-tetranydroxyxanthone (Severi et al., 2009; Shahat et al., 2003).
Mangiferin is reported to be an effective anti-inflammatory, immunomodulator analgesic and

antioxidant which has been used traditionally in the treatment of obesity (Shinde et al., 2010)

Figure 4.6: Chemical structure of compound 28

Compound 29 (figure 4.7) was isolated as colorless powder with a molecular formula
C15H100s, which was determined from its HRESIMS (appendix 82) at m/z 271.0602 [M + H]*
(calcd for C15sH110s, 271.0606). The NMR data assignment was done by analysis of 1D and 2D
NMR spectra (table 4.6) and by comparison with isoflavone analogues reported in literature data
(Lv et al., 2011; Zielinska et al., 2008). The *H NMR spectrum (appendix 83) displayed methine
signals at H-2 (6+ 8.22), H-6 (6n 6.10), H-8 (61 6.25), H-2' / H-6' (61 7.36), H-3" / H-5" (6K 6.81).
13C NMR spectrum (appendix 84) confirmed the presence of 15 carbon atoms including one
carbonyl group; C-4 (&c 180.1) seven methine carbons; C-2 (&c 153.8), C-6 (&c 100.2), C-8 (dc
94.6), C-2'/ C-6' (d¢ 130.6), C-3'/ C-5’ (8¢ 115.5) and seven quartenary carbons; C-3 (&¢ 122.4),
C-4a (8¢ 103.7), C-5 (8¢ 162.3), C-7 (8¢ 165.6), C-8a (8¢ 158.3), C-1' (8¢ 122.0) and C-4' (5. 157.8).
The complete structure of 29 was determined by analysis of COSY (appendix 85), HSQC
(appendix 86) and HMBC (appendix 87), spectra. *H-'H COSY correlations between H-2' / H-6'
(OH 7.36), H-3" / H-5" (61 6.81) were observed. The link between the carbon skeleton was
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established by HMBC correlations from H-2 (6n 8.22) to C-3 (&c 122.4), C-4 (3¢ 180.1), C-8a (dc
158.3), C-1' (8. 122.0); from H-6 (dn 6.10) to C-4a (8¢ 103.7), C-5 (8¢ 162.3), C-8 (5. 94.6); from
H-8 (8 6.25) to C-2 (8¢ 153.8), C-4a (8¢ 103.7); from H-2' (8n 7.36) to C-1’ (8¢ 122.0), C-3' (3¢
115.5), C-4' (8¢ 157.8), C-6' (8¢ 130.6) and from H-3’ (dn 6.81) to C-2’ (8¢ 130.6), C-4' (6 157.8),
C-5' (8¢ 115.5). From the NMR analysis and comparisons with reported flavonoids (Zielinska et
al., 2008) compound 29 was determined as genistein.

Compound 30 (figure 4.7) was isolated as colorless powder with a molecular formula
C17H140s, which was determined from its HRESIMS (appendix 88) at m/z 299.0915 [M + H]*
(calcd for C17H150s, 299.0919). The NMR data assignment was done by analysis of 1D and 2D
NMR spectra (table 4.6) and by comparison with isoflavone analogues reported in literature data
(Babu et al., 2023). Compound 30 was similar to compound 29 except for the methoxylation at C-
7 and C-4' in 30. The *H NMR spectrum (appendix 89) displayed methine signals at H-2 (51 8.40),
H-5 (8w 7.70), H-8 (6H 6.27), H-2" / H-6' (dn 7.51), H-3" / H-5" (6n 6.99) and methoxy signals at 7-
OCH3 (81 3.87) and 4'-OCHjs (31 3.80). *C NMR spectrum (appendix 90) confirmed the presence
of 17 carbon atoms including one carbonyl group; C-4 (6c 175.1) and two methoxy signals at 7-
OCHs (6c 61.1) and 4’-OCHas (3¢ 55.6). Seven methine carbons were also observed at C-2 (&c
153.4), C-5 (3¢ 121.2), C-8 (5. 96.0), C-2' / C-6" (6. 130.6), C-3' / C-5’ (6 114.1) and seven
quartenary carbons; C-3 (8¢ 123.3), C-4a (8¢ 131.8), C-6 (8¢ 156.1), C-7 (¢ 135.2), C-8a (6¢ 151.2),
C-1" (¢ 124.8) and C-4' (¢ 159.4). The complete structure of 30 was determined by analysis of
COSY (appendix 91), HSQC (appendix 92), and HMBC (appendix 93), spectra. H-'H COSY
correlations between H-2' / H-6' (61 7.51), H-3"/ H-5' (dH 6.99) were observed. The link between
the carbon skeleton was established by HMBC correlations from H-2 (61 8.40) to C-3 (8¢ 123.3),
C-4 (8¢ 175.1), C-8a (8¢ 151.2), C-1' (8¢ 124.8); from H-5 (61 7.70) C-4a (6¢ 131.8), C-6 (8¢ 156.1),
C-8a (8¢ 151.2); from H-2' (61 7.36) to C-1’ (8¢ 124.8), C-3' (d¢ 114.1), C-4’ (5¢ 159.4), C-6’ (¢
130.6) and from H-3" (8n 6.99) to C-2' (8¢ 130.6), C-4’ (8¢ 159.4), C-5' (8¢ 114.1). From the NMR
analysis and comparisons with reported flavonoids (Babu et al., 2023) compound 30 was
determined as apigenin-7,4'-diethylether.

Compound 31 (figure 4.7) was isolated as a yellow powder with molecular formula of
C16H1404, determined from its HRESIMS (appendix 94) m/z 271.0970 [M + H]* (calcd for
C16H1504, 271.0970). The NMR data assignment was done by analysis of 1D and 2D NMR spectra
(table 4.6) and by comparison with isoflavone analogues reported in literature data (Babu et al.,
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2023). The *H NMR spectrum (appendix 95) displayed a total of nine signals. A total of sixteen
carbon signals were observed in the 3C NMR spectrum (appendix 96). The complete structure of
31 was determined by analysis of COSY (appendix 97), HSQC (appendix 98), and HMBC
(appendix 99) spectra. *H-H COSY correlations between H-5 and H-6; H-2' / H-6" and H-3' / H-
5" (6n 6.81) were observed. The link between the carbon skeleton was established by HMBC
correlations from H-2 (61 8.29) to C-3 (¢ 124.9), C-4 (3¢ 175.0), C-8a (¢ 158.1), C-1' (8¢ 123.5);
from H-6 (6w 6.89) to C-4a (& 111.6), C-5 (3¢ 127.5), C-8 (dc 102.5); from H-8 (o+ 6.80) to C-2
(6c 153.4), C-4a (d¢ 111.6); from H-2' (o1 7.51) to C-1’ (8¢ 130.5), C-3’ (8¢ 114.0), C-4' (3¢ 159.4),
C-6’ (8¢ 130.5) and from H-3' (8n 6.98) to C-2’ (¢ 130.5), C-4’ (8¢ 159.4), C-5' (8¢ 114.0). From
the NMR analysis and comparisons with reported isoflavones (Zielinska et al., 2008) compound
31 was determined as formononetin with IUPAC name 7-hydroxy-3-(4-methoxyphenyl)-4H-
chromen-4-one.

Table 4.6: *H NMR (600 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 30 -
32

29 30 31 32
No. 136 1ype 1, 136 1ype 1, 136 yne 1, 136 1ype 1,
2 153.8,CH 8.22,s 1534,CH 8.40,s 1534,CH 8.29,s 153.0,CH 8.20,s
3 122.4,C 123.3,C 1249, C 123.8,C
4 180.1,C 175.1,C 175.0,C 175.1,C
4a 103.7,C 131.8,C 1116, C 116.1,C
5 162.3,C 121.2,CH 7.70 1275,CH 7.92 1274,CH 7.90
6 100.2,CH 6.10,s 156.1,C 116.3,CH 6.89 116.4,CH  6.87
7 165.6, C 1352, C 164.7, C 165.7,C
8 94.6, CH 6.25, s 96.0, CH 6.27 102.5,CH 6.80 102.4,CH  6.79
8a 158.3,C 151.2,C 158.1, C 158.1,C
Iy 122.0,C 1248, C 1235,C 123.1,C
2! 130.6,CH 7.36 130.6,CH 7.51 130.5,CH 7.51 130.4,CH  7.37
3 1155,CH 6.81 1141, CH 6.99 114.0,CH 6.98 1154,CH 6.81
4 157.8,C 1594, C 159.4,C 157.6,C
5 1155,CH 6.81 1141, CH 6.99 114.0,CH 6.98 1154,CH 6.81
6 130.6,CH 7.36 130.6,CH 751 130.5,CH 7.51 130.4,CH  7.37
7-OMe 61.1,CHs 3.87,s

66



4'- 55.6,CHs 3.80,s 55.6,CHs 3.79,s
OMe

R; Ry
29 OH OH

8 30 H OH OCH; OCH;
31 H H OH  OCH;
32 H H OH OH

Figure 4.7: Chemical structures of compounds 29 - 32

Compound 32 (figure 4.7) was isolated as colorless powder with a molecular formula
C15H1004, which was determined from its HRESIMS (appendix 100) at m/z 255.0653 [M + H]*
(calcd for C15H1104, 255.0657). The difference between compounds 32 and 29 is hydroxylation at
C-5in 29. The NMR data assignment was done by analysis of 1D and 2D NMR spectra (table 4.6)
and by comparison with isoflavone analogues reported in literature data (Yi et al., 2019). The *H
NMR spectrum (appendix 101) displayed methine signals at H-2 (61 8.20), H-5 (61 7.90), H-6 (6H
6.87), H-8 (8n 6.79), H-2' / H-6" (8n 7.37), H-3' / H-5' (81 6.81). 3C NMR spectrum (appendix
102) confirmed the presence of 15 carbon atoms including one carbonyl group; C-4 (5 175.1),
seven methine carbons; C-2 (¢ 153.0), C-5 (8¢ 127.4), C-6 (d¢ 116.4), C-8 (¢ 102.4), C-2' / C-6'
(6¢ 130.4), C-3'/ C-5’ (8¢ 115.4) and seven quartenary carbons; C-3 (8¢ 123.8), C-4a (6. 116.1), C-
7 (8¢ 165.7), C-8a (6c 158.1), C-1' (8¢ 123.1) and C-4' (8¢ 157.6). The complete structure of 32 was
determined by analysis of COSY (appendix 103), HSQC (appendix 104), and HMBC (appendix
105), spectra. *H-H COSY correlations between H-2' / H-6" (8n 7.37), H-3' / H-5" (61 6.81) were
observed. The link between the carbon skeleton was established by HMBC correlations from H-2
(6 8.20) to C-3 (8¢ 123.8), C-4 (5. 175.1), C-8a (8¢ 158.1), C-1" (8¢ 123.1); from H-6 (dn 6.87) to
C-4a (8¢ 116.1), C-5 (8¢ 127.4), C-8 (d¢ 102.4); from H-8 (8w 6.79) to C-2 (8¢ 153.0), C-4a (5c
116.1); from H-2' (8w 7.37) to C-1' (8¢ 123.1), C-3’ (8¢ 115.4), C-4’ (8¢ 157.6), C-6' (6. 130.4) and
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from H-3' (6w 6.81) to C-2' (6 130.4), C-4’ (3¢ 157.6), C-5' (6¢ 115.4). From the NMR analysis
and comparisons with reported flavonoids (Yi et al., 2019), compound 32 was determined as
daidzein with IUPAC name 7,4'-dihydroxyisoflavone. Genistein (29) apigenin-7,4'-diethylether
(30), formononetin (31), daidzein (32) are isoflavone compounds which are reported to be
chemopreventive for various types of cancers (Kiizova et al., 2019; Murata et al., 2004; Zhang et
al., 2018). These molecules are also active antioxidants mostly present in medicinal plants, fruits
and vegetables (Dasbasi, 2020; Yi et al., 2019).

4.3 X-ray Diffraction Analysis (XRD)

Compounds 17, 18, and 22 were crystallized from methanol and water in the ratio 2:1.
(Figure 4.8). The suitable crystals were selected and analyzed on a Bruker D8 VENTURE area
detector diffractometer according to the method described by Kamtcha et al. (2018). The crystal
was kept at 100.0 K during data collection. Using Olex2 (Dolomanov et al., 2009), the structure
was solved with the XT (Sheldrick, 2015) structure solution program using Intrinsic Phasing and
refined with the XL (Sheldrick, 2008) refinement package using Least Squares minimisation.
Crystal data of compound 17, 18, and 22 have been deposited at the Cambridge Crystallographic
Data Centre with deposition number CCDC 2007927 (17), 2007929 (18), and 2007931 (22). A
copy of the data can be obtained free of charge from https://www.ccdc.cam.ac.uk/ after registration

or by e-mailing to deposit@ccdc.cam.ac.uk.
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Figure 4.8: ORTEP drawing of 17, 18 and 22. The ellipsoids are shown at the 50% probability
level.

Paulliniogenin A (17): CzH3207 M =456.51 g/mol, monoclinic, space group P21 (no.
4),a=12.1262(8) A, b = 14.4026(7) A, ¢ = 13.3342(8) A, = 105.607(4)°, V = 2242.9(2) A3, Z =
4, T =100.0 K, u(CuKa) = 0.800 mm™?, Dcalc = 1.352 g/cm?, 41245 reflections measured (6.882°
<20 <149.992°), 9034 unique (Rint = 0.0643, Rsigma = 0.0477) which were used in all calculations.
The final Ry was 0.0428 (I > 26(I)) and wR2 was 0.1108 (all data).

