ISOLATION A ND CHARACTERISATION OF BIOACTIVE
FROM Raphia africana(OTEDOH)

BY

JOHN VERSHIMA ANYAM

DEPARTMENT OF CHEMISTRY,
FACULTY OF PHYSICAL SCIENCES
AHMADU BELLO UNIVERSITY,

ZARIA , NIGERIA

JANUARY , 2018

PRINCIPLES



ISOLATION A ND CHARACTER ISATION OF BIOACTIVE PRINCIPLES
FROM Raphia africana(OTEDOH)

BY

John Vershima ANYAM,

B.Sc. CHEMISTRY (UNIVERSITY OF MAIDUGURI) 2006, MSc ORGANIC
CHEMISTRY (AHMADU BELLO UNIVERSITY) 2011

Ph.D/SCIEN/13958/20142012 P16PSCH9074

A THESIS SUBMITTED TO T HE SCHOOL OF POSTGRADUATE STUDIES,
AHMADU BELLO UNIVERSITY, ZARIA

IN PARTIAL FULFI LLMENT OF THE REQUIREMENTS FOR THE AWARD
OF
DOCTOR OF PHILOSOPHY IN ORGANIC CHEMISTRY

DEPARTMENT OF CHEMISTRY,
FACULTY OF PHYSICAL SCIENCES
AHMADU BELLO UNIVERSITY,
ZARI A, NIGERIA

JANUARY , 2018



DECLARATION PAGE

| declare that the work in thikesise nt i t | ed A1l s o lsaioniofBiwacteen d Ch a
Principles fromRaphia africangd Ot edoh) 0 has been carried ou
of Chemistry, Ahmadu Bello Univsity, Zaria. The information derived from the
literature has been duly acknowledged in the text and in the list of references provided.

No part of this dissertation has been previously presented for another degree or diploma

at this or any other institutio

Anyam John Vershima
Name of Student Signature Date




CERTIFICATION PAGE

This thesisent i t | ed nl SOLATI ON AND GWARNWNETERI SA
PRINCIPLES FROMRaphia afrimna( OTEDOH) 6 by John Ver shi ma
the regulations governing the award of the degree of Doctor of Philosophy in Organic
Chemistry of the Ahmadu Bello University, and is approved for its contribution to

knowledge and literary presentation.

Prof. J O. Amupitan
Chairperson, Supervisory Committee (Signature) (Date)

Prof. G. I. Ndukwe
Member, Supervisory Committee (Signdure) (Date)

Prof. M. S. Sallau
Member, Supervisory Committee (Signature) (Date)

Prof.A. O. Oyewale
Head of Department (Signature) (Date)

Prof. S. Z. Abubakar

Dean, School of Postgraduate Studies (Signature) (Date)



ACKNOWLEDGEMENT

| am grateful to the Almighty God but for His Grace this work would not have been

possible.

| appreciate my supervisorByof. J. O. Amupitan fohis love, patience, and confidence;
Prof. G. I. Ndukwe for constantly urggnme on to the finighg line and Prof. M. S.

Sallau for Iis keen eye for detail and criticedmmentary.

My gratitude also goes to the Head of Departmerif. A. O. Oyewale, for introducing

me to the work of Enr@us Prof. F. D. Gunstone; through thisork | have learnt a lot
from you. | am grateful tall members of staff of the Department of Chemistry Ahmadu
Bello University Zaria; noteworthy aferof. C. E. Gimba forhis fatherly and financial
support,Prof. P. Ekwumengbo for advice on stress religProf. P.A. Manza for advice

on never perseveranceam grateful tdProf. R. G. Ayo, Dr. IA Bello (thank you for the

key you gave me), Dr. J. D. Habila (for laidvice orNMR integration), Dr A. Babando,

Dr. F. G. Okibe (fotooking out for mealwayg, Dr. S. Uba, DrDalhatu (for making his
printer available), Dr. G. A. Shallangwa (for that ready smile; it made me feel very
special), DrS. Abechi, Dr. Hamisu (for yowrdvice on patience) who among others have

been immensely helpful.

To Prof. W. N. Seter, Prof. B. Vogler, Dr. Divya Pravinathy, Dr. P. Satyal, Dr. Noura
Dosoky and Mr. Bhuwan Chettri of the University of Alabama in Huntsville, | owe you a
lot; a significant portia of the spectral data this dissertation is due to your diligence

patiene and sympathy.



Prof. S. Urban of Royal Melbourne Institute of Technology; you trusted a Nigerian who

had no references; | shall work hard to prove you made the right choice and sacrifice.

Thank you, Pof. T. A. TorAnyiin, for your fatherly presence; thiaryou Dr. I. S. Eneji

and Dr. L. A. Nnamonu for all the lessons you have taught me so far and having so much
confidence in me. Thank you, Prof. J. O. Igoli, for all your advice on structure elucidation
and fo being so patient whenever | seeadely overcafident. My friend and elder
brother Mr. Obinna Ejike Ofoegbu your selflessness is not in vain. Thank you Mr. and

Mrs. Fayomi, for love and support.

Prof.R . Shadat o, you have been a father, a r
voice intime of st r es s . Your advice Aput every goo

helped my work.

My wife, Mrs. Jecinta Ndiombueze Anowu Anyam, you have been through a lot during

the course of this work. You handled my moods calmly while quietly saying a prayer,

and thenyou gave me the most beautiful gift to usher me on in the form of our beautiful
daughter, AChi tem Hi r asT¥ank yoh Chitermiar all thosea p pr e
moments you toddled by my work desk smiling and looking expectantly at me but seeing

only a blank solemn stare, one reserved for spectra on the computer screen; | hope you

will forgive me?My Uncle Dr. T. Dzenda and Aunt MrAnnette Dzenda, thank you for

your financial support, your love, and care. My parents BegtMrs. Anyam for all the

sarifices you have made; financially, emotionally, and otherwise, thank you. Thank you

Mrs. Anthonia Uzoekwe and Mummy Matildzbele Ezim Anowu for being by me all

through; may God bless you.

Vi



My in-laws, my siblings, my extended family have contributedna way or the other to

the success of this work. Thank you all and may God bless you.

Elders/village heads of homteads along banks of the breoWatsor, Ukoko and
Kungwa provided invaluable ethnobotanical/medicinal information and are hereby
acknowledgediuely. Most notably are Baba ljihembe and Mama Ningir Igyor Anyam

who despiteheir very advanced agestain a tremendous memory of the days gone by.

vii



DEDICATION

This work is dedicatecbtNdiombuezeNwanyiomg), Chitem (most adorable daughter),
Shidoo, Phoebe (most loving mother). To Andrew (mostimyp father) and to God

Almighty; my everpresent help and hope for years to come.

viii



TABLE OF CONTENTS

CERTIFICATION PAGE ... e eree e e e IV
ACKNOWLEDGEMENT ..ot e e e V.
DEDICATION . eee e eeee e e e e e e e e e s amen e e e e e ennes viii
LIST OF TABLES ...t e e e e e e e e e ennmeeennes XV
LIST OF FIGURES ...ttt eeee et e e s XVii
LIST OF APPENDICES ..ot reme et e e XX
ABBREVIATIONS ..t r et e e e eeees XXViil
AB ST R A C T e e e e e e e e e et e e e e ene XXIX
CHAPTER ONE ..ot e e annme e e enna s 1
1.0  INTRODUCTION ...t eeeee et eeeee e e e e e an e ens 1
1.1.1 Justification of the STUdY ..o 2
1.1.2 AIM and ODJECHIVES. ......uuieiii i eeeeee e e 2
1.1.3 Objectives of the ReSearCh...............oooviiiiiiiiiee e 2
2.0 LITERATURE REVIEW ...t 4
2.1  Man and Medicinal PIES............coooiiiiiiiiiiiiieee e
2.1 Plant Secondary Metabolites...........cccooeiiiiiiiieeeiic e 8
2.1. 0 ALKAIOIAS ...ttt et 8
2.12 Terpenes and TerpPenOIdS.........coiiiuuuurrriiiiiireeiiiirbbbeeee e e ee e e e e s eeeeseerereeeeeeaaeeeeas 3
2.1.3 FIAVONOIUS. .. ..o e ettt e et e e e e e e e e e e s emmeeeeeaeeeeas 14
2.1.4 SAPONINS. ...ttt ree bbbttt et e et e e s ame—— ettt et e e e e e e e e e e e e e e e e aannr e e e e e e e e a e 15
2.1.5 SEEIOIUS. ... ittt 16
2.2 ARECACEAE ... . et ene e 18



2.2.1 The GenUSRAPNIA...........uuuiiiiiiiiii et e e e ereer e e e e e e e e e e e e e eeeenaaees 18

2.2.2 Traditional Usage of Raphia.........ccccceeeeeiiiiiiiiieeee e 21
2.2.3 Phytochemistry of RAphia.........cooooiiiiiiiiiiiiieeee e 22
2.2.4 Raphia africana (Description and Geographical Spa@l)...............ccccvvviiiriieen. 23
2.2.5 Vernacular names ofRaphia africana..............cccccoeeeiiiiieeeiii e 27
2.3 Vacuum Liquid Chromatography.............eeueeiiiiisiceeeeiieiiiiiise s s e e e e e e e s amensene e 27
2.3.1 Gelfiltration or Gel permeation Chromatography............cccccvvviiiiririeeniinnnne. 29
2.4  Hyphenated Techniques in Compound ISOIatioN..............ccvviiiieeeee i 30
2.4.1 High Performance Liquid Chromatography (HPLC) .........ccoooiiiiiiiiiiiiiieeenns 30
2.4.2 Gas Chromatographyi Mass Spectrometry (GCMS) ..........cceovvvvvivviiinvvieennn. 31
2.5  SpectrosSOpiC TECNNIQUES........uuiii e ceeee et eeeeeeene e e e eeaaaaeans 31
2.5.1 Nuclear Magnetic Resonance Spectroscopy (NMR).........cccoovviiiiiiiiiiccceeeenns 31
2.5.2 Proton Nuclear Magnetic Resonance SpectroscopyH-NMR) of Lipids........... 33
2.5.3 Infrared Spectroscopy Of LIPIAS.......ccooviiiiiiiiiiiicimmr e 35
2.6  Microwave Assisted Extraction (MAE)............oooriiiiiiiiiie e 36
2.7 Lipids and Lipid BiOSYNtNESIS......cccoeiiiiieiieiiiieeeeeee e 37
2.7.1 FAIY ACIAS ...ttt e e e e e e 38
2.8 BACTEIIAL. .. et 38
2.8.1 Shigela dYSENteriae...........uuuuuuiiiii i e e e e e e e eeeeia e e e e e e e e e e e e e eeaeaaaaens 39
2.8.2 Salmonella typhae.........cooeiiiiii e 40
2.10 Brine Shrimp Lethality ASSAY........uuuuueiiiiiiiiiiiieeeiiiiieee e 41
3.0 MATERIALS AND METHODS ...ooiii e vnmme e 42

3.1 MALEIIAUS. ...t enee e e eas 42
3.2 EQUIPIMENL. ... e e ———————————— 42



ICTRC IS Y= 10 41 0] L= @ 0] | 1= o1 1 o] o 43

3.4 EXracton ProtOCOL.........couiiiiiiiiiiiiii et 44
3.4.1 Extraction 1: Cold MaACEIatiON ...........coiiiiiiiiiiiiiiiiee e 44
3.4.2 Extraction 2: Microwave Assisted Extraction (MAE) .......ccccccoeeeiiiiiiiiiiiennnenn. 44
3.4.3 Extraction 3: SOXhlet EXIraCtioN...........uvvreeeeiiiiiiii e eeenr s 45
3.5 SAMPIE ANAIYSIS. .. oottt n————- 45
3.5.1 Pre-isolation ANAIYSES.......coooiiiiiiiiiirere e e 45
3.5.2 Phytochemical SCre@NING.........uuuiiiiiiiiiiiii e 48
3.6 BiolOgiCal STUIES........uuuiiiiiiiiiiiiii et 51
3.6.1 Brine Shrimp Lethality TeSt........cooiiiiieii e 51
3.6.2 Antimicrobial SCreENING .....ccccoieiiiiiiiieeeeeeee e 52
3.7 Chromatographic Purification of COMP@iB.............cooovviiiiiiiiiccce s 55
3.7.1 Vacuum Liquid Chromatography (VLC) ......cccooiiiiiiiiiiiiiiiiieeeiiiieeeeeeeeeeeee e 55
3.7.2 Thin Layer Chromatography (TLC) ......ouvuriiiiiiiiiiiee e eeeeenn 57
3.8 Spectroscopic Analyses of Isolated Compounds..............ceiiiiiccceeeivvnnnnnnnn. 58
3.8.1 Nuclear Magnetic Resonance SPeCtrOSCORY........uurrrururuiieeerieeerrrinneeaeeeenns 58
3.9 ISO0IlAtION PrOfilE: ... e 59
4.0 RESULTS et e e et e e e e esmmmeesennns ] 60

N 1 =T 1[0 ] WU PP TP UPPPRPPPON 60
4.2 Phytochemical Screening of the Mesocarp of ExtracR®.ddfricana................... 61

421Fehl ingb6s test for..f.ree..r.educi.ng..fugars

4.2.2 Testfor anthraquinone glyCoSIAES..........coooiiiiiiiiiiiieeer e 61
4.2.3 Test for Saponin gIYCOSIAES ... .....uuuiiiiiiiiiiiiiiieeeiiiiieire e e e e e e e e e e 62
4.2.4 Tests for steroids and terpenOidS.........ccuuuiiiiiiiiiiiiicccie e 62
4.2.5 TeStTOr tANNINS. ... erer e e e e e e e e e e mmne e 62

Xi



4.2.6 TeSt fOr AlKalOIOS . .. ... e e aaanes 62

4.2.7 Test for cardiaC giyCOSIAES.........oovvviriiiiiiii e rrrr e 63
4.2.8 Test fOor flaVONOIUS. .......oooviiiiii e 63
4.3 Antimicrobial Assay of the Mesocarp of ExtractsRofafricana.......................... 64
4.4  Minimum Inhibitory Concentration for the Mesocarp extractRoéfricana........ 64

4.5 Minimum bactericidal concentration and minimum fungicidaheaentration for

the Mesocarp extracts B afficana............ccccceeeiiiiiiiicccciiece e, 66
4.6 Brine Shrimp Lethality ASSAY........uuuuiiiiiiiiiieeeceeeiiciieee e eeveene e e e e e 66
4.7 Thin Layer Chromatography of Qg EXIractS...........ccoovviiiiiiiiiiccc e 70
4.8 HPLC analysis of methanol and ethyl acetate extrad®&aphia africana............ 70
4.9 GC-MS Analysis of Ethyl acetatextract oRaphia africana.............................. 72
4.10 Sample (VLC fractions) coding for Antimicrobial and NMR Studies.............. 73
4.11 Antimicrobial assayor isolated cOmpouNnds.................uvvviiiiccmreeeeerieieeenn 84

4.11.1Antimicrobial sensitivity and diameter of zone of inhibition for isolated

(o10] 0 4] 0o 18] 0 K3 PP PP PP PP PP PPP R PPPPPP 84
4.11.2Minimum inhibitory concentration of isolated compounds................cccevveeeeeee. 85
4.11.3Minimum Bactericidal/Fungicidal concentration ................ccccevvvviiieeeeeceeeeee, 86
4.11.4'*H NMR SPECIIUM OF JA B4ttt eeeee e 94
4.11.5'H NMR SPECIUM OF JA B5.......ceeeeeeeieeeee et e e eeeme e se s 94
4.11.6NMR SPECLra Of JA BB.....cceeeeiiiiieiiiiiiii e 94
4.11.7'H NMR SPECHUM Of JA B7.....c.evveeeeeeeeeeeeees e es s eeenas s s e, 95
4.11.8'H NMR SPECrUM OF JA B8.......eeeeeeeeeeeee et et eeeee e eeee e 95
4.11.NMR SPeCtra fOr JAB9.........ccoiiiiiiiiieiiiii et 95
4.11.10"H NMR SPECIIUM Of JAT5.......cocveeieeeeieieeeseeeeeeee st esenane s 96
4.11.11 H NMR SPECIrUM Of JAT6.......cocveeeeeereeeeeseeeeeeee e senane e 96
4.11.12NMR SPECLIA fOF JATT..cceeeeeeeeeeeeeeeee ettt e e 96

Xii



4.11.13NMR SPeCtra for JAT8........cccoiiiiiiiieeeiiiieeee e e s 97

4.11.14'H NMR SPECtrUM Of JAT9......oiiiiiiiie e 97
4.11.15"H NMR Spectrum 0f JAB0.........cceeereerieeeeieeemeceeeseeeeeese et s enanesaseeneeeees 98
4.11.161H NMR Spectrum Of JA8L........ccuiiiiiiiiiiiiiiii i 98
4.11.17*H NMR SPeCtrum Of JA8B2.........uuueiiiiiii e 98
4.11.18'"H NMR Spectrum Of Ja83.........eiiiiiiie e 99
4.11.19"H NMR SPectrum 0f JA95.........ceveeeereeeieeeeieeemeceeeseseeee e eeeeees s enane s eeneeeees 99
4.11.20"H NMR SPectrum 0f JA96.........c.cvreeeeeeeeeeeeeeeeseeeeeeeeeeseen s e senes e 100
4.11.21 H NMR SPeCtrum 0f JA 97.....c.oovviveeeeereeeeeeseeemse st en s eeees e 100
4.11.22 H NMR SPectrum OF JA 98.......c.veuieeeeeee et et eeeme e 100
4.11.23"H NMR SpPectrum 0f JSEA2.........cceeueeeeeeeeeeeeeeeeeeesee e ennee s, 100
4.11.24"H NMR Spectrum of JSEASD..........ccceeieeeeeeeeeeeeeeeeseseneseesesesesseeesennnesnnes 101
4.11.25"H NMR SPectrum for JISEAAB...........ccovveeereeeeeeeeeeeeeerereseeseses e ennnesenes 101
5.0 DISCUSSION......ciiiittiiiiie ettt ettt eena b e e e e e s st e e e e e e aamnnssnnees 102

5.1  PRYIOCNEMISIIY.. .ot e e e e e e e e e e e aeena s 102
5.2  Antimicrobial activity of crude extracts.............cccoevvvriviiieee e 103
5.3  Artemia salindethality asSay............ccocouuumiiiiiiiee e 103
5.4 GC-MS profile d R. africanaand profiles of some raphia species................. 104
5.5 HPLC Profile ofR. @ffiCaNa..........ceeeiiiiiiiiiiiiiceeeiiee e 104
5.6  NMR STUAIES.....ooiiiiiiiiiiiiii e eee et eeme e e 105

5.7 Characterisation of compounds isolated fil@mafricanausing NMR methods. 105

5.7.1 Characterization of Ja 64, Ja 65, Ja 68, and Ja 76 as Heptadeoic acid......108
5.7.2 Characterization of Ja69 as hexadecanoic acid.............cccuuvvrvrriimemcevvvrnnnnnn. 115
5.7.3 Characterization Of JISEAZ ... e 115
5.7.4 Characterization of JISEA4G............ccooiiiiiiiiii e 123



5.7.5 Characterization Of JAOG .. .....c.oveni e e 124

5.7.6 Identification of Ja 66 as a Triglyceride............oovvvvriiiiiiiiccre e 125
5.7.7 Characterization Of JA B7..........uueiiiiiiiiiiiiiei i 126
5.7.8 Characterization Of JA7TA........cccccuiiiiiiiiiiieieee e eeee e 127
5.7.9 Characterization Of JAT7.........ccuuiiiiieiiiii et ree e 132
5.7.10Characterization Of JAT78............uviiiiiiiiiiieee e 134
5.7.11Characterization Of JA7........ccccouiiiiiiiiiieeieee e eeee e e 135
5.7.12Characterization Of JABQ..........cccuuuiiriiiiiiiieeei e eeee e 135
5.7.13Characterization Of JABL..........ccccuuuiiiiiiiiiiieeeiii e eeer e e 135
5.7.14Characterization Of JA82............uuviiiiiiiiiiiieeeeie e 138
5.7.1%Characterization of Ja83 as a digalactosyldiacylglyceride.................c.......... 139
5.716Characterization Of JA0S........cccccuiiiiiiiiii i ieee e 140
5.7.17Characterization Of JAOT7........ccccciuiiiiiiiiiiieieee it e e e eeer e e e e 142
5.7.18Characterization 0f JA98............euiiiiiiiiiiiieee e 143
5.7.19Characterization 0f JISEASQ...........couiiiiiiiiiiiiieeee et eeesee e 143
5.10 Antimicrobial Activity of Isolated Compounds...............ccovvvviiiieeeeeeeeieeeeeeenn, 144
6.0 CONCLUSION AND RECOMMENDATION ...cooiiiiiiiiiiiii e 149

6.1 CONCIUSION.....coiiiiiiiieie e eeeeaee e e 149

6.1  RECOMMENTALIONS. .....coiiiiiiiiie et ettt e as 151

REFERENGQCES..... e 153

APPENDICES ... .. et e e et e e e e e e et b mma e 181

Xiv



LIST OF TABLES

Table 2.1: Alkaloids in Medicinal AppliCatioNS........cccoeeveeeeiiiiiiieieeee e 9
Table 2.2: Alkaloid ClasSIfICAtION. .........ccooiviiiiiie e 10
Table 2.3: Terpene and Terpenoids in Traditional Herbal Applications................ 13
Table 4.1: Yields from Extractions of the MesocarRogfricana....................cceeeens 60
Table 4.2: Phytochemical Screening of Mesocarp Extradgaphia afrcana............. 65

Table 4.3: Antimicrobial Sensitivity and Diameter of Zone of Inhibition (mm)......67

Table 4.4: MIC for Extracts dRaphia driCana................uueeeeiiiiiiieeciiiiiiiiiiiiiieeeeeeee 68
Table 4.5 MBC and MFC of the Mesocarp ExtractsRdiphia africana.................... 69
Table 4.6 Percentage Mortality and Lethal Cemtration (LC-50) of Extracts obtained
via Different Extraction ProtOCOIS...........coooiciiiiiiiiacceniiiiieeee e (1
Table 4.7: Result of HPLC analysis for methanol extra®ayhia africana............... 74
Table 4.8 Result of HPLC analysis for ethyl acetate extradRaphia africana.......... 74
Table 4.9 GC-MS Results for Ethyl acetate extract oRaphia africana.................. 75
Table 4.10: GEMS Results for Methanol extraB®aphia africana...................cc.ee...e. 76
Table 4.11: Sample coding for NMR analyses based on VLC.........ccccooeviiiiiiiinnne, 82
Table 4.12: ChromatographiC PrOCESS.........cccviviiiiiiiiieeee e e 83
Table 4.13: Antimicrobial Sensitivity and Diameter of Zone of Inhibition (mm) for
fractions fromRapha africana.............cccccovviiiiieee e 87
Table 4.14: MIC of Ja 64, Ja 65,Ja 66 and Ja.68..............cccevvimmmnniiiiiiiiiiiee 88
Table 4.15: MIC of Fractions Ja 69, Ja 75, Ja 77 and Ja.82..............cccvvveeeveennnn. 89
Table 4.16: MIC of fractions Ja 83, Ja 97, JSEA 30 and Ja.100............cccevrremeee. 90
Table 4.17: MBC and MFC of Ja 64, Ja 65, Ja 66 and JaB8.............c.cccceeeeurnnnnn 91
Table 4.18: MBC and MFC of Ja 69, Ja 75,Ja 77 and Ja82...........cccccevveeeunnnnnnn 92

XV



Table 4.19: MBC and MFC of Ja 83, Ja 97, JSEA 30 and Ja.100................eeeue.-. 93
Table 5.7: Signal Characteristics for Ja68............ooovvvviiiiieeme i 118

Table 5.16: Signal CharacteristiCs fOr Ja.7.7..........uceeiiiiiiii e 133

XVi



LIST OF FIGURES

Figure 2.1 Triglycerides, fatty acids and immunity................cooovvvimmmreeeeereeeeeniiniiinns 7
Figure 2.2'HNMR of 1-monoglyceride of nonadecesacid [signals have

been assigned courtesy of Niesehevarriat al. (2015)].........evvvceeeeennn. 34
Figure 2.3: Overview of bacterial iINfeCtioNS..........ccooeviiiii e 39
Figure 5.11H NMR spectrum for JISEA4B..........coooiiiiiiiiiiieee e 124
Figure 5.2: Analysis of Sugar moiety 0f Ja83.............uvuuiumiiiccnieeeeiiie e 140
Figure 5.3: Analysis of galactosyloiety of Ja95: HL = anomeric proton............... 141

Figure 5.4'H NMR spectrum of galactosyl region of a monogalactosyl dig
lyceride (Sat0, 2015)......ccccciiiiii e 142

Figure 5.4 Comparison of MetHSitdsi ¢ regions f
TEIOl IEEIALUIE. ... ..ttt e e 146

XVii



LIST OF PLATES

Plate 1. PaimBeccariophoenix madagascariengisim. and H. Perrier)[1],
Elaeis guineensilacq.)[2],Cocos nuciferdL)[3] and Raphia taedigera
(MBIE)[A]. e 20

Plate 2 Raphia africangOtedoh) palmsiJkoko Creek, Mbaade, Benue State
I V[T 1T = TP 28

XViii


file:///C:\Users\GarageLabGroup\Desktop\ISOLATION%20AND%20CHARACTERISATION%20OF%20MEDICINAL%20PRINCIPLES%20FROM%20RAPHIA%20AFRICANA%202%20(Repaired%20again).doc%23_Toc506203728
file:///C:\Users\GarageLabGroup\Desktop\ISOLATION%20AND%20CHARACTERISATION%20OF%20MEDICINAL%20PRINCIPLES%20FROM%20RAPHIA%20AFRICANA%202%20(Repaired%20again).doc%23_Toc506203728
file:///C:\Users\GarageLabGroup\Desktop\ISOLATION%20AND%20CHARACTERISATION%20OF%20MEDICINAL%20PRINCIPLES%20FROM%20RAPHIA%20AFRICANA%202%20(Repaired%20again).doc%23_Toc506203728
file:///C:\Users\GarageLabGroup\Desktop\ISOLATION%20AND%20CHARACTERISATION%20OF%20MEDICINAL%20PRINCIPLES%20FROM%20RAPHIA%20AFRICANA%202%20(Repaired%20again).doc%23_Toc506203729
file:///C:\Users\GarageLabGroup\Desktop\ISOLATION%20AND%20CHARACTERISATION%20OF%20MEDICINAL%20PRINCIPLES%20FROM%20RAPHIA%20AFRICANA%202%20(Repaired%20again).doc%23_Toc506203729

LIST OF STRUCTURES

YU o B = N O] 153 1 I (1 TR 5
Structure2: Some comMmMOMIKAIOIAS. .........ceviiiiiiiiiiiii e 11
S (U o0 (=G N =T o= o] [ £ 12
SHrUCTUIEA: DIOSCIN ... it e e ettt r e e e e e e e e e e e e e e e s e e e eeas 15
Structureb: Compounds Isolated from R. farinifera...........ccoooeeeiiiiieeeeiiieeeeee 26
Structures: 1-moNOGIYCEINAR. .....eviiiiiiiiie e 33
Structure7: Structures of compounds Identified UsSing-®AS:..............ccccoiiiiiiiinenns 77
Structure8: Compounds Identified Using GMIS:............ccooiiiiiiiieiceeeeeeeee 78
Structured: Structures of compounds Identified Using-®AS:............coovvvvvvviiiiiiceee. 79
Structure 0: Compounds Identified using HPLC methods...........ccooooeiiiiiiceeinnnnn. 80
Structure 1: Compounds Identified using HPLC methods...........cccooooiiiiiiceeennnnn. 81

Structure 2J SEA26s NMR is consonant with128tructu
Structure B: Structures of compounds Characterised using NMR methads:......147

Structure %: Structures of compounds Characterised using NMR methads.:......148

XiX


../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/Format%20and%20print%20(Repaired).docx#_Toc495939696
../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/Format%20and%20print%20(Repaired).docx#_Toc495939697
../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/Format%20and%20print%20(Repaired).docx#_Toc495939698
../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/Format%20and%20print%20(Repaired).docx#_Toc495939699

LIST OF APPENDICES

Appendix t GC profile for Ethyl acate Crude Extract (IC) dRaphia
africana A Prelsolation Study..............oooeviiiiiiiiccce e 181

Appendix FA: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study...............ceeviiiiiiiiiieemiiiieeeeee, 182

Appendix IB: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study..............cccccciiiiimmmnsiiiiiie 183

Appendix FC: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study.............ccccceeiiiiiiiieeceniiccee e 184

Appendix FD: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study.............cccceeiiiiiiiiieeceiiiicccee e, 185

Appendix Fe: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study..............ccccciiiiiiimmmnniiiee 186

Appendix FF: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study..............cccociiiiiimemniiiiiiieee 187

Appendix FG: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study...............eiiiiiiiiieceeeivicceeee e 188

Appendix FH: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study................evviiiiiiiicceeeeveviicee, 189

Appendix H: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study..............cccociiiiiimmmnniiiiiee 190

Appendix +J: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia afri@na A Prelsolation Study..............cccociiiiiiiimmmnniiiieee 191

Appendix FK: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study..............cccociiiiiiimemnniiiiiiee 192

Appendix tL: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study............ccoooeiviiiiiiiiccciiieee e 193

Appendix FM: GC-MS profile for Ethyl acetate Crude Extract (IC) of
Raphia africanaA Prelsolation Study...........cccooeeiiiiiiiiiiccciiie e, 194

XX



Appendix IFA: GC profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study..............ccceeeiiiiiiiieeceiiiiicceeee e

Appendix 1FB: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study..............cccccciiiiiimmmnniiiiiiie

