Cytotoxicity of the Chinese Herbal Remedy

Oldenlandia diffusa and
its anti-cancer effective constituents

Thesis

Submitted for the degree of Doctor of Philosophy

Munkhchimeg Ganbold
Faculty of Science

School of Pharmacy and Chemistry

Kingston University London, UK
March 2010



DECLARATION

This thesis entitled “Cytotoxicity of the Chinese Herbal Remedy

Oldenlandia diffusa and its anti-cancer effective constituents” is based
upon work conducted by the author in the School of Pharmacy and Chemistry at Kingston
University London between May 2007 and March 2010. All of the work described herein is
original unless otherwise acknowledged in the text or by references. None of the work has

been submitted for another degree in this or any other universities.

fillpox i

Munkhchimeg Ganbold




To my parents

iii



Acknowledgements

Acknowledgements

I wish to thank to my supervisors Dr. James Barker, Dr. Mark Carew (2008-2010), Dr. Lucy
Jones and Dr. Elizabeth Opara (2007-2008) for their advice, guidance and encouragement.

I would like to thank to Professor John Brown for the provision of the research facilities.

Also, I am grateful to Dr. Asoka Bandara and Richard Gurner for the warm reception and

kind help on instruments.

I thank to all the technical staffs, foremost, Dr. Julian Swinden, Bert Bunby and Dr. Jean-

Marie Peron for their advice and friendship.

Thankfull to Carole Brosseau (St. George's Hospital Medical School, UK) and Dr. Maggie
Liu (Cancer Research Institute, UK) for their kind help and advice on Western blotting and

NMR spectroscopic instruments.

I am also grateful to my all colleagues in EM 213 and my friends for their honest and kind
friendship.

In addition, I would truly like to take this opportunity to thank my mother Mrs. Shijee
Sanjid, my husband Dr. Chuluunzorigt Baz, my twin daughters Miss Tsogzolboot
Chuluunzorigt, Miss Tsogjavkhlant Chuluunzorigt and my relatives. Without their love,

support, encouragement and endless patience, I would not have done all this work.

In conclusion, I kindly acknowledge the fellowship from my Mongolian Government and the
financial support from my husband for giving me the opportunity to do this research work in

this country.



Abstract

Abstract

The main objective of the study was to investigate the bioactive components, their effect on
HL60 leukaemic and Caco-2 colon carcinoma cancer cell lines and their bioavailability from
a decoction of a Chinese Herbal Remedy Oldenlandia diffusa, using a Caco-2 monolayer as

a mimic for intestinal absorption.

The HPLC separation method was set up by investigating parameters such as column type,
mobile phase, isocratic/gradient elution, flow rate, pH of buffer and detection wavelength.
Using this method eleven fractions (F1-F11) were collected. Results from a cytotoxicity
investigation using the CYQUANT NF, trypan blue and neutral red uptake assays showed
that the decoction has a cytotoxic effect on HL60 (V=13.5+4.3%, n=3) and Caco-2
(V=50.0+1.4%, n=3) cancer cell lines. The most cytotoxic active fraction was F9
(V=62.2+7.3% (HL60) and V=32.1+7.9%, n=3 (Caco-2)). DAPI staining and Western
blotting (detection of cleaved-PARP) studies on the decoction and F9 fraction indicated that
mode of cell death was apoptosis, which was mediated by a caspase cascade. Fraction F9
was separated into eight further fractions (compound-fraction-1 to 8) by optimisation of the
HPLC method. By using liquid-liquid extraction with ethyl acetate, eleven subfractions
(compound-fraction-1 to 8 and ethyl acetate fractions (FEA-1 to 3) were collected purely. All
collected fractions were analysed by high resolution-MS and their MWs were determined as
268.07, 238.07, 242.24, 280.38, 256.24, 282.25, 284.27, 456.36, 550.17, 328.22 and 330.24.

In the most cytotoxic fraction F9, oleanolic acid and ursolic acid were isolated and identified
in concentrations of 0.068 mg/g and 0.166 mg/g, respectively. FEA-1 to 3 also showed
cytotoxic effects on these cancer cells (V=53.3+2.2%, 55.4+4.4% and 50.6+11.3% (HL60)
and V=63.4£13.5%, 45.8£5.9%, and 59.5+9.7%, respectively (Caco-2)). Fraction FEA-1
was identified as E-6-O-p-coumaroyl scandoside methyl ester (MW 550.17). Cytotoxicity

assessment results showed that it has a growth inhibition effect on both cancer cell lines.

Bioavailability after ingestion of the decoction was studied using 21-day grown Caco-2
monolayers. The post absorption sample (PAS) of the decoction and fraction F9 were shown
to have a good permeability (Papp=3.575x10'6 cm/s). The PAS also has a cytotoxic effect on
cancer cells (V=67.0+7.5%, n=3). When analysed by LC-MS, the most of the compounds

that had previously been seen in the original fractions were again observed.



Contents

ACKNOWIEdZEMENtS. .. oiviieiiiiiiitrinnierniintessterssereceensessssssacesssnncsessenssesssnnssnsssss iv
N 1 ] 1 T vi
CONEIMES..ocueiriiiieieiintieeiaciueiteererttssssoiessntsescrtsnssesssnsssssrsestsnssnssnssnssssessessess vii
LiSt of FIBUIeS...ccouvieiiiiniiiiiiiiiiiiiciiiiiisciiietiiieiiiserosrsssessnrercassssoscssnsnacnessssssse Xiv
List of Tables...coiveiiieiinniiieiiiinieiiinniieietsintetinsciseescsciecssessssssrssssssasenssssens xxix
List of abbreviation.......ccccciiiiieiiiiiiiiiiiiiiiiiiiiiiiieiitieitetiiiiiiiitciictetesiassese e XXX
Contents
Chapter 1. Introduction......ccciviiiiieiiieniiiinciciiiiiriiiaciceieciiciiacaiecieniaserucsreeson 1
1.1. Traditional MEdiCINe..............c.cooviiiriiiiiieiccte ettt see s 2
1.2. Herbal MEAICINE....c..ciiiiieiiiiiiiiiiireee ittt e et s n e aessee e e e sanesseessaesressrae s 2
1.3. History and theory 0f TCM.......ccoooeiiiiiiiineieiceeeceee ettt 3
1.3.1. The theory of Yin-Yang........cccceererivenniriniiieiiiiecreeireeeseesaeeseeeseresnsessesseesesessens 3
1.3.2. Five-Element thEOry.........cccueiiiiiiieieniinciniiete e cvebeenrereennecrr s ebessnesnnesees 4
1.4. Chinese Herbal MediCine.........c.ccoviermiiiiiiiiiiiieciccieeceeenntenve e s sie e e e 6
1.5, CANCRT ..ottt st era e ba e s he e e s eseeae e raeesanaessraeesares 7
1.5.1. Cll CYCIE. ittt et ettt s s ern s sneaesreean 8
1.5.2. Conventional cancer therapies........c.cccvvuerriiiiieeciieicecniecnierreeseesreee e ssseesseesseesenas 9
1.6. CHM s for the treatment 0f CANCET..........cccoourvieiriiiiecierceetetcr e e 10
1.7. Introduction to Chinese herbal remedies Oldenlandia diffusa..............c.cocueeuveverenuenn. 13
1.7.1. Physical CharaCteriStiCs.........cccuicieirrriniieiiiiiiece e ce e ceeeereesreesreseneseneennesses 14
1.7.2. Habitats and possible 10CatIONS.........cccoeeveiiviiirieiiieiceieeccee e eeeee s 14
1.7.3. Medicinal use of Oldenlandia diffusa for cancer................coccevveveriveerirveneerirenneen 15
1.7.4. Chemical constituents of Oldenlandia diffusa.................cocoveeeeeeccoveceaaaeaaannn. 15
1.7.5. The cytotoxic potential of Oldenlandia diffusa..................ccoveeevvveruvienriinirrenn. 16
1.8. AImS Of the STUAY......coriiiriiiicccc et er et s st e sanesneenee 17
Chapter 2. Setting up the separation method to be used
for Oldenlandia diffusa@ AeCOCHION. .......c.eeeeicneirarrreneecsnrecsonsessrsosaressnsosssssssnssssns 20
2.1 INrOQUCHION. ...ttt s et ses st s e bbb et eanenss 21

vi



Contents

2. 1.1 HPLC ... eereececeeererar e s s s s s s s s s e s e e s e s e sessenenaesensaneene 21
2.1.2. Types Of HPLC MOGES.......cccoi ittt crre e sesstneeseeneesessnneessaesons 25
2.1.3. Reversed-phase chromatography...........cc.ccoceviviiniiiiiiiiii e 26
2.1.3.1. Column for RP-HPLC.........cccoviiiiiieirrectcnece e 27

2.1.3.2. Mobile phase for RP-HPLC............cccccoeiiiciiiniiiiiiinieecnien e 28

2.2. Materials and methods.........cccociiievieriniiiinie ettt e sree s s ere s srab e 31
2.2. 1. MAtELIAIS. .....eiiiiieeeerreciecee et rte s tr e sree et e b s s saas e s e 31
2.2.2. SAMPIE PrePAration.......cceceererrrrrreriririeieesiesteeseeesstessreaeeseesrtesneessesressncsassesssenees 31
2.2.3. Determination of the concentration of prepared decoction...........ccccevuvivviinnnn. 33
2.2.4. Setting up the separation method for the decoction using HPLC........................ 33
2.2.4.1. Choice of HPLC colUmN......c.cccoeviiiiiiieiiieiirnecere e 32

2.2.4.2. Choice of absorption wavelength................ccocoviininnininninnionnnnnn 33

2.2.4.3. Choice of mobile phase.........cc.ccceerveiiiiniiiiciniini e 33

2.2.4.4. Choice of of buffer concentration.............cc.cecevvvinniiiniinnininenenn, 34

2.2.4.5. Choice of the flow rate of mobile phase...........cccoevveeervriinenenncnneenn. 34

2.2.4.6. Choice of the pH of mobile phase............ccoceevereniinvneneie 34

2.3, RESUIS ... ceee ettt rae et r e et ee s e e e b s e e rae e snr e e s an e s e ananesaasaaeeares 35
2.3.1. The mass of prepared deCOCtioN.........c...eiieveiiirieiiiiiriiiiecececee e e 35

2.3.2. Results for setting the separation method up for

Oldenlandia diffusa decoction using HPLC...........c..cccooeevioriiinieceeeeee e 35

2.4, DISCUSSION.....uveiiierrittiiitiiiintesrttesneessanessseesaeaestesanenesassseesasessssessessnsnesssessnsessnsesssesensses 40
2.5. CONCIUSION.....eeiiiiiiiiiiiiiiiente ettt et e e s e te e e e e e e b e esbeestessbesasessnenanennesis 41
Chapter 3. Fraction colleCtiOn.......uceiieeieiinnininncsnessicsnississssssnsassssessssssssssssssnssssssessesssss 43
3.1 INFOAUCHION. ...ttt ettt ettt et e srae st s oo e e s st e sbesasennesrnanneeneene 44
3.1.1. Solid phase eXtraCtion..........c.ccceeeveeriiiiniiniiieecciieeeseresaes e ssnneeseessteeseraeesseesee 44
3.1.3. Fraction COlLECHION. ... cccuiruiiiiirieiieiccie sttt sttt st sae s see s 45
3.1.4. Fraction collection using preparative HPLC...........ccccoooiniiiniinnineiniencicnens 45
3.1.5. DElay tIME.......ceeieiiiiriciiiecrre e eereeereeere e e e areeerse e ssesae e eneessee st e e naesenaaesns 46
3.1.6. Delay VOIUME......ccoiiiiiiireciee et erie e ree s eve s st s s eres e seanesserneesessaneassane 46

3. 1.7, Dtector delaY.......cceeeuueiiiieiieicieeereeeeeeccreeerreeseeres e et esr e et et e s reesenesseres 47

vii



Contents

3.2. Materials and methOods..........coceeviiiriiiiiniiicieee et e 48
32,1, MAtETIALS. ..t etencie ettt ettt s s sae e st s et e 48
3.2.2. MEthOds......coiiieieeee ettt ve e st s e ae s s s e e e s e s nee e sreeenes 48

3.2.2.1. Sample Preparation..........ccoccuvevvierieeniueesieressresireessresesseesissessesssseessessenees 48
3.2.2.2. Removal of salt by SPE.............ccciiiiiiiircecrceen 48
3.2.2.3. Removal of ammonium acetate salts by freeze-drying.........c...cccocccoueens 50
3.2.2.4. Setting up the fraction collection method..........cccovuvinveiiniiiiiieniiiienene 50
3.2.2.5. Fraction COIECtiON.........cccccviiiriiiiirieeiere ettt e 50
3.2.2.6. UV absorbance of each fraction............cecevvenieniieniennnnineerseenienecns 50
3.2.2.7. Preparation of collected fractions for cell cytotoxicity investigation....... 51

3.3, RESUILS...ciiiiireierieet et ree e es e eresatesteesaesanessnessnessanesete st e eebesaseeanesnaesseesneesanesnnesnrens 52
3.3.1. Removal of salt by SPE.........cccociiiiiiiiniriccrcirnee e see e e svne s e 52
3.3.2. Removal of ammonium acetate salt by freeze-drying...........ccoeovieeivnnnnncnnnine. 53
3.3.3. Setting up the fraction collection method............cceceevervcninneniienec e 54
3.3.4. Fraction COllECtiON.........ccoooiiiiiiiiiiiiieeeee et eee e ee e aeebasnsans 57
3.3.5. UV absorbance of each fraction.......c.c.cceccvveieiincieniiiiiiinicneeniecececveeceeeens 58
3.3.6. The amount of collected fractions.............cccoveriiieriiiiiiiiecerc e 64

3.4, DISCUSSION. ....eiiiiiiiiiiiiiieitete it rteerte e st e st e s ssttse s reeesssnassasseesesneesesnanessneessssneesnsnsas 65