69



16B-hydroxybersamagenin 1,3,5-orthoacetate (18): CosH3sO7 M =458.53 g/mol,
orthorhombic, space group P212121 (no. 19), a = 10.3562(6) A, b = 10.6612(6) A, ¢ =
19.9903(11) A, vV =2207.1(2) A3,Z =4, T=100.0K, w(CuKa) = 0.813 mm™, Dcalc = 1.380 g/cm?,
46009 reflections measured (8.846° <20 < 154.856°), 4662 unique (Rint = 0.0266, Rsigma = 0.0116)
which were used in all calculations. The final Ry was 0.0288 (I > 2¢6(I)) and WR> was 0.0787 (all
data).
16B-hydroxybersaldegenin-1-acetate (22): Cy7H3s010 M =522.57 g/mol, monoclinic,
space group P2: (no. 4), a=7.1585(3) A, b =16.5713(8) A, ¢ =10.8248(4) A, p=102.657(2)°, V =
1252.89(9) A3,Z=2, T =100.0 K, p(CuKa) = 0.877 mm™, Dcalc = 1.385 g/cm?, 42139 reflections
measured (8.372° <20 < 149.94°), 5098 unique (Rint = 0.0224, Rsigma = 0.0107) which were used
in all calculations. The final Ry was 0.0250 (I > 2o(I)) and wR2 was 0.0698 (all data).

4.4 Secondary metabolites isolated from the leaves of B. abyssinica subsp. abyssinica

The MeOH extract of the leaves of B. abyssinica subsp. abyssinica was subjected to
successive column chromatography over silica gel and Sephadex LH-20, followed by preparative
HPLC to afford eight compounds 33 — 40. Compounds 33 — 36 were found to be new while
compounds 37 — 40 have been previously reported. The isolated bufadienolides were characterized
with formyl group at C-19. Whereas, bufadienolides isolated from B. abyssinica subspecies
paullioniodes have a methyl group at this position (Nyamboki et al., 2021).

Compound 33 (figure 4.9) was isolated as colorless powder with a molecular formula
C27H300s, which was determined from its HRESIMS (appendix 106) at m/z 483.2016 [M + H]*
(calcd for Ca7H310s, 483.2013). IR spectral cm™: 3435, 2935, 1711, 1627 (appendix 107). The
NMR data assignment was done by analysis of 1D and 2D NMR spectra and by comparison with
analogues bufadienolides reported in literature data (Bedane et al., 2020a). These data (Table 4.7)
suggested that 33 has a bufadienolide steroidal structure with a-pyrone ring system. The presence
of this characteristic a-pyrone (2H-pyran-2-one) ring was evident from the 'H NMR data
(appendix 108) [on 7.53 (H-21, s), 7.31 (H-22, d, J = 9.6 Hz), and 6.34 (H-23, d, J = 9.6 Hz)] and
13C NMR data (appendix 109) dc 153.1 (C-21), 147.8 (C-22) and 116.2 (C-23) (Bedane et al.,
2020a). Compound 33 also possessed an orthoacetate group in ring A, as confirmed from the
presence of a characteristic orthoacetate singlet methyl proton at Hz-26 (61 1.34), which showed a
strong HMBC correlation with C-25 (6¢c 112.0) (Bedane et al., 2020b). Long-range HMBC
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correlations of H-1 (dn 4.65) with C-25 (8¢ 112.0) also supporting the presence of the orthoacetate
structure in ring A. The complete 'H and *C NMR signal assignments and connectivity were
determined from a combination of H-'H COSY (appendix 110), HSQC (appendix 111) and
HMBC (appendix 112) data. The COSY correlations of H»-2 with H-1 and H-3, and H-3 with H-
2 and Hx-4 identified the connectivity sequence in the A ring. Signals for 27 carbon atoms were
observed in the 3C NMR spectrum. Comparison of its experimental and reported NMR data
revealed that 33 has similar NMR values with paulliniogenin B, which has been isolated from the
bark B. abyssinica subsp. paullinioides in this study (Nyamboki et al., 2021). The difference being
the presence of a formyl group at C-19 in 33. The presence of a, B-unsaturated carbonyl group in
ring D was confirmed from signals at dc 162.4 (C-14), 6c 151.3 (C-15), and d¢c 203.0 (C-16). It
was also confirmed by the HMBC correlations of Hs-18 to C-14, H-17 to C-14, C-15 and C-16.
Position of the methoxy group (6 3.81, dc 59.2) at C-15 was determined by strong HMBC
correlations from the OMe-15 methoxy protons to C-15 (6¢c 151.3). HMBC from H-17 (61 3.23)
to C-13, C-16, C-18, C-20, C-21, and C-22 were important correlations observed in ring D and
confirmed the position of the a-pyrone ring at C-17. A Singlet methyl group at dn 0.92 (3¢ 23.2)
is typical steroidal methyl group and was assigned to C-18 based on their HMBC correlations, Hs-
18 to C-12, C-13, C-14, and C-17. The presence of a formyl group was determined from its proton
at 61 10.25 (H-19) that showed HSQC correlation with ¢ 208.7 (C-19). HMBC correlation of
formyl proton, H-19 with C-10 (¢ 54.4) confirmed the position of the formyl group at C-10.

33 R = OCHj
34R=H

Figure 4.9: Chemical structures of compounds 33, 34 and 35
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Table 4.7: *H and *C NMR Data? of Compound 33-35 in CD30D.

no.

la
20
2B
3a
4o,

4P

60
63
Ta.
7B
8
9a
10
1la
11P
12a
12P3
13
14
15
16
17a
18
19
20
21
22
23
24

72.4
28.1

68.6
34.4

75.8
33.7

25.5

38.4
45.2
54.4
21.1

39.4

44.1

162.4
151.3
203.0
59.2

23.2

208.7
116.3
153.1
147.8
116.2
163.6

33
v, mult. (Jin Hz)
4,65, brs
1.85
2.42
4.34, brs
251
1.94, m

141, m

2.38

2.04, m

251, m

2.74,td (12.1, 3.5)
1.85

1.82
1.64
1.98
1.48

3.23,s
0.92, s
10.25, s

7.53,s
7.31,d (9.6)
6.34, d (9.6)

13

72.4
28.0

68.6
344

75.9
33.3

254

38.1
45.5
54.3
21.2

39.9

49.0

190.4
124.9
207.5
59.9

22.7

208.5
116.6
153.1
147.9
116.3
163.7

34°
v, mult. (Jin Hz)
4.65, brs
1.85
2.42
4.30, brs
251
1.94, m

1.64
2.40
2.06, m
1.81
2.76, m
1.81

1.84
1.64
2.04
1.54

5.96, s

3.66, s
0.94,s
10.23, s

7.52,d (2.6)
7.27,dd (9.6. 2.6)
6.34,d (9.6. 1.2)

72.3
31.7

67.1
38.6

74.8
36.9

27.1

38.7
46.4
58.2
22.5

39.6

43.9

162.4
151.4
203.2
59.0

22.9

207.5
116.3
153.1
147.8
116.2
163.6

35¢
'y, mult. (Jin Hz)
5.75,t (2.7)
1.94
2.16, m
4.27, brs
2.41,dd (15.0, 3.4)
1.75, m

1.80
2.35,m

1.97, m

2.58,m

2.68, td (12.2, 3.7)
1.80

1.85
1.71
2.02
1.50, td (13.4, 4.0)

3.21,s
0.89, s
10.14, s

7.53,s
7.31,dd (9.6. 2.6)
6.35, d (9.6)
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25 112.0 112.1

26 26.1 1.34,s 26.1 1.32,s

OMe-15 59.2 3.81,s

1- 171.9

OC(O)Me

1- 21.3 1.98, s
OC(O)Me

aSignals without multiplicity are overlapping signals deduced from the HSQC spectrum.
bRecorded at (*H: 700 MHz, 13C: 175 MHz). °Recorded at (*H: 600 MHz, 13C: 150 MHz).

The relative configuration of 33 was defined based on NOESY correlations (appendix 113)
and biosynthetic considerations, as it has the same stereogenic centres as paulliniogenin B
(Nyamboki et al., 2021). The configuration of the formyl group at C-10 assigned [-orientation
based on NOESY correlations of H-19/H-8 and H-8/Hs-18. The NOESY correlations between H-
19 and H-8 and between H-8 and Hs-18 suggested the p-orientation of Hz-18, H-8, and the formyl
group at C-10. Additional NOESY correlations from Hs-18 to H-21 and H-22 confirmed the B-
orientation of the a-pyrone ring. Thus, the structure of compound 33 was determined as 104-
formylpaulliniogenin A.

Compound 34 (figure 4.9) was isolated as a white powder with a molecular formula C26H2507,
as determined from the HRESIMS (appendix 114) at m/z 453.1912 [M + H]" (calcd for C26H2907,
453.1907). IR spectral cm™: 3410, 2934, 2358, 1719, 1594 (appendix 115). Its NMR data (table
4.7) were very similar to those of 33 except the absence of the methoxy signals in 34, and in effect,
the C-15 chemical shift was more upfield (¢ 124.9) compared to dc 151.3 in 33. The resulting
vinylic singlet proton signal 1 5.96 (H-15) showed HMBC correlations with C-14, C-15, and C-
17. The complete 'H (appendix 116) and *C NMR (appendix 117) signal assignments and
connectivity were determined from a combination of H-'H COSY (appendix 118), HSQC
(appendix 119), and HMBC (appendix 120) data. The relative configuration of 34 was established
from the observed identical coupling constants and NOESY correlations (appendix 121) as in 33.
Comparison of its NMR data with reported data indicated that 34 has similar NMR values with
paulliniogenin A except 34 has a formyl group at C-19 (Nyamboki et al., 2021). The presence of
a formyl group was determined from its proton at 6u 10.23 (H-19) that showed HSQC correlation
with 8¢ 208.5 (C-19). HMBC correlation of the formyl proton, H-19 with C-10 (&¢ 54.4) confirmed
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the position of the formyl group at C-10. Therefore, the structure of 34 was elucidated as 10p-
formylpaulliniogenin A.

Compound 35 (figure 4.9) gave a molecular ion at m/z 501.2123 for [M + H]" (calcd for
C27H3309, 501.2119) in the HRESIMS (appendix 122) defined a molecular formula C27H3200. IR
spectral cm™: 3401, 2931, 2361, 17210, 1592 (appendix 123). The H (appendix 124) and *C
NMR (appendix 125) spectroscopic data (table 4.7) suggested that 35 is also a bufadienolide
steroidal structure. Unlike 104-formylpaulliniogenin A (33) and10p-formylpaulliniogenin A (34),
35 has no orthoacetate ring. It possessed an acetoxy group deduced from its carbonyl carbons at
dc 171.9, and an acetoxy methyl groups at 6c 21.3 (6u 1.98). The COSY correlations (appendix
126) of H-1 to H2-2, H2-2 to H-3 and H-3 to H2-4 identified a connectivity sequence in ring-A.
The structure of ring-A and its NMR signals are identical to those reported for bersaldegenin 1-
acetate (Moniuszko-Szajwaj et al., 2016). HMBC correlation of H-1 (6u 5.75) with 6c 171.9
confirmed the position of the acetoxy group at C-1. The presence of a formyl group was established
from its proton at 6u 10.14 (H-19) that showed HSQC correlation (appendix 127) with d¢c 207.5
(C-19). HMBC correlation (appendix 128) of the formyl proton (H-19) with C-10 (3¢ 58.2)
confirmed position of the formyl group at C-10. The remaining rings have identical NMR spectra
as in compound 33. The relative configuration of 35 was defined based on NOESY correlations
(appendix 129) and biosynthetic considerations, as it has the same stereogenic centers as 33. The
NOESY correlations of H-19 with H-8, H-8 with Hs-18, and Hs-18 with H-22 suggested the formyl
group and the pyrone ring to be p-cofacially oriented. Additional NOESY correlations of H-1a. (3H
5.75) with H-11a (61 1.85) showed that the acetoxy group at C-2 was S-oriented. Thus, the new
compound (35) was identified as 1p-acetoxy-34,54-dihydroxy-15-methoxy-16,19-dioxobufa-
14(15),20,22-trienolide.

Compound 36 (figure 4.10) was isolated as a yellow powder with a molecular formula
CasH26011 that was determined from its HRESIMS (appendix 130) at m/z 539.1554 [M + H]*
(calcd for CagH27011, 539.1553). IR spectral cm™: 3359, 2924, 1699, 1598 (appendix 131). The
complete *H (appendix 132) and 3C NMR (appendix 133) signal assignments and connectivity
were determined from a combination of *H-'H COSY (appendix 134), HSQC (appendix 135) and
HMBC (appendix 136) data. A total of 28 carbons were observed on the *C NMR spectrum (Table
4.8). The shielded aromatic methines at 8¢ 98.2 (C-3), d¢c 96.1 (C-5), 6¢c 133.5 (C-2' and C-6") and
dc 115.7 (C-3" and C-5'") are typical of phenolic natural compounds. The signal at 5¢c 197.5 (C-7)
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corresponds to carbonyl of a benzophenone (Rancon et al., 2001). Four quaternary carbon signals,
C-2 (6¢c 162.6), C-4 (dc 158.7), C-6 (6¢c 160.0) and C-4' (6c 163.4), correspond to oxygenated
aromatic carbons. The NMR of sub structure of 36, the benzophenone and the sugar moiety, are
identical to those of 37, which has been previously isolated by Rancon et al. (2001). The difference
being the presence of a cinnamoyl group in 36. The *H NMR and the HSQC spectra revealed an
anomeric signal (on 4.88, m, H1" and d¢ 101.9, C1") together with a set of signals between on 3.17
— 451 in 'H NMR and &c 64.8 — 77.8 in C NMR, firmly established the presence of a
glucopyranose (Dhouafli et al., 2019).