Appendix IFC: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africana A Prelsolation Study..............cccccciiimiimemnniiiiiiv

Appendix IFD: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study..............cccceeeiiiiiiiieeceiiviicccee e

Appendix IFE: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study.............cccceeeiiiiiiiiiceceiiiiccceeeen

Appendix IFF: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study..............cccociiiiiiimmmnniiiie

Appendix IFG: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Stud............cccooviiiiiiiiecce

Appendix IFH: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study.............cccceeeiiiiiiiiceceeiicccee e

Appendix Ikl GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study..............ccceeeeiiiiiiiieeceeiiicceeee e,

Appendix IFJ: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study............cccccvviviiiiiieeeeiiiiiiiiiieeeee

Appendix IFK: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Stud...........ccccooviiiiiiiiicce

Appendix IFL: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study..............cccociiiiiiimmmnniiiiiiieee

Appendix IFM: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study............ccoooiiviiiiiiiiccciii e,

Appendix IEN: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study...........cccoooiiiiiiiiiiiccciiii e,

Appendix 1FO: GC-MS profile for Methanol Crude Extract (ID) of
Raphia africanaA Prelsolation Study............cccccvvviiiiiiiieemiiiiiiiiiiieeeee

XXi



Appendix 11 tHNMR SPectrum Of JAB4...........cooveeeeeee oo eeeneeeen 210

Appendix IIFA: 'HNMR Spectrum of Ja64 (Coupl) CONStaNtSs)............cocveveveeervenne 211
Appendix IIFA: 'HNMR Spectrum of Ja64 (Compared with Margaric acid).......... 212
Appendix IV: tHNMR Spectrum 0f JAB5..............ccoveuerereeereeereeeeeeeeesesesessvseseene. 213
Appendix IV-A: 'THNMR Spectrum of Ja65 (Expansions around methylic and methylene

170 0] 0 5] PSSP 214
Appendix VA: THNMR SPeCtrum Of JBB............cccoveveveveveieeeeresesieeesieeeseeessenmnnnes 215
Appendix V-B: 13CNMR Spectrum Of JABB.........ccceeeeieeeiiiiiieeeiiiiee e 216
Appendix V-C: HSQC Spectrum of JABB...............evuueiiiimcreeiiiiiiiiiiee e e eeeeannans 217
Appendix \\C1: SOME RELEVANT EXPANSIONSHSQC

SPECLUM Of JABB.......uuiiiiiiiiiiie e erre e eaae 218
Appendix \\C2: SOME RELEVANT EXPANSIONSHSQC

SPECIUM OF JABH.......uuiiiiiiiiiiiiiiic ettt 219
Appendix V:D: COSY Spectrum Of JAB6..........coovviiriiiiiiiicee e 220
Appendix V\E: HMBC Spectrum 0f JAB6..........coooeviiiiiiiiiiee e 221
Appendix VE THNMR SPEIrUM Of JA67.......cveeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeee e, 222
Appendix VIE tHNMR Spectrum Of JA68..........ccccoveeeeeeeeeeeereeee e eeeee e eeeeee s 223
Appendix VIII: HNMR Spectrum 0f JABQ.........ccveveeeeeeseeeeeeeeeeeeees e e s enen, 224
Appendix IX COSY Spectrum of JaB9............cccoeiiiiiiiiice e 225
Appendix X tHNMR Spectrum 0f JAT5..........cccceeeererieeeeseseeeeeeeses s enennenns 226
Appendix Xt THNMR SPectrum 0f JATH...........ccoveeeeeieeeeseeeeeeseseneneeses e eeeeennes 227
Appendix XI: THNMR SPectrum Of JATZ.........cccveeereeeeeeeeeeeeeesee oo eeeens 228
Appendix XIFA: BCNMR SPectrum 0f JAT7Z.......ccooveveeeieeeseeeseeereeeeeeeeeeeesenens 229
Appendix XIFB: HSQC Spectrum Of JAT7..........cooeeiiiiiiiiiieeeiee e 230

XXi



Appendix XII-C: Some relevant expansieridSQC

SPECIIUM OFf JAT T ee e e e e eeaaaaeaes 231
Appendix XI-C1: Some relevant expansierisSQC

SPECHUM OF JAT 7.t e e 232
Appendix XII-D: COSY Spectrum Of JAT7.........ccuuuuiiiiiiiiiieeeiiiiiiieieee e 233
Appendix XI-D1: COSY Spectrum Of JAT7..........coooiiiiiiiiiieee e 234
Appendix XI-E: HMBC Spectrum Of JAT.7........oovvviiiiiiiiiiiiiieeeeeeeeeen 235
Appendix XI: tHNMR SPectrum Of JAT8 .......voeeeeeeeeeeeeeeeeeeeeeeeee e e s eneen. 236
Appendix XI1I-A: PCNMR SPectrum Of JATS......c.oeveveeeeeeeeeeeeeeeeeeeeeeee s, 237
Appendix XII-B: HSQC Spectrum of JaZ8............ovvviviiiiiiieeeeeveene e 238
Appendix XIlI-C: Some relevant expansichtSQC

SPECIrUM OF JAT8.. .. eee e e e 239
Appendix XIII-D: COSY Spectrum of JaT8.........coooviiiiiiiiiieee e 240
Appendix XII-E: HMBC Spectrum of Ja78..........coooiiiiiiiiiiceee e 241
Appendix XIV: THNMR Spectrum of JAT9.........ccccvevevevieieeeeeeeeeeeseeeeee s 242
Appendix XV THNMR Spectrum 0f JA8Q.........ccvcveoveeeeeeeeeeeereeee e eeeeee s 243
Appendix XVI THNMR Spectrum 0f JA8L........ccveveveeeeeeseeeeeeeeeeeeeeen e enseneen, 244
Appendix XVII: THNMR Spectrum Of JAB2.........ccveveoveeeeeeeeeeeeeeeeee e 245
Appendix XVII: THNMR Spectrum Of JA83.......c.cvvveeeeeeeeeceeeeseeeeeeeeeeeeeneeen e 246
Appendix IXX: THNMR Spectrum of JA84.........cccovovveveeieeeeeeeeeeeseeeeee e enmnmns 247
Appendix XX: THNMR SPectrum Of JBB............cccoovevreveeeeieeeeeeeeeseseeeseeee e eneens 248
Appendix XXI: HSQC Spectrum of JAa95..........cooiiiiiiiiiiiee e 249
Appendix XXI: COSY NMR Spectrum of Ja95...........ccoooiiiiiiiiieemniiieiieeeeeee 251
Appendix XXI: HMBC Spectrum 0Of JA05............uuiiiiiiiiiiiiieeeiiiiiiiiieeeee e 252

XXxiii



Appendix XXIA: Some relevant expansichiMBC-

SPeCtrum Of JAD.......eiiiiiiii e 253
Appendix XXI-B: Some relevant expansiok/BC

SPeCtrum Of JAD.......eiiiiiiiiiiii e 254
Appendix XXI-C: Some relevant expansioR$BC

SPeCtrum OFf JAD.......eiiiiiiiiiiii e 255
Appendix XXII: THNMR Spectrum 0f JA96...........ccoeveveveveeeieeemeeeeeresereveeeeesieseesieens 256
Appendix XX112: THNMR SPectrum 0f JAOT..........oeveeeeeeeeeeeeeeeeeeeeeeeseeeeeeeesen s 257
Appendix XXIII: THNMR Spectrum of J&D...........cvvviiiiiiieiic e 258
Appendix XXIII-A: Some relevant expansichiSQC

Spectrum Of JAB........ooiiiiiee e 259
Appendix XXIII-Al: Some relevant expansichtSQC

SPearum OFf JA0G... ...t 260
Appendix XXIII-A2: Some relevant expansichtSQC

SpPectrum Of JAA8.........ciiiiiiii e 261
Appendix XXIII-B: HSQC Spectrum of JaQ8..........c.ccceeeieiiiiiicceeiiiiieee e 262
Appendix XXIII-C: HMBC Spectrum of Ja98.............oovvviiiiiiiimeeeeeeeeeee e 263
Appendix XXIII-D: COSY Spectrum of JaQ8............ooovvviiiiiiiireeeeeeeee s 264
Appendix XXIV: 'THNMR Spectrum of JAQQ.........cooveieeeeeeeceeees e 265
Appendix XXIV-A: Steroidal saponin predictiochiINMR Spectrum of Ja99............. 266

Appendix XXV: Stacked steroidal saponin predictittNMR Spectrum of Ja1QQ....267

Appendix XXV-A: Stacked steroidal saponin predictitiNMR Spectrum of Ja100268

Appendix XXVI: 'HNMR Spectrum of JISEAZ............c.coieeeeereeereeeeeeeeenenenenns 269
Appendix XXVI-A: HSQC Spectrum of JISEAZ2.........coooiiiiiiiiiiccee e 270
Apperdix XXVI-B: Some relevant expansichksSQC Spectrum of JSEAZ2.............. 271
Appendix XXVI-B1: Some relevant expansichtsSQC Spectrum of JSEAZ2............ 272

XXV



Appendix XXVI-B2: Some relevant expansichtsSQC Spectrum of JSSEAZ2............ 273

Appendix XXVI-B3: Some relevant expansichtsSQC Spectrum of JSSEAZ2............ 274
Appendix XXVI-C: COSY Spectrum of JISEAZ.........oovvveeeieemee e 275
Appendix XXVI-D: HMBC Spectrum of JISEAZ.........ooviiiiiiiiiiiie 276
Appendix XXVI-E1l: Some releant expansionsiMBC Spectrum of JSEA2............ 277
Appendix XXVI-E2: Some relevant expansichBVIBC Spectrum of JSEA2............ 278
Appendix XXVI-E3: Some relevant expansichBVIBC Spectrum of JSEA2............ 279
Appendix XXVI-E4: Some relevant expansiohBVIBC Spectrum of JSSEAZ2............ 280
AppendixXXVI -E5: Some relevant expansiohBVIBC Spectrum of JSEA2............ 281
Appendix XXVI-E6: Some relevant expansiohBVIBC Spectrum of JSSEA2............ 282
Appendix XXVII: 'THNMR Spectrum of JISEA3Q........c.cooveeeeee oo 283
Appendix XXVII: tHNMR Spectrum of JISEA4B..........c.ccovvveveueeeeeeeeeereeeeseeiseenees 284

Appendix XXVIII-A: Brine Shrimp Lethaly Assay for obtained via Microwave
ASSIStEd EXIraCiON......ccceeiiiieeeeeeei e e 285

Appendix XXIX: Spreadsheets for some peripheral structure parametersHigkiR
OF JABA ...t e eme s 288

Appendix XXIX-A: Spreadsheets for some peripheral structure parameters from
THNMR OF JAB5.......cocuiiiiiieieiiieeeese e s 289

Appendix XXIX-B: Spreadsheets for some peripheral structure parameters from
THNMR OF JAB6..........cocvvrieeieeseeaeeseieieeeee e vnmssee e, 289

Appendix XXIX-C: Spreadsheets for some peripheral structure parameters from
THNMR OF JB8.........cvuiiiiiiiieiieees et smeni s 290

Appendix XXIX-D: Spreadsheets for some peripheral structure parameters from
THNMR OF JB9.........ciuiiiiiiieeiiemes e eni s 291

Appendix XXIX-E: Spreadsheets for some peripheral structure parameters from
THNMR OF JAT75.. ..ottt seeeeie et 292

XXV



Appendix XXIX-F: Spreadsheets for some peripheral structure parametersHioRR
(@ - 4 F PP PPTRPSRRR 293

Appendix XXIX-G: Spreadsheets for some peripheral strugbarameters from
THNMR OF JAT79.......ciuiviiiecieie oot 294

Appendix XXIX-H: Spreadsheets for some peripheral structure parameters from
THNMR OF JA8O0..........cocuiviiiiveiiieeeeseie e snmssaese s 295

Appendix XXIX-I: Spreadsheets for some peripheral structure parametersHighiR
OF J88L....cceiiiiiie ettt ettt emne e 296

Appendix XXIX-J: Spreadsheets for some peripheral structure parameter$HioimR
OF JAB2....cciii ittt et emmne e e e s annnn e e 297

Appendix XXIX-K: Spreadsheets for some peripheral structure parameters from
THNMR OF JA8B3.......cucuiviiiecvieeeecae e e 298

Appendix XXIX-L: Spreadsheets for someripderal structure parameters from
THNMR OF JA8B4.........cuviiieceeieteeeeeae e e 299

Appendix XXIX-M: Spreadsheets for some peripheral structure parameters from
THNMR OF JA96..........cueuiiiieieiiiemesieie st 300

Appendix XXIX-N: Spreadsheets for some peripheral structure parameters from
THNMR OF JA97........ciiiiiiiieieie et st 301

Appendix XXIX-O: Spreadsheets for some peripheral structure parameters from
THNMR OF JA98........cocuiuiiieceeie e e 302

Appendix XXIX-P: Spreadsheets for some peripheral structure parametersHighiR
(@ - 1 0 [0 PP 303

Appendix XXIX-Q: Spreagheets for some peripheral structure parameters from
THNMR OF JSEAZ. ..ot eeeeee e venss s en s, 304

Appendix XXIX-R: Spreadsheets for some peripheral structure parameters from
HNMR OF JSEALG........cooeeeeeoeeeeeee et eenas s, 305

Appendix XXIX-S: Spreadsheets for some peripheral structure parametersHidkR
(@ ] - PP 306

Appendix XXIX-T: Some important formulas used on the spreeelshfor structure
PAIBIMETEIS. ... ettt et e e e e e rnmme e e e et e e e e e e e e eaan s ennneeees 307



Appendix XXX: Some key steps in a long walk.

XXVii



ABBREVIATIONS

Table of Abbreviations

HMBC
HPLC
HSQC
MAE
MBC
MFC
MIC
NMR
TLC

VLC

ACDLABS

COSY

DMAPP

FTIR
GC

IPP

KGaA
PUFA
T™MS

uv

Hetaonuclear multiple bond correlation Spectroscopy
High performance liquid chromatography
Heteronuclear single quantum correlation Spectroscopy
Microwaveassisted extraction
Minimum bactericidal concentration
Minimum fungicidal corentration
Minimum inhibitory concentration
Nuclearmagnetic resonance
Thin layer chromatography
Vacuumliquid chromatography
Advanceathemistry developmeninc.
Correlatiospectroscopy
Dimethylallyl diphosphate
Fourigransform infraredgpectroscopy)
Gashromatography
Isopentenyl pyrophosphate
Infrared (spectroscopy)
Kommantijesellschafauf aktien
Polyunsaturated fatty acid
Tetramethylsilane

Ultraviolet

XXViii



ABSTRACT

Raphia africana(Otedoh)is a member of the palm family Arecacedde plant was
collected frombanks ofthe creeksUkoko and Uertsoin Buruku Local Government réa

of Benue State. The fruit mesocarp was extracted and subjected to phytoctzrdical
antimicrobial screeningsThe ethyl acetate extractsbtained via different extraction
protocols (soxhlet extraction, microwave assisted extraction and maceraticere
subjected toArtemia salinalethality assayExtracts(ethyl acetate and methanalere
subjected to Gas Chromatography Mass Spectron(@&BMS) and HighPerformance
Liqguid Chromatography(HPLC) as part of prasolation analysis.Phytochemical
screening showed the presence of steroids, triterpenes, alkaloids, anthroquinones, cardiac
glycosides and flavonoidsAntimicrobial screening ofhie extracts showed thethyl
acetate extradb havethe broadest and highest activity against the test microbes, having
lower minimum inhibitory concentratiof0.625 mg/mL) anda wider zone of inhibition
diameter 27 mm) onKlebsiella pneumoniaélhe ethyl acetate extraatsoshowedgood
minimum bactericidal/fagicidal concentration values oBtaphylococcus aureu&.5
mg/mL), Klebsiella pneumoniagl.25 mg/ml) andCandida albicang2.5 mg/ml). The
hexane extract was the least active against the test microbes with chloroform and
methanol extracts showing interdiate activity. Extracts obtained by soxhlet extraction
and microwave assisted extractisimowed toxicity at a concentration 269.2 mg/ml,.
while the extract obtained through macerasbowedhe lowestoxicity (467.7 mg/mL).

The GCMS profiles showed e extracts t@onsist of lipidsand diterpene alcohoishile

the selectively targetedHPLC showed traces of sterols(campesterol, cholestol,

cholesterol, fsitosterol, stigmasterol and tocophgrand flavonoids (isovitexin,
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kaempferol and entin). Crude extracts were extensively purified uswaguum liquid
chromatography(VLC) and gel filtration(GF). Fractions fromVLC and GF sessions
were characterised using Nuclear Magn&e&sonancé&pectroscopYNMR) and found

to be mainly lipids. Extensive chwmatography allowed the isolation s&turated fatty
acids (margaric and ynistic acick), a monounsaturated fatty acid methyl egteethyl
oleate) triglycerides, asterolmethyl ethertentatively identified diosgenitype steroidal
saponins, tentativelydentified monogalactosyl diacylglycerides, monoacyl glycerides
and diacylglyceridesThis is the first time thessubstancebave been identified in the
mesocarp of tis plant The solated compounds werdested againsticrobesand they
showed higher Wt similar activity compared to the crudeextracts. Ja 83(a
monogalactosyldiacylglyceride)showed the largest zone of inhibition against
Staphylococcus aurey80 mm), againsKlebsiella pneumon& (31 mm) and 32 mm
againstShigella dysenteriaavhile showng the kast zoneagainst Microsporum sp.
Isolated compounds were inactiv@wardsAspergillus fumigatusand Aspergillus niger
Relatively mild behaviour of the crude extracts agaAémia salina andthe lipidic
nature of the phpconstituents reafin its useas a food source and it is recommended
that this, now increasingly neglected tropical fruit tree, be actimgllyvated for human

use provided the toxicity studies allow them for such purpose
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CHAPTER ONE

1.0INTRODUCTION

Thousands of plantsave already been investigated metabolites/phytochemicalsy
scientists(Dias et al.,2012) The number of novel compounds isolated from plants has
steadily fallen, from its peak in the heyday of isolation (1960s and 19vi@s)y new
applications ardeing discovered every day for previously isolated compounds éDias

al., 2012).

Many neglected tropical diseases have no viable cure yet (Lewal., 2010). For
instance, e best drugs for treatment of trypanosomiasis kill about 5% of patiépn
et al., 1995; Kayseret al., 2003) All anti-malarials are hepatoxic (Alkadi, 2007;
Germanet al, 2007)while human immunodeficiency virus induced Acquired Immune
Deficiency Syndrome (HIV/AIDS) is still ravaging millions wondide. Worse yet a
new crg of epidemicsfrom Zika, Chikungunya, Yellow fever, Ebola haemorrhagic
fever, to Lassa fevareravaging the third worlddisturbingly,theseepidermicshave no

viable curg(Musso and Gubler, 2016; Phillips and Neyland, 2016)

Species oRaphialike R. farinifera, R. hookerj R. regalisandR. sudanicaare used for
treating mouth ulcers, stomach problems and for treating heart disease (hearf pain).
search on riternet databasgeslike Elsevier National Center for Biotechnology
Information (NCBI) yielded no result onR. Africang offline resources likekashim
Ibrahim Library (KIL) Ahmadu Bello University Librarghowedthat no scientific study
investigatingRa p hi a aethnomedeinabappdications thbeen reportegrompting

further interest in the pht



1.1.1 Justification of the Study

There idlack of scientific informatioron Raphiaafricana. This study seeks to investigate
the traditionaklaims onRaphia africangOtodeh)Arecacea with a view to contributing

to the knowledge base in thight agains tropicaldisease like mouth ulcers

1.1.2 Aim

The aim of this researcls to authenticate or otherwise, the clairbyg traditional
medicine practionerson the fruit mesocarp ofRaphia africanaby isolaing and

charactesing someof thecompound fromit.

1.1.3 Objectives of he Research

Theaim will be achieved through the following objectives

i. Extraction of the powdered plant material using different solvents basettheon
eluotropic series i.e.nonpolar petether (6680 °C), chloroform, ethyl acetate and

methanol (polar),
ii. phytochenical screening athe crudesolventextracts
iii. antibaderial and antifungal screening of the various extracts,

iv. lethality assapf the crude extracissing Brine shrimpArtemia saling,



v. separationsand purificatons of the crude extracts usingeveral steps of

chromatograbic techniques,

vi. spectroscopic analyses (NMR, IR, GCMS) of the isolated compounds.



CHAPTER TWO

2.0 LITERATURE REVIEW

1.1 Man and Medicinal Plants

Plants occupy a very important placehuniman history (Pitchaat al, 2010). Plants have

been important sources of material for shelter, food, transport, clothing, utensils,
weapons, tools and medicines (Husetiral.,2008). A medicinal plant is a plant used for
treating or managing an ailmefMesfin et al.,2009). The use of plants as medicines is
thought to be as old as human history (Springob and Kutchan, 2009DtZh@an, a
mummy found in the Otzal valley on the Alps around the Aué#dean border in the

year 1991, had medicinal herbPapaver somniferunmseeds in his stomach) and
mushrooms on him; carbon dating has placed the time of his death to be around 5, 300

years ago (Jacomet, 2009; Jextaal.,2009).

There has been a recourse to medicinal plants around the world in thewalsichdes
because they are low cost, considered safer, are part of a religion or belief system or
tradition and pathogens have become resistant to even antibiotics of last resort. Up to
700000 people die every year due to antibiotics resistance andmeyestimates, this
figure could easily rise to 10 million a year by 2050 if nothing dramatic is donet (ali,

2006; Hoffmaret al.,2015). The cost of such a huge number (10 million) is estimated to
be around 66 trillion dollars. For over twenty yeatisere has not been a major
breakthrough in antibiotics development. We have become accustomed to simply

replacing oneantibiotic with another; we do hdave another anymore. Public health



matters cannot be left to market forces alone; big pharmacecticgdanies are running

away from financial implications arising from numerous expensive and time consuming

drug trials that yield no results (Goozner and Moore, 2004; Batled., 2014). The
observation by Poll an ( 20 §t3pentthébetter pariiofas a ¢
century doing our unwitting best to wreck the huragsociated microbiota with a
multifronted war on bacteriao, iI's a warni
harbinger of the future (Pollan, 2013; Stetral, 2013; @ Tool e and Jef fery,
Olden et al, 2015; Nasaruddirt al, 2016). Most diseases of today from obesity to
cancer to Al zhei mer6s are now ascribed to
antibiotics. It is now left for scientists to delve into rnes®s at hand in order to

safeguard our future.

Colistin (1) for a long time has been used as antibiotic of last resort; it has unfortunately

become resistant to certain superbugs (Falgentedaedr,2016).
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A strain of Escherichia coli for instance, was found to be resistant to Colist &n
antibiotic of last resort, prompting fears of an emerging antibiotic apocalypsedihh

2015).

In many parts of the world where no written records of ancient times were kept, oral
traditions peserved knowledge of medicinal plant use (latoal., 2016). These oral
traditions are not without their problems. One big issue is the association of some of these
traditional methods with tenuous magic or superstition that in turn giromisleading

ideas about proper utility of plants (Broendegaard, 1985).

Scientific investigations of claims by traditional medicine practitioners play an important
role in teasing apart fact from fable (Mee&ial., 2012). Another issue is that some
plants are very henful when not utilised appropriately and so authorities throughout
history have tried to destroy or misdirect knowledge of their deleterious applications.
Two good examples of such plantsSgophanthus kombeeportedly destroyed by the
British colonialauthorities in their colonies on account of its use as a potent arrow poison
and Cannabis sativabanned by many governments today, for its misuse as a potent
psychoactive drug (Hokkanen, 2012; Ossgeare, 2008). Scientific studies have
unearthed new apphtions or better ways of using medicinal plants. Extracts from
Strophantus kombére now utilised as heart medication while the muitified C. sativa

is now employed in controlled applications in the management of pain associated with
glaucoma and caec, quinine and derivatives from the cinchona plant have been
relegated to the sidees in the treatment of malaria leaving the stage to artemisinins

from Artemisia annugFarag and Kayser, 2015; Hokkanen, 2012; llesatral.,2011).



The principles behd the therapeutic activities of medicinal plants centre on secondary
metabolites, which are by products of plant metabolism. Other medicinal principles
include fatty acids and triglycerides (Figud) which play important roles in heralding
immune systms to potential infection and other immumgulatory activities (Ben

Menachernet al.,2003).

Normal Immune Function

Dyvsfunction Dvsfunction

EFA Deficiency Normal Range Excess EFA

Figure 2.1 Triglycerides, fatty acids and immunjtymmune responses as a function of
dietary essential fatty acid (EFA)(Gunstone and Seth, 1994; Gunstori¢, 201

Among the secondary metabolites are an important class; the alkaloids.



2.1 Plant Secondary Metabolites

2.1.1 Alkaloids

Alkaloids are nitrogenous basdgkaloids are secondary metabolites that mostly contain
basic nitrogen atoms (Wells, 2011). The term alkaloiths been used to classify
synthetic compounds of similar structure. Alkaloids are purified from crude extracts of
plants and othemnimals by acid base extraction. Alkaloids have been employed

variously in many medicinal applicatioriBaple 2.1) (Cushnieet al.,2014).

While the boundary between alkaloids and many other nitrogataining compounds is
not clearly defined, amines, antibiotics, proteins, nucleic acids and peptides are not
strictly regarded as alkaloids. When a @mund contains nitrogen in the exocyclic
position, it is usually classified as an amine rather than an alkaloid (Prescott, 1903; Helm,

2000; Schardét al.,2007) have argued alkaloids for a special case of amines.

More recently, alkaloids have been cléissi based on the nature of their carbon skeleton
or biochemical precursor (Table?2). Nicotine @) and alkaloids which contains both
pyridine and pyrrolidine fragments deriving from nicotinamide and ornithine precursors
respectively could be assigned ltoth classes, it is one of the border line cases that

require compromise (Zenk and Juenger, 2007).

2.1.2 Terpenes and Terpenoids
Terpenes, which number over 20, 000 currently, can be used more broadly to include
terpenoids (Boutanaegt al., 2015). Terpenoids arterpenes, which contain oxygen

atoms, in which case may exist as aldehydes, ketones and alcohols€Rald2016).



Table 2.1: Alkaloids in Medicinal Applications

Alkaloids Pharmacological Ethnomedicine Reference
Activity

Quinine Antimalarial, South American first (Wells, 2011)
Antiseptic peoples as an Antimalarial

Vincamine  Vasodilatory
Morphine Analgesic

Cocaine Stimulant (Narcotic)

Ephedrine  Antiasthma

Tubocurarine Musclerelaxant

(Hesse, 2002)
Opium by Greeks/Chinese (Hesse, 2002)

South American first (Morton, 1968)
peoples in Btheogenic
rituals

Ephedraby Greeks (Songet al.,2010)

South American first (Shinwari, 2010)
peoples for Poisoning
arrows




Table 2.2: Alkaloid Classification

Group Characteristic Example Reference
True alkaloids - Nitrogen in Morphine @) (Cushnieet al.,
heterocycle Nicotine @) 2014; Saxton,
- Origin: amino 1971)
acids
Protoalkaloids - Nitrogen (Cushnieet al.,
containing Mescaline 5) 2014)
- Origin: amino
acids
Polyamine Derived from (Cushnieet al.,
alkaloids spermine, spermidine 2014)
and putrescine
Peptide and (Hesse, 2002)
cyclopeptide
alkaloids
Pseude - are sterol like Caffene @) (Panet al.,2003)
alkaloids - are terpene like Theophylline 6)
- origin: not from
amino acid
- some are purine
like
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Terpenoids are the largest group of natural products. They make up 60 % of known
natural products. Terpenoids have been used in traditional herbal remedies, their aromatic
propeties contribute to the scent of eucalyptus, the flavours of cinnamon, cloves, ginger

and the yellow colour in carrots (Thimmapgtaal.,2014).

Camphor 7) /// Geranial g) Friedelan3-one Q)

Lupeol (LO)

Geranial 8) together with its isomer neral are found in many plants; togétiegr are
referred to as citral. They are important terpenoids used variously for the synthesis of
vitamin A, for aromatherapy, as antimicrobial agents, allelochemicals and insecticides
(Robacker and Hendry, 1977; Kuwahara and Suzuki, 1983; Onawunmi, @B&@&bet

al., 2007).
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Table 2.3: Terpene and Terpenoids in Traditional Herbal Applications

Terpene / Plant Source Utility of Plant References
Terpenoids
Isolated
Citral (8) Eucalyptus citriodora Aromatherapy, pesticide (Onavunmi, 1989)
Camphor 7) Salvia divinorium Aromatherapy, (Hanson, 2010)
insecticide
Cannabinoids Cannabis sativa Pain relief agents (Andreet al.,2016)
Friedelan3-one Q) Pterocarpus Anti-inflammatory (Bessonget al, 2006; Igoliet al, 2008; Mannret

Lupeol L0)

santalinoides

Malachanta alnifolia  Anti-inflammatory

al., 2011;0dehet al, 2016)

(Geetha and Varalakshmi, 2001; Sale=mal,
2004; Walet al, 2011a; Manrt al, 2011; Anyam,
2011; Walet al, 2015)
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2.1.3 Flavonoids

Flavonoids like terpesids are an important class of fungal and plant secondary
metabolites (Cook and Samman, 199R)ey like terpenoidsare widely distributed in
nature (Havsteen, 1983). They are made up dfeehcarbon skeleton consisting of two
phenyl rings and a hetergclic ring named rings A, B, and C (heterocyclic) also referred
to as CeC3-C6 (Cazarolliet al., 2008). They are further classified as neoflavonoids,

isoflavonoids and bioflavonoids (Cushnie and Lamb, 2005).

