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Abstract

Camels form an integral part of everyday life of Bedouins and other communities
living in arid/desert zones. There is evidence that these communities use camel milk
and urine for therapeutic purposes. The aim of this study was to determine the
chemical corposition of Rhanterium epapposuynmAstragalusspinosus, Tamarix
aphylla and Citrullus colocynthus-desert plants usecommonly in camel fodder
which may be a source of therapeutically active compounds that could be transferred

to camel body fluids.

Plants were investigated phytochemically amdange of compounds, including
phenolic compounds containing sulphur, welecidated; one of whichppears to be
novel. In addition, flavonoids, isoflavonoid derivatives, cucurbitacin, and

cucurbitacinglycosideswvere isolated from these plants.

Isolated compounds produced in adequate quantities were scrieenédo for
cytotoxic activity against human cancer cell lines: A375 (malignant melanoma),
PANC-1 (pancreatic carcinoma), A2780 (ovarian carcinoma);78R (breast
carcinoma), LNCaP (prostate carcinoma), and HelLa (cervical cancer) and a non

cancer (PNT2) cell lie using arAlamarBIlu€® assay.

In parallel, this study also attempted to examine miRNAs present in the plants, camel
milk and urine, which might have a therapeutic role via the dietary xenomir
hypothesis which suggests platgrived small nucleic acids can be passed through
the food chan to humans and potentially regulate human gene expression.

In conclusion, compounds were identified for the first time from camel fodder, some
of which had antcancer activity. In addition, to phytochemicals, preliminary data
showed the possibility ahiRNA molecules from these plants having an-aaticer

role to play.


http://alsirhan.com/Plants_s/Rhanterium_epapposum.htm
http://alsirhan.com/Plants_s/Citrullus_colocynthis.htm

List of Contents

Declaration

ACKNOWIEAGMENTS ... i eeee e e e e e e e e e e e enenns [
ADSIIACT. ... e ————————————— i
LISt Of CONLENLS... ..o errnr e e e e e e e e e e e e eeaeene s iii

,,,,,,,,,,,,,,,,,,,,,,,,,,

Listof Figureg@ . é éééééeéeeéeéééééeceeeeeecécéeéx
LISt Of TADIES.. ..o ane e Xiv
List Of ADDreviations.............uuuiiiiiiiiiii e XVil
Chapter 1 Introduction

1.1 General iNtrodUCHIQN.......cooeee e eeeeeeeeee e s 1
1.0.1 TRE CAMEL. ittt ee e 4
1.1.2 Dietaryand therapeutic properties of camel milK................cccoovvveeee. 5
1.1.3 Therapeutic properties of camel UrNe...............eeveiiiieemiiiiiiiiiiiiiiieeeeen 8
1.2 Phytochemistry @analySiS.........ooovuuiiiiiiiiimeeeeeeeis e errer e 10
1.2.1 DeSErt PIANTS....cooiiieiiiiieici et e e erenr e e e e e e e e e e aaaaan 10
1.2.1.1Rhanterium ePaPPOSULTL..........uuuuururreeeeeiaaarerrernrnrerereeeeeeeeeesaaamreeeeeeess 10
1.2.1.1.1 HIiStOMICAl USE.....ceeeieieiiiieieieeee e ee e 11
1.2.1.1.2 Active ingredients and biological activities.............cccceeeeevieeeeennnn. 11
1.2.1.2AStragaluSSPINOSUS.........uuurirriiiiiiiiiieieeeitrteeeeee e e e e e e e e e e e e e s emere e e e e e e e aeeeens 17
1.2.1.2.1 HIiStOMCAl USE.....ceeeieieeiiiiieeee e ee e e 17
1.2.1.2.2 Active ingredients and biological activities.............cccceceeveeeeeennnn. 18
1.2.1.3Tamarix aphylla........ooeeeiiiii s 20
1.2.1.3.1 HIiStOMICAl USE.....cceiieieeiiiiieeee e e et ees 20
1.21.3.2 Active ingredients and biological activitieS.............ccccoeeeeivieeeeennnn. 21
1.2.1.4Citrullus COIOCYNTNIS.......eeiiiiiiiiiiii e 25
1.2.1.4.1 HIiStOMCAl USE.....cceiieieieiiiieeeee e ee e e 25
1.2.1.4.2 Active ingredients and biological activities.............cccceeeeevieeeeennnn. 26
1.2.1.4.2.1C. colocynthisantimicrobial properties...........cccovvveieiiiiieen e 26
1.2.1.4.2.2C. colocynthisantrinflammatory pr@erties............cccceeeeeeeeiieceeennns 26
1.2.1.4.2.3C. colocynthisantidiabetic properties...........ccccceevieiiiiieemrciiiiieneee, 27
1.2.1.4.2.4C. colocynthisantitumour actiVity...........cccuuvvvviirieerieesiiiiiiiieeeeeeee 27
1.2.1.4.2.5 Othe€. colocynthisaCtiVItieS...........coeiiiiiiiiiie e 28
1.3 Molecular @analySiS.......ccouuuuiiiiiiiiiiii e 35



TG T I (0 10 1 =1 35

1.3.2 Plant MIRNAS. ....ue ittt 37
1.3.2.1 Detaryderived miRNA regulation of human gene expressian......... 37
1.3.3 Bioavailability............uuuuiiiiiie e 39
1.4 PrOJECT @IMS...uuiiiiiiiiiieeiee ettt rmmme e e e e e anenans 40
Chapter 2 Materials and methods............eeeveiiiiiiiiiiiiee e 41
2.1 SOIVENES... ..ttt nene s A2
2.2 Reagents and ChemiCalS.........coooeeeiiiiiiiieeei e 42
2.3 EQUIPIMENT. ... e 44
AR ST 1401 o] (= oo ] | 1= Tox 1o o T 46
2.4.1 Plant material..........c.ouuuuuuueiiiiceeeeiiiiiiiisss s e e e e e s esssrnnen s e e e e eeeeeaneeeenn s 40
2.4.2 Body fluid SAMPIES.....coooiiiiiiiiee 46
2.5 Chromatographic teChniqUeS.........ccccovveeiiiiiicceeiiciiiiiee e eeeeeeeeeeeeevieee . 4B
2.5.1 Thin Layer ChromatograpliTLC)..........oooiiiiiiiiiiiiiiieeee i 46
2.5.2 Vacuum Liquid ChromatograplyLC) ........ccccccvvvviiniiiiiiicccneeeeene AT
2.5.3 SizeExclusion Chromatography (SEC).........ccoooiriiiiiiiice e 47
2.5.4 Column Chromatography (CC).......coouriiiiiiiiiieeee e 48
2.5.5 Preparative Thin Layer ChromatograpB¥I(C)...........ccoeiiivivriiiiiinennnnns 48
2.5.6 Biotage purification SYStEIM..............ouviviiiiiireeeeeeerieer e 48
2.5.7 Revelerf8PrepPurification SYSteML..........ccccvivviieeivieeer e ereeee e, 49
2.6 SPEeCtroSCOPIC EXAMINALION........ciiiiieeiieiii i 50
2.6.1 Nuclear Magnetic Resonance (NMR)..........ccccooviiiiiiieenc e, 50
2.6.1.1 OneDimensional NMR (ID).........uuuuiiiiiiiiieeeeceeeiiiiee e eeeeeeeen 51
2.6.1.2 TweDimensional NMR (2D)........ccccoiuuimmiiiiiiiireeiiiiieiieeee e 51
2.6.2 Mass Spectrometry (MS).........oouvuiiuiiiiiiiireeecr e eeeee s 51
2.7 Bio-activity eXanination...............coouuuuiuiuiiireeeeeeeeiiee e ereeraa s 52
2.7.1 TISSUE CURUIE. ...t 52
2.7.1.1 Maintenance of the CellS..............eueiiiiiiiiceciii v 52
2.7.1.2 Preparation of complete culture medium.............oooeeeiiieeeiiciieeeeennn. 52
2.7.1.3 Seeding density OPtIMISAUON. ........cveiiiiiiiiei e 55
2.7.1.4 CYLOLOXICILY ASSAY...uruuueeerirrriiieeeeeirimmmreettaeeeeseettaaeeesssrnnneeessneaeaaeens 55
2.8Molecular DIOIOgY @SSAYS......ciieiiiiiiiii i eeeeee e 56
2.8.1 Total RNA eXtraCtion........ccoiiiiieeeeieiiiiieeeie s e e e e e eeeeeeeeeeeeeeevsmnmeeeeeeeeeenenees 56
2.8.1.1 Plant total RNA eXtracCtion..........ccoouuiiieieeiiieeeiiiee e eeeeeeeeee s 56



2.8.1.2 Total RNA extraction from bodjids ..............ooovvvviiiiiiceeiis 59
2.8.1.3 Total RNA extraction from eX0SOMES..........ccceeevvvivviciiiieeeeeeeninnnnn. 60
28.131Totatx 0 some i sol.a.t.i.o.n..f.r.am..mi.l.KBO
2.8.1.3.2 Total exosome isolation from ULNe...............eeiiiiiccceeeeveniniiinenn, 60
2.8.1.3.3 Exosome isolationloyl t r a c e n.t..r..i..f.u.g.a.t.1.0.n...61

2.8.1.4 Exosome detection by Immunoblotting (Western Blot).................... 6l
2.8.1.4.1 Preparation of exosome sample...........cccovvvviieeee i 6.1
2.8.1.4.2 SDSPAGE Polyacrylamide Gel Electrophoresis...............coooeiieee 62
2.8.1.4.3Protein transfer from SDBAGE to nitrocellulose membrane.......... 62
2.8.1.4.4 Immunological detection of protein.............c.oevvvvvviiccceerveeeeiiiiiinnes 62
2.8.2 Assessment of extracted RNA PUIILY........coovveriiiiiiiiiccceeeeeeee s 63
2.8.3 INtegrity @N@lYSIS.......couiiiiiiiiiii e 64
2.8.4 Quantitative Real Time PCR of MIRNAS.......ccooovvviiiiiieiiieeen e 65
2.8.4.1 Sterfoop Reverse Transcription reaction..............eeeeeeveveeecvvvvneeeeen. 67
2.8.4.2 TagMan Probebasegdantitative reatime reverse transcribed polymerase
chain reaction (QR'PCR) for miRNA expressioanalysis...............ccccceeeeeenees 68
2.8.5 Agarose gel electrophoresis............ooociiiiiimmeniii e 69
2.8.6 In vitro digestion of bovine mMilK...............oooeviiie e 70
2.8.7 Quantification of human prolactieceptor (PRLR) in several cancer cell
LIS e rrnr e e e e e e e e e e e nnnr e e e e aaeaaaaeeeees 71
2.8.7.1 miRNA target gene predictiQn...............ooovvvviiieemeeeeeieeeee e 71
2.8.7.2 Total RNA ISOIALION. ......uuiiiiiiiiiiiiiiiee et rmmme e 71
2.8.7.3 Complementary DNA SYyNthesiS.........cccccuvviiiiiiieemiiiiiiiiiiiieeeeeeeeeeee e L 2
2.8.7.4 Quantitative redime reverse transcribed polymerase chain reaction{qRT
2.8.7.5 Delta delta Ct method............coooviiiiiiieeee e 74
2.8.8 Effect of plant miRL67 on PRLR expression in cancer cell lines......... 75
2.8.8.1 Small RNA transféion of mammalian cells...............cccccvvicveeenn a5
2.8.8.1.1 Transfection validatiQn...........ccccoeeeeeieiicecicciiiieee e eeeeeeeeeeevieeee e A D
2.8.8.1.1.1 Transfection examination by AllStars Hs Cell Death positive control
SIRIN A ettt e e e et e e e e e em—————tat et aaaaa e e e e e e e e e e ananmnraaaaaaaaaaaaans 75
2.8.8.1.1.1.1 AllStars Hs Cell Death positive control siRNA........................[5
2.8.8.1.1.1.2 MTT @SSAY...uiiiuuuiieeiiieiitiimaesesestaesesnaesesnneessimmmsaneesesnneeessnnns 76
2.8.8.1.1.1.3 Transfection examination by AF48Belled AllStars Negative
CoNtrol SIRNA ... e e e e e e e e e e aneee s 77



2.8.8.2 Effect of plant miRL67 mimic on PRLR expression in cancer cell linés
2.8.8.3 Effect of plant total RNA on PRLR expression in cancer cell lines..78
2.8.8.3.1 Calculating the amount of mi®7 in plant total RNA samples........79

2.8.9 Plant genOtYPiNg......ccceeeeeieieieeeeeeeeee e 80
2.8.9.1 Plant genomic DNA iSOlatiON..........uiiiiiieiee e eeeeeeeeeen 80
2.8.9.1.2 The InteBimple Sequence RepdRCR (ISSRPCR)...........ccevvveennns 80
Chapter 3 RESUILS........coiiieeeeeeee et e e e e e e e e e e eees 82
Part 1: Phytochemistry and biology results................ccccuvimnniiiciiiiiiiee, 83
3.1 Fractionation of . aphyllacrude extracts...............ccccccvvvrimmmnnniciciiiiee, 83
3.1.1 Characterisation of FA as a mixture of tranrsoniferyl alcohol4-O-

sulphate (TAla) and transoniferyl acetatel-O-sulphate (TALD)................... 83
3.1.2 Characterisation of FA as isoferulic ackB-O-sulphate......................... 92
3.1.3 Characteris@n of TA-3 as 3, 4, 5, -Tetrahydroxyflavone (Luteolin)....96
3.1.4 Characterisation of FA as Nmethyl4-hydroxyproline........................ 101
3.2 Fractionation ofstragalus spinosugude extracts...........ccceeeeeeeeeeeeieenes 105
3.2.1 Characterisation of ABas 30-methytinositol (Pinitol) ....................... 105
3.2.2 Characterisation of ASas Cycloastragenol.........ccccccvveveeiiiieeseeennnnn. 110
3.2.3 Characterisation of A%as cycloastragenot®-glucoside (Brachyoside B)
................................................................................................................... 111
3.2.4 Characterisatiorf &S-4 as maackiain (Inerming)...........ccccccvvveeeiinne. 120
3.3 Fractionation o€itrallus colocynthis EXtracts............cccceeeeeiiviiieeeeeeeennn. 125
3.3.1 Characterisation of GCas Cucurbitacin E (Elaterin)......................... 125
3.3.2 Characterisation of GZas Cucurbitacin 2-O-b-D-glucoside.............. 126
3.4 Fractionation of Rhaatium epapposum EXtracts..........cccceeeeeeeeeeceeennnns 136
3.4.1 Characterisation of REas 2hydroxyalantolactone............................ 136

3.4.2 Characterisation of REas5-Caffeoylquinic acidChlorogenic acid)....141
3.4.3 Characterisation of REas 3, 4dicaffeoylquinic acid........................... 146

3.4.4 Characterisation of REEas a mixture of 3°,4",5,fetrahydroxy3,6-
dimethoxyflavone (REa) and 3,4°,5:8etrahydroxy3, 7-dimethoxyflavone (RE

3.5 Cytotoxicity secreening of isolated compounds usiagnarBlué®assay...158

3.5.1 Seeding density optimisatiQn.............ccoevvieiiiciiiie e eveeeeens 158
3.5.2 CytotoxXicCity evaluation..............cuuuiiiiiiiiiemreeiie e eeeee e 162
3.5.2.1 Cytotoxicity of isolated compounds............cooovvvvvviimmeeeeeeeeeeeeeeiiiees 162
Part 2: Molecular Biology ReSUILS...........coooviiiiiiiiiicee e, 166

Vi



3.6 RNA Extraction and Quality ASSESSMENL............ccevvvvvivvieemeeeeeeeeeeninnnns 166

f

ui d:

3.6.1 Plant RNA Extraction and Quality Assessment...............ccoeevvceeennnn. 166
3.6.2 Total RNA Extraction from Body FlIUidS..............eviiiiiiiiieeciiiin. 174
3.6.2.1 Total RNA extraction from X 0 S 0.MME.S.....cooviiiiiimmneeee e 175
3.6.21.1Totat x osome i sol at i.o.n..f.r..om.b.o.diy5
3.6.2.1.2 Exosome detection by immunoblotting (Western Blot)............... 175
3.6.2.1.3 Total RNA extraction froB X 0 S 0..MMEL.S....cccuvvrrrrimmmninnnnennnnne 176
3.6.3 ExperionE Automat.ed. . Electrb/phoresi
3.6.4Quantification of MIRNAASSAY...........ccoiiiiiiiiiiriireee e 180
3.6.4.1 Stemoop reverse transcription reaction.............ccccevvvvvveeeeeeeeeeeeene, 180
3.6.4.2 TagMambhaseRT-PCR ... 184
3.6.4.3 cDNA synthesis and gFACR of biological fluids...............c.ooeinie 185
3.7 In vitro digestion of bovine Milk..............ccoooiiiiiiiee e 186

3.8 Effect of plant miRL67 mimic on PRLR expression in cancer cell linesl88
3.8.1 Quantificabn of human prolactin receptor (PRLR) in different human

CANCET CeII NS ...ttt e e e e e e e e e e 188
3.8.1.1 Total RNA isolation from cancer cell lireesd cDNA synthesis......... 188
3.8.1.2 Quantitative Redlime Reverse Transcribed Polymerase Chain Reaction
(OGRT-PCR). ittt ettt e e e e seet ettt et e e e e e e e e e e e e e e e s s ammeaeeeens 189
3.8.2 Transfection of several cancer cell lines with plant-@@R.................... 190
3.8.2.1 Transfection validation...............coooviiiiiicccii e 190
3.8.2.1.1 Transfection examination byi$tars Hs Cell Death Positive Control
SIRIN A L e ——————— i aaa 190
3.8.2.1.2 Transfection examination by AF488elled AllStars Negative Control
SIRIN A e e et ——————— 192
3.8.3 Expression of PRLR mRNA after transfection of fii¥ mimic into several
human cancer Cell lINES.........oovviiei s 194
3.8.4 Expression of PRLR mRNA after transfection of C. colocynthis total RNA
sample into several human cancer cell ines.............cooovvvvee i, 196
3.9 Plant geNOLYPING .....ueeeiiiiiiiiiiieee et 198
3.9.1 Plant genomic DNA iSOlatiQn..............uuuuiiiiiiiceeeiervcee e e 198
3.9.2 The InteiSimple Sequence RepeRER (ISSRPCR)......ccccoevvieeeeeennnnne. 198
Chapter 4 DiSCUSSION........uuuuiiiiiiiiiiiiiieeeeeee ettt e e e e e e a e e e e e e 201
4.1 Phytochemistry and biology............ceeiiiiiiiiiiiceeiie e 202
4.2 Molecular DIOlOgY.........uuuiiiiii e 216

vii



4.2 Evaluation of RNA EXTraction........cuoeeoeeeee e 219

4.2.1 Evaluation of Plant RNA EXtractiQn..........ccccoovieeeeeieeeeiiiiiieneeeee e 219
4.2.2 Evaluation of otal RNA Extraction from Body Fluids......................... 222
4.3 Quantitative Real Time PCR of target mMiRNAS........cccoooeeeieeiiiieeeecnn, 225
4.4 Assessment of potential bioavailability of target miRNAs.................... 226
4.5 Quantification Of gene eXPreSSION.......uu i ceeeiiee e e e 228
4.6 Modulation of gene expression by plant MiIRNAS.............cccevvvvieeenn.. 230
4.6.1 Expression d?PRLR mRNA after transfection of miR67 mimicinto several
human cancer Cell lINES..........uuuiiiiiiiiiii e 232
4.6.2 Expression dRLR mRNA after transfection of plant total RNA samipke
severahuman cancer Cell liNeS............uvuuiiiiiiiiier e 234
4.7 Assessment of genetic variability..............cccoooviiiieeei e 235
Chapter 5 Conclusion and Future WOork...............cceiiiiiiiieemiiiiiiiieeeeeeen 237
] (=] (=T o = O RURTRRT 242

viii



List of Figures

Figure 1.1A:

Figure 1.2A:

Figure 1.3A:

Figure 14A:

Figure 1.5

Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 25:

Figure 3.1:
Figure 3.2A:

Figure 3.3A:

Figure 34A

The growing plant oRhanterium epapposyn.1B: stem with
flowers (Pictures provided by Dr. Rothwelle Tate, Kuw.

"""""""""""

The growing plant ofAstragalus spinosu@Pictures provided b
Dr. Rothwelle Tate, Kuwait, 2012),.2B: Stem with leaves an

,,,,,,,,,,,,,,,

flower é é¢éééééecéeécééeeéeée...eéely

Tamarix aphyllagrowing as a hedgel,.3B: Stem with leaves
(pictures provided by Dr. Rothwelle Tate, Kuwe

///////////////////

2012 6 6 e€éééééééééeeceeeeeéee. .. éé€

Diagram of exosomeediated intercellular communicatic

during infectionéééeeéeéecésa

Morphology of the cell lines used in the present study; A: H
cells, B: LNC# cells, C: ZR75-1, D: A2780 cells, E: PANQ
cells, F: A375, G: PNT2, Objective lens X&@ ...é é é....52

Norgen RNA extraction workflow for body fluidsé é ¢ . €%

Pure RNA absorbance curve on a NanoDrop 2C

Spectophotomete¥ € € é € € é €€ éée. . éeéédl

Experion total RNA analysig: an Experion electropherogra
and B: Experion virtual gel, showing total RNA of hig
QUATIEY. c e 4]

Schematic description of TagMdrased, quantitative miRN/
RT-PCR assay method (Chenhal, 2005q)é¢ € € é é ... 66

Structure of TAlaand TAlbé é é é é é é é é é ... 6.8

'H NMR (400 MHz) and3.2B: 3C NMR (100 MHz) spectra o
the mixture TAla (labelled as a) and T2b (labelled as b) ir
DMSOde*é e éeéeéeéeéeéeéeéeéeé. 8

HMQC and3.3B: HMBC spectra (400 MHz) of the mixture F#
la (labelled as a) and FRb (labelled as b) in DMSC
d*é .eeééeééeééeeceéecéeéeecéeéeed
Shows Biotage absorption spectra of the mixture-1IBAand
34B: TA-lbe é é e e ééeééeceéeecéé . ée ol



Figure 35:

Figure 3.6:

Figure 3.7A:

Figure 3.8A:

Figure 3.9:

Figure 3.10A:

Figure 3.11A:

Figure 3.12:

Figure 3.13A:

Figure 3.14A:

Figure 3.15:

Figure 3.16A:

Figure 3.17A:

Figure 3.18:

Figure 3.19:

Figure 3.20A:

Figure 3.21A:

Figure 3.22A:

Figure 3.23:

TLC of the twopeaks resulting from the Biotage purificati

,,,,,,,,,,,,,,,,,,,,,,

////////////////

H (400 MHz) and3.7B: 13C (100 MHz) NMR spectra of TR

iNnDO* é. . . eééeeéeeéeeéeececee.eNA

HMQC (A) and3.8B: HMBC (400 MHz, DO¥*) spectra of TA
26éeéeéeéeéeéeéeeceecéeéed. B,

Structure offA-3¢ e é e e ééeeéeeéeeéee. 97

HMQC and3.11B: HMBC (400 MHz, DMSQds*) spectra b

TA-3¢eéé. .  eeééeeeéééeeee ..ee.100
. éééegééeeé e .102

,,,,
,,,,,,,,,,,,,,,,

//////////////////

/////////////////

'H (400 MHZz) and3.16B: 13C (100 MHz NMR spectra of A%
iNDMSO-de* é . ééééeéééeééecééeéé&é .18
HMQC and3.17B: HMBC (400 MHz, DMSQds*) spectra of
AS-leééée. .. ééecéécéeceéeeeeée.e.®
112

rrrrrrrrr

'H (400 MHz)(A) and*3C (100 MHz)(B) NMR spectra of A
NCDCKE 6 & . .  66GEEEE66EEGEEGG.E

HMQC and3.20B: HMBC (400 MHz, CDC#*) spectra of AS
,,,,,,,,,,,,,,,,,,,,, Yy

//////////////////

HMQC and3.22B: HMBC (400 MHz, A ¢ e t-dg"hseectra of

AS-3¢eé. .  éeeéeeéeeéeeée. . . et

Key COSY (wmmmmm) andHMBC (———~) correlations observe
iNn AS-2 (@aglycone)and ASS.........oooiiiiiiiiee e 119



Figure 3.24:

Figure 3.25A:

Figure 3.26A:

Figure 3.27:

Figure 3.28:

Figure 3.2A:

Figure 3.30A:

Figure 3.3LA:

Figure 3.22A:

Fi gur3e

Figure 3.34A:

Figure 3.3A:

Fi gur6e

Figure 3.37A:

Figure 3.3A:

Figuse

Figure 3.40A:

//////////// 7

.eéééeé . é 121

H (400 MHz) and3.25B:13C (100 MHz) NMR spectra of A8

iNCDCk*e e é. . éeeéeéeéeeéceceée. 23

HMQC and3.26B: HMBC (400 MHz, CDC}*) spectra of &
4éééééééééeéecéeeeeecéeeeeee.

,,,,,,,,,,,,,

Key COSY (wmmmm) and HMBC (——) correlations observe
in CC-1(aglycone)and CG2.......c....oovvvvvveiiiiiieeeeeeee e cemmenens 138

H (400 MHz) and3.29B: *C (100 MHz) NMR spectra of GT
in CDCL'é é é . .6éeeeéeéeééééeeee.?2
HMQC and3.38B: HMBC (400 MHz, CDCY¥) spectra of C€l,
‘C11 folldoedpptro due to small e

"""" ..& & .e6.1B:

iNAcetdideééééééééééééeéééeée. .4
HMQC and3.328: HMBC (400 MHz, A ¢ e t-dg"hseectra of
CC2'C11 folldedpptno due to s mal

down field egion of HMBC (B é . ¢ é é € é éé ..é . 351

StructuleééekéREE.ééeééeé. .71
'H (400 MHz) and3.34B:1°C (100 MHz) NMR spectra of RE
INCDGEé. ééé&éééééééeéééé .éé . 139
HMQC and3.35B: HMBC (400 MHz,C D G') spectra ofR E
,,,,,,,,,,,,,,,,,,,,,, 640
. 24

'H (400 MHz) and3.37B: 1°C (100 MHz) NMR spectra of RE
in DMSO—dG*é é é é - - N - - - - N - - NN - NN

HMQC and3.38B: HMBC (400 MHz, DMSQds*) spectraof
RE-

,,,,,,,,,,,,,,,,,,,,, 7

2606ééeééceééeééeeéeecéeé.é...énm

,,,,,,,,,,,

471

,,,,,,,,,,,,,,,,,,

Xi



Figure 3.41A:

Figure 3.42:

Figure 3.43A:

Figure 3.4A:

Figure 3.45:

Figure 3.46:

Figure 3.47:

Figure 3.48:
Figure 349:
Figure 3.50:

Figure 3.51:

Figure 3.52:

Figure 3.53:

Figure 3.%4:

Figure 3.5%6:

Figure 3.5%6:

HMQC and3.41B: HMBC (400 MHz, DMSQds*) spectra of

RE3¢ee. ééeeeéééeeeeééee. ee.150

,,,,,,,,

. 66....13

H NMR (400 MHz) and3.43B: *C NMR (100 MHz) spectra
of the mixture RE4a (labelled as a) and Rib (labelled as b)

,,,,,,,,,,,,,,,,,,

HMQC and3.44B: HMBC spectra (400 MHz) of the mixture
RE-4a (labelled as a) and Rib (labelled as b) in DMSO

,,,,,,,,,,,,,,,

Sel eexmansfi oOMOESY d4p6c )vHRE a(
anRlEAb n DMBO. éé. é6.éééééé. éé6. .71
Key HMBC(——~) and NOESY ¢ \) correlations observed
in RE-4a and RHEb......... €. . e€&eéééeeéée .y

Cell line seeding desity optimisatioe . . é.&é é .........159

Cytotoxicity of isolated compoundé.. é.é é é ..é é é ..165

////////

Western blot analysis of CD63 in purified exosomes from b

flude . . €éééeééeéééeéeéeéeéeé. 76
Bi-Rad Experion Aut o maalysssdf pamn
RNA isolated using PureLink otal RNA extraction

///////////////////////

TagMar™ miRNA assay quantitative RPCR amplification
plots of miR-166 MiRNA isolated from two plants usin
""""" . & .éé .6 .180

The levels of plant miRR66 mMIRNA in A. spinosusand C.
colocynthis detected by gRPCR using various total RN/
extration Kitss 6 . . 6 6 C 6 6 EEEEE66EGE

””””” . e éeée@é 183
The levels of plant miRNAsn{iR-167 and miR-168) in A.
spinosusand C. colocynthissamples detected by gRACR
following isolation using a Norgen Biotek total RNA extracti
”””””” .eéééeeééeéé. 8
The levels of plant mMiIRNASnIR-167, miR-167 andmiR-168in
camel milk, camel urineand Bovine milk samples detected
TagMan miIRNA qRT-PCR assaysé .6 € 6 é é € .6 . &

Xii



Figure 3.57:

Figure 3.58:

Figure 3.59:

Figure 3.60:

Figure 3.6L:

gRT-PCR measurement of miRNA levels in bovine milk dur
digestion in the simaked digestion system (0 myiantil 38 mof

,,,,,,,,,,

digestot e e € € éééééeeee. . ééééeéee 871l

/////////////

The effect ofC. colocynthigotal RNA sampleon PRLRMRNA
expression in several human cancer éelisé é .¢€..6 € 1 9

ISSR marker profiles obtained from (A) aphyllaand (B)C.