3.5, CONCIUSION. ... vieeiiiireteriieriiteectt et e st e e e sre e sbeesste e st e sestbeesraesanneesaesasnesnseessessnsessnneensseres 66

Chapter 4. Inhibition of growth of cancer cell lines in vitro by

Oldenlandia diffusa decoCtion...........coviviriiniiiriniiceniinrescescsssasessacsssrsssscnaensnes 67
4.1, INEFOAUCHION. ..ottt r s et e e ssreesaeesba e s e st e e sse e sesseensennnnesenenns 68
4.1.1. The cytotoxic potential of CHR Oldenlandia diffusa.................cocouevuereevevrenncs 68
4.1.2. CaNCET CElL......ccouiiiiiiiiiiiie ettt e e e e et 69
4.1.3. HL60 Cell lIN€.....couiveiiiiiieiiiiiienenecnte st csesrreneesresresseesessseeeseesnesressssnnessensens 70
4.1.4. Cac0-2 CEIL HNC......c.covirmiiiiirreieeeiennicentcie sttt sa e ebe e eae e enes 70
4.1.5. CYtOtOXICILY @SSAYS....eeereerrverrreeeieerienssuaerniesseesseresseessnsreeessesssessssssesssssssessnsssssessens 71
4.1.6. The performed Cytotoxicity assays in the assessment.............cocoeeveevverrnieenneene 72
4.1.6.1. Trypan BIUC.........uvveiieiieiecieeeceecee ettt e et s er e e e aae s eanneene 72

4.1.6.2. CYQUANT NF aSS8Y.......ccccrvuuiirneririrrnieressereesseniennesessntesnneessseseesssees 72

4.1.6.3. Neutral red uptake assay.........c.ccccovveerrervericeniniiinnine s 72



Contents

4.2. Materials and Methods.........coccoiiiiiiiiriiiiiiii ettt 74
4.2.1. Materials......cccoviiiiiiiiiiiiiicier ettt sre s e aas e snae s 74
4.2.2. MEtNOMS.......ooiiiieeie et ettt ettt e et ne s snanens 74

4.2.2.1. Cell CultUre.........coiiiiiiiiiiins ettt ere s srere e 74
4.2.2.2. Preparation of SAmMPles........ccccovuiiiiiiiiiiieniiiecte et 74

4.2.2.3. Cytotoxic effect of the ammonium acetate buffers on HL60

4.2.2.4. The determination of the cytotoxic effect of Oldenlandia

diffusa decoction and its collected fractions (F1-F11) on HL60 cell

line using trypan blue and CyQUANT NF assay......c.cccccevvevrvernvenecnennnee 75
4.2.2.5. The determination of the cytotoxic effect of Oldenlandia

diffusa decoction and collected fractions from HPLC on

Caco-2 cell line using NRU assay. ......cccccceveveiiiiiiiiiininicniiincnn, 76

4.2.2.6. Data presentation and statistical analysis............cccooerevcininr e 77

4.3, RESUIS....eevtiireiiiiririrceren st s sttt ettt bt eb e st s b e e e st s b e e s b st se s ebesat e be e s ersenserneans 78
4.3.1. Cytotoxic effect of the ammonium acetate buffer on HL60 cell line................... 78

4.3.2. The determination of the cytotoxic effect of Oldenlandia diffusa decoction

and its collected fractions (F1-F11) on HL60 cell line using trypan blue

and CYQUANT NF aS8aY.......ccccoiivirenieinrrieieiieennenresnesseesesessseessnnesessessnsessees 78
4.3.3. The determination of the cytotoxic effect of Oldenlandia diffusa decoction

and collected fractions on Caco-2 cell line using NRU assay.........ccccoeerenuerennene 81
4.4, DISCUSSION.....coitiiiiiiiiiiiiisie it st s s ee e st anb s st e sbbsssesb s obt e bbsaesbosbens 83
4.5, CONCIUSION.....cviiiireiiiitiite ettt ettt ettt et b e eat et emn e e snes 84

Chapter 5. Characterization of the mode of cell death induced

by Oldenlandia diffusa decoction and its most cytotoxic fraction.........ccccovrnvurnnneens 85
5.1, INtrOAUCHION. ..couneiiiiiiiiiinicic ettt ste s e s ee s ser e sere s e sa e s e ansesee s sa e aenasbes 86
5.1.1. Mode of Cell death...........cocevrirerieeicrniiciereneisrcsr et 86
§.1.2. CaSPASES....ceiiiiiiitiiie et e e st er ettt e e e e e s eee s e s e e e e et e e e e s nnarnes 87
5.1.2.1. Poly (ADP-1ib0se) POlYMETASE......c.cccvvuerereerrieniensnenensescnesonissesennesneons 89

5.1.2.2. Caspase-3 (CPP32/YAMA/APOPAIN)......ccccoererircriiiirecntcnecncnicinanes 89

5.1.2.3. Caspase-7 (Mch3/ICE-LAP3/CMH-1) .......cccccovvvminmininnnnnicrcnncnens 89

5.1.2.4. Caspase-9 (ICE-LAPG/MChO)........c.coceeeerviiveniniiiiniecniiinenncneeaesseeens 90



Contents

5.1.4. Deducing the mode of cell death induced by Oldenlandia diffusa...................... 90

5.1.5. DAPT STAIN.....coiiiiiiiicee ettt ettt et e e e st eens 91

5.1.6. Western BIottng.........oooviciiiiiiiiericee e rre s etr e e eanae e r e s nee 91

5.2. Materials and methods...........cccceveriiiiiiiieiiic e e 94

5.2.1. Materials........cooiiiiiiiiiieece ettt et er s e n e st e st are e e s senabaeeeene 94

5.2.2 MEthOAS.. ..ottt reee e e be e s te s e e e e e e s e e e sraa e e e nnnnesnees 94

5.2.2.1. Preparation of SAmple..........ccccoveiieriieirieieiiccnee e 94

5.2.3. Cell CUIUTE........ooiiriiiieieetecier et e e eeer e et e sr e e s staesree s s s aesssessneasnsassseesns 95

5.2.4. Experimental for DAPI Staining.........ccccovevuriciiiiiiiieniienicescecesirencree e eseeeeee e 95

5.2.4.1. Experimental protocol for DAPI staining.........c..ccceeoeevnniininvinneniincnenne 95

5.2.5. Experimental protocol for Western blotting...........cccoccovvenrinreiveenrnnencciecniennene 96

5.3 RESUIS...ciiieieitiiceei ittt se b te e st e et e s et e s s et e s e e bb e seesbaese e e arasaseesenenseene 99
5.3.1. Mode of cell death induction by DAPI staining on confocal

flUOTESCENCE MICTOSCOPY...veieiriirrerenrieriiriesaiierecesiueersestesseneeessssasasssaessssnesensessenses 99

5.3.2. Results for Western blotting on HL60 and Caco-2 cell line............ccoveevneneen. 104

5.4, DISCUSSION. ...ccueeiiiiiiiiittianeierteenteesttasetsesneseneeessesssaessasasssseesssasasssessssersnssssesansassssaesnses 107

5.5. COMNCIUSION. ......eiitiiiereteiiienitect et et teeae s e st e s e aeseas e s s asseeeseaeesssaraseesrsasssanessesssannsnes 108

Chapter 6. Study of cytotoxic content(s).......coceeuruiriuruierirececrnrisenisrsecncasenssrens 109

6.1, INETOAUCHION. .....veiiiiiiiiiiiii ittt st ste et ee e aesteeesss s tesrsaensnesbaenssensesasenns 110

6.1.2. LC-MS...ooitte ettt stte e sta e et e e e et e et e s e aenraeerneenseeee 110

6.1.3. INEEITACES. ... .eeiiiieiereieeetee ettt e e e sr e e sar s s nees 111

6.1.3. Electrospray 10N1ZatioN.......c..ocuvvvieiieiiienieinicnnreseiseeseeeeeeeseesssesasoseesssnssessenes 111

6.1.5. MaSS ANALYZET......cooiiiiiiiiiiecier e cee et cear e s et et e s sat e s sae e naeesnenans 112

6.2. Materials and methods.............cccoeciiinirieiinirrne e e 114

6.2.1. MAtETIals.....ccoiiiiieeiiiieceeeiiccte ettt et e e steeeeaeenaeesaeese e se e sa e neenneeeneeereans 114

6.2.2. MELNOMS.....c.ocoiitiiiiiiececientnirer et st sre e ebe e b e s e e e e b be s s besanannn 114

6.2.2.1. Sample Preparation..............ccceeveeeeieiiiieeeeeeeeeenieseeeeseaeereeeeereressessaens 114

6.2.2.2. Determination of the amount of fraction F9............cccccevververivencennrennnes 114

6.2.2.3. Setting up the separation method for fraction FO........c.ccccoveeerrrnnnnnneen. 115

6.2.2.4. Optimising the method to achieve greater amount of fraction F9.......... 116

6.2.2.5. Cytotoxicity of ethyl acetate fraction and fractions EAF-1,
EAF-2 and EAF-3...........ooieeiiinieene et sne s 117



Contents

6.2.2.6. Characterization of the mode of cell death by ethyl acetate

fraction using DAPI Staining...........c.cceeeviiiiiiiee e sceceseeressrne e 117
6.2.2.7. Characterization of the mode of cell death and apoptosis induced
by ethyl acetate fraction, using Western blotting...........ccccccevvvervrvencnnee. 117
6.3, RESUILS. ...uureeieiieiie ittt e er e s s e rae et e e e s see e et e s b et e e s e e nnae s e nrntee et 118
6.3.1. Determination of the amount Of FO..........ccccccoiiiiiiiiniinicceerceccnee 118
6.3.2. Setting up the separation method for fraction F9...........cccocceinviiniinininencineeene 118
6.3.3. Optimising the method to achieve greater amount of fraction F9...................... 123
6.3.4. Separated compounds of fraction F9 in ethyl acetate extract.............cccceeueeennn. 129
6.3.5. Cytotoxicity of ethyl acetate fraction and fractions FEA-1, FEA-2, FEA-3...... 134
6.3.6. Characterization of the mode of cell death induced by ethyl acetate
fraction, using DAPI Staining........ccccevceeririeniieeinieieneeeiee e s see e 136
6.3.7. Characterization of the mode of cell death and apoptosis induced by
ethyl acetate fraction, using Western blotting............c.cceceevervvnvnenrnncnneecnnen 137
6.4, DISCUSSION.....uueiiieuiieieriteriuttierarsressseeessneeeeesteeeeassessaraeeesssaeassstosesnssserasnesssresessanaesnsns 139
6.5. CONCIUSION. .. .oeiiiiiiiiireiitiiiie e r ettt ettt te e ste s s e erraesssaeessseresnseeesanaeesasnnessnsassnns 141
Chapter 7. Purification and determination of content(s) in cytotoxic fraction.............. 143
7.1, INTOAUCHION ..eeeriiinieiieicitisite e st sttt e ettt et e seestae et e ebe et e sreereeseesenssessasssesseassesananes 144
7.2. Materials and MeEthods............cooveiiiereiinritere e et st nea 146
7.2.1. MAtEIalS. ....ccveiveiiiiniiiieciteecertesteeste e st e ete e cteeeaeserebeeass e ssaese e e e s e e nnennsesreas 146
7.2.2. MEhOAS......ooiuiiiiiiiiireitciee ettt st st er s se e s e sre s s e e e resaesebesnseanens 146
7.2.2.1. Sample preparation..........cceceeueeeienieeneeinriireesisseennesreersenseeresssessessseseenns 146
7.2.2.2. Subfraction collection from ethyl acetate extract..........coccevvvververrenennene. 146
7.2.2.3. Determination of molecular weights by high resolution-MS.................... 147
7.2.2.4. OA and UA study in determining fraction F9 contents..............c..cuc.u...... 147
7.2.2.5. MS-MS assessment of subfractions, OA and UA...........c.coevvrvevveveerennen. 147
7.2.2.6. Comparison HPLC assessments of compound-fraction-8 and
control OA and UA.........cooiriiniiniiriincee e sresseeeseneenssse e sseesase e 147
7.2.2.7. Comparison LC-MS analysis of compound-fraction-8...........cccccceccennnenen 148
7.2.2.8. Comparison NMR studies of fraction FEA-1 .....cccceeiiiriiiiniviiiene 148
7.3 RESUIS. ..ottt et et st 149
7.3.1. Subfraction collection from ethyl acetate extract............cococeuverermrcicriiniicncninnn. 149



Contents

7.3.2. MW of isolated subfractions by high resolution-MS.............ccocoevrievcnvrnrcnrcnnne
7.3.3. OA and UA study in fraction FO CONtents.............cccocevueerriinvinrienreenerrvresseesaessvenns
7.3.4. MS-MS results for compound-fraction-§ ..............ccccovveeveriereeienienineeresise e
7.3.5. Comparison HPLC assessments of compound-fraction-8..............ccccoervervecerne
7.3.6. Comparison LC-MS analysis of compound-fraction-8...........c.cccoervrrrrrnnrrerennee
7.3.7. MS-MS assessment of fraction FEA-1 (IM/Z 549 i0N)....cc..cccvveevriinriieeninreensersneenns
7.3.8. Comparison NMR assessment of fraction FEA-1........cccccooveiiiriinniiniienecieceene
T4, DISCUSSION. ....eeiuriirerreeeeterertresaeerereeee s rsnteeeeaameraeesasateteeeesaesabtassesannneeeasassmneessesnsenseeesanses

7.5, CONCIUSION....eeiieieeeteeeeesiereesssessnnssentetntaseneesaeeesssrassissnsnsanssssssssssssssstassessssssesssosnsnnnnnnemmeesees

Chapter 8. Study of the post-absorption sample of CHR Oldenlandia diffusa ..........