The HMBC correlation between the anomeric proton H-1" (6 4.88) and C-4 (6¢c 158.7)
indicated 4-O-linkage between the sugar moiety and benzophenone. The cinnamoyl subunit was
deduced from aromatic protons (o 7.42 — 7.63) and two olefinic trans coupled protons (61 6.60,
d, J=16.0 Hz and on 7.7, d, J=16.0 Hz), correlated in HMBC with carbonyl carbon 6c 168.5 (C-
1™) (Nishimura et al., 2016). The HMBC correlation from the methylene proton, H-6" of the sugar
moiety to the carbonyl carbon, dc 168.5 (C-1™) provided a link between the two subunits. The
cinnamoyl fragment ion was also observed in HRMS at m/z 131.0493. Further analysis of the
HRMS? indicated fragment ion at m/z 293.1021[C15H1706]* and m/z 247.0602 [C13H110s]" due to
cleavage of the acetophenone and sugar moiety at 4-O linkage. A combination of *H-'H COSY,
HSQC and HMBC data were used to determine the complete *H and *C NMR signal assignments.
The type of sugar was deduced from compound 37 which is known (Rancon et al., 2001). The
main difference between compounds 36 and 37 is the presence of the cinnamoyl group in 36. The
NMR data of the two compounds were also comparable as shown in table 9. The structure of
compound 36 was therefore determined as 2,6,4'-trihydroxybenzophenone-4-O-(6"'-cinnamoyl)-

B-D-glucoside.

Figure 4.10: Chemical structures of compounds 36 and 37
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Table 4.8: *H NMR (600 MHz) and **C NMR (150 MHz) Spectroscopic Data of Compounds 36
and 37 in CD30OD

36 37
no. Bc Type v, mult.(J in Hz) B¢ Type v, mult.(J in Hz)
1 110.2,C 108.9, C
2 162.6, C 158.3,C
3 98.2, CH 6.06, d (2.0) 96.7, CH 6.09,d (2.1)
4 158.7,C 157.3,C
5 96.1,CH  6.26,d (2.0) 94.5, CH 6.27,d (2.0)
6 160.0, C 161.1,C
7 197.5,C 196.1, C
1 132.4,C 130.9,C
2'/6' 1335,CH  7.67 d (8.6) 132.1,CH 7.70,d (8.7)
3/5' 115.7,CH  6.77 d (8.6) 114.4, CH 6.80, d (8.7)
4 163.4,C 162.2,C
1 101.9,CH  4.88" 100.9, CH 4.84,d (7.7)
2 74.6, CH 3.17 73.3,CH 3.11
3 77.8,CH 3.47 76.4,CH 3.39
4" 71.5,CH 3.37 76.8, CH 3.37
5 75.6, CH 3.62 69.7, CH 3.29
6 64.8, CH; 4.30dd (11.8,6.8),451 61.1, CH; 3.69

dd (11.8, 2.0) 3.88
1 168.5, C
2 118.7,CH  6.60d (16.0)
3" 146.6,CH  7.70d (16.0)
4 135.8,C

5"/9" 129.4,CH 7.63m
6"/8" 130.0,CH 7.42m
™ 1315,CH 7.42m

aSignals without multiplicity are overlapping signals deduced from the HSQC spectrum.

Compound 37 (figure 4.10) was isolated as a yellow powder with a molecular formula
C19H20010 that was determined from its HRESIMS (appendix 137) at m/z 409.1131 [M + H]*
(calcd for C19H21010, 409.1135). The complete *H NMR (appendix 138) and **C NMR (appendix
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139) signal assignments and connectivity were determined from a combination of *H-'H COSY
(appendix 140), HSQC (appendix 141) and HMBC (appendix 142) data. Compound 37 was
determined as a known compound and identified as 4-O-p-D-glucopyranosyl-2,6,4'-
trihydroxybenzophenone (37) (Rancon et al., 2001). Compound 37 formed a basis for the structure
determination of the new compound 36.

Compound 38 (figure 4.11) was isolated as a yellow powder with a molecular formula
C19H200g that was determined from its HRESIMS (appendix 143) at m/z 399.1051 [M + Na]*and
at m/z 377.1231 [M + H]* (calcd for C19H210s, 377.1236). The 'H (appendix 144) and *C NMR
(appendix 145) spectra (table 4.9) indicated signals attributable to benzoyl moiety, -
glucopyranosyl moiety, and catechol moiety (Bourjot et al., 2012). The 'H NMR data at &n 4.77
(H-1', d, J = 7.3 Hz), 3.49 (H-2', m), 3.50 (H-3', m), 3.45 (H-4', m), 3.76 (H-5', ddd, J = 9.7 Hz, 7.6
Hz, 2.2 Hz), and 4.42 (H-6', dd, J = 11.7 Hz, 7.6 Hz);, 4.74 (H-6', dd, J = 11.7 Hz, 2.2 Hz); and
from the 1*C NMR at 5c 102.2 (C-1"), 8¢ 73.6 (C-2'), 8¢ 76.6 (C-3"), 8¢ 70.7 (C-4'), 5c 74.0 (C-5')
and d¢c 64.0 (C-6") were attributed to the presence of the B-glucopyranosyl moiety. The complete
'H and *C NMR signal assignments and connectivity were determined from a combination of *H-
4 COSY (appendix 146), HSQC (appendix 147) and HMBC (appendix 148) data. HMBC
correlations from 8y 4.42, 4.74 (H-6") to the ester carbonyl carbon [6¢c 166.4 (C-7)], indicated the
B-glucopyranosyl moiety was attached to the benzoyl moiety through the primary alcohol.
Furthermore, the HMBC correlations from 6w 4.77 (H-1") to 6c 118.1 (C-2) indicated that the
catechol moiety was linked to the glucose through the anomeric carbon. Compound 38 was
determined as flacourtoside A, a phenolic glycoside which has been previously reported in a

medicinal plant Flacourtia ramontchi (Bourjot et al., 2012).
0

0”7

HO ,
©o1. o 6/u\©
oH
HO 5
38

Figure 4.11: Chemical structure of compound 38
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Table 4.9: *H and *C NMR Data of Compounds 38 in CDsOD

no. B¢ Type 'y, mult.(J in Hz)

1 115.1,CH 6.60,m

2 118.1,CH 6.95;m

3 152.5,C

4 118.1,CH  6.95, m

5 115.1,CH  6.60, m

6 150.8, C

2-Glc

1 102.2,CH 4.77,d (7.3)

2' 73.6, CH 349, m

3 76.6, CH 3.50, m

4 70.7, CH 345 m

5' 74.0, CH 3.76,ddd (9.7, 7.6, 2.2)

6' 64.0, CH; 4.43,dd (11.7,7.6)
4.74,dd (11.7, 2.2)

6'-Bz

1 129.9,C

2 129.2,CH 8.06, m

3 128.2,CH  7.54,1t(7.53)

4 133.0,CH 7.66, m

5 128.2,CH  7.54,t(7.53

6 129.2,CH 8.06, m

7 166.4, C

Compound 39 (figure 4.12) was isolated as a yellow powder with a molecular formula
C20H18011 that was determined from its HRESIMS (appendix 149) at m/z 435.0918 [M + H]*
(calcd for CogH19011, 435.0927). The NMR data assignment was done by analysis of 1D and 2D
NMR spectra (table 4.10) and by comparison with analogues flavonoids reported in literature
(Gomes et al., 2019). The *H NMR (appendix 150) and *C NMR (appendix 151) spectrum
displayed signals at 61 5.18 (H-1"), 8w 3.92 (H-2"), 6n 3.66 (H-3"), éH 3.83 (H-4"), o1 3.46, 3.83
(H-5") and 8¢ 103.2 (C-1"), ¢ 71.5 (C-2"), 6¢ 72.7 (C-3"), ¢ 67.7 (C-4"), ¢ 63.5 (C-5")] which
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established the presence of the xylose ring. The quercetin moiety was deduced by the presence of
methine signals at 8 6.41 (H-6), 81 6.22 (H-8), 51 7.60 (H-2"), 51 6.89 (H-3") in *H NMR spectrum.
13C NMR spectrum confirmed the presence of methine carbon atoms at 8¢ 93.4 (C-6), ¢ 98.6 (C-
8), oc 121.5 (C-2"), dc 114.8 (C-3") and quartenary carbons at d¢c 157.2 (C-2), 6c 134.2 (C-3), oc
178.0 (C-4), éc 157.1 (C-5), é¢c 165.0 (C-7), 6c 161.6 (C-9), 6c 104.1 (C-10), dc 148.6 (C-4") and
Sc 144.6 (C-5"). The complete *H NMR and *C NMR signal assignments and connectivity were
determined from a combination of H-'H COSY (appendix 152), HSQC (appendix 153) and
HMBC (appendix 154) data. Further, *H-'H COSY correlations of H-2’ with H-3’ and those H-1"

with H-2" were important in establishing the connectivities in compound 39. The HMBC

correlation from 6 5.18 (H-1") to ¢ 134.2 (C-3) determined the connectivity between the xylose

ring and the quercetin moiety. Compound 39 was determined as quercetin-3-O-xyloside.

Table 4.10: *H and *3C NMR Data of Compounds 39 and 40 in CD30D

no. Bc Type
157.2,C
134.2,C
178.0,C
157.1,C
93.4,CH
165.0, C
98.6, CH
161.6, C
104.1,C
121.6,C
121.5,CH
114.8, CH
148.6, C
1446, C
116.0, CH
103.2, CH
71.5, CH
72.7,CH

BLOOO\IOU'I-POOI\J

W N R oag R QN R

390
'y, mult.(J in Hz)

6.41

6.22

7.60
6.89

7.76
5.18
3.92
3.66

13C, Type
157.6, C
134.2,C
178.1,C
157.1,C
93.3, CH
164.6,C
98.5, CH
161.6, C
104.0,C
1215,C
121.8, CH
114.6, CH
148.4,C
1455, C
116.1, CH
102.9, CH
74.4, CH
77.0, CH

40P
'y, mult.(J in Hz)

6.42

6.22

7.61
6.89

7.73
5.30
3.50
3.24
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4" 67.7, CH 3.83 76.7, CH 3.45

5" 63.5,CH,  3.46 69.8, CH 3.37
3.83

6" 61.1, CH> 3.59

3.73

Figure 4.12: Chemical structures of compounds 39 and 40

Compound 40 (figure 4.12) was isolated as a yellow powder with a molecular formula
C21H20012 that was determined from its HRESIMS (appendix 155) at m/z 465.1027 [M + H]*
(calcd for C21H21012, 465.0927). Compound 40 was similar to 39 except for the glucose ring in 40
in place of the xylose ring. The NMR data assignment was done by analysis of 1D and 2D NMR
spectra (table 4.10) and by comparison with analogues flavonoids reported in literature (Dong et
al., 2019; Gomes et al., 2019). The *H NMR (appendix 156) and 3C NMR (appendix 157)
spectrum displayed signals at [61 5.30 (H-1"), dn 3.50 (H-2"), 61 3.24 (H-3"), on 3.45 (H-4"), oH
3.37 (H-5"), 81 3.59, 3.73 (H-6")] and [d¢c 102.9 (C-1"), d¢c 74.4 (C-2"), dc 77.0 (C-3"), ¢ 76.7 (C-
4"), ¢ 69.8 (C-5"), dc 61.1 (C-6")] which established the presence of the glucose ring. The
quercetin moiety was deduced by the presence of methine signals at o 6.42 (H-6), 6n 6.22 (H-8),
S 7.61 (H-2"), 51 6.89 (H-3") in *H NMR spectrum. *C NMR spectrum confirmed the presence
of methine carbon atoms at dc 93.3 (C-6), 6c 98.5 (C-8), 6c 121.8 (C-2'), 6c 114.6 (C-3') and
quartenary carbons at dc 157.6 (C-2), d¢c 134.2 (C-3), 6c 178.1 (C-4), ¢ 157.1 (C-5), dc 164.6 (C-
7), 8¢ 161.6 (C-9), 8¢ 104.0 (C-10), dc 148.4 (C-4') and 5c 145.5 (C-5'). The complete *H NMR
and *C NMR signal assignments and connectivity were determined from a combination of *H-'H
COSY (appendix 158), HSQC (appendix 159) and HMBC (appendix 160) data. Further, *H-'H
COSY correlations of H-2" with H-3" and those H-2" with H-1" and H-3" were important in
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establishing the connectivities in compound 40. The HMBC correlation from 61 5.30 (H-1") to 6¢
134.2 (C-3) determined the connectivity between the glucose ring and the quercetin moiety.

Compound 40 was determined as quercetin-3-O-4-D-glucoside 40 (Dong et al., 2019).

4.5 Isolation of fungal endophytes

Six endophytic fungal isolates were successfully obtained from surface sterilized fresh
leaves and stem bark of B. abyssinica subsp. of abyssinica and subsp. paulliniodes. Pure cultures
of fungal endophytes were obtained from subsequent sub-culturing of the isolated strains (figure
4.13).

Epicoccum nigrum

Purpureocillium lilacinum Scopulariopsis fusca Clonostachys rosea

Figure 4.13: Photos of the isolated endophytic fungi

4.6 DNA Extraction and polymerase chain reaction (PCR)
Fungal endophyte DNA extraction was successful and the consensus sequences obtained
from the amplification of the internal transcribed spacer (ITS) sequences. The size of the DNA
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band obtained from PCR amplification and subsequent agarose gel electrophoresis was 560 base

pairs.

4.7 DNA Sequencing

Data from molecular analyses were used to characterize taxonomically the endophytic
fungi isolated from the plant tissues of B. abyssinica subsp. abyssinica and subsp. paullioniodes.
The ITS1-5.8S-1TS2 consensus sequences (Appendix 161) of the isolates were compared to
sequences that are already deposited in the national center for biotechnology information (NCBI)
database GenBank. The results generated from ITS sequencing analyses identified six endophytic
fungi to the species level. The basic local alignment search tool (BLAST) searches from the NCBI
database revealed that the isolated fungal endophytes are Purpureocillium lilacinum, Clonostachys
rosea, Scopulariopsis fusca, Hypoxylon lividipigmentum, Talaromyces pinophilus and Epicoccum
nigrum. The BLAST searches indicated high sequences similarities (table 12). The endophytic

fungi isolates belonged to a diverse group of fungi distributed within the phylum Ascomycota.