"""""""""""

Xiii



List of Tables

Table 1.1:

Table 1.2:

Table 1.3:

Table 1.4:

Table 1.5:

Table 2.1:

Table 2.2:

Table 2.3:

Table 2.4:

Table 2.5:

Table 2.6:

Table 2.7

Table 2.8:

Table 2.9:

Table 2.10:

Table 2.11:

Vitamin and mineral content of camel and bovine #ilk.... 6

Selection of phytochemicals previously isolated fr
Asteraceadamilyé ¢ ¢ e e e e e ééééé. . éee2
Selection of phytochemicals previously isolated fr

,,,,,,,

. éeééeee.l9

""""""

aphyllaé é 6 6 .6.6 6 .

Sel ection of

,,,,,,,,,,,,,,,,,,,,

Shows the solvent mixtures used and the duration of eacl
at a flow rate of 8ml/m (A) and 7ml/m

"""

(B) €€ €€ .Liriee e é....49

Gradient solvent mixture and the duration of each one at a
,,,,,,,,,,,, 666 & . 50
of é & B eb3

Cel | cul ture medi a

RNA extraction Iietés . £fe & &
Applied BioSystems TagMan Small RNA assays used in
,,,,,,,, VY

////////

Sequences d®?PIBandPRLRprimerg é . é é é & €. 4

////////////////

//////

Nucleotide Sequences of ISSR primers used in i
STUTYE e 81..

XV


http://en.wikipedia.org/wiki/Asteraceae
http://alsirhan.com/Plants_s/Citrullus_colocynthis.htm
http://alsirhan.com/Plants_s/Citrullus_colocynthis.htm

Table 3.1: 'H (400MHz) and"*C (100MHz) data of TAla andTA-1b in

//////////////////

Table 3.2: Sel ected HMBC TA-Tna n@A-1bt DMSOs

Table 3.3: 4 (400MHz), 3C (100MHz) and HMBC data oTA-2 in

///////////////////

Table 3.4: 'H (400MHz) and*C (100MHz) and HMBC data ofA-3 in

""""""""""

Table 3.5: 4 (400MHz), *C (100MHz) and HMBC data of T4 in
Table 3.6: 4 (400MHz), 13C (100MHz) and HMBC data oAS-1 in

Table 3.7: 4 (400MHz) and'*C (100MHz) data of SA& (CDCl) and

,,,,,,,,,,,,,,

Table 3.8: 4 (400MHz), *C (100MHz) and HMBC data of A8 in
Table 3.9: 4 (400MHz) and'®C (100MHz) data ofCC-1 (CDCE) and

Table3.10: Sel ect ed HMBC c2 rChelkléat.¢ o.18%

Table3.11: 'H (400MHz) and *C (100MHz) data of RE-1 in
CDChé é¢é .6¢é.  é&ééecééeéée .é.. 138

Table 3.12: H (400MHz),**C (1L00MHz), HMBC data oRE-2 in DMSO-

Table3.13: H (400MHz),3C (100MHz), HMBC data oR E3 in DMSO-
dé 6 66 6. 666 666666666666.6..148

Table3.14: 'H (400MHz) and®*C (100MHz) data ofRE-4a and RE4b

rrrrrrrrrrr

Table3.15: EGCsp of the tested comgunds on each ce
INEE € ..& & e 164

Table3.16: Evaluation of competing methods for RNA isolati
efficiencye é € .é.é éééeéeééeéé. . éée . 167

XV



Table 3.17:

Table 3.18:

Table 3.19:

Table 3.20:

Table 3.21:

Table 3.22:

Table 3.2:

Table 3.4

Quantification of isoleed RNA from body fluid samplessing

/////

Quantification of isolated RNA from exosomes usit

,,,,,

Expression oPRLRMRNA in several cancer cell linés. . 9

Effect of AllStars Cell Death positive contran transfectior
validation in seval cancercell linegsé é é . ..&¢é . .1®@

Transfection validation usin@iliStars Cell Death positive
controlin several cancercelllines.é é é e éé . éée 19

DNA yields from plant sampleésé ¢ é € € € € é é . é B¢

XVi



List of Abbreviations

Acetoneds
ATCC
brs

BSA

cC
CDCl
cDNA
CD63
COSY
CT

d

DEPT

dd
DMSO
DMSO-ds
DNA
EtOAC
FAO
FCS
HREI-MS
HMBC
HMQC
hPRLR
Hz

Deuterated acetone

American Type Cell Culture

Broad singlet

Bovine Serum Albumin

Column Chromatography

Deuterated Chloroform

Complementary Deoxyribonucleic Acid
Cluster Differentiation protein 63

1H4-'H COrrelation Spectroscop

Cycle Threshold

Doublet

Distortionless Enhancement by Polarisation Transfer
Doublet of a doublet

Dimethyl sulphoxide

Deuterated dimethyl sulphoxide
Deoxyribonucleic Acid

Ethyl acetate

Food and Agriculture Organization

Foetal Calf Serum

High-resolution Electrospray lonization Mass Spectrometry
Heteronuclear Multiple Bond Coherence
Heteronuclear Multiple Quantum Coherence
human Prolactin Receptor

Hertz

XVii



ISSRPCR
kD
LC-MS

MeOH
MIC
miRNA
MRNA
MS

MTT
NMR
NOESY
PBS
PPIB
PCR
RPMI
PTLC
gRT-PCR
Rf

RNA

SiRNA
SEC
TBE
TLC
uv
VLC

Inter-simple Sequence Repelblymerase Chain Reaction

Kilodaltons

Liquid ChromatographyMass Spectroscopy
Multiple

Methanol

Minimum Inhibitory Concentration
microRibonucleic Acid

Messenger Ribonucleic Acid

Mass Spectroscopy

3-[4,5-Dimethylthiazot2-yl]-2,5 diphenyl tetrazolium bromide

Nuclear Magnetic Resonance

Nuclear Overhauser Enhancement Spectrogécop
PhosphatdBufferedSaline

Peptidylprolyl Isomerase B

Polymerase Chain Reaction

Roswell Park Memorial Institute

Preparativel' hin LayerChromatography
Quantitative Real Time Polymerase Chain Reaction
Retardation Factor

Ribonucleic Acid

Singlet

smallinterfering Ribonucleic Acid

SizeExclusion Chromatography
Tris-borateEDTA buffer

Thin Layer Chromatography

Ultraviolet light

Vacuum Liquid Chromatography

XVviil



Chapter 1 Introduction



The introductionwill consist offour parts; general introductiocontains background
information about the therapeutic importance of camel milk and urine,
phytochemicabnalysis of desert plants used in camel fodder, molecular analysis of

these plantand camel milk and urine samplesd the aims of this project.
1.1 General introduction

Camels have beernothesticated fothousandyearsand used fotheir milk, meat,

wool, transportation, andh agricultural work for plaghng and water extraction
(Andahet al, 2014).Camel milk is the most important camel prodanthas been
consumed by many Bedouitultures for generationfRaziqg et al, 2008). These

animalsareareliable source of milk productiaturing dry seasorsnd contribute up
to 50% of the nutrient intake of the nomg8gamaret al, 1978 Farahet al, 2007.

Historical texts dating back hundreds of yearsveal taditional medicinan desert
regionshasmadeuse of amel milk and urine as treatmsmor variousdiseases such
as asthma,cancer,commoncold, diabetes jaundice, and hypertensionand its use
continues todayYardavet al.,2015). The Holy Qur'an mentiaithe camel several
times in different contextsand refes to the camel as very important animal.
Traditionally (Al Hadith), the PropheMuhammad $.A.W) recommendectamel
milk and urine to his followers as a medicine for different health probléms.
addition,the consumption ofamel milk and/or urine is consideredaural remedy
in Arabic medicineto treatseveraldiseasedor Bedouin communities(Kaskous,
2016. There are manynodernscientific studieghat haveexaminedthe efficacy of
camel milk, urineand milk-urine mixture againsta range of diseasd#ntroduction
Sectionl.1.1 and 1.1.2)

The potential efficacy of camel milk and urine therapy could depend on desert plants
found incamel fodderwhich may be a source of therapeutically active compounds
that could be transferred to the camel milk and ufollewing digestion There is
eviderce of the benefit of using some supplements to animal food to ensure quality

animal products for human consumption. Repbegedemonstrated that seleniym



which has antioxidant propertiesthen used asn animal feed supplemerdan
deliver nutritional benefit to human consumers of animal prodc&r e t etalp v i |
2007).Dietary selenomethionireontaining plant or yeast protein calsobe stored

in animal proteis to offer nutritional content of selenium in animal products.
Consequently supplemented animal feezhn lead to prodution of antioxidant
enriched eggs, milkand meats for human consumptidufai et al, 2006; Ravn
Harenet al., 2008; Fisiniret al, 2009; Navagarretercet al, 2010).

On the other handnilk and milk products have beénked with somediseassdue

to infected foods and contaminated wat®ne example idPteridium aquilinum
(bracken fern), known to be the cause of acute or chronic toxic syndromes of
livestock that ingest it(Yamadaet d., 2007; Vetter, 2009). A norsesquiterpene
glucoside(ptaquiloside) has been found to be the m&am andcarcinogen of.
aquilinum(Niwa et al, 1983). This compound is transforthi® pterosin B in acidic
solution (such as stomach acidnd it can form an unstable dienone, which is
immediately converted to pterosin B under alkaline conditi@ssfound in lower
parts of the intestinal tracf)yamadaet al, 2007). Both compounds have been
reported to induce DNA damage and mutations (Matgbal, 1987; Freita®t al,
20®@). Ptaquiloside has been detected in the milk of cows fed Rithquilinum
(Alonso- Amelot,1998. Humans can be exposedRoaquilinumeither by eating the
plant or indirectly by the consumption of contaminated milk (Haereizal, 1976;
Shahinet al, 1999; Gomest al, 2012).

Coumarin is one of the ingredients in sweet clover and donverted toa toxic
substancedicoumaro] in spoiled sweet clovgiVyllie et al, 1978) This toxin causes

a bleeding disordem animalsby interfering with the synthesis and metabolism of
vitamin K1, which is essentialfor normal blood clotting Dicoumarol can pass
throughmilk to calves when theowsingestmouldysweet cloverThiscaugsdeath

in newborn calves(Fraser and\elson 1959) Oleander Nerium oleanderis an
ornamental plant and commonly exists in the southern United Statesontais

oleandrinwhich is atoxic cardiac glycoside found in treerial parts othis plant


https://en.wikipedia.org/wiki/Glucoside

(Langford and Boor, 19960leander poisoning of humans and different domestic
animalsis common in regions where this plant grows (Aslahial, 2004; Sote
Blancoet al, 2006). Just a few leaves of this plant can cause death in horses and
cattle (Galeyet al, 1996; while, a single leaf may be lethal for children (Shaw and
Pearn, 1979)lt is not only the consumption of plant materi#hgt can pass on
compounds harmfuo the health of animals that ingest cattle produ@tker studies
have show that livestock feeds contaminated with aflatoxin B1 lead to excretion of
themetabolite (aflatoxin M1) in animal milkesulting in gpotent liver carcinogeim
humans througlthe consumption of contaminated milk (Massgyal, 1995; Kang
and Lang 2009).Finally, ome antibiotis thatare used in livestocteedto prevent

or treat bacterial infections, ggromote growth, areeported to cause allergies or
bacterialinfection in humars who consumehe contaminated milkPhillips et al,
20049.

In arid zones, camels browse mainlyplants that are high in salt, thorbyshes and
bitter plantsincluding Tamarix aphylla Haloxylon aphyllum Astragalus spinosus
and Aristida karelinii, which are generallyavoided by othemnimals (Igbal and
Khan, 200). This indicates thathe difference of composition of camel milk and
urine comparedavith cattle and goatsould, in part, belue to the type of plantsah

are consumd. T. aphyllais a desert plantwhich is reportedto have bioactive
compoundssuch as ferulic acid derivatives, ellagic acid derivatives, flavonoids,
phenolic aldehydes, terpenoids, and tanr{ffBsulimanet al, 2012. Orabi et al
(2013) demonstrated significant human tumselective cytotoxic activityof

isolatedtanninsfrom this plant

Plants need to defend themselves from attack by roigganisms, in particular
fungi, and they do this bproducing antfungal chemicals. Because fungal and
human cells are similar at a biochemical levelis often the case that chemical
compounds intended for plant defence have an inhibitory effect on human cells,

including human cancer cell€érdenasetal., 1999).


http://a-z-animals.com/reference/glossary/#Animal

The medicinal value of drinking camel milk and urine coallsb be attributed to a

modern concepknown asthe dietary xenomiR hypothesi<ljanget al, 2012).

This proposes potential croskingdom action of plantierived micro-ribonucleic
acids(miRNAs) through dietary intake and their ability to regulate mammalian gene
expression.Applying this xenomiRhypothesishere, one mightsuggest that the
therapeutic value of camel milk and urine could be associated withiahederived

MiRNAs; these small nucleic acidsoubbael passed through the

humans via c¢camel mil k and/ or urine and mi

Zhang et al (2012a) determined the presence of several exogenous mMiRNAs
includingosamiR-1683 in the serum omice via their food intake and they revealed
that the plant miRNAsvere able to inhibit mammalian gene expression in the liver.
Further evidence comes fronecqgiencing and microarray analysis of miRNAs in
porcine milk exosomes has led to thetettion of hundreds of miRNAs, whicere
potentially involved in regulation of immunity of newborn piglé&hinet d., 2014)
More recently, a study demonstrated that the plant miRNA-D&i®Ris abundant in
human serum and inversely associated withinb&lence and progression of breast
cancer in patients. The study revealed that the oral administratiannmdR159
mimic significantly inhibited the growth of xenograft breast twmsoin mice. These
findings suggesthe ability of plant miRNA to inhibit cancer growth in mammals
(Chinet al, 2016) The above observations support thetary xenomiR hypothesis
and suggest that the plants could be a source of mammaliamrtsmapressor

miRNAs and nay providea new treatment for humaliseases
1.1.1The camel

According to he Food and Agriculture Organization (FA@Q12, the estimated
global camel population i20 million. There are twamajor species of camel89%
are Arabiandromedarycamels(Camelus dromedarig)svhich arecharacterised bg
single hump that live in North Africa and the Middle Easind 11% are Bactrian
camels C. bactrianug thathave two humps and exist only in China and Central Asia

(Petersand Driesch 1997. A full-grown dromedary camel grows to a shoulder



heightof 2 meters and weigiB00to 600kg while Bactriancames stand 1.85netes
at the shoulder and weigh 300 to 100Q0Kbanvilkaret al, 2009)

1.1.2 Dietary and therapeutic properties of camel milk

The estimation of daily production of camel milk depends on many factors such as
age, feeding conditionscalving number,and stage of lactatiofKhaskheliet al,
2005).According tothe FAO (2012), daily milk production in a lactation period of
8-18 months ranges betwe#i® and2.7 litres in Africawhile in South Asia reaches

up to 12.0 litresThe world production of amelmilk is 1,300,000 tonnes per year
including abouB50,000tonnesn Somalia 800 tonnes$n Saudi Arabia and0,000
tonnesn theUnited Arab EmirateUAE) (FAO, 2012)

In many Africanand Asian countries camel milk production igrowing due to
increased demandAl-Otaibi and EiDemerdash, 2013)The production of
pasteused camel milkand other dairy productsrade from camel milkhas also
increasedn supermarkets [gbal and Khan 2001 EI-Agamy, 2006) The popularity
of camel milkhas reached countries beyond Africa and Agia2013 the European
Community licenced the importation of camel milk from the UAE. The main
supplier of camel milk is the Dubaased Emirates Industry for Camel Milk and
Products (EICMP), whiclproduce trademarkedamelmilk known asCamelicious

It is on salecurrentlyin some European countries suctEagland Denmark andthe
Netherlands.In addition, a chocolate manufacturer, Al Nassma, seamel milk
chocolatehrough theHarrodsstore in Londor{Abdel Gader and Alhaider, 2016)

Camel milk has been reportéal have a high vitamin, mineral, and immunoglobin
content(Table 1.1, Hamadet al, 2011).Farahet al. (1992) found that the milk of
dromedarycamelscontains watesoluble vitaminC at an average three times higher
than that ofbovine milk, butless fat soluble vitamin A and BM addition, A-
Humaid (2010) reported high levels of minerals and vitamins in camel milk, as well

as reports of low cholesterol levels (Yagild Van Creveld, 2000).



Table 1.1: Vitamin and mineral content of camel and bovine milk

Name of component Camel milk Bovine milk
(mg/100mI£SD) (mg/100mI+SD)

Vitamin A 0.04+0.002 0.36+0.02

Vitamin C 4.51+0.24 1.58+0.81

Vitamin E 0.26+0.03 0.11+0.01
Sodium 40.00+£3.01 39.00+2.67

Zinc 2.21+0.17 2.01+0.14

Copper 0.17+0.02 0.11+0.01
Magnesium 12.12+1.00 13.12+1.00
Chloride 123.00+8.31 120.00+9.99

Camel milk is a rich source of proteiasdthe total protein content of camel milk
ranges from 2.15 to 4.90%ith potential antimicrobialantioxidant,andimmunc
modulatory activities (FitzGerald and Meisel, 2000igbal and Khan, 20Q1
Konuspayeveet al, 2009. The main components aamelmilk proteins are casein
and whey. Theaseinvaries betwee2-87% of the total proteins while the content
of whey protein isabout 20to 25% (Khaskheliet al, 2005).Caseins are eikg
digesedin the intestine antheyarearich source ofessentiabmino acidsequired

for infantgrowth Casei n f r @ csi B oa masenand catdemilk has a
higher contento f -cabein (65%) and lowerontentof other casein fractionthan
bovinemilk (Kappeleret al, 2003) Thehi gh ¢ o n c ecadeincauldib@the o f
reasonthat camel milkis more digestible and reduxallergic reactions in infants
(EI-Agamy et al, 2009).Camel whey proteins are lactoferrin, immunoglobulins,
| y s o z ylaotalbumirJpeptidoglycan recognition proteinand serum albumin
(Merin et al, 2001;Kappeleret al, 2004. In camel milk,the major whey protein is
Ulactalbumin w h i Haetogbulin is the major bovine milk portipwhich exists

in low amouns in camel milk Kappeleret al, 2003; Laleyest al, 2008).It has been
reported thaicamel milk has alow level of two proteins that are responsible for
allergies b-lactoglobulin andb-casein) and only a few allergic cases have been
reported in camel milk consumers (Meeh al, 2001; ElAgami et al, 2009; At

alawi and Laleyeet al, 2011).An earlier study demonstrated ttdsbmedary camel


http://www.sciencedirect.com/science/article/pii/S0308814611000124#b0165

milk had a positive effect in eight childréd months10 years) with severe food
allergies Shaboet al, 2005. High levels of immunoglobulin G, secretory
immunoglobulin A, and lactoperoxidasare also reportedin camel milk with
antimicrobial activity (Mona et al, 2010. Additionally, camel milk has shown
higher antibacterial properties thaovine milk and that could be attributed to the
concentration of lactoferrin (220mg/l) angsbzyme (2880mgylwhich were higher
in camel milk than irbovinemilk (110mg/I and 130m¢/ (EI-Agami et al,, 2009; Ei
Saidet al, 2010).

Several scientific stlies have demonstrated the hyggierglycemic effect of camel
milk and its effect on diabetic complications including liver and kidney diseases,
delayed wound healing, high cholesterol levels and decreased oxidative Istress.
2005, Agrawalet al found that dromedary camel milk was a useful adjunct to
parenteral insulimdministration in the management of type 1 diabetes. In that study,
a significant reduction in the dose of insulin was required for maintainingtésng
glycaemic controlHamadet al (2011) evaluated the effects of camel milk on liver
function by tredahg diabetic rats with camel, buffalo, abdvine milk. The study
found that the highest enhancement of liver enzymes was reported in rats fed camel
milk with 41% improvement foalanine transaminase (AL®@nd 38% improvement

for aspartate transaminas&3T). Both enzymes araiseful in diagnosingand
monitoring liver diseasewherethey are detectedat higher levels(Hall and Cash,
2012. Similarly, Khanet al (2013 reported a decrease in the elevated levels of liver
enzymes irstreptozotocinSTZ)induced diabetic rats fed camel milk for 1 month.
In addition, camel milk reduced microalbuminuria levels in diabetic patientsdreate
with camel milk, from 92.08#5.18to 75.758.17, after 24h(Mohamad, 2009).
Microalbuminuria refers to an increasa urinary albumin excretion usually
associated with renal failure and cardiovascular disemsg® a decreasein

microalbuminuriacan delay orgadamage Koroshi, 2007.

In another study, camel milk was added to the usual diet of diabetic patients for 6
months and exhibited a significant reduction in microalbuma levels (from
119.484.68ng/dl to 22.52+2.6&8g/dl, p < 0.001). In 2013, Badr showech a


http://scialert.net/fulltext/?doi=jpt.2012.128.139&org=10#16394_b

acceleratd wound healing in STZnduced diabetic mice after treatment with camel
milk for a month. This result was related to the significant elevation in
hydroxyproling an essential component in collagen that may be associated with
tissue regeneration in diabetic mice. Another study conducted -bjumair (2011)
reported that the level of hydroxyprolinedatotal collagen content was increased to
normal levels in SZ-diabetic rats fed camel milk.

Several studieBaveshown the efficacy of camel milk in reducing hyperlipidemia in
diabetic patients. In one study, a significant reduction in the total chale§i€s)

and triacylglycerols (TG) (25% and 37%, respectively) were observed in young type
1 diabetic patients after being treated with camel milk for 16 weeks. There were no
significant changes irhigh density lipoprotein (HDL)low density lipoprotein
(LDL), andvery low-density lipoprotein{LDL ) levels after treatment (Mohametl

al., 2009). Another study conducted by-%id et al (2012 revealed an
improvement in lipid levels in type 1 diabetic patients injected with a mixture of
insulin and camemnilk for three months. A significant reduction (45% and 30%, p <
0.001) in TG and TCrespectively and a significant (p < 0.001) increase in DL
levels was shown (from 41mg/ dl to 49mg/dl) compareitié@ontrol group.

1.1.3 Therapeutic properties of canel urine

In Mediterranean countries and some parts of Asia, camel urine hdsealsased
traditionally as a treatment for different diseases including hair probleskig,
injuries, snake bites, stomach pain, the common cold, and diarffAbé&avadi and
Al-Judaibi, 1999Bakhshet al, 2012;Baesmel2014). One study showed that camel
urine had a inhibitory effect on fungal growtlof Candida albicang45%t0.89),
Aspergillus nigen43%z1.16) and Fusarium oxysporuni39%10.89) aftertreatment
with fresh camel urineAl-Awadi and AtJudaibj 2015. Anotherstudy conducted
by Kabbashi andAlfadhil (2016) evaluai the efficacy of camel urine in the
treatment of dermatomycosis caused by dermatophyte filiihgi.results showed
stronger antifungal activity of camel urineeompared with theantifungal drug

fluconazole. Another study revealed thatin rabbits and albino micejver and



stomach tissues infected wilscherichiacoli recovered with no histopathological
effects after treatmentith camel urine (EElyani and Khalifa, 2006

Al-Yousef (2012) found that dromedary camel urine posskss#icancer and
potent immunemodulatory propertiesA dose containin@16mg/mlof Iyophilised

camel urine inhibited cell proliferation and caused more than 80% apoptosis in
number ofcances, including breast carcinomas an
The urine had no cytotoxic effect against peripheral blood mononuclear cells and had
strong immunological activity in terms of inducinmterferon gammand inhibiting

T helper 2cytokinesinterleukin4, interleukin6, andinterleukinl10. In addition,in

vitro investigationshavereported antcancer activity of camalrine against human

lung adenocarcinoma cells (A549) (Alghamdi and Khorshid, 20E®&)mli et al

(2016) examined the potentiahti-cancereffect of camel urine againdouse 4T1
breast tumaor cells. Theresultsdemonstrated that camel urirseable to inhibit the
proliferation and metastasef 4T1 cellsin vitro andin vivo. Alhaidar et al (2011)
investigatedthe potentialantiplatelet activity of camel urine againatenosine
diphosphateADP)-induced andirachidonic acidAA)-induced plateleaggregation.

The results demonstrated that camel urine had a patéiptatelet activitysimilar to

the activity ofdrugssuch asaspirin and @pidogrel.



1.2 Phytochemistry analysis

1.2.1 Desert plants

The food of camels consists of dry grasses and available desert vegetation; mainly
thorny plants. Many plant species have been recorded as fodder for the dromedary
camel, includingA. spinosusC.colocynthisR. epapposunmandT. aphyllawhich are

detailed below

1.2.1.1 Rhanterium epapposum

R. epapposun®liv. (Figure 11) is called Arfaj in Arabicand belongs to the family
Asteraceae The plant is nativeto the deserts ddaudi ArabiaandKuwait, is
indigenous and widespread throughout tropical and subtropical regiodhsis
considered one of the main desert fodder plants for camels and Bhegapposum
is abushy shrub approximately & in height and it starts flowering from April and
May. The flower is yellow in colour and is the national flower of Kuwaihe plant

has small fruits in the form of a nut surrounded by membranous wirgsh form

in late springAgeelet al.,1987;Suleimaret al.,2009.

L

Figure 1.1A: The growing plant oRhanterium epapposyrh.1B: stem with flowers
(Pictures provided by Dr. Rothwelle Tate, Kuwait, 2012).
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1.2.1.11 Historical use

People in rural areas from various countries consider Arfaj the main desert plant for
grazing camels. It is also used as a source of fuel. In Arabic folk medicine, Bedouin
people useR. epapposumin the treatment of gastrointestinal disturbances, skin
infections, as an insecticidend the flowergan be added to tea as a flavouring agent
(Ageelet al.,1987; AlYahyaet al.,1990).