8.1, INtrOdUCHION.....cceiimiiiiiiiirteeert et s eaan s s
8.1.2. Drug abSOTPHION......c.oeviiiirereeneenie sttt sar s sre s srbesase e snenesaeis
8.1.3. PasSIVE tranSPOTt.......cc.cvuieereriiieenereeeetnreesieenreesbbesire e e s smessneesanessaneessanesas
8.1.4. ACHVE tTANSPOTL.......icuiieeeiireeiiinieeserenirteerrerere e s essatssnee et e ee e eneeebaessnensessenans
8.1.5. The use of Caco-2 cell line for mimicking the intestinal epithelia.....................
8.1.6. Permeability pathways.......cc.ccoiiiriieiiiniiiiirccer e
8.1.7. A Transepithelial electrical resistance measurement. ..........ccoceceerervernvenennnee.

8.2. Method and materials...........coeuevereeeiireciereniners ettt e sb e e
8.2. 1. MALEralS.....cecoiriiiiciiiiecri ettt et e s sre e ve b ettt et e eaae saens
8.2.2. MEthOdS.....c.coimiiiiiiiiectiitee ettt st sa e ene s

8.2.2.1. Sample Preparation...........cceeeereereeiieeeireeerieeeseeesieessresssseseesssesesssessnees
8.2.2.2. Cell CUItUTE.......ceeeeeeiterrircee ettt ess et sre e baennane e
8.2.2.3. Growth rate study of Caco-2 cells.........cceeeevmvereiienieeceeceeeeeeeereee
8.2.2.4. Creation of Caco-2 cell monolayers...........cccceecveeeieveenieeeiecrieieecee e
8.2.2.5. TEER MeEaSUIEMENL........cccecceriivirvniiiernieeeneeneeninnieeseeesreessteseesenesneenes
8.2.2.6. Cytotoxic effect of Oldenlandia diffusa decoction on

the created Caco-2 MONOIAYET..............ceeeervenreeriirerieeiereeneenaeraseeens
8.2.2.7. The post-absorption sample collection from the decoction and

fraction F9 via the created Caco-2 monolayer............cccceeniirivricrnnnnn
8.2.2.8. Determination of concentrations of the coliected

POSt-abSOTPtion SAMPIES......cceeerurrirrirriererereeereeeere e

Xii



Contents

8.2.2.9. The post-absorption sample collection of Oldenlandia diffusa
decoction via cultured Caco-2 monolayers for its cytotoxicity study.....194

8.2.2.10. Content(s) of the most cytotoxic compounds in the

post-absorption sample...........cccooeviiirinenininiin 194

8.3, RESUILS. ..o iureeieeeieeeiee et et ettt e et ereee et e e e et e e e e ee e e bee e e e s e r e ee e e e e e s nre e e e e s e raae 196
8.3.1. Growth rate study of Caco-2 CellS......cccvniiiiiirniriiriiieee e seeees 196
8.3.2. Creation of gut mimicking wall (monolayer) using Caco-2 cells....................... 196

8.3.3. Cytotoxic effect of Oldenlandia diffusa decoction on the created

CaCO-2 MONOIAYET.......eicuveriirreeeiteereeee it e seieeeesertresssreeseseeesaseresaseaeassseesssssenens 197
8.3.4. The post-absorption sample collection from the decoction via the created

Caco-2 monolayers and their concentration determination..............cccveveereenen. 198

8.3.5. Cytotoxic effect study of the post-absorption sample collection

from Oldenlandia diffusa decoction on cultured Caco-2 monolayers ............... 199

8.3.6. Content of the most cytotoxic compounds in post-absorption sample............... 199

8.4, DISCUSSION....ueetererrereereniiiteesistesisaasesessstressnessteessaessssasssesseeseessessesssesnessensssessssesnssenss 201
B.5. CONCIUSION. ...ttt ittt ettt e s bresteesaas e s sasees e nsesssraassanensssaraeenn 204
Chapter 9. General Discussion 205
0.1. GENETal DISCUSSION .......octvuieiiiiiiiiereeeereerertertesreessaeesseesesesaessesessssaassssassseessassssenasenes 206
0.2, CONCIUSION. ....viviiiiertiitiieetssreesieesatirtesresssesesesterrestesaesseessesesseseesseseseesasennsesssansesnsesssnn 212
0.3, FUIIET WOTK.....oociiiiiieiiecteite ettt e e e e s se e e e ae s bt e s s e sbe s eatessnnasestenas 212
References 213
Appendices 244

xiii



List of Figures

List of Figures

Figure 1. Representation scheme of Five-element Theory. The five elemental energies play a
role in the Chinese herbal system. The creation and control cycles interact constantly to

maintain an overall balance in the system.

Figure 2. Schematic of the cell cycle and the action of the mammalian Cdk-cyclin complexes
during the cell cycle. There are four phases of the cell cycle (G1-M). G1 is between M
phase and S phase, while G2 is the gap between S phase and M phase. The width of
colored bands is approximately proportional to the protein kinase activity of the indicated
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Figure 3. Typical image of Oldenlandia diffusa.

Figure 4. Stucture of the main five compounds of the Oldenlandia diffusa are. UA-ursolic
acid, OA- oleanolic acid, 1G1-asperuloside, IG2-E-6-O-p-coumaroyl scandoside methyl ester

and IG3-E-6-0O-p-coumaroyl scandoside methyl ester-10-methyl ether.

Figure 5. Schematic of typical HPLC system

Figure 6. HPLC chromatogram for Oldenlandia diffusa decoction, hexane used as a mobile
phase on analytical (250 x 4.60 mm 5 pm) amino column, UV detector, wavelength-220

nm, 20 pL injection volume, flow rate 1 mL/min.

Figure 7. HPLC chromatogram for Oldenlandia diffusa decoction, water as a mobile phase
on RP C18 semi-prep column, UV detector, wavelength-220 nm, 500 pL injection volume,

flow rate 3 mL/min.
Figure 8. HPLC chromatogram for Oldenlandia diffusa decoction using 10 mM PBS

(pH=7.2) on C18 semi-prep column, at 220 nm, 500 pL injection volume, flow rate 3

mL/min.
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Figure 9. Chromatogram for Oldenlandia diffusa decoction using 10 mM ammonium
acetate buffer as a mobile phase on RP C18 prep column, UV detector, wavelength-220

nm, 500 pL injection volume, flow rate 3 mL/min.

Figure 10. Chromatogram for Oldenlandia diffusa decoction using 10 mM ammonium
acetate buffer as a mobile phase on analytical (250 x 4.60 mm 5 pm) phenyl column, diode

array detector, wavelength-238 nm, 20 pL injection volume, flow rate 1 mL/min.
Figure 11. Chromatogram for Oldenlandia diffusa decoction using 10 mM ammonium
acetate buffer as a mobile phase on analytical (250 x 4.60 mm 5 um) CN column, diode
array detector, wavelength-206 nm, 20 pL injection volume, flow rate 1 mL/min.
Figure 12. Chromatogram for Oldenlandia diffusa decoction using PFP(2) column, methanol

(A)/10 mM ammonium acetate buffer (pH=6.5) (B) as a mobile phase with B 100% for 0-10
min, A 100% for 40-50 min, B 100% for 52-60 min at 1 mL/min flow rate and 226 nm

wavelength.

Figure 13. Chromatogram for Oldenlandia diffusa decoction (before SPE) using Ms
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Figure 14. Chromatogram for the post-extraction (after SPE passed) Oldenlandia diffusa

decoction using Ms method.
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Figure 18. UV spectra of triple freeze-dried 10 mM ammonium acetate buffer.

Figure 19. UV spectra of fraction-1, 10 seconds before the naphthalene peak collected from
the HPLC on prep PFP(2) column using Msp method.
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Figure 20. UV spectra of fraction-2, 5 seconds before the naphthalene peak collected from
the HPLC on prep PFP(2) column using Msp method.

Figure 21. UV spectra (at 275 nm) of fraction-3 which is the naphthalene peak collected
from the HPLC on prep PFP(2) column using Msp method.
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collected from the HPLC on prep PFP(2) column using Msp method.
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the HPLC on prep PFP(2) column using Msp method.
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Oldenlandia diffusa decoction using Msp method.
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Oldenlandia diffusa decoction using Msp method.

Figure 29. UV absorbance (at 236 and 315 nm) of fraction F6 that collected from the
Oldenlandia diffusa decoction using Msp method.

Figure 30. UV absorbance (at 236 and 315 nm) of fraction F7 that collected from the
Oldenlandia diffusa decoction using Msp method.

XVi



List of Figures

Figure 31. UV absorbance (at 224 and 269 nm) of fraction F8 that collected from the
Oldenlandia diffusa decoction using Msp method.

Figure 32. UV absorbance (at 221 and 255 nm) of fraction F9 that collected from the
Oldenlandia diffusa decoction using Msp method.

Figure 33. UV absorbance of fraction F10 that collected from the Oldenlandia diffusa

decoction using Msp method.

Figure 34. UV absorbance of fraction F11 that collected from the Oldenlandia diffusa

decoction using Msp method.

Figure 35. Cell viability, V% of 10 mM, 1 mM and freeze-dried ammonium acetate buffers

and negative control treated HL60 cells, assessed by trypan blue exclusion method.

Figure 36. Cell viability, V% of Oldenlandia diffusa decoction (2.5 mg/mL and 0.35
mg/mL), each fraction (F1-F11) (0.35 mg/mL), negative control (medium) and positive
control (actinomycin-D-10 pg/mL) treated cells, by trypan blue exclusion method.

Figure 37. Cell viability, V% of Oldenlandia diffusa decoction (2.5 mg/mL and 0.35
mg/mL), each fraction (F1-F11) (0.35 mg/mL), negative control (medium) and positive
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mg/mL), fractions F9 and F4 (0.35 mg/mL), negative control (medium) and positive control
(actinomycin-D-10 pg/mL) treated Caco-2 cells, by NRU Assay.

Figure 39. Morphological changes during necrosis and apoptosis and their difference.

Figure 40. Schematic representation of Western blotting.

Figure 41. Morphological changes of apoptotic cell death of the HL60 cancer cells treated

with Oldenlandia diffusa decoction, fraction F9 and actonimycin-D for 24 hr incubation was
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examined by confocal fluorescence microscopy after DAPI staining. Examination on HL60
cells identifying the characteristic morphological features, (a)-Untreated control cells have
remained intact, (b)-Actinomycin-D-treated cells, (c)-Oldenlandia diffusa decoction treated
cells and (d)-F9 treated cells show characteristic blebbing and apoptotic bodies as evidenced
by the presence of condensed chromatin. The cell size is significantly decreased

(magnification, x400).

Figure 42. Image of confocal fluorescence microscopy of HL60 cells identifying the
characteristic morphological features, (a)-control (untreated) cells (48 hr incubation) have
remained intact, (b)-fraction F9 treated cells (48 hr incubation) show characteristic of cell
shrinkage, blebbing and apoptotic bodies as evidenced by the presence of condensed

chromatin. The cell size is significantly decreased (changed) (magnification, x400).

Figure 43. Morphological changes of apoptotic cell death of the Caco-2 cancer cells treated
with Oldenlandia diffusa decoction, fraction F9 and actonimycin-D for 24 hr incubation was
examined by confocal fluorescence microscopy after DAPI staining. Examination on HL60
cells identifying the characteristic morphological features, (a)-Untreated control cells have
remained intact, (b)-Actinomycin-D-treated cells, (c)-Oldenlandia diffusa decoction treated
cells and (d)-F9 treated cells show characteristic blebbing and apoptotic bodies as evidenced
by the presence of condensed chromatin. The cell size is significantly decreased

(magnification, x400).

Figure 44. Confocal fluorescence microscopy of HL60 cells identifying the characteristic
morphological features, (a)-Untreated control cells (48 hr incubation) have remained intact,
(b)-fraction F9 treated cells (48 hr incubation) show characteristic of cell shrinkage, blebbing
and apoptotic bodies as evidenced by the presence of condensed chromatin. The cell size is

significantly decreased (changed) (magnification, x400).

Figure 45. Effect of Oldenlandia diffusa decoction on HL60 cell line for investigation of
apoptosis cell death by Western blotting. The HL60 cancer cells were treated with
Oldenlandia diffusa decoction under the culturing condition for 24 and 48 h. Lane 1-
Negative control (medium)-24 h, lane 2-Oldenlandia diffusa decoction-24 h, lane 3-
Negative control (medium)- 48 h, lane 4-Oldenlandia diffusa decoction-48 h. Equal amounts

of the total proteins (20 pg/lane) were subjected to 10% SDS-PAGE. The expression of
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cleaved PARP, PARP and f$-actin was detected by the specific antibodies at 85 kDa, 116

kDa and 47 kDa, respectively. The B-actin protein was used as the internal control.

Figure 46. Examination of effect of Oldenlandia diffusa decoction on Caco-2 cell line for
apoptosis cell death by Western blotting. The Caco-2 cancer cells were treated with
Oldenlandia diffusa decoction under the culturing condition for 24 and 48 h. Lane 1-
Negative control (medium)-24 h, lane 2-Oldenlandia diffusa decoction-24 h, lane 3-negative
control (medium)- 48 h, lane 4-Oldenlandia diffusa decoction-48 h, lane 5-actinomycin-D-
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The expression of cleaved PARP, PARP and f-actin was detected using the specific

antibodies. The B-actin protein was used as a loading control.

Figure 47. Effect of Oldenlandia diffusa decoction and its fraction-F9 on HL60 cell line for
investigation of apoptosis cell death by Western blotting. The HL60 cancer cells exposed to
treating sample, negative and positive controls under the culturing condition for 24 h. Lane
1-negative control (medium), lane 2-Oldenlandia diffusa decoction, lane 3-positive control
(actinomycin-D), lane 4-fraction-F9. 20 ug/lane proteins were subjected to 10% SDS-PAGE.
The expression of cleaved-PARP, PARP and B-actin was detected using the specific
antibodies at 85 kDa, 116 kDa and 47 kDa, respectively.