Table 4.11: Percentage sequence similarity of representative fungal endophytes from NCBI
database

Isolate Closely related species Query Sequence  Accession number

coverage similarity

BAPB 2 Purpureocillium lilacinum  100% 99.8% NR165946.1
BAPLC Clonostachys rosea 100% 99.59% MHB864650.1
BAPLC 1  Scopulariopsis fusca 100% 99.32% NR145258.1
BAPB_D Hypoxylon lividipigmentum 100% 93.70% MG686611.1
BAPB B Talaromyces pinophilus 99% 100.00% MF683084.1
BAAL_A2  Epicoccum nigrum 100% 99.40% KX778640.1

4.8 Secondary metabolites and pharmacological activity of the isolated fungi
The isolated endophytic fungi namely; P. lilacinum, C. rosea, S. fusca, H. lividipigmentum,

T. pinophilus and E. nigrum have been reported previously to contain a wide range of secondary

82



metabolites with various pharmacological activities. A study by Henrique et al. (2023) evaluated
P. lilacinum fungus as a biocontrol agent for nematode control. The fungus was found to be a
potential control agent for nematodes. The fungus also produces secondary metabolites with
bioactivities against pathogenic bacteria and fungi (Wei & Hu, 2022). C. rosea is in the genus
Clonostachys, which is abundant in many classes of secondary metabolites, including alkaloids,
polyketides, and terpenoids. Many of these secondary metabolites exhibit biological activities,
such as antimicrobial, insecticidal, nematocidal, antiparasitic, phytotoxic and cytotoxic activities
(Han et al., 2020). The biological activity of secondary metabolites from H. lividipigmentum were
investigated by Weerasinghe et al. (2021). The compounds are reported to show antioxidant,
antibacterial, anti-inflammatory, and tyrosinase inhibitory activities. The genus Hypoxylon is
reported to posses various classes of compounds, mainly sesquiterpenoids with antimicrobial and
cytotoxic activities (Basnet et al., 2019). Many kinds of compounds are reported in Talaromyces
sp. including polyketides, steroids, esters, terpenes, alkaloids and anthraquinones, some of which
have shown bacteriostatic, antitumor and anti-inflammatory activities (Han et al., 2020; Vinale et
al., 2017). Further, compounds isolated from Talaromyces sp. have been reported to exhibit lipid-
lowering properties, antitumor and antifungal properties (Rashmi et al., 2019). E. nigrum is
reported to be rich in alkaloids, sesquiterpenes, quinones, peptides, lactones, esters, diterpenes,
cytochalasins, and polyketides (Amrani et al., 2014; de Favaro et al., 2012; Lee et al., 2020; Zhang
etal., 2007). In the present study E. nigrum was subjected to solid state fermentation on rice media
leading to the isolation of six polyketides. These polyketides were found to have antibacterial

activities, antidermatophytic activities, and cytotoxic activities.

4.9 Secondary metabolites isolated from endophytic fungi Epicoccum nigrum

The ethylacetate extract of E. nigrum fungus culture on rice media was subjected to
successive column chromatography over silica gel and Sephadex LH-20, followed by preparative
HPLC to afford six compounds 41 — 46. Compound 41 is a new compound while 42 - 46 have
been previously described. Compound 41 (figure 4.14) was isolated as a yellow amorphous powder
with a molecular formula C17H1607 that was determined from its HRESIMS (appendix 163) at m/z
333.0970 [M + H]" (calcd for C17H1707, 303.0974). IR spectral cm™: 3386, 2360, 1719, 1680
(appendix 164). Table 4.12 shows the NMR data of compound 41. The *H NMR spectrum
(appendix 165) displayed five signals assignable to two methyl groups at 6 1.64 (Hz-16, s) and
On 2.21 (Hs-17, s), three methylene groups at on 4.63, 4.83 (H2-2), on 2.73, 3.62 (H2-13) and oH
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3.95, 4.96 (H»-15). A total of 17 carbons were observed on the 3C NMR spectrum (appendix 166),
including two carbonyl groups at 6c 204.5 (C-5), 6¢ 195.9 (C-18); two methyl groups at d¢ 7.4 (C-
16) and &¢ 10.4 (C-17); three methylene groups at d¢ 28.1 (C-13), dc 72.6 (C-15), and &¢ 63.5 (C-
2). Further, twelve quartenary carbons at 6c 179.3 (C-3), 6c 130.4 (C-4), 8. 204.5 (C-5), 6. 84.3 (C-
6), 6c 123.7 (C-7), dc 142.6 (C-8), &¢c 117.5 (C-9), 6 139.6 (C-10), &c 140.0 (C-11), &c 118.4 (C-
12), &¢c 52.8 (C-14), and d¢ 195.5 (C-18) were observed.

The complete *H and 13C NMR signal assignments and connectivity were determined from
a combination of *H-'H COSY (appendix 167), HSQC (appendix 168) and HMBC (appendix 169)
data. The HMBC correlations (figure 4.15) from 6 4.63, 4.83 (H2-2) to 6. 179.3 (C-3), o 130.4
(C-4), 8¢ 52.8 (C-14) and & 72.6 (C-15); from oy 2.73, 3.62 (H2-13) to &c 179.3 (C-3), dc 84.3 (C-
6), 8¢ 123.7 (C-7), 8¢ 140.0 (C-11), & 118.4 (C-12), 8¢ 52.8 (C-14) and & 72.6 (C-15); and from
oH 3.95, 4.96 (H2-15) to 8¢ 63.5 (C-2), 6 179.3 (C-3), 8¢ 84.3 (C-6), dc 52.8 (C-14) and d¢ 72.6 (C-
15) were important correlations in the establishment of connectivities in rings B, C and D. Of
these, signals at 6c 179.3 (C-3), dc 130.4 (C-4), and dc 204.5 (C-5) were due to the presence of a-
B unsaturated carbonyl group in ring-C. Further, the HMBC correlations from the methyl protons
OH 2.21 (H3-17) to o¢ 123.7 (C-7), 6 142.6 (C-8), &c 117.5 (C-9) provided the linkage in ring A.
The hydroxyl groups were assigned to carbon atoms according to their chemical shifts. Compound
41 was determined as 5a,8,9-trihydroxy-4,6-dimethyl-5-ox0-3,5,5a,10-tetrahydro-1H-
benzo[4,5]pentaleno[1,6a-c]furan-7-carboxylic acid.

Figure 4.14: Chemical structure of compound 41
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Table 4.12: *H NMR (600 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 41

no. B¢ Type 'y, mult.(Jin Hz) HMBC

2 63.5, CH; 4.63,d 3,4,14,15
4.83,

3 179.3,C

4 130.4,C

5 2045, C

6 84.3,C

7 123.7,C

8 142.6, C

9 117.5,C

10 139.6,C

11 140.0, C

12 118.4,C

13 28.1, CH- 2.73 3,6,7,11,12, 14,15
3.62

14 52.8,C

15 72.6, CH- 3.95 2,3,6,13,14
4.96

16 7.4, CHs 1.64,s 3,4,5

17 10.4, CH; 2.21,s 7,8,9

18 195.9,C
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\_/ HMBC correlations

Figure 4.15: Chemical structure of compound 41 showing HMBC correlations

Compound 42 (figure 4.16) was isolated as a colourless compound. The molecular formula,
CoHgOs was deduced using HRESIMS (appendix 170) at m/z 197.0446 [M+H]*, (calcd for
CoHgOs, 197.0444). Table 4.13 shows the *H and *C NMR spectroscopic data. The *H NMR
spectra (appendix 171) exhibited two singlet signals assigned to one methyl at 61 2.43 (Hs-8, s)
and one methine at 8u 5.13 (H2-3, s). A total of nine carbon atoms were observed in the *C NMR
(appendix 172) spectrum including seven quaternary carbons at 6:173.2 (C-1), 6. 126.5 (C-4a), oc
136.6 (C-4), 8:140.1 (C-5), 6.144.9 (C-6), 8¢ 116.9 (C-7) and 6. 112.6 (C-7a), an oxygenated sp3
hybridized methine carbon at . 66.6 (C-3) and a methyl carbon at §; 8.3 (C-8). The complete H
and 3C NMR signal assignments and connectivity were determined from a combination of H -
IH COSY (appendix 173) HSQC (appendix 174) and HMBC (appendix 175) data. The HMBC
correlations (figure 4.17) from 6n 2.43 (Hz-8) to dc 149.9 (C-6), 8¢ 116.9 (C-7) and & 112.6 (C-
7a) led to the establishment of the connectivities in the aromatic ring. Furthermore, HMBC
correlations from on 5.13 (H2-3) to 173.2 (C-1) was important in the determining the position of
the carbonyl group in compound 42. The structure of compound 42 was established by assigning
the hydroxyl groups to dc 136.6 (C-4), dc 140.1 (C-5) and 6. 144.9 (C-6) according to their chemical
shifts. The compound 42 was determined as 4,5,6-trihydroxy-7-methylphthalate with a trivial
name, epicoccone. Epicoccone has been previously reported from algicolous marine fungus
(Abdel-Lateff et al., 2003).
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Table 4.13: *H NMR (700 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 42

42 Lit
no. Bc Type 'y mult.(JinHz) HMBC Bc Type v, mult.(J in Hz)
1 173.2,C 174.6,C
66.6, CH: 5.13 1,4a,4,57a 68.0, CH> 5.16

4 136.6,C 138.1,C

4a 126.5,C 127.9,C

5 140.1,C 1415, C

6 1449, C 146.3, C

7 116.9,C 118.3,C

Ta 112.6,C 113.9,C

8 8.3, CHs 243,s 6,7, 7a 9.7, CHs 245, s

Figure 4.16: Chemical structure of compound 42

O

HO

HO

42
OH

“___ HMBC correlations

Figure 4.17: Chemical structure of compound 42 showing HMBC correlations
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Compound 43 (figure 4.18) was isolated as a brown powder. Its molecular formula,
C18H140g was established from HRESIMS (appendix 176) at m/z 359.0762 [M+H]", (calcd for
Ci1sH150s, 359.0767). The *H NMR spectrum (appendix 177) displayed five singlets at 8 7.45 (H-
3), 81 10.45 (H-9), 61 9.53 (H3-15), 61 2.11 (Hs-16) and 61 2.67 (H-17), which were attributed to
two methyl groups, two aldehyde groups and one methine group (table 4.14). Analysis of *C NMR
spectrum (appendix 178) confirmed the presence of two methyl carbons; 6¢9.53 (C-16) and 6.11.4
(C-17), two carbonyl carbons; 8¢ 190.4 (C-8) and &¢ 195.0 (C-15), sp? hybridized methine carbon;
8¢ 109.3 (C-3), and 13 sp? hybridized quaternary carbon atoms; 8¢ 152.4 (C-2), 8¢ 123.3 (C-3a), &c
117.3 (C-4), 6.127.7 (C-5), 6. 141.0 (C-6), 8. 137.1 (C-7), 8. 142.5 (C-7a), 6. 125.5 (C-9), 8. 113.0
(C-10), 6¢ 150.0 (C-11), 8¢ 132.6 (C-12), 8¢ 151.2 (C-13) and d¢ 119.0 (C-14). The NMR data
assignment was done by comparison with reported polyketides (Amrani et al., 2014; Talontsi et
al., 2013b) and analysis of *H-'H COSY (appendix 179), HSQC (appendix 180) and HMBC
(appendix 181) data.

The HMBC correlations (figure 4.19) from oy 2.67 (Hz-17) to 8¢ 117.3 (C-4), oc 127.7 (C-
5) and &c 141.0 (C-6) assisted in determining connectivity in ring A. Further, the HMBC
correlations from on 7.45 (H-3) to &c 123.3 (C-3a), ¢ 142.5 (C-7a), 6. 152.4 (C-2), and from oH
10.45 (H-8) to &c 123.3 (C-3a), &c 117.3 (C-4), &c 127.7 (C-5) and &c 141.0 (C-6) led to the
establishment of 6,7-dihydroxy-5-methylbenzofuran-4-carbaldehyde subunit. The link between
ring B to ring C was determined by HMBC correlation from 6n 7.45 (H-3) to dc 125.5 (C-9).
Furthermore, the correlations from the aldehyde proton; 6 9.53 (H-15) to 8¢ 125.5 (C-9), 3. 113.0
(C-10), 6 150.0 (C-11) and 8¢ 132.6 (C-12) and from the methyl protons; on 2.11 (Hz-16) to dc
125.5 (C-9), &¢ 151.2 (C-13) and 8¢ 119.0 (C-14) provided the linkage in ring C. The structure of
compound 43 was determined to be epicoccolide B, a polyketide which has been previously
reported from an endophytic fungus Epicoccum sp. associated with Theobroma cacao (Talontsi et
al., 2013a) and Mentha suaveolens (Amrani et al., 2014).
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Table 4.14: *H NMR (700 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 43

43 Lit*

no. dc, Type dn, mult. HMBC dc, Type du, mult.
2 152.4,C 151.6,C

3 109.3,CH 7.45,s 2,33,7a,9 108.9, CH 7.46,s
3a 123.3,C 122.9,C

4 117.3,C 117.1,C

5 127.7,C 1275, C

6 141.0,C 141.0,C

7 137.1,C 136.7,C

7a 1425, C 142.4,C

8 190.4,CH 10.45,s 3a,4,5,7a 190.1, CH 1041, s
9 125.5,C 124.9,C

10 113.0,C 112.6,C

11 150.0, C 150.2,C

12 132.6,C 132.7,C

13 151.2,C 151.5,C

14 119.0,C 118.7,C

15 195.0,CH 9.53,s 9,10, 11,12 194.7, CH 9.48, s
16 11.4,CH; 2.11,s 9,13,14 12.6, CHs 2.01,s
17 9.7, CHs 2.67,s 4,5,6 11.0, CHs 2.58,s

*Amrani et al.,2014

Figure 4.18: Chemical structure of compound 43
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Figure 4.19: Chemical structure of compound 43 showing HMBC correlations

Compound 44 (figure 4.20) was isolated as a brown solid. Its molecular formula, C18H1409
was deduced by HRESIMS (appendix 182) at m/z 375.0712 [M+H]", (calcd for CigH150s,
375.0716) implying 12 degrees of unsaturation. The *H NMR spectrum (appendix 183) exhibited
five singlet signals assignable to two methyls, dn 2.43 (Hs-17, s) and én 2.33 (H3-19, s), two
oxymethine protons ox 6.71 (H-2, s) and on 6.21 (H-10, s) and an aldehydic proton 61 10.43 (H-
18, s). The 3C NMR spectrum (appendix 184) showed a total of 18 carbon signals (table 4.15).
These include two carbonyls at 8¢ 197.4 (C-9) and 5 191.5 (C-18), two oxygenated sp3-hybridized
carbons at & 90.8 (C-2) and & 69.7 (C-10) and 12 sp? hybridized carbon atoms at 8¢ 126.9 (C-3),
d¢ 115.1 (C-4), 8¢ 152.5 (C-5), 6c 132.3 (C-6), 6. 148.7 (C-7), 6. 104.3 (C-8), 8¢ 113.1 (C-11), &c
121.8 (C-12), 8:122.7 (C-13), 8. 144.0 (C-14), 8. 138.7 (C-15) and &¢ 135.8 (C-16). The complete
'H and 3C NMR signal assignments and connectivity were determined from a combination of *H-
14 COSY (appendix 185) HSQC (appendix 186) and HMBC (appendix 187) data.