1.2.11.2 Active ingredients and biological activities

Al-Yahya et al (1990) demonstrated the presence \aflatile oils, flavonoids,
tannins, sterols and triterpenes the aerial parts oR. epapposunusing various
qualitative chemical test® detect the chemical constituentiere are naciertific

studiesreporing anymediciral activitiesfor R. epapposum

T h Asteraceaefamily is reported to produce valuable phytochemicals, such as
ter pen AEAE4) lignans (AF5-AF-7), pol yphen8&8ARB4) ( AF
carbohyAdFl &fse £ r o1l $a n(AAFY a n dkaloids ( AA-E8AF2 )
(Table 1.2). This family has also been reported to hauelogical ffects including
antimicrobial, anticancer, antinflammatory and insecticidal activitig&in et al,
2004; Keyhanfar et al.,, 2011 He et al, 201). The sesquiterpene lactone
onopordopicrin (AF4) showed protective effects in acute experimental cdlies
Almeidaet al, 2019. Arctiin (AF-5), a lignan isolated froni\steraceaglants such
asburdock,wasreported to have antiancer propersin humans and rat$H(ang,
Guhet al. 2004, Matsuzakiet al. 2008) Chlorogenic acid (AR) is reported to have
different biological activities including antimicrobial activities agairist coli,
Staphylococcusaureus and Micrococcus luteugLin et al. 2004) Chiang et al
(2002) reported antiviral activities of caffeic (Af and chlorogenic (Af8) acids
against herpes simplex viruses (H3VHSV-2) and adenoviruses (ADY, ADV-

11).
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Table 1.2: Selection of phytochemicals previously isolated fiihmAsteraceae
family. AF: refers to the name of the plahitfaj (R. epapposujm

Compound Cod|Part Reference
t he
Faradiol AFl | Leaves (Liu et al,, 2006)
Costus acid AF-2 | Leaves (Barneset al, 2007)
COOH
b-Eudesmol AF-3 | Fruits, (Tsunekiet al, 2005)
o leaves
Onopordopicrin AF-4 | Leaves (Barboseet al., 1993)
Arctiin AF-5 | Seeds, (Kamkaeret al., 2006
fruits, Matsumotoet al. 2006)
leaves,
roots

HO OH
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Table 1.2 (continued): Selection of phytochemicals previously isolated frtme
Asteraceadamily. AF: refers to the name of the plant Arf8.(epapposuin

Compound CodjParts Reference
pl an
Trachelogenin on O A F6 Fruits (Chanet al, 2011)
H,CO.
(J
HO
‘ OCH,
OCH;
Matairesinol AF-7 | Fruits, seed{ (Wang and Yang 1993
He Matsumotoeet al,, 2006)
/o Q
I
Chlorogenic acid AF-8 Roots, (Chen et al, 2004; Lin
o leaves, et al, 20(B)
O)V\O:OH seeds
(0} OH
OH
X
OH
HO
Caffeic acid AF-9 Roots, (Pari and Prasat2008)
leaves,
seeds

HO
OH
HO:O\/\H/
(@]
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Table 1.2 (continued): Selection of phytochemicals previously isolated frtme
Asteraceadamily. AF: refers to the name of the plant Arf8.(epapposuin

Compound

Cod{Parts
t he p

Reference

1-0O-,5-O-dicaffeoyt4-O-
succinylquinic acid

OH

HOAQ_\%O OWCOOH

OH

HOOC

AF10(Root s

1-0O-,5-O-dicaffeoyt3-O-, 4-O-
disuccinylquinic acid

H

AF-11

( Mareut gal 19

Lower
buds,
roots
leaves

(Ferracaneet al, 2010)

AF-13 | Roots,
leaves

(Ferra@neet al, 2010)
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Table 1.2 (continued): Selection of phytochemicals previously isolated frtme
Asteraceadamily. AF: refers to the name of the plant Arf8.(epapposuin

Compound Cod{ Part g Reference
t he p
Kaempferol A Fl 4| Roots (Okunade, 2002; Shi
OH xionget al, 2011)
(]
ALF (Fructan) AF-15 Roots (Lei, 2009)

CH,OH

=)

CH,OH

@ CH,OH

b-Sitosterol AF-16 Aerial (Kamboj and Saluja,

Sitosterolb-D-glucopyranoside AF-17 Roots, (Schitzet al, 2006)

ﬁéjgg/v h
GluO
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Table 1.2 (continued): Selection of phytochemicals previously isolated frtme
Asteraceadamily. AF: refers to the name of the plant Arf8.(epapposuin

Compound Cod{ Part g Reference
t he p
Senkirkine A F1 8| Flower | (Roder and Wiedenfd)
OH buds 201))

2-Methylpyrrolidine AF-19 Flower (Luethy et al, 1980)
buds
NH (0]
OCH,
TussilagineRi= Me, R2= OH, AF-20 Flower (Rizk, 1990 Roederet
Rs=Me buds al., 2015

IsotussilagineRi1= Me, R2= Me, AF-21
R3=0OH
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1.21.2 Astragalusspinosus

A. spinosugForssk. is known as Kitad (Figude?) (Fabaceak It is indigenous and
widespread throughout tropical, subtropjaaidthe Mediterranean regions such as
Iran, Kuwait, Libya, Egypt, Saudi Arabia and Syria. It is an ascending
branchedspiny shrubabout 2670cm in high, with apical leaves-8cm long, with 4

5 pairs of small leaflets that soon drop off leaving the rachises to become spines (El
Sebakhyet al, 1990).

Figure 1.2A: The growing plant ofAstragalus spinosugPictures provided by Dr.
Rothwelle Tate, Kuwait, 2012),1.2B: Stem with leaves and flowers.
https://commons.wikimedia.org/wiki/File:Astragalus_spinosus_1.JPG

1.21.2.1 Historical use

There is no specific traditional use Af spinosusbut several species défstragalus
exist in theMiddle East includingA. adscenden®\. gummiferandA. brachycalyx
that have been used to make the natural,guagacanth(Phillips and Williams,
2009). In Bangladel, many plants othe Fabaceadamily have beerreported to
have a traditional use to treat many diseases such as asthma andigbld, fever,
diarrhoea heart disease, eczema, ulcers, stiatas, kidney diseasehigh blood

pressure, malaria, syphiliandcholera(Rahman and Parvin, 2014).
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1.21.2.2 Active ingredients andbiological activities

A. spinosusnainly containscycloartanetriterpeneoligoglycosides (Tabld.3). The
isolated saponin glycosides have been used in the treatment of induced hepatic, renal
and cardiac toxicitiegYusufoglu et al, 2014). The administration of arbon
tetrachloride(CCls) is one of the most used methods of inductiotiver cirrhosis
Darwish (2002)examined the effect of thiesolated glycosidesof A. spinousin
reducing CClinduced mortality. The study revealed thafcloastrageneb-O-
glycoside AST-1) showedhigher activity than isoastragaloside [AST-3) and
trigonoside | AST-2). It has been demonstrated tlestragéoside IV (AST-5) has
therapeutic effectsn cardiovascular diseases. 2902, Li and Cao reported that
AST-5 enhances the cardiac function of myocardial infarctiom aschemic
myocardium in ratslt hasalso been foundhat AST-5 can help in suppression of
myocardial oxidative injury(Li et al., 2006) It was established tha&ST-5 has
potertial to prevenimyocardial cell damagesuling from lack of oxygenin rats(Hu

et al., 2009). In addition, AST-5 was reported to have antiviral activity against
hepatitisB virus (Wanget al, 2009),and was used tiwmeatmice with type2 diabetes
(Lv et al, 2010) Furthermore AST-5 showedbiological activityin treatment of
Parkinson's diseasghen examinean 6-hydroxydopaming6-OHDA)-induced loss

of dopaminergic neurons in primanjgral culture(Chanet al., 2009).
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Table 1.3: Selection of phytochemicals previously isolated from
AstragalusspinosusAST: refers to the name of the plakgtragalus

Compound Cod{| Parts Reference
pl ant

Cylcoastrageneb-O-glycoside, | A S-IL | Aerial parts | (Abdallahetal., 1993)
R= H, R1= glucose
Aerial parts,
Trigonoside IR=H, Ri= xylose | AST-2 Roots (Abdallahetal., 1993;
Darwish, 2002)

Isoastragaloside R= -[xyl (2, | AST-3 Aerial parts || (Abdallahetal., 1993)
4 di Ac),Ri1= glucose

Astragaloside IR= -Mxyl (2, 3 || AST-4 || Aerial parts, | (Abdallahetal., 1993;

di Ac), Ri= glucose Roots Darwish, 2002)
Astragaloside IVR= b-D- AST-5 | Aerial parts, (Darwish, 2002)
xylopyranosyloxy Ri= glucose Roots
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1.2.1.3 Tamarix aphylla

T. aphylla(L.) Karsten(Figure1.3) is the largest known speciestbé Tamarixand
belongs to the family Tamaricaceae. The species has a varietynaion names
including Athel pine, Athel tree, Athel tamarisk, and salt cedaraphyllais an
evergreen tree, up 18 metres high with an erect tapering trunk. The fruit consists of
a small narrow pointed capsulemsn long, splitting into 3 parts. Seeds are 0.5mm

long; brown, each with a tuft of 3mm long whitish hairs. The specific name means

without leaves. It imative across North, East and Central Africa, through the Middle
East, and into parts of Western and Southern Adefrt et al, 1992)

Figure 1.3A: Tamarix aphyllagrowing as a hedgé4,3B: Stem with leaves (pictures
provided by Dr. Rothwelle Tate, Kuwait, 2012).

1.2.1.3.1 Historical use

T. aphyllahas been used as amamentalwindbreak and shade tree in agriculture
especially in dry area@~igure 1.3A). The species is highly valued for stabilising
sand dunes due to its fast growth, deep and extensive root system. Also, Tamarisk is
used as a plant indicator for soil type in agricultural survEyaphyllais mentioned

in the Holy Qur'anand prescribed il Hadith as a general tonid¢Marwat et al.,

2008. It is a traditionally used plant in Middle Eastern countries; for exarhpieer

galls are used as an astringent and for gargles, while the bark is used for &gating
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inflammation, rheumatismfever, eczemaand other skin diseaséAzaizehet al.,
2006 Marwat et al., 2008 Yusufoglu and Algasoumj 201]). In SaudiArabia T.

aphyllais used as a treatment faltergic dermatitisn camelgAbbaset al.,2002).
1.21.3.2 Active ingredients andbiological activities

Vari ous phyt ocphenoli¢ acidst €r ppaomadgt er ol s
i sol ated fr onT.aphyllafTabl&det parts of

Theaqueousxtract of the leaves, possess antioxidant;iaflimmatory and wound
healing activities Yusufoglu and Algasoumj 2011 Auribie, 201). In a
carrageenainduced paw oedema model and excision wound madelsmulation
of herbal gel containing 15 and 25% aphyllaextract ina gel base were prepared
and tested foantrinflammatory activity. Itshowed optimum percentage inhibition
of 53.1% and 89.6% withl5 and25% gel formulation which was comparable to the
standardiclomax® (1% Diclofenac sodium) and Betadfgl0% Povidondodine)
respectively(Yusufoglu and Algasoumj 2011).In addition strongantibacterial and
anti-fungal activities of an aqueous bakdlea extracs of T. aphyllawere reported
(Vadlapudiet al, 2009 Igbal et al, 2015 Alrumman, 2016. In 2014, a study
conductedby Qadir et al revealed thaan aqueous ethanolic extract ®f aphylla

showedantipyretic and analgesic activity.

Nawwaret al. (2013)evaluated cytotoxicity activity of tamarixellagic agitAM -5)
againstbreast(MCF-7), prostate (P€) and liver (Huh 7) cancer cell lines. The

study revealed that tamarixellagic a@ghibitedin vitro activity againstall tested

hav

cell lineswith an IGovalue 0f 0.16,0.13a nd 0. 03eg/ ml, respecti
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Table 1.4: Selection of pytochemicals previously isolated froramarix aphylla

Compound Code | Parts of Reference
the plant
Myricadiol TAM-1 Bark (Merfort et al, 1992)
|l somyricadi ol TAM-2
OH
HO
2, 6-Digalloyl glucose R=H, TAM-3 Galls | (Nawwaret al, 1994)
R1=R2= galloyl
TAM-4
3, 6-:Digalloyl glucose,R1=H, R=
R2=galloyl
HO OR,
RO
o
OH
OH
OH
galloyl
Tamarixellagic acid | TAM-5

HO

HO
I
O o
~cu

HO 2

(0}
HO. o oH
le) (o]
HO /
oH o=cC
‘OOH
O
H HO

o
HO. Ci
HO OH
HO OH OH
O

o
I
—C
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Table 1.4 (continued): Selection of phytochemicals previously isolated from
Tamarix aphyllaTAM: refers to the name of the plahamarix

Compound Code Parts Reference
of the
plant
Dehydrodigallic acid TAM-6 | Galls | (Nawwaret al., 1994)
OH COOH
HO: f :COOH
HO O OH
Dehydrotrigallic acid TAM-7
HO OH
HOOC, [¢]
HO OH OH COOH
HO (0} OH
COOH
Dimethylene oxyferulic acid TAM-8 | Stem (Akhlag and
o galls Mohammed, 2011)
N
HOOC 0
Aphyllaoic acid TAM-9

HO
HO—@»O—QCOOH
HO
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Table 1.4 (continued): Selection of phytochemicals previously isolated from

Tamarix aphyllaTAM: refers to the name of the plafiamarix

Compound Code Parts Reference

of the
plant

Tamarixoic acid TAM-10 | Steam (Akhlag and
galls Mohammed, 2011)

Isoferulic acid 30-b- TAM-11 | Flowers| (Nawwaret al, 2009)

glucopyranoside

=
Tamarixetin 3, 3di-sodium TAM-12

sulphate
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1.2.1.4 Citrullus colocynthis

C. colocynthis(L.) Schradis known asBitter apple, Wild water melon, Handal or
Shaira(Figure 1.4). It belongs to the family Cucurbitaceae. It has yellmloured
flowers, triangulasshaped leaves angtllow-green fruit. This plant is found in arid

or semiarid regionsand is widely distributed especially in South Africa and

Mediterranean regions (Bolous, 1983).

»

Figure 1.4A: The growing plant o€itrullus colocynthis1.4B: Stem with leaves and

flowers. https://en.wikipedia.org/wiki/Citrullus_colocynthis
1.2.1.4.1 Historical use

In traditional medicine, indigenous people from Mediterranean countries and some
parts of Asia use different parts of this plant such as the leaves, fruits and saeds as
antrinflammatory, a purgative for constipation, and for ah&8umatic and
antidiabetictreatments. Additionallythe fruitshave been used lsome women to
terminate pregnancy in the first trimest@tussein, 1985Marzouk et al, 2012
Sebbaghet al., 2009.
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1.2.1.4.2 Active ingredients andbiological activities

Previous studies concerning the chemical constituentsC.ofcolocynthishave
demonstrated the existence of cucurbitacin, cucurbitacin glycosi@eg;
hydroxybenzyl derivatives, phenolic acids, and flavondidb a b3) &tudies have
identified a range of potentilological properties and applications for extracts from

C. colocynthis

1.2.1.4.2.1C. colocynthisantimicrobial properties

Gurudeebaret al. (2010) observed that a methanol extracCotolocynthideaves

had in vitro antimicrobial activity against various pathogenic bacteria sucB.as
aureus Salmonella typhiBacillus subtilis Streptococcus pyogenasdE. coli. It

also showed high &fungal activity againstC. albicans Mucor species, and
Aspergillus fumigatugKhatibi and Teymorti2011). Antibacterial effects have been
evaluated for gluceucurbitacin E (CI¥4) and cucurbitacin | (CFR) againstGram
positive bacteriaS. aureusand Klebsiellapneumonia Results revealed that gluco
cucurbitacin E showed strong antibacterial activity witinimum inhibitory
concentratior(MIC) values ranging from 1.25 to 2.5mg/while cucurbitacin B and

| exhibited antibacterial effee{Chaweckhet al,, 2015a). The antimicrobial activity of
flavonoids has been widely documented. For example, flavonoids such as quercetin
(CIT-28) and myricetin(CIT-30) showed antitubercular activiiyMl C=50¢ g/ ml
bot h) at c¢onc e fMadaeetal, 80d3).of 100¢ g/ ml

1.2.1.4.2.2C. colocynthisanti-inflammatory properties

C. colocynthisextracts have anthflammatory activity and have been found to
significantly (p 0.05) i aihcatraggenamdeced t oni n
oedema in the hind paw of rats (Rajamanicletral, 201Q. Cucurbitacins ECIT-

2) and I(CIT-2) have been reported to have anflammatory activity by inhibiting
cyclooxygenase (COX2 enzymes with no effect on CGXenzymes (Japrakasam

et al, 2003. In 2013, Qiacet al evaluated antinflammatory effects of cucurbitacin
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E (CIT-1) in Lipopolysaccharide L(PS)-stimulated RAW 264.7 cells. The study
reported antinflammatory effects of this compound through suppression eé NE-
nuclear translocatiormhus, CIT1 decreased expression of TNF  a n-H bn LRS-

activated cells in dose dependenanner.
1.2.1.4.2.3C. colocynthisantidiabetic properties

Huseiniet al (2009 reportedsignificant decrease inddmoglobin Alc KIbAlc) and
fasting blood glucose levels . colocynthidreated patients (receiving 100mg fruit
capsules)Another study confirmed the antidiabetic property@f colocynthisin

which a significantreduction inblood glucosgfrom 381+34 to 105+35M/l) was
observed in diabetic patients treated with an oral dose (250mg and 500mg) of

aqueous plant leaf suspens{@urudeeban anBamanathan , 2010)
1.2.1.4.2.4C. colocynthisantitumour activity

Antitumaur activity of cucurbitacin compounds is widely documentadough
different mechanisms, mainly kghibiting the Janus kinase/signal transducer and
activator of transcriptiopathways (Leet al, 2010. Cucurbitacin E (CIT1) is one

of the cucurbitacins which is widely studied for antincer activity. It was reported
that cucurbitacin Es able to inhibit cell proliferation in many cancer cells such as
bladder cancer, pancreatic cancer, breast camsgratocellular carcinoma, oral
squamous cell carcinomand leukemia (Hunget al, 2013; Fenget al, 2014). In
2013, Lanet al stated the inhibitory activity of cucurbitacin E against human breast
cancer cellsn vitro by inducing apoptosis and cell cgchrrest through the inhibition

of signal transducer and activator of transcriptiofurdction. A study conducted by
Kong et al (2014) demonstrated inhibitory effect of cucurbitacine E toward triple
negative breast cancer by inducing cell cycle G2/M plasest and apoptosis.
Recent reports demonstrated cytotoxic effeof cucurbitacin | (CIT2) on
chondrosarcoma SW 1353W480and Colo205 colorectal cancer cell lindsbbas

et al. 2013;Kim et al, 2014).Cucurbitacin Iderivative CIT-5) was shown to be
specifically cytotoxic for Cac@ cells (Songet al, 2014).In addition, Yuanet al
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(2014) analysed the inhibitory effect of GETin patients with glioblastoma
multiforme (GBM). The results revealed th@tT-2 suppressed GBM growth by

inducing apoptosis through regulating-42damily proteingn vitro andin vivo.

1.2.1.4.2.5 OtherC. colocynthisactivities

Different extracts ofC. colocynthishave been shown to displdypolipidaemic
laxative, larvicidal and antialopecia activity Daradkaet al, 2007; Rahuman and
Venkatesan2008; Dhanotiaet al, 2011).Studieshaveestablished the anti@ant
activity of cucurbitacinl (CIT-2) (Jayaprakasangt al, 2003) and its glucosides
(CIT-5) (Delazar et al, 2006). Anti-artherosclerotic activity of -B-
glucocucurbitacin HCIT-4) was reportedo cause adecreasdan lipid oxidation
products; malonaldehyde (MDA) anehgdroxynonenal (4HANE) (Esterbauerl993;
TanninSpitzet al, 2007).Torkeyet al (2009) reportethsecticidalactivity for 2-O-

glucocucurbitacin ECIT-4) on Aphis craccivora
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Tabllé Sel ecti on of phyt ochemic@&itrudlus previ
colocynthis CIT: refers to the name of the plant Citrullus

Compound Code [Par t Reference
of
pl an
Elaterin (cucurbitacin ERi=H, | CIT-1 [Fr ui| (Lavieetal, 1964;Seger
R2=H et al, 2005
Elatericin B (cucurbitacin I); CIT-2

R1=Glucose R>=Ac

Dihydroelatericin B (cucurbitacin CIT-3
L); Ri=GlucoseR2=H, 23,24
dihydro

2-O-glucocucurbitacin E, CIT-4
Ri=GlucoseR2=H

2-O-glucocucurbitacin IR1=H, CIT-5
R2=Ac

2-O-b-D-glucopyranosy(22-27) | CIT-6 | Fr u (Lavieet al, 1964)
hexanorcucurbitacin

o

GluO
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Tabll®(conti 8eldg¢tion of phytochemical s
Citrullus colocynthisCIT: refers to the name of the plant Citrullus

Compound Code Par Reference
of
pl a
6 -Netyl2-O-b-D glucocucurbitacin | CIT-7 | L e a f (Chawechet al,
E; Ri=CHs, R2=Ac, Rs=H 2015)
25-p-coumaroyi3 -Bgetyt2-O-b-D- CIT-8
glucocucurbitacin I,

Ri= HO @—/ HO Y Rl>¢
0

R2=H, R3=Ac OR, 0 0
o OH
HO 0
R;0 OH
O

16-(2-Prop-1-enyl)-2-O-b-D- CIT-9 | Fr ul (Songetal, 2015)
glucopyranosyl cucurbitacin I;
R1=Glu, R2=H

16-(2-Prop-1-en yl)-25-O-acetyl2- CIT-10
O-b- D-glucopyranosyl cucurbitacin
R1=Glu, R2=Ac

OH

OR,
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Tabl®(conti Belkddti on

of

phytochemical s

Citrullus colocynthisCIT: refers to the name of the plant Citrullus

Compound Code | Par i Reference
of 1
pl a
Benzoic acidRi1=R2= R3s= H CIT-11 | Fruit | (Hussairet al, 2014
pulp
4-hydroxy-benzoic acidR1, Rs=H, | CIT-12
R2=0OH
Gallic acid;R1=R2>= R3= OH CIT-13
Vanillic acid; R1=H, R>=0OH, R3= CIT-14
OCHs
(]
R,
OH
R;
R;
Ferulic acid;R1=H, R2=0OCHs CIT-15| Fr u| (Hussairet al, 20149
pul
Sinapic acidR1= R2=0OCHs CIT-16
p-Coumaric acidR1=R2=H CIT-17
O
f X OH
HO
R;
Chlorogenic acid CIT-18 | Fr u| (Hussairet al, 20149
HO, COOH p u I
(0]
O /

HO

OH

OH
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Tabl®(conti 8elkddti on of phyt ochemical s

Citrullus colocynthisCIT: refers to the name of the plant Citrullus

Compound Code | Par i Reference
of 1
pl a
8-C-p-hydroxybenzylisovitexin; CIT-19 | Aer i (Maatooget al.,1997)
Ri1=Glucose, R2=P-hydroxybenzyl, par

Rs= H, Rs=H, Rs=H

6-C-p-hydroxybenzylvitexin; R1=P- | CIT-20
hydroxybenzyl R2=Glucose Rs= H,

R4=H, Rs=H

8Cphydroxybenzyid|CIT-21| Aer if (Meena and patni,
O-glucoside; Ri= Glucose,R2= P- par 2008)
hydroxybenzyl Rs= H, Ra=Glucose,

Rs=H

HOH,C
s o

Glucose = Hgo 1
OH

OH

P-hydroxybenzyl =

phthalic acid methyl ester CIT-22 | Fruits (Songet al, 2015)

[¢]

OH
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Tabll®(conti 8eldg¢tion of phytochemical s
Citrullus colocynthisCIT: refers to the name of the plant Citrullus

Compound Code Par Reference
of
pl a
Catechol R1=OH, R=H CIT-23 | Fruits | (Songet al, 2015)
Resorcinol R1=H, R.-=OH CIT-24
R,
R,
OH
IsosaponarinRi=H, R2=Glucosyl CIT-25 | Fruits,| (Delazaret al, 2006;
seeds| Gurudeebamet al.,
Isovitexin; R1=H, R=H CIT-26 2010)
Isoorientin 30-methylether CIT-27
R1=OCHs, R2=H

Quer ¢ ®&t=H,nR=0OH, Rs=H,| CIT-28 | Fr u| (Meena and Patni,

Rs=H 2008; Hussairt al,
2014)
Catechin; Ri=H, R2=H, Rs=H,|CIT-29 | Fr u | (Hussairet al, 2014)
R4=0OH pul
CIT-30

Myricetin; Ri=H, R2=0OH, R3=H,
R4=OH

CIT-31
Kaempferol;R1=H, R2=H, R3=H,
R4=H

34


http://alsirhan.com/Plants_s/Citrullus_colocynthis.htm

1.3 Molecular analysis

1.3.1 Exosomes

Exosomes are small vesicles (up to 100nm) containing nucleic acids and protein that are
secreted by different cell types, and found in most body fluids including blood, saliva,
urine, and breast milk (Thery, 2011). Recently, several studies demonstrated th
existence of miRNAs in exosomes (Zhaetgal, 2015;Izumi et al, 2012;Cheng,et al

2014; Montecalvo et al, 2012. Exosomes work as a protective vesicle against
degradation of transpad miRNA by RNase (Chengt al, 2014) and they can
transport miRNAs directly to target cells (Montecabtal, 2012).They originate from

the late endosomeand contain specific populations of mMRNA, microRNA (miRNA),
lipids, and proteinsHigure 1.5). They are released when a multivesicular endosome
fuses with the plasma membrane (Hagdial., 1984). Although individual exosomal
content may vary based on a variety of factors, there are common exosomal proteins
that serve as markers: CD63, Alix, Rab 5, and jpdmamongst others (Logozetal.,

2009. Secreted exosomes can be internalized by recipient cells through endocytosis
(Tian et al., 2010 where the release of exosomal contents can trigger a variety of

responses in the target cdfigure 1.5).
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E 7 .
l Transll;tion? |

Gene suppression Immune response:
Cytokine production/release
R Cell migration T/B cell activation/inhibition

Antimicrobial activity?
Increased/decreased pathogen uptake

' = Exosome biomarkers (CD63, MHC, etc.)
50-120 nm F F = miRNA
Fay O—~ =mRNA

A = Packaged host proteins/peptides (HSP90, Actin,
Rab, AMPs etc.)

R = Pathogen (bacteria, virus, or protozoan)
= PAMPs; Pathogen-derived moieties

Multivesicular body

Host cell

Pathogen C s
G 7O

Figure 1.5: Diagram of exosomemediated intercellular communication during
infection. A model is presented for exosomal packaging and release, uptake by recipient
cells, and known/potential effects of released exosomal contents on recipient cells
during the course opathogenic infection. Exosomes released by infected host cells
carry a variety of host cargo molecules, including exosomal biomarkers, miRNA,
MRNA, and antimicrobial peptides (AMPs). Pathogenived molecules (as indicated

in inset) have also been shownlie incorporated into exosomes. Released exosomes
are endocytosed by recipient cells for depositing their cargo. Released cargo molecules
induce a variety of effects on the recipient cells, which vary depending on the pathogen
causing the infection andelrecipient cell type. These can include cytokine production,
T-/B-cell activation/inhibition, cell migration and increased or decreased pathogen
uptake(Fleminget al, 2014)
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1.3.2Plant miRNAs

Micro-ribonucleic acids (miRNAs) are naroding small RNA®f 20-24 nucleotides in

length. According taa recent studyabout17493 microRNAshave been identified in
different plant specieKozomara and Griffiths2014). Plant miRNAs are involved in

plant development processes, including signal transdugiotein degradation, and the
response to disease and pests. They play key roles in plants environmental stress
responses such as oxidatisgess mineral nutrient deficiency, dehydration and even

mechanical stimulud{maet al, 2013.