Apigenin (1)

Many in vitro studies have shown flavonoids to be antioxidant (Fongdrgj., 2015),
antiallergic (Tanet al.,2011), antibacterial (Djouosst al.,2015), antifungal (Cushnie

and Lamb, 2005), antiviral (Friedma2Q07), anticancer (Lee, 1999), amtflammatory

and antidiarrhoeal (Cru2Vegaet al.,2009). Apigenin 11) occurs widely in nature and
while its direct effect on the human system is still being studied, it has been used to dye
wool and numeroum vitro studies have affirmed its potential as a natural drug (Shukla

and Gupta, 2010).
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2.1.4 Saponins

Saponins are amphipathic glycosides noted for their-Boagehaviour (Hostettmann

and Marston, 1995; Augustiet al, 2011). They consist of one or more hydroghili
glycoside moieties (most commonly D6 gluco
triterpenes. Saponins are used in several controlled chemical and biomedical applications

as reagents (Majinda, 2012). Plants rich in saponins have been employedcdepis

(killing fish) for millennia (Xuet al.,1996). Steroidal sapogenins, like dioscl?)( have

been used as starting points for the semisynthesis of steroid hormones (Hardman and

Sofowora, 1972).

Dioscin (12)
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2.1.5 Steroids

Steroids ee important biological molecules that play an important role in cell signalling
and cell fluidity (Bodeet al.,2003). The steroids, testosterone and estradiol are important
sex hormones. Sterols are derived from cholestane; they are forms of sterbi@s3wit
hydroxyl group. Sterols may also vary remarkably in terms of ring structure, as is the
case with the secosteroid vitamin D3 (that is found in animals and fungi) @taald
2015). Sterols arise biosynthetically from lanosterol and cycloartenaitg¢pleshich are

in turn derived from the triterpene squalene (Pastall., 1993; Piironeret al., 2000;

Bodeet al.,2003; Schaller, 2010).

Steroids are reportedly associated with disorders like malignancies like prostate cancer
where they have also be&nown to promote tumour cell aggression (Piirorral.,
2000). Steroids have been used as statins to reduce elevated cholesterol levels by

targeting the mevalonate pathway (Gunstone and Herslof, 2012).

The mevalonatebiosynthéic pathway starts with Acgt-CoA and terminates in
dimethylallyl pyrophosphate (DMAPP) and isopentenyl (IPP) (Fi@&schezet al,

2002).

DMAPP and IPP are generators of isoprene units (Shastkak, 2003). The isoprene
units are combined into squalene and rearranged into tongeake lanosterol1Q)

(Schaller, 2010).
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Lanosterol 13)

Stigmastero(15)
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b-sitosterol (4) and stigmasterol1f), frequently occurring phytosterols, have been
studied for their effect on blood cholesterol and benign prostgperplasia (Ikeda and
Sugano, 1983; Becket al, 1993; Wiltet al, 1999; Saeidniat al, 2014). Plant, fungal

and microbial metabolites are therefore important in the battle against pathogens.

2.2 ARECACEAE

The ArecaceadPalm Trees) are a family of mnial climbers, shrubs, acaules, and trees
also calledPalmae. They are monocots in the ordeecalesconsistingof 81 genera
distributedaround tropical regions of the worldre very closely relatethey are osely
related clangndsubdivided intcabout 2, 200 species (Asmussdral, 2006; Marths et

al., 2014).

The Palmaeare very important trees used as food products e.g. coconut products, oils,
dates, palm syrup, ivory nuts, carnaukax and construction materialRattan cane,
raffia, and pah wood. Human uses fahis family are legion(Yu et al.,2008 Grucaet

al., 2019. Very popular members of this family a@®cos nucifergCoconut palm) and

Elaeis guineesifOil palm) (Plate 1. One important genus in the large family is Raphia.

2.2.1 The GenusRaphia

The Raphiapalms are tropical trees that belong to the farAilgcaceaeandconsists of
about 20 species. Members are found throughout tropical Africa (West Africa to
Madagascar) and in South America (Brazil) (Douglas, 1958; Edeath 1984;Raineyet

al., 2009). Scientific reports and investigations have shown Ragihia palms are
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indigenous to West Africa, specifically along the swampy areas of the tropical forests

(Keayet al.,1960; Moore, 1975; Otedoh, 1977; Otedoh, 1981; Ndon, 2003)

Contrary to the posit by Obahiagbehal (2007) and Obahiagbon (200®aphiapalms

are found throughout Nigeria; in the drier northern regions, though, they thrive only
along banks of water bodies (Russel, 198He Raphiais among the eleven indigenous
genera of the paltreesfound in Nigeria. Thdkaphiapalm is hapazanthic; that is, after a
period of vegetative growth, it produces flowers and fruits only once and dies
subsequently (Obahiagbon, 200Russel (1965) describes the leaves as being theskarg

in the plant kingdomThey require high rainfall per annum, high temperature, high
relative humidity and long hours of sunshine for proper growth and development
(Otedoh, 1977:Ndon, 2003. Fibre from the plants is utilised in many crafts. Most
importantly they are tapped to produce a wine unrivalled in taste among all the palms

(Russel, 1965; Edewrt al.,1984; Ibegbulenet al.,2013). Members of thRaphiagenus

include:

1. R africanaOtedoh 11. R monbuttorunDrude
2. R australisOberm.and Strey 12. R palmapinus(Gaertn.) Hutch.
3. R farinifera (Gaertn.) Hyl. 13. R regalisBecc.

4. R gentilianaDe Wild. 14. R rostrataBurret

5. R hookeriG. MannandH. Wendl.  15. R ruwenzoricaOtedoh
6. R laurentii De Wild. 16. R.seseDe Wild.

7. R longiflora G. MannandH. Wendl. 17. R. sudanicaA. Chev.

8. R mambillensiOtedoh 18. R taedigera(Mart.) Mart.
9. R manniiBecc. 19. R textilisWelw.

10. R matombeDe Wild. 20. R viniferaP.Beauv.
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Plate 1. Palms:Beccariophoenix madagascarien§isim. and H. Perrier)[1Elaeis
guineensigJacq.)[2],Cocos nuciferdL)[3] andRaphia taedigerdMart.)[4].
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2.2.2 Traditional Usage of Raphia

Sap obtained from thRaphiapalms has been reported to play active roles in human
physiology and healthit is used to ameliorate symptoms of malaria, measles, and
jaundice. (Obahiagbon, 2009¢portedthat the sap aids the flow ofilin in nursing
mothers Together with other species Bhphialike R. fariniferg R. hookerj R. regalis

R. sudanicaRaphia africanas consumedthe cooked fleshy part of fruit, the mesocarp
(which is very bitter) is eaten by a small subsethef Nigeran population (the Tiof
Central Nigeria) and in parts of SotMftestern Cameroon (Russel, 1965). The cooked
mesocarp is used for treating mouth ulcers, stoadwand for treatingsymptoms of
heart diseaskke heart acheUncooked fleshy part of thedit is taken with palmwine in
parts of SoutiWestern Cameroon. The fruits are used as fisisgm in Nigeria and
Cameroon. Theap of theRaphiapalm is made into a delicious palm wine consumed by
millions in Africa (Obahiagbon, 2009The larva ofOryctesowariensis(Plate 2) which
feeds on dead trunks Bfaphiapalms is relished as a delicaayparts of Tivland (Central
Nigeria and Sout#Western Cameroon) and Igboland (Eastern Nigeria) (Onyatila,
2005). The leaves are used for roofing, rope makidgsigning costumes for
masquerades, making baskets, mats, broetas(Foss, 1978a). The principal petiole is
used for construction of chairs, beds, ladders, hut rafters, toys, fishing tools, and drying
platforms (Yapnaet al., 2013). It is true that befe the advent of industrialisation
products fromRaphiapalms were used in almost every aspect of social life; in many
rural areas inWest Africathis remains trueeven o till date (Douglas, 1958Russel,

1965; Foss, 1978; Nicklin, 1980; Faparusi, 19Btlemet al., 1984). As swamps are
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being destroyed for rice farming, oil exploration and construction projects; the
conservation status of mamaphiaspecies is unknow(Oboutoret al, 2007;Mitsch et
al., 2008; Sandy and Bacon, 200&aineyet al, 2009 Muafor et al, 2014. Also as
many other commercial products replace aspeck&.of a f ronce abmaitdus utility,
the plant has sadly become ignored and largely disappeared in manyRagaaplants

are critically endangered in many areas (Uddfi209)

2.2.3 Phytochemistry of Raphia

The Raphiapalm sap is reported to be composed of sugars, proteins, titrable organic
acids, alcohol, vitamins (ascorbic acid, thiamine, riboflaeiic) mineral elements and
water (Obahiagbost al.,2007).

Phytochemicks like alkaloids, saponins, flavonoids and phenols have been identified in
the seeds and pulp dRaphia hookeri(Okwu and Nnamdi, 2008)Some vitamins
(Vitamins A, E, thiamine, riboflavin and niacin) as well as some telaments (Pb, Hg,

Cd and As) havéeen identified in the seeds and pulp of Raphia hookerfruit (Okwu

and Nnamdi, 2008). Obahiagbon (2009) reporteepresence ofhe followingelements

in the sap oRaphia hookerpalm namelyCa, Cl, Cu, Fe, K, NNa, Mg, Mn, P, and&n.
Opute (1978 reported the fatty acid constituerdé someRaphiaspecies (Table.1.).
Raphia hookeris the most studied member of the genus (Edeml., 1984; Imogieet

al., 2007; Ogbuagu, 2008; Umoren and Ebenso, 2808layan et al., 2014); Raphia
africana hasbeen largely neglectear probably miglentified by researcheras anaher

member of thé&kaphiagenus.
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A study of the seednd mesocarpils of some Raphia species showed them to have
higher levels of unsaturated fatty acids than other palms (Tableri Table 2.2
(Opute, 1978).

Yapnaet al. (2013) have isolated eight compoundsliosgenin {6), ellargic acid 17),
diosgenin 30-UL r ha mn o py r abADeglugopyfardoside 1), catechin 19),
epiafzelechin Z0), b-sitosterol 21), aurantiamide acetat@d), and crotonic acid23)]

from seed coats d?aphia farinifera(Structure6).

2.2.4 Raphia africana (Description and Geographical Spread)

Raphia africana(Arecaceag is commonly found in the rain forests of Nigeria and
Cameroon and along riverbanks and streain the drier regions of West Africa
(Majekodunmi, 2016). The plant is smaller than other members of its genegb (16
metres), it grows up to 510 metres tall and has large compound pinnate leavesl(d13
metres long), slightly smaller than othRaphia members reportetb havethe longest
leaves in the plant kingdanTheleaves ofsomeRaphiaplantsgrow up to 25 m (82.38

feet) long and 3 m (9.84 feet) wide (Burkill, 1985). The plants are either monocarpic,
flowering once and then dying after the dg@re mature; or hapaxanthic, with individual
stems dying after fruiting but the root system remaining alive and sending up new stems
(Otedoh, 1977; Otedoh, 1981). The plant is now being cultivated for its many uses

(Huxley and Griffiths, 1992).
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Table 2.4: Fatty acid composition of some Raphia fruit coat and seed

Raphia Fatty acid %
Species
Capryloyl  Capriyl Lauryl Myristoyl  Palmitoyl  Stearoyl Oleoyl  Linoleoyl Linolenoyl
(8:0) (10:0) (12:0) (14:0) (16:0) (18:0) (18:1) (18:2) (18:3)
Seed Frui Seed Fruit Seed Fruit Seed Fruit Seed Fruit Seed Fruit Seed Fruit Seed Frui Seed  Fruit
coat coat coat coat coat coat coat coat coat
Raphia trace r trace - 0.8 - 1.7 - 23.0 29.7 18 16 311 39.7 325 126 4.2 1.8
sudanica
Raphia trace trace - 1.0 - 1.2 05 270 323 39 52 358 132 288 473 1.6 1.1
hookeri
Raphia trace r trace r 0.7 r 11 r 283 r 3.7 r 229 r 386 r 2.5 r
farinifera
Raphia 31 r trace - trace trace 1.9 trace 38.7 352 45 26 35.6 32.8 14.7 29.8 trace trace
vinifera
Raphia 73 T trace - 4.0 trace 6.3 trace 25.6 17.0 53 33.2 19.3 488 30.5 trac trace trace
regalis e

Key:r =no data provided for field;= not detectedSource(Opute, 1978).
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Table 2.5: Fatty acid distribution in Raphia mesoarp oils

Raphia sp. Per cent fatty acid methyl esters
Lauryl . Palmitoyl Oleoyl . Linolenoyl
Myristoyl Stearoyl Linoleoyl
12:0 14:0 15:0 16:0 16:| 17:0 18:0 18:l 18:2 18:3
R. hookeri t 0.5 t 32.3 0.6 t 5.2 13.2 47.3 1.1
R.sudanica t t t 29.7 0.6 t 1.6 39.7 26.6 1.8
R. regalis t t 1.1 17 t t 33.2 48.8 t t
R. vinifera t t t 35.2 t t 2.6 32.8 29.8 t

Key: t=trace; Source: (Opute,1978).
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Structure 6: Compounds Isolated fromR. farinifera (Yapna etal., 2013)



2.2.5 Vernacular namesof Raphia africana

There is much confusion among botanists about the proper nomenclatuhasfor
groupof interesting palms. wong the peoples of Nigeria, #gavernacular names are
used for different species at times interchangeably (Otedoh, 1981). The Yoruba call
dhend eriko; the Bini ohg ekian among the Urhobo; Itsekirgbeje the Igbo call

Raphia, ude the Ibibio'iya or aya'and ljaw, bou' (Russel, 1965)

For Raphia hookeri the vernacular names areti (Igede), ichol (Tiv), nduvui
(Mende); adobe, (Twi, Fanti, Ga, Ashanti)doka (Nzima); andala (Ewe); oguro,

(Yoruba); ngwo, (Igbho)ukot iden, (Ibibio); andkoro, (ljaw).

Raphia sudanicawhich is more common in northern Nigeria, is calledurwa
(Hausa); paje (Fulanigba(Nupe); andchol (Tiv) (Russel, 1965). These vernacular
names do not however satisfy all the classification demandkebgver 20Raphia

species and are used interchangeably at times (Hoakiras2015).

2.3 Vacuum Liquid Chromatography

Vacuumliquid chromatography (VLC) is a suction aided chromatography technique.

It has emerged as a very important tool for the réictionation of extracts prior to

high performancdiquid chromatography (HPLC) and isolation (Sticher, 2008). VLC
employs different stationary phases, such as alumina, silica gel, reversed phase silica

gel, nitrile, diol and polyamide gels. While VLC hasen used in conjunction
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Plate 2. Raphia africangOtedoh) palms, Ukoko Creek, Mbaade, Benue Statgerid
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with other purification steps like géltration as reported by TeAnyiin et al (2015),

it has been in many cases the only separation step (Btkkio 2016).

Most columns use a sintered glaginnel (porosity 3), packed under vacuum to a
height of 5 cm onto which pradsorbedsample orsilica gel is added. The columns
are eluted initially with hexanpr any least polar member (s) of a solvent system]
while gradientincrements of the ethyl atate[or more polar member (s) of a solvent
system] component are added drally in 1% gradient ratios 06% gradient

increments (Anyanet al.,2015).

2.3.1 Gelfiltration or Gel permeation Chromatography

Gel filtration chromatography is a technique thgbasates molecules according to
differences in size as they pass through a gel medium regdittation column
(Rouessac and Rouessac, 200Rus it iscalled size exclusion chromatography or
molecular sieve chromatography. It becomes gel permeatiometography when an
organic solvent is used as the mobile phase. It is well suited to situations where
sensitivity to pH may be a problem. It can also separate sample components by
partition between the stationary and mobile phagdch may be dependenhdhe

solvent usep(Moore, 1964; Trathnigg, 1995).

Sephadex LF20 is a gel filtration medium commonly us#id in the purification of
natural products. It is unique in being hydrophilic and lipophilic and hence swells in
water and many organic solvents. Has been used in the isolation of steroids,
flavonoids, terpenoids, lipids and low molecular weight peptides.

The compounds are usually separated by a form of liquid/liquid partitioning or
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absorption chromatography. It is made from crosslinked hydropyfated dextran
beads that have a polysaccharide network. It has beeseditiioth as an initial
purification step and final purification step (Da Silva and Parente, 2010AAyIN

et al, 2015).

2.4 Hyphenated Techniques in Compound Isolation

2.4.1 High Performance Liquid Chromatography (HPLC)

HPLC is a chromatographic technique that employs a pressumobile phase to
enhance column efficiency (Karger, 1997). Like evaherchromatographic method,

it exploits differences in analyimobile phase and analystationary phase affinities
which leads to different analyte flow rates (retention times). Pressures ranging from
(50-350 bar) are used. Column dimensions are usually within 2.1 to 4.5 mm
(diameer) and 350 mm (length) Nliddlesworth and Cannell, 1998)The
combination of smaller sorbent particles5@ micrometres) and high pressure give
HPLC very high resolving power, hence a popular chromatograptinitee (Bucar

et al, 2013).

Time of emergence of a specific analyte from a column is called itsticeteaime.
Retention times observed under specific conditions like column type, mobile phase
kind, pressure, temperature, and flow rates are considered important identifying
characteristics of analytes. A suitable column method is usually arrived atriah a t

and error basis (Sundstréhal.,2013).

Wide varieties of detectors amesed on HPLC machines. Multiple detectors are

sometimes used on one machine. Common detectorBlaee Violet (UV)-visible
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absorbance detector, refractive index detector amdss spectrometer (Gerledral.,

2004).

2.4.2 Gas Chromatographyi Mass Spectrometry (GCMS)

GC-MS is an analytical method that, as the name implies, employs both gas
chromatography and mass spectrometry for separation and identification of analytes.
It is an excellent technique for known and unknown samples (Sarker and Nahar,

2012).

The gas chromatograph usdis a mostly 30 m long capillary column with stationary
phases selected to promote separation of analytes. Here again as is the case with other
chromatgraphic techniques, differences in the anakgtasionary phase affinity aids
separation. The mass chromatograph capturessemniaccelerates, deflects, and
detects molecules eluted from the column. Components are identified by
characteristic retentiotimes and fragmentation patterns of mass to charge (M/Z)
ratios. Libraries containing hundreds of thousands of previously identified compounds

are consulted by the machine to aid identification of analytes (Hetllet 2005).

2.5 Spectroscopic Techniques

2.5.1 Nuclear Magnetic Resonance Spectroscopy (NMR)

Nuclear Magnetic Resonance Spectroscexpyloits the magnetic properties of certain

atomic nuclei that possessiaclear spin to providdata on the electronic structure of
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a molecule andts functional grous. NMR has come to be a highly tractable and
predictable tool for small molecules (Zangger, 2015). It has replaced many time
consuming wet methods of identification and is now used to confirm the idehtity
organic moleculesQuillén and Ruiz, 2003b). NMRpectroscopy operates on the
principle of nuclear magnetic resonance; that isotopes of certain nuclei when placed in
a magnetic field absorb radio frequency radiation typical of the spin of the nuclei
(Yanget al, 2015 Sommer, 2015). That spin (1/2) aligvith and against external
magnetic fields leading to a spin state separation. That radiation with energy
commensurate with this spin state separation can cause a spin flip (excitation from
lower to high energy state). Energy separatiogiween spin stasecorrespondto
differentmagneticmoments thaare due to specific electronic environneeott nuclei

of interest. These electronic environments are due to local magnetic fields generated
primarily by local moving electrons (protons) and para contribut{éms heavier
nuclei) in response to the applied field (Keeler, 2002). Signals arising from different
chemical environments in response to the applied fields are reported relative to
tetramethylsilane (TMS) ppm. T hthe ldgca p mo v ¢
field value (Hz) with the spectrometer (applied) frequency (MHz) and resulting values
multiplied by a million to give values also called chemical shifts (Winseheill,

2015).

Chemical shifts are characteristics of a particular molecule anddpraletailed
information alout the structure. NMR has emerged as a valuable amdently
unrivalled tool in the analysis of small molecyarkeret al, 2014) Structured
determination of glycerides used to be carried out mostly byng#tiods, whichvere
nonspecific because of problems like chain migration amahhour loss(Nieva

echevarriaet al, 2015). Currently, valuable information can be acquired on a
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triglyceride detailing its degree of unsaturation, iodine value, stereochemistry,
molecular mas and many others by just a few minutes of NMR generda¢a
(Crowther, 2008; Niew&chevarriaet al, 2016) For example, the NMR of

monoglyceridg16) can be assigned thus:

0
HO 0

=

OH

1-monoglyceride(16)

One would expechine signals, one for Cgl methylenes H-3 acyl, dlylic, H-2,
bisallylic, definic protons, and three fdine glyceryl protons (Figure 12). Undisturbed
methyls have shifts around 1 ppm, undisturbeddhylenes around 1.24 while on the

glyceryl moiety withdraws electron density BetSRl andSn-2 part (Figure 2.1

2.5.2 Proton Nuclear Magnetic Resonance SpectroscopyH-NMR) of Lipids

The use of Proton Nuclear Magnetic Resonance SpectrostidgyMR) to study

lipids was pioneered 55 years ago in the seminal work by Johnson and Shoolery
(1962). Trey arrived at accurate values for the degree of unsaturation of fatty acids
and their triglycerides. They were also able to determine the average molecular
weight of triglycerides using area measurements of signals assignable to olefinic
protons in fatty eid chains, protons of the glycerol backbone and protons at the

methyl chain ends. lodine value was also obtained (Johnson and Shoolery, 1962);
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Figure 2.2 'THNMR of 1-monoglyceride of nonadecenoic acid [signals have been
assigned courtesy of Niexechevariaet al. (2015)].

thesevalues, which were very similar to thosstained on the same sample by the

|l engthy and | aborious method of

Several studies have validatdd-NMR techniques in the study of fats and oils as
these NMR techniques show vemygh agreements with those oiied by other
methods Guillén and Ruiz, 2001¢Guillén and Ruiz, 2003aSopelanaet al, 2013;
Ibargoitiaet al, 2014; Nievaechevarrieet al, 2014; Nievaechevarriaet al., 2015).
High resolution NMR techniques have besmployed in qualitative and quantitative
aspects in assessing acylglycerol contents (Siciliahcal., 2013) One major

advantage of NMR over other spectroscopic methods &ciaracy,as it does not
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involve transformation of matrices; only facile sampteparation/handling and short

analysis time (Niew&chevarriaet al.,2015).

A comprehensive survey of journals showed that very few have used NMR in the

analysis of fats and oils as most analysis rely on GC or HPLC, wet chemical methods
or electrochemial methods (Sedmaet al, 2010) NMR is excellenfor the analysis

of fats and oil because it provides equivalent information without the stress of

cumbersomevet chemical methods (Nievachevarrieet al, 2015).

Naturally, occurring triglycerides preseirt a wide variety of isomeric combinations

that can be hard to resolve with proton NMR aloih&NMR can however provide
valuable information on the average chain length and average degree of unsaturation
for triglycerides (Crowther, 2008). These areicaitin defining physical properties of

triglycerides as well as their health implications (Prasagi., 2015).

2.5.3 Infrared Spectroscopy of Lipids

One major advantage of Infrared Spectroscopy (IR spectroscopy) over other
spectroscopic techniques in thealysis of lipids is its ability to identify the presence

of transfatty acids (Crowther, 2008).

The principal utility offouriertransforminfraredspectroscopy (FAIR) in the study of

fats and oils is to characterise rather than to determine the exactafad
composition (Guilléret al., 2003). The most popular measured characteristic from
FT-IR spectra of fats and oils has been the iodine value (V) which can be determined

from thecis double bond peak at 3006 t(Guillén and Cabo, 1997). Other impamt
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attributes of FTIR of fats and oils is also the amount of free fatty acids in oil samples
where a peak at 1744 émienotes the carbonyl of triglycerile esters while that at 1711

cm® implies the carbonyl of free fatty acids (Ismetibl., 1993).

2.6 Microwave Assisted Extraction (MAE)

Microwave Assisted Extraction (MAElses electromagnetic radiation from the
microwave region (2450 MHz) in a more selective and rapid (within 30 minutes)
fashion (Charet al, 2011). MAE has reportedly better recovery rthaditional
extraction processes like soxhlet extraction, maceration and supercritical fluid
extraction. It has been championed as a green method because it enables significant

reduction in solvent usage and energy.

Chanet al. (2014) havedeveloped a ncrowave assistedxtraction model based on
total amount of microwave energy absorbed per unit volume during an extraction that
is useful for scaling up processes, estimating suitable extraction times and
determination ofquilibriumabsorbedenergy densityThis predictive model can be
used to determine the range of extraction conditions prior to the egtiom study
thereby making it possible to uté MAE profiles for different microwave machines
setups by adjusting the applied microwave power to dugiired absorbed power

density value.

MAE has been carried out using domestic microwave ovens and while being less
efficient to canmercial extractors, customizedicrowave systems are essential to

improve the performance of commercial varieti¥ung, 19%; Pednekaret al.,
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2011 Gaoet al., 2012;Daset al., 2013).In addition,the high cost of commercial
microwave extractors has made use of modified domestic ovens attractive. It is
important to note that MAE is influenced strongly by solvent natureaeidn time,
temperature, microwave power, sample characteristic, solvent feed ratio and effect of

stirring (Ganzleet al.,1990).

The method has been used for the extraction and isolation of several natural products
(Wanget al.,2010; Zouet al.,2012; Chanet al.,2011; Crawforcet al.,2011;, Chanet

al., 2014 Shimbeet al.,2016.

It is considered a very promising technique in natural product isolation €Xilq

2008).

MAE of natural products started in the 1980s and has become the most popular and

cost effective extraction method today (Cledaml.,2011; Routray and Orsat, 2012).

2.7 Lipids and Lipid Biosynthesis

Christie (2012) has defined lipids as fatty acids and their derivatives, and substances
related biosynthetically or functionally to thesempounds. Triglycerides are made

up of three fatty acids attached to a glycerol backbone. They arpatemliquid

mol ecul es. Pol yunsat ur-lait ed!| ¢ mrB)anddnaleaad dcy ( P
a c i €b) afetermed essential dietary nutrient&shumans cannot biosynthetically

produce themIn fact, a diet low in PUFA is deemed a potential health hazard

(Ailhaud et al.,2006).
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2.7.1 Fatty Acids

Fatty acidsare definedas the simplest and most fundamental lipids found in nature.
They exist in naturas the deep protonated, carboxylate ion or esterified to glycero
lipids, glycero phospholipids, wax esters, cholesterol esters, and saccharolipids

(Murphy, 2015)

2.8 Bacteria

Bacteria are prokaryotimicroorganismgfew micrometres in lengthKombaet al.,

2013; Igietsemeet al., 2014; Falgenhaueet al., 2016). Bacteria come in all shapes
and sizes. Some are rbkle, some spiralike or oval shaped or spherical. Bacteria are
known to exist in all manner of habits; even nuclear waste is exempt. Bacteaideare

to maintain symbiotic relationships with animals and plants. They form a biomass that

exceeds that of animals and plants put together (Bhuvanesvedr;i2014).

They have been variously applied to bioremediation efforts, mining, fermentation

processs, antibiotics manufacturejésewage treatment and so Rulpinet al.,

2012; Rubinet al., 2015). Bacteria are also responsible for numerolnseats of
humankind like pneumoniakin infections,sexually transmitted diseases, gastritis,
upper respirry tract infection, eye infections, gastritis, food poisoning, urinary tract
infections and bacteria meningitis among a host of others diséesgse 2.2).
Antibiotic resistance has become a problem; stimulating fears of an impending
antibiotic apocatpse (Caponet al.,2013; Falgenhauest al.,2016; Liuet al.,2016;
MalhotraKumaret al.,2016; Zhiet al.,2016). Some very commonly isolated clinical

isolated human pathogenic bacteria &t@phylococcus aureuSscherichia coli
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. S Eye infections
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- Streptococcus pneumoniae ; .
- Neisseria gonorrhoeae
- Chlamydia trachomatis
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- Haemophilus influenzae
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- Listeria monocytogenes
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- Streptococcus pneumoniae
- Haemophilus influenzae
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- Streptococcus pneumoniae Upper respiratory tract

infection
- Streptococcus pyogenes
- Haemophilus influenzae
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Community-acquired:

- Streptococcus pneumoniae
- Haemophilus influenzae
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Atypical:
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- Helicobacter pylori
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- Mycoplasma pneumoniae - Campylobacter jejuni

- Chlamydia pneumoniae - Salmonella

- Legionella pneumophila - Shigella

Tuberculosis - Clostridium

- Mycobacterium - Staphylococcus
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Skin ifections Sexually transmitted
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~SIapIYIoCoCeys dureus - Chlamydia trachomatis - Escherichia coli
~SIEPIacoCTlS A e - Neisseria gonorrhoeae - Other Enterobacteriaceae
- Pseudomonas aeruginosa Treponema pallidum - Staphylococcus

- Ureaplasma urealyticum saprophyticus

- Haemophilus ducreyi - Pseudomonas aeruginosa

Figure 2.3: Overview of bacterial infections

Klebsiella pneumonigeShigella dysenterigeSalmonella typhiand Pseudomonas
aeruginosaE.coli is a very frequently opportunistic human pathogen (Rebial.,
2015). It is reported to cause about 90% of urinary tract iofegtimany diarrhoeal

infections, meningitis and sepsis (newborns) (Adettitai.,2012).

2.8.1 Shigela dysenteriae

Shigela dysenterias a rod shaped nespore forming, nomotile, gram negative and

facultative anaerobic bacterium (Chakrabagtyal., 2001). It is responsible for the
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most severe form of dysentery. It is principally spread by unsanitary conditions.
Dysentery due toS. dysenteriaecauses malnutrition, central nervous system
problems, anaemia and renal failure. Mamyitro studies have been rceed out on

this pathogen using elements of Nigeria ethnobotany bubh mavo human studies

have been trialled yet.