Figure 48. Effect of Oldenlandia diffusa decoction and its fraction-F9 on Caco-2 cell line for
investigation of apoptosis cell death by Western blotting. The Caco-2 cancer cells were
treated with sample, negative and positive controls under the culturing condition for 24 h.
Lane 1-Negative control (medium), lane 2-Oldenlandia diffusa decoction, lane 3-Fraction-
F9, lane 4-Positive control (actinomycin-D). 20 pg/lane proteins were subjected to 10%
SDS-PAGE. The expression of cleaved-PARP and PARP were detected by western blotting
using the specific antibodies at 85 kDa and 116 kDa, respectively.

Figure 49. Chromatogram for separation of SPE tube passed fraction F9 on analytical
PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using M1 method.

Figure 50. Chromatogram for separation of fraction of SPE tube passed F9 on analytical
PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using M4 method at 226 nm.
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Figure 51. Chromatogram for separation of fraction of SPE tube passed F9 on analytical
PFP(2) (250 x 4.60 mm, 5 um) chromatographic column using M2 method at 238 nm

wavelength.
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mm, 5 pm) chromatographic column using M7 method.
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refer to the TIC. Value>10? indicated a significant amount of ionisation).
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Figure 69. LC-MS (ESI-) spectrum for m/z 279 ion which eluted at 39.40 min from ethyl

acetate extract using M7 method.

Figure 70. LC-MS (ESI-) spectrum for m/z 255 ion which eluted at 40.29 min from ethyl

acetate extract using M7 method.

Figure 71. LC-MS (ESI-) spectrum for m/z 281 ion which eluted at 41.25 min from ethyl

acetate extract using M7 method.

Figure 72. LC-MS (ESI-) spectrum for m/z 283 ion which eluted at 43.27 min from ethyl

acetate extract using M7 method.

XXi



List of Figures
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1.1. Traditional medicine

Traditional medicine (TM) has a 5000 year history. During this period, traditional
medicine included the knowledge and practices of medicine which were based on the
theories, skills, experiences and beliefs. TM was used in the prevention, diagnosis, and
treatment of illness [WHO, 2000].

According to the World Health Organization (WHO), traditional medicine is defined as:

“...the health practices, approaches, knowledge and beliefs incorporating plant,
animal and mineral based medicines, spiritual therapies, manual techniques and
exercises, applied singularly or in combination to treat, diagnose and prevent

illnesses or maintain well-being...” [WHO, 2003].

Despite its common use in Asia, Africa and Latin America, TM is not integrated into the
main controlling health care system [WHO, 2000]. Since the 1990s, usage of TM has
become more popular in many countries. In some countries, it is used with names such as

"alternative medicine " or "complementary medicine" medicine (CAM).

Traditional medicines include practices such as herbal medicine, Ayurvedic medicine,
Unani medicine, acupuncture, spinal manipulation, Siddha medicine, Traditional Chinese
medicine, South African Muti, Yoruba Ifa, as well as other medical knowledge and
practices. In this project, one plant, Oldenlandia diffusa, used in traditional Chinese herbal
medicine was studied. Thus, in this chapter, herbal medicine and traditional Chinese herbal

medicine practice will be discussed.

1.2. Herbal Medicine

Herbal medicine is known as herbalism, botanical medicine, medical herbalism, herbology,
and phytotherapy. Herbal medicine is a traditional medicine (folk medicine) that is based
on the use of herbs and herbal medicines [Deepak & Anshu, 2008]. There are many
medicines that originate from plants. For example, vinca alkaloids derived from Madagscan
periwinkle plant Catharantus roseus, aspirin from the bark of willow trees, the painkiller

morphine from poppies, taxanes derived from the Pacific yew Taxus brevifolia,
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camptothecins from the Chinese tree Camptotheca acuminata, and digoxin from foxgloves
[Dennis et al., 2000], [Bupa's health information, 2009].

Generally, herbal medicines include herbs, herbal materials, herbal preparations and
finished herbal products. Herbs involve whole or fragmented or powdered plant materials
such as flowers, fruit, seed, leaves, stems, wood, bark, roots, rhizomes or other parts of
plant. They are the basis for finished herbal products. It can include powdered herbal
materials, extracts, decoctions, tinctures and fatty oils of herbal materials, which are
produced by extraction, boiling, fractionation, purification, concentration or by other
processes. In herbal preparations, one or more herbs may be used and this is called a
‘finished herbal product’ [Lai et al., 2005], [WHO, 2010].

In addition, if there are more than one herb used, it is generally named as a ‘herbal mixture
product’. These finished herbal products and mixture herbal products can additionally
contain excipients to the active ingredients, but the exact amount of the active ingredients

should be standardized, if appropriate, by analytical methods available.

1.3. History and theory of Traditional Chinese Medicine

The full theoretical system of Traditional Chinese Medicine (TCM) was established 2,300
years ago, however, it has several thousand years’ history. TCM was formed to diagnose
and cure illness. TCM theory is very complex, and the main theories of TCM include those
of Yin-yang, the Five-element theories, the human body’s canal system, six confirmations
and four layers. The clinical diagnoses and treatments in TCM mainly based on the Yin-
yang and Five-element theories. In TCM, these theories concern the physiological

activities and pathological changes of the human body and its interactions.

1.3.1. The theory of Yin-yang

Yin and Yang are the two basic terms of the traditional Chinese philosophy, and are also
used in the theory of the traditional Chinese medical science. Yin and Yang express a
negative and positive influence. According to the traditional Chinese philosophy, all things
of the world are based on and are defined by Yin or Yang. For example, water belongs to
Yin, while fire belongs to Yang. All things that relate to cold, inhibition and condensation
belong to Yin, whereas all things that relate to warmth, brightness and evaporation belong

to Yang.
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Furthermore, Yin and Yang belong to Qi (chi) which is the smallest substance or the most
basic material to form a body. So, Qi includes Yang and Yin, and is called Yang-Qi and
Yin-Qi. In the body, if Yang-Qi and Yin-Qi are in imbalance, then people become ill. For
example, in the case of excessive Yin-Qi, the body will feel cold, the tongue fur will be
white and thick and faeces watery. If Yin-Qi is deficient, the body will feel cold and the
tongue fur will be less. Therefore, the treatment is based on the weakening or increasing of
the deficiency or excessivity of Yang-Qi and Yin-Qi by traditional Chinese medicines
[Wang, 2006], [Ergil, 2002].

In the Book of History by Zuozhuan, Chapter ‘Duke Shao’, Yin and Yang are first defined

as two of six Qi, and it follows:

“There are six heavenly influences [gi] which descend and produce the five tastes,
go forth in the five colours, and are verified in the five notes; but when they are in
excess, they produce the six diseases. Those six influences are denominated the yin,
the yang, wind, rain, obscurity, and brightness. In their separation, they form the
four seasons; in their order, they form the five (elementary) terms. When any of
them is in excess, they ensure calamity. An excess of the yin leads to diseases of
cold; of the yang, to diseases of heat...” [Legge, 1994], [Internet Encyclopedia of
Philosophy, 2009].

1.3.2. Five-Element theory

Yin-yang theory was extended to the Five-element theory. In the Era of Warring States
(476 BCE-221 BCE), Zou Yan, who was the representative of the School of Yin-Yang,
developed the theory of the Five-Element and connected it to the theory of Yin-yang [Yao,
2010]. According to this theory, there are basic five elements such as wood, fire, earth,
metal, water, and they were formed by Qi. Each element corresponds to organs of the body
such as wood corresponds to liver, fire is to heart, earth is to spleen/pancreas, metal is to
lung and water is to kidney [Bellavite ef al., 1998]. These five elements are connected to

each other by circular influences (Figure 1).
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Engender/create/
support cycle

Control /restraint

Figure 1. Representation scheme of Five-element Theory. The five elemental energies play
a role in the Chinese herbal system. The creation and control cycles interact constantly to
maintain an overall balance in the system.

[Taken from http://www.surfacingwellness.com/images/cycle.PNG]

The relations of the five elements interact in a cycle. Wood promotes fire, fire promotes
earth, earth promotes metal, and metal promotes water. In addition, they control each other:
water controls fire, fire controls metal, metal controls wood, wood controls earth while
earth controls water. If the balance between these five elements are lost within the body,

this can result in illness [Teng et al., 2006].

Generally, TCM involves methods such as Chinese Herbal Medicine, Chinese food
therapy, Cupping, Gua Sha, Moxibustion, Physical Qigong exercises such as tai chi chuan,
Standing Meditation, Yoga, Brocade Ba Duan Jin exercises and esoteric methods, which

are based on personal beliefs or specializations such as Fengshui and Bazi [Jahnke, 1991].
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1.4. Chinese Herbal Medicine

Chinese Herbal Medicine (CHM) has a long history since about the 12" century A.D. until
today. The book for Chinese medicinal herbs was written during the Ming Dynasty (1152-
1578) by Li Shi-Zhen and it includes around 2,000 herbs and extracts. Later, the
Pharmacopoeia of the People's Republic of China, which was edited in 1990, listed more
than 500 herbs, extracts and around 300 complex formulations [Ergil et al., 2002], [Ko,
1998].

As mentioned earlier, according to the principles of all Chinese medicine, a human will be
healthy, if Yin and Yang are balanced in the body. But this balance can be lost by internal or
external factors and then it can lead to disease. In Chinese medicine, those factors which are
out of balance are diagnosed by asking about symptoms, examining the pulse, skin, hair,
tongue, eyes and voice. Then, the patient is treated with different Chinese medicinal methods

in order to bring them back into balance.

Generally, CHMs consist of four main groups of herbs ministerial herbs, which are the
main effective herbs for the disease. Deputy herbs assist the ministerial herb or act for
coexisting conditions. Assistant herbs are there to reduce the side effects of the ministerial
and deputy herbs, and envoy herbs direct the therapy to a particular part of the body. The
dosage forms of TCMs are mainly pills, powders, chopped slices and tablets [Ko, 1998].
For example, Chinese Pharmacopoeia (2005 edition) contains a list of 223 pills [Zhang et
al., 2008].

Chinese medicine is successfully used for a wide range of conditions or diseases such as
skin disease (including eczema, acne, rosacea, urticaria), gastro-intestinal disorders (e.g.
irritable bowel syndrome, chronic constipation), in gynaecology (including pre-menstrual
syndrome and dysmenorrhoea, endometriosis, infertility), hepatitis and chronic fatigue
syndromes, respiratory diseases (e.g. asthma, bronchitis and chronic coughs, allergic and
perennial rhinitis, sinusitis), rheumatology (e.g. osteoarthritis and rheumatoid arthritis), as
well as chronic cystitis, psychological problems (e.g. depression, anxiety) and children's

diseases.
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There are some individual herbs or extracts, but usually combinations of herbs are used for
the prevention and treatment of cancer, however, more research is needed to determine the

effectiveness of these herbs and their substances.

1.5. Cancer

Cancer is the Latin word for crab and the meaning of the word is a malignancy. Sometimes
cancer is referred to as a malignancy, a malignant tumour or a neoplasm. Cancer is the
uncontrolled proliferation of abnormal cells and in some cases, the metastasis of cells from
one area of the body to another. There are more than 100 different groups of cancers
[Cancer, 2004]. Worldwide cancer is a most common and serious disease. There were 7.6
million people in the world and 155,484 people in the UK who died of cancer in 2007
[Cancer Research, 2009].

Cancer is caused by abnormalities in the genome of the cells and their growth becomes
uncontrolled and their metabolism is dysfunctional as the main two genes, namely tumour-
suppressor genes that control the cell proliferation, and caretaker genes that control cell

mutation [Kinzler & Vogelstein, 2002].

Carcinogens such as tobacco smoke, radiation, chemicals or other infectious agents can
increase the risk of getting cancer by changing the cellular metabolism or damaging DNA
in cells and leading to uncontrolled malignant cell division and formation of tumours.
Typically, serious damage of DNA leads to programmed cell death, but if the cell cannot
repair itself or the programmed cell death pathway is damaged, then it becomes a

cancerous cell [Kerr et al., 1972], [Roos & Kaina, 2006].

In cancer, there are two general classes of genes, oncogenes and tumour-suppressor genes
that affect genetic abnormality of cells. In cancer cells, cancer-promoting oncogenes are
activated and they give the cell new properties such as rapid growth and rapid cell division
activities, protection against apoptosis, as well as the loss of boundaries to normal cells.
Because of these activities tumor-suppressor genes, e.g. Rb protein (retinoblastoma
protein), p53 (protein 53), PTEN (phosphatase and tensin homolog) and PARP 1 (poly-
ADP ribose polymerase 1) are inactivated in cells [Polinsky, 2007]. It causes the loss of
normal functions in normal cells, including accurate DNA replication, orientation and

adhesion within tissues and control of the cell cycle.



Chapter 1. Introduction

1.5.1. Cell cycle

Cell cycling (cell division cycle) is the highly regulated series of events of eukaryotic cell
production. Cancer cells have mutations in the genes that control the cell division cycle.
Therefore, the DNA replicating and cell dividing processes can be described as a cell cycling
process.

The cell division cycle is generally divided into four phases which are G, phase (growth),
S phase (synthesis), G2 phase (second growth) and M phase (mitotic). In addition, there is a
Gy (quiescent state) phase when the cell is not dividing. In cell division, cells move from
the Gy phase into the G; phase. In this stage, more proteins are produced in the cell. After
that, when the cell transfers to the S phase, it replicates the DNA and creates two identical
copies for daughter cells. Then, in the G, phase, cells continue to grow and synthesize all the
proteins which it will need after the division. In the M phase, DNA is separated and then the
cell divides into two [Arellano & Moreno, 1997] (Figure 2).