1.3.2.1Dietary-derived miRNA regulation of human gene expression

Plant miRNAs are one of the most important gene regulators, involved mainly in those
genes that are transcriptional factoksug¢sain,2012. The robustness of miRNA to
degradation and their role as endogenous regulators of geressrprhas, in recent
years, le to the dietary xenomiR hypothesWifwer, 2013. This suggests that plant
MiRNAs are capable of crogsngdom regulation gene expression through consumption

of plant material, where the plant miRNAs may lead to an alteration in gene expression
in the recipient cells of the mammalian consumer. On reaching the final recipient cells
in organs such as liver, miRNAs are released and could regulate target genes in a

sequencespecific mannerMelnik, et al, 2013; Witwer, 2012Zhanget al., 2012).

In 2014, Lukasik and Zielenkiewiczused highthroughput sequencing ®stablish that
exogenous miRNAs from plants suchZsamays (Zmays) Arabidopsisthaliana (A.
thaliana), Oryza sativa (Osativa), and Citrus trifoliate (C. trifoliate) were found in
human plasma amgbrcinebreast milk exosome3he study detected 39gmt miRNAs

in human breast milk and 17 in porcine breast nhkkonging to 25 and 11 miRNAs
families, respectively. The largest amouatsathrmiR166a, bdimiR168, ptemiR472a

and pabmiR951 were observed in the human samples, while in the porcine sample
zmamiR156a, athmiR166a and zmamiR168a were detected in the highest abundance

levels.
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However, the xenomiR hypothess highly controversiallZhanget al, 201Z). The

first evidence for the absorption and bioactivity of a-degived miRNA in mice was
provided by Zhanget al (20123). The authors reported high levels of exogenous plant
mMiRNAs in the blood and tissues of ingesting organisms. They also suggested that
plant xenomiR could regulate a target transcrighgamouse. In contrast, Dickinsat

al. (2013) repeated the original experiner@nd reported little uptake of plant
xenomiRs and no regulation function was observ&ldo other studieseporing
investigations into the quantity and effects of dietary miRN#&se shown different
results in developng thesefindings (Wanget al, 2012; Snowet al, 2013; Witweret

al., 2013; Dickinsoret al, 2013; Cheret al, 2013; Witwer and Hirschi, 2014; amg,
2014).In 2014, Baieret al revealed that after bovine milk consumption in humans,
bovine milk miRNAs were demonstrated to survive in the gastrointestinalinracto

and transferred to systemic circulation, where they exert gene regulatory functions. In
contrast, Aucherbachkt al (2016) reported that there is no evidence for transfer of
bovine milk miRNAs into the circulation of adult humans when the authorssadahe

samples provided by the laboratory of Baier.

However, severah vitro studies demonstrated that febdsed miRNAs and miRNAs
derived from commerciallyavailable bovine milk are able toenterinto human and
animal cells. They also reported the abiliof these miRNAs to survive the
gastrointestinal tracin vivo and then enter the systemic circulation to exert gene
regulatory functions (Vaucheret al, 2012;Jianget al, 2012;Baieret al, 2014;Arntz

et al, 2015;Wolf et al, 2015;Zhouet al, 2015. Some of these miRNAs were further
shown to have therapeutic effeatsvivo. A study conducted by Timmeat al. (2014)
demonstrated that plaspecific miR168a is present in human maternal serum and can
be detected in human placenta. In the samdystassessment tifie potential role of
miR-168a in regulating placental epidermal growth factor receptor (EGFR) signalling
was conducted. They revealed that miEBa overexpression resulted in reduced EGFR
protein (62%p < 0.05).
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Supportingthe aboveihdings, there is evidenaiggesnhg that the packaging of milk
mMiRNA in exosomes offers the protection of these miRNAs from degradatidn
facilitates their absorption and theimtegration in mammalgTian et al, 2014
Alsaweedet al, 2015;Pieterset al, 2015).

1.3.3 Bioavailability

Bioavailability refers to the proportion of a drug or other substance which enters the
circulation when itroduced into the body anable to have an active effedh the
current studybioavailabilityassessemers required to detect plawterived miRNAS in
bovine milk following the gastric stage of human digestion sample using a drug
dissolution tester TDD8BL. This would demonstrate their resilience and bioavailability
and their potential for croskingdom generegulation.The drug dissolution tester is
usually used to prediéh vivo drug release profiles by providing information about

vitro drug release. It is an industry standard system in complying with United States
Pharmacopoeia specifications (USHFRecently, an in vitro study assessed the
bioavailability of plantderived miRNAs (miR166, miR167 and miR1L68) in soybean

and rice during storage, processing, cooking, and early digestion. The study
demonstrated a significant bioavailability of measuredtpia@lRNAs during all stages

and after early digestion for 75 min (Philgs al, 2015). These results support the
xenomiR hypothesis in whicthe xenomiRs show a robustness that could make them

bioavailable for uptake during early digestion.
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1.4Project aims

Oneaim of this studywas to establish whether thieiological actvities of camel milk

and urine arelerived from plants eaten by the camels as fodder, whighy be a s o
ofboi o¢ @lgliy act i Vhecoocepnpas thabidastive compounds maye
transferred to milk and urine to provide these products with potential medicinal

propertiedor Bedouins and other communities.

This study also attempted to examine if therapeutic value of camel milk and urine

could be assoated with planderived miRNAs; these small nucleic acidsoul d be
passed through the food chain to humans
gene expr es s thadetarg xeoomir thyipathgsiditianget al, 20123. The
firststepwae xt racti on of tot al RNA from the |
number of commercial l y aviadd mtbil fey etxha amd
met hod of extracting miERMiAiIBgthd mIRNAs pfreseat p | a
in these plats, canel urine and camel milk was the next stépat was followed by
monitoring and comparing specific plant miRNA bioavailability in body fluids
following the gastricstage of human digestion sampkenally, an evaluation ofthe
potentialeffect of selected plant miRNA to regulate the expressioa pbssiblearget

human genevas carried out
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Chapter 2 Materials and methods
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2.1 Solvents

A number of solvents were uséat analytical and chromatographic purposédl. the
solvents (VWR, Lutterworth, UK) were stored at low temperature and transferred to
small bottles for routine use. Deuterated (99.9%) solvents (Siddnech, Irvine, UK)

were used for all the NMR analysis.

2.2 Reagents and chemicals

T 0. 2 2 ¢ mMdrck, Darrastadt,(Germany)
1 2xFast SYBR Green Master Mix (Applied BiosysterRenfrew, UK

]

2x Luminaris Colour Probe High ROX MastermifApplied Biosystems
Paisley, UK

20x TagMan Assay primer/probe mi&pplied BiosystemsRenfrew, UK
2-mercaptoethandqSigmaAldrich, Poole UK)

AF488labelled AllStars Negative Control siRNA (Qiagen, Manchester, UK)
Agarose(Bioline, London, UK)

AlamarBlué® Cell Viability Assay(Invitrogen, RenfrewlJK)

AllStars Cell Death positive control siRNA (Qiagen, Mancheg&ermany)
Anti-bumping granulesHisher ScientificLeicestershire, UK)

Bio-Rad MinFPROTEAN ¥ electrophoresis tank (BiRad,Hemel Hempstead,
UK)

=4 =4 A A4 -4 -4 A -2

1 Columngrade silica gel (Silica gel 60, mesh size-20 0 € m) ( Mer c
Darmstadt, Germany)

Enhanced chemiluminescence (ECL) reagent (Thermo Fisher, Renfrew, UK)
Ethidium bromide solution (Sigmaldrich, Steinheim, Germany)

Experior’? RNA StdSens Analysis K{iBio-Rad, Hemel Hempstead, UK)

Foetal calf serum (FCS) (Invitrogen, RenfréyK)

GenEluté Plant Genomic DNA Miniprep Ki¢€SigmaAldrich, Poole, UK)

Haemocytometer (Hawksley,ancing ,UK)

= =2 4 4 -4 -4 -2

HiPerFect transfection reagent (Qiagen, Manchester, UK)
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=4 =2 =4 4 -4 A4 -4 -5 -

=

=4 =2 =4 4 A4 -4 -4 -4 -4 -5 A 4 =

PRLRprimers (Integrated DNA Technologies, Leuven, Belgium)

Hyper |l adder E DBidnedondoa, Ujar k er

Isolate Il RNA mini kit (Bioline London, UK)

L-glutamine (Invitrogen, RenfrewJK)

Lipophilic Sephadex LF20 (GE Healthcare, Little Chalfont, UK)

MagJET nucl ei c @berni Sqentifici Remfrevg yk) on ki t
miScript miRNAmimic (Qiagen, Manchester, UK)

MirPremier microRNA isolation Kit (Sigmaldrich, Poole, UK)

Mg®*-Ce&*-f ree Hanko6s balanced salt solutic

Renfrew,UK)

Mouse monoclonant-CD63 antibodyAbcam, Cambridge, UK)

Non-essential amino acidivitrogen, RenfrewlK)

Nor gen Bi ot ek Tot al(NoiRewnwABiotekuGorp.f Ontado; i 0 n
Canada)

Nikon Eclipse TE300 Epifluorescent Inverted microscope (Nikon, Kingston
upon Thames, UK)

Oligonucleotide PCR primers (Integrated DNA TechnologiesyeruBelgium)
Powe rfRINaAn tl s o | @b Bim Garldbadt USA)

Powe rfRINaANn tl s o | with DNese (\0iBip, Carlsbad, USA)
Polyacrylamide gel (BidRad,Hemel Hempstead, UK

Pur eflRNw&k Mi (Life T&chnblogies, Renfrew, UK)

Qi agen RNeasy Tot a(SignRANdichPRoale, UK) c at i on
Rabbit antiMouse IgG H&L (HRP) (Abcam, Cambridge, UK)

RNAlater® stabilization solution (Ambion, Austin, USA)

RPMI 1640 (Lonza, Verviers, Belgium)

Sodium pyruvate (Invitrogen, RenfrelwK)

SpeckPluant To t(gidmaARdich, PKolet UK)

Streptomycin/ Penicillifinvitrogen, Renfrew{JK)

Sulphuric acid (VWR, Lutterworth, UK)
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 TagMarP MicroRNA Reverse Transcription K{Applied Biosystems, Renfrew,
UK)

1 miRNA PCR Assays (Thermo Fish&enfrew, UK)

1 Tetro cDNA synthesis kit (Bioline, London, UK)

1 TLC grade silica gel (60H, Merck, Darmstadt, Germany)

1 TLC grade silica gel coated aluminium sheet (Precoated Silica gel PF254,
Merck, Darmstadt, Germany)

T Tot al Ex osome | s of(Life Tachmalogi¢sf Remdrew, UK) i ne ) |

T TotEeXosome | sol ati on ( fr @ife Technoblagies, b o d
Renfrew, UK)

1 Tris AcetateEDTA buffer (SigmaAldrich, Steinheim, Germany)

9 TRIZPRNA | s ol at (IndgtrogerRReafrgve bK

1 TrypLE ExpresgInvitrogen, Renfrew, UK)

f Virkon® (Antec InternationalSudbury,UK)

2.3 Equipment

25cnt and 7%n?Y sterile flask (Thermo Fisher, Renfrew, UK)
12 and 96 well plates (Sigr#drich, Poole, UK)

Avance DRX500 MHz NMR (Bruker, Coventry, UK)

MM300 Bead Millandcone balls (Retsch, West Yorkshire, UK)

A =4 A2 4 -

Beckman TLX ultracentrifuge with the TLB5 rotor (Beckman Coulter, Inc.,
California)

Bio-Ice cooling unitBio-Rad,Hemel Hempstead, UK

Biomax mbp 300 gel electrophoresis (Kodak, WatfafH)

Biotage Isolera Prime (Biotage, Uppsala, Sweden)

Biotage SNAP C18 12g (Biotage, Uppsala, Sweden)

Decon Sonicator (Decon laboratories, Hove, UK)

Denal i Cl18 Col umn 1 fAlltechxApdiddi@crence,e m c ol u
Carnforth UK)

1 DNA Thermal Cycler 480 (Applied Biosystems, Wagton, UK)

= =/ =4 4 -4
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=4 =4 A4 4 A4 -4 -4 -5 -4 -4 -4 -4 -4 A A4 -4 A A4

Drug dissolution tester TDU8L (Pharma Alliance Group Inc., California,
USA)

Edwards freeze dryer (Edwards, Crawley, UK)

Centrifuge 5415D (Eppendorf, Hamburg, Germany)

Experior’? Automated Electrophoresis Syst¢Bio-Rad, Hemel Hempstead,
UK)

IKA® Grinder (IKA® Werke GmbH & Co. KGStaufenm Breisgau, Germany)
Jeol Eclipse 400 NMR spectrometer (Jeol, Pleasanton, USA)

KODAK M35-M X-OMAT processor (Kodak, Watford, UK)

MTT solution Biotium, Hayward, Canada

NanoDrop 2000c Spectrophotomef&hermo Scientific, Loughborough, UK)
NMR tubes (5mm x178 mm, Signa#drich, Poole, UK)

Orbitrap HRESI mass spectrometer (Thermo Fisher, Hemel Hempstead, UK)
Primus 96plusthermal cycler (MWGBiotech AG, Ebersberg, Germany)
Reveleri§ Prep Purification System (Grace, Columbia, USA)

Rotary evaporator (Buchi, Flawil, Switzerland)

Safety Cabinet (Walker, Glossop, UK)

Soxhlet apparatus (Electrothermal, Staffordshire, UK)

SpectraMax M5 Microplate Reader (Molecular Devices, Sunnyvale, USA)
StepOne Plus Real time PCR Syst@&pplied Biosystems, Renfrew, UK)
Techne DRIBlock® (Camlab,Cambridge UK)

UV-detector 254nm and 364nm UV&S8 (UVP, Chicago, USA)
Vortex-Genie2 (Scientific industries, New York, USA)

Water Bath (Grant Instrumen®pyston , UK)

X-ray film (Santa Cruz Biotechnologiieidelberg, Germany)
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2.4 Sample collection
2.4.1 Plant material

Plant materials were collected from Libya in November, 2012 and January, 2013. Plants
were identified by Dr Mohamad Ramadan, FacultySzience, Zawia University,
Zawia, Libya. Voucher specimens were deposited in the herbarium of the Faculty of
Pharmacy, Zawia University, Zawia, Libya. The plants weraa@d to prevent mould

and minimise degradation. The dried plant material was grouadfine powder using

an IKA® grinder. Extraction of the ground plant was performed using a Soxhlet
apparatus by sequentially increasing the polarity of solvents every 3 days with each
solvent (hexane, ethyl acetate, and methanol). The extracts werevhgorated to

dryness at 40eC under vacuum using a rot .
2.4.2 Body fluid samples

Camel milk and urine samples were collected in January 2014 from Ghadamis / Libya.
These samples were collected from one female dromedary camel (11 yeanatolhst

mainly fed onC. colocynthisand A. spinosudeaves. The samples were mixed with

RNA stabilisation reagent to minimise RNA degradation and ke@ &t @ nt i | furt

u s Bovine whole milk was purchased from Tesco, UK.

2.5 Chromatographic techniques

2.5.1 Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) is one of the simplest forms of chromatographic
separation techniques. This technique is essential for choosing suitable mobile phases
for different separation methods such aslumn chromatography (CC), flash
chromatography (FC), and vacuum liquid chromatography (VLC). TLC provides a
quick way to analyse the components of a mixture or compare samples with standards.
TLC was also used to examine the purity of isolated compoufidat crude extracts,

fractions, or pure compounds were dissolved in a suit@d&ermined by trials and
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errors)solvent and spotted 1cm above the bottom edge of agra@e silica getoated
aluminium sheet. A suitable solvent mixture was added td ki@ tank and left for a

while to saturate the tank environment. Filter paper was placed inside the tank to aid the
saturation. The spotted TLC plate was then placed in the TLC tank. When the solvent
front had reached 1cm from the top of the plate, the Pplaies were taken out of the

tank, the solvent front was marked with a pencil line and the platedried

I mmedi ately. They were then examined vVvis
and sprayed with anisaldehy#eSQs spray (5ml sulphuric acid, 8 methanol, 10ml

glacial acetic acid and 0.5ml anisaldhyde) and heated at 110°C for a minute.

The R valuefor each spot ascalculated by dividing the distance the spot travelled, by
the distance of the solvent front. This was used to pool similardrectogether, which

were then dried and further analysed by nuclear magnetic resonance (NMR) to elucidate
the structure of the compounds (Stahl and Mangold, 1975; &by 2012).

2.5.2 Vacuum Liquid Chromatography (VLC)

A column was drypacked with silica gel 60H (300g) under vacuum (via a water
vacuum pump). Methanol extract (12g) was adsorbed on to a small amount of silica,
allowed to dry and applied to the top of the VLC column. Elution was carried out with
400ml of dfferent solvent systems according to the polarity and as determined by TLC
(Coll and Bowden, 1986; Pelletiet al, 1986).

2.5.3 SizeExclusion Chromatography (SEC)

This technique is also known as gel filtration chromatographynolecular sieve
chromatographyThe principle of SEC is the separation of molecalesording to their
molecular sizeln this work, a slurry of Sephadex LH20 (35g) was added to a glass
column of approximately 20.5cm height and 1.5cm diameter. Methanol extract (2g) was
applied in a small quantity of methanol to the top of the column. Elution was
commenced and completed with 100% Me@t the fractions were collected in small

vials (about 3 ml per fraction).
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2.5.4 Column Chromatography (CC)

This technique was applied to fractionate polar and-pwar components, using an

open glass column plugged with cotton wool. A glass column 55%3 cm was packed with
50g silica gel 60 and different crude extracts were eluted beginning with hexane after
preadsorbing the extract on to silica gel introduced to the top of the column. The eluent
was passed through the column with gradient elution. The polarity was subsequently
changed to 5% (v/v) methanol in ethyl acetate to collect more polar compounds and
250-300ml of solvent system was used each time. Fractions were analysed by TLC and

combined according to the band similarity and evaporated to dryness.

25.5 Preparative Thin Layer Chromatography (PTLC)

Preparative TLC (Prep. TLICé¢disuta poari $olk

from fractions in | ow quantities. Prep.
and 20g of siliesmogqealainsinlgi ga pgaiim) 60 whk c
of distilled water. The formed slurry i
a TLC applicator. The plates were all owe

76 ( Sherma and Fried, 2006) .

The mixture to be fractionated was disso
the prepared pl at e asimneersedam ra wp rbeawido u sTlhye
sol vent system. After drying, o hZx54pnnmteaeen
366nm,and bands were marked for <collection
Compounds were recovered from the silica
wi t100%et hyl a c e taanixeure ofEt O Arethanol (MeOH) (50:50%),

and firally with 100% MeOH for maximum recovery from the sorbent.

2.5.6 Biotage purification system

The Biotage system is an automated flash technology designed to fractionate crude
extracts and isolate pure compounds from mixtures of small quantities (1mg to 1509). It
works depending on detection of sample absorption of the light using two wavelengths
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(254nm & 280nm) to detect sample components. This system consists of a cartridge of
different sizes and types according to sample quantity and quality. A Biotage SNAP
C18 12g (60mglo0mg) cartridge was used to purify 350mg of the mixture. Firstly, the
sampé was dissolved in a small quantity of Me@Hd loaded onto the cartridge. This
system has a fraction collector which collects fractions (5ml in each tube). The solvent
system and the flow rate adjust automatically and each component of the sample is

collected according to light absorption (Table 2.1).

Table 2.1: Shows the solvent mixtures used and the duration of each one at a flow rate
of 8ml/m (A) and 7ml/m(B).

A B

No. Mobile Phase Solvent || No. Mobile Phase Solvent
(Water:Methanol) Mix (Water:Methanol) Mix

Length Length
(min) (min)

1 15%15% 10 1 5%-15% 5

2 15%15% 10 2 5%-15% 10

3 15%-30% 30 3 15%-20% 10

4 30%-40% 1 4 15%-20% 15

5 40%-50% 9 5 20%-30% 15

6 50%-58% 5 6 30%-50% 5

7 58%100% 5 7 50%100% 5

2 5.7 Reveleris® Prep Purification System

The Reveleri8 Prep Purification System is a high performance instrument designed
with flash chromatographgndpreparative liquid chromatograpimyodes. It allows the

use of each mode independently or sequenti@tis system hathree channel variable
UV-Vis wavelengths andEvaporative Light ScatteringELS) detection that allow
detection and collection of all components of various samples. /.00 a mixture of

two compounds was dissolved in a suitable solvent and filtered ugir@ga nilter
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unit and finally injected into ® e n al i Cl18 Col umn 15Wingx 101
preparative mode. The solvent system, collection volume, and the flenwerte

adjusted automatically (Table 2.2).

Table 2.2: Gradient solvent mixture and the durationezid one at a flow rate of

4ml/m.

No. Mobile Phase Solvent Mix Length
(Water: Acetonitrile) (min)

1009%0% 5
95%-5%

109%-90%
15%-85%
20%-80%
25%-75%

N o o B~ W N B

5
5
5
5
5
5

30%-70%

2.6 Spectroscopic examination
2.6.1 Nuclear Magnetic Resonance (NMR)

Nuclear magnetic resonance (NMR) spectra were obtained on a Jeol Eclipse 400
spectrometer operating at 400 MHz for *H and 100 MHz for 13C [istbrtionless
Enhancement of Polarization Transfer (DEPT) spectra. A Bruker Avance-3DRX
(500MHz) spectrometer was used for heteronuclear multiple quantum coherence
(HMQC) and heteronuclear multiple bond connectivity (HMBC). Each pooled fraction
(15mg)was di ssol ved in 500¢l of deut grmated
dimethyl sulfoxide (DMS@ds), depending on the solubility of the compound and the
extent of resolution obtained. The sample was then transferred to a 5mm internal
diameter NMRtube and the structures of the compounds were elucidated from the

resulting spectra. The NMR spectroscopic dataewrocessed using MestReNova
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software 8.1.2(Mestrelab Research,A Corufia, Spain))and ChemBioDraw Ultra,

Version 14 (PerkinElmer, Yokohamagpan), was used to draw compound structures.
2.6.1.1 OneDimensional NMR (1D)

This is the simplest technique used in structure elucidatibmNMR was used for the
determination of the types of protons in the compounds#@dMR for providing
data on the number and kinds of carbon atoms in the compounds‘+Batit:*C 1D
NMRspectra can be less informative than -gwmensional (2D) NMR analysis

especially in the case of some of the more complex organic molecules.
2.6.1.2 TwoDimensional NMR (2D)

2D NMR includes COrrelation Spectroscop (COSY), Nuclear Overhauser
Enhancement SpectroscOp(NOESY), Heteronuclear Multiple Quantum Coherence
(HMQC) andHeteronuclear Multiple Bond Cohereng¢MBC).

COSY showsH-H connectivities. The proton shifts are plotted on both axes with the
contour plot along the diagonal of the square. NOESY records aftH#el NOE
correlations occurring in a molecule. HMQC was used to identify the correlation
between protons and carbos®ms in samples through th&coupling between them.
HMBC provided the correlation between the chemical shift of the protons in the
samples and the heteronucleus 13C thraidgéind 3J coupling interaction between the

nuclei (longrange HX-C-C-C correldions).
2.6.2 Mass Spectrometry (MS)

This technique is used to elucidate the elemental composition of a saBmpemg of

each sample was dissolved in 1ml met hanol
with a direct infusion of 0.1% (v/v) formic acid in acetonitrile: water (90:10) at a flow
rate of 200¢l / m. Hi gh r e s o lerarecorded on@alledic t r o

505HA spectrometer. Positive ion and negative ion mode ESI experiments were carried
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out on a ThremoFinnigan LGQecaiontrap or Orbitrap HRESI mass spectrometer. MS

data acquisition was carried out by Dr. Tong Zhang (SIPBS, Universityath8yde).
2.7 Bio-activity examination

2.7.1 Tissue culture

2.7.1.1 Maintenance of the cells

The cell lines used in this study, obtained from the European Collection Animal Cell
Culture, (Public Health England, Salisbury, UK) were maintained at 359 (v/v)

CO,, and 100% humidityAll cell lines were obtained from PrdRobin Plevinand Mrs.
Louise Young (University of Strathclyde, UKgvery 34 days, the cells wenwashed

with 5ml of Mg?*-Ca&*-f r ee HankO6s Bal anc e dtryBinidedbys ol u
adding 5ml of TryplE Express and then incubated at 37°C for 4 to 6 min according to
the cell type. The cells were then observed under the microscope to ensure complete
detachment of the cells. The action of TryplE Express was stopped mgadiinl of
complete culture medium (Table 2.3). The cells were then centrifuged atdlL@02

min, the medium was removed, and the pellet resuspended in 10ml of fresh complete
medium.The cell numbers were counted using a haemocytometer and adjustbed to t

requirednumber according to the cell type.
2.7.1.2 Preparation of complete culture medium

The medium for each cell line was prepared in a sterile flow hood and was then stored
at 4°C until required (Table 2.3). All the cell lines used in this stude wedherent with
an epithelial morphology (Figure 2.1).
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Tabl eCe2l.I3:cul ture

medi a of t he cel |l

Cell lines ECACC Complete Culture Medium
number
1. Helacells 93021013 | 500ml Eagle's Minimum Essential Medium
(EMEM) supplemented with 50ml foetal cé
cervical cancer cells serum 10% (v/v)5ml
penicillin/streptomycinsml nonessential
amino acidsand 5ml Ll-glutamine
2. LNCaP cells 89110211 | 500mIRPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (vAgmlI
prostate carcinoma penicillin/streptomycin5ml L-glutamine
and 5ml sodium pyruvate.
3. ZR-751cells| 87012601 |500mI RPMI 1640 medium supplements
with 50ml foetal calf serum 10% (v/vjml
breast carcinoma penicillin/streptomycin  5ml  L-glutamine
and 5ml sodium pyruvate.
4. A2780 cells 93112519 | 500mIRPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (vA§mI
ovarian carcinoma penicillin/streptomycin 5ml nonessential
amino acids, 5mlL-glutamine and 5ml
sodium pyruvate.
5. PANC-1 cells| 87092802 | 500ml Dulbecco's Modified Eagle's Mediu
(DMEM) supplemented with 50ml foet
pancreatic carcinom calf serum 10% (v/v), 5ml
penicillin/streptomycin and  5ml L
glutamine.
6. A375 cells 88113005 | 500mIRPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (vA§ml
malignantmelanoma penicillin/streptomycin5ml nonessential
amino acids, 5ml iglutamine and 5ml
sodium pyruvate.
7. PNT2 cells 95012613 | 500mIRPMI 1640 medium supplemented

normal prostate

with 50ml foetal calf serum 10% (vA§mI
penicillin/streptomycirand 5ml L-
glutamine.
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Figure 2.1: Morphology of the cell lines used in the present stugyA: Hela cells, B:
LNCaP cells, C: ZR’5-1, D: A2780 cells, E: PAN€L cells, F: A375, G: PNT2,
Objective lens X10.
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2.7.1.3 Seeding density optimisation

Each cell line was seeded i®&well plate at different seeding densities of 3000, 5000,
7000, and 10000 cells per well aalibwed to attach overnighan AlamarBlu€® assay
(Section 2.7.1.4) was used to examine the differences between the four seeding

densities.
2.7.1.4 Cytotoxicity assay

The AlamarBlu€® assay is a fluorometric measurement of metabolic activity and it was
used to detect the effect of isolated compounds on cell viabihtynetabolically active

cells, AlamarBIu& can be reduced to resorufin and the dye appears changed from blue

to pink. Initial cytotoxicity screening was performed at a concentration ot 5@ ml|
against the six tumour cell lines and one normal cell lihgo milligrams of each
compound tested was dissolved in either 100% sdreenmedium or 1% (v/v) DMSO

in medium according to the solubility of each compound. Each compound solution
(100el) was then added to the d{wdltissue wel |
culture plate. Row G contained compound and medium only and acted as a background
control for coloured material. DMSO (100:
E (solvent control). Medium containing 10% (vAjamarBlu¢®s ol ut i owell) ( 1 0 O :
was then added to row F which contained cells only. After that, medium in row H
containing 10% (v/v)AlamarBlué solution was added (negative control). The plate

was placed in an incubator overnight at 37°C, 5% (v/v} @@ 100% humidity before
theaddi t i on AlaniarBlL&. &fter addition ofAlamarBlué®, the plates were
incubated at 3T in 5% (v/v) CQ and 100% humidity for 4hThe plates were then

read using a SpectraMax M5 mieptate reader at 570nm and 600nm. The percentage
proliferationwas calculated and plotted as the percentage of metabolically active cells
relative to the control. The statistical analysis was performed using GraphPad Prism
version 5.0 for Windows (GraphPad Software, San Diego, CA, USA). The values were

presented as ¢hmean + SEM of triplicate readings and three separate assays set up.