2.8.2 Salmonella typhae

Salmonella typhaes a bacterium that grows in the blood and gastro intestinal tracks.
Symptoms include high fever, wiagess, headaches, mental confusion and vomiting.

It is spread principally through poor hygiene and poor sanitation.

Bacterial infections are usually treated with antibiotics; today the main thrust of
natural products chemistry is finding agents againstritieg tide of antibiotic
resistance. Another major worry in antibiotic resistance is that caused by fungi (San

Blas and Calderone, 2008).

2.9 Fungi

Pathogenic fungi are responsible for fungal infections (Nandagspal, 2011).
Immunocompromised patientge especially susceptible to fungal infectioRengi

cause very stubborn infectious diseases |

Species of the Candida constitute the most common opportunistic human pathogens
causing vaginal (yeast infections), orophamsalg (oral thrush). Candidemia or
invasive candidiasis occurs when the blood becomes infected. Some frequent fungal
pathoges are Candida albicans Aspergillus fumigatuys Aspergillus nigr,
Microsporum s@ndTrichophyton rubrun{SanBlas and Calderone, 28
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Antifungalresistance has become a problem especially in patients with compromised
systems. Antifungal agents like Amphoteri@nhave side effecten theliver and

kidneys (Melkusova and Bujdakova, 2004).

Anti-fungal agentswith sideeffects are now leing combined with plant derived

natural products to ameliorate harmful effectshefse drugéOgungbeet al.,2012).

2.10 Brine Shrimp Lethality Assay

Brine shrimp lethality bioassay is used widely by scientists as a cytotoxicity test of
bioactive compoundéWNu, 2014. This assay which utilises brine shrimp (Artemia
salina) was introduced by Michaet al (1956 and modified byVan Walbeek
(1971),Vanhaeckeet al (1981) andWu (2014. The bioassay has been used in the
evaluation of toxicity of natural prodts which may indicate the effectiveness of a
drug It is regarded a useful tool in preliminary toxicity screening prior to experiments

on higher animal§Wu, 2014).

41



CHAPTER THREE

3.0MATERIALS AND METHODS

3.1 Materials

The solvents Hexane, chloroform, teyl acetate and methanoWwere obtained from
SigmaAldrich® through their vendors in Nigeriand were of analytical grade. The
solvents were redistilled to remove possible traces iwfpurities and dried using
anhydrous MgS@(administered until observaticof snowglobe effect) then finally run
through a colum of silica gel to further drySolvents were maintained in sealed glass
bottles before us&ilica gel 60 Bs4for Thin Layer Chromatography Plates and Silica gel
G were purchased from Merck® KGaAefthany; column type silica gels were re
activated at 120 °C for two h before uSephadex LF20 wasalsoused in the separation
proceduresUsed gphadex LH 2@vas cleanedbetweencolumnruns using commercial
bleaches containing sodium hypochlorite aneqailibrated using increasing amounts of

methanol in water until only methanol.

3.2 Equipment

An Agilent GGMS suppled with a HR5MS 5 % phenyl siloxane column (number

19091$433) was used for part of pfisolation analysis at the Department of Chemical

Engineering University of llorin. HPLC analysis was performed using a Perkin Elmer
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HPLC with UV-Visible spectra focus detector, P4000 pump, and injeattysampler
AS4000 belonging to the Lighthouse Petroleum Engineering Company liriited)

Delta StateNigeria.

A ThermoFisher Scientific FTIR Spectromete(Nicolet IS10)in Multi User Scientific
Research Laboratory (MUSRL) ABU, Zaria was usedcquire thé=T-IR data for the

isolated compounds

Agilent (Varian) 500MHz forH 125 MHz for **C NMR spectometes wereof theRoyal
Melbourne Institute of Technology, Melbourne, Austraibad Multinuclear NMR
spectroneter(Varian INOVA 500 MHz NMR systemirom The University of Alabama,

in Huntsville, USA wee used taacquire NMR spectraf theisolated componds.

3.3Sample Collection

Ripe fruits were collected from grooves of Raphia along the tributaries (Streams: Ukoko,
Uatsor and Kungwa) of river Dura in Mbaadejruku Local GovernmentArea of Benue
State, Nigeria (Longitud&.141949 N, Latitude 9.209512 k) December201l Fruits

and fronds from the trees were taken to fhepartment of Forest Production and
Products, University of Agriculture, Makurdi, Benue State, Nigeff@a, proper

identification.It was given the voucher number 28200

The fruitswere kept in plastic sacks for twdaysto facilitate dehlliing. The fruits were

dehulledand the thin yellow mesocagerad with a sharp knife and dried under airy
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and shady conditions for three weeks tipeiverisedin a wooden mortainto a coarse
powdeed material The pulverised plant material was placed jphastic containers

properly labelledintil further work.

3.4 Extraction Protocol

3.4.1 Extraction 1: Cold Maceration

The plant material (1.0 Kg) was extracted sequentiallycbl maceration using
petroleumspirit (60-80 °C) (2.5 L) chloroform (2.0 L), ethyl acetaf.0 L) and methanol
(1.5 L) according to methods describedBucaret al. (2013 andDinan (1998) Extracts
(petroleum spirit, chloroform, ethyl acetate andthanol) were concentratéu vacuoat

407 60°C and labelled RCA, RCB, RCC and RCD respectively.

3.4.2 Extraction 2: Microwave Assisted Extraction MAE)

The plant material (1.0 Kg) was introduced imimchester bottles (2.5 L) and extracted
sequentially using an LGwave conventional microwave oven with model number
MS2022DB The oven waset at the defrost function (¥9) andthe samplerradiated at
threeminute intervals for a total of 30 minutes according to methods (Ehalh 2011,
2014). Extracts obtained [petroleum spif@0-80 °C), chloroform, ethyl acetate and
methanol]; labelled RM, RMB, RMC and RMD respectivelywere concentrateth

vacuoat 40- 50 °C and dried in a fume hood until constant weight/volume.
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3.4.3 Extraction 3: Soxhlet Extraction.

The plant material (1.0 Kg) was extted sequentially bysoxhlet extraction using

Petroleum spirit (6@0 °C) (2.5 L) chloroform (2.0 L), ethyl acetat2.0 L) and methanol

(1.5 L) according to methods describ@inan, 1998 Middlesworth and Cannell, 1998)

The petroleum spirit, chlorofornethyl acetateand nethanolextractswere concentrated

in vacuoat 407 60°C and labelled RA, RB, RC and RD respectively. Extracts were dried

in a fume cupboard until constant weight. Portions of these were takeBObtS,

biological assays and phytochemdicscreening as part of preolaion analyses; an
attemptatdeepl i cati on ( Br kl j al aeta,20l2; Byreetaah |, 2011

2008).

3.5 Sample Analysis

3.5.1 Pre-isolation Analyses

The extracts were subjected to phytochemical screening, high parfoerfiquid
chromatographyand gashromatography mass spectrometry to screen for potential

compounds in the plant.

3.5.1.1Analysis of methanol extracts for flavonoidgHPLC)

The sample was prepared thus:
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Dried and pulverised mesocarp (1.0 g) after extraatitim chloroform was refluxed with
methanol (50 mL, 3 x) and then with 50 % methanol (50 mL, 1 x) for 2 hours. Extracts
were combined and concentrated. The residue was refluxed with 10 % HCI (5 mL). The
hydrolysate was extracted widthyl acetate (50 mL, &). The ethyl acetate extract was
evaporated to dryness and reconstituted with methanol (10(Hdgtettmannet al.,

1999.

The sample was separated on a 250 mm x 4.5 mfuth particle, RPi C,5 Vydae

column maintained at 4.

Kaempferol,vitexin, ard orientinused were isolated from known concentrations of bay
leaves(Laurus nobilig. Quercetin andsoorientinwere purchased from Sigr#ddrich.
Calibration curves were constructed for each flavonoid in the range of sample quantity

0.0271 0.5 pg.

A mobile phase consisting of solvent A (0.05 % trifluoroacetic acid) and solvent B (0.03
% trifluoroacetic acid in 83 % acetonitrile v/v) with the following gradient @5
minutes, 15 % B in A: 510 minutes, 1% 70 % B in A; 10i 15 minutes, 70 % B in A.
Theflow rate was set at 1 mL/minute and the injection volume 10 pL. The UV detection

was at 342 nm.

3.5.1.2HPLC analysis of Ethyl acetate extract for Phytosterols

Standard solutions (cholesterol, chadeso | campest ergidsterol andi g mas

tocopherol) were prepared in dichloromethane for phytosterols. Linearity of dependence
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of response on concentration was verified by regression analysis. Identification was based
on comparison of retentionnties and spectral data with standards. Quantification was
performed by establishing calibration curves for each compound determined using the

standards.

The pulverised sample (3 g) was extracted three times with ethyl acetate (30 mL) for 15
minutes at 400°C. The extract was filtered into a preleaned beaker. The acidic
compounds were extracted (3 times) with pétassium hydroxide (10 mL). The basic
compoundsvere extracted with 5% HG10 mL). Extracts were concentrated to 30 mL,
before centrifuging at @D rpm for 10 minutes. After removal of suspended particles,
solvent was removedly evaporation and residue dissolved in methylene chloride for

chromatographic analys{slostettmanret al.,1998.

HPLC Analysis

Each sample (2 pL) was injected into the HPOGe detectionvavelengthwas set at 220
nm. The flow rate was set at 1 mL/min with methanol/water/tetrahydrofuran (94: 5:1,

v/Iviv), pH 5 (adjusted with acetic acid) as mobile phase.

3.5.1.3Gas Chromatography Mass Spectroscopy (G®1S) Profile of Ethyl Acetate
Extract

The extracts (2 mg) were comminuted and introduced into chloroform (10 mL) then
filtered into clean test tubed'he mixtures (1 pL) were injected into an Agilent A4S

(Column #1 Agilent 19091833 HR5MS 5 % Phenyl Silox). The injection port
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tempeature was 325C; the column dimensions: 30 m x 250 um x 0.25 pum). The flow

rate was 79.5 mL/min with pressure of 11.604 psi and run time of 45.75 min.

The identification of components was done based on comparison of retention indices and

mass spectra witthose of the NIST11 librar§Sarker and Nahar, 2012)

3.5.2 Phytochemical Screening

Phytochemical screening was carried out on all the extracts according to methods
reported byOdebiyi (1978 andDinan (1998. These procedures were carried out with

very smallmodificationsfollowed thus:

3521Fehlingés test for free reducing sugars

A mixture (1:1) of Fehlingos (I sulfatefandBns A (
(aqueous potassium sodium tartrate in sodium hydroxide) (5 mL) was added to the
extract (2 mL) which was dissolved in water and the mixture boiled on a water bath for 5

minutes(Horner and Klufers, 2016)

3.5.2.2Test for anthraquinone glycosides
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Benzene (10 mL) was added to the extr&c® (Q) and shaken for 5 minutesd the
ammoniacal lowr phase observed for colour change on addition of 10 % ammonia (5

mL) solution

For anthraquinone glycosides: the extract (0.2 g) was boiled with dilute sulphuric acid
(10 mL), filtered while hot and the filtrate shaken with benzene (5 k¢ benzene
layer was separated and to it, 10 % ammonia solution (3 mL) was added and the mixture

shakenSofowora, 1993Harris, 2003a)

3.5.2.3Test for saponin glycosides

Frothing test: the extract (0.2 g) was shaken with water (5 mL) in a test tube for 30

secondgSofowoi, 1993;Harris, 2003b)

3.5.2.4Tests for steroids and terpenoids

a) Sal kowski 6s test: the extractentrat€d. 5 g)
sulphuric acid (2 mLjvas carefully added down the side of the test tube to form a lower

layer.Brown interfacialrings were observed in reaction to all extrgktarris, 2003b)

b) Liebermann Burchard's test: the extract (0.5 g) was dissolved in chloroform (2 mL)
and filtered into a clean, dry test tube. Acetic anhydride (2 mL) was added to the filtrate
and shakenFew drops of concentrated sulphuric acid were added carefully down the side

of the tube to form a lower layéDdebiyi,1978 Dinan, 1998.

3.5.2.5Test for tannins
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a. Ferric chloride test: the extract (0.2 g) was stirred with water (5 mL) anddiltEoe
thefiltrate (2 mL), in a &st tube, two drops of 0.1 % ferric chloride solution were added.
b. Lead subacetate test: To the aqueous extract (1 mL), three drops of lead subacetate

solution was added and observed for colour ch§@gdebiyi,1978 Dinan, 1998.

3.5.2.6Test for alkaloids

General test: An extract (0.2 g) was stirred with 1% hydrochloric acid (5 mL) on a water
bath and to the filtrate (1 mL) was adde€eB @rops of the following reagents were added

in that orderWagner reagent (solution of iodine in @assium iodide),

Mayer 6s reagent ( pot as sDragendroffiereagemtr(mdsium odi de

bismuth iodide solution)Odebiyi,1978 Dinan, 1998.

3.5.2.7Test for cardiac glycosides

The extract (1.0 g) was dissolved in water. Lead subacetate so{itimL) was added

and filtered. On théltrate, the following test was carried out:

Keller-killiani test (for deoxysugars): To the filtrate was added chloroform (2 mL), the
chloroform layer (lower) was separated and evaporated to dryness on a watdihbath
residue was dissolved in 3.5 % ferric chloride (3 mL) solution in glacial acetic acid. The

mixture was allowed to stand for a minute before it was transferred to a test tube.
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Concentrated sulphuric acid (1.5 mL) was added down the side of thebie$o tiorm a

lower layer on standingiolour changes were observ@&budebiyi,1978 Dinan, 1998.

3.5.2.8Test for flavonoids

Shinodabs test: the extract (0.2 g) was di
filing were added followed by dropwise addition @dncentrated hydrochloric acid (5

drops).Colour transformations were obsery@tebiyi,1978 Dinan, 1998.

Sodium hydroxide testhe extract (0.2 g) was dissolved in water (2 mL) and filtered. 10

% aqueous sodium hydroxide (2 mL) solution was aq@ebiyi, 1978 Dinan, 1998.

Ferric chloride testthe extract (0.1 g) was boiled with water and filtered. To the filtrate

(2 mL), 10% ferric chloride solution (2 drops) were add@debiyi,1978 Dinan, 1998.

3.6 Biological Studies

3.6.1 Brine Shrimp Lethality Te st

The brine shrimp lethality test was carried aatording to the method dfleyer et al.

(1982) with slight modification.Extracts (45 mg) were dissolved in diethyl ether and
allowedto evaporate to dryness and then volumes were made up to (3 mL§ siayik
solutions (1500 eg/L). Concentrations of 1

1350 eg/ L wer e dilotibrt Eneerperitnents yveres perfoimad in triplicate.
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Hatched nauplii were transferred from the hatchery chamber using a mettepiuto
testtubes and control testibes. Testubes containing the nauplii were allowed to stand
for 24 h and surviving nauplii counted. The number of deaths at each concentration and

control were recorded.

LCso at 24 hours was determined at 95% coerfice interval usinginear regression

analysis as describgateviously(Throneet al, 1995).

3.6.2 Antimicrobial Screening

Test organisms

The following microbes(clinical isolates) Staphylococcus aureus; Escherichia coli;
Salmonella typhi; Shigella dysemeg Pseudomonas aeruginosa; ldbsiella
pneumoniag Trichophytom rubrum, Microsporum sp., Aspergillus fumigatrsd
Aspergillus nigerwere used for the antimicrobial assay. They were obtained from the
Department of Medical Microbiology, Ahmadu Bello Univeysiteaching Hospital,

Zaria, Nigeria. Allmicroorganismsvere checked for purity and maintainegharslants.

3.6.2.1Cultivation and standardisation of test organisms

Test organisms were taken from agar slants anatgitired intobijou bottlescontaining
sterile nutrientbroth for bacteria and Sabourand dextrdseth (20 mL) for fungi. Thg
were incubated foP4 hours at 37°C. The broth culture was standaati using sterile
normal saline to obtain a density of°1€fu/mL for bacteria. A sporulated test fungal
spore was harvested with 0.05 % Tween80 in sterile normal saline and stsettéodi

10° spores/mL(Apak andOlila, 2006)
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3.6.2.2Antimicrobial Sensitivity T est

Antibacterial screening was carried out using agar diffusion method as describpdikoy
andOlila (2006) with slight modifications. Mueller Hinton and Sabouraasgtidse agar

were the mediaised for the growth of bacteria and fumgspectively All media were
prepared accordingthema nuf act ur er 6 ssedatXRPOfar £5tminotess , st €
ard poured into sterile petri dishdRlates were allowed to codplidify and were stored

by inversion Diffusion method was used for screening extracts. SgtiliMueller

Hinton agar was seeded with 0.1 mL of standard inoculum of test bacteria andadbour
dextrose was seeded with 0.1 mL of standard inoculum of test fungi. Inocula were then
evenly spread over the surface of the media using a sterile swab. A sterile standard cork
borer (6 mm) was used to cut a well at the centre of inoculated mediaut#oisabf

extract (0.1 mL) of 5 mg/mL concentration was introduced into wells in prepared media.
Incubation for bacteria was at 3C for 24 h and at 29C for one week for fungi. Plates

were then observed for zone of inhibition of growth and recorded limetres (Apak

andOlila, 2006)

3.6.2.3Determination of minimum inhibitory concentration (MIC)

MIC wasdeterminedising broth dilution method as described by Vollekewal. (2001)
and modified by Usmaat al. (2009). Mueller Hinton and Sabourand dextrosdtbveere

preparedaccording tamanufactured gstructiors. The broth (10 mL) was dispensed into

53



test tubes, separated and sterii at 121°C in an autoclave for 15 minutes and allowed
tocool. McFd andds turbidity st anda rtodgivesactarbide n u mb
solution. Normal saline was prepared and was used to make a turbid suspension of
microbes. Normal saline (10 mL) was dispensed fivi@ test tubes, test microbes were
inoculated and incubated for 6 h at ®7. Dilution of microorganismsn normal saline

was continuously done until the turbidity (1.5 x®1&fu/mL) matched that of the
McFaland scale by visual comparisofwo-fold serial dilution of extract in sterile broth

was done to obtain concentrations of 5 mg/mL, 2.5 mg/mL, 1.25 md@rR5 mg/mL

and 0.3125 mg/mL. Having obtained different concentrations of extracts in the broth, a
standard inoculum (0.1 mL) of the microbes was inoculated in to the different
concentrations. Incubation ftwacteriawas at 37°C for 24 h and a27 °C for one week

for fungi. Test tubes were then observed for turbidity. The lowest concentration of extract
in thebroth, which showed no turbiditwas recorded aglIC.

3.6.2.4Determination of minimum bactericidal/fungicidal concentration
(MBC/M inimum Fungicidal Concentration (MFC) )

MBC/MFC was carried out to determine whether test microbes were killed or only their
growth was inhibited at what least possible concentration. Mueller Hinton and Sabourand
dextrose agar were prepared by manufacturer instruction, sstkrdi 121°C for 15
minutes, and poured into sterile padishes. Plates were allowed to cool and solidify.
Contents of the MIC in serial dilutisrwere then sulgultured on to prepared plates and
then incubated at 37C for 24 h for bacteria and at 3G for one week for fungi, after

which plates were observed for colony growth. MBEMAwas determined from plates
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with lowest concentration of extracts free from colony growth. Results were recorded

after 24 h Yollekovaet al, 2001;Usmanet al, 2009).

3.7 Chromatographic Purification of compounds

3.7.1 Vacuum Liquid Chromatography (VLC)

Based on observations from the biological studies andsplation analysis, extracts
obtained via the soxhlet extractiqdeemed less controversial than the conventional
microwave assisted technique)ere subjected to VLC usinget-etherethyl acetate and

chloroformrmethanol as solvent systems.

Extracts were pradsorbed on celite and the solvents remowedacuo until a fine
flowing powder was obtained. A sintered glass furofel cm height by 3 cm diameter

with a porosity rating of 3 was used for the VLC experiment. It was loaded uniformly
with silica gel G, thin layer chromatography grade, under vacuum. The procedure was as

that previously describg@owden, 1986Hostettmanret al, 1998 Kakaret al.,2017)

To check for evenness in the column packipgtroleum ether 60 80 (40 mL) was

added to the column and ran through under suction.

The preadsorbed extract was evenlydatop the silica gel allowing some headspace for
the solvent and covered with a filter paper (Whatman number 1) cut to size to prevent

erosion of the extract bed by solvent.
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Very gentle gradients with gradual increases (1 %) in the polar members of the solvent
binaries were utiied in the separationr&ctions (93) obtained from the Rether extract
were combinedbased onthin layer chromatography (TLC) similarjtyeducedto 20

fractions

The chloroform extract derived fractions were very similar to the hexane extract and

thereforebased omLC were dscontinued.

The ethyl acetate extract (30 mL) furnished 70 fractions. Similar fractions-25,1.89

28-JL 35 were combined and separated again using VLC to give purer fractions.

Based on preliminary observations from theNMR of collected fractions arithe rather

very oily nature of extractsthyl acetate extract (100 mL) was saponified using KOH
(2.5 N) as reportegreviously(Da Motaet al, 2014; Inchingolcet al, 2014 Guet al,

2016. The nonsaponifiables separated by VLC to furntbiheefractions JSEA 2, JSEA

30 and JSEA46. The sapmfication went thusmethanolpotassium hydroxide (2.5 N)
was added to the oily ethgicetate extract. The reaction vessel (1 litre round bottomed
flask) was and connected to a reflux condenser and the mixtuesheaf 5°C for one

hour until complete saponification. Highly saturated sodium chloride solution was added
extracted severally (3 times) with dietlether. The combined organic phase was washed

using water and concentrated under vacuum to yeild an efdrdarther purification.

Methanol extract (3.5 g) was fractionated using repedkeiito yield 20 fractions.
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3.7.2 Thin Layer Chromatography (TLC)

TLC using aluminium backed Pwated bs4 silica gel TLC plateswas carried out
carried out on fractions obteed from the column. The procedures for TLC were as
described by Marstoat al. (1986); Harris (2003); Sarker and Nahar (2012). In all cases
the TLC tank was an improvised setup made up of a 250 mL beaker and a matching glass
trough for cover. Plates wert into 5 cm by 5 cm sizes and marked lightly in pencil
(HB) to demarcate a baseline (1 cm from the bottom of TLC plate) and to mark likely
points for spoting. Fine bore capillary tubes were used during spotting. A piece of filter
paper was placed in thiank to aid saturation of solvent vapour prior to a run. Solvents
were prepared afresh after lengthy delays (20 minutes) betweenThmdollowing
solvent systemsdxane:ethyl actate (9:1; 8:2 7:3 or 1:1) and hloroform: Methanol

(9:1) were found tgroduce high degrees of resolution throughout the chromatographic
stage and hence duely employed. LiebemrBarchards reagent was used extensively
during the exercise and was prepared thestic anhydride (10 mL) in a beaker placed in
an ice bath was meéd with concentratd sulphuric acid (10 mL) and the mixture
cautiously added to a tap cooled conical flask of ethanol (100 mL). Fractions of
insufficient purity were further purified by gel filtration usirsgphadex LH20. Samples

(50 fractions)with sufficient TLC purity were sent for spectroscopic analy$&skar et

al., 2017.

57



3.8 Spectroscopic Analysesf Isolated Compounds

3.8.1 Nuclear Magnetic Resonance Spectroscopy

Samples were dissolved in deuterated chlorofand depending on the difficulty in
spectralinterpretation;other NMR experiments were carried out in addition to proton
(*H). Carbon ¥C), heteronuclear single quantum correlation (HSQC), correlation
spectroscopy (COSY) and heteronuclear multiple bond correlation (HMBC) experiment
were performed ormmost of the samples. In most of the cases NMR spectra were
processed and analyzed using Mestrend\aMVBestrenova 8 and Advanced Chemistry

DevelopmentACDLABS) Chemsketch software.
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3.9 Isolation profile:
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Schemel: A summary of Methods (Isolation Protocol)
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CHAPTER FOUR

4.0 RESULTS

4.1 Extraction

The petroleum ether extracts were the nmpgintitative[332 mL (113.49)] followed by
chloroform[247 mL (85.1 g], ethyl acetat§190 mL (64.2 g)land methanol in that order
(Table 4.1) All extractshad pleasant aromas; thosepetroleum ether and chloroform
werethe most pleasarwith the methanobeing little pungent. The leastpolar extracts
were pale yellow (petroleum ether) to amber (chloroform) in colour (Table 4.1). The
more polar etracts (ethyl acetate and methanol) were darker; methanol (dark brown)

being the darkest.

Table 4.1: Yields from Extractions of the Mesocarp ofR. africana

Extract Volume  Colour Precipitation Weight Percentage

Petroleum 332mL  Pale yellow Dense, white, 113.4 g 11.3%

ether waxy

Chloroform 247 mL  Amber Light, white, 85.1¢ 8.5 %
waxy

Ethyl acetate 190 mL  Brown Clear 64.2 ¢ 6.4 %

Methanol 110 mL  Dark Brown Clear 38.1¢g 3.8%

Percentage yield was calculdténus:
[ _ weight
°~ 1000

X 100
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4.2 PhytochemicalScreeningof the Mesocarp of Extracts ofR. africana

Phytochemical screening of extracts of the mesocaReaphia africanaare summarized

in Table 4.2 Results indicate the presenoé the following secondary metabolites:
(Hexare extrack - steroids and triterpenes; (Chloroform extractyaponins,
steroid/triterpenes, alkaloids and cardiac glycosides;(Ethyl acetate ekteact)
anthraquinong steroidvtriterpenes, alkaloids, cardiac glycosides, anthraquinone
glycosides and flamnoids; (Methanol extract)steroidvtriterpenes, alkaloids, cardiac
glycosides and flavonoidsThe following observationswere made for the various

phytochemical tests

421 Fehl ingbs test for free reducing sugars

Colours observed were hexane, chloroform, letioetate extract (blue); and methanol

extract (green{Table 4.2.

4.2.2 Test for anthraquinone glycosides

The extracts: hexane (colourless), chloroform (sky blue precipitate), methanol (light
brown solution) were not positive to the free anthraquinone testpexor the ethyl
acetate extract (prussian blue solutiofifie extracts: hexane (colourless), chloroform
(cloudy), ethyl acetate extract (blue solution) and methanol (white solution) were not

positive to the anthraquinone glycosides (&sble 4.3.

61



4.2.3 Ted for saponin glycosides

All extracts, except the chloroform (little frothing), showed no persistent froth even on

warming(Table 4.2.

4.2.4 Tests for steroids and terpenoids

The extracts: hexane, ethyl acetate, chloroform and methanol showed colour reactions,
reddish, brownish, brownish and reddish, respectively; indicative of the presence of

sterols and terpen¢$able 4.2.

4.2.5 Test for tannins

a. Ferric chloride: Various colour reactions were observed for the extracts; yellow for the

methanol and colourless ftire hexane, ethyl acetate and chlorof¢fiable 4.2.

b. Lead subacetate: again, various colour reactions were observed for the extracts; cloudy
for the methanol and colourless for the hexane and chloroform; white for ethyl acetate

(Table 4.2.

4.2.6 Test for alkaloids

Colour change and precipitation were observed for; precipitation of all the extracts with

the above reagents, with the exception of the hexane extract, indicated presence of

al kal oi ds, t hat i s: -brobwni(metana and chidferm exeaatp e nt
to brownish precipitate (ethyl acetate extract) was a positive while a yellow solution was
observed for the hexane extract. For May e

extract), orange (chloroform extract), light brown precipitateetfranol extract) and
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yell ow solution (hexane extract); Dragend

acetate extract), orange solution (chloroform extract), orange precipitate (methanol

extract) and yellow solution (hexane extrdd@®@ble 4.2.

4.2.7 Testfor cardiac glycosides

A yellow precipitate (positive reaction) was observed for the methanol extract, a creamy
solution (positive reaction) for the ethyl acetate extract, a pale solution (negative
reaction) for the chloroform extract and a yellow solutfoegative reaction) for hexane

extract(Table 4.2.

4.2.8 Test for flavonoids

Shinoda's test: Clear solutions (methanol, ethyl acetate, chloroform extracts) were
observed while the hexane extract was observed to have a colourless reaction to test

reagents.

Sodum chloride test: Colour changes heretofore were observed on basification and
subsequent acidification, thus: a pale yellow solution turning colourless on the addition of
dilute hydrochloric acid (positive reaction) was observed for the methanol eatteaate

yellow reversible on addition of dilute hydrochloric acid (positive reaction) for the ethyl
acetate extract, a colourless solution (negative reaction) for the chloroform extract and a

cloudy solution (negative reaction) for hexane extfdable4.2).

Ferric chloride test: A green or blue colour indicating presence of phenolic nucleus was
observed for. Yellow solutions (negative) were observed in all extracts except the ethyl
acetate, which was a trace yellow solutfdable 4.2.
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4.3 Antimicrobial As sayof the Mesocarp of Extracts ofR. africana

Result for antimicrobial sensitivity tests and diameter zone of inhibition for hexane,
chloroform, ethyl acetate and methanol extracts of the mesocaRaptiia africana
pathogens are presented in Tables (#AB)extracts exhibited similar sensitivities against

test pathogens. The ethyl acetate extract however elicited the widest zones of inhibiton
againstS. aureug23 mm),K. pneumoniag¢27 mm),S. typhi(24 mm) andC. albicans

(23 mm). The hexane extraah the other hand produced the weakest inhibition against
E. coli (20 mm), K. pneumoniag24 mm) andC. albicans(20 mm). The chloroform

extract was slightly more active against test microbes.