The cell cycle is controlled by proteins in the cytoplasm and are divided into two families:
1. Cyclins. There are four classes of cyclins that are each defined by a stage, but three of
them participate in eukaryotic cells:
- Gy/S cyclins (activate cyclin-dependent kinases (CDKs) in the late Gy)
- S cyclins (stimulate the chromosome duplication)
- Mcyclins (activate Cdks that stimulate entry into mitosis at the Go/M checkpoint)
2. Cyclin-dependent kinases (Cdks). There are four classes of Cdks:
- Gy Cdk (Cdk-4 and Cdk-6)
- S Cdk (Cdk-2)
- M-Cdk (Cdk-1)

In the cell cycle, Cdks promote other proteins to perform their functions by
phosphorylating key amino acid residues, while cyclins bind to cyclin-dependent kinases to
control their ability to phosphorylate those target proteins [Morgan, 2007], [Bruce et al.,
2008].
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Mitotic cyclin-CDKs
Cyclin A-CDK1
Cyclin B-CDK1

Mid-G, cyclin-CDKs
Cyclin D-CDK4
Cyclin D-CDK6

S-phase
cyclin-CDK
Cyclin A-CDK2

Late-G, cyclin-CDK
Cyclin E-CDK2

[Taken from Lodish et al., 2008]

Figure 2. Schematic of the cell cycle and the action of the mammalian Cdk-cyclin complexes
during the cell cycle. There are four phases of the cell cycle (G1-M). Gl is between M
phase and S phase, while G2 is the gap between S phase and M phase. The width of
colored bands is approximately proportional to the protein kinase activity of the indicated

complexes.

During these process, each step is controlled by checkpoints in order to produce corect
normal cells by preventing or repairing the damage of the cells. If cell division is not in
correct regulation, then it turns to cancer. For example, the function of Rb protein is to
prevent excessive cell growth by inhibiting cell cycle progression until a cell is ready to
divide. It regulates the starting point of cell division by stopping the transcription of genes
required for cell division, as well as sequestering the proteins that regulate DNA replication.
Lack of or absence of the Rb gene in the regulation of cell division, causes many common

types of cancer, such as lung, breast, and bladder cancer [Murphree & Benedict, 1987].

1.5.2. Conventional cancer therapies
Cancers can be treated by surgery, chemotherapy, radiation therapy, immunotherapy or

other methods, but it depends on the cancer type, location and stage.
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Surgery is the physical removal of tumours, but it is not always successful to remove
cancer.

Chemotherapy and radiation therapies are the main therapies. Radiation therapy is
commonly used for the cancer treatment, typically, as the primary therapy.

The most common solid cancer types can be treated with radiation therapy, but again it
depends on the type, location and stage of the tumour. Radiation therapy uses the ionizing
radiation to damage the cancer cells. Its side effect depends on the doses. For example,
with low-dose palliative treatments, there will be a little or no side effects. For higher
treatment doses, it causes acute (including damage to epithelial surfaces, swelling,
infertility) or long-term (including fibrosis and hair loss) or cumulative side effects. In
addition, radiation therapy is commonly used with a combination of surgery and

chemotherapy [Willet et al., 2003].

Chemotherapy is the use of chemical substances like cytotoxic drugs to treat the cancer.
Generally, chemotherapeutic drugs involve the following groups of drugs: alkylating
agents, antimetabolites, anthracyclines, plant alkaloids, topoisomerase inhibitors,
monoclonal antibodies and other antitumour agents which affect cell division or DNA
synthesis and the cell function. During chemotherapy, the normal cells within the body
which are dividing rapidly, e.g. immune cells, bone marrow cells and hair follicle cells are
typically affected by those treating chemotherapeutic drugs and it leads to adverse side
effects for the patient [Verweij & de Jonge, 2000]. Common side-effects include: nausea,
vomiting, diarrhea or constipation, anemia, malnutrition, memory loss, depression of the
immune system, hence haemorrhage, infections and sepsis, secondary neoplasms,

cardiotoxicity, hepatotoxicity, nephrotoxicity and death.

In addition, CHM treatments are part of medical and health care systems in cancer

treatment, however, they are not part of conventional medicine.

1.6. Chinese Herbal Medicines for the treatment of cancer

Some experiments in vitro and in vivo demonstrated that Chinese Herbal Medicines (CHM)
play a role in cancer treatment by inducing apoptosis and differentiation, enhancing the
immune system and inhibiting angiogenesis, etc. Many herbal remedies play their anti-
cancer roles through multiple mechanisms, however, the mechanism of their anti-cancer

effects has not yet been fully elucidated [lkezoe et al., 2003 a], [lkezoe et al., 2003 b],
10
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[Cheng et al., 2003], [Hong-Fen et al., 2001], [Hsieh et al., 2002], [Wartenberg et al.,
2003].

Compared to synthetic chemical drugs, herbal medicines are more natural and have much
fewer side effects, are gentler in action and give good effects. CHM can control and
minimize the side effects of chemical drugs and enhance their therapeutic effects. They can
also improve appetite, reduce nausea and vomiting, and alleviate stress, and also strengthen

immune-system functions depressed by radiation [Cheng et al., 2003].

The Chinese herbs used to treat cancer and other immune-deficient conditions are divided
into three categories:
1. Tonic herbs that increase the number and activity of immunologically active cells
and proteins in the body.
2. Toxin clearing herbs that clear the blood and waste products from the destruction of
tumors.
3. Blood activating herbs that reduce the coagulation and inflammatory reactions
associated with immune response.
So, the Chinese herbal preparations are complex and contain more than one herb. For
example, there are common anti-cancer base formulae that contain Oldenlandia diffusa and
Scutellaria baicalensis as main ingredients for cancers of the specified areas that are
mentioned in the book ‘Anticancer Medicinal Herbs’. These base formulae had been

applied for cancer treatment at the hospital where it was being used. For example,

«...for stomach cancer: combination of oldenlandia (90 g) and imperata (60 g) or
combination of scutellaria (30 g) and imperata (30 g); for esophagus, rectum, and
stomach cancer: combination of oldenlandia (70 g) and coix (30 g) and additional
other herbs with small quantities; for esophagus cancer: combination of oldenlandia
(60 g), scutellaria (60 g), cycas leaf (60 g), imperata (60 g) and cotton root (60 g);
for rectum cancer: combination of oldenlandia (60 g), scutellaria (15 g), solanum
(60 g), lonicera stem (60 g) and viola (15 g); for gastrointestinal tract cancers and
lymphosarcoma: combination of oldenlandia (50 g), imperata (50 g), coix (20 g)
and brown sugar (60 g), for ovary cancer: combination of oldenlandia (30 g),
scutellaria (50 g), solanum (50 g S. Nigri and 30 g S. lyrati) and turtle shell (30 g);

for pleura (metastasize to): combination of scutellaria (120 g), taraxacum (30 g);
11
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and for liver, rectum, lung cancer: combination of oldenlandia (60 g) and scutellaria
(60 g)...” [Subhuti, 2004].

In addition, Tang kuei (Angelica sinensis), has been used clinically in China to treat cancer
of the oesophagus and liver and showed good results. There was success using this herb
itself alone and in combination with other medicinal agents for treatment of cervical cancer
and breast cancer in women [Cheng et al., 2003]. It can be used in either infusion or
douche form. In Japan, classical Chinese herbal formulae are prepackaged and
standardized. Kampo, the Japanese version of Chinese herbalism, has reported many

successes for treatment of cancer [Teng, 2006].

Generally, the pharmacological effects of CHM are still not clear even though it has proved
to be effective against disease. This is the major reason for CHM in not being accepted

over the world.

Some studies were conducted on the characteristics of some effective anti-cancer herbal
remedies in vitro. For instance, the synergistic effects of various components in Scutellaria
baicalensis extract (baicalin (80%), wogonoside (16%), baicalein (2%), wogonin (1%) and
other compounds in small amounts) were confirmed. The research revealed that both the
extract and its pure compound baicalein inhibited cancer cell growth. Also, the extract
inhibited prostaglandin E2 (PGE2) production, but its pure compound baicalein could not
inhibit it. Another pure compound wogonin showed significant inhibition on
cyclooxygenase 2 (COX-2) activity in lipopolysaccharide (LPS)-stimulated macrophages.
The various components in the herb act on different anti-cancer pathways such as COX-

dependent and COX-independent pathways [Zhang et al., 2003].

Furthermore, some experiments revealed that some herbs have selective effects on cancer
cells, but not for normal cells. For instance, it was reported that the butanol fraction of
Mylabris phalerlata was cytotoxic on human monocytic leukaemic U937 cells, but not on

peripheral blood mononuclear lymphocytes [Huh et al., 2003].

It was reported that magnolol at concentrations of 3-10 pmol/L inhibited DNA synthesis
and decreased the COLO-205 and Hep-G2 cell numbers in a dose-dependent manner, but

not in non-transformed human cells such as keratinocytes, fibroblasts, and human
12
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umbilical vein endothelial cells. When the concentration of magnolol increased to 100
umol/L, apoptosis was observed in COLO-205 and Hep-G2 cells, whereas in cultured
human fibroblasts and human umbilical vein endothelial cells did not [Lin et al., 2002b].

But it is still not clear how this anti-cancer specific killing occurs.

1.7. Introduction to Chinese herbal remedies Oldenlandia diffusa

TCM has become increasingly popular for the treatment of a variety of physiological
disorders such as cancer [Cheng et al., 2000], [Gordon & Weng, 1992], [Islam et al., 2009].
Several Chinese herbs were reported to have been used to treat cancer patients or used
successfully to prevent the cancer [Gu & Weng, 2001]. One of these CHRs is Oldenlandia
diffusa (Henrik Bernard Oldenland). It is one of the most extensively used CHR in modern
Chinese practice for treatment of viral infections (especially hepatitis) and cancers, as well as
for some other diseases [Shan et al., 2001}, [Liang et al., 2008], [Chung et al., 2002]. In the
Chinese Pharmacopoeia, Oldenlandia diffusa was officially listed as an ingredient of Chinese

patent medicine [Pharmacopoeia of China, 2005).

Taxanomic classification of Oldenlandia diffusa are listed below:

Oldenlandia diffusa (Willd.) Roxb.

Family name: Rubicaceae

Pharmaceutical name: Herba hedyotidis Diffusae

Common name: Snake-needle grass, Spreading hedyotis

Synonyms: Hedpyotis diffusa (Willd.)

Other names: Bai hua she she cao (Chinese), Byakkajazetsuso

(Japenese), Paekhwasasolcho (Korean)

13
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1.7.1. Physical characteristics

Figure 3. Typical image of Oldenlandia diffusa.
[Taken from http://www.dkimages.com/discover/previews/825/25012996.JPG]

Oldenlandia diffusa has a pleasant cooling taste. It is a slender, spreading or ascending,
smooth, annual herb reaching a length of 20-30 cm and grows ubiquitously as a weed. The
leaves are linear and 1 to 3 cm long. The white and 3 mm long flowers occur singly in the
axils of the leaves, and the pedicels are long as the calyx. The capsules are ovoid, about 4
mm long and not protruded beyond the calyx-segments. It is in flower from August to
September. The flowers are hermaphrodite (have both male and female organs) [Ulasiman,
2007], [Plants for a Future, 2007]. It is collected in the summer or autumn, cleaned, cut into

pieces, dried in sunlight, and used unprocessed or fresh [Bown, 1995], [Jiangsu, 1977].

1.7.2. Habitats and possible locations

The plant grows throughout south East Asia and southern China. It prefers light-sandy,
medium-loamy and heavy-clay soils. The herb can grow in all soil pH’s. It can grow in
semi-shade and requires moist soil [Jiangsu, 1977].

14
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1.7.3. Medicinal use of Oldenlandia diffusa for cancer

The whole plant is used as a medicine. Oldenlandia diffusa has been shown to lower fever
and has anodyne, antibacterial, anti-inflammatory, cardiotonic, depurative, diuretic,
febrifuge, sedative and anti-tumour properties. It has an effect mainly on the liver and also
stimulates the immune system [Yoshida et al., 1997], [Shan et al., 2001], [Chung et al.,
2002], [Lin et al., 2002],[ Liang et al., 2008]. It is taken internally in the treatment of fevers,
coughs, asthma, jaundice, septicaemia, urinary tract infections, acute appendicitis,
biliousness and cancers of the digestive tract. Externally, it is used in the treatment of snake
bites, boils, abscesses and severe bruising. It is commonly used with other herbs in the
preparation of anti-cancer formulations. For example, Oldenlandia diffusa (60 g) is the main
ingredient for liver cancer treatments that are mentioned in the book of ‘Anticancer
medicinal herbs’ along with a combination of scutellaria (60 g), cycis (18 g) and phragmites
(30 g) [Subhuti, 2004], [Ninghon et al., 1986].

Oldenlandia diffusa is used as a pill, powder, extract, infusion and in decoction forms [Ergil
et al., 2002]. In CHMs of Hong Kong, it is noted that Oldenlandia diffusa is used for
treatment of "early stage of cancer of lungs, liver, and rectum", and the recommended dose
is 60 g with 30 g of Scutellaria barbarata as a decoction, taken once a day [Ninghon et al.,

1986].

1.7.4. Chemical constituents of Oldenlandia diffusa

Oldenlandia diffusa has been studied by a number of researchers and they have
demonstrated that Oldenlandia diffusa contains a majority of iridoid glucosides,
triterpenoids, flavonoids and polysaccharides. For example, iridoid glycosides including E-
6-O-p-coumaroyl scandoside methyl ester, E-6-O-p-methoxycinnamoyl scandoside methyl
ester, 6-O-feruloyl scandoside methyl ester, oldenlandoside I, II, III, asperuloside
[Nishihama et al., 1981], [Takagi et al., 1982], 10-O-benzoylscandoside methyl ester [Gu
& Weng, 2001], asperulosidic acid [Shan et al., 2001] and deacetylasperulosidic acid
[Bown, 1995], as well as an anthraquinone [Ho et al., 1986], oleanolic acid, trans p-
coumaric acid (p-hydroxy cinnamic acid), ursolic acid, sitosterol, f-sitosterol, stigmasterol,
sitosterol-d-glucoside, flavones [Chung et al., 1998] have been isolated from Oldenlandia
diffusa [Dong, 2005]. For example, the main five compounds of the Oldenlandia diffusa

are shown in Figure 4.
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Figure 4. Stucture of the main five compounds of the Oldenlandia diffusa are. UA-ursolic
acid, OA-oleanolic acid, IG1-asperuloside, 1G2-E-6-O-p-coumaroyl scandoside methyl ester

and 1G3-E-6-O-p-coumaroyl scandoside methyl ester-10-methyl ether.