55



2.8 Molecular biology assays

2.8.1 Total RNA extraction

2.8.1.1 Plant total RNA extraction

Extraction of tot al RNA from the | eaves

a number of commercial ly avaielnablfeg dXter

effective method of extracting mi RNAs fr
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Ta b | eComparison of RNA extraction usingdifferent RNA extraction Kits.

Name of RNA Mechanism of | Extracted Name of EX
Extraction kit RNA Nucleic Pl ant
Purification Acid
PureLinkR N A Mi| Spincolumn | Total RNA | T. aphylla,A. spinosus,
Ki t chromatography| C. colocynthisandR.
epapposum
Cambio PowerPlant | Spin column | Total RNA A. spinosusandC.
RNA isolation Kit with | chromatography colocynthis
DNase
Cambio PowerPlant | Spin column | Total RNA | T.aphylla,A. spinosus
RNA isolation Kit chromatography| andC. colocynthis
QiagenTot al Spin column || Total RNA | T. aphylla,A. spinosus
Pur i f Kitc a t] chromatography andC. colocynthis
MirPremier microRNA| Spin column | Small RNA| T. aphylla,A. spinosus,
isolation Kit chromatography| C. colocynthisandR.
epapposum
Invitrogen PureLink Spin column | Small RNA| T. aphylla,A. spinosus,
Kit with MirPremier | chromatography| from Total C. colocynthisandR.
flowthrough RNA epapposum
SpectrunP | an't Spin column | Total RNA | T. aphylla,A. spinosus,
R N Ait (Protocol A) | chromatography from C. colocynthisandR.
difficult epapposum
plant tissue
SpectrumP | ant Spin column || Total RNA || T. aphylla,C. colocynthis
R N Ait (Protocol B) | chromatography
Thermo Scientific Magnetic bead | Total RNA A. spinosusaandC.
MagJET nug colocynthis
puri ficat
NorgenBi ot ek Spin column || Total RNA A. spinosusandC.
RNA Pur iKit i| chromatography colocynthis
InvitrogenT R1 % o Organic Total RNA C. colocynthis
RNA | s ®éagent extraction
Ambion mirvana™ Organic Total RNA | T. aphylla,C. colocynthis
MIiRNA Isolation Kit extraction & Small
RNA
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A comparative study between the above kits was conducted. Due to the size of the

miRNAs and the capture limits of the purification systerasp me t ot all R
extraction kits require additional steps
For exampl e, the Spectrum kit had two p
specifically for pl ant ti ssues with hig
i ncrease microRNA yield. Protocol B is

wat er @dhe ®uretinki Plant RNeasy kit, and Norgen Total RNA kit disrupt

and homogenise samples in the presence of the chaotropic salt, guanidinium
isothiocyanate toovercome RNases. These kits utilise the selective nucleic acid
binding properties of silichkased membranes with the speed of micro spin
technology without using of phenol or chloroform. The MagJET kit employs
magnetic bead technology to enable high yieldgurified RNAfrom plant material.

RNA extraction using TRIz8IReagent is based amganic solvent purificationit is

a solution of phenol, guanidine isothiocyanate, and other components which facilitate

the isolation of RNAOt her extr a@teicord i kiatl $ yadesi gnec
smal | RNAs such asmirtahreakEMt 8 Pr Smimer ean d a c

require additional steps to i mprove the |

All the spin column protocols include four main steps: disruption and lysing of
tissue;binding of RNA to an affinity column step; washing away of contaminants;
and a final elution steplhe plant leaves (400mg) were first disrupted in sterile,
RNasé free 2ml tubes using a 6mm coneball and beadmill (Retsch, West Yorkshire,
UK) at ashaking frequency of 30 Hz for 30 seconds. This was repeated four times. A
lysis solution containing -Enercaptoethanol mixture (lysing step) was added to the
plant material and mixed thoroughly by vortexing. The lysate was then filtered and
centrifuged to pellet any cell debris and transferred to another Riftase
microcentrifuge tube. Next, ethanol was added to precipitate the RNA to facilitate
binding to the columrbinding step)andmost of the contaminants were removed in
the flowthrough followingcentrifugation. The bound RNA was then washed by
adding a washing solution to remove any remaining impurftieshing step), the

columns were centrifuged again, and the flowthrough discarddds step was

58



repeated and theibes were reentrifuged to enge that the column was completely
dry and free of any residual wash soluti¢inally, the purified RNA was eluted
using the provided elution buffer or wai@luting step). The last step was repeated
to improve the total yield. The purified RNA samplesmalaced at 80°C for long

term storage.
2.8.1.2 Total RNA extraction from body fluids

Total RNA was extracted from camel milk and urgsmplesusingaNor gen Bi ot e
Tot al RNA pur i f has apedifio protokoistfgr smalh RNA$ -co
purification from body fluids. Total RNA from stetsought, pasteurised whole cow

milk was also extracted using the same kit for comparison purposes. This assay has a
workflow similar to that of other extractiont& used for plant total RNA extraction

(Figure 2.2).

Mix Urine/Milk sample with
Lysis solution

4

T siND

SPIN l

] | WASH

s |

T ELUTE

SPIN l

Purified
Urine/Milk RNA

Figure 2.2: Norgen RNA extraction workflow for body fluids.
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2.8.1.3 Total RNA extraction from exosomes

These microvesicles have been identified in body fluids and blood, indicating that
this exchange foinformation between different organs could occur by exosomes
(Qaziet al, 2010). Total RNA extraction from exosom&as applied tanaximise
recovery of intactotal RNA obtained by using commercial total RNA extraction
kits.

281.3.1Totale x osiosme!l ati on from mil k

As detailed in the Tot al Exosome | sol at]
c a me | bowna whole miks a mp | ey ) ( Se@n@rifeged using aench
centrifugeat 2000 xg for 10 min at room temperature temove cells and deis.

The supernatant was transferred to a new tube without disturbing the pellet which
contains contaminants and centrifuged again at 10,00for 30 min at 4C. A
clarified milk sample was transferred to a new tube and equal volume (500ul) of 1X
Phosphte-buffered saline(PBS) @37mM NaCl, 2.7mM KCI, 10mM N#PQ,

2mM KH2PQu, pH7.4) was added to it. A sample of milk was mixed with total
exosome isolation reagent by vortexing. The mixture was incubated at room
temperature for 30 min and then centrifuged at 10,000 for 10 min. Exosomes

were contained in a pellet at the loott of the tube. The pellet was then resuspended
in PBS and stored aB0°C until further analysis.

2.8.1.3.2 Total exosome isolation from urine

Foll owing the Tot al Exosome | glol @afti oamdIf
ur i ne s xenpifuged aw2OCD g for 30 min at 4C and then the supernatant
was transferred to a new tube. An equal volumée¢ aft a | exosome i sol
urine) reagent was added to the sample a
t he fThe bsemple waghen incubated at room temperature for 1h. After

incubation, centrifugation of the sample at 10,009 f8r 1h at 4°C was carried out
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to form a pellet which contains exosomes. RNA lysis buffer was immediately added
to the exosome pellet to prevent nucleicd degradation. Total RNA was then
isolated from the lysed exosomes using the Norgen Biotek Total RNA purification
kit.

28.1.3.3 Exosome isolationby | t r acentri fugati on

Pasteurised whole bovine milk sample was subjected to centrifugaéi6@ &r 30

min at 2000 x go remove fats followed bgentrifugation at 12,000 x g for 30 min at

4°C to eliminate cell debris. The supernatant was removed to a new tube and then
subjected to ultracentrifugation at 110,000 x g for 2h usinBeakman TLX
ultracentrifuge with a TLASS rotor. RNA lysis buffer was immediately added to the
exosome pellet to prevent nucleic acid degradation. Total RNA was then isolated

from the lysed exosomes using Norgen Biotek Total RNA purification Kit.
2.8.1.4 Exosome detection bimmunoblotting (Western Blot)

Characterisation of purified exosomes can be carried out using different techniques
such as Western blotting, flow cytometry, or electron microscopy. In this study,

immunoblotting analysis was applied.
2.8.1.4.1 Preparationof exosome sample

The exosome pellet was dissolved in 200pl of RIPA (R&aimunoprecipitation
Assay) Buffer (150mM NacCl, 1.0% (v/v) IGEPALCA-630, 0.5% (w/v) sodium
deoxycholate, 0.1% (w/v) SDS, and 50mM Tris, pH 8.0) by pipettiagoughly,
followed by vortexing. To ensure complete lysis of the exosomes, the sample was
sonicated in a water bath for-16 min with vortexmixing in betweenThe sample
was then centrifuged at 13,000 x g for 5 min at room temperature, and the
supernatant transferred tanaw microcentrifuge tubdyefore storing at20°C until

use.
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2.8.1.4.2 SDSPAGE Polyacrylamide Gel Electrophoresis

In order toseparate the proteins by gel electrophore€i8p (w/v) polyacrylamide

gel was assembled in a BRad MintPROTEAN ¥ electrophoresis tank with both
reservoirs filled with running buffer (25mM Tris, 190mM glycine, 0.1% (w/v) SDS).
Thirty pl/well of each sample was loaded into the wells along with a molecular
weight marker using a micrgyringe.A negative control (withauprotein sample)

was loaded as well to ensure that there was nespeaific bindingLoaded samples
were electrophoresed at a constant voltage of 120V for one hour, until the marker

dye had reached the bottom of the gel.
2.8.1.4.3Protein transfer from SDSPAGE to nitrocellulose membrane

Following separation of the proteins on the polyacrylamide gel, the protein bands
were transferred to a nitrocellulose membrane using electrophoretic blotting. In a
transfer cassette sandwich, the gel was pressed tgaiitsocellulose sheet between
two filter papers and two sponge pads. The cassette was then assembledRad Bio
Mini-PROTEAN ¥ electrophoresis tank filled with transfer buffer (2@ Tris,
190mM glycine, 20% (v/v) methanol) and cooled in presen&afce cooling unit

This step was performed by applying a constant current of 100V for an hour.
2.8.1.4.4 Immunological detection of protein

Detection involves probing the membrane with a primary antibody specific to the
protein of interest, followed byncubating the membrane with an appropriate
conjugated secondary antibodydirect detection of target antigeaddeveloped to
allow visualsation of that protein. The common exosomal proteins that can be
identified by immunoblotting include tetraspanin proteins; CD63, CD81, and CD9
(Gross et al, 2012; Mathivanan & Simpson, 2010; Simons & Raposo, 2009).
Tetraspanins are highly expressed tnaesbrane proteins (250 kD) and include at
least 28 different family members in mammalBodres et al, 200Q. Mouse

monoclonalanttCD63 antibodywas used as primary antibodind Rabbit anti
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Mouse IgG H&L (HRP) as secondary antibody. The detection step included
incubation of the membranm a blocking buffer of 3% (w/v)Bovine Serum
Albumin (BSA) in NaTT buffer (150mM NaCl, 20mM Tris, pH 7.4, 0.2%, viv
Tween20) for 90 m with gentle agitation to reducenspecific binding of the
antibody to the membranéfter blocking, themembrane incubated overnight with

the primary antibody (diluted th:1000 in NaTT buffer containing 0.2%, wBSA)

to form an antigemantibody complex specific to the target protdihe next day, the
membrane was washed three times in NaTT every 15 min with gentle agitation on a
platform shaker. The membrane was thesubated at room temperature for 90 min
with secondary antibody diluted to 1:10000 in NaTT buffer containing 0.2% (w/v)
BSA. After incubation, the membrane was washed in NaTT for 90 min. Finally,
detection of immunnoreactive protein bands was carried ontdoybrane incubation

for 2 min in an enhanced chemiluminescence (ECL) reagent. The membrane was
then developed in dark room by exposure toa}( film for the required time using a
KODAK M35-M X-OMAT processor.

2.8.2 Assessment of extracted RNA purity

The RNA concentrations of all samples were measured spectrophotometrically using
a NanoDrop 2000c Spectrophotometer. It can measus2 65 of t he RNA
across the ultravioletisible spectrum range and allows assessment of the purity of
extracted RNA though calculation of absorbance ratios (260/280nm and
260/230nm). Ratios of 1.8 suggest pure RNA low in protein and chemical
contaminants (Figure 2.3).
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Figure 2.3: Pure RNA absorbance curve on a NanoDrop 2000c

Spectrophotometer.

2.8.3 Integrity analysis

Evaluation of the total RNA integrity a
assessment and assur an c aowhstremrh applibadonsRNA i
Assessment of t he e xekamiaedbyendcrdlRidNcicapillanyt e gr i t
electrophoresis using BRaod Experi on Automatem EIl ect
which 1l of each RNA sample was electrophoretically separated on a microfluidic

RNA lab-chip and subsequently detected via lasduced fluorescence. Figure 2.4

shows an ectropherogram of total RNA with two higholecular weight bands
comprising the 28S and 18S ribosomal RNA (rRNA) species and other bands for
smaller RNA species. RNA is considered of high quality with good integrity when

the ratio of 28S:18S bands is ab@uand higher. The Experion system also provides
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a RNA Quality Indicator (RQI). This is a scale from one, which reports highly
degraded RNA, up to ten which is from intact RNA. With extracted RNA, an RQI

value of 8 or more is indicative of high integritifNR (Denisovet al. 2008).
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Figure 2.4: Experion total RNA analysis A: an Experion electropherogram and B:

Experion virtual gel, showing total RNA of high quality.

2.8.4 Quantitative Real Time PCR of miRNAs

This method for the quantification of specifiiciRNAs in samples is a twstep
process Kigure 2.5).The first required step is a stdoop reverse transcription
reaction (RT) to convert the miRNAs to cDNA and the second step is the

guantitative polymerase chain reaction using the cDNA as the tenigpRifePCR)
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Figure 2.5: Schematic description of TagManbased, quantitative miRNA RT-
PCR assay methodChenet al, 2005a).

Three plant miRNAs were selected for this initial study based on both their
likelihood of expression in thparticular plants under study and their potential to
regulate human gene expression. The miRNAs chosen werel®6id&® miR167a,

and miR168a (Table 2.5) as they are found to be highly conserved across plant
species and have had human gene targets igehtifi predicted (Zhang, 2010a).
This assay only requires 10ng of the extracted total RNA. Aeresdtant filter
pipette tips were used in both steps to protect samples from anycordgasination

that may occur because of aerosol transfer.
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Table 2.5: Applied BioSystems TagMan Small RNA assays used in this study.

Applied : : e
MIRNA Assay Name BioSystems The miRNA ha}s been identified
Assays ID N

Aquilegia caeruleaBrachypodium
miR-166a | athmiR166a 000347 | distachyonBrassica napusCitrus

sinensisDigitalis purpurea

Glycine maxManihot esculenta

Brachypodium distachyoiB.

napus B. rapg Cucumis meloD.
miR-167a | athrmiR167a 000348 purpureg Theobroma cacgo

Triticum aestivumVitis vinifera

Zea mays

B. napus, Cclementine, C.
miR-168a | athrmiR168a 000351 reticulata, Cynara cardunculus,

Vigna unguiculata, V. vinifera

2.8.4.1 Stemloop Reverse Transcription reaction

This complementary DNA (cDNA) synthesis method is required to allow the
assessment of specific miRNA levels or expressionctmyverting the extracted
miRNA to singlestranded cDNA. This reaction is carried out using the-Mag®
mMiRNA Reverse Transcription Kit and miRNgpecific RT primers as per the

manufacturerds instructions and containe:

1. Each RNA sample reaction (RT+) indes: 3ul of 5x specific miRNA assay
primer, 10ng RNA sample, and 7pl of ABI TagMan Small RNA Master Mix
which consists of 0.150l of 100Mm d
transcriptase, 10x revers@nscription buffer, 20U RNasdahibitor, and
4.16uL nucleae free water. The contents were mixed by pipetting followed
by brief centrifugation. These samples were labelled RT+ samples.

2. RT- samples contain the same reagents in the same quantities except water is

used instead of Multiscribe reverse transcriptabés provides a néeemplate
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or genomic DNA control sample. When used in gRCR, this sample
should not generate a signal as no cDNA should be present. If a signal is
obtained then that may have come from genomic DNA contaminating the
RNA sample or reactiormhe contents were mixed by pipetting followed by
brief centrifugation. These samples were labelled &mples.

3. RT+ and RTF samples were incubated in a DNA Thermal Cycler 480 to carry
out the reverse transcription reaction using the following conditib®%:C
for 30 min, 42° C for 30 nn, 85° C for 5 nm, and hold at 4° C.

4. Both RT+ and RT samples were stored #0° C before running the real
time PCR assays.

28.4.2 TagMan Probebased quantitative real-time reverse transcribed
polymerase chain reactionqRT-PCR) for miRNA expression analysis

TagMan gene expression assays provide a quantitative detection of target RNA
transcript expression levels aitds comprisé of two unmodified oligonuclemles

and a TagMan probe. The intact TagMaoligonucleotideprobe consists of a
fluorescent reporter dye at its 5° term
closeness between two dyes leads to suppress the reporter fluorescence, thus the
cleavage of this probe during the polymerization step, separatestwodyeh e 3 Nj en
of the probe is blocked to prevent extension of the probe during PCR. The increase in

the reporter dye fluorescence refers to the accumulation of amplified products during

each cycle of the PC@ustinand Mueller, 2005).

This assay was performed in triplicate ®f+ and RT samples, and includes a

positive control (PC) and a negative control (NC). The total volume of reaction in
each tube was (20¢lL) wusing 1.33¢lL RT pro
ROX Mastermix2 T ) , and -&pecific TagMRrM\pAmer/probe mix (20x) per
reaction. To reduce the risk of cressntamination, aerosoésistant pipette tips

were used through the procedure. Reak PCR was carried out on an Applied
BioSystems StepOne Plus R¢iahe PCR system using the following conditions: 95

°C for 10 mn, followed by 40 cycles of 95 °C for 15 s and inrat 60 °C. The PCR
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was stopped by a hold at 4 °C. Raw data was then analysed with ABI StepOne
Software version 2.1 (Applied BioSystems, Renfrel), using the automatic cycle
threshold (Ct) determinatiofhe Ct was defined as the cycle number at which the

reporter fluorescence was greater than the thre¢Boktinand Mueller, 2005).

With the appropriate internal reference control targets orcarration curves,
accurate gquantification, whether relative or absolute, can be obtained (Livak and
Schmittgen, 2001Pfaffl, 2007). Applying this practice across multiple sample types,
species, and experimental conditions can be challenging so app®xireasure of

the concentration of target in the PCR reaction can be given by the Ct value. A Ct
value of 29 or less suggests an abundance of target nucleic acid in the sample. A
sample Ct of 3(B7 would suggest moderate amounts of target nucleic acidnprese
and Cts of 3810 are indicative of minimal amounts of the target nucleic acid.
Comparative graphs were created using Graphpad Prism Version 5 (GraphPad
Software, La Jolla, USA).

2.8.5 Agarose gel electrophoresis

Horizontal submarine agarose gdéctrophoresis is a common molecular technique

for separating nucleic acids under the influence of an electric field and determining
their size. Agarose gel was used as a separation medium and prepared by suspending
dry agarose in 1x TriborateEDTA buffer (TBE) and heating until the agarose
melts. A DNA stain such as ethidium bromide is added, and the gel solution is then
pour into a casting tray and allowing it to cool and set. The agarose gel was
submersed under 1x TBE running buffer in an electraggisrtank. The PCR
products were mixed with a loading buffer which increases the density of the sample
and contains a tracking dye. DNA is negatively charged and will move to the positive
electrode under an electrical field. It also binds with the stafludboesce under UV

light on a gel documentation system.

A DNA ladder or DNA marker was usually loaded on a gel with the DNA samples. It
contains a set of known DNA fragments with different sizes in base pairs (bp) or kilo
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bases (kb) of a range appropriée the sample size. These DNA fragments were
separated and visualised as DNA bands on the gel. Determination of the size and
quantity of the DNA fragments were achieved by comparing with the size and
quantity of the DNA bands in the DNA ladder.

2.8.6 In vitro digestion of bovine milk

Therefore the objective of this section was to detect qulanved miRNAs in bovine

milk following the gastric stage of human digestion sample using a drug dissolution
tester TDTFO8L. This would demonstrate their resilierazed bioavailability andheir

potential for croskingdom gene regulatiorthe drug dissolution tester is usually

used to predicin vivo drug release profiles by providing information abouvitro

drug release. It is an industry standard system in complying with United States
Pharmacopoeia specifications (USPhe system was used with simulated human
gastric fluid (SGF) with a pH of 1.2 at a temperature of 37°C and gut movement was
simulated withthe help of paddles rotating at 50 rpm. The SGF contained 3.2mg/ml
pepsin and 0.03M NaCl at pH of 1.2. The half gastric emptying time (T1/2) of a
liquid test meal is 19 mirZfessmanet al2016. The levels of specific plant miRNA

were measured at the lieging of digestion (t=0) and at time intervals of 19 (t=19)

and 38 min (t=38) of incubation. Sampl e
RNA extraction.A stemloop reverse transcription of extracted total RNA samples

was carried out using Tadan® miRNA Reverse Transcription Kit and miRNA

specific RT primers followed by quantitative reéahe PCR to measure the quantity

of target plant miRNAs using TagMan miRNA assays. Comparison of multiple
samples was performed byeweay ANOVA f ol | opestlibc tbsis toT u k e y

calculatep values. Values gb < 0.05 were considered significant.
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2.8.7 Quantification of human prolactin receptor (PRLR) in several cancer cell

lines

2.8.7.1 miRNA target gene prediction

As little as only 6bp complementary binding between a miRNA and its mMRNA target
can reduce its expressigimhomsonet al.,2011) There are a number of research
tools availableo help identify miRNAs that target specific gene transcrig{ang

and El Naga, 2008 These systems do not consider a xenomir model and can only
screen MmiRNAs for targets gene targets within the same organism and not for plant
mMiRNAs to animal gene taets. There are accepted rules for miRNA target
prediction(Lewis et al, 2003; Doench and Sharp, 2004; Brennezikal, 2005).As

these rules may not apply for plant miRNA:human mRNA targets, a BLAST (basic
local alignment search to@ohnsoret al, 2008 was conducted using the sequences
of a number of miRNAs found in the plants in this study to see if there was any
possibility of complementary pairing. Human Prolactin rece®@&®LE variants 1
(NM-000949.5) and 6 (NM01204314.1) were higbcoring hits on the BLAST
search with 15 base complementaritihis analysis was performed an earlier

target gene prediction study in our research groufsrima Philip

To see if these plant miRNAs could have an effect on the expression of the prolactin
receptor, a human cell line which natively expresB&LR was transfected with
synt hetic mi RNA or Ami mi co ver sHRbR s of

expression levels msared.

2.8.7.2 Total RNA isolation

Total RNA from six cancer cell lines was extracted using Isolate Il RNA mini kit and
the concentration of isolated total RNA was then measured asdagoDrop 2000c

Spectrophotometer.
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2.8.7.3 Complementary DNA syntlesis

The complementary DNA (cDNA) synthesis methedequired to generate cDNA

from an RNA template using an Oligo (diE)primer. This primer method makes use

of the polyA tail on the 3" end of eukaryotic mMRNAs to help ensure the cDNA
produced is derived from transcripts in the RNA sample, and provides an indication

of their expression. The resultant cDNA is suitable f& msgRFPCR with gene

specific primers. For this study, this reaction is carried out using the Tetro cDNA
synthesis kit as per the manufacturero6s |

1. Each RT+ sampteinclude 100ng of total RNA,elL ol i go (dT),
buffer, 0.5mM of dNTPs, 200 of Tetro reverse transcriptase and 10 U of
RNase inhibitor. The contents were mixed by pipetting followed by brief
centrifugation.

2. RT- samples contain the same reagents in the same quantities except water is
used instead of Tetro reverse transcriptages provides a neemplate or
genomic DNA control sample. When used in gRCR, this sample should
not generate a signal as no cDNA should be present. If a signal is obtained
then that may have come from genomic DNA contaminating the RNA sample
or reaction The contents were mixed by pipetting followed by brief
centrifugation.

3. RT+ and RTF samples were incubated in a Model 480 thermocycler (Applied
Biosystens, Warrington, UK) for 30 mimat 45°C. The cDNA synthesis
reaction was stopped bgcubating at 85°Gor 5 min The cDNA reactions
were stored a20°C until required.

2.8.7.4 Quantitative real-time reverse transcribed polymerase chain reaction
(QRT-PCR)

This assay is reliant on SYBRGreen dyebinding to doublestranded DNA. SYBR
green is useful in motaring the accumulation of PCR products in quantitative- real

time PCR. In every cycle, DNA polymerase amplifies the target sequence to increase
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the amount of PCR products. With SYBR green present in the reaction, binding
between SYBR dye and doubkstranded PCR products results in an increase in
fluorescence intensity proportioned to the amount of PCR product prodliced.
assay was conducted to measure the levd?RIER mMRNA expression in several
cancer cell lines (A375, PANC, A278), ZR751, LNCaP, and HelLa)The
selection of appropriate reference genes for normalisation of the data is essential to
ensure precise quantification BRLRmMRNA expression levelBustinand Mueller,
2005. Peptidylprolyl isomerase BPPIB), a housekeepg gene used in case of
comparing mRNA expression in different experimental conditions in which the
expression of a target gene has to be normalized to this gene (RachoR004). It

has been identified as a suitable reference gene in an earligr atiygical reaction
comprised of 1pM forward and reverse primers (2ul eaclRifR(target) orPPIB
(Table 2.6), 10uL of 2x Fast SYBR Green master mix, and 1.33uL cDNA in a
reaction volume of 20pL. The RPCR reactions were carried at 95°C for 20 sec
followed by 40 cycles of 95°C for 3 sec and 60°C for 30 sec in a StepOnePlus RT
PCR system. This was followed by melt curve analysis to detect any issues with

mispriming or multiple amplicons.
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Table 2.6:Sequences oPPIB and PRLR primers.