All extracts showed antifungal activity agaistalbicans The pathogenS. dysenteriage
P. aeruginosaA. fumigatus A. nigerand T. rubrumwere however resistant to all the

extracts.

4.4 Minimum Inhibitory Concentration for the Mesocarpextracts of R. africana

Minimum inhibitory concentration for hexane, chloroforethyl acetate and methanol
are presented in Table 4.4. The MIC results showed the ethyl acetate extract to have the
highest MIC value (0.625 mg/mL) agairist pneumoniaeOther MIC values for ethyl

acetate were identical to those of hexane, chlorofoxdhmethanol extracts.
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Table 4.2: Phytochemical Screening oMesocarp Extracts of Raphia africana

Constituents

Carbohydrates

Anthraquinones

Saponins
Steroids and
triterpenes

Tannins

Alkaloids

Flavonoids

Test

a.Fehlingtest

a.Free anthraquinone

b.Anthraquinone
glycosides
a.Frothing test

Li eber man

a.Salkowski test

a.Lead subacetate
b.FeCj test

aMayeesbHs t

bWagner 6s

t

cDragendof fo
Cardiac glyosides a.Kella-killiani test

a.Sodium hydroxide
b.FeCj test

c.Shi

nodaods

Observation Inference
CH50OH EtOAC Chloroform Hexane Me Ea Cf Hx
Green solution Blue solution  Blue solution Blue - - - -
solution
Light-brown Prussian blue Sky blue ppt. on Colourless +
solution solution boiling Colourless +
White lower Blue lower Cloudy soln.
No frothing No Frothing  small frothing No frothing _ _  +
B t Brownish Brown ring Brown ring Brownring + + + +
ring
Red brown ring Brown ring Brown ring Reddish + + + 0+
interface brown
Cloudy ppt White ppt Colourless Colourless
Yellow Clear Clear Clear L
solution solution solution solution
Light-brown Creamy white Orange ppt Yellowsoln + + + _
ppt Brown ppt Yellow + + o+
e Light-brown Brown ppt Light-brown ppt. solution
ppt. Orange soln Orange sol + + +
Orange ppt Orange ppt
Yellow ppt Creamy Pale greer Yellow + + o+
solution solution solution
Pale yellow Trace yellow Colourless Cloudy + +
Yellow soln Trace yellow Yellow soln Yellow sol L
T -ve observation ----- Clearsolution Colourless

Key : +ve = Positive;ve = negative; soln = Solution; ppt = precipitate; Me=Methanol; Ea = Ethyl acetate; Ct =Chloroform; Hx=Hexane
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4.5Minimum bactericidal concentration and minimum fungicidal concentration for

the Mesocarpextracts of R. africana

Resuls of the minimum bactericidal concentration and minimum fungicidal
concentrationfor hexane, chloroform, ethyl acetate and methanol extracts of the
mesocarp oRaphia africanapathogens are presented in Table 4The best minimum
bactericidal value (1.25 mg/mL) was exhibited by ethyl acetate ag@imsteumonieae
Other extracts (chloroform hexane and methanol) showed similar MBC/MFC values. The
methanol extract however had a higMBC value (2.5 mg/mL) again§. typhithan the

chloroform (5 mg/mL) and hexane (5 mg/mL) extracts.

4.6 Brine Shrimp Lethality Assay

The Lethality (LGg) values were determined from graphs of probit values versug Log

of concentration values\ppendix XXVIII-A to XXVIII -C). All extracts displayed mild
toxicities against the brine shrimp larva (Table 4.6). Ethyl acetate extracts obtained via
soxhlet and microwave assisted extraction showed the highest cytotoxicity (269.2 mg/L)
while the ethyl acetate extragbtained via cold maceration showed the lowest activity
(467.7 mg/L). Details and tables on thesh@alculations are found in the appendices

(Appendix XXVIII-A to XXVIII -C).
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Table 4.3: Antimicrobial Sensitivity and Diameter of Zone of Inhibition (mm) for Mesocarp Extracts of Raphia africana

Pathogen Hexane Chloroform Ethyl acetate  Methanol Sparfloxacin® Fluconazol€ Fulcin®
S. aureus S(22) S(21) S(23) S(20) S(37) R R

E. coli S(20) S(21) S(22) S(22) S(35) R R

K. pneumoniae S(24) S(25) S(27) S(25) S(40) R R

S. dysenteriae R R R R S@2) R R

S. typhi S(21) S(20) S(24) S(23) S(37) R R

P. aeruginosa R R R R S(34) R R

C. albicans S(20) S(21) S(23) S(21) R S(35) R

A. fumigatus R R R R R R S(32)
A. niger R R R R R R S(30)
Microsporum sp S(20) S(21) S(21) S(20) R R S(37)
T. rubrum R R R R R R S(34)

Key: S = Sensitivity, R = Resistance, (n) = Diameter of Zone of Inhibition N milimetres
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Table 4.4: MIC for Extract of Raphia africana

Micro -organisms

Concentration (mg/mL)

Hexane extract

Chloroform extract

ethyl acetate extract

Methanol extract

. aureus
. coli

. pnuemoniae

. typhi L

S

E

K _

S. dysenteriae ¢ ¢
S

P. aeruginosa ¢

C. albicans

A. fumigatus
A. niger
Microsporum sp

T. rubrum c c

T T E 125

= o

o o0

+ + 0.625

+

0.3125

+

+

+

+

++

++

++

++

L
To] N
C o
C C
C
C
C C

T T E 125

= o

o o0

+ + 0.625

+

++

++

[Ie]
Te} [9N]
N ©
— o
noo+
noo+
—_ M
c
noo+
c
Ho+
c
C
Ho+
c

0.3125

+ +
+ +

++

++

++

Te}

0

Lo N —
_ _ K
_ _ K
_ _ K
C C C
_ _ K
C C C
_ _ K
C C C
C C C
_ _ K
C C C

+ + 0.625

o+

++

++

KEY: p = MIC, - = No turbidity (no growth), + = Turbid (light growth), ++ = moderate turbidity, +++ = high turbidity; ¢ =
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Table4.5. MBC and MFC ofthe Mesocarfxtracts ofRaphia africana

Micro Concentration (mg/mL)
organisms
Hexane extract Chloroform extract ethyl acetate extract Methanol extract
o o o o Lo o o o L0 o o o Ln o o o Lo
Sg 88 & 8 g8 & 3 8 g8 € § 88 8 & S
S N © o S N ©  © 9 ) N © o S N o o
n o — o o o N - o o o I3V - o o To) I3\ - o o
S. aureus oot o A + ++ A u + ++ +++ u + ++ A
+ +
E. coli B+ A + R = T + T = = oS TR T
+ +
K. pnuemoniae - ® + v H + e _ n + ++ o + Ot
S. dysenteriae © ° ° ¢ ‘ ¢ ¢ ¢ ¢ c c c c c c ¢ c c c
S typh| U + ++ +++ e+ u + ++ +++ 1] + ++ +++ _ U + ++ +++
. : '
P. aeruginosa -~ ° ° ° c c c c c c c c c c c ¢ ¢ ¢ c ¢
C. albicans oot A L A + ++ A U + ++ +++ u + ++ A
+ +
A. fumigatis c ¢ oo c c c c c c c c c c c ¢ c ¢ ¢ ¢
A. nlmr C C C c c C c c c C C C C C C C C C C C
IVIinOSporum sp H + o A :++ H + ++ T+ :'H' H + ++ ++H+ + ++ e+
T I'Ubrum C C C C C C C C C C C C C C C C C C C C
KEY: = MBC/MFC, - = No Colony growth, + = Scanty colonies growth, ++ = moderate colonies, +++ = heavy colony growth; = pat hogen i s rheconcentrationt t o extr act
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4.7 Thin Layer Chromatography of Crude Extracts

Thin layer chromatography (TLC) otrude extracts (hexaneghloroform, ethyl acetate
and methanol) showed the extracts to be very simikardlges (0.875/diethyl ether in pet
ether 19:1)]. Other spots were hard to decipleentfingroughly on 0.6)based onRs

values as spot lineation was obscured by the raihenature of the extracts.

Ethyl acetate and methanol extracts exhibited similar tendencies in the more polar solvent
systems (hexane/ethyl acetate, 9:1; 7:3). Here better resolution was attained for spots;
occurring around 0.3, 0.4 and 0.5. This bebarihad not been observed in the hexane

and chloroform extracts as they had shown a tendency to migrate with the solvent front

on application of a more polar solvent system.

4.8 HPLC analysisof methanol and ethyl acetate extracts dRaphia africana

Results oHPLC analsis ofmethanol and ethyl acetate extracts are presented in Table 4.7
and 4.8 respectively. The protocol observed prior to HPLC analysis did not involve a
defatting step. The ethyl acetate extract as referred to here is more or less a combination
of hexane, chloroform and ethyl acetate extract. Identification of compounds was based
on comparison of retention times and spectral data with those of the standards.
Quantification of the sterols and flavonoidsisvdoneby establishindinearcalibration
curvesfor each compound determined usitifferent concentrations (linearised) of the

standards.

70



Table 4.6 Percentage Mortality and Lethal Concentration (LC-50) of Extracts
obtained via Different Extraction Protocols

Crude Conc Mortality % LCs0 (Mg/mL)
Extract  (ng/mL)
Ethyl MAE SOX MAC MAE SOX MAC
acetate

1350 100 90 80

1050 90 90 70

750 60 70 40 269.2  269.2 467.7

450 60 60 30

150 50 40 30

0 10 10 10

Each % mortality values a mean value of three replicates; MAE=Microwave Assisted Extraction;, SOX = Soxhlet

Extraction; MAC = Maceration
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b-sitosterol was the most prominent sterol (1.32 mg/Kg) in the ethyl acetate followed by
stigmasterol (1.22 mg/Kg), tocopherol (0.82 mg/Kgholestaol (0.65 mg/Kg),

cholesterol (0.36 mg/Kg) and campesterol (0.34 mg/Kg).

Flavonoid content (Table 4.7) ihé methanol extract ranged as follows: Isovitexin (0.06
mg/g) and kaempferol (0.06 mg/g were found to be the most abundant flavonoid
principles inRaphia africanafollowed by orientin (0.02 mg)g isoorientin,vitexin and

kaenferol werefoundin trace quatities (Structure 3 and 4)

4.9 GC-MS Analysis of Ethyl acetate extract ofRaphia africana

GC-MS profiles of ethyl acetate and methanolrasts are presented in Tables 4.9 and
4.10 respectively.Structures of some of the identified compounds are presented
Structure 1, 2 and omponents of the extracts were identified using the National
Institute for Standards and Technolo@yIST 11) database. Database comparisons of
Kovats retention indices and mass spectra of the constituents with those of known
compunds led to assignments of Reverse Match Factors (normalised dot products
obtained by scaling and comparing experimental mass spectra with library mass spectra)
using the Masshunter programndatch factors were assigned between the values of
999 (perfectmatch), to 900 or greater (excellent match), to BADO (good match), to

70071 800 (fair match); reverse match factors (RMF) less than six hundred were deemed

poor matches.
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Hexadecanoicacid (38.83 %) and -8-octadecanoic acid were not only the most
abwndant principles in the ethyl acetate extract but also had excellent match factors. Other
ethyl acetate components were octadecanoic acid (3.79 %), oleic acid (2.68 %), E
heptadecenal (2.4%), cis hexadecanoic acid;¥droxy-1-(hydroxymethyl) ester8.20

%). The 2monoglyceride of linolenic acid (12.55 %) was the most abundant principle of
the methanol extract followed by-mexadecanoic acid (12.09 %); here however the
overarching abundance of one constituent over other principles was much smh#er. Ot
components detected in significant quantity were identified in the methanol extract were
phytol (8.27 %), 1#pentatriacontene (3.02 %) linoleic acid ethyl ester (3.56 %),

hexadecanoic acid methyl esterl&heptadenal.

In total, 60-80 % of the constitentswere identified in the methanol extract. It was
observed that while the less polar solvent, ethyl acetate, selected for saturated lipids, the

more polar methanol had polyunsaturated lipids and alcohols as major principles.

4.10 Sample (VLC fractions) codng for Antimicrobial and NMR Studies

Samples from the chromatography sessions weceded for convenience before being
presented for antimicrobial and NMR studies (Table 4.11). The sequence of fraction
divergence from the crude extracts is presentéichble 4.12. Since the fruits belong to

an edible plant; fractions were tasted an

Asmoky vegetable oil tasteo (Table 4.11).
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Table 4.7: Result of HPLCanalysis formethanolextract ofRaphia africana

S/N Flavonoid Concentration (mg/g)

1 Isoorientin  Trace
2 Orientin 0.02
3 Vitexin Trace
4 Isovitexin ~ 0.06
5 Quercetin  Trace

6 Kaempferol 0.06

Table 4.8. Result of HR.C analysis forethyl acetatextract ofRaphia africana

S/IN  Steroid Concentration (mg/kg)

1  Cholesterol 0.36
2  Cholestanol 0.65
3 Campestero 0.34
4  Stigmasterol 1.22
5  b-sitosterol 1.32
6  Tocopherol 0.82
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Table4.9: GC-MS Results for Ethyl acetate extracof Raphia africana

S/IN RT (minutes) Area (%) MS-Library Hit Reverse Match Factor Match value

1 35.227 1.94 1-Hexadecanol 932 Excellent

2 36.935 trans13-Octadecenoic acid 754 Fair

3 37.247 Azelac acid 920 Excellent

4 38.818 2.44 E-15-Heptadecenal 916 Excellent

5 39.524 1.43 Phthalic acid, butyl tetradecyl ester 887 Good

6 39.925 1.95 Hexadecanoic acid, methyl ester 906 Excellent

7 40.269 38.83 n-Hexadecanoic acid 914 Excellent

8 40.369 2.23 1-Eicosene 917 Excellent

9 41.288 12.93 9-Octadecenoic acid, (E) 936 Excellent

10 41.413 3.79 Octadecanoic acid 872 Good

11 41.576 2.68 Oleic Acid 812 Good

12 42.321 1.82 Hexadecanoic acid- 1 816 Good
(hydroxymethyly1,2-ethanediyl ester

13 43.090 17-Pentatriacontene 807 Good

14  43.966 1,3-Dipalmitin trimethylsilyl ether 703 Fair

15 44.084 Octadecanoic acid, {ghenyt1,3 729 Fair
dioxolan4-yl) methyl ester, cis

16 44.372 8.20 Hexadecanoic acid-Rydroxy-1- 913 Excellent
(hydroxymethyl)ethyl ester

17 44.885 21.74 Di-n-octyl phthalate 870 Good

Key: RT = Reention time; MS = Mass Spectra

75



Table 4.10. GC-MS Results for Methanol extraBaphia africana

S/N RT (minutes) Area (%) MS-Library Hit RMF MATCH VALUE
1 35.227 19 1-Hexadecanol 927 Excellent
2 38.811 2.95 E-15-Heptadecenal 902 Excellent
3 39.243 1.61 3,7,11,15Tetramethyl2-hexadecei-ol 918 Excellent
4 39.456 3.69 3,7,11,15Tetramethyl2-hexadecei-ol 942 Excellent
5 39.593 2.97 3,7,1115 Tetramethy2-hexadecei-ol 942 Excellent
6 39.925 1.84 Hexadecanoic acid, methyl ester 896 Good

7 40.187 12.09 n-Hexadecanoic acid 919 Excellent
8 40.369 6.17 Hexadecanoic acid, ethyl ester 845 Good

9 40.988 1.4 8,11-Octadecadienoic acid, methgster 851 Good

10 41.238 2.68 9,12,150ctadecatrienoic acid, 2¢8hydroxypropyl ester, (Z,Z,Z) 819 Good

11 41.282 6.85 9,12,150ctadecatrienoic acid, 2¢8hydroxypropyl ester, (Z,Z,Z) 840  Good

12 41.395 3.56 Linoleic acid ethyl ester 839 Good

13 41445 3.02 9,12,150ctadecatrienoic acid, 2dhydroxypropyl ester, (Z,Z,Z) 846 Good

14 41.576 3.03 17-Pentatriacontene 739 Fair

Rey: RT = Retention tme, Mo = Mass SpectMI- = Reverse Maich ractor
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OH
W
V) (vi)
(@]
>S—o0

(vii) (viii)

Structure 1. Structures of compounds Identified Using-®IS: (i). (32)-3-
Hexadecenéi). 1-Docosendiii ). 1-Nonadecenév). 1-Octadecene
Octadeel-ene(v). 3-(2-Methoxyethyl)-1-nonanol(vi). 3-Hexadecene,
(2) - C16H32 32)3-Hexadecenévii). 9, 12, 150ctadecatrienoic acid,
(Z,2,Z) (viii) Phytol
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(i) (ii) (iii)

o HO™ ™" OH

O\ \/\/\/\/\/\/\/YO
/° O
(Vi) (vii)

Structure 2: Compounds Identified Using GNIS: (i). 9, 120ctadecadienoic acid
(Z,2) (ii). 9, 120ctadecadienoic acid (Z,Z)nethyl estefiii ) Bicyclo
[3.1.1] heptane, 2, 6/Bimethy}, [1R-(1.alpha.,2.beta.,5.alpha.fjv).
Cyclohexane, (hexyltetradecyb (v). Docosano(vi). Ethyl 9, 12, 15
octadecatrienoat@ii). Hexadecanoic acid;l2ydroxy1-
(hydroxymethyl) ethyl ester)
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o (@]
{)J
0= CH,
(v) (vi)
O
HOJWW
(vii).

Structure 3: Structures of compounds ldentified Using-®AS: (i). Hexadecanoic
acid, ethyl ester (ii). Hexadecanoic acid, methyl estii ). Lauric acid(iv). n-
Hexadecanoic acifl’). Octadecanoic aci@vi). Octadecanoic acid, {ghenyt

1,3-dioxolan4-yl)methyl ester, cis(vii). Oleic acid
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(iii) (iv)

(v) (vi)

Structure 4: Compounds Identified using HPLC metho(l$: Campesterd(ii)
Cholestano(iii ). Cholestero(iv). [3sitosterol(v) Stigmastero(vi)
Tocopherol
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(i) (i)

|
OH OH

(iii)

Structure 5: Compounds Identified using HPLC metho(i¥isovitexin i)
Kaempferol(iii ) Orientin

Fractions from hexane and ethyl acetate (oily) extraet® wnitially codedilo (e.g.

J1, J2, J3)the fractions from precipitate of the ethyl acetate extract were labelled

AJ leqy. JL1,JL2,JL3) and the fractions (B.g.dMhl, met har
JML2, JML3) (Table 4.1 and4.12). Fractions from thesaponified and rextracted
ethylacet ate fracti on(e.gWSEAE JSEAR JSEM). BamBlEsA o

were recodedi J éeg. Jal, Ja2, Jafdior to NMR spectroscopic analysis

Fractions and updatedrespondingcodes are presented in Table 4.1Hractions
(Table 4.11) were also grouped using a range of physical properties (odour, taste and

texture).
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Table 4.11: Sample codingfor NMR analysesbased on VLC

Hexane Ethyl acetate Extract Ethyl acetate Ethyl acetate (Saponified

Extract precipitate

J29 Jarb J59 Jasd3 JL3 Jab4 JSEA2

J31  Jarz6 JSEA30

J35 Jarzz JSEA46

J39 Jaz8

J4a2 Jarz9 J73 Ja87 Methanol Extract

J45  Jaso J75 Jas8 JML40 Jag6

J4a8  Ja&2 J77 Ja89 JL60 Jas0 JML44 Jagr
J83 Jago JL76 Jarl JML62 Jags
J86 Jagl JL71 Jarz2 JMLG69 Jag9

JL73 Ja’3 JML68 Jalo0

Italicised codes = Final codes (code on spectra)-inNigised codes = Initial coding

Smoky vegetable oil taste

Bitter burnt taste

- Bitter plastic taste

Very bitter

Very sweet with plastic smell
Soft Waxy solids

Intense sweetness bordering on bitternes
Waxy taste

Slightly bitter

Plastic smell

Garlic smell

Sour and gummy

- Soapy taste
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Table 4.12. Chromatographic process

Stage

Petroleum Ether

extract

Ethyl acetate Extract

Methanol Extract

Methanol Extract

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

VLC, 93 fractions VLC, 70

similar fractions J

25 to J

30

combined based o
TLC and run on

VLC again

Presented
NMR analysis

fo

fractions

Similar fractions JL 19 JL 25, JL 28i
JL 35, combined based on TLC and
again on VLC

Presented for NMR analysis

Extract is hydrolised using KOH and No
iSaponi fiableso ar
VLC; 55 fractions

Spectral studies (NMR)JGEA 2, JSEA
30, JSEA 46, -sitbskemlp
JSEA 2 and JSEA 46 are fatty acid met
estery

VLC, 84 fractions

Fractions JML 55 tc
JML 60 were
combined and rur
again.

JMLA 53 to JMLA
60 were combined:
Seph

The fract
was further purified
by gel filteration to
obtain four factions.
13 fractions, nine
from JML series ad
four fror
series,

Presented for NMF
analysis

Saponin rich extract vgaobtained using
variati on of t h
(Rothmanet al, 1952; Rothmaret al,
1952; Krider and Wall1952; Wall and
Eddy, 1952)

VLC of saponin rich extract; 6:
fractions.

Similar (3) combined on the basis
TLC further purified by VLC and Ge
filteration (Sephadex LH 20)

15 fractions still awaiting spectr:
studies
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4.11 Antimicrobial assay forisolatedcompounds

The esults of antimicrobial assay (antimicrobial sensitivity and diameter é o
inhibition) for isolated compounds are presentedables 4.13 for minimum inhibitory
concentration irmmables 4.14- 4.16and minimum bactericiddlngicidalconcentration in

Tables 4.171 4.19.

4.11.1 Antimicrobial sensitivity and diameter of zone of inhbition for isolated

compounds

For the antimicrobial sensitivity and diameter of zone of inhibitiests (Table4.13),
fraction Ja83 was the most effective (30 mm) agaé@nstureusvhile the pathogen was
resistant to the drug Fuld@in Ja100 was the leasffective (22 mm) fraction againsS.
aureus. Ja 83 had thdargest (31 mm) diameter of zone of inhibition again#t.
pneunoniaewhile Ja 82 was least effective (23 mm) against the same pathogen. Ja 83
had yet the highest value agaisstdysenterigela 97 (32 mm) was least effective (22
mm). Ja 64 and Ja 82 performed best (28 mm) ag8instphiJSEA 30 and Ja 100
performed rather poorly, here having the least (24 mm) values a&aitgbhi.For P.
aeruginosaJa 65 was highest (28 mm); Ja 100 visléast (21 mm)The trio of Ja 77,
Ja 82 and Ja 97 were completely ineffective agdnseruginosaat the experimental
concentrationsJa 65 was most effective (27 mm) agai@stalbicanswhile Ja 100 had

the smallest value (20 mm).
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In summary, Ja 10/as the least active extract in the tests while Ja 83 shorédueup
highest values for against clinical isolatésspergillus species were immune to the

activities of isolated compounds.

4.11.2 Minimum inhibitory concentration of isolated compounds

Detailed results for Minimum inhibitory concentration are presentedlables 4.14-

4.16. Ja 66 and Ja 68 performed similarly against test microbes having their most
effective MI C (Képneurboniaelareh had i pwest MECtvalue (12.5

e/ mL) &.gtyphi, ivigcitosporum spmand T. rubrumwhile its best activity (6.25

e/ mL) was Saayraus,rkEsdoli, K. preumonj& dysenteriae, P. aeruginosa

and C. albicans Ja 75 Table 4.195 had the | owest values f o
average, showingetter activity than any other extract; Ja 65 followed it closely. Ja 77

had a highly chequered activity profile against microbes; it was ineffective adainst
dysenteriae, P. aeruginosand T. rubrum while showing good activity against (6.25

e/ mL) stH.grméemoniaeJa 83(Table 4.16)s howed wuni form acti vi
againstS. areus, E. coli, K. pneumoni&e dysenteria@ndS. typhj also uniform but less
effective (12.5 ¢/ mlP)aerwgmasa, C.lalbicans, Miccosporym t y a
spp andT. rubrum.But for its activity against. dysenterigeJa 100 showed the same
activity (12S. dareus,/Enthl)K. pnguanoniaes, . typhi, P. aeruginosa, C.

albicans, Microsporum sp@ndT. rubrum
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4.11.3 Minimum Bactericidal/Fungicidal concentration

Minimum bactericidal/fungicidal concentration (MBC/MFQ)ables 4.17 4.19)for the
fractions mostly clustered around 25 ¢/ mL
97, JSEA 30) however had val uegatiomgvwerend 50
required to killMicrosporum sppand T. rubrumthan other parasites. Ja 66 showed a
similar pattern of reactivity to Ja 68 but was in addition to being ineffective against

rubrumand theAspergillialso not effective again§&t. dysenteria

The same concentration (3%0/ mL ) of fractions Ja 69, Ja
required to killMicrosporum sppandl 2 . 5 far T.mubrum C. albicansandE. coli.
Ja 77 was however ineffective agairist rubrum, P. aeruginosand S. dysenteriae

(Table 4.18).

Fractions (Ja 3 Ja 97, JSEA 30 and Ja 100) displayed a similar activity profile against
pathogens. Ja 100 was an oddity as it showed a realtively impressive MBC/MFC

considering that it had shown a relatively weak MIC profile.
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Table 4.13. Antimicrobial Sensitivity and Diameter of Zone of Inhibition (mfoj) fractionsfrom Raphia africana

Pathogen Ja64 Ja65 Ja66 Ja68 Jab9 Ja7s Ja7/ Jas82 Jas83 Ja97 JSEA30 Jal00 Fulcin®
Staphylococcus aureus S(28) S(29) S(26 S(25) S(26) S(24) S(26) S(28) S(30) S(25) S(24) S22) R
Escherichia coli S(29) S(28) S(24) S(23) S(28) S(25) S(24) S(26) S(27) S(26) S(28) S(26) R
Klebsiella pneumoniae S(26) S(27) S(28) S(27) S(29) S(24) S(27) S(23) S(31) S(28) S(26) S24) R
Shigella dysenteriae  S(29) S(27) R S(24) S(27) S(26) R S(27) S(B2) S(22) R S(27) R
Salmonella typhi S(28) S(26) S(25) S(26) S(25) S(26) S(26) S(28) S(27) S(27) S(24) S(24) R
P. aeruginosa S(27) S(28) S(24) S(24) S(24) S(25) R R S(24) R S(22) S(21) R
Candida albicans S(26) S(27) S(26) S(22) S(26) S(24) S(24) S(24) S(24) S(25) S(25) S(20) R
A. fumigatus R R R R R R R R R R R R S(32)
A. niger R R R R R R R R R R R R S(30)
Microsporum sp S(25) S(24) S(24) S(23) S(23) S(21) S(24) S(23) S(21) S(22) S(20) S(21)  S(37)
T. rubrum S(26) S(24) R R S(21) S(22) R S(20) S(24) S(23) S(25) S(20) S(34)

Key: S = Sensitivity; R = Resistance; (n) = Diameter of Zone of Inhibition n mimmetres
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Table 4.14: MIC of Ja 64, Ja 65, Ja 66rad Ja 68

Test Microbes Concentration (pug/mL)

Ja 64 Ja 65 Ja 66 Ja 68

50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125

S. aureus L 1 + . 1 + M + ++ M + ++
E. coli o i + L ] + I + ++ I + ++
K. pnuemoniae _ _ | + ++ . 1 + _ M + _ M +
S. dysenteriae L u + . u + ¢t ¢ ¢ ¢ M ++
S. typhi L V1 + M + ++ M + ++ M + ++
P. aeruginosa L V1 + . 1 + . _ M + ++ _ _ M + ++
C. albicans M + ++ o 1 + M + ++ M + ++
A. fumigatus C C C C c c C C c C C C C C c c c c c c
A. niger C C C c c c c c c C C C C c c c c c c
Microsporumsp _ U + ++ M + ++ M + ++ M + ++
T. rubrum T + ++ T + ++ C C C C c c c c c c
Key: u = MIC; Key: - = No turbidity (no growth); + = Turbidity (light growth); ++ = Moderatetur bi di ty; ¢ = pat hogeampound resi stant to isolated
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Table 4.15: MIC of Fractions Ja 69, Ja 75, Ja 77 and Ja 82

Pathogens Concentration (pug/mL)
Ja 69 Ja75 Ja 77 Ja 82
50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125

S. aureus M + ++ L 1 + M + ++ L VI +

E. coli L 1 + L 1 + M + ++ M + ++

K. pnuemoniae _ 1 + L 1 + . M + I U + ++

S. dysenteriae vl + L U + ¢ c ¢t ¢ ¢ L u +

S. typhi M + ++ L 1 + M + ++ o i +

P.aeruginosa _ _ H + ++ M + ¢t ¢ ¢ ¢ ¢t ¢ ¢ ¢

C. albicans M + ++ L U + I + ++ R + ++

A. fumigatus C C C C C C C C C C C C C C C C C C C C

A. niger C C C C C C C C C C C C C C C C C C C C

M. sp M + ++ L V] + M + ++ M + ++

T. rubrum _ _ M + ++ H + ¢t ¢ ¢ ¢ _ _ + ++
Key:u=MIC;Key:-= No turbidity (no growth); + = Turbidity (resistgritoisoiptedcompayng + = Moderate turbidity,;
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Table 4.16;: MIC of fractions Ja 83, Ja 97, JSEA 30 and Ja 100

Pathogens Concentration (pg/mL)
Ja 83 Ja 97 JSEA 30 Ja 100
50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125