The HMBC correlations (figure 4.21) from the methyl proton, 61 2.43 (Hz-17) to 6c 121.8
(C-12), 6¢122.7 (C-13) and d¢ 144.0 (C-14), from the aldehyde proton 6n 10.43 (H-18) to 6. 113.1
(C-11) and 8¢ 122.7 (C-13) and from the oxymethine proton 6y 6.21 (H-10) to 6¢ 90.8 (C-2), 8¢
104.3 (C-8), 6. 197.4 (C-9), 8. 113.1 (C-11), 8:121.8 (C-12) and 8. 122.7 (C-13) were some of the
important correlations in determining the connectivity in ring A. The HMBC correlations from 6n
6.71 (H-2) to &c 69.7 (C-10) and 6c 135.8 (C-16), as well as, from &4 6.21 (H-10) to & 90.8 (C-2)
suggested the presence of two oxygen bridges between dc 90.8 (C-2) / 6. 135.8 (C-16) and 3¢ 90.8
(C-2) / 6. 135.8 (C-16) in ring B. This could explain the downfield shift of signals at 6+ 6.71 (H-
2) and ¢ 90.8 (C-2). The HMBC correlation from the oxymethine proton 64 6.21 (H-10) to oc
104.3 (C-8) and 6. 197.4 (C-9) suggested the position of the carbonyl group at C-9. Compound 44
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was identified as a highly oxygenated polyketide epicocconigrone A, which has been isolated
previously in a study carried out by Amrani et al., (2014). Table 16 shows the comparison of the
1D NMR of compound 44 in this study and that reported in literature previously. Epicocconigrone
A was previously isolated from endophytic fungus, Epicoccum sp. obtained from the leaves of
Mentha suaveoleus. In the present study, Epicocconigrone A was obtained from the endophytic

fungus E. nigrum isolated from the leaf tissues of B. abyssinica subsp. abyssinica.

\/ HMBC correlations

Figure 4.21: Chemical structure of compound 44 showing HMBC correlations
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Table 4.15: *H NMR (600 MHz) and *C NMR (175 MHz) Spectroscopic Data of Compound 44

442 Lit°
no. Bc Type v, mult.(J in Hz) HMBC Be Type v, mult.(J in Hz)
2 90.8, CH 6.71,s 3,8, 10, 16 90.0, CH 6.35, s
3 126.9,C 126.6, C
4 115.1,C 1154, C
5 152.5,C 153.0,C
6 132.3,C 132.5,C
7 148.7,C 148.6, C
8 104.3,C 104.0,C
9 197.4,C 196.9, C
10 69.7, CH 6.21,s 68.7, CH 6.80, s
11 113.1,C 112.9,C
12 121.8,C 121.6,C
13 122.7,C 121.6,C
14 144.0,C 1442, C
15 138.7,C 138.4,C
16 1358, C 135.8,C
17 10.5,CHs  2.43,s 12,13, 14 11.8, CHs 231, s
18 191.5,CH  10.43,s 11,12,13,14 191.2, CH 10.35, s
19 8.9, CHs 2.33,s 3,4,5 10.1, CHs 2.25,s

aRecorded in MeOD, °Recorded at (*H: 600 MHz, *C: 75 MHz) in DMSO-ds

Compound 45 (Figure 4.22), was isolated as a yellow amorphous powder. Its molecular
formula, C1sH1609 was established from HRESIMS (appendix 188) at m/z 377.0865 [M+H]",
implying 11 degrees of unsaturation. Table 4.16 indicate the *H and *C NMR spectral data of
compound 45. The *H NMR spectrum (appendix 189) exhibited four signals assigned to two
methyls at Hz-9 (6w 2.07, s) and Hz-9' (61 2.05, s) and two methylenes at Hz-1 (61 5.02, 5.15) and
Hz-1' (1 4.86, 5.14). 3C NMR spectrum (appendix 190) exhibited a total of 18 carbon atoms
which include one carbonyl carbon at 5. 192.8 (C-8'"), two oxygenated sp® hybridized methylene
carbons at 8. 72.8 (C-1) and 8. 60.7 (C-1'); two sp® hybridized methyl carbons at & 10.6 (C-9) and
S¢ 8.5 (C-9'); and twelve sp? hybridized carbons at 8¢ 131.6 (C-2), 5c 108.3 (C-3), 8; 146.4 (C-4),
d¢ 132.8 (C-5), 8¢ 139.4 (C-6), ¢ 115.2 (C-7), 8¢ 131.7 (C-2"), 8¢ 110.9 (C-3"), 8; 152.7 (C-4"), d¢
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130.2 (C-5"), 8¢ 150.2 (C-6") and 6 106.5 (C-7"). The structure of compound 45 (Figure 23) was
proposed by analysis of *H and **C NMR signal assignments and connectivity were determined
from a combination of *H-tH COSY (appendix 191), HSQC (appendix 192) and HMBC (appendix
193) data. The HMBC correlations (figure 28) from 64 5.02, 5.15 (H2-1) to 8¢ 131.6 (C-2), 6. 108.3
(C-3), 6c 115.2 (C-7) and oc 108.1 (C-8) established the presence of 2,7-dihydroisobenzofuran
subunit. Correlations from H-1' (6w 4.86, 5.14) to . 108.1 (C-8), & 131.7 (C-2"), 6c 110.9 (C-3),
8¢ 106.5 (C-7") and 6. 192.8 (C-8') led to the establishment of the other subunit of compound 45.

The HMBC correlations from H-1 (61 5.02, 5.15) to &¢c 108.1 (C-8), as well as, from H-1'
(61 5.02, 5.15) to dc 108.1 (C-8) suggested the presence of two oxygen bridges between d¢ 72.8
(C-1) / 8¢ 108.1 (C-8) and d¢ 60.7 (C-1") / 6. 108.1 (C-8) in ring B and ring C (figure 4.23). These
correlations were also important in establishing the link between the two subunits. Further, HMBC
correlations from Hz-9 (on 2.07) to 6¢c 131.6 (C-2), 6: 108.3 (C-3) and dc 146.4 (C-4) determined
the connectivity in ring A. The HMBC correlations from Hz-9' (61 2.05) to 8¢ 131.7 (C-2"), 6:110.9
(C-3" and 8¢ 152.7 (C-4") determined the connectivity in ring D. The structure of compound 45
was established by assigning the hydroxyl groups to dc 146.4 (C-4), 6:132.8 (C-5), 6.139.4 (C-6),
8¢ 152.7 (C-4") and 6. 130.2 (C-5") according to the chemical shift (Amrani et al., 2014; Luan et
al., 2014). Thus, compound 45 was established as Eleganketal A.

Figure 4.22: Chemical structure of compound 45
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Table 4.16: *H NMR (600 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 45

452 Lit

no. 3 Type 'y mult.(Jin Hz) Be Type v, mult.(J in Hz)

1 728,CH; 502 d(118) 72.8,CH;  5.05,d (12.0)
5.15 4.93,d (12.0)

2 131.6,C 131.0,C

3 108.3,C 107.6,C

4 146.4, C 146.3,C

5 132.8,C 132.6,C

6 1394, C 139.7,C

7 115.2,C 115.2,C

8 108.1,C 107.6,C

9 10.6,CHs 2.07,s 11.9, CHs 1.98,s

1 60.7,CH, 5.14 60.4, CH; 5.00, d (15.6)
4.86 4.81, d (15.6)

2" 131.7,C 1314,C

3 110.9,C 111.0,C

4" 152.7,C 1525,C

5' 130.2,C 130.2,C

6' 150.2,C 150.0,C

7' 1065,C 106.2,C

8 1928,C 192.2,C

9" 85, CHs 2.05,s 9.7, CH3 1.95,s

aRecorded in MeOD, PRecorded at (*H: 600 MHz, *C: 75 MHz) in DMSO-ds
*Luan et al., 2014
Eleganketal A is a highly oxygenated dibenzospiroketal that has been previously reported

from Spicaria elegans fungus (Luan et al., 2014; Talontsi et al., 2013a). Eleganketal A was
previously isolated from marine-derived fungus Spicaria elegans. However, in the present study,
Eleganketal A was obtained from endophytic fungus E. nigrum isolated from the leaves of B.

abyssinica subsp. abyssinica.
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,/\ HMBC correlations

Figure 4.23: Chemical structure of compound 45 showing HMBC correlations

Compound 46 (figure 4.24) was isolated as a yellow powder. Its molecular formula
C19H1809 that was determined from its HRESIMS (appendix 194) at m/z 413.0792 [M + Na]*
(calcd for C19H150g, 406.0900). *H NMR spectra (appendix 195) showed two methyl signals at 51
2.14 (H3-9) and on 2.06 (H3-9"), a methine signal at 6+ 6.16 (H-1, s) and methylene signal at dn
4.95,5.19 (H-1', d, J = 15.4 Hz). A methoxy signal at 84 3.37 and &:51.9 for 'H NMR and 3C
NMR respectively were observed. A total of nineteen carbon atoms were observed in the *C
NMR spectra (appendix 196) (table 4.17). The NMR spectral data of compound 46 had close
similarity to that of compound 45, eleganketal A indicating that the two compounds have the same
dibenzospiroketal structure. The difference between compounds 45 and 46 is the appearance of an
oxygenated methine at . 106.9 (C-1) and a methoxy group at &c 51.9 in 46 instead of the
oxygenated methylene at 6. 72.8 (C-1) in 45. The deshielded movement of the oxygenated methine
carbon signal at 8¢ 106.9 (C-1) in compound 46 is expected due to the presence of the methoxy
group at C-1. The presence of a methoxy group was determined from its proton at éu 3.37 that
showed HSQC correlation with the carbon at 6c 51.9. The HMBC correlation from the methoxy
protons on 3.37 to d¢ 106.9 (C-1) further confirmed this deduction. On the other hand, the
oxygenated methylene carbon d6c 72.8 (C-1) in 45 is shielded due to the absence of a methoxy
group.

The complete *H and **C NMR signal assignments and connectivity were determined from
a combination of *H-'H COSY (appendix 197) HSQC (appendix 198) and HMBC (appendix 199)
data. Figure 4.25 shows the HMBC correlations that were observed in the HMBC spectra.
Furthermore, comparison of the *H and *C NMR data of 46 with literature of that of reported
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dibenzospiroketal indicated similar chemical shifts (table 4.17) with aspermicrone B. Thus,

compound 46 was established as aspermicrone B, a highly oxygenated dibenzospiroketal that has

been previously reported from Aspergillus micronesiensis endophytic fungus associated with

seaweed (Luyen et al., 2019).

Table 4.17: *H NMR (600 MHz) and **C NMR (175 MHz) Spectroscopic Data of Compound 46

46° Lit "

no. Bc Type 'h, mult.(J in Hz) Be, Type v mult.(Jin Hz)

1 106.9, CH 6.16, s 108.3,CH 6.16,s

2 128.6,C 130.0,C

3 111.1,C 112.6,C

4 146.4,C 147.8,C

5 131.5,C 136.2,C

6 138.7,C 140.1,C

7 117.2,C 118.6,C

8 105.5,C 106.9, C

9 9.6, CHs 214,s 10.9,CHs 2.14,s

1 60.1, CH,  4.95,d (15.4) 62.4,CH;  4.95,d (15.5)
5.19, d (15.4) 5.18, d (15.5)

2' 131.5,C 132.9,C

3 110.0,C 112.5,C

4 152.2,C 153.7,C

5' 134.7,C 131.6,C

6' 149.9,C 151.3,C

7 134.8,C 107.9,C

8 192.7,C 194.1,C

9 8.5, CHs 2.06, s 9.9, CHs 2.06, s

1-OCH3z 51.9,CHs 3.37,s

53.3,CHs 3.37,s

aRecorded in MeOD, PRecorded at (*H: 500 MHz, *C: 125 MHz) in MeOD

*Luyen et al., 2019



H5CO 46

Figure 4.24: Chemical structure of compound 46

,/\ HMBC correlations

Figure 4.25: Chemical structure of compound 46 showing HMBC correlations

4.10 Biological activities
4.10.1 In-vitro Antibacterial assay

Compounds 17, 18, 20-23, 24, 25, 28, 33-38 and 43-45 were tested for antibacterial activity
against E. coli DSM 1116, M. smegmatis DSM ATCC 700084, S. aureus DSM 346, and B. subtilis
DSM 10 (table 4.18). 1,2,6-tri-O-galloyl-p-D-glucose (23) showed weak activity against E. coli
with an MIC value of 33.3 ug/mL, which is about the same potency value as reported previously
(MIC of 15.5 pug/mL against another E. coli strain) (Bag et al., 2013). Paulliniogenin A (17) and
Paulliniogenin B (18) exhibited weak activities against S. aureus with MIC values of 66.6 pg/mL
in each case. Mangiferin (28) showed MIC values of 66.7 pg/mL against both B. subtilis and S.
aureus. In previous work, a quinone-like compound showed weak antibacterial activities against
B. subtilis with MIC value of 66.7 ug/mL (Narmani et al., 2019). This MIC range is similar to that
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exhibited by 28 in this study. Furthermore, 28 showed weak antibacterial activity against Gram-
negative S. aureus (Biswas et al., 2015).