Name Sequenceg5- 3)) Amplicon | Genebank
size (bp) | accession
number
PPIB
CAGTGGATAATTTTGTGGCCTTAG
forward
primer
PPIB 149 NM-000942
CTCACCGTAGATGCTCTTTCC
reverse
primer
PRLR
forward TGGCAAGCAGTACACCTCCATGTG
primer
PRLR 136 NM-000949
CAGCTCCAAAGGAGGGTCTGGC
reverse
primer
2.8.7.5 Delta delta Ct method
Thisdeltad el t a Ct ( ppCt) met hod is wused

gene expression determined from rale quantitative PCR experiment (Livak and
rethot hormalBds ¢he @b gaElies of the target gene to

Schmittgen,

t o c

the Ct values of the reference gene to determine the fold changes in the gene

expression between the control and treated samples using the following equations:

1 The difference between the Cts for thegrgene and the reference gene for

t he
pCt =
T The difference
( ppCt ) :
PpCt =

treated and

G Ct refeaencg gehe

t he

bet ween t

PCepCt reantedol

f Foldchange (FC) in the treated sample was equaf8%
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2.8.8 Effect of plant miR-167 onPRLR expression in cancer cell lines
2.8.8.1 Small RNA transfection of mammalian cells

2.8.8.1.1 Transfection validation

Transfection validation was carried out tsere an effective transfection method for
small RNAs for studied cell lines. Transfection efficiency was measured using
AllStars Hs Cell Death positive Control siRNA and Alexa Fd88 labelled
(AF488) AllStars Negative Controlinder different conditiondo determine the
optimal conditions for maximum transfection efficiency. Three concentrations of
each control were carried out in each experiment and a contretrarsiected cells)

was involved. Each experiment was performed in triplicate for eachineell

2.8.8.1.1.1 Transfectiorexamination by AllStars Hs Cell Death positive control
SiRNA

2.8.8.1.1.1.1AlIStars Hs Cell Death positive control sSiRNA

The AllStars Hs Cell Death positive control siRNA is a siRNAs mixture which is
able to target aninockdown human cell survival genes when transfected to the cell
effectively, causing cell death. An optimised number of cells from each cell line
(Table 2.7) were seeded in a-@@ll plate and the transfection complexes were
added to the cells using a ggnof concentrations of the positive control (Table 2.8).
The efficacy of this control was assessed by the m¢tigzolyktetrazolium 3(4, 5
dimethythiazol2-yl)-2, 5-diphenytetrazolium bromide (MTT) cell viability assay
and observing the cells unde light microscope, 72h after transfectiohhe
concentration of the control at whid0% of its maximum responsgs observed

(ECs0), was determined.
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Table 2.7: Cell line densities in 9&vell plates.

Cell line Cell density/well
A375 7000
PANC-1 10000
HelLa 10000
A2780 7000
LNCaP 10000
ZR-751 7000

Table 2.8: Transfection optimisation of AllStars Hs Cell Death positive Control
SiRNA.

Condition 1 Condition 2 Condition 3

31.25ng siRNA (12.5nM*] 62.5ng SiRNA (25nM*)| 125ng siRNA (50nM*)

1pl HiPerFect 1pl HiPerFect 1pl HiPerFect

* Refers to the final miRKW concentration in each well.

2.8.8.1.1.12 MTT assay

The MTT assay was used to detect the effect of AllStars Hs Cell Death Control on
cell viability. It measures the mitochondrial activity of the viable cells based on the
conversion of MTT into formazan crystals. After 72h of treatment with the
transfection complexes, 100ul of 5mg/ml MTT solution is added to the media in each
well and incubated for umt4h under normal growth conditions. After 4h, the media
was removed from all the wells and replaced with 100ul DMSO to stop the reaction.

Finally, the absorbance at 570nm was read using a SpectraMax M5-piatzo

76



reader. The percentage viability was cddted as the absorbance for treated cells
divided by the absorbance for control (untreated) cells.

2.8.8.1.1.13 Transfection examination by AF488labelled AllStars Negative
Control siRNA

Transfection of each cell line was performed at various concemtsatf AllStars

Negative Control and at different quantities of transfection reagent e nt i fy t h
optimum transfection conditions for s ma |
( Tabl eTheZperfdrmance of this control was evaluated by detectiotheof

cellular uptake of AF48&belled AllStars Negative Control siRNA using a Nikon

Eclipse TE300 Epifluorescent Inverted microscope, 6, 12, 24, 48, and 72h after
transfection. The cell images were captured using MetaMorph software (MetaMorph,

London, UK)

Table 2.9: Transfection optimisation of AllStars Hs Negative Control siRNA.

6ul HiPerFect

12ul HiPerFect

6ul HiPerFect

Condition 1 Condition 2 Condition 3 Condition 4
75ng siRNA 75ng SiRNA 150ng siRNA 150ng siRNA
(10nM*) (10nM¥) (20nM*) (20nM*)

12ul HiPerFect

* Refers to the final mMiRNA concentration in each well.

2.8.8.2 Effect of plant miR-167 mimic onPRLR expression in cancer cell lines

This experiment was carried out to assess the possible regulatory mmipat67
might have orPRLRmMRNA expression in several tumour cell lines. Each cell line
was transfected using the optimised conditions and transfection corAftiex72h

of transfection a complex of 150ng of a rlR7 mimic and 12ul HiPerFect, the
cancer cell lines were collectaahd total RNA was extracted. The concentration and

the purity of total RNA were determined and total RNA samples were reverse
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transcribed to prepare the cDNA for giRTCR using selected primers fBRLRas
described in Section 7.3. Relative expressioreVels of PRLRMRNA transcripts
were normalised to the reference g@®dB using thep gp Ghiethod (Section 8.7.5)
and the significant changes in fold difference were measured bwayn@ANOVA

foll owed by Tukeyodspwloest hoc tests to cal
2.8.8.3 Effect of plant total RNA onPRLR expression in cancer cell lines

This experiment was carried out to examine the effect of plant total RNA sample
(containing miR167) on the expression ®RLRMRNA. First, total RNA samples
were extracted fromA. sphosusandC. colocynthisusingP u r e LR MA& Mi n i Ki t
Next, a 1@g of each total RNA sample and also from A& mimic was reverse
transcribed. The cDNA samples were used as template 6P§HR and the level of
miR-167 in each sample was quantified. Tleguired amount of miR67 in the
plant total RNA samples was calculated (Secti@823.1). The plant derived total
RNA showed such low levels of the mI®7 and a large quantity would have to be
used in order to deliver the same amount as 10ng of tmécmihis amount is far in
excess of what is practical in a transfectimsed cell culture experiment and what
was available from the lited amount of plant material. d&ve manageable amowgnt
wereselected (150 and 300ng/ul), recognising that the effadidcbe a fraction of

what the mimic could achieve.

Each tested cancer cell line was transfected with two different concentrations (150

and 300ng/ul) of total RNA sample (extracted frdn colocynthis 72h after
transfection, cells were collected and td®NA was extracted. The concentration

and purity of total RNA were determined and then reverse transcribed to provide the
cDNA as template of qRPCR. The expression level ddRLR mRNA was

quantified using selected primers RLRas described in Sectidh8.7 4. Relative

expression levels d?PRLRmMRNA transcripts were normalised to the reference gene

PPIB using thegp g Cmethod (Section 8.75). The significant changes in fold
difference were measured byewsay ANOVA f ol |l owed by Tuke

to calculatep values.
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2.8.8.3.1 Calculating the amount of miR167 in plant total RNA samples

Based on the comparative mi®7 levels, the amount of miR67 in plant total
RNA samples was calculated. As shown in Table 2.10, the level ofl6WRn C.
colocynthissample was higher than that in the other plant and it was selected for
further analysisThe following equations were ustmcalculate the required quantity

of themiR-167 in the sampleomparing withmiR-167 mimic amount

1. Calculation of the ifference between the Cts for theR-167 mimicand the
tot al RNA sample (@pCt):
pCt E6.919
pCt = 12.1

2. Calculation of fold difference between mi7 in plant materlaand 10ng of
mimic (FD= 2?%)
ED :2-12.1

FD = 4390

Quantity of Plant materialeeded to have the same amount of 6 as 10ng of
mimic based on Ct= FD ¥0ng

Ix(43.90g from t ot amR-ERAmMisjampl e) I

Table 2.10: Comparison of Ct values of each sample.

Sample Name Ct value
mMiR-167 mimic 6.9
Total RNA fromA. spinosus 21
Total RNA fromC. colocynthis 19
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2.8.9 Plant genotyping

Some plant samples were collected from different places in Libya because of the
extreme hazards and difficulties in obtaining the plant material. In order to ensure
that plant sampletested were of the same species, plant genotyping was conducted.
This was done on extracted plant DNA using h#ienple Sequence RepeaCR
(ISSRPCR).

2.8.9.1 Plant genomic DNA isolation

Genomic DNA was extracted from two samples (each sample wastedllBom

different cities in Libya) of each plant.(aphyllaandC. colocynthyaccording to the
manufacturerds inskt Plant Genamit DNAUMinipreg KitGe n E | u
Following DNA extraction DNA concentration of each sample was then measured

using aNanoDrop 2000c Spectrophotometer.

2.8.9.1.2 The Inter-Simple Sequence Reped®CR (ISSRPCR)

The Intersimple Sequence Repdd€R (ISSRPCR) is a PChhased assay that can
enable one to visualise plant genetic variation (Zietkiewical, 1994). SSRare
microsatellites or simple sequence repeat and they can be detected by PCR. They are
abundant and scattered throughout the eukaryotic genomes analysed. ISSR primers
contain one to three bases for primer annealing to either the¥®end of the SSR
(Charterset al, 1996). The ISSR primers anneal to and amplify DNA sequence
between the two adjacent and oppositely oriented SSRs (ZietekiewatZ.994). In

this study, five ISSR primers were chosen frBrimer Set #9 of the University of

British Columbia (UBC) Biotechnology Laboratory (Talddl). PCR
amplifications were carried out in a reaction containing 2ul of 10nmudfied plant
genomic DNA 12.5ul of Promega Geéraqg Green mastermix, 1.2b of the
10pmolfal solution of the ISSR primeand 9.25ul water. The 25uL reactions were
incubated in a Primus 9@lus thermal cyclerusing the following conditions: 95°C

for 2 min, followed by 35 cycles of 95°C foB3ec, 50°C for 30 sec and 1m at 72°C.

No-template negative controls which contain the same reagents in the same
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quantities, but water is used instead mant genomic DNAto detect any
contamination. The PCR products were electrophoresed on a 0.3% (BE) T
agarose gel and visualised under UV light. The obtained banding patterns were
analysed to estimate genetic relationships between the plant samples. The bands with
strong intensities and clearly distinctive bands were scored only. While the smeared
or faint bands could be the result of unspecific binding of ISSR primers and should
be excluded. When comparing band profile of the samples, the sample with the
highest number of bands was considered as a reference sample and the other was
considered as compat sample. Thus, the bands which were visible in the reference
sample only are called polymorphic bands. The increase of the number of the

polymorphic bands refers to the increase of genetic variability between samples.

Table 2.11:NucleotideSequences dESR primers used in this study.

ISSR Primer
UBC Code Sequence (5 3))
UBC-801 ATATATATATATATATT
UBC-807 AGAGAG AGAGAGAGAGT
UBC-816 CACACACACACACACAT
UBC-845 CTCTCTCTCTCTCTCTRG
UBC-849 GTGTGTGTGTGTGTGTYA
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Chapter 3 Results
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Part 1: Phytochemistry and biology results
3.1 Fractionation of T. aphyllacrude extracts

The methanol extract (22g, 3.66%) Df aphyllawas subjected to VLCMethods
Section 2.52). Fraction(5) coded TA1 was obtained as a white crystalline solid
(250mg, 1.13%) identified as a mixture of two compounds while fra¢@pri2g,
9.09%) codedlr'A-2 was obtained as a white powder of a single compound. Other
fractions were identified asirtures of two or three compounds and were subjected
to further fractionation using Sephadeglaumn Fractions were assessed using
NMR and it also enabled elucidation of the structure of3r&5mg, 0.11%) and
TA-4 (11mg, 0.05%). Th&H NMR spectrum of tahexane andE t O Axtracts ofT.
aphyllashowed signals suggesting the presence of mixtures of triglycerides and fats.

No single compound was separated from the fractionatitimedditter extracts.

3.1.1 Characterisation of TA1 as a mixture oftrans-coniferyl alcohol-4-O-
sulphate (TA-1a) andtrans-coniferyl acetate4-O-sulphate (TA-1b)

The compound3A-la andTA-1b (Figure 3.1)were isolated as a mixture from the
methanol extract of the leaves ©f aphyllaby VLC. Using 30% (v/v) MeOH in

E t O Ascthe mobile phase for TL@®ethod Section 2.5.1}he mixture appeared as
a violet spot (R= 0.74) after spraying witp-anisaldehydeulphuric acid reagent and

heating.

The *H NMR spectrum of the major compound TA (Figure 3.2, Table 3.1)
revealed he presence of an aromatic ring with protong-at.39 (1H,d, J = 8.3 Hz,

H-5), Un 7.02 (1H,d, J = 2.0 Hz , H2), andii 6.87 (1H,dd, J. = 8.3 Hz,J>= 2.0 Hz,

H-6). The coupling constants and multiplicity of these signals indicated an aromatic
ABX spin systemThe spectrum also showed the presenceanis olefinic protons
atn6d8 (1H,dt, J1=159Hz,Xk=5. 2 Hzn)6.30qHdt, &= 15.9,1,=5.2

Hz) wereassigned to ¥ and H8, respectivelyAs i gn a | for w378 H s
represented a methoxy group.
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A DEPT¢135 NMR spectrum (Figure 3.2B, Table 3.1) indicated the presence of ten
carbon atoms including omaethylenecarbon at 62.0 ppm, one methoxy carbon at
56.1 ppm, three quaternary carbons at 132.8, 142.5, 151.0 ppm and five CH carbons
at 110.5, 121.3, 118.8, 129.0, 129.8 ppm.

The HMBC spectrum (Figure 3.3B, Table 3.2) showddcorrelationbetweenti

7.39 (H5) and carbon signal alc 142.5 (G4) and®J correlatiors to the carbons at

Uc 132.8 (G1) andlc 151.0 (G3). The pr ot 8.384H-5p showead a3J

correlation toC-3. The proton signal @ 7.02(H2) showed direct <cor
110.5 in theHMQC spectrum(Figure 3.3A) The singlet of the methoxy group

showed a3J correlationwith an aromatic carbon bearing it & 151.0. The 3]

correlatiors between the proton signalsiat7.02 H-2 )  6.8@ H-6) and the signal

at Uc 129.0 anc?J correhtion between the proton signal Ui 6.30 (H-8) and the

carbon afic 129.0 which therefore confirmed the positioriefl29.0 at C7. Protors

H-7 and H-8 showed3J and 2J correlations to the carbon at 62.0 ppm which was

assigned to @.

The HREIMS data showed pseudaolecular ionfM]  atm/z259.0605 suggesting
the molecular formula o€10H1206S. The above data suggedta-lato be atrans
coniferyl alcohol4-O-sulphateor Phenol, 1(3-hydroxy-1-propenl-yl)-3-methoxy,
4-(hydrogen sulite) The spectral data were consistent with those reported in
literature andthis compound was previously isolattdm the stem bark of other
Tamarix species;T. gallica, T. africanaand T. bobeana(ToméasBarberanet al,
1990). However, this is the first report of the isolatiotranhs-coniferyl alcohol 40-

sulphate fron. aphylla

The 'H andDEPT3135 NMR (Table 3.1) spectra for the minor compounal-1b
(Figure 3.1) followed the same pattern as thatAflaexcept for the presence of an
acetate group instead of a hydroxyl group & &nd the protons at this position were
deshieldedy 0.56 ppm comparing with the same protons in -IA (Table 3.1). The

H NMR spectrum of TALb (Figure 3.2A, Table 3.lindicaed the presence of an
aromatic ring whtd(1dd d>t88 Rz K5),3d.074d1IHd, J=at U
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2.0Hz, H-2) and 6.921H, dd, J; = 8.3 Hz,J> = 2.0 Hz, H6). The presence of two
protonsa tn 6.60 (1H,m) and 6.% (1H, dt, J1= 15.9Hz, J»= 5.2 Hz) also suggested

a trans-olefinic H-7 and H8 in the compound. The spectrum also showed a singlet
for 3H atuy 2.06 (H11) representing thmethyl of an acetate group. This methyl
group showed a direct ¢20.2inthd HIMMQC spactrumi t h t
(Figure 3.3A)and a2] correlation with a carbonyl carbon @ 170.6 in theHMBC
spectrum(Figure 3.3B, Table 3.2)Therefore, this carbon was assigned taQCin

the compound?) and?J correlations were observed between protis 6.60(H-7)

and 6.5 (H-8) to the carbon a64.9 ppm which therefore was assignedt8. The

ot her sc5@Inpprh waa assighned to the methoxy carbon attacheeBtofC
the aromatic ring. This carbon signal showdQC correlation with the sitpl atln

3.77 in the spectrum (Figure 3.3A). Additionallyy the HMBC spectrum, &J
correlation between the signal@ 3 . 7 7 ¢ &5d.d corifirmed the assignment of
this carbon signaltoB. The p7.@ showed’lhand3Jicorrelation to €3

and G4 at151.0 andl42.5 ppmrespectively.

The HREIMS data showe@seudamolecular iofM] — atm/z301.2014, suggesting
the molecular formula 0€12H1407S. On the basis of the above data,-TB was
identified astrans-coniferyl4-O-sulphate9-acetate. This compound has not been

previouslyreported.

CH,

HO;S0
o1
TA-1a: R= OH, TA-1b: R= OCCH,4
10

Figure 3.1: Structure oftrans-coniferyl alcohol4-O-sulphate (TAla) andtrans
coniferyl acetatel-O-sulphate (TA1b).
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Table 3.1:'H (400MHz) andDEPT¢135(100MHz) data of TAla andTA-1b in

DMSO-de.
TA-la TA-1b
Posi UH Uc UH Uc
1 - 132 - 131
2 7.02 (1Hd,J=2.0Hz) | 110 | 7.07(1H,d, J= 2.0 Hz) 110
3 - 151 - 151
4 - 142 - 142
5 739 (1Hd,J=83Hz)| 121 |7.42(1Hd, J=8.3 Hz) 121
6 6.87 (1H,dd, J1= 8.3 118(6.92(1Hdd, J1=83Hz,| 119
Hz,J>= 2.0 Hz) J.=2.0 Hz)
7 6.48 (1H,dt, J1= 15.9 129 |6.60 (1H,m) 133
Hz, J>=5.2 Hz)
8 6.30 (1H,dt, J1=15.9 129 |6.26(1H,dt,n=159% | 122
Hz, J»=5.2 Hz) = 5.2 Hz)
9 4.11 (2H,mM) 6 2.(4.67(1Hdd =52, % 6 4.
= 1.4 Hz)
10 - - - 170
11 - - 2.06 (1H,9) 21.
3-OCHl|| 3.76 (3H,9) 56 . |3.77 (3H,9 56.
9-OH | 4.84 (1H,broad 9 - - -
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Tabl eSe3l.e2c:t ed

HMB CTAclaa mTd{lk tDM8Mrds. o f

TA-la TA-1b
Prot 2) 3 2) 3
H-2 C-1,C3 C-4,-6C7C C-3 C-4,-6 C-7
H-5 C-4 C1,-3C C-4 C1,-3C
H-6 - C2,-4C70 - C2,-4C7
H-7 C-8 C-6, G2, G9 - C-2, G6,C9
H-8 C-7,C9 C-1 C-9 -
H-9( b - C7(b) C-8( b X0 C7(b)
H-1(Qb - - Cl10b) -
3-0CH - C-3 - C-3
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Figure 3.2A: 'H NMR (400 MHz) and3.2B: DEPTG135NMR (100 MHz) spectra
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Figure 3.3A: HMQC and3.3B: HMBC spectra (400 MHz) of the mixture Tha

(labelled as a) and T-Ab (labelled as b) in DMS@s*.
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To purify this mixture of TAla and TAlb, different separation methods were
carried out. Sephadex column was used with methanol as the eluting solvent and 28
vials (3ml each) were collected. Identical spots were obtained on the TLC plate of all
fractions. Vals 1, 10, 15, 20 and 28 were subjectedHdIMR analysis and the
results indicated the same mixture in the vials. Next, prep. TLC was performed using
different solvent mixtures (10% MeOH: 90t O,A26% methanol: 80% t O,A c
30% MeOH: 70%E t O)Aand only me spot appeared on TLC each time. Thirdly, a
Biotage purification system was employed twicgng different solvent systems to
isolate the compounds. The first time, 113 fractions were collected and the
absorption spectrum of the mixture showed that thwere a separation between the
two compounds (Figure 3.4A). Also, the TLC of these fractions showed two different
spots with different Rvalues (Figure 3.5). ThEHNMR showed two compounds
together with a different quantity each time. A second Biotagdigatron was
attempted using a different gradient systéviethodsSection 25.6). Similarly, the

UV absorption spectrum showed that there were two peaks with different absorptions
(Figure 3.4B) and th&HNMR revealed that there was no separation betweenth
compounds. Finally, the REVELERY$PREP purification systemwas applied. A
sample of 100mg of the mixture was dissolved in methanol and injectedDaiosdi

C18 Column 150 x 10mm 5um column and run in the preparative mode. The solvent
system, elutevolume, and the flow rate were adjusted automaticailietiiods
Section 25.7). However, the'H NMR spectra of the fractions obtained showed
minor differences from the original spectrum, therefore, the separation process
shouldberepeatedn the futureusng different conditions. However, the limited time
prevented this from being carried out. Therefore, if further work is to be carried out

on the mixture, a large quantity of plant material should be used.
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Figure 3.4A&B: Shows Biotage absorptionspectra of the mixture TA-1a and
TA-1b.

Figure 3.5: TLC of the two peaks resulting from the Biotage purification
system.A 30:70% MeOH/EtOAc mixture was used as a mobile phase. The spots
were visible after spraying with anisaldehyldgSQx.
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3.1.2 Characerisation of TA-2 as isoferulic acid3-O-sulphate

The compoundlA-2 (Figure 3.6)was obtained from the methanol extract of the
leaves ofT. aphyllausing VLC. After spraying witlp-anisaldehydeulphuric acid
reagent and heating, a yellow spot appeangid R value of 0.49 using 30% MeOH
in Et O Asahe mobile phase on TLC.

The 'H NMR spectrum (Figure 3.7ATable 33) revealed a 1, 3,-#isubstituted
aromatic ring wi tp¥.52(1Hg, Jp 2.0Hz,dHR2), 7904 (GHhda |
J=8.6 Hz, H5), and 7.36 (1Hdd, J = 8.6, 2.0 Hz, H6). The spectrum also showed
the presence dfanssubstitutedb | e f i ni ¢ P48 ¢lH,d, d=s15.8 Hz) and
6.27(1H,d, J=15.9 Hz)wereassigned to ¥ and H8 in the compound.

(7))

The DEPTq135 spectrum(Figure 3.7B, Table 3.3) showed ten carbon atomasle

up of one a methoxy group at 56.1 ppm and six aromatic carbons at 113.3, 122.0,

127.1, 13.1, 1400, 153.3 ppm (carbons at 153.3 and 04§pm were observed to be
oxygen bearing carbons), anda olefinic carbons at 115.9 and 145.2, and a

carbonyl carbon at 170.0 ppm.

Using 2D NMR (COSY, HMQC and HMBC) the structure of the compound was
elucidated as follows: The long range correlation (HMBC, Figure 3.8Bj)eoproton
atn 736 (H6) showed®Jcorrel ati on i @53.3 (64 whileatheb o n
pr ot ou7.50a2) dhowedJc or r el a14D.0(63)in the aiomatic ring
The pr w7.48(H-7atad allc or r e | a L71.H which was assigned as
carboxylic acid carbon ©. Thepr ot o m $.27é+8 ) 0 a nd7.04(H-5) U
showed®Jcorrel ati ons d127.1 tard evas cassigrizd aslGra the U

aromatic ring.

The HREIMS data showegseudomolecular ion[M] — at m/z 273.0332 which
showed that the molecular formula of thtompound was (H1007S. This

compound was previously isolatddom the flowers of T. amplexicaulis (El-
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Moussallamiet al, 2000) and fronT. nilotica(Abouzidet al,, 2009). This is the first
report ofisoferulic acid3-O-sulphate fronT. aphylla

0SO,H

Figure 3.6: Structure ofsoferulic acid3-O-sulphate.

Table 3.3:'H (400MHz),DEPT¢135(100MHz) and HMBC data 6FA-2 in D;O.

HMBC
Position H 13C X 5
1 - 127.1 - -
2 7.52 (1H,d, J= 2.0 Hz) 122.0|C3 C4, G2, C7
3 - 1400 | - -
4 - 153.3| - -
5 7.04 (1H,d, J= 8.6 Hz) 113.3 | C-4 C-1,G3
6 7.36 (1H,dd, J=8.6, 2.0 Hz)| 128.1 | - C-2,CG4,CG7
7 7.48 (1H,d, J=15.9 Hz) 145.2 | C-8 C-2,C6, C9
8 6.27 (LH,d, J= 15.9 Hz) 1159 C-7,C9 C1
9 - 1711 | - -
4-OCHs | 3.84 (3H,9) 56.1 | - c4
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Figure 3.7A: 1H (400 MHz) an®.7B: DEPT¢135(100 MHz) NMR spectra of TA

2 in DO*.
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3.1.3 Characterisation of TA3 as3’, 4', 5, #tetrahydroxyflavone (Luteolin)

The compoundTA-3 (Figure 3.9) was isolated from the methanol extracfl of
aphyllaleaves using Sephadex colunAditer spraying withp-anisaldehydesulphuric

acid reagent and heating, a yellow spot appeared witralRe of 0.60using 20%

methanol inE t O Ascahe mobile phase on TLC

ThelH NMR spectrum (Figure 3. 10A46.19T(BHDI e 3.
d, J=2.1 Hz) and 6.45 (1H, J = 2.1 Hz) were for the flavone-Ang as H6 and H

8 protons, respect i wé.b9y(1Hg HB) ohringpQ, whileo n s i n
H-2,H5andH6 ' of r i ng nB4341pl,Adele 8.8 d.3 Hz}6.86(1H,

d, J=8.3 Hz) and7.40(1H,d, J= 2.3 HZz).

The DEPTG135NMR spectrum (Figure 3.10B, Table 3.4) indichtee presence of

15 carbon atoms i ncl udidhand six ammaaticoGHnay | at
102.8, 99.2, 94.1, 119.0, 116.0 and 113.6 ppr3,(C6, C-8, G2°, G5 and C6',
respectively). Six phenolic carbons were observed at 164.1, 161.4, 163.8, 157.8,
145.7, and 149.6 ppm (& G5, G7, G9, G3 and CG4’) and two quaternary

carbons at 103.6, and 121.4 ppmlCand G1").

Using 2D NMR (HMQC ad HMBC) the compound was confirmed as follows: The

A ring pu6d® ete s @ 6.45{H8) both showedJ correlation to the

same quater ncd03y (GCEA T b e n p a & 6.4br(H8padisplayed a

2] coupling to a carbsa t 16B88(G7) and157.8 (G9). Ths protonalsoshowed
weak’Jcorrel ation to a)carTthen Ba tryb.86dH5)8 b.t ® n(
showed® Jcorrel ati on to the qu-3)taad?Jrcarelgtionc ar bor
to the carbo) at Thhe MLFE3 (BD2) (Cdrelated viad)

coupling to G4 and G6'. Protons H2" and H6" showed3J correlation to the

carbon G2 of C ring. Couplings between theOH in G5 and its neighbouring

carbons were also detected, including) @orrelation to @6 a t Uel 09A.t2,0dcC
103.6, and &J correlation to G5 (161.4 ppm).
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Pr ot om669 @B8) and 6.86 (F5) displayed®J correlation to the carbon &t
121.4 (G1) and confirmed the assignment of this carbon signal to the df the

aromatic ring B.