S. aureus o u + o + ++ o + ++ o + ++

E. coli L 1 + M + ++ L M + I + ++

K. pnuemoniae _ 1 + L I + M + ++ I ¥ + ++
S. dysenteriae o 1 + . _ M + ++ C C ¢C C C _ I +

S. typhi L ] + L i + R + ++ I + ++

P. aeruginosa M + ++ C C ¢ C C _  _ K + ++ C C M + ++

C. albicans M + ++ M + ++ M + ++ I + ++

A. fumigatus c C C C C c C C C C c C C C C c C C C C

A. niger c C C C C c C C C C c C C C C c C C C C
Microsporumsp _ U + ++ . + ++ R + ++ I + ++

T. rubrum M + ++ M + ++ M + ++ M + ++

Rey: P = MIC; Key: - = No turbidity (no growth); + = Turbidity (ght growth): ++ = Moderate turbidity - heavy turbidity; CCOMPPMAd hogen is resistant
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Table 4.17: MBC and MFC of Ja 64, Ja 65, Ja 66 and Ja 68

Pathogens Concentration (ug/mL)
Ja 64 Ja 65 Ja 66 Ja 68

50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125
S. aureus . + ++ o + ++ T ++ 4+ p 4+ ++
E. coli M + ++ o + ++ I VI e | i =
K. pnuemoniae _ p + S U B ++ 4+ + ++ ou o+ ++  +++
S.dysenteriae M + ++ o + ++ C C ¢ C C T ++ 4+
S. typhi M + ++ I VI ++ . u o+ ++ 4+ p 4+ ++  +++
P.aeruginosa _ u + ++ o+ + ++ T I s o N T R ++
C. albicans I VS ++ o+ g+ ++ 4+ p 4 e S VT - o s =
A. fumigatus c C C C C c C C C C c C C C C c C C C C
A. niger c C C C C c C C C C c C C C C c C C C C
Microsporumsp _ _ M + ++ o n o+ ++  +++p 4 e N | I S i s
T. rubrum M + ++ IV ++ +++ (¢ C C C C C C ¢ C C

KEY: p=MBC/MFC; - = No Colony growth; + = Scanty colony growth; + = moderate colony growth; +++ = heavy colony growth; ++++ = very heavy colony growtg;

resistant to isolatedcompound
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Table 4.18: MBC and MFC of Ja 69, Ja 75, Ja 77 and Ja 82

Pathogens Concentration (pug/mL)
Ja 69 Ja 75 Ja 77 Ja 82

50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125
S. aureus _n o+ ++ o+ g+ ++ o+ g+ ++ 4+ + ++
E. coli T + ++ T ++ o+ g+ ++ o+ p 4+ ++
K. pnuemoniae _ _ + ++ T ++ o+ g+ ++ L+ At
S. dysenteriae noo+ ++ o+ o+ ++ +++ C C C c c T 4+ 4+
S. typhi I VI ++ o+ g+ ++ o+ g+ ++ o+ + ++
P. aeruginosa oo+ ++  +++up o+ ++ +++ C C C ¢ ¢ ¢ ¢ c ¢ ¢
C. albicans noo+ ++ o+ g+ ++ o+ g+ ++ o+ p o+ ++
A. fumigatus C C C C C C C C C C C C C C C C C C C C
A. nicer c ¢ ¢C c c c ¢ ¢ c c c ¢ ¢C c c c ¢ ¢C c c
Microsporumsp I+ 4+ 4+ HHHE g+ 4+ A+ g+ ++ g+ A At
T. rubrum (VR A = = N U B N = S I o o o ¢ ¢ U+

KEY: p=MBC/MFC, - = No Colony growth, + = Scantycolony growth, ++ = moderate colony growth, +++ = heavy colony growth; ++++ = very heavy colony grow{;, =

isolatedcompound
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Table 4.19: MBC and MFC of Ja 83, Ja 97, JSEA 30 and J&00

Pathogens Concentration (ug/mL)
Ja 83 Ja 97 JSEA 30 Ja 100

50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125 50 25 125 6.25 3.125
S. aureus M + ++ VI ++ 4+ VI e T T R
E. coli I VIR ++ o+ g+ ++  +++ o + ++ _ou o+ ++  +++
K. pnuemoniae _ _ + ++ o + ++ VI ++ 4+ g+ 4+t
S. dysenteriae M + ++ U+ c ¢ c c TR ++ o+t
S. typhi . _ M + ++ I VO ++ 4+ noo+ ++ o+ S
P. aeruginosa oo+ ++ +++ C C C ¢ ¢ LA I o i VI R o
C. albicans no+ ++ o+ o+ ++  +++ VI S N TR T R
A. fumigatus c ¢ ¢ c c c ¢ ¢ c c c ¢ c c c ¢ ¢ c c
A. niger c ¢ ¢ c c c ¢ ¢ c c c ¢ c c c ¢ ¢ c c
Microsporumsp g+  ++ 4+ g+ A S = T S VI S S R
T. rubrum noo+ g+ et noo+ ++ kg o+ R et

KEY: p=MBC/MFC, - =No Colony growth, + = Scanty colony growth, ++ = moderate colony growth, +++ = heavy colony growth; ++++ = very heavy colony growih; =

resistant to isolatedcompound
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4.11.4 *H NMR Spectrum of Ja 64

Ja 64 was obtainechs a white waxy solidThe protonNMR dat were as follows'H
NMR (500 MHz, CDC}) 0 2J=3.8Hz(2H), 1.68 1.54 (m, 2H), 1.41 1.11 (m,

26H), 0.88 (tJ = 6.9 Hz, 3H) §pectrum detailAppendix Ill.

4.11.5 'H NMR Spectrum of Ja 65

Ja 65was obtained as a white waxy solid: The proton Nia were as followsH
NMR (500 MHz, CDC}) 0 2J=3.8Hz(2H), 1.68 1.54 (m, 2H), 1.41 1.11 (m,

26H), 0.88 (tJ = 6.9 Hz, 3H) Epectrum detailAppendix V).

4.11.6 NMR Spectraof Ja 66

Ja 66 was obtained as a white waxy solithe proton NMR d& were as follows'H
NMR: (500 MHz, CDC§) U i %.18(®, 3H), 4.34 4.00 (m, 4H), 2.35 (d) = 7.6
Hz, 2H), 2.02 (d,J = 5.6 Hz, 4H), 1.65 1.60 (m, 2H), 1.28 (d) = 21.9 Hz, 50H), 0.88

(t, J= 6.8 Hz, 3HXSpectrum detailAppendix \-A).

HSQC an HMBC experiment detail¢spectral details Appendix \AC i Appendix -

C2).
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“CNMR (126 MHz,CDG)) o 174.18, 130.04, 129.85, 77.
29.93, 29.85, 29.84, 29.82, 29.79, 29.75, 29.68, 29.64, 29.61, 29.59, 29.52, 29.47, 29.43,

2940, 29.35, 29.28, 29.25, 29.22, 24.86, 22.85, 14.28, 14.27.

4.11.7 *H NMR Spectrum of Ja 67

Ja 67was obtained as a white waxy solid with a strong woody smell (freshly cut wood).
It had the following spectral datd4 NMR (500 MHz, CDC}) U i 5.264(fh, 2H),
4.267 4.07 (m, 2H), 3.97 3.87 (m, 1H), 3.65 (ddd}= 17.2, 11.5, 4.9 Hz, 2H), 2.33 (dt,
J=19.7, 7.5 Hz, 2H), 2.04 1.95 (m, 2H), 1.63 (dt) = 14.7, 7.4 Hz, 2H), 1.4B 1.09

(m, 21H), 0.88 (tJ = 6.9 Hz, 3H) Spectrum detajl

4.11.8 'H NMR Spectrum of Ja 68

Ja 68was obtained as a white waxy solid.'ftsNMR (500 MHz, CDCY) & 2J=35 ('t ,
7.5 Hz, 2H), 1.70 1.56 (m, 2H), 1.28 (d] = 21.3 Hz, 26H), 0.88 (1 = 6.9 Hz, 3H)

(Spectrum detailAppendix VII).

4.11.9 NMR Spectra for Ja69

Ja 69was obtained as a white waxy soliith the followingspectral dataH NMR (500
MHZ, CDCl) i 2 t, 357.5Hz, 2H), 1.63 (t, J= 14.9, 7.4 HZ, 2H), 1.38 1.10 fn,

24H), 088 ( J = 6.9 HzZ, 3H) Epectrum detail: Appendix VIII).
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4.11.9.1NMR Spectra for Ja69
¥CNMR (126 MHz,CDG)) & 178.24, 77.16, 33.87, 32.1

29.84, 29.8229.81, 29.79, 29.74, 29.59, 29.51, 29.39, 29.22, 24.86, 22.85, 14.27.

4.11.10 'H NMR Spectrum of Ja75

Ja 75was obtained as a white waxy solid. #$NMR (Table 30) showed it to be a
triglyceride. Its proton NMR dataH NMR (500 MHz, CDCJ) U i 5.214m,3H),
4.21 (dd,ddJ = 17.7, 11.8, 4.9 Hz, 4H), 2.372.24 (m, 2H), 2.09 1.95 (m, 4H),
1.671 1.52 (m, 2H), 1.28 (dd) = 23.2, 14.5 Hz, 24H), 0.87 (§,= 6.8 Hz, 3H)

(Spectrum detailAppendix X).

4.11.11 'H NMR Spectrum of Ja76

Ja 76 was obtained a pale yel semiliquid. Its proton NMR data’H NMR (500
MHz, CDCl3) 0 1 %.234(rh, 2H), 2.37 2.25 (m, 2H), 2.08 1.96 (m, 2H), 1.63
(dt,J=14.4, 7.1 Hz, 2H), 1.40 1.07 (m, 19H), 0.88 (1) = 6.8 Hz, 3H)] Epectrum

detail: Appendix Xt Table 4.3).

4.11.12 NMR Spectra for Ja77

Ja 77was obtained as a white waxy subseancwi t h a HIli &kred marmeendl. e
proton NMR data’H NMR (500 MHz, CDC}) U i 5.264r2, 2H), 4.21 4.05 (m,

5H), 2.34 (tJ = 7.4 Hz, 2H), 2.07 1.96 (m, 4H), 1.63 (dt}= 7.43, 7.43, 15.04 Hz,

2H),1.361 1.20 (m, 28H), 0.88 (1) = 6.8 Hz, 6H (Spectrum detailAppendix XII).

Its carbon 13 data:
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C NMR (126 MHz, CDG)) & 179.21, 174.09, 130.16, !
34.06, 32.07, 32.05, 31.93, 31.76, 31.67, 29.91, 29.84, 29.80, 29.74, 29.67, 29.60,
29.58, 29.51, 29.47, 29.39, 29.27, 20.29.22, 27.37, 25.78, 25.04, 24.85, 22.84,

22.83,22.72, 21.23, 14.26 (Spectrum details: Appendix Appendix XII-E).

4.11.13 NMR Spectra for Ja78

Ja78was obtained as a whitish -wiakgo ssmasl lan
proton NMR data*H NMR (500 MHz, CDC}) U i 5.184n5, 3H), 4.38 4.01 (m,
4H), 2.76 (t,J = 6.6 Hz, 2H), 2.39 2.19 (m, 2H), 2.12 1.96 (m, 2H), 1.66 1.52
(m, 2H), 1.40i 1.11 (m, 64H), 0.87 (t) = 6.9 Hz, 9H) Spectrum detailAppendix

XIII'; Table 4.33. The total degree of unsattica was found to be 1.0

YCNMR (126 MHz,CDCJ) U 174.07, 130. 33, 130. 04, 1
34.24, 34.18, 34.07, 32.05, 32.03, 31.65, 29.90, 29.87, 29.83, 29.78, 29.74, 29.72,
29.65, 29.61, 29.56, 29.49, 29.44, 29.40, 29.37, 29.3@8229.25, 29.20, 29.17,

29.10, 27.35, 27.30, 25.76, 22.82, 22.70, 14.38, 14.24, 14.19 (spectrum details:

Appendix VIII T Appendix VIX).

4.11.14 'H NMR Spectrum of Ja79

Ja79was obtained as a pale yell dw kweax y nmedb.

Its prdon NMR data*H NMR (500 MHz, CDCY) & i 5.214n0, 3H), 4.34 4.04
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(m, 4H), 2.78 2.72 (m, 2H), 2.30 (qd} = 12.9, 7.0 Hz, 6H), 2.001.95 (m, 2H),
1.60 (d,J=6.4 Hz, 6H), 1.4% 0.98 (m, 44H), 0.86 (1] = 6.7 Hz, 9H) $pectrum

detail: Appendix XIV).

4.11.15 'H NMR Spectrum of Ja80

Ja 80 was also obtained as a yellowish gummy substance with a sweet woody smell.
lts proton NMR datdH NMR (500 MHz, CDC}) U 7 %.283(®, 2H), 4.18 (ddd,

2H), 3.961 3.89 (m, 1H), 3.64 (ddd, 2H), 2.31 (db= 24.1, 7.5 Hz, 2H), 2.00 (dd,

= 21.7, 9.9Hz, 1H), 1.60 (dJ) = 6.3 Hz, 3H), 1.45 1.04 (m, 16H), 0.86 () = 6.8

Hz, 3H) Spectrum detailAppendix XV).

4.11.16 1H NMR Spectrum of Ja81

Ja 81was obtained as a yellowish gummy substance with a sweet woody smell. It had
the following*H NMR (500 MHz, @Cl;) U i 5.263m8, 2H), 4.18 (ddd, 1H), 3.97
i 3.90 (m, 1H), 3.65 (ddd, 2H), 2.35 Jt= 7.3, 3.4 Hz, 2H), 2.06 1.96 (m, 2H), 1.61

(p,J = 6.3 Hz, 2H), 1.41 1.01 (m, 18H), 0.87 (] = 6.5 Hz, 3H).

4.11.17 'H NMR Spectrum of Ja82

Ja 82was obtained as ammber coloured gummy substance with the followiHg
NMR (500 MHz, CDC}) U 4 J=218.6, .5 Hiz, 1H), 4.203.96 (m, 2H), 3.93

3.74 (m, 1H), 3.71 3.53 (m, 1H), 2.32 2.19 (m, 6H), 2.01 (dd] = 31.9, 14.1 Hz,
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2H), 1.64i 1.46 (m, 6H), 1.44 1.05 (m, 28H), 0.96 0.72 (m, 7H) $pectrum detail:
Appendix XVII). Average chain length and total degree of unsaturation were
calculated as described by Crowther, (2008) and found to be 12.05 and 0.24

respectively $pectrum detailAppendix XXIX-J).

4.11.18 'H NMR Spectrum of Ja83

Ja 83was obtained as an effhite amorphousubstance with the following dat4d
NMR (500 MHz, CDCJ) U 6J=919.0 Hzd1H), 6.87 (d] = 8.7 Hz, 1H), 6.01
(d,J = 16.9 Hz, 1H), 4.91 (d] = 4.6 Hz, 1H), 4.92 4.90 (m, 1H), 4.19 (s, 1H), 4.16
(d,J = 4.6 Hz, 2H), 4.14 (dd] = 4.2, 2.0 Hz, 3H), 4.12 (d,= 6.2 Hz, 2H), 3.93 (d]

= 8.5 Hz, 4H), 32 (d,J = 5.0 Hz, 3H), 3.70 (dd] = 4.1, 2.0 Hz, 2H), 3.69 (d,= 2.2

Hz, 2H), 3.60 (dJ = 9.4 Hz, 3H), 3.59 (d] = 8.0 Hz, 2H).

4.11.19 'H NMR Spectrum of Ja95

Ja 95 had the following NMR dataH NMR (500 MHz, cda)) U 4J=43HZ d ,
1H), 4.20 (di, J = 12.1, 4.5 Hz, 1H), 4.16 (d,= 6.1 Hz, 1H), 4.10 (dd] = 15.3, 8.3
Hz, 2H), 3.95 (ddJ = 13.3, 5.9 Hz, 3H), 3.92 3.86 (m, 8H), 3.81 (d) = 5.9 Hz,
3H), 3.68 (ddJ = 11.2, 5.6 Hz, 7H), 3.61 (dd,= 11.3, 6.0 Hz, 1H), 3.58 3.31 (m,
3H), 2.391 2.32 (m, 4H), 2.31 2.25 (m, 1H), 2.17 (s, 4H), 1.85 (dil= 26.7, 12.8
Hz, 1H), 1.65 (ddy = 15.3, 8.5 Hz, 5H), 1.14 (d,= 6.6 Hz, 2H), 0.97 (dd] = 6.7,

2.5 Hz, 2H), 0.92 (d] = 3.4 Hz, 2H), 0.69 (d] = 8.8 Hz, 2H).
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4.11.20 'H NMR Spectrum of Ja96

Ja 96 was obtained as a white waxy substance with the follodihd\MR (500
MHz, CDCk) U 2J.=3.4 Hz( 1tH), 2.10 (dJ = 9.7 Hz, 1H), 1.62 (dd] = 14.3,

7.0 Hz, 1H), 0.88 (1) = 6.7 Hz, 3H), $pectrum detailAppendix XXII).

4.11.21 'H NMR Spectrum of Ja 97

Ja 97 was obtained as a white selgjuid substance'H NMR data fH NMR (500
MHz,CDOs) G 4. 18 (id3d76 (m, 1B)H3.65 (d&, 281)72.33 Jt= 16.8,
7.8 Hz, 2H), 2.16 2.02 (m, 2H), 1.68 1.56 (m, 2H), 1.40 1.13 (m,J = 11.6 Hz,

12H), 0.88 (t, 3H)].*H NMR spectrum ford 97 is shown in Appendix XXII

4.11.22 'H NMR Spectrum of Ja 98

Ja 98 was obtained as a white waxy solid with the following NMR dataNMR
(500 MHz, CDC}) U 1 4.102m8, 2H), 3.98 3.86 (m, 1H), 3.67 (dddl = 8.0 Hz,
1H), 2.35 (t, 2H), 1.70 1.47 (m,J = 14.8 Hz, 2H), 1.50 1.07 (m, 16H), 0.88 ({] =

7.0 Hz, 3H).XH NMR spectrum for Ja 98 is shown in Appendix XXIII

4.11.23 'H NMR Spectrum of JSEA2

JSEA2 was obtained as a clear transparent thin oil. It had saptesmell, faintly
reminiscent, of coconut oil. It was the second fraction from the saponified ethyl

acetate extractH NMR (500 MHz, CDCJ) U i 5.213r8, 1H), 3.60 (s, 3H), 2.24
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(t, J= 7.5 Hz, 2H) 2.04 1.90 (m, 2H), 1.57 (t} = 6.6 Hz, 2H), 1.23 (d] = 22.9 Hz,

21H), 0.82 (tJ = 6.8 Hz, 3H) Spectrum detaillAppendix XXVI-XXVI -E6).

4.11.24 'H NMR Spectrum of JSEA30

JSEA30 was obtained mass of white needihaped crystals with a waxy feel. Its
spectral data'H NMR (500 MHz, CDC}) U 5. 66, 5.29, 5. 26,
3.38, 3.31, 3.29, 3.27, 3.23, 2.83, 2.70, 2.69, 2.68, 2.65, 2.64, 2.63, 2.51, 2.50, 2.49,
247, 2.38, 2.37, 2.32.27, 2.23, 2.22, 2.21, 2.18, 2.16, 1.99, 1.98, 1.96, 1.95, 1.94,
1.93,1.91, 1.90, 1.89, 1.82, 1.81, 1.80, 1.78, 1.77, 1.74, 1.71, 1.69, 1.68, 1.65, 1.60,
1.59, 1.53, 1.47, 1.44, 1.39, 1.38, 1.35, 1.23, 1.18, 1.12, 0.94, 0.90, 0.89, 0.87, 0.86,
0.81, 080, 0.79, 0.77, 0.75, 0.73, 0.71, 0.79.NMR spectrum for JSEA30 is shown

in Appendix XXVII.

4.11.25 'H NMR spectrum for JSEA46

'H NMR (500 MHz, CDCl) U 1 2.184, 2H), 1.61 (dt) = 14.2, 7.1 Hz, 2H),
1.387 1.12 (m, 16H), 0.87 (1 = 6.9 Hz, 3H)  Details for calculation of average
chain length and detailed spectrum are provided in appendices-RXdXd XXVII

respectively.
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CHAPTER FIVE

5.0DISCUSSION

5.1 Phytochemistry

The phytochemistryRaphiagenus is scantily annotated; very few studies have reported
on preliminary phytochemical screening of any member of the gémdact, no study
was found on preliminary phytochemical screening of thearv&rp of any member of
the genus; this is an initial repo@kwu and Nnamdi (2008)ave reported on alkaloids,
carbohydrates, flavonoidbpids, phenolic compounds, proteins, saponins, and tannins in

the exudates dRaphia hookeri

Flavonoids have beereported to exhibit antliarrhoed antidysentery and antifungal
activities(Cowan, 1999)Alkaloids havebeen implicated in a number of atiimourand
cytotoxic activities(Wansiet al, 2013 Kittakoop et al, 2014; Nwodoet al, 2015.
Steroidshavebeen used for their cardiotonic activity with promise for anticancer therapy
(Rudkowskaet al, 2008) Bioactive titerpeneslike lupeol and betulin have shown
promising antinflammatory and anticancer activity in studie§¢Saleemet al, 2004,
2005; Saleem, 2009;Wal et al, 2011 Dikko et al, 2016. Saponins have been
demonstrated to possess antiproliferative antloxidant behaviouHostettmann and

Marston, 1995(Franciset al, 2002;Skene and Sutton, 2006; Tapondgal, 2015)
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5.2 Antimicrobial activity of crude extracts

Activity of extracts against the clinical isolates is no doubt due to presence of
phytochemicals in the plantDistribution of secondary metabolites in the plant extracts
has a direct effect on activity agairtsist microbes; preence of free anthraquinones,
steroid/triterpenes, saponins, alkaloids, cardiac glycosides and flavonoids in extracts is

positively correlated with antimicrobial propertigowan, 1999)

Flavonoids are synthesid by plants in response to microbial infect(Havsteen 1983;
Cook and Samman 1996)It has beenspeculated that their activity is probably due to
their ability to complex with extracellular and soluble proteins and tapbex with
bacterial cell wallsAlkaloids are eportedly toxic to microbesften showinggood anti

diarrhoeal effects (Cowan, 1999).

5.3 Artemiasalina lethality assay

It must be noted thadctivities of extracts are considered significahttheir LGCso are

wi t hi n t he mgla(Veyeretalf 1982) E8tracts showd very mid toxicity
[soxhlet and microwave assisted extraction (269.2 mg/L); cold maceration (467.7 mg/L)]
againstArtemia salina;this finding is puzzlingpecausef the ichthyotoxic nature of the
plant (Adeogunet al, 2012) Subject to mar detailed animal stilies the fruit may
therefore be considered harmless and friendly to the human parlate.brine shrimp

lethality assay showed that extraction protocol had a strong effect on activity of the
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extracts against test shrimp. This may be due to effectiveness @xhaustive) nature of
soxhlet and microwave assisted extractions as against the rather gentle cold maceration
method. It must be noted here that the brine shrimp lethality assay was carried out to
discriminate and select extracts for further studyhes extraction protocols provided

twelve extracts.

5.4 GC-MS profile of R. africana and profiles of someraphia species

Based on the GCMS results (Tabke9 and 4.1)) R. africanashows similar fatty acid
content with other mendss of the Raphia genus (Tabd). On the average the fatty
acids profiles tend to cluster around palmitoyl, stearoyl, linoleoyl groups; in this fegard
africanavery closely resembl&l. viniferadiffering mostly on the linolenoyl contern®(
africana 9.6/ R. vinifera trace). Inall R. africanais unusual in having roughly double
the amount(66.9 %)of palmitoyl groups when compared to othiaphia species R.
hookeri (32.3%), R. sudanica(29.7 %),R. regalis(17 %) andR. vinifera (66.9 %)]

previously studied by Oput@978).

5.5 HPLC Profile of R. africana

The HPLC profile indicated the presenceeajhts t er ol s . Ofitosterbl dase o n |
been previously isolated by Yapmea al. (2013) from seed coats &aphia farinifera

(Structure9 and10).

104



5.6 NMR Studies

The discussion on NR results is interspersed extensively with tables. Where the NMR

data obtained was insufficient to completely characterise a compound to a name due to

' imitations in method an attempt was made
profil eo oion has been aadedtbg simulatens using the predict and highlight

feature of MestReNova™0

The available NMR literatureéS{movaet al,, 2003; Vlahowt al, 2010;Nievaechevarria

et al, 2014, 2015) on glycerolipids involves whole oils. Thereforeh suwleoil signals

when reported sometimes show a dilution effect, a variation from those obtained from
pure compounds, due to concentration differences. In such a situation, references have
been made to older but seminal works by Emeritus Prof. F. DstGusn (Gunstone,

1990, 1993; Gunstonet al, 1977); who clearly used®C NMR and'H NMR for
assignmentsScheme 2 presents the sequence in the approaches that were used in

structureelucidation.

5.7 Characterisation of compoundsisolated fromR. africanausing NMR methods

Signal areas of all spectra were determined using the Mndvaddtware. To avoid

inclusion of side bands, special attention (careful phasing) was paid to {b# paints

in all spectral signal integrals for protons.
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The mole ratio of amponents for triglycerides (saturated protons, unsaturated protons,
acyl chainend methyl group, and glycerol backbone), were determined using the
following general procedure as previously described by (Crowther, 2008); a slight
modification of the metho8ly (Johnson and Shoolery, 1962). Integrals were divided by
the number of like substituents in the triglyceride (i.e., one glycerol backbone or three
acyl chains), then divided by the number of protons in the substituent (say, three protons
per methyl grop or two protons per methylene group), and finally divided by a constant
(value of one proton) to normalise the integrals. From the normalised integrals, average

chain length and average degree of unsaturation were determined.

Most triglyceride shifts fothe methine proton on the glycerol backbone (5.26 ppm) and
the acyl chain olefinic protons (5.35 ppm) are usually not fully baseline resolved and
were integrated together. Since there are four methylene protons in the glycerol backbone
(4.104.32 ppm) andbnly one methine, the methine proton integral is a quarter of the
methylene integral. The difference between the total area at 5.36 ppm and the area

due to the methine proton (taken as a quarter of the glyceryl methylene integral) was
therefore atibuted to the olefinic protons (Johnson and Schoolery, 1962; Crowther,

2008).

Normalised integrals for acyl chaend methyl (0.88 ppm), methylene beta to the
carbonyl (1.63 ppm), methylene alpha to the carbonyl (2.34 ppm), and methylene in the

glycerol kackbone (4.1€1.32 ppm) all represent one proton integral in the triglyceride;
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normalised proton integrals with values far less than one were taken to be affididbes (

5.1-5.2).

The average proton integral for triglyceride spectra [an average aitedljiuntegrals for
chainend methyls (0.88 ppm), methylenes beta to the carbonyl (1.63 ppm), methylenes
alpha to the carbonyl (2.34 ppm), and methylenes in the glycerol backbonet.@210

ppm) ] was used to derive the normalised integrals (Crowther, 2008)

Methylene protons of the glyceryl group were, in some cases (were careful phasing was
difficult), used for the relative intensity because these group of protons have the shortest
T1 (longitudinal relaxation, or relaxation in thelizection) relaxationiimes compared to

the other protons of glycerides. The normalised proton of the terminad®©Hp, in this
instance, derived as: (the area of peak G/9)/(the area of peak B/4) (Miyakel998a,

1998D).

The total degree of unsaturation was given bymadised integrals at 5.35 ppm. The
bisallylic methylene group at 2.76 ppm (linoleic or other polyunsaturate) was used as an
additional identifier (polyunsaturation). The average chain length for triglycerides was

calculated by using a linear sum of theboms in the chain with a factor of two used in
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the event there were two carbons represented by the proton integral-Bdtesnarricet

al., 2015).

A spreadsheet using Microsoft Excel 2013® was constructed to repeat these calculations

on various spectr@ able5.3 and5.4).

Discussion on NMR results was grouped. Fatty acids were treated first, followed by
glycerides and finally compounds whose character could only be approximately

acertained from the data obtained in this work.