Epicoccolide B (43), exhibited activity against E. coli and B. subtilis with MIC values of
66.6 and 33.3 pg/mL respectively. Eleganketal A (45), exhibited activity with MIC values of 66.6
pg/mL against E. coli and S. aureus. Further, epicoccolide B (43), showed antibacterial activity
against B. subtilis with an MIC value of 33.3 pg/mL. Compounds 43 and 45 were isolated from
endophytic fungus E. nigrum. They are polyketides, highly oxygenated spiroketal compounds with
reported antimicrobial activities (Fazle & Baek, 2020; Sadorn et al., 2016; Zhang et al., 2009). In
previous studies, Epicoccolide B (43) is reported to show weak activity against S. aureus, which
is in agreement with the findings in this study (Talontsi et al., 2013b; Xue et al., 2022). No activity
was observed for any of all the compounds against M. smegmatis. Due to the limited material
obtained in each case, compounds 19, 22, 26, 27, 29-32, 36 and 39-42 were not tested.
4.10.2 Cytotoxicity assay

Compounds 17, 18, 20-23, 24, 25, 28, 33, 34, 37-40 and 43-45 were tested for cytotoxic
effects against the HeLa (KB3.1) and mouse 1.929 fibroblast cell lines (table 4.19). According to
the national cancer institute (NCI) guidelines on cancer studies, a compound is considered
cytotoxic if it exhibits an 1Cso values of less than 10 pM. Paulliniogenin A (17) and 16R-
hydroxybersamagenin 1,3,5-orthoacetate (20) showed cytotoxicity against the KB3.1 cell line with
ICso values of 1.4 £ 0.77 and 1.6 = 0.81 uM, respectively. Compound 20 has been reported
previously to be cytotoxic against the KB3.1 cell line (Kupchan, et al., 1971). Compound 33
exhibited significant cytotoxicity against KB3.1 cell line with ICso value of 3.9 + 0.99 uM.
Cytotoxic activity was also observed against KB3.1 cell line with ICsg value of 16.35 + 2.45 uM
for compound 38. Bufadienolides have been reported to be potential anticarcinogenic agents
(Supratman et al., 2001). Furthermore, other bufadienolides have been reported to be cytotoxic

against various cancer cell lines (Bedane et al., 2020b).
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Table 4.18: MIC values? (ug/mL) of the antibacterial assay

Test organisms

Compounds  E.coli S. aureus M. smegmatis B. subtilis
17 n.i. 66.7 n.i. n.t

18 n.i. 66.7 n.i. n.t

20 n.i. n.i. n.i. n.i.

21 n.i. n.i. n.i. n.i.

23 n.i. n.i. n.i. n.t

24 33.3 n.i. n.i. n.t

25 n.i. n.i. n.i. n.t

28 n.i. 66.7 n.i 66.7
33 n.i. n.i. n.i. n.t

34 n.i. n.i. n.i. n.t

35 n.i. n.i. n.i. n.t

37 n.i. n.i. n.i. n.t

38 n.i. n.i. n.i. n.t

43 66.7 n.i. n.i 33.3
44 n.i. n.i. n.i. n.i.

45 66.7 66.7 n.i 33.3
Control® 17,0 04, K 1.7,0 16.7, O

an = 3 independent experiments, n.i = no inhibition, n.t = not tested
bPositive control; O Oxytetracyclin 1 p/mL, K Kanamycin 1 p/mL
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Table 4.19: ICsg values® (uM) of the cytotoxicity assay

Cell lines

Compounds  KB3.1 L929

17 14 + 0.77 n.i

18 1473 £2.42 n.i

20 1.6+£0.81 n.i

21 n.i n.i

23 18.78 +12.93 n.i

24 3049 £4.31 35.82 £5.40

25 n.i n.i

28 n.i n.i

33 3.9 £0.99 n.i

34 n.i n.i

37 n.i n.i

38 16.35+2.44 n.i

39 n.i n.i

40 n.i n.i

43 50.25+ 7.93 28.63 £ 10.86

44 5.88 +£1.89 18.45+4.16

45 17.28£0.0 11.7+6.78
Epithilon B 0.000056 + 000 001 0.001081 £ 0.000 776

8Data are expressed as mean = SD; n = 3 independent experiments, n.i = no inhibition
®Positive control.

4.10.3 Antidermatophytic assay

The isolated compounds and crude extracts were tested for antifungal assay against five
skin disease causing pathogens namely: Trichophyton mentagrophytes CCF 6579, Trichophyton
rubrum IDE 241/20, Trichophyton rubrum resistant LY 8, Trichophyton benhamiae var. luteum
CCF 6474 and Trichophyton tonsurans CCIS 5356. The ethyl acetate extract of E. nigrum fungus
(BAAL_AZ2), methanol extract of the stem bark of B. abyssinica subsp. paulliniodes (BEPA_B),
the methanol extract of the leaf (BEAA L), and stem bark (BEAB_B) of B. abyssinica subsp.

abyssinica were tested for activity on these pathogens (table 4.20). All the tested extracts exhibited
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activities against the dermatophytic pathogens with minimum inhibitory concentrations ranging
from 37.5 pg/mL — 300 ug/mL. The methanol crude extracts of B. abyssinica are reported to exhibit
antifungal activity against T. mentagrophytes (Amuka et al., 2015). These findings are in
agreement with the results in this study. Further, the ethyl extract of the endophytic fungus, E.
nigrum (BAAL_A2) was the most active against T. rubrum and T. tonsurans with MIC value of
37.5 ug/mL. Various studies conducted on E. nigrum have indicated strong activities against both
pathogenic fungi and yeasts (de Favaro et al., 2012; Lee et al., 2020; Zhang et al., 2007).

Table 4.20: MIC values? (ug/mL) of the antifungal assay of crude extracts

Test organisms

T. T. T. benhamiae var. T. rubrum
Extracts rubrum  mentagrophytes T.tonsurans leteum resistant
BAAL_A2 375 150 375 150 300
BEPA B 150 150 150 150 300
BEAB B 150 150 75 150 300
BEAA L 300 150 75 150 n.t
Control® 1.95 7.81 7.81 7.81 15.63

an = 3 independent experiments, n.t not tested
b Positive control. Amphotericin B, 1 p/mL

Compounds 26 — 32, 39 and 43 - 45 were also tested for activities against T.
mentagrophytes CCF 6579, T. rubrum IDE 241/20, T. benhamiae var. luteum CCF 6474 and T.
tonsurans CCIS 5356 (table 4.21). The compounds exhibited activities with MIC values ranging
between 18.75 pg/mL — 300 pg/mL. T. mentagrophytes and T. tonsurans were more susceptible to
the tested compounds. Eleganketal A (45), was the most active against T. tonsurans with MIC
value of 18.75 pug/mL. Furthermore, 45 exhibited activity towards T. rubrum, T. mentagrophytes,
T. benhamiae var. luteum with MIC values of 37.5 pg/mL, 37.5 pg/mL and 75 pg/mL respectively.
Eleganketal A derivatives have been evaluated previously and found to possess antimicrobial
properties (Luyen et al., 2019). Quercetin-3-O-xyloside (26), mangferin (28) and apigenin-7,4'-
diethylether (30) were the most active against T. mentagrophytes with an MIC value of 37.5
ng/mL for each case. Genistein (29) apigenin-7,4'-diethylether (30) formononetin (31) and
daidzein (32) are isoflavone class of compounds. These compounds are previously reported to be
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active against both plant and human fungal pathogens (Da Silva et al., 2019; Weidenbdrner et al.,
1990; Zhang et al., 2022).

Table 4.21: MIC values? (ug/mL) of the antifungal assay of compounds
Test Organisms

Compounds T. rubrum T. mentagrophytes  T. tonsurans T. benhamiae var. leteum

26 150 37.5 37.5 n.i
27 n.i n.i 150 150
28 75 375 75 75
29 150 150 75 150
30 150 37.5 75 n.i
31 n.i n.i n.i n.i
32 150 150 150 n.i
39 n.i 75 150 150
43 150 75 75 75
44 150 75 75 300
45 375 375 18.75 75
Control®  1.95 7.81 7.81 7.81

an = 3 independent experiments, n.i no inhibition.
b Positive control. Amphotericin B, 1 p/mL

T. mentagrophytes was susceptible to quercetin-3-O-xyloside (39) with an MIC of 75
ug/mL. Further, compound 39 showed activity with an MIC of 150 pg/mL against both T.
tonsurans and T. benhamiae var. leteum. Epicoccolide B (43) and epicocconigrone A (44) showed
antifungal activity towards all the tested pathogens with MIC values in the range of 75 ug/mL -
300 pg/mL. All the antidermatophytic activities were compared to those of amphotericin B, an
available antifungal drug which was used as a positive control. Dimethyl sulfoxide (DMSO) was

used as the negative control.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Vi.

Six strains of endophytic fungi P. lilacinum, C. rosea, S. fusca, H. lividipigmentum, T.
pinophilus and E. nigrum were solated and identified by molecular characterization.
Thirty (30) compounds were isolated in this study and structure determination was done
using a combination of 1D and 2D nuclear magnetic resonance (NMR) spectroscopic
techniques, high resolution electrospray ionization mass spectrometry (HRESIMS) and X-
ray diffraction (XRD) analysis.

Eight (8) new compounds namely; paulliniogenin A (17), paulliniogenin B (18), and 164-
formyloxybersamagenin 1,3,5-orthoacetate (19), 104-formylpaulliniogenin B (33), 10p-
formylpaulliniogenin A (34) and 1p-acetoxy-3p4,54-dihydroxy-15-methoxy-16,19-
dioxobufa-14(15),20,22-trienolide (35), 2,6,4'-trihydroxybenzophenone-4-O-(6"-
cinnamoyl)-B-D-glucoside (36), 5a,8,9-trihydroxy-4,6-dimethyl-5-ox0-3,5,5a,10-
tetrahydro-1H-benzo[4,5]pentaleno[1,6a-c]furan-7-carboxylic acid (41) were isolated.
Paulliniogenin A (17) and 16p-hydroxybersamagenin 1,3,5-orthoacetate (20) and 1p-
acetoxy-34,54-dihydroxy-15-methoxy-16,19-dioxobufa-14(15),20,22-trienolide (35),
showed strong cytotoxic activities against KB3.1 cell lines and therefore form lead
molecules for the development of anticancer drugs

1,2,3,6-tetra-O-galloyl-B-D-glucose (24), epicoccolide B (43) and eleganketal A (45)
exhibited antibacterial activity against E. coli and B. subtilis with MIC value of 33.3 pg/mL
hence are potential lead compounds for the development of drugs against the bacteria.

T. mentagrophytes and T. tonsurans was more susceptible to the tested compounds.
Moreover, eleganketal A (45) was more active against T. tonsurans with MIC value of

18.75 pg/mL hence a potential lead compound for the development of antifungal drugs.

5.2 Recommendations

Endophytic fungi from the plant tissues of B. abyssinica subsp. abyssinica and subsp.
paulliniodes should be explored extensively.
The isolated compounds should be tested for biological activities against other

microorganisms.
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Specificity and selectivity of Paulliniogenin A (17) and 164-hydroxybersamagenin 1,3,5-
orthoacetate (20) and  1p-acetoxy-3p,58-dihydroxy-15-methoxy-16,19-dioxobufa-
14(15),20,22-trienolide (35) should be determined.