The HREIMS data showegseudomolecular ion[M] * at m/z 287.0549 which
indicated that the molecular formula of this compound wassHzoOs. This
compound was previously isolated fromaphyllaleaves(Mahfoudhiet al, 2014).
The 'H &¥C NMR spectral data are in agreement with those reported earlier
(Boersmet al., 2002) and the structure identified3s4, 5, ?#tetrahydroxyflavone.

Figure 3.9: Structure of3’, 4°, 5, #etrahydroxyflavone
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Table 3.4:'H (400MHz) and DEPTgL35 (100MHz) and HMBC data oTA-3 in

DMSO-de.
HMBC
Position H 13C 23 33

1 - - - -
2 - 164.11 - -
3 6.69(1H, s) 102.8| C-4 C-1, CG10
4 - 181.6 | -
5 - 16141 -
6 6.19(1H,d, J= 2.1 Hz) 99.2 | C-5,G7 | C-8,C-10
7 - 163.8 -
8 6.45(1H,d, J= 2.1 Hz) 94.1 | C-9,C7 | C-6,C10
9 - 157.8 - -
10 - 103.6 | - -
1 - 12141 - -
2 7.43(1H,dd,J=8.3, 2.3 Hz)| 119.0| - C-2,G4,C-6°
3 - 145.7 | - -
4 - 1496 | - -
5 6.86(1H,d, J=8.3 Hz) 116.0 C-4 C-1,C3
6 7.40(1H,d, J=2.3 Hz) 1136 - C-2,G2,Cc4

5-OH | 13.0(1H,9) - C-5 C-6, G10
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TA-3 in DMSO-ds*.
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3.1.4 Characterisation of TA4 asN-methyl-4-hydroxyproline

The compoundlrA-4 (Figure 3.12) was obtained from the methanol extract.of
aphyllaleavesusing Sephadex columrit appeared as a yellow spot:£F0.39) after
spraying withp-anisaldehydesulphuric acid reagent and heating, using 30% MeOH
in Et O Asahe mobile phase on.T.

ThelH NMR spectrum (Figure 3.13A, Table 3.
2.16 (1H,ddd J = 14.2,7.5, 2.0Hz, H-3a), 2.40 (1Hddt, J = 14.2, 7.5, 2.0 Hz, H

3b) and 3.12 (1Hn, H-5a), 3.88 (1Hdd, J=13.0,4.6 Hz, H5b) and a proton singlet

a ty2.85 @H, s) for a methyl group. While 2 and H4 ap p e ad.¥2d1Hat 0

dd, J=11.1, 7.5 Hz) and 4.55 (1K, J = 4.6, 2.0 Hz), respectively.

The DEPTg135NMR spectrum (Figure 3.13B) indicated the presence of six carbon

atoms including a methyl carbon€) at Uc 42.8 and a carbo
(C-7).Two deshieldesdne t hi ne car bons wé&95and6E0€C2 obser
& C-4) and two methylenearbongC-3 and G5) atll &7.7 and 62.2respectively.

I n the HMBFigwep¥*lds, Tablen3.5%, he prwtdord 22)t( H
showkcdrrel ati onig3t.o0B3@@hdnA)72trdegLecti ve
Vcouplingd ® . P-8batha-Basir i cor rleloaitped d n\yisa t
the catctHd®dn 04)t(.C Ot her i mportant correl ati
proton g2 gn%l)( vthi c Rlcolm o we G tmethines at bohhat
Uc6 . - L mathglenec ar b a6 2atb5 )(C Thi s furtMer con
met hyl group I s at position 1.

The HREIMS data showegseudomolecular ion[M] * at m/z 146.0811 which

showed that the molecular formula of this compound v {OsN. This compound

has been previously isolatdtbm a dichloromethane extract @fichilia lepidota

leaves (Pupt al, 2002).The data were in agreement W |
(Sciuto et al, 1983) andl e d t o t he i d-dn tdNshathgldt | on (
hydroxyproline This is the first report ahis compound fronT. aphylla
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Figure 3.12: Structure ofN-methyt4-hydroxyproline

Table 3.5:H (400MHz) and DEPT¢135 (100MHz) and HMBC data of T4 in

D-0.
HMBC
Position H 13C 23 33
1 - - - -
2 412 (1H,dd, J=11.1, 7.5 Hz) 69.5 | C-3,G7 | C-6
3 2.16 (1H,ddd J=14.2,7.5, 2.0 37.7 | C-2 C-7
Hz, H-3a)
2.40 (1Hddt, J=14.2,7.5,2.0 C-2,CG4 | C5H
Hz, H-3b)
455 (1H/tt, J= 4.6, 2.0 Hz) 69.0 | C5 C2
5 3.12 (1H,m, H-5a) 62.2 | C-4 C-2,G3,G6
3.88 (1H,dd, J=13.0, 4.6 Hz, H - C-3,CG6
5b)
2.95 (3H.,9 428 |- C5, G2
- 172.4 | - -
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3.2 Fractionation of Astragalus spinosusrude extracts

A. spinosusmethanol extract (26g, 6.5%) was divided into two parts for further
fractionation. A VLC column was used to fractionaite first part of the extract
(24g). The 'THNMR enabled elucidation of a compound, coded1A&8mg, 0.07%).

The second part of the extract (2g) was subjected to further fractionation using
Sephadex column as described before and lead to the isolatio abmpounds
AS-2 (24mg, 1.20%) and AS (31mg, 1.55%). Fractionation of tliet O Axtract

(6g, 1.50%) ofA. spinosusled to identification of one compound named-AS
(13mg, 0.21%). No compounds were separated from the fractionatinspinosus
hexane etract using CC and th#H NMR spectrum of this crude showed signals

indicating a mixture of fats.
3.2.1 Characterisation of AS1 as 30-methyl-inositol (Pinitol)

The compoundAS-1 (Figure 3.15)was obtained from the methanol extract/Aof
spinosusleaves using VLC. After spraying witlp-anisaldehydesulphuric acid
reagent and heating, a purple spot appeared withf B.66 using30% MeOH in
E t O Ascahe mobile phase on TLC.

TheH NMR spectrum (Figure 3.16A, Table 3.6) had proton signals bet8:8eand
3.63 ppm. T3 wasrassignedto-8 the nietbxy groupa tw 3.d44
(3H, s, 3-OCHg) integrated for 3H, while five protons @i 3.44, 3.35, 3.50, 3.63 and
3.63were attributed to H, H-2, H-4, H-5 and H6, respectively.

The'3C spectrum( Fi gur e 3. 168B, Table 3.6) showed
(OCHg3), 71.5 (G1), 732 (C-2), 84.4 (C3), 70.6 (G4), 730 (C-5), 72.5 (C6).

Using 2D NMR (COSY, HMQC and HMBC), the structure of the compound was
elucidated as follows: The longnge correlation (HMBCFigure: 3.17B for the

pr ot o18.00gH3)showeddJcor r el ati on ¢t7.6(GHEC782r bons
(C-2) and a%J correlation to the carbo&OCHs. The methyl protons3-OCH3 and
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the protonH-1 showed®J correlationtat h e ¢ a ¢84.8 and w@as assigned as C
3.

The HREIMS data showegseudomolecular ion[M] * at m/z 195.0878 which
revealed that the molecular formula of this compound wa$40s. The H &1°C
NMR spectral data are in agreement, even though thengsieaobtained in different
NMR solvents, with those reported earlier (R&@nzalezet al, 200§. This
compound was previously isolaté@m different plant families such assteraceae,
Caryophyllaceae Leguminosag Pinaceag Sapindaceae,and Zygophyllaceae
(Poongothai and Sripathi, 2013 his is the first report gfinitol from A. spinosus

3
H3CO“HII|..

HO

=)}

S
4 S
H

Tl
Ol
T

Figure 3.15: Structure ofinitol.
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Table 3.6:'H (400MHz), DEPT¢135 (100MHz) and HMBC data ofAS-1 in

DMSO-de.
HMBC
Position H 15C 23 33
1 3.42 (1H,9 715 |- c3
2 3.35 (1Hdt, J=16.1 Hz) 732 - -
3 3.0(1H,t,J= 9.3 H2) 844 |C2 C4 3-OCHs
4 3.50 (1H,brm, J = 3.5 Hz) 706 |- -
5 3.63 (1H,d,J=2.2 Hz) 730 - -
6 3.63 (1H,d,J=2.2 Hz) 72.5 - -
1-OH | 4.35(1H, brd, J= 5.3 Hz) - - -
2-OH | 4.52(1H,d,J= 4.6 Hz) - - -
4-OH | 4.48 (1Hd,J= 6.4 Hz) - - -
5-OH | 4.64 (1H,9 - - -
6-OH |4.73 (1H9 - - -
3-OCHs | 3.44(3H, 9 60.2 | - Cc3
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Figure 3.16A: 'H (400 MHz) and3.16B: *C (100 MHz NMR spectra of A3 in
DMSO-ds*.
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3.2.2Characterisation of AS-2 as Cycloastragenol

The compoundAS-2 (Figure 3.18)was obtained from the methanol extract/of
spinosusleaves using Sephadex column. After spraying wptAnisaldehyde
sulphuric acid reagent and heating, a purple spot was obtained wisthuB of 0.61
using 100%E t O Asahe mobile phase on TL®I¢thodsSection 2.5.1).

The 'H NMR spectrum Figure 3.19A, Table 3.7 showed signals due to a
cyclopropane methylene &t 0.40 and 0.54 (1 H eacti, J = 4.5 Hz) and methylene
signals at HL, H-2, H-7, H-11, H12, H15, H22 and H23. Seven methyls aiy
1.25 (H21), 1.32 (H18 & H-27),1.17 (H26), 1.28 (H28), 0.99 (H29) and 0.97
(H-30) and seven methines@®t3.33(1H, m, H-3), 1.38(1H, m, H-5), 3.55(1H, m,
H-6), 1.81(1H, m, H-8), 4.70 (1H, m, H-16), 2.35(1H, d, J = 7.9 Hz, H17),3.78
(1H,t,J = 7.3 Hz, H24).

The DEPT@135 NMR spectrum Figure 3.19B, Table 3)7displayed 30 carbon
signals; seven attributable to methylstiat21.5 (G18), 27.7 (G21), 26.4 (G26),

27.8 (G27), 28.2 (€28), 15.3 (G29), 20.0 (G30). Nine methylene signals at 32.1,
30.3, 37.9, 26.2, 33.0, 46.5, 31.5, 34.8.62ppm and seven signalereassigned to

the methine carbons including three carbon bearing oxygen at 78.3, 69.2, and 73.4
ppm (G3, G6, CG16, respectively). Seven quaternary carbons were observed at 41.5,
20.7,29.4,45.0, 47.9, 87.1 and 71.8 ppm.

In the HMBC (Figure 3.20B) the geminal methglat 1.28and0.99ppm (H-28 & H-
29) showedJ correlations to carbon 4tl.5ppm (G4) and tc®J correlations to each
other and to the oxymethine carborv8t3 ppm (G3), indicatingC-3 as the position
of attaciment of the hydroxyl group while both germinal methylsie26 (1.17ppm)
and H-27 (1.32 ppm) had?2J couplings to @5 (71.8 ppm). Furthermore, the
cyclopropane methylene doublets all @ showedJ correlations to € at20.7 ppm
and3J correlations to two methylene carbong8atl (G1) and 26.2 ppm (@1). The
proton H-5 showed?J correlation to the oxymethine &9.2 ppm establishinthe

hydroxyl group to be at-®.
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The HREMS data showeg@seudomolecular ionffM] ™ at m/z491.3729uggesting
the molecular fanula of CzoHs00s. Thus,AS-2 was identified as cycloastragenol.
This compound has previously been repoffienn the aerial parts ofA. spinosus
(Abdallahet al, 1993 andall spectral data were in agreement witbspreviously
reported (Nartogt al, 2014).

3.2.3Characterisation of AS-3 ascycloastragenol 60-glucoside (Brachyoside B)

The compoundAS-3 (Figure 3.18)was obtained from the methanol extract/of
spinosusleaves using Sephadex column. After spraying wptAnisaldehyde
sulphuric acid reagemnd heating, a purple spot was observed withaRie of 0.44
using 100%E t O Asahe mobile phase on TLC.

The H and DEPTeL35 NMR spectra for the compoundiS-3 (Figure 3.19 A&B)
followed a similar pattern to that &fS-2 except for the presence of a augnoiety
instead of a hydroxyl group at& The'H NMR spectrumFigure 3.19A, Table 3)7
reveal ed a 4.42¢lt1,kE &7 HzaHL") wiasassigned to the anomeric
proton of the sugathreeo x y me t h # 313@&(8H, m, H-3')33.37(1H, m, H-4"),
3.32(1H,m H5)and an oxymet h¥%84€eH, d Jglli.oHeph=at
4.1Hz)and 3.66 {TH, m, H-6").

The 3C NMR spectrum Rigure 3.19B, Table 3)7confirmed the presence of 36
carbon atoms including an anomeric carboicat03.8(C-1"), four oxymethines at
Uc7 4 (CR), 7(€-3)¥% 7(C-4)17 6 (CXH")and an oxymethylene at 62.4
(C-6") wasassigned to the glucose unit. The carbon resonance attribute@ (68®
ppm) was deskided by 94 ppm, in comparison with thosef cycloastragenol,

suggesting that ® was the site of glycosylation.

The attachment of the glucose moiety ab Gf the aglycone was further confirmed

from the HMBC correlationsHigure 3.21B. The anomerind . pRlo{)bln at
s howkcdor r el atokygenbedrimgc & t e digi7 8a t66 )iGd@ating its
connectivity to that carbon at-€ of the aglyconeAlso, proton H5 s h o W& d

111


https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C38H54O13&sort=mw&sort_dir=asc
http://europepmc.org/abstract/med/8101992/?whatizit_url_Species=http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1423378&lvl=0
http://europepmc.org/search;jsessionid=6twcTx2uQKSyjL0BJdCu.0?page=1&query=AUTH:%22Abdallah+RM%22

corr el 1 iammprotonaB d i s p Playead e | -4 Maon HMBG

correlationds given inFigure3.23

The HREMS data showegseudomolecular ion[M] * at m/z653.4259 suggesting
the molecular formula 0€3sHs0O10. The mass spectrum supported the above data
since the molecular wgit of AS-3 was found to be 162 units higher tha8-2. This

unit was identified to be a glucoseoiety with the help of its COSY and HMBC
data. Thus, all the above information led to the conclusion A3 was
cycloastrageneb-O-glucoside.This compound has previously been reporfieain

the aerial parts oA. spinosugAbdallahet al, 1993 andthe roots ofA. brachypterus
andall spectral data were in agreement with those previously reported @eadir

1998).

Qe

=]

HO

1 5 6_OH
0
AS-2: R=H, AS-3: R= MH

» 3 OH4

Figure 3.18: Structure ofcycloastragenolAS-2) andcycloastragenol €-glucoside
(AS-3).
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Table 3.7:'H (400MHz) andDEPTq135(100MHz) data of SA (CDCl) andSA-3

(Acetoneds).
Position AS-2 AS-3
UH Uc UH Uc
1 1.28(2H,d, J= 1.5 Hz)| 32.1] 1.27(1H, s 31.8
1.60(1H, m)
2 1.63(1H, m) 30.3| 1.60(1H, m) 30.3
1.81(1H, m) 1.70(1H, m)
3 3.33(1H, m) 78.3 | 3.22(1H, m) 77.6
4 - 415 | - 41.5
5 1.38(1H, m) 53.7 | 1.60(1H, m) 51.8
6 3.55(1H, m) 69.2 || 3.56(1H, s) 78.6
7 1.38(1H, m) 37.9 | 1.60(1H, m) 34.0
1.52(1H, s) 1.90 (1H,m)
8 1.81(1H, m) 47.0 | 1.88 (1H,dd, J1=11.7 Hz, J.|| 45.4
= 4.1 Hz)
9 - 20.7 | - 20.8
10 - 29.4 | - 29.0
11 2.01(2H, m) 26.2 | 1.90 (1HmM) 25.8
1.38 (1H,m)
12 1.63(1H, m) 33.0 || 1.60(1H, m) 33.0
1.75(1H, s) 1.70(1H, m)
13 - 450 | - 44.6
14 - 479 | - 45.7
15 | 1.47(1H,m) 46.5 | 1.38(1H, m) 45.4
2.01(1H, m) 2.00 (1H,m)
16 | 4.70(1H, m) 73.4 | 4.64 (1H,m) 72.9
17 2.35(1H,d,J=7.9Hz) | 57.5 | 2.33 (1H,d, J= 7.7 HZz) 57.8
18 1.32(3H, 9) 21.5 | 1.27 (3H,9) 20.3
19 | 0.40(1H,d,J=4.5Hz) | 31.5 | 0.27 (1H,d, J= 4.4 Hz) 27.8
0.54(1H,d, J= 4.5 Hz) 0.60 (1H,d, J= 4.4 Hz)
20 - 87.1 | - 86.7
21 1.25(3H, s) 27.7 | 1.26 (3H,s) 27.5
22 2.58(1H,t,J=9.5Hz) | 34.4 | 2.71(1H, g, J=10.6 H2 34.2
1.65(1H,t, J= 5.5 Hz) 1.60(1H, m)
23 2.01(1H, m) 25.6 | 2.00(2H, m) 25.5
2.15(1H, m)
24 3.78(1H,t,J=7.3 Hz) || 81.4 | 3.75(1H, dd, J1 = 8.5 Hz, J,=| 80.9
6.0 Hz)
25 - 71.8 | - 71.0
26 1.17(3H,9) 26.4 || 1.14(3H,9) 26.1
27 1.32(3H, 9 27.8 | 1.27 (3H,s) 26.9
28 1.28(3H, s) 28.2 || 1.19(3H,9) 27.5
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Table 3.7:(continued).

29 [0.99(3H,9 15.3 [ 0.96(3H, 9) 15.0
30 | 0.97(3H,9 20.0 | 1.01(3H, s) 19.3
T 4.42(1H,d, J=7.7 Hz) 103.8
2 3.22(1H, m) 74.5
3 3.37(1H, m) 77.6
& 3.37(1H, m) 71.1
5 3.32(1H, m) 76.2
6 3.84(1H,d, 1= 11.4 Hz, 62.4

Jo=4.1 Hz)

3.66(1H, m)
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Figure 3.23:Key COSY ¢
2 (aglycone)and AS3.

) andHMBC (——~) correlations observed S-
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3.24 Characterisation of AS-4 as maackiain (Inermine)

The compoundAS-4 (Figure 3.24)was obtained from the ethyl acetate extrach of
spinosudeaves usin@€CC (MethodsSection2.54). Using 100%E t O Asche mobile
phase for TLC, the compound appeared as a brown spotO(lR4) after spraying

with p-anisaldehyde sulphuric acid reagent and heating.

The 'H NMR (Figure 3.25A,Table 3.8 spectrum revealed characteristic signals

bel onging to a pter oc auw5g%(fhH,dsk=e519diz, &in ; t he
11a), 4.24/3.67 (1H eacHd, J = 11.2, 5.0 Hz, Fb) and 3.50 (1Hddd, J = 11.2,

6.9, 5.0 Hz, H6a). The'H NMR also showed an aromatic ABX spin system for the

ring D with an83t1lH,d J=_84da, bil) and 6.4441Hd, =

2.5 Hz, H4) and a doublet of doublet$ a; €157 (1H,J = 8.4, 2.5 Hz, FR). The

Si gnad6g4 (BHbrs,H-7), 6.46 (1Hbrs, H-10) and 92, 5.94 (2xd, J=1.4

Hz, H-12) were assigned to a methylenedioxy moiety in the ring A.

The DEPT¢135 NMR spectrum (Figure 3.25B3howed & carbon atom signals
including seven methines at 132.1, 109.8, 103.7, 40.2, 104.7, 93.8 and 78.5-ppm (C
1, G2, G4, C6a, G7, G10 and Cl1la, respectively). &venquaternary carbons
were observed at 157.056.5,117.9, 141.5, 147.9, 43, and 112.7 ppn(C-3, C-

4a, C-6b, G8, G9, G10a and €Ellb), and two signalsvere assigned to the
met hyl ene ¢c66ab1(Ab6)oandslOldl (€12

Using 2D NMR (COSY, HMQC and HMBC) the compound was characterised as
follows: The long range correlatiord (Figure 3.26B) of H-12 to the quaternary

c ar boa®il.mand 147.9 indicated they were8@nd C9, respectively, while

t he pr 9&74 (H7)dad £ldicorrelation toC-8 and3J correlation to €. The

doubl e16.87(H2 andi6.44 (H-4) showeda 3J correlationto the carbon at

112.7 ppm and was assigned -Clb. The potons H-2 and H4 revealed?]
correlations to tch5.0whidghaveseassigreed asc ar bon at
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The HREIMS data showegseudomolecular ion[M] * at m/z 285.1203 which
showed that the molecular formula of this compound wakl@0s. This compound
has been previously isolaté®m theroots ofSophora flavescen®arket al, 2003).

This is the first report of maackiairom A. spinosus

Figure 3.24:Structure ofmaackiain
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Table 3.8:'H (400MHz),DEPT¢135(100MHz) and HMBC data of A8 in CDCE.

HMBC
Position H 3C 23 3]
1 [7.39 (1H,d, J=8.4 Hz) 132.1] - C-11a, G3,C4a
2 6.57 (1H,dd, J=8.4, 2.5 Hz) 109.8 | C-3 C-4, CG11b
3 - 157.0 - -
4 | 6.44 (1H,d,J= 2.5 Hz) 103.7| C-3,G4al C-2, G11b
4a - 156.5 - -
6 424 (1H,dd, J=11.2,5.0Hz) | 66.5 | C-6a C-11a, G4a
3.67 (1H,dd, J=11.2, 5.0 Hz) - C-11a
6a 3.50 (1H,ddd J=11.2,6.9,5.0] 40.2 | C-6b -
Hz)
6b - 1179 - -
7 6.74 (1H,brs) 104.7 || C-8 C-9,C-6aC-10a
8 - 1415 - -
9 - 1479 - -
10 | 6.46 (1H,bry) 93.8 | C9,C- | C6b, C8
10a
10a |- 143 || - -
lla | 5.49 (1H,d,J=6.9 Hz) 78.5 | C-11b C-1,G6, G4a
11b - 112.7 | - -
12 [5.92,5.94 (2d, J= 1.4Hz) 101.3] - C-8, C9
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Figure 3.25A:1H (400 MHz) and3.25B: DEPT¢135(100 MHz) NMR spectra of
AS-4 in CDCE*.
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3.3 Fractionation of Citrallus colocynthisExtracts

CCwas used to fractionatee hexane (7.6g, 1.68%), thet O 8g, 1.77%) and the
methanol extracts (13g, 2.88% w/w) ©f colocynthis The fractions collected were
assessed using NMR and enabled elucidation of the structure of one compound
designated C& (23mg, 0.28%) from thE t O Axtract. The same compound QC
(7.3mg, 0.05%) was also isolated from the methanol extract along watthesn
compound coded G2 (3g, 23.07%). Compound CZ was further purified using
Sephadex columnNo single compound was obtained from the fractionatiothef

hexane extraaif C. colocynthis
3.3.1 Characterisation of CG1 as Cucurbitacin E (Elaterin)

Tle comEGunki gurvwas3.i2srgl ated from the Et Of
fractions of t hCecolotgnthislatn od p peexarreacc {Rrsofa vyel
0.70)af ter sprayi ngsuwipthhuraci saaclidde hryedeegent f
E t OWas used as the mobile phase for the TLC.

Th&H NMR spectr O (Falpluee3 392 indicated
ol efinicihHp.ro3 mnhieh,t and n singletsartie® .hyd d( 3 H,
J4.8 HAAB,), O0sHE9)3H1sHR1I)()3H1sH26)J3H1. 54
(3H,-2H7)32 3HH-28 12 36EH29),49d(31KAH30),
and 1. 9 80UfsB Hhe downfield shift of the latter methiidicated it to be

part of an acetyl group.

T h eDEPTql35NMR s pe(cRirguueBe 3JaBl e 3. 9) showed
carbon atoms made up U019.6(nd & )O,4(m@ B Rdyll carb
(1p55(6Pp6,1( 27)98( 28p7,3(Q9}17.7( 30) , and 21.
(COCH3). EIl evgeunat er nary car bons wer e identif
car bon3, -1a@l -2 2C &€0CH; were detected at 9 8 . 0, 212. 6, 20
1 6 9pprh, respectivelyT h r reethylenecarbonswe r e 0 b Sie2r3v.edd ) (aQ
48.7L20)C 4% )iBemetlhe carbon signals tic (C-1, G6, G8, G10, G
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16, G17, C-20, C-23 and G24) were also obtainedi he maj or HMBC ( F
33B) correlations are summarised in Tabl e

The HREIMS data showedpseudomolecular ion[M] — at m/z 555.0210 was
observed suggesting the molecular formul&eH440s. On thebasis of these results
and by comparison with previously published d&ageret al, 2005),CC-1 was

identified as cucurbitacin E (elaterin).
3.3.2 Characterisation of CG2 as Cucurbitacin E2-O-b-D-glucoside

The compoundCC-2 ( Fi g ur was @btaired from the methanol extract@f
colocynthis After spraying withp-anisaldehydeulphuric acid reagent and heating, a
brown spot(Rs= 0.32)appeared on the TLC 1B0%E t O Avas used as a mobile
phase on TLC.

The 'H and DEPT¢135 NMR spectra( Fi gulAe a®d3 B, farahel e 3. ¢
compound were identical ©C-1 except for the presence of a glucose moiety instead

of hydroxyl group at €. The proton spectrum with the aid of a COSY experiment,
suggested the presence of a sugar molecule withrmro me r i ¢ w@.70dlHo n a't
dJ=78Hz, Hl),met hi ne mB.80(1H,n, 9= 27tHz, &#-3"), 3.40(1H,

m, H-4), 3.53(1H,s,H-55and an met hyi3E84 898 (IHdd Jo=n a't
11.8 Hz, J;= 2.7 Hz H-6").

C«

The 3C NMR spectrum( Fi g ulBe J a B toafirmad. ti8e)presence of 38

carbon atoms. The anomeric carbon signal was obtainad 400.1 (1°), four
oxymethines afic 7 2 (29, 7(®), 7 7(4),609 (59 and an oxymethylene &t

61.4 (6°) and these were assigned to the sugar unit. The glycosylation site2in CC

was identified by HMBC correlations Fi g u2B gast3h.e3 anomerlic pr ot
4.70 (OH sYowep! i ng t ooxygandearngeaatr ebrieriad .

( € )indicating a glycosidic linkage through oxygen to the carbon at position 2 of

the aglycone.
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The HREMS data showeg@seudomolecular ionff[M] * at m/z719.3257 suggesting
the molecular formula 0€3sHs4013. The mass spectrum supported the above data
since the molecular weight @C-2 was found to be 162 units higher th@g-1.

This extrafragmentmust be the attached glucose moidtyus, CC-2 was identified

as cucurbitacE-2-O-b-D-glucoside. The NMR spectra were in agreement with
literature reports antthe compound has previously been repoftech C. colocynthis
(Hatametal., 1989).
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CC-1: R=H, CC-2: R= 1O°%
HO

Figure 3.27:Structure oftucurbitacin HCC-1) andcucurbitacin E2-O-b-D-
glucoside(CC-2).