1.7.5. The cytotoxic potential of Oldenlandia diffusa

The in vitro anti-cancer effects of Oldenlandia diffusa is established, however the
mechanisms are not yet deeply studied.

Some research work was conducted on ursolic acid, which was isolated from the methanol
extract of Oldenlandia diffusa. Its cytotoxic effect was investigated on human lung, ovary,
skin, brain, colon, stomach, murine leukaemia and murine melanoma and results revealed
that ursolic acid has a significant inhibition on the proliferation of tumour cells. In addition,
further work on ursolic acid suggested that ursolic acid had an apoptotic effect on HL60 cells

[Shan et al., 2001].

Moreover, the effect of aqueous extracts of Oldenlandia diffusa was investigated on the lung
cancer cell line (H69), a multi-drug resistant small cell lung cancer cell line (H69VP) and a
normal lung epithelium cell line (BEAS-2) [Sadava et al., 2002]. The aqueous exract
significantly inhibited the cell proliferation of these cells and apoptosis was observed in both
the H69 and H69VP cell lines.

16



Chapter 1. Introduction

Some in vivo research revealed that oral administration of Oldenlandia diffusa aqueous
extract on mice has a significant growth inhibition on murine renal carcinoma cells, and it
enhanced macrophage function in vitro [Wong et al.,1996). In a separate study, isolated
polysaccharides from Oldenlandia diffusa showed anti-tumor activities against transplanted

sarcoma-180 cells in mice [Li ef al., 2002].

On the aqueous extract of Oldenlandia diffusa some research work was undertaken to
investigate the anti-cancer effects on the HL60 leukaemic cell line. It was shown that the
aqueous extract of Oldenlandia diffusa is directly toxic to the HL60 cell line by inducing

apoptosis via some form of activity specific to these cells [Willimott et al., 2007].

Furthermore, Oldenlandia diffusa enhanced the induction of allo-antigen specific cytotoxic T
lymphocytes and stimulated macrophages to produce interleukin-6 and tumor necrosis factor
and the results suggested that it has an immunomodulating activity in vitro [Yoshida et al.,
1998].

There were some studies done on immunomodulatory activity and anti-tumour activity of
Oldenlandia diffusa in vitro and this proved that Oldenlandia diffusa has immuno-
modulating activity and anti-tumour activity in vitro through stimulating the immune system
to kill or engulf tumour cells, which could be used clinically for immune function
modulation and to treat tumour and other diseases [Shan et al., 2001]. Therefore, anti-tumor

activity has been identified as the main pharmacological effect of Oldenlandia diffusa.

1.8. Aims of the study

In traditional Chinese human medicine, herbs have been used as immunostimulants for
thousands of years [Yoshida et al., 1998]. Chinese Medicinal Remedies have been
traditionally used to prevent and treat many kinds of diseases, especially autoimmune
diseases and cancers [Cheng et al., 2000], [Li et al., 1986], and they became commonly
used for the treatment of cancer. However, their anti-cancer effect and biological actions
are not fully elucidated. One of the most popular used Chinese medicinal herbs is
Oldenlandia diffusa. In order to study its anti-cancer effects, the most responsible
constituent(s) to have a cytotoxic effect and the compounds’ bioavailability will be

investigated.
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The first objective of this study will be to set up the separation method for Oldenlandia
diffusa decoction using HPLC. To create the separation method, different types of
chromatographic columns will be investigated with the following different parameters such
as flow rates, absorption wavelengths, isocratic and gradient elutions of different types of
mobile phases at different pHs. The decoction will be prepared by conventional method as

used for treatment by boiling (refluxing) in water.

The second objective of this investigation will be to collect the fractions in order to narrow
down and specify the study area. For this reason, preparative column scale will be
examined, and fraction collecting points will be determined using HPLC and preparative

column.

The third objective will be to assess the direct cytotoxic potential of the Oldenlandia
diffusa decoction against cancer cells using an in vitro system. In addition, the cytotoxic
effect of those separated and collected fractions will be investigated on cancer cells in

order to select the most cytotoxic fraction.

The fourth objective of this investigation will be to characterize the chemotherapeutic
potential of Oldenlandia diffusa decoction that shows cytotoxic action against the cancer
cells. To characterize the mode of cell death, the decoction and chosen fraction’s ability to

induce the apoptosis in cancer cells will be examined.

The fifth objective of this investigation will be to set up the separation method for the
chosen most cytotoxic fraction using HPLC. For this, different parameters namely,
different types of chromatographic columns, flow rates, different wavelengths, isocratic

and gradient elutions of different mixture of mobile phases will be examined.

The sixth objective of this investigation will be to isolate separated compounds in the
chosen fraction and to identify them. To collect these separated compounds as pure and to

identify them, the LC-MS, Tandem MS and NMR will be performed.

The seventh objective of this investigation will be to create a Caco-2 monolayer for

studying of the bioavailability (post-absorption samples) of the Oldenlandia diffusa
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decoction. For this reason, the growth rate of Caco-2 colon adenocarcinoma cells will be

investigated and a gut mimicking wall (monolayer) will be created using Caco-2 cells.

The eighth objective of this investigation will be then to set up the post-absorption sample
collection method. For this, the effect of the decoction on the Caco-2 cell monolayers, the
post-absorption sample collection concentration and time interval on the created
monolayers will be investigated. Also, cytotoxic effect of post-absorption sample will be

assessed on cancer cell line.

The final objective of this investigation will be to assess the participation of determined

cytotoxic compounds in the post-absorption sample whether they are in original or in

metabolised form.
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Chapter 2. Setting up the separation method to be used for Oldenlandia diffusa

decoction.

2.1. Introduction
In order to study the CHR Oldenlandia diffusa, the initial aim was to set up the separation
method for the decoction. For this reason, the technique of high performance liquid

chromatography was used and its parameters optimised.

2.1.1. High performance liquid chromatography

High performance liquid chromatography (HPLC) is now one of the most powerful tools in
analytical chemistry. It has the ability to separate, identify, and quantify the compounds
which are soluble in a liquid. HPLC has been applied to many samples, such as
pharmaceuticals, environmental matrices, forensic materials, food, cosmetics and industrial

chemicals [Yuri & LoBrutto, 2007], [Skoog et al., 2004].

Equipment: A HPLC system consists of the following main six parts (Figure 5):

1- Solvent Reservoir
2- Pump/s

3- Injection Port

4- Column

5- Detector

6- Data Acquisition System

~ g

S Fraction collector

-

Waste

Precolumn
(optional)

Injector

Figure 5. Schematic of typical HPLC system.
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[Taken from http://www.medicinescomplete.com/mc/clarke/2009/images/clk9030f001.gif]

1. Solvent Reservoir
Solvent reservoirs are used to store the mobile phase. The solvent reservoir must be made of
an inert material such as transparent or amber-coloured glass. It must be smooth so to avoid

growth of microorganisms on its walls.

2. Pump

The conventional HPLC pump is a very important component of the system. The
pumps deliver a constant flow of the mobile phase so that separation of the components in
the mixture occurs at a reasonable time. The requirements for pumps include the ability to
generate pressures up to 50,000 psi (lb/inz), pulse-free output, with flow rates ranging from
0.1 to 10 mL/min. They must also be resistant to corrosion by a variety of solvents and have

flow reproducibilities of 0.5% or better [Gooding & Regnier, 2002].

There are three types of pumps used in HPLC.

o A screw-driven syringe type called a displacement pump. This is pulse-free, with a
small capacity (250 mL) and no gradient elution possibility with only one syringe.

o A reciprocating pump. It is the most widely used pump. It has a small internal
volume (35-400 pL), high pressure (1 0’ psi), gradient elution and pulse-free flow.

o A pneumatic or constant-pressure pump. This is the simplest, inexpensive and pulse
free pump. It has limited capacity and pressure output (pumping rates depend on
solvent viscosity which relates to back pressure) and they are not useful for gradient
elution.

Generally, there are two types of pumping systems, namely as isocratic and gradient [Hobart
et al., 1998].

Isocratic
In this system, the mobile phase composition is kept constant during the run. The flow rate

accuracy required is £1% of the set flow.

Gradient
This achieves a better or faster separation and some changes can be made to the mobile

phase composition during the particular sample run.
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In addition, there are two types of gradient systems low pressure mixing and high pressure
mixing two types of gradient systems. Each system has its own advantage. Low pressure
mixing can work for three or four mobile phases. In high pressure mixing, generally two

pumps are used so thus the choice is of two different mobile phases only.

The dwell volume is of practical importance only for gradient applications. This is the
volume from the point that the mobile phase solvents are mixed until the head of the column.
In low-pressure mixing systems, the dwell volume includes the internal piston cavity, the
pulse dampener, the priming valve and the mixer, in addition to the fluidic volumes in the
autosampler and all connection tubing before the column. The typical dwell volme in low-
pressure mixing system is about 2-3 mL, but can be as high as 5-7 mL. High-pressure mixing
system has inherently lower dwell volumes (1-2 mL) because the point of mixing is external
to the pumps [Ahuja & Dong, 2005], [Dong, 2006].

3. Injection Port

The sample introduction device such as the injector introduces the sample into a flow of
mobile phase at high pressure. The valve injection through a fixed or variable loop
introduces the sample with sizes ranging from 5 to 500 pL. There are some loops for

injection volume up to 2000 puL [Shimadzu, 2007], [Fifield & Kaelay, 2000].

4. HPLC Column
The HPLC column holds the stationary phase for separating the components of the sample.
The columns are usually made from stainless steel tubing and glass or Tygon tubing (for

lower pressure application (<600 psi).

In general, if the sample size increases, the size of the HPLC column need to become
larger and the pump will need higher volume (flow rate) capacity. Determination of the
capacity of a HPLC system is called selecting the HPLC scale. Table 1 shows a list of
variables of scales for chromatographic columns [Fifield & Kaelay, 2000].
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Table 1. HPLC column types, internal diameters and recommended particle sizes.

Column
Particle size,
Scale Chromatographic objective diameter, mm pm
. 1-8 1.7-10
Information (compound
Analytical | identification and concentration)
10-40 3-15
Semi- Data and small amount of
preparative | purified compound (<0.5 g)
] 50-100 15-100
Larger amounts of purified
Preparative | compound (>0.5g)
, N >100 100+
Process Manufacturing quantities (grams
(Industrial) | to kilograms)

[Janson & Pettersson, 1992], [Ahuda, 2000], [Williams et al., 2002].

From the above mentioned method scales, analytical and a semi-preparative columns were
used for Oldenlandia diffusa decoction separation as their capacity (column volume) is the

most appropriate.

In general, the range of HPLC columns is from 20 mm to 500 mm in length and 1 mm to 100
mm internal diameter. The analytical column is straight, 50-250 mm long with 3-5 mm
internal diameter, 3-5 pum of particle size and 40 k-100 k plates/m. For semi-preparative
work, we use a column with an internal diameter of 10-40 mm containing 3-15 pm particles.
As the scale of chromatography increases, the column dimensions, especially the cross-
sectional area increases as well. For optimization, mobile phase flow rates must increase in
proportion to cross-sectional area. When a smaller particle size is needed for better
separation, then pumps should work on higher mobile phase volume flow rates at high
backpressure [Chen & Horvath, 1995], [Halasz et al., 1975].
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All columns were used with guard columns as it is necessary to remove the particulate matter
and contamination from the analyte samples in order to protect the column. So, this increases
the life-time of column. The composition of guard column should be similar to that of the

column. The particle size is usually larger than the column’s particle size.

5- HPLC detectors
Detectors detect various compounds as they elute from the column. The detector gives
response in terms of a millivolt signal. Then, it will be processed by the computer

(integrator) to give a chromatogram.

There are several detectors used for detection, for example, UV-Visible detector (UV), diode
array detector, fluorescence detector, refractive index detector, conductivity detector and
mass detector (MS). The detector used can be chosen on the nature of the sample. The most
widely used detectors for liquid chromatography are based on absorption of ultraviolet or
visible radiation [Willoughby et al., 1998], [Niessen, 1999].

In this study, an ultraviolet (UV) detector and photo diode array detector were used.
Ultraviolet (UV) detector detects absorbance of UV light by chromophores in the analyte
compound [George, 1976], [Rouessac & Rouessac, 2007]. The photo diode array detector
is the most used detector in liquid chromatography today. This detector gives a three
dimensional view of chromatogram (intensity versus time) and spectra (intensity versus
wavelength), and can be called a spectro-chromatogram [Hobart et al., 1998], [Loconto,
2006].

6- Data Acquisition System
Data systems process the detector output and integrate it into a chromatogram. Modern
integration systems do the processing of the chromatogram, calculations, statistical

analysis and data storage.

2.1.2. Types of HPLC modes
There are several types of HPLC modes and these are classified by the nature of the
stationary phase as follows:

1- Reversed phase chromatography (RP chromatography)
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2- Normal phase chromatography (NR chromatography)

3- Ion-Exchange chromatography (IE chromatography)

4- Size-Exclusion chromatography (SEC chromatography) [Yuri & Rosario, 2007].
RP-HPLC was performed in the study of Oldenlandia diffusa decoction.

2.1.3. Reversed phase chromatography
RP-HPLC is useful in both analytical and preparative applications in the area of biochemical
separation and purification.
The separation mechanism in reversed phase chromatography depends on the hydrophobic
binding interaction between the solute molecule in the mobile phase and the immobilised
hydrophobic ligand, for example, the stationary phase [Elena et al., 1998]. Reversed phase
chromatography is an adsorptive process and is based on a partitioning mechanism by
dispersive forces to effect separation. The solute molecules are partitioned between the
mobile and stationary phases. The distribution of the solute between the two phases depends
on the following characters:

- the binding properties of the medium,

- the hydrophobicity of the solute,

- the composition of the mobile phase.
Initially, experimental conditions dictate the adsorption of the solute from the mobile phase
to the stationary phase. Then, the mobile phase composition is set to desorption of the solute

from the stationary phase back into the mobile phase.