5.7.1 Characterization of Ja 64,Ja 65, Ja 68, and Ja 76 as Heptadecanoic acid

Ja6®H s NMRMHNKR BQ0 MHz, CDC)) U 2J.=F.5 Hz 2H), 1.68 1.54

(m, 2H), 1.417 1.11 (m, 26H), 0.88 (tJ = 6.9 Hz, 3H) Ja 64 was identified as
heptadecanoic acid (Margaric acid) based onlaimesults by Johnson and Shoolery
(1962); Shahidi and Wanasundara (2009). The number of carbons was approximated
thus: the methylene resonances from peak rar@i@dm were taken as two protons per
carbon and one carbon per the three methyl protons8 (f@n); adding together
integrated areas from the spectruBpéctrum detail:Appendix lll, Table 5.5), gives

[ (2.06/2) + (2.15/2) + (26.26/2) + (3.00/:

gave 17 carbon atoms.
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Table 5.1: Chemical shift assignments and multiplicities of"*H NMR signals in CDCl; of protons of glycerides and fatty
acids of natural origin (1) [Nieva-echevarriaet al. (2014)]

Shift (ppm) Multiplicity Functional group
Type of protons Compound
0.88 t -CH3 Saturat ed, medn cannd¥ aoyrgroupstared FA ¥
0.89 t -CH3 Uns at u-6acyl graupsrand FA
0.97 t -CH3 Uns at u-8Bayl graupsand FA
1.191.42 m* -(CH2)n- Acyl groups and FA
1.61 m -OCO-CH,-CH.- Acyl groups: TG, except for DHA, EPA and ARA acyl groups
1.62 m -OCO-CH,-CH»- Acyl groups: 1,2DG, except for DHA, EPA and ARA acyl groups
1.63 m -OCO-CH,-CH.-, Acyl growps: 1,3DG, 1-MG and FA, except DHA, EPA and ARA
-COOH-CH,-CH.-
1.64 m -OCO-CH,-CH.- Acyl groups in 2MG, except for DHA, EPA and ARA acyl groups
1.69 m -OCO-CH,-CH.- EPA and ARA acyl groups in TG
1.72 m -COOH-CH,-CH»- EPA and ARA acids
1.922.15 m° -CH,-CH=CH- Acyl groups and FA, except feEH,- of DHA acyl group
i n-pobition in relation to carbonyl group
2.262.36 dt -OCO-CH»- Acyl groups in TG, except for DHA acyl groups
2.33 m -OCOCH»-,-COOH  Acyl groups in 1,2DG, except for DHAacyl groups
CH>-
2.35 t -OCO-CH2-CHy- Acyl groups in 1,3DG, 1-MG and FA, except for DHA acyl groups
2.38 t -OCO-CH»- Acyl groups in 2MG, except for DHA acyl groups
2.372.41 m -OCO-CH-- DHA acyl groups in TG
2.392.44 m -COOH-CH»- DHA acid
2.77 t =HC-CH,-CH= Di uns at-@acydgroams amd FA
2.772.90 m =HC-CH,-CH= Pol yuns a@ ua Bdcghgroups and FA
Key: t: triplet; m: mu|t|p'|_et. a Overlapping of muI-mosmoh,@rtftsth'eorhrmeahybenlta:) pfoeabodores biomd !

position, or further, in relation to the carbonyl group; TG: triglycerides; DHA: docosahexaenoate; EPA: eicosapentaenoate; AR arachidonate; 1,3DG: 1,3-diglyceride; 1-MG:
1-monoglyceride; FA: fatty acid; 1,2-DG: 1,2-diglyceride; 2-MG:2-mono gl ycer i de. b Over | ameylemigprotohs inmealation to @ kirgle doubbefbond df e U

the different unsaturated acyl groups; d: doublet. ¢ This signal shows different multiplicity if the spectrum is acquired fim the pure compound or taking part in the mixture.
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Table 5.2: Chemical shift assignments and multiplicities™H NMR signals in CDCl; of main protons of glycerides and

fatty acids of natural origin (2)[ Nieva-echevarriaet al (2014)]

Shift (ppm) Multiplicity Functional group
Type of protons Compound

3.73 m° ROCH,-CH(OR") Glyceryl group in 1,2DG
CH,OH

3.84 m° ROCH,-CHOR-CH,OH  Glyceryl group in 2MG

3.94 m ROCH-CHOR-CH,OH  Glyceryl group in IMG

4.054.21 m ROCH,-CHOH-CH,OH" Glyceryl group in 1,3DG

4.18 ddd ROCH,-CHOH-CH,OH  Glyceryl group in IMG

4.22 dd,dd ROCH,-CH(OR") Glyceryl group in TG
CH.OR &

4.28 ddd ROCH,-CH(OR"} Glyceryl group in 1,2DG
CH,OH

4.93 m ROCH,-CH(OR)-CH,OH Glyceryl group in 2MG

5.08 m ROCH,-CH(OR)}CH,OH Glyceryl group in 1,2DG

5.27 m ROCH,-CH(OR" )} Glyceryl group in TG
CHOR &

5.28 5.46 m -CH=CH- Acyl groups and FA

Key . 1. triplret, m multrlplet. a. Overtapprng of mu T positignoeTarter, mnclatoet doy DE B! DOpESt 0O MS i m

position, or further, in relation to the carbonyl group; TG: triglycerides; DHA: docosahexaenoate; EPA: eicosapentaenoate; AR arachidonate; 1,3DG: 1,3-diglyceride; 1-MG:
1-monoglyceride; FA: fatty acid; 1,2DG: 1,2-diglyceride; 2-MG: 22mono gl ycer i de. b: Ov e r | -mahylénic grotamd in refationtioi asihge daublecbbnd ofh e U

the different unsaturated acyl groups; d: doublet. c: This signal shows different multiplicity if the spectrum is acquired fim the pure compaind or taking part in the mixture.
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Table 5.3: Spreadsheet format ad formulas used for elucidation of proton NMR spectra

Assignment Position “Ja 100 Ja 100Adjusted Normalized Total Degree of Mest.Norm
(ppm) Integrals Integral Integral Unsaturation Int
CHs (G) 0.9 2369.18 =C3/3/3 =D3/223.8475694 =SUM(E6,E8,E11) 0.98
(CH2)n (F) 1.3 7865.94 =C4/3/2 =D4/223.8475694 3.7
CH,CH,(CO)(E) 1.6 1787.32 =C5/3/2 =D5/223.8475694 0.86
CH,CH=CHCH, 2 573.55 =C6/3/4 =D6/223.8475694 0.44
D
E:I-)|2(CO) © 2.3 1461.35 =C7/3/2 =D7/223.8475694 0.71
CHCH,CH=(H) 2.8 242.08 =C8/3/2 =D8/223.8475694 0.12
CH,0 (B) 4.3 764.66 =C9/1/4 =D9/223.8475694 0.27
CHO (B/4) 5.3 =C9/4 =C10/1/1 =D10/223.8475694 0.27
CH=CH (A) 5.4 =314.35 =C11/3/2 =D11/223.8475694 0.15
(C9/4)

Key: Mest-Norm. Int. = Normalised integrals as read directly from Nesova ®, C, D and £ = MICTOSOT EXcel® cell labels, A, B, G, D, E I, G and (italicised) = Distinct signal area labels
(fatty acid and triglyceride Spectral details of fraction Ja 100 were used for this example.
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Table 5.4: Spreadsheet format and fomulas used for elucidation of proton NMR elucidation

Saturated Presence Test Total Average Proton Average Chain Length Ave. Chain Lgth. Mest
Adjusted Integral
Proton
=STDEV(D3, =SUM(D3,D5 =D15/4 =SUM(E3,E4,E5,(E6*2),E7 =SUM(H3,H4,H5,(H6*2),H
D5,D7,D10) ,D7,D10) ,E8,E9,E10,(ETR),1) 7,H8,H9,H10,(H11*2),1)
ratio of 2.0: 0.8 = 0.24 =D3-E15 =POWER(D16,2 =STDEV(E3,E5,E7,E10)
<1.3333 )
=D5-E15 =POWER(D17,2
)
Therefore Saturated chain =D7-E15 =POWER(D18,2
present )
=D10-E15 =POWER(D19,2
)
=AVERAGE(E1
6:E19)
=SQRT(E20)

Key: Ave. Chain Lgth. Mest Average chain length as read directly from Mestrenova 9® ; D and E = MICrOSOTt EXCE® Cell 1abels; H(n)=proton arnmriopdatty acid or glyceride.
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Ja 6\MRA data:'H NMR (500 MHz, CD€l | ¢ 8=0715 Hz, OH), 1.687

1.54 (m, 2H), 1.41z 1.11 (m, 26H), 0.88 (t,J= 6.9 Hz, 3H) was identified as

heptadecanic acid (Margaric acid) based on similar resultslblinson and Shoolery

(1962);Guillén and RuiZ20030; MartinezYustaet al.(2014). As in the analyses Ja

64 the number of carbons was approximated thus: the methylene resonances from

peak range -B ppmwere taken as two protons per carbon and one carbon per the

three methyl protons (0.88 ppm); summing integrated areas from the spectrum

(Spectrum detail:Appendix [V); (Table 5.6), we get[(1.93/2) + (2.10/2) +
¢u8uvao7f¢ . Addhgr thiefcarbon from phe carbonyl gives 17 carbon

atoms.

Jab® s N MBI NMRB (560 MHz, CDGl | ¢ & 3.5Hz, 28)h1.7(¢
1.56 (m, 2H), 1.28 (dJ= 21.3 Hz, 26H), 0.88 (t./= 6.9 Hz, 3H) showed it to be a
saturated fatty acid its normalised integral values suggest it has a 17 carbon chain

(Heptadecanoic acid)(Margaric acidaple5.7) (Spectrum detailAppendix VII).

Analyses of spectral data fda 76 (compare discussion on Ja 64H[NMR (500
MHz, CDCLs) § i 5.234(rh, 2H), 2.37 2.25 (m, 2H), 2.08 1.96 (m, 2H), 1.63
(dt, J = 14.4, 7.1 Hz, 2H), 1.40 1.07 (m, 19H), 0.88 (t) = 6.8 Hz, 3H)] revealed it
was a monounsaturated fatty acid; specifically heptadecenoic aalde(5.8), (

Spectrum detailAppendix XI).
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5.7.2 Characterization of Ja69as hexadecanoic acid

Ja 69 SHNMR (Table5.9) showed it to be a saturated fatty acid and that it had a

chain length of fifteen carbons. The spectral d4taNMR (500 MHZ, CDGI 1 ¢8au
(T, J= 7.5 Hz, 2H), 1.63(DT, J= 14.9, 7.4 H, 2H), 1.387 1.10 (M, 24H), 0.88 (T,J

= 6.9 HZ, 3H)]is consistent with literature reports for hexadecanoic acid (palmitic

acid) (Aboabaet al.,2011), Spectrum detailAppendix VIII).

The carbon signal aent with litérat@e r@pdrts forafree faitpy t c o
acids (a 1 7 et.ab @010). (Twdumkhowrvsignal may be due to

concentration effects as most of the authors worked on whole oils.

5.7.3 Characterization of JSEA2 methyl oleate (Z-Octadecenoic acid methyl

ester)

'H NMR (500 MHz, CDC)) U 155.23 §m, 1H)(Olefinic), 3.60 (s, 3H)
(methoxy), 2.24 (t,J = 7.5 Hz, 2H)(H-2), 2.047 1.90 (m, 2H}Allylic), 1.57 (t,J =
6.6 Hz, 2H) (H3), 1.23 (dJ = 22.9 Hz, 21H)Methylene envelope)0.82 (t,J = 6.8
Hz, 3H) (Methylic). (Spectrumdetail Table 510a, Table 5.10b and Table 3.0c:

Appendix XXIX-Q).
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Table 5.5: Signal Characteristics for Ja 64

'C/I:tl,tei?let Shit Range H's Class J's Normalised  AbsoluteIntegral Functional group
1 C(m) 163 1.67..159 2 m 2.15 41075.39 -OCOCH-CH>- (acyl chains)
2 A1) 0.88 0.91..0.85 3 t 6.85,6.85 3.00 57338.86 -CHs
3 B() 128 1.40.1.20 26 d 21.20 26.26 501811.07 ~(CH2) - (acyl chains)
4 D) 234 2.38..231 2 t 7.49,7.49 2.06 39318.25 -OCO-CH2- (acyl chans)

Key: J = coupling constant; m = multiplet; t = triplet; d = doublet
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Table 5.6: Signal Characteristics for Ja 65

Multiplet Label Shift Range H's Class J 6 s Normalised AbsoluteIntegral Functional group
1 C(m) 1.63 1.68..1.542 m 2.10 11403.52 -OCOCH:-CH;- (acyl chains)
2 A1) 0.88 0.91..0.81 3 t 6.94, 6.94 3.00 16294.62 -CHs
3 B(m) 129 1.41..1.1126 m 25.53 138654.99 -(CHz)n- (acyl chains)
4 D (1) 234 237.2322 t 7.54,7.54 1.93 10477.55 -OCO-CH- (acyl chains)

Key: J = coupling onstant; m = multiplet; t = triplet
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Table 5.1: Signal Characteristics for Ja 68

Name Shift Range Hs Class * 6 O Absolute Integral Normalised Functional group
1 C(m 164 1.70..1.56 2 m 46202.11 2.12 -OCOCH-CH:2- (acyl chains)
2 A(t) 0.88 0.92..0.84 3 t 6.94, 6.94 65299.53 3.00 -CH;
3 B(d 1.28 1.41..1.09 26 d 21.29 573488.73 26.35 -(CHy)n- (acyl chains)
4 D(t) 235 241.230 2 t 7.52,7.52 46231.68 2.12 -OCO-CH2- (acyl chains)

Key: J = coupling constant; m= multiplet; t = triplet; d = doublet
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Table 5.8: Signal Characteristics for Ja 76

Multiplet Shift Range H's Signal J's Normalised Absolute Functional group

Class Integral Integral
C (dt) 163 167..155 2 dt 7.09, 7.09, 14.3¢2.01 56158.87 -OCOCH-CH>- (acyl chains)
A (1) 0.88 0.94.0.76 3 t 6.78, 6.78 3.00 83616.67 -CHs
E (m) 231 237..225 2 m 1.83 51132.07 -OCO-CH»- (acyl chains)
D (m) 203 2.08..196 2 m 1.59 44313.10 -CH2-CH=CH (acyl chains)
B (m) 132 1.40..1.07 19 m 18.56 517334.84  -(CH2)n- (acyl chains)
F (m) 532 5.41.523 2 m 0.95 26553.21 -CH=CH- (acyl chains)

= coupling constant; m = multiplet; t = triplet;
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Table 5.9: Signal Characteristics for Ja 69

Multiplet  Shift Range Hs Class J 0 s Absolute Normalised Functional group
Label Integral Integral
1 C(m) 1.29 1.38.1.10 24 m 79444655.43 24.33 -(CHz)n- (acyl chains)
2 A() 235 2.38..231 2 t 7.53, 7.53 7013519.92 2.15 -OCO-CH2- (acyl chains)
3 B (di) 1.63 1.67.157 2 dt 7.42,7.42,14.89 9117845.33 2.79 -OCGCH:-CH:- (acyl chains)
4 D(t) 0.88 0.91.085 3 t 6.87, 6.87 9795372.78 3.00 -CH5

Key: J = coupling constant, m = multiplet; t = triplet; d = doublet

120



Table 5.10a: Prominent COSY correlations and characterisationdor JISEA2

f1 (ppm) f2 (ppm) Coordinate character (f1)

Coordinate character (f2)

11.26
22.00
32.22
40.81

1.57
5.29
1.57
1.21

Methylene envelope

Allylic
H-2
Methylic

H-3

Olefinic

H-3

Methylene envelope

Table 5.10b: Prominent HSQC correlationsand characterisations for JSEA2

f1 (ppm) f2 (ppm) Coordinate character (f1) Coordinate character (f2)

51.16
24.72
29.51
27.00
129.68
14.39
33.83

N o ok WwN R

3.60
1.57
1.25
2.00
5.27
0.82
2.24

Methoxyl carbon

C-3 Carbon
Methylene
Allylic carbon

Olefinic carbon
Methylic carbon

C-2 carbon

Methoxyl proton
C-3 proton
Methylene proton
Allylic proton
Olefinic proton
Methylic proton
C-2 proton

121



Table 5.10c: Prominent HMBC correlations and characterisations for JISEA2

fl f2 Coordinate character Coordinate character Reference
(ppm) (pPm) (f1) (f2)
1 129.6€1.26 Olefinic carbon Methylene proton (Vlahovet al.,2010)
2 129.6€2.00 Olefinic carbon Allylic proton
3 28.96 1.57 Methylene C-3 proton
4 27.00 1.25 Allylic carbon Methylene proton
5 2472 1.25 C-3 Carbon Methylene proton
6 24.72 2.24 C-3 Carbon C-2 proton
7 174.1C2.24 Ester (Carbonyl) C-2 proton
8 33.83 1.57 C-2carbon C-3 proton
9 31.84 125 Methylene (Gl6of ., hion
Oleate)
1027.00 5.27 Allylic carbon Olefinic proton
1113.87 1.20 Methylic Carbon Methylene proton
1228.94 2.22 Methylene Methylene proton
1329.06 1.24 Methylene Methylene proton
1433.83 1.24 C-2 carbon Methylene proton
1531.84 0.82 Methylene (C16 of Methylic proton (Vlahovet al, 2010)
Oleate)
1629.02 2.00 Methylene Allylic proton
17174.1(3.60 Ester (Carbonyl) Methoxyl proton
1829.56 5.27 Methylene Olefinic proton
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—— HMBC (H-C)
s 'H-'H COSY

Structure 6:J SEA20s NMR i s consonamtethyhaleatdh st r uc i
(9-Z-Octadecenoic acid methyl ester)

5.7.4 Characterization of JSEA46

'H NMR (500 MHz, CDCL) U 1 2.18418, 2HYH-2), 1.61 (dtJ = 14.2, 7.1 Hz,

2H) (H-3), 1.387 1.12 (m, 16H)(Methylenes) 0.87 (t,J = 6.9 Hz, 3H)(Methyl).
Integration & signal areas 2.31 ppm, 1.61 ppm, 11128 ppm and 0.87 ppm, with
signal 0.87 ppm normalised to three protons, showed 2 H, 2 H, 16 H (eight methylene
groups) and 3 H (one methyl group) respectiv§lyable 5.11). JSEA46 is

demonstrably, Dodecanoic acidaflric acid), asaturated fatty acid (Figure 5.1
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Table 5.11: Signal Characteristics for JSEA46

Name Shift H's ClassJ's Functional group
1D(m)1.29 16 m -(CHy)n- (acyl chains)
-OCO-CH2- (acyl chains)

2B(M)2.312 m

3C(d)1.612 dt 7.10, ¥.25-OCO-CH,-CH,- (acyl chains)
4E(f) 0873 t  6.92 6.92-CHs

JSEA46_PROTON_cdcl3_20151012_01
ISEA46

1.25

B (m) C(dd) D (fh) E(t)
2.31 1,61 1.20 0.87
A — —f F—

&
2 3 & 8
= ~ S -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3.9 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.3 2.1 1.9 1.7 1.5 1.3 1.1 0.9 0.7
f1 (ppm)

Figure 5.1 1H NMR spectrum for JSEA46

5.7.5 Characterization of Ja96

Ja 96hadthe following NMR data’H NMR (500 MHz, CDCY) U 2)=3.4Hz( t ,

1H), 2.10 (d,J = 9.7 Hz, 1H) [was igored in chaifdength calculation on account of
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its small integral size], 1.62 (dd,= 14.3, 7.0 Hz, 1H), 0.88 (] = 6.7 Hz, 3H),
(Spectrum detailAppendix XXII) (Johnson and Shoolery, 1962).##NMR showed
it to be a saturated fatty acid with a chdength of fourteen carbons (compare

elucidation for Ja64).

5.7.6 Identification of Ja 66as a Triglyceride

Ja 660 $H NMR(500 MHz, CDC}) U 1 5.1841f, 3H), 4.34 4.00 (m, 4H), 2.35

(d, J = 7.6 Hz, 2H), 2.02 (d] = 5.6 Hz, 4H), 1.65 1.60 (m, 2H), 1.28 (d] = 21.9

Hz, 50H), 0.88 (tJ = 6.8 Hz, 3H)showed it to be a triglyceride; its normalised

integral values suggest it has anrage chain length of 20. The ratio of signals at

2.02 ppm: 0.88 ppm (allylic proton area to methylic proton area) was found to be
(0.13), a figure less than 4/3 but close to 0.4 therefore two acyl chains are saturated
(Guillén and Ruiz, 2003). Characteitssignals at 4.22 and normalised integral values
suggest it is a triglyceride (Guillén and Ruiz, 2003a; Nieslaevarriaet al., 2015),

(Spectrum detailAppendix A ) . Shifts at d 5.33 ppm (o
(allylic) indicate a single double bond in the triglyceride (TahiE2) (Guillén and

Ruiz, 2003).

Data from the HSQC experi ment showed i nt
5.35) andolefihc car bons (0 130.17) ; the glycery
0 68.57 and étal.e250.1109) .( VNl haeh osvi g nal at U 68.
groups in position two on the glyceryl b

correspond to@yl groups at position 1 and 3 on the glyceryl backbone.

The HMBC experiment showed interaction be

allylic carbons (U0 2[{snD Stereospekificenuntpériggt e r vy |
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interacted with glyceryl carbonat-8 posi t i on (manndBe pboions; in |
at sn3 interacted with the carbon at-&8n posi t i o nspediral de@i&. 5 7 ) (

Appendix V-C 1T Appendix AC2).

A COSY interaction betwe2)n agndy clerdy.l-l4preaond

1, 3) conirmed the triglyceride nature of Ja66.

The carbon signal at 0 24.86 indicates an
ati 3 Andicat@s saturated acyl groups at positiorl md 3. In summary Ja6é6 is a
triglyceride with two saturated acyl grps at position sfi, 3and an oleate group at

position sAl.

5.7.7 Characterization of Ja 67

Ja6Mms s pec’HNMR (508 MHzACDEY) U 15.264m, 2H), 4.26 4.07

(m, 2H), 3.97i 3.87 (m, 1H), 3.65 (ddd] = 17.2, 11.5, 4.9 Hz, 2H), 2.33 (dt=

19.7, 7.5 Hz, 2H), 2.04 1.95 (m, 2H), 1.63 (df] = 14.7, 7.4 Hz, 2H), 1.481.09 (m,

21H), 0.88 (tJ = 6.9 Hz, 3H)]indicated an acyl chain length (number of carbons) of
16. It was approximated thus: the methylene resonances from peak r@ngeni
weretaken as two protons per carbon, one carbon per the three methyl protons (0.88
ppm) and one carbon per proton for the olefinic protons (5.34 ppm); adding together
integrated areas from the spectrum, g@§@&29/2) + (2.08/2) + (20.82/2) + (3.00/3) +
067/ 1) + ( O(Crav@her22008%(Tatl&1B). Adding the carbon from the
carbonyl gave 16 carbon atoms. Characteristmohoglyceride resonances at 3.93
ppm for the glyceryl proton at shposition, 3.65 ppm for the glyceryl protons at3sn
position and 4.18 ppm for protons at-%nposition show that Ja 67 is indeed a

monoglyceryl ester of hexadecenoic acid (Palmitoleic acid) where the acyl group is at

126



the snl position(NievaEchevarriaet al, 2015) (Spectrum detailAppendix VI).
Shifts4 agpm (5al3efinic) and U 2.02 ppm

in the monoglyceride (Guillén and Ruiz, 2003).

5.7.8 Characterization of Ja75

J a sPHNMR showed it to be a triglyceridés proton NMR data*H NMR (500
MHz, CDCk) U 7 %.214(rh,3H), 4.21 (dd,ddJ = 17.7, 11.8, 4.9 Hz, 4H), 2.37
2.24 (m, 2H), 2.09 1.95 (m, 4H), 1.67 1.52 (m, 2H), 1.28 (dd] = 23.2, 14.5 Hz,
24H), 0.87 (t,J = 6.8 Hz, 3H)showed one of its chains is saturated and that its
average chain length is 15 carbdoras. The ratio of signals at 2.01 ppm: 0.88 ppm

(allylic proton area to methylic proton area) was found to be (0.34), a figure less than

4/3 but close to 0.4 therefore two acyl chains are saturated (Guillén and Ruiz, 2003).

Characteristic signals at 4.2dnd normalised integral values suggested it is a
triglyceride Guillén and Ruiz, 2003Crowther, 2008; Niev&chevarriaet al.,2014)
(Spectrum detailAppendi x X) . Shifts at a 5.30
(allylic) indicate a single double bond ihet triglyceride (Knothe and Kenar, 2004;

Vlahov, 1999 Soininenet al, 2012).
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Table 5.12: Signal Characteristics for Ja 66

Multiplet Shift Range Hs Class J 6 s Normalised Absoluteintegral  Functional group

label
1 C(m) 163 1.65.160 6 m 5.94 792701.44 -OCGCH:-CH,- (acyl chains)
2 A() 0.88 0.96..0.75 9 t 6.84, 9.00 12007159.95 -CHs

6.84

3 F(m) 422 434.400 4 m 3.70 4932655.98 CH,OCOR (glyceryl group)
4 E(d) 235 237..232 6 d 7.56 6.31 8418500.68 -OCO-CH»- (acyl chains)
5 D (d) 202 2.09..192 4 d 5.58 3.57 4768702.74 -CH,-CH=CH (acyl chains)
6 B (d) 128 143.111 57 d 21.95 57.25 76383961.58 -(CH.) - (acyl chains)
7 G(m) 533 5.40..5.18 3 m 2.88 3837683.86 >CHOCOR (glyceryl group)/

-CH=CH- (acyl chains)

Key: J = coupling constant; m = multiplet; t = triplet; d = doublet
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Table 5.13: Signal Characteristics for Ja 67

Multiplet ~ Shift  Range H's Js Normalised Absolute Integral Functional group
Label
1 C(m) 393 397.387 1 0.45 11444.65 ROCH,-CHOH-CH,OH
Glyceryl groupin 1-MG
2 A(m) 534 5.40..5.26 2 0.67 17066.42 >CHOCOR (glyceryl group)/
-CH=CH- (acyl chains)
3 H(m) 1.32 1.43..1.09 21 20.82 531837.73 -(CH,),- (acyl chains)
4 G (dt) 1.63 1.67..1.57 2 7.39,7.39,14.71 2.29 58408.59 -OCO-CH,-CH - (acyl chains)
5 F(m) 2.02 2.04..1.95 2 0.99 25351.14 -CH,-CH=CH- (acyl chains)
6 E (dt) 233 2.38..224 2 7.47,7.47,19.70 2.08 53191.63 -OCO-CH2- (acyl chains)
7 D (ddd) 3.65 3.74..351 2 4.89, 11.47,17.2: 0.72 18412.82 ROCH,-CHOH-CH,OH
Glyceryl group in IMG
8 B(m) 418 4.26..4.07 2 1.56 39759.11 ROCH,-CHOH-CH,OH
Glyceryl group in IMG
9 I(t) 0.88 0.96..0.77 3 6.90, 6.90 3.00 76625.57 -CH;
Key: J = coupling constant; m = multiplet; t = triplet; d = doublet
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Table 5.14: Signal Characteristics for Ja $

Shift Range Absolute Integral H's J 6 s Functional group

(pPm)
11.74..1.51 25304.19 2 -OCO-CH,-CHg- (acyl chains)
21.00..0.73 35482.75 3 6.7 Hz -CH3
3243..2.23 29181.21 2 7.4 -OCO-CH,- (acyl chains)
42.18..1.85 14029.88 0 9.7 -CH,-CH=CH- (acyl chains)
51.47..1.11 249063.91 20 -(CHy),- (acyl chains)
65.37..5.29 1194.83 0 -CH=CH- (acyl chains)
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Table 5.15: Signal Characteristics for Ja 75

Multiplet Shift ~ Range Hs Jo6s Absolute Normalised Functional group
Integral Integral
1 C(m) 2.33 2.37..2.24 2 13172.08 6.09 -OCO-CH3- (acyl chains)
2 A(m) 5.30 541..521 3 5713.85 2.64 >CHOCOR (glyceryl group)/
-CH=CH- (acyl chains)
3 F(dd) 1.28 1.50..1.09 24 14.46, 23.23 136184.17 62.95 -(CH2) - (acyl chains)
4 E(m) 1.62 1.67..152 2 15686.03 7.25 -OCOCH-CH:2- (acyl chains)
5 D(m) 2.01 2.09..1.95 4 8351.29 3.86 -CH,-CH=CH (acyl chains)
6 B (dd,dd) 4.21 432..4.11 4 4.94,11.82, 6281.62 2.90 CH.OCOR (glyceryl group)
17.70
7 H(@®) 0.87 0.93..0.80 3 6.84, 6.84 19469.95 9.00 -CHs

Key: J = coupling constant; m = multiplet; t = triplet; d = doublet
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5.7.9 Characterization of Ja77

A study of proton NMR data fata 77 *H NMR (500 MHz, CDCJ) U i 5.264r2,

2H), 4.211 4.05 (m, 5H), 2.34 (1) = 7.4 Hz, 2H), 2.07 1.96 (m, 4H), 1.63 (dt)=

7.43, 7.43, 15.04 Hz, 2H),1.361.20 (m, 28H), 0.88 (1] = 6.8 Hz, 6H)(Table 5.16.
Characteristic signals at 4.16 and normalised integral valgggested it to be a 1,3
diglyceride Guillén et al.,2003; Majid and Pihillagawa, 201Bulamaet al.,2015,

(Spectrum detailAppendi x X1 1) . Signal s at a4 5. 34
indicate a single double bond in the -tjglyceride (Guillén ad Ruiz, 2003). The

ratio of signals at 2.01 ppm: 0.88 ppm (allylic proton area to methylic proton area)

was found to be (0.32), a figure less than 4/3 bespeaking that one of the acyl chains is
saturated(Vlahov et al, 1999) (Spectrum detail:Appendix Xl). Its normalised

integral values suggest it has an average chain length of 22. It carbon NMR data:

C NMR (126 MHz, CDG)) © 179.21 (Free fatty acid)
130.16, 129.85(olefinic carbon), 68.53 (Glyceryl backbone: monoglyceride), 65.18
(glyceryl backbone,monoglyceride) 34.26, 34.06 (oleate or linoleate group at position

Sn2), 32.07, 32.05, 31.93, 31.781.67, 29.91, 29.84, 29.80, 29.74, 29.67, 29.60,

29.58, 29.51, 29.47, 29.39, 29.27, 29.24, 29.22 (methylenic carbons), 27.37 (allylic
carbons), 25.78, 25.04, 24.85 (oleate or linoleate group at positi?), 22.84,

22.83, 22.72, 21.23, 14.26 (methyliarbon) (Vlahovet al, 2010)(Spectrum details:

Appendix XII'T Appendix XI-E). Prominent HSQC correlations showed interactions
betwen ol efinic protons and o-lGelf2i9ni8c5) ¢ arad

bet ween glyceryl carbons and glyceryl pro

132



Table 5.26: Signal Characteristics for Ja 77

Name Shift Range H's  MultipletClass J 0 s Normalised Functional group
Integral
1 C(t) 234 237.232 2 t 7.43,7.43 3.13 -OCQCH;- (acyl chains)
2 A(m) 534 542.5.26 2 m 2.01 >CHOCOR (glyceryl group)/
-CH=CH- (acyl chains)
3 E(m) 1.28 1.36..1.20 28 m 28.30 -(CH2)n- (acyl chains)
4 G(dt) 1.63 1.70..1.52 2 dt 7.43,7.43, 15.041.96 -OCQOCH-CH:- (acyl chains)
5 D(m) 201 2.07.1.96 4 m 2.46 -CH,-CH=CH (acy! chains)
6 B(m) 416 4.21..4.05 5 m 2.39 CH,OCOR (glyceryl group)
7 F() 0.88  0.90..0.85 6 t 6.82, 6.82 6.00 -CH;s

Key: J = coupling constant; m = multiplet; t = triplet; d = doublet; dt = doublet of triplets
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cartbonl 3 data however showed a significant

(oleic) (Vlahovet al.2010).