Propagation of the medicinal plants B. abyssinica subsp. abyssinica and subsp.

paulliniodes should be carried out to ensure conservation of plants
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'H NMR (700 MHz, CDCls3) spectrum of 17
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Appendix 5: COSY (700 MHz, CDCIs) spectrum of 17
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Appendix 7: HMBC (CDCls) spectrum of 17 (*H: 700 MHz, 3C: 175 MHz)
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Appendix 8: NOESY (700MHz, CDClIs) spectrum of 17
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Appendix 9: HRESIMS of 18
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'H NMR (700 MHz, CDCls) spectrum of 18

Appendix 11
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Appendix 13: COSY (700 MHz, CDClz3) spectrum of 18
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Appendix 14: HSQC (CDCls) spectrum of 18 (*H: 700 MHz, 13C: 175 MHz)
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Appendix 15: HMBC (CDCls) spectrum of 18 (*H: 700 MHz, $3C: 175 MHz)
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Appendix 16: NOESY (700MHz, CDCls) spectrum of 18
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Appendix 17: HRESIMS of 19
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'H NMR (700 MHz, DMSO-ds) spectrum of 19

Appendix 19
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Appendix 21: COSY (700 MHz, DMSO-ds) spectrum of 19
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Appendix 22: HSQC (DMSO-dg) spectrum of 19 (*H: 700 MHz, 3C: 175 MHz)
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Appendix 23: HMBC (DMSO-ds) spectrum of 19 (*H: 700 MHz, C:
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Appendix 24: HRESIMS of 20
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Infrared spectrum of 20

Appendix 25
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Appendix 27: *C NMR (175 MHz, DMSO-ds) spectrum of 20
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Appendix 28: COSY (700 MHz, DMSO-dg) spectrum of 20
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Appendix 29: HSQC (DMSO-dg) spectrum of 20 (*H: 700 MHz, 3C: 175 MHz)
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Appendix 30: HMBC (DMSO-ds) spectrum of 20 (*H: 700 MHz, 13C: 175 MHz)
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Appendix 31: NOESY (700MHz

, DMSO-ds) spectrum of 20
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Appendix 32: HRESIMS of 21
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Appendix 33: *H NMR (600 MHz, MeOD) spectrum of 21
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Appendix 34: *C NMR (175 MHz, MeOD) spectrum of 21
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Appendix 35: COSY (600 MHz, MeOD) spectrum of 21
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Appendix 36: HSQC (MeOD) spectrum of 21 (*H: 600 MHz, 3C: 175 MHz)
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Appendix 37: HMBC (MeOH) spectrum of 21 (*H: 600 MHz, *C: 175 MHz)
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Appendix 38: NOESY (600 MHz, MeOD) spectrum of 21
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Appendix 39: HRESIMS spectrum of 22
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Appendix 40: Infrared spectrum of 22
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'H NMR (600 MHz, DMSO-ds) of spectrum 22

Appendix 41
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Appendix 43: COSY (600 MHz, DMSO-ds) spectrum of 22
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Appendix 44: HSQC (DMSO-d6) spectrum of 22 (1H: 600 MHz, 13C: 175 MHz)
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Appendix 45: HMBC (DMSO-d6) spectrum of 22 (1H: 600 MHz, 13C: 175 MHz)
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Appendix 46: HRESIMS of 23
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Appendix 47: *H NMR (600 MHz, DMSO-ds) spectrum of 23
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Appendix 49: COSY (600 MHz, DMSO-ds) spectrum of 23
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Appendix 50: HSQC (DMSO-dg) spectrum of 23 (*H: 600 MHz, 3C: 175 MHz)
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Appendix 51: HMBC (DMSO-ds) spectrum of 23 (*H: 600 MHz, *C: 175 MHz)
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Appendix 52: HRESIMS of 24
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Appendix 53: *H NMR (600 MHz, DMSO-ds) spectrum of 24
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Appendix 54: ¥C NMR (175 MHz, DMSO-ds) spectrum of 24
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Appendix 55: COSY (600 MHz, DMSO-ds) spectrum of 24
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Appendix 56: HSQC (DMSO-ds) spectrum of 24 (*H: 600 MHz, *C: 175 MHz)
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Appendix 57: HMBC (DMSO-ds) spectrum of 24 (*H: 600 MHz, *C: 175 MHz)
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Appendix 58: HRESIMS of 25
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Appendix 59: *H NMR (600 MHz, DMSO-ds) spectrum of 25
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Appendix 60: *C NMR (175 MHz, DMSO-dg) spectrum of 25
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Appendix 61: COSY (600 MHz, DMSO-ds) spectrum of 25
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Appendix 62: HSQC (DMSO-d6) spectrum of 25 (1H: 600 MHz, 13C: 175 MHz)
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Appendix 63: HMBC (DMSO-ds) spectrum of 25 (*H: 600 MHz, *C:

175 MHz)
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Appendix 65: *H NMR (700 MHz, DMSO-ds) spectrum of 26
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Appendix 66: *C NMR (175 MHz, DMSO-dg) spectrum of 26
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Appendix 67: COSY (700 MHz, DMSO-ds) spectrum of 26
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Appendix 68: HSQC (DMSO-dg) spectrum of 26 (*H: 700 MHz, 3C: 175 MHz)
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Appendix 69: HMBC (DMSO-ds) spectrum of 26 (*H: 700 MHz, *C: 175 MHz)
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Appendix 70: HRESIMS of 27
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Appendix 71: *H NMR (600 MHz, DMSO-ds) spectrum of 27
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Appendix 72: *C NMR (175 MHz, DMSO-dg) spectrum of 27
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Appendix 73: COSY (600 MHz, DMSO-ds) spectrum of 27
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Appendix 74: HSQC (DMSO-dg) spectrum of 27 (*H: 600 MHz, 3C: 175 MHz)
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Appendix 75: HMBC (DMSO-ds) spectrum of 27 (*H: 600 MHz, *C: 175 MHz)
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Appendix 76: HRESIMS of 28
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Appendix 77: *H NMR (600 MHz, DMSO-ds) spectrum of 28
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Appendix 78: 3C NMR (175 MHz, DMSO-ds) spectrum of 28
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Appendix 79: COSY (600 MHz, DMSO-ds) spectrum of 28
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Appendix 80: HSQC (DMSO-ds) spectrum of 28 (*H: 600 MHz, *C: 175 MHz)
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Appendix 81: HMBC (DMSO-ds) spectrum of 28 (*H: 600 MHz, *C: 175 MHz)
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Appendix 83: *H NMR (600 MHz, DMSO-ds) spectrum of 29
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Appendix 84: 3C NMR (175 MHz, DMSO-ds) spectrum of 29
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Appendix 85: COSY (600 MHz, DMSO-ds) spectrum of 29
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Appendix 86: HSQC (DMSO-dg) spectrum of 29 (*H: 600 MHz, 3C: 175 MHz)
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Appendix 87: HMBC (DMSO-ds) spectrum of 29 (*H: 600 MHz, *C: 175 MHz)
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Appendix 88: HRESIMS of 30
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Appendix 89: *H NMR (600 MHz, DMSO-ds) spectrum of 30
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Appendix 90: 3C NMR (175 MHz, DMSO-ds) spectrum of 30
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Appendix 91: COSY (600 MHz, DMSO-ds) spectrum of 30
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Appendix 92: HSQC (DMSO-ds) spectrum of 30 (*H: 600 MHz, *C: 175 MHz)
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Appendix 93: HMBC (DMSO-ds) spectrum of 30 (*H: 600 MHz, *C: 175 MHz)
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Appendix 94: HRESIMS of 31
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Appendix 95: *H NMR (600 MHz, DMSO-ds) spectrum of 31
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Appendix 96: *C NMR (175 MHz, DMSO-ds) spectrum of 31
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Appendix 97: COSY (600 MHz, DMSO-ds) spectrum of 31
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Appendix 98: HSQC (DMSO-ds) spectrum of 31 (*H: 600 MHz, *C: 175 MHz)
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Appendix 99: HMBC (DMSO-ds) spectrum of 31 (*H: 600 MHz, *C: 175 MHz)
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Appendix 101: *H NMR (600 MHz, DMSO-ds) spectrum of 32
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Appendix 102: *C NMR (175 MHz, DMSO-ds) spectrum of 32
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Appendix 103: COSY (600 MHz, DMSO-dg) spectrum of 32
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Appendix 104: HSQC (DMSO-dg) spectrum of 32 (*H: 600 MHz, 13C: 175 MHz)
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Appendix 105: HMBC (DMSO-ds) spectrum of 32 (*H: 600 MHz, *C: 175 MHz)
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Appendix 106: HRESIMS of 33
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Infrared spectrum of 33
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Appendix 108: *H NMR (700 MHz, CD30D) spectrum of 33
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Appendix 109: ¥C NMR (175 MHz, CD30D) spectrum of 33
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Appendix 110: COSY (CDsOD) spectrum of 33
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Appendix 111: HSQC (CDsOD) spectrum of 33
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Appendix 112: HMBC (CD30D) spectrum of 33
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Appendix 113: NOESY spectrum of 33
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Appendix 114: HRESIMS of 34
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Infrared spectrum of 34
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'H NMR (700 MHz, CD30D) spectrum of 34
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Appendix 117:
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13C NMR (175 MHz, CD30D) spectrum of 34
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Appendix 119:
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Appendix 121: NOESY (CD3OD) spectrum of 34
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Appendix 122: HRESIMS of 35
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Appendix 123: Infrared spectrum of 35
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Appendix 124: *H NMR (600 MHz, CD30D) spectrum of 35
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Appendix 125: 3C NMR (150 MHz, CDs0OD) spectrum of 35
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Appendix 126: COSY (600 MHz, CD30D) spectrum of 35
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Appendix 127: HSQC (CDs0D) spectrum of 35
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Appendix 128: HMBC (CD30D) spectrum of 35
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Appendix 129: NOESY (600MHz, CDs0D) spectrum of 35
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Infrared spectrum of 36

Appendix 131
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'H NMR (600 MHz, CD30D) spectrum of 36

Appendix 132
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Appendix 133: 3C NMR (150 MHz, CDCls) spectrum of 36
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Appendix 134: COSY (600 MHz, CD30D) spectrum of 36
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Appendix 135: HSQC (CD30D) spectrum of 36
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Appendix 136: HMBC (CD3OD) spectrum of 36
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Appendix 137: HRESIMS of 37

AL9-4 #296 RT:8.45 AV:1 NL:5.42E6
T: FTMS + ¢ ESI Full ms [100.00-1000.00]

409.1131
C19H21 010
100 0.4275 ppm
95
90
85
80
75
70
65
60
55
50
45
40
35
30 391.1026
25 Ci9Hi19 09 431.0950
20 0.6956 ppm C21H19010
15 -5.3410 ppm
10
5
o . : ‘ . [ | [ o " [
ritrprr bbb e e e e e e ey
340 360 380 400 420 440 460 480 500 520 540 560
m/z
H .1
Appendix 138: *H NMR (600 MHz, MeOD-d4) spectrum of 37
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Appendix 139: ¥C NMR (175 MHz, MeOD-d4) spectrum of 37

INFU-AL9-4_2018-11-15_14-36-44_AVE00.11 fid
C13 with power gated H1 decoupling
z_Clipg MaOD /NME-Daten [NFU 21

L

11

R

210 200 190 1E0 170 160 150 140 130 120 110 100 =0 a0 il EO 50 20 30 20 10
1 (ppm)

Appendix 140: COSY (600 MHz, MeOD-d.) spectrum of 37
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Appendix 141: HSQC (MeOD-ds) spectrum of 37 (*H: 600 MHz, *C: 175 MHz)
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Appendix 142: HMBC (MeOD-da) spectrum of 37 (*H: 600 MHz, °C: 175 MHz)
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Appendix 143: HRESIMS of 38
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Appendix 144: *H NMR (600 MHz, MeOD-d4) spectrum of 38
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Appendix 145: *C NMR (175 MHz, MeOD-d,) spectrum of 38
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Appendix 146: COSY (600 MHz, MeOD-d4) spectrum of 38
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Appendix 147: HSQC (MeOD-ds) spectrum of 38 (*H: 600 MHz, *C: 175 MHz)
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Appendix 148: HMBC (MeOD-ds) spectrum of 38 (*H: 600 MHz, °C: 175 MHz)
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Appendix 149: HRESIMS of 39
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Appendix 150: *H NMR (600 MHz, MeOD-d4) spectrum of 39
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Appendix 151: *C NMR (175 MHz, MeOD-d,) spectrum of 39
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Appendix 152: COSY (600 MHz, MeOD-d.) spectrum of 39
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Appendix 153: HSQC (MeOD-ds) spectrum of 39 (*H: 600 MHz, *C: 175 MHz)
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Appendix 154: HMBC (MeOD-da) spectrum of 39 (*H: 600 MHz, °C: 175 MHz)
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Appendix 155: HRESIMS of 40

AL9-13 8552 RT- 1620 AV:1 HWL: 5.49E8

T: FTMS + ¢ ES1Fullm s [100.00-1000.04a] ~
465.1027
Coan Hay Oz
0.1307 ppm

a0 303.0502
conon

70 0.9992 ppm

Reedas e Admcaroe
P
th

T H

100 2'.':'3 :I'JI'.'I 400 . 500 800

Appendix 156: *H NMR (600 MHz, MeOD-d4) spectrum of 40

TNFURALS-13_2019-11-21_13.30.14 AVBOO/10,Fid
H1
z_Praton MeOD /NMR-Daten INFU 15

utha |

40000

|- 35000

|- 30000

| 25000

20000

15000

- 10000

15000

8.5 2.0 7.5 7.0 B.5 &0 EE 5.0 4.0 3.5 2.0 2.5

45 4
f1 (pom)

221

0.0

10 :J L]



Appendix 157: *C NMR (175 MHz, MeOD-d4) spectrum of 40

INFU-AL3-13 | 2019-11-21_13-30-14_AVG00.11.fid

C13 with povwer geted H1 decoupling 75000
2_Ci3pg MeOD /NMR-Daten INFU 15
L7ono0
Lss000
Lsonog
55000
L 50000
+45000
L40000
35000
30000
L25000
+2onon
k15000
10000
Lt ‘ | I |
| i | L Lo
-5000
::an I.IED :.?D l.IED I.ISO I.:II:I I.I!O I.IZI:I 1‘!.0 I;:ID 'BII:I 3‘0 7I|:| G.D SID l‘ID !ID 2ID I:O
£1 (ppm)
Appendix 158: COSY (600 MHz, MeOD-d.) spectrum of 40
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Appendix 159: HSQC (MeOD-ds) spectrum of 40 (*H: 600 MHz, *C: 175 MHz)
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Appendix 160: HMBC (MeOD-da) spectrum of 40 (*H: 600 MHz, °C: 175 MHz)
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Appendix 161: Sequences and blast search hits of fungal endophyte