Generally, a reversed phase separation is performed in several basic steps: 1-Starting
conditions-equilibration of the colum, 2-Adsorption of sample substances, 3-Start of
desorption, 4-End of desorption and 5-Regeneration.

- In the first step of the gradient elution, equilibration of the column packed with the
reversed phase medium under the initial mobile phase conditions, including pH, ionic
strength and mobile phase hydrophobicity is performed. The polarity of the mobile
phase is obtained by the addition of organic modifiers such as acetonitrile and
methanol. The polarity of the initial mobile phase must be low enough to dissolve the
hydrophobic solute and high enough to bind the solute to the reversed phase
chromatographic medium.

- The second step is an adsorption step. In this step, the sample containing the solutes

to be separated (dissolved in the same mobile phase used to equilibrate the
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chromatographic bed) is applied. The sample is applied to the column at a flow rate
where optimum binding will occur.

- In the next step or in starting of the desorption process, bound solutes are desorbed
from the reversed phase column by adjusting the polarity of the mobile phase in
order that, the bound solute molecules will desorb by order and elute from the
column. In reversed phase HPLC, this usually involves decreasing the polarity of
the mobile phase by increasing the percentage of organic modifier in the mobile
phase. Generally, the pH of the initial and final mobile phase solutions remains the
same. The gradual decrease of mobile phase polarity (increasing mobile phase
hydrophobicity) is achieved by an increasing linear gradient from initial mobile
phase containing no or very little organic modifier to 100% (or less) mobile phase
containing a higher concentration of organic modifier. The bound solutes desorb
from the reversed phase medium according to their hydrophobicities.

- In the fourth step of chromatographic process (end of desorption), previously non
desorbed substances are removed from the column. This is generally achieved by
changing the mobile phase to 100% or close to 100% organic modifier.

- The fifth step is re-equilibration of the chromatographic medium. In this stage, the
final 100% mobile phase is put back to the initial mobile phase conditions for next
run [Skoog et al., 2007], [Skoog et al., 2004].

So, separations in reversed phase chromatography depend on the adsorption and desorption
of solute molecules with different degrees of hydrophobicity to a hydrophobic stationary
phase.

2.1.3.1. Column for RP-HPLC
In RP-HPLC, the stationary phase is non-polar and the mobile phase is polar. Generally, this

causes the elution of polar compounds earlier than non-polar compounds.

The stationary phase is generally made up from hydrophobic alkyl chains (-CH,-CH,-CH,-
CH3;) ((O-Si-CisHs7)) that interact with the analyte [IUPAC, 1987], [Phenomenex, 2007]. In
general, longer alkyl chains, higher phase loading, and higher carbon loads provide higher
retention of non-polar analytes. Commonly used reversed phase columns and their uses are

given below.
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Propyl (C3), Butyl (C4), Pentyl (CS5), Octadecyl (C18) phases are widely used for ion-
pairing chromatography. C3-CS columns are generally retain non-polar solutes less when

compared to C8 or C18 phases.

Octyl (C8, MOS), with the functionality-Si(CH3),CgH;7. Octyl phases are less retentive
than the C18 phases, but they are quite useful for pharmaceuticals, nucleosides, and

steroids.

Octadecyl (C18, ODS) columns are the most widely used. Their functionality is -
Si(CH;),CisH37. It is most retentive for non-polar analytes and has wide applicability

(similar to C8 in addition to vitamins, fatty acids, environmental compounds).

Phenylpropyl (Ph, -Si(CH3)2(CH;)3CsHs) columns are used for their different selectivity
from alkyl phases. They are generally less retentive than C8 or C18 phases. Phenyl

columns are commonly used to resolve aromatic compounds.

Nitrile (CN or cyano, - Si(CH3)2(CH);CN) columns are more polar. They can be used in
both reversed and normal phase applications and are often used to increase the retention of

polar analytes.

Pentafluorophenyl propyl (PFP(2) -Si(CH3)2(CH2);C¢Fs) is a new high performaﬁce
stationary phase. Phenomenex introduced the columns of Luna PFP(2) in 2008. Luna PFP(2)
columns are good for pharmaceutical and natural products research. The column uses
multiple selectivity mechanisms, including hydrogen bonding, dipole-dipole, aromatic,
hydrophobic, and these columns separate challenging compounds that are highly polar,

halogenated, isomeric or aromatic [Phenomenex, 2008], [Joel, 2001].

The latter five types of RP-HPLC columns were examined for separation of Oldenlandia
diffusa decoction. Column compatibility with various mobile phases is determined by the

stationary phase.

2.1.3.2. Mobile phase for RP-HPLC
The mobile phase is the fluid that percolates in a definite direction, through the length of the

stationary phase. In HPLC, the mobile phase is a liquid and is called the eluent, whilst the
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portion of the mobile phase that has passed through the stationary phase and contains the
compounds of interest in solution is called the eluate. In RP-HPLC, the mobile phase is
composed from an aqueous buffer and a water miscible organic solvent (modifier) which

usually has no or very little absorption above 200 nm, e.g. methanol.

Organic solvent

A large variety of organic solvents can be used in RP-HPLC. The common organic solvents
are methanol, acetonitrile, isopropanol and tetrahydrofuran. Isopropanol (2-propanol) can be
used because of its strong eluting properties, but it has a limited use, because it has a high
viscosity, which results in lower column efficiencies and higher back-pressures. Both
acetonitrile and methanol have less viscosity than isopropanol. All solvents are UV
transparent. This is a crucial property for reversed phase chromatography since column
elution is typically monitored using UV detectors.

The organic solvent is added to lower the polarity of the aqueous mobile phase. In reversed
phase chromatography, the lower the polarity of the mobile phase the greater eluting
strength [Weng, 2003].

Gradient elution

Gradient elution is the preferable method, when performing the preparative reversed phase
chromatography of biomolecules. The main gradient elutions for the preparative reversed
phase chromatography are linear and binary, for example, involving two mobile phases. The
concentration of organic solvent is lower in the initial mobile phase (mobile phase A) than it
is in the final mobile phase (mobile phase B). The gradient, always proceeds from high
polarity (high aqueous content, low concentration of organic modifier) to low polarity (lower

aqueous content, higher concentration of organic modifier) [Snyder & Dolan, 2006].

Gradient shape (combinations of linear gradient and isocratic conditions), gradient slope and
gradient volume are all important considerations in reversed phase chromatography [Jandera,
1999]. In order to determine the optimum gradient shape for performing a reversed phase
separation of a complex sample, a broad gradient is used for initial screening. After the
initial screening, the gradient shape can be adjusted to optimize the separation of the desired
components.

The choice of gradient slope will depend on how close the eluted components are to each

other. Generally, decreasing its gradient slope increases resolution. However, peak volume
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and retention time increase with decreasing gradient slope. Also, total gradient volume
(gradient time x flow rate) affects resolution. To begin, the gradient volume can be
approximately ten to twenty times the column volume. The slope can then be increased or

decreased in order to optimize the resolution [John et al., 1999].

Furthermore, there are some more critical parameters in RP-HPLC to take into count for

compound separation, e.g. column length, flow rate and temperature.

Column length

The resolution of high molecular weight biomolecules in reversed phase separations is less
sensitive than small organic molecules to column length. The partition coefficients of high
molecular weight compounds are very sensitive to small changes in mobile phase
composition. Therefore, large molecules desorb in a very narrow concentration range of
organic modifier [Skoog et al., 2007].

In reversed phase chromatography, the use of gradient elution further reduces the

significance of column length for the resolution of large biomolecules.

Flow rate

In reversed phase separations, flow rate is an important factor for resolution of small
molecules, while larger biomolecules are insensitive to flow rate. Generally, very low flow
rate can decrease the resolution because of the increased longitudinal diffusion of
compounds as they pass through the length of the column. The flow rate used during the
loading of the sample solution is significant in large scale preparative reversed phase
chromatography, but it is not critical during analytical experiments [Gooding & Regnier,
2002].

Temperature

Temperature can have an effect on reversed phase chromatography, especially for low
molecular weight compounds. The viscosity of the mobile phase used in reversed phase
HPLC decreases with increasing column temperature. Generally, the decreasing viscosity
leads to more efficient mass transfer, therefore higher resolution is achieved. Increasing the
temperature of a reversed phase column is effective for low molecular weight solutes, if they

are stable at these temperatures.
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2.2. Materials and methods

2.2.1. Materials
CHR Oldenlandia diffusa was verified and obtained locally from a TCM practitioner Ms
Qiuyan Liu, Dr. TMC - Traditional Chinese Medicine (Mitcham, UK). A high performance
liquid chromatography system was used for chromatographic separation, containing a L7150
2 pump system, injection port and UV detector (VARIAN ProStar, Model 210), with a
Waters 600 controller, Waters 600 pump and Waters M 996 photodiode array detector, using
Merck HSM software to control the data acquisition. Freeze-drier (TELSTAR Croydos,
model 50, USA), UV-Visible spectrophotometer (Varian, UK) and 0.45 pum sterile filter
(Nalgene, Hereford, UK) were used. Columns used were:

- C18 (LichroCART 250 x 10, LiChrospher 100 RP-18¢ 10 pm, Merck, Darmstadt,

Germany),

- C18 (Luna 250 x 4.60 mm, 5 pm C18, Phenomenex, Germany),

- Phenyl column (Prodigy 5 um Phenyl-3, 150 x 4.60 mm 5 pm, Phenomenex, UK),

- Amino column (Sphereclone NH3, 250 x 4.60 mm 5 um, Phenomenex, UK),

- Cyano column (Hypersil 3 CN, 150 x 4.60 mm 3 p micron, Phenomenex, UK),

- PFP(2) (Luna 250 x 4.60 mm, 5 um, Phenomenex, Germany),

- PFP(2) (Luna 20 cm x 15.1 mm, 5 pm, Phenomenex, Germany).
The following chemicals NaCl, KCl, Na,HPO, - 12H,0, KH,PO4, ammonium acetate
(HPLC grade) were supplied by Sigma-Aldrich Inc, Poole, UK, and methanol, acetonitrile,
tetrahydrofuran, hexane (HPLC grade) and purchased from by Fisher Scientific Inc, UK.

2.2.2. Sample preparation

Decoction preparation

5 g of aerial parts of CHR Oldenlandia diffusa were cut into 1-1.5 mm pieces and crushed
using a mortar and pestle. Then, it was boiled with 50 mL of deionised water by refluxing
for 45 minutes. After cooling the decoction was centrifuged at 3000 rpm for 20 minutes

and then filtered through 0.45 um filter.

Preparation of Phosphate Buffered Saline
PBS was prepared by dissolving:
8 g NaCl,

0.2 g KCl,
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1.44 g Na,HPO4 - 12H,0
0.24 g KH,PO,in 0.8 L of distilled water, and making up to 1 L.
The pH was 7.4. When making buffer solutions, its pH was measured directly using a pH

meter and adjusted using sodium hydroxide.

Preparation of ammonium acetate buffer

Ammonium acetate buffer was prepared by dissolving 0.77 g ammonium acetate in 0.8 L
deionised water and making up to 1 L. Its pH was measured using a pH meter and adjusted
using 1 M ammonium hydroxide.

Before undertaking the HPLC separation, each mobile phase was degassed using a sonicator.

2.2.3. Determination of the concentration of prepared decoction

Decoction of Oldenlandia diffusa was prepared three times using the above mentioned
method. Then the decoction was transferred to a round bottom flask and frozen. After that, it
was connected to freeze-drier until dry. Each time the residue left was weighed and the

average value was calculated.

2.2.4. Setting up the separation method for the decoction using HPLC
To set up the optimal method for separation of Oldenlandia diffusa decoction, the following
parameters such as column used, flow rates, absorption wavelengths and mobile phases were

examined.

2.2.4.1. Choice of HPLC column

Different reversed phase and normal phase chromatographic columns such as C18, amino,
phenyl, cyano and PFP(2) columns were tested for the separation of the decoction into
fractions.

These columns were examined with the following mobile phases: deionised water, methanol,
phosphate buffered saline (PBS), ammonium acetate buffer and the mixtures water/methanol,
water/methanol with 0.1% TFA, water/acetonitrile, water/acetonitrile with 0.1% TFA,
ammonium acetate buffer/methanol, ammonium acetate buffer/acetonitrile, PBS/methanol,
ammonium acetate buffer/methanol/tetrahydrofuran (THF), and methanol/THF/water. Also,

on the amino column hexane and hexane/isopropanol mixtures were used.
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2.2.4.2. Choice of absorption wavelength
In order to choose the most sensitive absorption wavelength for the decoction, the following

wavelengths: 198-254 nm were checked on UV spectrophotometer.

2.2.4.3. Choice of mobile phase

To obtain the optimal mobile phase for the separation of the Oldenlandia diffusa decoction,
both isocratic and gradient elution modes with deionised water, methanol, phosphate
buffered saline, ammonium acetate buffer and their mixtures such as:

- water/methanol (25:75, 50:50, 75:25, v/v),

- water/methanol/0.1% TFA (25:75, 50:50, 75:25, v/v),

- water/acetonitrile (30:70, 50:50, 70:30, v/v),

- water/acetonitrile/0.1% TFA, (30:70, 50:50, 70:30, v/v),

- ammonium acetate buffer/methanol (20:80, 50:50, 80:20, v/v),

- ammonium acetate buffer/acetonitrile (20:80, 50:50, 80:20, v/v),

- PBS/methanol (20:80, 50:50, 80:20, v/v),

- water/methanol/tetrahydrofuran (50:40:10, 70:25:5 v/v);

- ammonium acetate buffer /methanol/tetrahydrofuran (THF) (50:40:10, 60:15:25,
70:25:5 v/v) were tested on different types of reversed phase high performance
column.

While, on the amino HPLC column hexane and hexane/isopropanol (95:5, 90:10 v/v) were

examined.