Figure 3.28 Key COSY ¢

) andHMBC (——~) correlations observed @C-
1(aglycone)and CCG2
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Table 3.9:'H (400MHz) andDEPT¢135 (LOOMHz) data ofCC-1 (CDCk) and CG
2 (Acetoneds).

CC-1 CC-2
Position UH Uc UH Uc
1 5.78(1H,dd, J1=2.8 114.8 6.11(1H,d,J=2.7 | 124.0
Hz) Hz)
2 - 145.2 - 145.4
3 - 198.0 - 197.5
4 - 49.0 - 48.7
5 - 137.1 - 136.0
6 5.83 (1H,m) 120.5 5.84(1H,dt, J1=5.1 | 121.0
Hz,J,= 2.5 Hz)
7 2.41 (1H,dd?) 23.4 2.40(1H, m) 23.2
2.08 (1H,9) 2.09(1H, m)
8 2.08 (1H,9) 41.7 2.09(1H, m) 41.5
9 - 48.9 - 49.1
10 3.67(1H,d,J1 = 2.6 34.4 3.72(1H,t,J=2.7 | 35.2
Hz) Hz)
11 - 212.6 - 213.8
12 2.57 (1Hd,J=14.6 48.7 2.60 (1H,d,J=14.7 | 48.7
Hz) Hz)
3.40 (1H,dd, J1=14.6 3.40 (1H,m)
Hz, J>=1.5 Hz)
13 - 50.4 - 50.3
14 - 48.0 - 48.0
15 1.50(1H,s) 45.8 1.50(1H,d,J=1.1 | 45.8
1.89(1H, m) Hz)
1.90(1H, m)
16 4.52(1H,9) 70.5 455(1H,d,J=7.1 | 704
Hz)
17 2.69(1H,d,J=7.1 Hz)| 58.1 2.67(1H,d,J=7.1 |58.1
Hz)
18 0.96(3H,9) 19.6 0.95(3H,9) 19.5
19 0.98(3H,9) 19.4 0.99(3H,9) 19.7
20 - 78.6 - 78.6
21 1.43(3H,s) 24.1 1.43(3H,s) 24.2
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Table 3.9:

(continued).

22 - 202.5 - 202.5
23 6.84(1H,d,J=15.8 |[121.4 6.83(1H,d,J=15.8 | 121.3
Hz) Hz)
24 7.01(1H,d,J=15.8 | 150.1 7.00(1H,d,J=15.8 | 150.1
Hz) Hz)
25 - 79.2 - 79.2
26 1.57(3H, 5) 25.5 1.57(3H, ) 25.5
27 1.54(3H, 9) 26.1 1.53(3H,9) 26.1
28 1.32(3H,9) 19.8 1.28(3H, 9) 19.9
29 1.27(3H,9) 27.3 1.28(3H, 9) 26.9
30 1.49(3H,9) 17.7 1.48(3H,9) 17.6
r - - 4.70(1H,d,J=7.8 100.1
Hz)
2 - - 3.33(1H,9) 72.9
3 - - 3.50(1H,d,J=2.7 76.7
Hz)
4 - - 3.40(1H, m) 77.0
5 - - 3.53(1H, ) 69.6
6 - - 3.84(1H, m) 61.4
3.98(1H,dd, J1=11.8
Hz, J>=2.7 Hz)
2-OH 6.97 - - -
COCHsz | - 169.1 - 169.4
COCHs | 1.98(3H,59) 21.0 1.98(3H, 21.0
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Tabl eS8l #¢6t ed

HMBC

c2 rChell.at i ons

Proton Selected HMBC co
2] 3]

H-1 C-2 C-3, G5, G9
H-6 C-5 C-8,CG10,G4
H-7 C-6 -
H-10 C-1,G5 C-6
H-1 2 C-11, G13 C-9, G14, CG17,C-18
H-15 C-14,C-16 C-8, G13, G30
H-16 C-17 C-20
H-17 C-16 C-14, G18,C-22
H-1 8 - C-14,G17
H-19 - C-8, G10,CG11
H-2 1 C-20 C-17, G22
H-2 3 C-22,G24 C-25
H-2 4 C-23, G25 C-22
H-2 6 C-25 C-24, G27
H-2 7 C-25 C-24, G26
H-2 8 C-4 C-3, G5, G29
H-2 9 C-4 C-3, G5, G28
H-3 0 C-14 C-8, G15,G13
H-1° Cc-2 C-2,G3, G5

COds3 COCH -
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3.4 Fractionation of Rhanterium epapposurixtracts

Silica gel CC MethodsSection2.54) was used to fractionafR. epapposunimexane
extract (89, 2%)while theE t O Axtract (29, 0.5%) and the methanol extract (2g,
0.5%) were fractionated using Sephadex column. The collecgations were
examined using NMR and enabled the elucidatd the structure of the following
compounds; RE (38mg, 0.47%) from the hexane extract-RE352mg, 16.25%)
and RE3 (61mg, 3.05) from th& t O A&xtract and RE (14mg, 0.7%) from the

methanol extract.
3.41 Characterisation of RE-1 as 2hydroxyalantolactone

The compoundRE-1 (Figure 3.3) was obtained from the hexane extractRof
epapposumleaves usingCC. After spraying with p-anisaldehydeulphuric acid
reagent and heating, a yellow spot appeared wittaRe of 0.52 using 1006t OA c
as the mobile phase on TLC.

4 and DEPT@135 carbon NMR spectrd Fi gu4 e Tab8e 3.ha1l) s h
presence of wh24eBHmseH-14)yahds: 1.8613H,d, J 7.7 Hz, H

15), one oxygenated metie a t 1 419 (1H, m, H-2), one oxygenated quaternary

car bonl708& n di c wéreevidence of a eudesmanolide type sesquiterpene
lactone. The existence of a lactone moiety was confirmed from the prot@ns.&6

(1H,d, J= 1.9 Hz,H-139 and atiiy 6.23(1H, d, J = 1.9 Hz,H-13b) and one oxygen
bearing mé83@H mel-8at U

The 3C NMR spectra (Table 3.11) displayed 15 signals and confirmed the presence

of two methyl g-t4pang 23.4 &15); fduc quaednarg carpdbs,
including a cal®M8@iPk) | aandnanatbdl®8%4 ni c c
(C11) ; four methyl enes, i nel2a.?{(Ch3y fve ne e x
methines, including an oxygéme ar i ng «7a8@®8.n at U

Using 2D NMR (COSY, HMQC and HMBC) the compound was identified as
follows: The long range correlation (HMBGs 1 gurSB, 3T&8b) odthe3. 11
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pr ot onS66ant 6.23(H-13) had3J correlations to the quaternary carbon at

170.3 ppm which was assigned adZT h e p r oxtl.6M(l43), 4.60 (HB) and

1.24 (H14) all showecfJcorrel ati ons cB5M®m3 (G1h & couplingb on a't
between the signal @ 1.08 (H1 )  a1®313 canfirmed the assignment of this
carbonsignal to be € . The pd.24t(d1d) skoweddicorrelations to the

car bons atb)aindt42.4 (&% and cortel@ted vidl coupling to the carbon

at uUc-183.6 (C

The HREIMS data showeg@seudomolecular ion[M] — at m/z247.0080suggesting

a molecular fomula of GHx0s. Thus RE1 was identified as -2
hydroxyalantolactone and hi s i s t h és idolationd r dRme peopratp pasfu m
This compoundhas been previously isolateflom Francoeuria crispa family
Asteraceae (Af¥ahyaet al, 1984).All the spectral data were in agreement with

those published in the literature (Xahyaet al, 1984).

Fi gur3eSt3.ux R-hydrexyalartolactone
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Table 3.11: 'H (400MHz) and DEPTg135 (100MHz) data of 2-

hydroxyalantolactonan CDCh.

HMBC
Position H 13C 2] 3]

1 1.08(1H,d, J =3.3 Hz) 50.3 | C-2 C-3,G5,CG9
1.98(1H, m) C-10 C-14

2 4.19(1H, m) 63.3 |- -

3 1.50(1H,dd,J=11.9,6.2Hz)| 41.7 | C-2,C4 C-1,G5,CG15
1.94(1H, dt, J= 4.4, 2.1 Hz) C-2 c1

4 2.66(1H,ddd J=8.0,6.3,1.9| 38,5 | C-3,G5,C | C-2,C10,G6
Hz) 15

5 - 146.8 | - -

6 5.25(1H,d, J= 4.1 Hz) 119.7 | C-7 C-4,C8C-11

7 3.63(1H,ddt, J=6.3,3.8,1.9| 395 | C-11 C-12

8 | 4.83(1H,m) 758 | C-7C9 C-6,C10

9 1.60(1H, m) 42.4 | C-10 C-1,C14
2.21(1H, m) C-8,C-10 C-5,CG7

10 - 33.6 |- -

11 - 1394 - -

12 - 170.3 ] - -

13 5.66(1H,d,J=1.9 Hz) 122.2 | - C-7,CG12
6.23(1H,d, J= 1.9 Hz) C-11 C-7,C12

14 1.24(3H,s) 29.6 | C-10 C-1,G5, G9

15 | 1.16(3H,d, J=7.7Hz) 23.4 | C-4 C-3,C5
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3.42 Characterisation of RE-2 as5-Caffeoylquinic acid (Chlorogenic acid)

The compoundRE-2 (Figure 3.8) was obtained as a dark green solid from the ethyl
acetate extract dR. epapposunieavest hr ough CC us i2n0d\fterSe p had
spraying with p-anisaldehydesulphuric acid reagent ankeating, a yellow spot
appeared with Rvalue of 0.74 on TLC using t O Asche mobile phase.

TheH NMR spectrum Figure 3.FA, Table 312) revealeb ne qui ni c aci d
with three BIymed@EH®Os 6at-3) 3 HAYG HE1 A,

Hz ,-4H, and d®d,.dE6 1¢@1H, 9:59, am.dl thvo, Ut hyl e
1.63dgJEH,14.3)1.398d@M=zH,14. 3) -BHlama 1.78 (
dddl. 84 d@FH,2. 7, )1%H.HL HWme <caffeoyl moi et )
with sithgnalsics ()djt 8. 23 €@HY8 BHOP7aalb 6)..76 (F

The DEPTg135N M Rspectrum(Figure 3.3B, Table 3.12) showed sixteen carbon
atomsmade up of seven carbon atoms of the quinic acid moiety and nine carbons for
the caffeoyl moiety. The quinic acid moiety showed two methylene carbehgnd

C-6 at 38.5 and 40.4 ppm respectively and three oxymethine carbdnsg, G4

and C5) as wdl as quaternary carbon at 75.6 ppm along with carboxyl sign@) (C

at 176.7 ppm. The caffeoyl moiety includes c ar b o b § 6(C-&)tand five
methine carbons at 121.7, 116.3, 115.2, 145.1 and 115.0 p@mh G5, G6, G7°

and G8’, respectively Three quaternary carbons were observed at 126.0, 146.1 and
148.9 ppm (€L, G3" and G4").

Using 2D NMR (HMQC and HMBC) the compound was elucidated as follows: The
long range correlation (HMBC, Figure 8B) oft h e p r ©7t09 (6 Jashowad
3Jcorrel ati ons cf24.7 (Gh)e 148.9 (C4) amd $45.4 (7°) while

the pr out6®@® (HA)tshowed?J cor r el ad I4&in(G3t) and
correl al48.9(64)tnthe @romaticring The pu623(H-&)hadta U
2Jcor el at & D6A.8 vihich wias assigned as carboxylic acid carb@. Che

pr ot on623(ld-8 * Yi an6.d6(H3) shbwedJ correlation to the carbon at

Uc 126.0 whilet he pr aT.45(H-7alkad afJcor r el &tld6.0 which o U
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was assiged as C1° in the aromatic ring. n quihiccacid moietyt he pri@t on al
3.904)( Hh®%wedrel ations to lc3e8t.B2)(eGandar b
correlations t aic7t2hel5 )o(x@m@t B3i)ig. €sT haet met hyl
prot ainls. 6a3t/ 12.a98 ik Ha B/ 16.a8 4 )( H s plraeédt a ol
to the WwZH6b6IN)(.&tThe pr &tbgnhsaaedgnal at(iHon t
carboiyl76a?7) (CThe deshinb| #l 65d( ptroortrcdn aa te d
coupl i-6glic4 ®. £Janup!l i ng &d3cBNENH Rowed a
3Jcorrel ation to tubl6 a.a¥ fXe® yd o ncfairrbnoinnyg tahte
one caffeic-2acid unit in RE

The HREIMS data showegseudomolecular ion[M] — at m/z 353.0885which
showed that the molecular formula of this compound wasl@s. TheH &°C
NMR spectral data are in agreement with those reported earlier (@&nain 2013).
Thi s i s t h B-caffeoytqeinicacideqp®@mt epa.pposum

Fi gureeSt3.u3c b-eaffeeylqunic acid
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Table 3.12 H (400MHz), DEPT¢135 (100MHz), HMBC data othlorogenic acid
in DMSO-d.

HMB C
Posi H > 2 %
1 - 75 .- -
2 1.63d(JdxrH14. 3, 3| 38.(C-1 C-7
1.98d¢@XEH,14. 3, 3 C1 C-7
3 3.47d@EH9. 6, 3. 73 .[CA4 -
4 |3.90d04H3.3 Hz) | 71.|c3,.& C-2
5 5.16d¢gd+H,11. 1, 9 72 .|C6 C3, T
6 1.78dgd+H,12. 7, 5 40.|C-1 C2 ,-4
1.84d¢@EH,12. 7, 1 C-1 C2.,-L
7 - 176(- -
1 - 126]|- -
2 6. 98d@EHS8. 2, 2.1121)C3"° C4 6C
3° |- 146|- i
4 |- 148|- i
5 6. 76d(0AH8. 2 Hz) 116|C4 6C| C1 -3C
6 7.07d042AH2.1 Hz) 115 - C-2 - (
4" -7C
7" 7.45d(04H15.8 Hz)|145(C1 -8C| C6 -9C
8 " 6.23d04H15.8 Hz)|115(C9" Cc-1-
9 - 166(- -
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Figure 3.37A: H (400 MHz) and3.37B: DEPT¢135 (100 MHz) NMR spectra of
RE-2 in DMSOds'.
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3.43 Characterisation of RE-3 as 3, 4dicaffeoylquinic acid

The conRES (Figwe 3399 was 1 sol ated from R.he mef
epapposunras a brown amorphous solid. RELC ana
06l)after sprayingsuwipthhuraci saaclidde hryedeegent f
30% MeOH inE t O Was used as mobile phase on TLC.

Th® NMR spectrum ( TaA)l es h3o.wle3d, oFnieg ug wei n3i.c4
with three Wy mnheamhi3Hes adtd®E (OH2, -2. 9 H:
4) , and q M. 132, 2(-51hH,, aHd t wou4 @8 Hydltle=nes at
14 . 4Hz BO8@@H, m) (H-2)a nd88(1H, ddd), 2.00(1H, d, J= 12.1 Hz) (H6).

Two caffeoyl groups weibnhd . d @t &bl i(WBYh'e)d4 Svi t
6.2383 " OH ®.17, (+#.)0,2 A H), (668.)96 .2, (18. 72
(K" HH).

T hBEPTql35NMR spectrum ( TabB)e s3h olwe d F2i5g ua aer
total. Some distinctive signals fiucom caf
166.-9" )Y Cand-91%6. 500€ olleflihi7c9 c@Cmbn,B8 {tC
114(.68° ) 1IC1B4'.)2 a(nd si x afdcomaz ¥6c86¢9dC, b olnlss . B
(& /5"),2126)3 TRree dxyaEIh,) nE&s) 4afC
69. B)(Ctwo mect hy8-2Ihe@@ d-640.afhd( ©nelc car bol
176.-2) (drs@ observed.

I n the HMB(QOab¥pect3rr umB) ,Fitghe aipd3.0%dletn)( Ht
showkcdorretlamtd ombaBA(c@)ataddcdrrel ati oic to ca
40.(3)and 166. 7Pr (0WopIn)sg 38)t aln.d8 8, ( H). OOot h
correlZdtedpiimgs t o t halc705u adt e(rGpavogtadaiar b o
5. 523)( Han(@d Ky . dR&Awedr el ations tdad7G6Gne oxy
(@)T.he ol ef i ni7c 47 oHodi sicloaryreed aa i on t o ¢
Ucl121.-8° X\ ,C (U®6)6 2&Hnar r el tah é oma riidilo2nSy. ¥ R(t C
The ol efi mi6e 2@8 tHo s hP@owcewdp lai ng t o the quat
aticl25.-7 Hrotoud. d27 "()H cor Peloaitpé d nygi co car b
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125.-1 Y€ouplings tiollctar3bo(nG 11) 8arfd t he
car boncyll6 6at > X C Sirnvitlodgmw 7 ay& 57 p)H cor r2@l at ed
coupling fticol2&asIBdncCoapl i ngs icd 52(@B'bons at
128(.&") and t hiel &€@.r3"o(ng | P tadt. dr&"()aHt alnd 7 . O
(KR") bot Rlcolhaowddti ons Ud 104 9t.hie" Y cCarbtohne r a tt
i mportant correlations @ubs &rR2¥%)yds wélwed taa
coupling to onelucéébi-B8oylCandr blheaydP¥Hagtlen a
correl a¥YYedupliiang t o t he otlihle6r6 .edd fXf.G oTyhli sc
further confirmed that both hydroxyl gro
moi ety were esterified with caffeic acid

The HREIMS data showegseudomolecular ion[M] ~— at m/z 515.1199 which

showed that the moleculformula of this compound was§1.40:. The above da
l ed to the i1idxast i-8ljcdtfeoaylogduiRnRBE ¢ aci d i
previ ouc¢€orseetpoaltls96(5). This is the Rirst r

epapposum

Fi gu3 @ t3.uc 8,4dicaffeaylfjuinic acid
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Table 3.13: 'H (400MHz), DEPT¢135 (100MHz), HMBC data of3, -

dicaff eiaPMSQUsi ni ¢

4

HMBC
Position H 13C 2] 33
1 - 754 | - -
2 168( 1H= 14. 4, 384 | C-1,G3 C-6
2.08(1H, m)
3 5.52( 1 hn), 68.7 | C-4,C2 C-9
4 49 1HdJ= 10. 2, 76.4 | C-3 C-6,G9
5 4.12(1H,9,J=3.2 Hz) 69.3 | C-4 C-1G3
6 1.88(1H,ddd J=12. 8, § 403 |C-1,GC5 C-2
H3
2.00(1H,d, J=12.1 Hz) C-1, G5 -
7 - 176.2 | - -
1 - 125.7 - -
27 [7.02( 18§, 116.3| C-3 C6
3 - 145.8 | - -
4 - 149.1 - -
5 6.72( 2HdI= 8. 2, 1153 C4 C-1
6 6.96(1H, m) 121.8| C-1, G5 C4,CG7
7 7.42(1H,d, J= 16.1Hz) 1459 C-1° C6,C9
8 623(1HdI= 16. 1, [ 1141}CH C-1
9 - 166.5| - -
1" - 125.7 - -
2" 701( 18, 116.3| C-3 C4,C6"
3" - 146.1 | - -
4" - 149.1 | - -
9" 6.72( 2Hdi= 8. 2, 1153 C4 c1-
6" 6.92(1H,d,J=2.1 Hz) 121.8| C-1,G5° C4 ,CG7°
7" 7.45(1H,d, J= 15.9 Hz) 1458 C-1" C6°,G9"
8" 6.17(1H,d, J=15.9 Hz) 114.2| C-9 c1-
9" - 166.7 | - -
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3.44 Characterisation of RE-4 as a mixture of 3,4 ,5fetrahydroxy-3,6-
dimethoxyflavone (RE4a) and 3,4,5,6tetrahydroxy-3,7-dimethoxyflavone
(RE-4b)

The f rR&4 (Figueer3.2) was i sol ated farsom thbhreo wme tshc
e Xt r a®t epappbsumusing Sephadex columnAfter spraying with p-
anisaldehydesulphuric acid reagent and heating, a yellow spot appeared with R

value of 0.62using 20% methanol iB t O Ascthe mobile phase on TLC

The'H NMR spectrum Figure 3.8A, Table 3.14) showed two downfield singlets at
U+ 12.80 and 12.38 attributed to alddnded phenolic hydroxyroton usuallyfound

at position5 of flavonoids and each signal was integratedofoe Hence, it is may

be amixture of two flavonoids. Four signals corresponding to methoxy groups was
observedh ty3.1W5, 3.78,3.80and 3.9T h e p r oxt6.62h(EH,s)aand 6.851H,

s) accounted for the Aing as H8 for each flavonoid in the mixture. While the set of
aromatic protons gave overlapping signals belonging to the aromatic ABX spin
sy st eB.9G6I92 [@Hd, J=3.2 Hz, H5"), 7.45/7.48 (1Hdd, J = 8.5, 2.3 Hz,
H-6") and 7.55/7.59 (1H], J=2.3 Hz, H2").

Using DEPT¢135 NMR (Figure 3.8B) and 2D NMR (HMQC and HMBC), the
identification of the compounds in the mixture was possible. The major constituent
RE-4ashowedas i n g | hé6.62 atachedito B (94.3 ppm) and methoxy protons

a tw 3.W5 attached to-®@CHz (60.4 ppm) in the Aing (HMQC, Figure 3.4IA). The
downfield shift of this methoxy carbon indicated its attachment at sterizaitiered

site.

The HMBC spectrum also showed®J correlation of the methoxy protons with a

c ar b ocrl313 tonfilming the methoxytobe at@€. The $l280(et at
OH) correlated byJt 0 t he ¢ 2 bwhichwasassigihed to be 6 and®]
correl ati on ctl3l7whithefurtbea corifirnadt t@akte Cai
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The minor constituent REb showedas i n g |1&.85 atiachedito @ (91.3 ppm)
and met ho x 3.plrattachethts-DCil4 (5618 ppm) in the Aing. A 3J
correlation between the methoxy protons andctreer b ocrl55#& wassiiggesting
the methoxy to be at G . The sqil23BI(5OH) carelated by to the
c ar b ocrl468 whichwasassigned to be 6 and3J correlation to the carbon at
Uc 130.0 which confirmed to be-6.

The Acring protonsa tH 6.62 (H8, RE49 a i 6edss (H-8, RE4b) eachshowed
3Jcorrelations to t &¥¥520andal062 respactivelyafllr b on &
correlations to € (RE-4a,RE-4b) at 152.0 and 149.3 ppiAd correlations between

two signalsat 12.80 (RE4a) and 12.38 ppm (REb) and canldheams at a
106.2, confirmed the assignment of this carbon signals to-tt@& €roton singlets of

Cr i ngwn 378 and 3.80 attributed to the methoxy group foundC& of

flavonoids and integrated foiree protonsBoth signals revealed correlations to the

carbon at 137.8 ppm which was assigned to{3ed€ring-C for each flavonoid.

The Bring protons (RE4a RE4b)  a 6.90/6.92 (H5°) showedJ correlations to

C-6" at 121.1/121.0 ppm artdo t he-b ®xrgigmag er nary car bon
(C-4), i ndicating ntOHe spurbessd et uee ot fr ti.llge CB

pr ot opn 845/449 (H2) correlated vigdJ couplings toh i g-th & y h iC&1 e d
(155.9/156.1 ppm) and ha&d couplings to they u a t ecranrabroyns at Uc 12
(C-1°) confirmed the assignment of this carbon signal to thie & the aromatic ring

B. A NOESY correlation(Figure 3.45 and 3.46) observed between-B(b) and 7-

OCH;s (b) also supportethe methoxy to be at-Z in the compound REb.

The HREIMS data showegbseudomolecular ion[M] — at m/z 345.1200 which
showed that the molecular formula of each compound in the mixture vdsQs.

The 'H &3C NMR spectral data are in good agreement with those reported earlier
(Gebreheiwotet al, 2010; Hunget al, 2013) and theompoundsidentified asa
mixture of 3°,4°,5,7tetrahydroxy3,6-dimethoxyflavone (axillarin) (REa) and
3',4°,5,6tetrahydroxy3, 7-dimethoxyflavone (tomentin) (REb). They are being
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reported from this plantmaterial for the first timeFurther work is required to

separate this mixture.

R1 R2
RE-4a: H OCH;
RE-4b: OCH; H

Figure 3.42: Structure of3",4",5,#tetrahydroxy3,6-dimethoxyflavone (REa) and
3,4°,5,6tetrahydroxy3, 7-dimethoxyflavone (RED).
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Table 3.14:'H (400MHz) andDEPTg135 (100MHz) data ofRE-4a and RE4b

DMSO-ds.
Position RE-4a B
UH tic UH Uc

1 - - - -

2 - 155.9 - 156.1

3 - 137.8 - 137.8

4 - 178.4 178.4

5 - 152.4 - 146.3

6 - 131.7 - 130.0

7 - 157.7 - 155.0

8 6.52 (1H,s) 94.3 6.85 (LH, 9) 91.3

9 - 152.0 149.3

10 - 105.2 106.2

1 - 121.4 - 121.3

2 7.59/7.55 115.9/15.8 7.55/7.59 115.8/15.9
(1H,d, 2.3 Hz) (1H,d, 2.3 Hz)

3 - 145.9/145.7 - 145.7/145.9

4 - 149.2 - 149.2

5 6.92/6.90 116.2 6.90/6.92 116.2
(1H,d, 3.2 Hz) (1H,d, 3.2 Hz)

6 7.48/7.45 121.1/121.0 7.45/7.48 121.0/121.1
(1H,dd, 8.5, 2.3 (1H,dd, 8.5, 2.3
Hz) Hz)

3-OCH;s 3.80/3.78(3H,s) | 60.1 3.78/3.80 (3Hsg) || 60.1

5-OH 12.80(1H, s) - 12.38 (1H9) -

6-OCHs 3.75(3H,9) 60.4 - -

7-OCHs - - 3.91 (3H,9) 56.8
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de*.
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Figure 3.4A: HMQC and3.44B: HMBC spectra (400 MHz) of the mixture REa
(labelled as a) and R&b (labelled as b) in DMS@s*.
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Figure 3.46: Key HMBC (——~) and NOESY ¢ \) correlations observed RE-
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3.5 Cytotoxicity secreeningof isolated compounds using\lamarBlue®assay
3.5.1 Seeding density optimisation

This experimetwas carried out to determirilee best seeding density to be used in
AlamarBlué’and MTT assaysvith tumor and noftuomor cell linesThe optimum
seeding density for each cell line was determined using\lamarBlué® assay
(Figure 3.%). As a result, 10cells per well were chosen as an optimal number to be
used in a 94vell plate for LNCaP, PNT2, HeLa andANC-1 cells as the highest
absorption was recorded at this number of the dBilscontrast A375, A2780 and
ZR-75-1 cells were seeded using 7 X tells per well.
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PNT2 Cells

Figure 3.47: Cell line seeding density optimisationEach cell line was seeded in
different seeding densities (3000, 5000, 7a0@W00 cells per welin 96 well plates
and then incubated at 37°C, 5% £&hd 100% humidity, for 72rgnd assayed for
cell viability by AlamarBlué® assay.The images shows that 10000 cells per well

were chosen as an optimum number to be used in a 96 well plate.
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PANC-1 Cells
3000 5000

7000 10000

Figure 3.47 (continued): Cell line seeding density optimisationThe images show
that 10000 cells per well were chosen as an optimum number to be used in a 96 well

plate.
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