Strain code

ITS consensus_sequence

Best blast hit

Species

BAPB_2

GGAtCATTACCGAGTTATACAACTCCC
AAACCCACTGTGAACCTTACCTCAGTT
GCCTCGGCGGGAACGCCLCCGGLLGLC
TGCCCCCGCGCCGGCGCCGGACCCAG
GCGCCCGCCGCAGGGACCCCAAACTC
TCTTGCATTACGCCCAGCGGGCGGAaT
TTCTTCTCTGAGTTGCACAAGCAAAAA
CAAATGAATCAAAACTTTCAACAACG
GATCTCCTTGGTTCTGGCATCGATGAA
GAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCAGTGAATCAT
CGAATCTTTGAACGCACATIGCGCCCG
CCAGCATTCTGGCGGGCATGCCTGTTC
GAGCGTCATTTCAACCCTCGAGCCCCC
CCGGGGGCCTCGGTGTTGGGGGACGG
CACACCAGCCGCCCCCGAAATGCAGT
GGCGACCCCGCCGCAGCCTCCCCTGC
GTAGTAGCACACACCTCGCACCGGAG
CGCGGAGGCGGTCACGCCGT

NR165946.1

Purpureocillium lilacinum
100% coverage, 99.80%
similarity

Purpureocillium
lilacinum

BAPLC

TCATTACCGAGTTTACAACTCCCAAAC
CCATGTGAACATACCTATTGTTGCTTC
GGCGGGATTGCCCCGGGCGCCTCGTG
TGCCCCGGATCAGGCGCCCGCCTAGG
AAACTTAACTCTTGTTTTATTTTGGAA
TCTTCTGAGTAGTTTTTACAAATAAAT
AAAAACTTTCAACAACGGATCTCTTG
GTTCTGGCATCGATGAAGAACGCAGC
GAAATGCGATAAGTAATGTGAATTGC
AGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCGCCAGTATTCT
GGCGGGCATGCCTGTCTGAGCGTCATT
TCAACCCTCATGCCCCTAGGGCGTGGT
GTTGGGGATCGGCCAAAGCCCGCGAG
GGACGGCCGGCCCCTAAATCTAGTGG
CGGACCCGTCGTGGCCTCCTCTGCGAA
GTAGTGATATTCCGCATCGGAgAgCGA
CgAGCCCCTGCCGTTAAACCCCCAACT
TTC

MH864650.1
Clonostachys rosea
100% coverage, 99.59%,
similarity

Clonostachys
rosea

BAPLC 1

TCATTACCGAAGTTACCCTTCTAAACC
CATTGTGAACCTTACCTCTTGCCGCGC
GTTGCCTCGGCGGGGAGGCGGGGGTG
GGTCGGCGCGCCCCTCTGLCGGGLCGC
CGTCCCCGCCACCGTCCCCGLeaGLeea
CGCCAAACTCTAAATTTGCAAAGCGG

NR145258.1
Scopulariopsis fusca
100% coverage
99.32% similarity

Scopulariopsis
fusca

224




ACTGCATGTTCTGATTTAAAACAAAA
AACAAGTAAAAACTTTTAACAACGGA
TCTCTTGGTTCTGGCATCGATGAAGAA
CGCAGCGAAATGCGATAAGTAATGTG
AATTGCAGAATTCAGTGAATCATCGA
ATCTTTGAACGCACATTGCGCCCGGCA
GCAATCTGCCGGGCATGCCTGTCCGA
GCGTCATTTCTCCCCTCGAGCGCGGCT
AGCCCTACGGGGCCTGCCGCCGLCCCG
GTGTTGGGGCTCTACGGGTGGGGCTC
GTCCCCCCCGCAGTCCCCGAAATGTA
GTGGCGGTCCAGCCGCGGLCGLCCCCCT
GCGTAGTAGATCCTACATCTCGCATCG
GGTCCCGGCGAAGGCCAGCCGTCGAA
CCTTCTTACTCATGGTTTGACCTCGGA
TCAGGTAGGGTTACCCGCTGAACTTA
AGCATAT

BAPB-B

ATCGTAACAAGGTTTCCGTAGGTGAA
CCTGCGGAAGGATCATTACCGAGTGC
GGGCCCTCGCGGCCCAACCTCCCACC
CTTGTCTCTATACACCTGTTGCTTTGG
CGGGCCCACCGGGGCCACCTGGTCGC
CGGGGGACGCACGTCTCCGGGLCCCGC
GCCCGCCGAAGCGCTCTGTGAACCCT
GATGAAGATGGGCTGTCTGAGTACTG
TGAAAATTGTCAAAACTTTCAACAAT
GGATCTCTTGGTTCCGGCATCGATGAA
GAACGCAGCGAAATGCGATAAGTAAT
GTGAATTGCAGAATTCCGTGAATCATC
GAATCTTTGAACGCACATTGCGCCCCC
TGGCATTCCGGGGGGCATGCCTGTCC
GAGCGTCATTTCTGCCCTCAAGCACGG
CTTGTGTGTTGGGTGTGGTCCCCCCGG
GGACCTGCCCGAAAGGCAGCGGCGAC
GTCCGTCTGGTCCTCGAGCGTATGGGG
CTCTGTCACTCGCTCGGGAAGGACCTG
CGGGGGTTGGTCACCACCATGTTTTAC
CACGGTTGACCTCGGATCAGGTAGGA
GTTACCCGCTGAACTTAAGCATATCAA
A

MF683084.1
Talaromyces pinophilus

99% coverage 100.00%
similarity

Talaromyces
pinophilus

BAPB-D

>Consensus
ACGTAACAAGGTCTCCGTTGGTGAAC
CAGCGGAGGGATCATTACCGAGTGTT
AAAAAACTCCCAAAACCCTATGTGAA
CATACCGCAGTTGCCTCGGCGTGAGC
CGCACTGCCCTGTGGCCcG CeeeeeCeTT

MG686611.1

Hypoxylon lividipigmentum
99% coverage, 93.70%
similarity

Hypoxylon
lividipigmentum
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CGGGAGGGGGCGGACGCCTGGCAGCG
CACTTCAAGGCCCGCCGAAGGACCGC
CAAAAACTCTTGTTTTAAATATAACGT
TTCTCTGAATGCTTCAAACTAAAATAA
GTTAAAACTTTCAACAACGGATCTCTT
GGTTCTGGCATCGATGAAGAACGCAG
CGAAATGCGATAAGTAATGTGAATTG
CAGAATTCAGTGAATCATCGAATCTTT
GAACGCACATTGCGCCCATTAGTATTC
TAGTGGGCATGCCTATTCGAGCGTCAT
TTCAACCCCTTAAGCCCCTGTTGCTTA
GCGTTGGGAGTCTACCAGGCCTTCGG
CCGCGTAGTTCCTTAAAATCAGTGGCG
GAGCGCAGCGTGCCGCGAGCGTAGTA
AAACATACACCTCGCTTTTGCAGTGCA
CTGTGTTGCCGGCCGTAAAACACCCCC
CTAAATTATAGTGGTTGACCTCGGATT
AGGTAGGAATACCCGCTGAACTTAAG
CATATCAAA

BAAL_A2

ATGGCTTTCTCCTATACAAATTTCTTTT
GAGTACCTTCGTTTCCTCGGCGGTCCG
CCCGCCGATTGGACAACATTCAAACC
CTTTGCAGTTGCAATCAGCGTCTGAAA
AAACATAATAGTTACAACTTTCAACA
ACGGATCTCTTGGTTCTGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTA
GTGTGAATTGCAGAATTCAGTGAATC
ATCGAACTTTGAACGCACATTGCGCCC
CTTGGTATTCCATGGGGCATGCCTGTT
CGAGCGTCATTGTACCTTCAAGCTCTG
CTTGGTGTTGGGTGTTTGTCTCGCCTC
TGCGTGTAGACTCGCCTTAAAACAATT
GGCAGCCGGCGTATTGATTTCGGAGC
GCAGTACATCTCGCGCTTTGCACTCAT
AACGACGACGTCCAAAAGTACATTTT
TACACTCTTGACCTCGGATCAGGTAGG
GATACCCGCTGAACTTAAGCATATCA
ATAAGCG GAGGAAAA

KX778640.1
Epicoccum nigrum
100% coverage,
99.40% similarity

Epicoccum
nigrum
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Appendix 163: HRESIMS of 41
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Appendix 164: Infrared spectrum of 41
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Appendix 165: *H NMR (600 MHz, MeOD-d4) spectrum of 41
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Appendix 166: *C NMR (175 MHz, MeOD-ds) spectrum of 41
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Appendix 167: COSY (600 MHz, MeOD-d.) spectrum of 41
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Appendix 169: HMBC (MeOD-da) spectrum of 41 (*H: 600 MHz, °C: 175 MHz)
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Appendix 170: HRESIMS of 42
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Appendix 171: *H NMR (600 MHz, MeOD-d4) spectrum of 42
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Appendix 172: ¥C NMR (175 MHz, MeOD-d4) spectrum of 42
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Appendix 173: COSY (600 MHz, MeOD-d.) spectrum of 42

Appendix 174: HSQC (MeOD-ds) spectrum of 42 (*H: 600 MHz, *C: 175 MHz)
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Appendix 175: HMBC (MeOD-da) spectrum of 42 (*H: 600 MHz, *C: 175 MHz)
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Appendix 176: HRESIMS of 43
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Appendix 177: *H NMR (700 MHz, MeOD-d4) spectrum of 43

INFU-BALA-28-1_2019-12-11_14-37-50_AV700.1.fid

|J|. N ar |

| 8000

7500

7000

6500

| 6000

5500

5000

|- 4500

| 4000

3500

3000

[ 2500

L2000

1500

|- 1000

1500

[-500

T T T T T T T T T T T T T T T T T T T T T T T T
i1.5 11.0 105 10.0 95 9.0 85 80 75 7.0 &5 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0

f1 {ppm)

Appendix 178: ¥C NMR (175 MHz, MeOD-d4) spectrum of 43
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Appendix 179: COSY (700 MHz, MeOD-d.) spectrum of 43
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Appendix 180: HSQC (MeOD-d4) spectrum of 43 (*H: 700 MHz, 13C: 175 MHz)
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Appendix 181: HMBC (MeOD-d4) spectrum of 43 (*H: 700 MHz, C: 175 MHz)
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Appendix 182: HRESIMS of 44
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Appendix 183: *H NMR (600 MHz, MeOD-d4) spectrum of 44
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Appendix 184: *C NMR (175 MHz, MeOD-d4) spectrum of 44
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Appendix 185: COSY (600 MHz, MeOD-d4) spectrum of 44
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Appendix 186: HSQC (MeOD-ds) spectrum of 44 (*H: 600 MHz, *C: 175 MHz)
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Appendix 187: HMBC (MeOD-da) spectrum of 44 (*H: 600 MHz, *C: 175 MHz)
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Appendix 189: *H NMR (600 MHz, MeOD-d,) spectrum of 45
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Appendix 190: *C NMR (175 MHz, MeOD-d,) spectrum of 45
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Appendix 191: COSY (600 MHz, MeOD-d.) spectrum of 45
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Appendix 192: HSQC (MeOD-dz) spectrum of 45 (*H:
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Appendix 193: HMBC (MeOD-ds) spectrum of 45 (*H: 600 MHz, *C: 175 MHz)
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Appendix 195: *H NMR (600 MHz, MeOD-d4) spectrum of 46
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Appendix 197: COSY (600 MHz, MeOD-d.) spectrum of 46
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Appendix 198: HSQC (MeOD-ds) spectrum of 46 (*H: 600 MHz, *C: 175 MHz)
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Appendix 199: HMBC (MeOD-ds) spectrum of 46 (*H: 600 MHz, *C: 175 MHz)
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Cytotoxic Compounds from the Stem Bark of Two subsp. of Bersama
abyssinica

Divinah K. Nyamboki, Kibrom G. Bedane, Khadija Hassan, Lukas Brieger, Carsten Strohmann,
Michael Spiteller, and Josphat C. Matasyoh*
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ABSTRACT: Three new bufadienolides, namely, paulliniogenin A (1), paulliniogenin B (2), and 16f-formyloxybersamagenin
1,3,5-orthoacetate (3), (oget.her with two known bufadlenolldes and six known phenolic substances, were isolated from the stem
bark of B byssinica subsp. abyssinica and B. abyssinica subsp. paullinioides. The structures of the compounds were elucidated
based on their NMR and HRMS data analyses. The relative configurations were defined by single-crystal X-ray crystallography and
NOESY correlations. Cytotoxicity against the L929 and KB3.1 cancer cell lines of the isolated compounds was investigated using an
MTT assay. Paulliniogenin A (1) and 16f-hydroxybersamagenin-1,3,5-orthoacetate (4) showed cytotoxicity against the KB3.1 cell
line with ICsy values of 1.4 + 0.77 and 1.6 + 0.81 uM, respectively. Moreover, paulliniogenin A (1) and paulliniogenin B (2)
demonstrated weak activity against Staphylococcus aureus.
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Appendix 201: Publication 2

Phytochemistry 198 (2022) 113153

Contents lists available at ScienceDirect

Phytochemistry

Phytochemistry

ELSEVIER journal homepage: www.elsevier.com/locate/phytochem

i
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ARTICLE INFO ABSTRACT

Keywards: From the leaves of Kenyan medicinal plant Bersama abyssinica Subspecies abyssinica, four previously undescribed

Bersama abyssinica compounds namely, three bufadienolides, 10p-formylpaulliniogenin B, 10g-formylpaulliniogenin A and 145

Melianthaceae acetoxy-34,5/-dihydroxy-15-methoxy-16,19-dioxobufa-14(15),20,22-trienolide, and a phenolic compound

gﬁ:;?::]zl?des 2,6,4'-trihydroxybenzophenone-4-0-(6"'-cinnamoyl)-p-D-glucoside were isolated together with four known

KB3.1 cell lines compounds. The structural elucidation of the compounds was based on 1D and 2D NMR spectroscopy and HRMS
data analyses. The relative configurations were defined by NOESY correlations. Cytotoxic activities on L929 and
KB3.1 cell lines of the isolated compounds were investigated using MTT assay. The 1g-acetoxy-34,54-dihydroxy-
15-methoxy-16,19-dioxobufa-14(15),20,22-trienolide showed significant cytotoxic activity against KB3.1 cell
lines with ICs of 3.9 = 0.99 pM.
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