5.7.10 Characterization of Ja78

Ja7% s pr ot on'HNMRR500 MHz,aCDCf) U 1 5.184n5, 3H), 4.38
4.01 (m, 4H), 2.76 (1) = 6.6 Hz, 2H), 2.39 2.19 (m, 2H), 2.12 1.96 (m, 2H), 1.66

i 1.52 (m, 2H), 1.40 1.11 (m, 64H), 0.87 (] = 6.9 Hz, 9H).

It was determined from pton NMR data thafla 78is a triglyceride with awenty
carbonatom average chain length based on normalised proton integrals $ThRble

The ratio of signals at 2.0 ppm: 0.88 ppm (allylic proton area to methylic proton area)
was found to be (0.6), a fige less than 4/3 indicating that two of the acyl chains are
saturated $pectrum detail: Appendix XIlIl). The total degree of unsaturation was
found to be 1.10 (the sum of normalised proton integrals for allylic, bisallylic and

olefinic protons). From it$C NMR data:

3%C NMR (126 MHz, CDCJ) a 174.07 (glyceryl ester) .
128.02 (olefinic carbons), 68.47, 65.15 (glyceryl backbone carbofis:asd snl,2
respectively), 34.24, 34.18 (linoleate group in positiorl2sn34.07 (saturatedrgup

in position sAl and 3), 32.05, 32.03 (saturated), 31.65 (linoleate), 29.90, 29.87,
29.83, 29.78, 29.74, 29.72, 29.65, 29.61, 29.56, 29.49, 29.44, 29.40, 29.37, 29.30,
29.28, 29.25, 29.20, 29.17, 29.10 (methylenes), 27.35, 27.30, 25.76, 22.82, 22.70,

14.38, 14.24, 14.19 (methylic) (spectrum details: Appendix VAppendix VIX).
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Ja78 is a triglyceride with two saturated acyl groups (positioris amd sr3) and a

linoleate group in position s2.

5.7.11 Characterization of Ja79

Ja7%9 s pr ot on'H NMRR500MHz,CDCY) U i 5.214m0, 3H), 4.34
4.04 (m, 4H), 2.78 2.72 (m, 2H), 2.30 (qdl = 12.9, 7.0 Hz, 6H), 2.001.95 (m,
2H), 1.60 (d,J = 6.4 Hz, 6H), 1.45 0.98 (m, 44H), 0.86 (1] = 6.7 Hz, 9H)showed

it to be a triglyceride (Tablg.18) thus:

Its average chain length was 15 carbon atoms based on normalised proton integrals.
The ratio of signals at 2.0 ppm: 0.88 ppm (allylic proton area to methylic proton area)
was found to be 0.4, less than 4/3, showing that two of the acyl chaindastesh
(Spectrum detailAppendix XIV). The total degree of unsaturation was found to be
0.56 (the sum of normalised proton integrals for allylic, bisallylic and olefinic

protons).
5.7.12 Characterization of Ja80

J a sBpfotdbn NMR datdH NMR (500 MHz, CDCY) U i 5.283(®, 2H), 4.18
(ddd, 2H), 3.96 3.89 (m, 1H), 3.64 (ddd, 2H), 2.31 (db= 24.1, 7.5 Hz, 2H), 2.00
(dd,J = 21.7, 9.9 Hz, 1H), 1.60 (d,= 6.3 Hz, 3H), 1.45 1.04 (m, 16H), 0.86 (1] =
6.8 Hz, 3H) showed it was artonoglyceride with aingle double bond and a 17

carbon chain§pectrum detailAppendix XV).

5.7.13 Characterization of Ja81
NMR spectral analysis afa 81 provided the following datatH NMR (500 MHz,
CDCl) 0 i%.263(9, 2H), 4.18 (ddd, 1H), 3.973.90 (m, 1H), 3.65 (ddd, 2H)
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Table 5.17: Signal Characteristics for Ja 78

Name  Shift Range H's Normalised Class * 6 O Functional group
Integral
1 C( 2.76 2.81.. 2.68 2 0.34 t 6.58, 6.58 -CH=CHCH-CH=CH (acyl chains)
bisallylic
2 A (m) 5.33 5.45..5.18 3 1.00 m >CHOCOR (glyceyl group)/
-CH=CH- (acyl chains)
3 G (m) 1.27 1.40..1.11 64  11.93 m -(CH2)n- (acyl chains)
4 F (m) 1.62 1.66.. 1.52 2 1.68 m -OCGOCH-CH:2- (acyl chains)
5 E (m) 2.03 2.12.. 1.96 2 1.16 m -CH>-CH=CH (acyl chains)
6 D (m) 2.31 2.39..2.19 2 1.57 m -OCQOCH:- (acyl chains)
7 B (m) 4,23 4.38.. 4.01 4 1.25 m CH>OCOR (glyceryl group)
8 H () 0.87 0.89..0.85 9 1.55 t 6.89, 6.89 -CHs

Key: J = coupling constant; m = multiplet; t = triplet; d = doublet
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Table 5.18: Signal Characteristics for Ja 79

Mult. label/Class Shift Range Hs Integral * &6 O Functional group
1 C(m) 2.74 2.78..2.72 2 0.18 =HC-CH>-CH= (acyl chains)
2 A(@m) 5.32 5.40..5.21 3 1 >CHOCOR (glyceryl group)/
-CH=CH- (acyl chains)
3 G(m) 1.25 1.45.. 0.98 44 23.97 -(CH2)n- (acyl chains)
4 F(d) 1.6 1.67..1.51 6 3.08 6.44 -OCQOCH-CH:2- (acyl chains)
5 E(m) 2.01 2.09..1.95 2 1.74 -CH2-CH=CH (acyl chains)
6 D (qd) 2.3 2.36.. 2.22 6 2.5 6.95, 12.89, 12.54, -OCQCH:- (acyl chains)
12.54
7 B(m) 4.19 4.34.. 4.04 4 1.6 -CH>OCOR (glyceryl group)
8 H(Y) 0.86 0.95.. 0.65 9 4.96 6.73, 6.73 -CHz

Key: J = coupling constant; m = multiplet; t = triplet; d = doublet; qd =

137



2.35 (t,J = 7.3, 3.4 Hz, 2H), 2.06 1.96 (m, 2H), 1.61m, J = 6.3 Hz, 2H), 1.41

1.01 (m, 18H), 0.87 (1] = 6.5 Hz, 3H). This showed it was the same compound as Ja

80. The acyl chain was found to be 17 carbons long extrapolating from proton signal
areas after normalising the methyl signa
(ddd, 1H) [skl], 3.971 390 (m, 1H) [sR2], 3.65 (ddd, 2H) [st3] for glyceryl

prot ons an e proton? on3nhb acyl maiety iirhonoglyceride showed Ja

81 to be a dmonoglyceride (Nievachevarriaet al., 2015), Spectrum detail:
Appendi x XVI) . Si gcnaleasndatd 02 .50.23 4( a(ldlye fiicr

double bond in the-tnonoglyceride (Guillén and Ruiz, 2003).

5.7.14 Characterization of Ja82

Ja 82had the followingH NMR (500 MHz, CDC}) U 4 J=218.6, {.5 Hiz, 1H),

4.207 3.96 (m, 2H), 3.93 3.74 (m, 1H), 317 3.53 (m, 1H), 2.32 2.19 (m, 6H),

2.01 (dd,J = 31.9, 14.1 Hz, 2H), 1.64 1.46 (m, 6H), 1.44 1.05 (m, 28H), 0.96

0.72 (m, 7H). Characteristic signals at 3.62 ppm, 3.84 ppm, 4.08 ppm and 4.28 ppm

for glyceryl signals of dmonoglyceride (st8), 2monoglyceride (sti and sk3), 1,3

diglyceride (sAl, sr2 and sr3) and 1,2 diglyceride (snl) respectively indicating Ja

82 to be a mixture (Nievachevarrieet al.,2015). A ratio of signal areas at 2.0 ppm:

0.8 ppm was found to be less than 4:3 intiincapresence of at least one saturated

acyl group in the mixture [Since every mole of monoenoic acid or polyunsaturated
fatty acid has four allylic protons, t he
2.05) ppm and ter mi n &l0.8imleltppny) llower thdn 4:3 | | c h

(1.3333) indicates at least one acyl chain is saturated; the ratio is zero for glycerides
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containing only saturated chains] (Vlahov, 1999péctrum detailAppendix XVII).
Average chain length and total degree of unsaarratere calculated as described by
Crowther (2008) and found to be 12.05 and 0.24 respectigbectrum detail:

Appendix XXIX-J).

5.7.15 Characterization of Ja83 as adigalactosyldiacylglyceride

'H NMR (500 MHz, CDC)) & 6J=919.0 Kizd 1H), 6.87 (dJ = 8.7 Hz, 1H),

6.01 (d,J = 16.9 Hz, 1H), 4.91 (dJ = 4.6 Hz, 1H)(anomeric sugar proton
probably galactosylig, 4.927 4.90 (m, 1H), 4.19 (s, 1H), 4.16 (d= 4.6 Hz, 2H,

4.14 (ddJ = 4.2, 2.0 Hz, 3H), 4.14(J = 6.2 Hz, 2H)(H-1a and H1b) 3.93 (d,J =

8.5 Hz, 4HjH-6a), 3.82 (d,J = 5.0 Hz, 3HjH-6b), 3.70 (ddJ = 4.1, 2.0 Hz, 2HJH-

3b), 3.69 (d,J = 2.2 Hz, 2H)(H-2), 3.60 (d,J = 9.4 Hz, 3H)(H-5), 3.59 (d,J = 8.0

Hz, 2H). The NMR data showed that had glyceryl chains [0.950.85 (methyls)

and methylenes(2.64, 2.32, 2.30, 2.29, 2.08, 1.59, 1.46, 1.37, 1.29,)1.2dd a
sugar moiety (6.01, 5.98, 5.71, 5.33, 4.87, 4.34, 4.29, 4.27, 4.16, 4.13, 4.11, 3.91,
3.87, 3.77, 3.68, 3.67, 3.66, 3.60, 3.8/K5, 3.44. Integration of the sugar region
showed that at least 20 protons were involved at which point at least 2 sugar units

were assume(Appendix XVIII) (Sato, 201k
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Figure 5.2: Analysis of Sugar moiety of Ja83

5.7.16 Characterization of Ja95

'H NMR (500 MHz, cdc}) U 4 .J 4 Z.8 Kzd 1H)(galactosylic anomeric

proton), 4.20 (ddJ = 12.1, 4.5 Hz, 1H), 4.16 (d,= 6.1 Hz, 1H), 4.10 (dd] = 15.3,

8.3 Hz, 2H), 3.95 (ddJ] = 13.3, 5.9 Hz, 3H), 3.923.86 (m, 8H), 3.81 (d] = 5.9 Hz,

3H), 3.68 (ddJ = 11.2, 5.6Hz, 1H), 3.61 (ddJ = 11.3, 60 Hz, 1H), 3.58 3.31 (m,

1H), 2.391 2.32 (m, 4H), 2.31 2.25 (m, 1H), 2.17 (s, 4H), 1.85 (dii= 26.7, 12.8
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Hz, 1H), 1.65 (ddJ = 15.3, 8.5 Hz, 5H), 1.14 (d,= 6.6 Hz, 2H), 0.97 (dd] = 6.7,

2.5 Hz, 2H), 0.92 (d] = 3.4 Hz, 2H), 0.69 (d] = 8.8 Hz, 2H).

Analysis of its spectral data showed to be propaldteroidal saponin (Figure 5.3

5.4).
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Figure 5.3: Analysis of galactosyl moiety of Ja95: HL = anomeric proton
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Figure 5.4 'H NMR spectrum of galactosyl regim of a monogalactosyl
diglyceride (Sato, 2015)

The signal at 4.42 is typical of galactosylic anomeric proton of saponins as
exemplified with the spectrum of galactosyl region of a monogalactoslyicdrgpe
(Sato, 2015)(Figure 5)Dther features that pdito a galactose moiety are labelled

H-1 to H6 in the spectrum for Ja 95 which are also evident in the literature.

5.7.17 Characterization of Ja97

Ja 97 MR data’H NMR data fH NMR (500 MHz,cda)) U 4. 18 (iddd,

3.76 (m, 1H), 3.65 (ddd, 2H), 2.33 {t= 16.8, 7.8 Hz, 2H), 2.162.02 (m, 2H), 1.68
T 156 (m, 2H), 1.400 1.13 (m,J = 11.6 Hz, 12H), 0.88 (t, 3H)] indicated a
monounsaturated-Wonoglyceride based on characteristic glycdrgtkbone signals
at 3.65 ppm [Stereospecific numbering-&n 3.94 ppm (st2) and 4.18 ppm (sh)
(Nievaechevarriaet al ., 2015); other signals at 5.35 ppm, 2.33 ppm, 2.1502
ppm, 1.63 ppm, 1.23.40 ppm and 0.88 ppm indicated olefinic protons? Hcyl

moiety, allylic methylenes, 13 acyl moiety, other methylenes (methylene envelope)
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and methyl group respectively (Johnson and Shoolery, 1962). Integration of signal
areas 2.35 ppm, 1.63 ppm, 1-130 ppm and 0.88 ppm, with signal 0.88 ppm
normalisedto three protons, showed 2 H, 2 H, 14 H and 3 H respectogglgistent

with a monoglyceryl ester of pentadecenoic acitH NMR spectrum for B¥ is

shown in Epectrum detailAppendix XXI12).

5.7.18 Characterization of Ja98

It was determined thala 98is a 1-Monoglyceride based ofH NMR data using
characteristic glyceryl backbone signals at 3.65 fpptareospecific numberingsn)

3)], 3.94 ppm(stR) and 4.18 ppm (sh) (NievaEchevarriaet al, 2015) other signals

at 2.35 ppm, 1.63 ppm, 14750 ppm and .88 ppm indicated 2 acyl moiety, H3

acyl moiety, other methylenes (methylene envelope) and methyl group respectively
(Johnson and Shoolery, 196Zable 4.19) Integration of signal areas 2.35 ppm, 1.63
ppm, 1.071.50 ppm and 0.88 ppm, with signal 0{&&m normalised to tiee protons,
showed 2 H, 2 H, 244 and 3 H respectivelyspecifically, consigent with
pentadecanoic acidH NMR (500 MHz, CDCJ) & 2 . 34 7.5(Hgz,,2H), 1.7

1.55 (m, 2H), 1.41 1.17 (m, 22H), 0.88 (] = 6.8 Hz, 3H)*H NMR spectrum for Ja

98 is shown in$pectrum detailAppendix XXIII).

5.7.19 Characterization of JSEA30

JSEA30 was deemed t o bStoserol and fatb lacgd mathyimi x t u 1

ester.'"H NMR (500 MHz, CDCJ) u 5. 66, 5.29, 5. 26, 4 .
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3.31, 3.29, 3.27, 3.23, 2.83, 2.70, 2.69, 2.68, 2.65, 2.64, 2.63, 2.51, 2.50, 2.49, 2.47,
2.38, 2.37, 2.35, 2.27, 2.23, 2.22, 2.21, 2.18, 2.16, 1.98, 1.96, 1.95, 1.94, 1.93,
1.91, 1.90, 1.89, 1.82, 1.81, 1.80, 1.78, 1.77, 1.74, 1.71, 1.69, 1.68, 1.65, 1.60, 1.59,
1.53, 1.47, 1.44, 1.39, 1.38, 1.35, 1.23, 1.18, 1.12, 0.94, 0.90, 0.89, 0.87, 0.86, 0.81,
0.80, 0.79, 0.77, 0.75, 0.73, 0.71, 0.70tHa absence of key data lik&C NMR and

other NMR experimentsit is difficult to characterisd SEA30further. The methylic

region has been compared in Figurel 5. wi t h -Sitoséetol froni litefature

(Wang, 2014)

5.10 Antimicrobial Activity of Isolated Compounds

Isolated compounds (Ja 64, Ja 65, Ja 66, Ja 68, Ja 69, Ja 75, Ja 77, Ja 82, Ja 97, Ja 100
and JSEA30), which are lipids, showed a remarkably simildenpadf sensitivity to

test microbes as the crude extracts. They were however more active at even lower
concentrations [Rmeter of zone of inhibitioi20-3 1 mm) ; MI C-15 25 ¢,
e/ mL) ] ( Taldhog Shigelld 8ysenteriae, Pseudomonas aeruginos
Aspergillus fumigatus, Aspergillus nigand Trichophyton rubrumwere however

resistanto all isolated compounds (Tablel3- 4.19. Lipids are believed to possess

a stimulatory effect on the immune system and for most thepatitogenic effects
aremodul ated through a(D&Rablg2000; Heenah POOE, r e s p o
Federicoet al, 2010; Suet al, 2013;Damiani and Ullrich, 2016Szostaket al,

2016).

144



Table 5.19: Signal characteristics for Ja98

S/N Signal (ppm) Annotations
1 0.88 Methylic

2 0.89 Methylic

3 7.26 Chloroformd
4 2.34 H-2

5 2.33 H-2

6 1.64 H-3

7 1.63 H-3

8 1.61 H-3

9 1.30 Methylene
10 1.28 Methylene
11 1.25 Methylene
12 0.86 Methylic

13 2.36 H-2
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Structure 7: Structures of compounds Characterised using NMR metltapclac6
Propyl-1- docosanoate-3- eicosanoat®- (6Z) octadees-enoate (b)
(Ja67) 2,3dihydroxypropyl (¥)-hexadeex-enoate (c) (Ja69)
Hexadecanoic acid(d) (Ja76) Heptadecenoic acide) (Ja77},2-
diglyceride of oleic and cerotic ac{f) (Ja78) Propytl,3-eicosanoate
2-linoleate
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acid (Margaric acid)
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATION
6.1 Conclusion

Raphia africanas an important plant in Nigerian ethmeedicine. The fruit mesocarp
is used in treating mouth sores among other ailments. Motivated by the numerous
applications oRaphia africanaand the lack of commensuratesestigations thereof,
fruit mesocarp of the plant was investigated thereby revealing several bioactive

compounds.

Extraction of the fruit mesocarp using different solvents-ge¢r, chloroform, ethyl
acetate and methanol) revealed that the plarérustddy contains an abundance of oil
with the petether extract yielding the highest (11.3 %) amount followed by
chloroform (8.5 %), ethyl acetate (6.4 %) and methanol (3.8 %). Phytochemical
screening of the extracts showed that it contained anthragsinasteroids,
triterpenes, alkaloids, cardiac glycosides and flavonoids with the ethyl acetate extract
having the widest range of metabolites but contained no saponins, the methanol
contained no anthraquinones in addition to having no saponins, the chiom{tract
contained but had no anthraquinones and flavonoids while thethmat extract

contained only steroids and triterpenes.

Preisolation studies using GCMS and HPLC showed that extractRaphia
africana contain flavonoids (isovitexin, kaempédr orientin, isoorientin, and
orientin) and steroids (stigmasterol, sitosterol, campesterol, cholesterol, cholestanol
and tocopherol). The GCMS study revealed numerous lipids including lauric acid,
hexadecanoic acid, octadecanoic acid, hexadecenoicatadecenoic acid and some

galactosylglycerides in addition to phytol. From this phytochemical investigation, the
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bulk of chemical constituents d®aphia africanafruit mesocarp can be listed as
diterpene alcohols (3,7,11Tetramethy2-hexadecei-ol), fatty acid methyl/ethyl
esters (methyl oleate, ethyl oleate), monoglycerides (Hexadecanoic acid 2
monoglyceryl ester, heptadecenoic acithdnoglyceryl ester, pentadecenoic acid 1
monoglyceryl ester, pentadecanoic ackndnoglyceryl ester), diglyceridesl,@-
diacylglyceride), triglycerides, monogalactosyldiacylglycerides, steroidal glycosides
(diosgenin type) and free fatty acids (heptadecanoic acid, hexadecanoic acid,
pentadecanoic acid, dodecanoic acid). These compounds may be responsible for the
observe activity on the pathogens used in this work hence lending credence te ethno
medicinal applications of this plant. The is also an initial report of the isolation of
these compounds from this plant and therefore this work is of chemotaxonomic

relevance tahe plant.

Antimicrobial analysis of the fractions using well diffusion method showed that they
were active against a range of bacteSadureus, E. coli, K. pneumoniaedS. typh)

and fungi C. albicans and Microsporum sp but were not effective agan
Aspergillus fumigatuand Aspergillus niger. The isolated compounds showed higher
but similar activity compared to the crude extracts. Ja 83 (a
monogalactosyldiacylglyceride) showed the largest zone of inhibition against
Staphylococcus aure80 mm),againstKlebsiella pneumoniaég81 mm) and 32 mm
againstShigella dysenteriagvhile showing the least zone agaimdicrosporum sp
[Ranges: diameter of zone of inhibitig20-3 1  mm) ; MI C-1(26 52 %= / emLml
Isolated compounds were inactive towardispergillus fumigatusand Aspergillus
niger. Severalfractions(Ja 69, Ja 75, Ja 77 and Jg &2re similarly active (MIC)
against Microsporum sppat 50 / mT rubrum C. albicansandE. coli at 12.5

e/ mba 77 (1,3liglyceride) was however ineffective again§t rubrum, P.
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aeruginosa and S. dysenteriae.Minimum bactericidal/fungicidal concentration
(MBC/MFC)f or t he fractions mostly mUAfew er ed
cases (Ja 82, Ja 100, Ja 97, JSEAaBO) how
higher concemations 6 0  ¢€) /weré required to killMicrosporum spp.and T.

rubrumthan other parasites. Ja 66 (triglyceride) showed a similar pattern oVitgacti

to Ja 68 (heptadecanoic acid) but was in addition to being ineffective against

rubrumand theAspergillialso not effective again§& dysenteriae

Lethality assay using brine shrimfremia salina showed that the ethyl acetate
extract obtaied via microwave assisted extraction and maceration to exhibit mild
toxicity (269.2 - 467.7 pg/mL). The extract obtained via microwave assisted
extraction and soxhlet extraction had the lowest LC50 values (269.2 pg/mL) against

brine shrimp.

6.1 Recommendhtions

Further studiesirf vivo) should be carried out on the extracts of the plant in order to
ascertain the effects of the fruit mesocarp on mouth sores. Since there are various
causative agents (bacterial, viral, fungal, cancer, stress) for vari@us tésults from

such a study would impact potential treatment of mouth ulcers and related ailments.

In vivo toxicity studies need to be carried out on animal models sinceafiea

plants are also used as fish poison in Sdahktern Nigeria (Igbo land)

The methanol extract revealed some glycosides and galactocyldiacylglycerides that

could not be completely characterized because of lack of required equipment. These
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need to be further characterised. While efforts are being made to characterise using
the necessary spectroscopic tools, it is recommended that further work be done using
a combination of spectral studies like high resolution mass spectrometry, quadruple

liquid chromatography mass spectrometry in order characterise them.

There is a need foronservation of this species (Raphia palms). Most of the giant
leaved specieR@phia hookejiare all but gone from many habitats where they were
found in large numbers. The shorter leaved varieties Riiphia africanaare also
endangered because of iscliminate destruction of the plants for other agricultural

purposes.

The consumption of this fruit is encouraged since the compounds are more beneficial
than harmful to human health as can be adjudged from the low toxicity and beneficial

nature of all te compounds identified.

The seed and other parts of the plant need to be studied for possible medicinal uses.
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APPENDICES

Appendix 1.GC profile for Ethyl acetate Crude Extract (IC)Rdiphia africana
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Appendix FA. GC-MS profile for Ethyl acetate Crude Extract (IC)R&phia africana
A Prelsolation Study

spgf 57
' ==
425
71
=
En -
qgs 235
2ES
o : Ay e e 40E 435 E03
=1 531 133 1531 1831 3I4Q 283 73 23d 23 253 2md &3] &30 &30 540
[Tzt Sl=) Bcan E352 {42321 min): 12.Odeta s
. 57
f{CO o
4325
74
En £4
. ' A0S 435 1z
T I 433 &3 Card
- g2
72 =z
':u-‘ 57 >
1 =531 123 153 1Ed 130 3¢d ITF3 =33 =3 ®5d =53 &xd &30 &80 510
Hesd 4a Tal M==E14 AMF=215
4Co =T
o
73 = - i, [ A
En g3 135 235 H
255 3z _
lJ|| 122 213 [ L L EE1 B 4m o423 43 =7,

o« - - - 1=
&1 53 133 153 41EJD 20 340 d 330 =231 3] 5] &3 <30 &2 540
Imanlb) Hexadecanobhs acld, 1sjhydronymelhy =1 Zcdancdiyd esler

182



Appendix B. GC-MS profile for Ethyl acetate Crude Extract (IC)Réphia africana

A Prelsolation Study
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Appendix FC. GC-MS profile for Ethyl acetate Crude Eact (IC) ofRaphia africana

A Prelsolation Study
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Appendix D. GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africana
A Prelsolation Study
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Appendix FE. GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africana
A Prelsolation Study
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Appendix FF. GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africana
A Prelsolation Study
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Appendix FG. GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africana
A Prelsolation Study
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Appendix FH. GC-MS profile for Ethyl acetate Crude Extract (IC) Raphia africana
A Prelsolation Study
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Appendix H. GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africanaA
Prelsolation Study
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Appendix FJ. GC-MS profile for Ethyl acetate Crude Extrg¢€) of Raphia africanaA
Prelsolation Study
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Appendix K. GC-MS profile for Ethyl acetate Crude Extract (IC)R&phia africana
A Prelsolation Study
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Appendix I-L. GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africana
A Prelsolaion Study
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Appendix |-M.GC-MS profile for Ethyl acetate Crude Extract (IC)Ré&phia africana
A Prelsolation Study
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Appendix Il -A. GC profile for Methanol Crude Extract (ID) Bfaphia africanaA Pre
Isolation Study
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Appendix Il -B. GC-MS profile for Methanol Crude Extract (ID) dRaphia africanaA
Prelsolation Study
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Appendix Il -C. GC-MS profile for Methanol Crude Extract (ID) &taphia africanaA
Prelsolation Study
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Appendix Il -D. GC-MS profile for Methanol Crude Extract (ID) &taphia africaa: A
Prelsolation Study
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Appendix Il -E. GC-MS profile for Methanol Crude Extract (ID) étaphia africanaA
Prelsolation Study
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Appendix Il -F. GC-MS profile for Methanol Crude Extract (ID) &taphia africanaA
Prelsolation Study
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Appendix IFG. GC-MS profile for Methanol Crude Extract (ID) &taphia africanaA

Prelsolation Stug
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Appendix Il -H. GC-MS profile for Methanol Crude Extract (ID) étaphia africanaA
Prelsolation Study
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Appendix Il -1. GC-MS profile for Methanol Crude Extract (ID) &aphia africanaA
Prelsolation Study
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Appendix Il -J. GC-MS profile for Methanol Crude Extract (ID) étaphia africanaA
Prelsolation Study
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Appendix IFK. GC-MS profile for Methanol Crude Extract (ID) &taphia africanaA
Prelsolation Stug
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Appendix Il -L. GC-MS profile for Methanol Crude Extract (ID) étaphia africanaA
Prelsolation Study
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Appendix Il -M. GC-MS profile for Methanol Crude Extract (ID) &aphia africanaA

Prelsolation Study
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Appendix Il -N. GC-MS profile for Methanol Crude Exdct (ID) ofRaphia africanaA
Prelsolation Study
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Appendix Il -O. GC-MS profile for Methanol Crude Extract (ID) étaphia africanaA

Prelsolation Study
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Appendix lll. *"HNMR Spectrum of Ja64
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Appendix IIl -A. *HNMR Spectrum of Ja64 (coupling comnsts)

211



PradicteqjtH NMR Spectrum
CH3
HO

PROTON_01
Ja_ot4

I 1 Y 1 1 T b/ I 4 T v T s I

13 12 11 10 9 8 6
f1 (ppm)

Appendix Il -A. *HNMR Spectrum of Ja64 (Compared with Margaric acid).
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Appendix IV. *HNMR Spectrum of Ja65
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Appendix IV -A. tHNMR Spectrum of Ja65 (Expansions around methylic and methylene regions)
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Appendix V-A. '"HNMR Spectrum of Ja66
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Appendix -C. HSQC Spectrum of Ja66
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Appendix V-C1. SOME RELEVANT EXPANSIONSHSQC Spectrum of Ja66
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Appendix V-C2. SOME RELEVANT EXPANSIONSHSQC Spectrum of Ja66
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Appendix V-D. COSY Spectrum of Ja66
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Appendix VI. '"HNMR Spectrum of Ja67
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Appendix VII. '"HNMR Spectrum of Ja68
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Appendix VIII. *"HNMR Spectrum of Ja69
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Appendix XXIV . 'HNMR Spectrum of Ja99
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Predicted 1H NMR [Spedirum
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Appendix XXV -A. STACKED STEROIDAL SAPONIN PREDICTIONHNMR
Spectrum of Ja100
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