For gradient elution of mobile phase the following gradient shape and slopes were
investigated such as:

Solvent A=organic modifier B=water or buffer
- Gradient elution-1:
0-10 min 90% B
10-40 min 100% A
40-50 min  100% A
50-60 min 90% B
- Gradient elution-2:

0-5 min 100% B
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5-15 min 30% A
15-30 min 50% A
30-40min  100% A
40-50 min 100% B
- Gradient elution-3:
0-10 min 100% B
10-40 min ~ 50% A
40-50 min ~ 100% A
50-60 min  100% B
- Gradient elution-4:
0-10 min 100% B
10-40 min  100% A
40-50min ~ 100% A
52-60min  100%B

Once the mobile phase, gradient shape and slope were chosen, it was necessary to choose the
concentration of buffer and the pH of mobile phase. Different concentrations and pHs of

buffers were examined under the chosen conditions.

2.2.4.4. Choice of buffer concentration
In order to find the best concentration of buffer solution for the separation of the decoction,
0.25 mM, 5 mM, 8 mM, 10 mM, 20 mM, 50 mM and 100 mM concentrations of PBS and

ammonium acetate buffers were examined with methanol under the optimized conditions.

2.2.4.5. Choice of the flow rate of mobile phase
To obtain the optimal resolution, 1 and 2 mL/min for analytical columns, 3, 4, 10, 15 and 20

mL/min flow rates of mobile phase for semi-preparative column were examined.

2.2.4.6. Choice of the pH of mobile phase

The pHs of the ammonium acetate buffer within 3, 4.5, 5, 6.5, 7.4 and 8 were checked for the
separation of the Oldenlandia diffusa decoction by HPLC, using 1 M ammonium hydroxide
and 1 M acetic acid to get pH=3-8.
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2.3. Results

2.3.1. The mass of prepared decoction

To determine the mass of Oldenlandia diffusa decoction, S g aerial sample was prepared
three times by the method mentioned above using the same conditions but on different days.
After filtration through the 0.45 um filter, the decoction was placed in a previously weighed
round bottom flask and it was connected to freeze-drier until dry. After drying, it was
weighed.

As results, the weights of dry residue of those prepared decoctions are shown in Table 2.

Table 2. Amount of decoction for three experiments.

Decoctions Dry residue, g
I-Decoction 0.520
II-Decoction 0.507
II-Decoction 0.510
Mean 0.512
STDEV 0.007

So, according to the above mentioned method, the mass of prepared Oldenlandia diffusa

decoction is 0.512+0.007 g which means 10.24% (w/w) extracted dry mass.

2.3.2. Results for setting the separation method up for Oldenlandia diffusa decoction
using HPLC

To set up the optimal separation method of Oldenlandia diffusa decoction using HPLC was
an initial aim of the study. To achieve it, the best parameters for separation of decoction, e.g.

column, flow rates, absorption wavelengths and mobile phase to be used were examined.

C18, amino, phenyl, cyano and PFP(2) normal phase and reversed phase chromatographic
columns were investigated with different ratio of mixtures of different mobile phases as
optimised in 2.2.4.3. at 198, 206, 216, 220, 226 and 254 nm wavelengths.
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Separation results from using the amino, phenyl and cyano columns at different conditions
showed low resolutions and only one to four major peaks (sece Figures 6, 7, 10, 11).

Better separations were obtained on reversed phase chromatography using a C18 column,
however, the PFP(2) column achieved the best peak (see Figures 8 and 12). Mobile phase
of ammonium acetate buffer (pH=6.5)/methanol with gradient elutions at 1 mL/min flow

rate were performable.

The most suitable concentration of ammonium acetate was 10 mM. The most responsive

wavelength of the decoction was 226 nm as checked on UV detector.

Some representative chromatograms of a better separation of the decoction using the above

mentioned chromatographic conditions are shown below:
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Figure 6. HPLC chromatogram for Oldenlandia diffusa decoction, hexane used as a mobile
phase on analytical (250 x 4.60 mm 5 pm) amino column, UV detector, wavelength-220

nm, 20 pL injection volume, flow rate 1 mL/min.
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Figure 7. HPLC chromatogram for Oldenlandia diffusa decoction, water as a mobile phase

on RP C18 semi-prep column, UV detector, wavelength-220 nm, 500 pL injection volume,

flow rate 3 mL/min.
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Figure 8. HPLC chromatogram for Oldenlandia diffusa decoction using 10 mM PBS

(pH=7.2) on C18 semi-prep column, at 220 nm, 500 pL injection volume, flow rate 3

mL/min.
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Figure 9. Chromatogram for Oldenlandia diffusa decoction using 10 mM ammonium
acetate buffer as a mobile phase on RP C18 prep column, UV detector, wavelength-220

nm, 500 pL injection volume, flow rate 3 mL/min.
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Figure 10. Chromatogram for Oldenlandia diffusa decoction using 10 mM ammonium
acetate buffer as a mobile phase on analytical (250 x 4.60 mm 5 pm) phenyl column, diode

array detector, wavelength-238 nm, 20 pL injection volume, flow rate 1 mL/min.
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Figure 11. Chromatogram for Oldenlandia diffusa decoction using 10 mM ammonium
acetate buffer as a mobile phase on analytical (250 x 4.60 mm 5 pm) CN column, diode

array detector, wavelength-206 nm, 20 pL injection volume, flow rate 1 mL/min.
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Figure 12. Chromatogram for Oldenlandia diffusa decoction using PFP(2) column, methanol
(A)/10 mM ammonium acetate buffer (pH=6.5) (B) as a mobile phase with B 100% for 0-10
min, A 100% for 40-50 min, B 100% for 52-60 min at 1 mL/min flow rate and 226 nm

wavelength.
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2.4. Discussion

Generally, in normal phase chromatography, there were no successful separations of the
Oldenlandia diffusa decoction. In reversed phase chromatography, on a C18 column,
separations of some peaks were obtained, but with low resolution; it gave few major peaks.
The rest of the columns such as cyano, phenyl columns, showed poor separation of the
decoction with one to four major peaks under the different conditions, e.g. mobile phase

(maintenance of organic modifier), pH, flow rate and detection wavelengths.

Mobile phases were deionised water, methanol, PBS, ammonium acetate buffer and their
mixtures water/methanol, water/acetonitrile, ammonium acetate buffer/methanol, ammonium
acetate buffer/acetonitrile, PBS/methanol, ammonium acetate buffer /methanol/THF for
reversed phase-HPLC columns and on amino column were hexane and hexane/isopropanol
with different ratio of mixtures and isocratic and gradient shape and slopes as mentioned in
Section 2.2.4.3. at 198, 206, 216, 220, 226 and 254 nm wavelengths and pHs. There were no

successes on examinations of water with different organic modifiers.

Initially, from all of the above mentioned conditions, the best parameters were: reversed
phase chromatographic column C18 with 10 mM PBS, pH=7.2 at 1 mL/min flow rate at 226
nm wavelength (Figure 8).

Subsequently, Phenomenex introduced the new Luna Pentafluorophenyl propyl (PFP(2))
column in April 2008. To obtain a better separation of these major peaks, the PFP(2) column
was used with the above mentioned conditions which were set for C18 column. In further
examinations, performing with column PFP(2) under the parameters (mobile phase, pH, flow
rate, detection wavelength) a better separation of peaks from the Oldenlandia diffusa

decoction was achieved (shown in Figure 12).

Since gradient elutions are more preferable for biomolecules, the gradient slope and gradient

shape were optimised for gradient elution.

It was necessary to consider not only from the side of cellular biology, but also for the
chemistry analysis. For the further studies, after the separation of the Oldenlandia diffusa

decoction, fractions will be collected and examined on cancer cell lines to choose the more
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cytotoxic fraction(s). After collection of the fractions for cell biology investigations, their
solvent must be appropriate for the cells to be living in. Methanol can be removed easily as
it is an organic volatile solvent. Therefore, PBS was chosen as a buffer for the decoction
separation. But for the chemical analysis, it was complicated to remove the PBS from the
contaminated decoction (fraction(s)) to determine the cytotoxic content(s). Therefore,
another easily removable, simple but adaptable buffer was needed to be used as a mobile
phase. There are some suitable buffers for cells such as MOPS, HEPES, MES, CAPS,
CHES, HEPPS, Tris, Tricine, PIPES, cacodylate and KH,PO4. Unfortunately, the PBS was

the simplest buffer within these above mentioned buffers.

Furthermore, a removable buffer was the best choice for both cell biological and chemistry
analysis. The most suitable simple and easily removable salt which can give similar
separation to PBS was ammonium acetate. Its optimal concentration and pH were
investigated using the PFP(2) column at a 1 mL/min flow rate with methanol with the same
gradient slope of mobile phase. In order to remove the salt, it was necessary to use as low
as possible amount of salt in the mobile phase. Results showed that less than 5 mM and
above 10 mM was not suitable. The resolution of peaks with 5 mM ammonium acetate

buffer was lower than the 10 mM buffer.

Its pH was 6.5, but before with PBS at pH=7.2 good separation was achieved. The buffer
does an excellent job in keeping the pH between 6 and 8, there was almost no difference of
separation between pH=6.5 and 7.2. Therefore, 10 mM ammonium acetate buffer with pH

6.5 were chosen for the separation of Oldenlandia diffusa decoction.

At the beginning, for HPLC method evaluation, a UV detector was used. Therefore, to
determine the most absorbable wavelength for decoction its UV absorbances were
measured on the UV spectrometer, and the following wavelengths 198, 206, 216, 220, 226

and 254 nm were checked for each run. The best wavelength to use was 226 nm.

2.5. Conclusion
The dry mass of Oldenlandia diffusa decoction is 10.24% (w/w), prepared as 5 g of dried
aerial parts of herb boiled with 50 mL of deionised water by refluxing for 45 min, and after

cooling and filtration, make up to 50 mL with deionised water.
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The method that was set up for the separation of Oldenlandia diffusa decoction is:- in
HPLC, using PFP(2) (250 x 4.60 mm, 5 um) column, methanol (A)/10 mM ammonium
acetate buffer (pH=6.5) (B) as a mobile phase with B 100% for 0-10 min, A 100% for 40-
50 min, B 100% for 52-60 min gradient elution at 1 mL/min flow rate and 226 nm with 20

pL injection volume (Ms method).
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Chapter 3. Fraction collection

3.1. Introduction

The fractions were collected from the Oldenlandia diffusa decoction, in order to determine
the most cytotoxic one. It was necessary to remove the ammonium acetate salt from the
fractions for the cell biological (cytotoxicity) assessments. The removal of the salt from the
decoction was investigated using freeze-drying and solid phase extraction methods, and

was performed on collected fractions before the cell biological investigations.

3.1.1. Solid phase extraction

Solid phase extraction (SPE) is an extraction method that uses a solid phase and a liquid
phase to isolate one or one type of analyte from a solution. It is also a useful sample
preparation technique. SPE is more efficient than liquid-liquid extraction. It is rapid and
can be automated. Solid phase extraction is usually used to clean up a sample before using
other analytical methods. They are available in a wide variety of types and sizes [Nijel et
al., 2000]. For example: reversed phase, normal phase, ion exchange, and adsorption
[Eaton et al., 2005]. Selecting the most suitable cartridge for the sample is important. In
our study the RP-SPE was used.

3.1.2. RP-SPE

RP-SPE is a non-polar stationary phase. It includes several SPE materials, such as alkyl- or
aryl-bonded silicas. Thus, LC-18, ENVI-18 (octadecyl bonded, endcapped silica), LC-8,
ENVI-8 (octyl bonded, endcapped silica), LC-4 (butyldimethyl bonded, endcapped silica)
and LC-Ph (phenyl bonded silica) tubes are involved in the reversed phase type.

The LC-18 SPE cartridge was used in our study. It is a monomerically bonded silica. RP-
SPE uses a polar or fairly polar mobile phase and the analyte of interest is typically from
mid to nonpolar [Loconto et al., 2006], [Somenath, 2003]. Organic analytes are retained
from polar solutions (e.g. water) onto these SPE by the nonpolar-nonpolar attractive forces
(van der Waals forces) between the carbon-hydrogen bonds in the analyte and the
functional groups on the silica surface. Then, to disrupt this force that binds the compound
to the silica surface or to elute the adsorbed compound from a RP-SPE tube, a nonpolar

solvent can be used [Leo, 2004]. The general procedure for SPE involves cartridge
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conditioning, sample loading on to the cartridge, then cartridge rinsing and at the end
analyte elution [Lisk et al., 1989], [Takayuki et al., 1998].

3.1.3. Fraction collection

Usually, the purification of natural and biological compounds with any quantity requires
the use of preparative HPLC. It is used to achieve the purified compound(s) of interest
[Satyajit et al., 2006]. However, there are several ways to purify compounds, including
crystallization, SPE, distillation and filtration. Preparative HPLC was the most powerful,

robust and versatile tool for purification [Mann, 1998], [Satyajit et al., 2006].

In this Chapter, manual fraction collection of Oldenlandia diffusa decoction using

preparative HPLC will be discussed.

3.1.4. Fraction collection using preparative HPLC
Fractions can be collected from HPLC by:

1. Peak gradient

2. Peak threshold

3. Time
1- Fraction collecting by peak gradient
Fraction collection by peak gradient can be performed using a fraction collector. In this
fraction collecting method, the fraction collector measures the upslope of peaks. When the
upslope is high enough the fraction collector begins the collection. When the peak has been
reached, the fraction collector measures the down slope and stops collecting when the

gradient of the peak becomes low. Broad, low peaks may be not detected by this method.

2- Fraction collecting by peak threshold

If it is necessary to collect the major peaks and lose the minor peaks, it could be done by
collecting above the ‘peak threshold’. It involves the collection of peaks over a set
threshold (e.g. 10% of total detector response). Collecting by peak threshold or by peak

gradient is also dependent on achieving baseline separation of the peaks.

3- Fraction collecting by Time
The fraction can be collected by a set time period. Sometimes the collected fractions are

not pure, but this method helps narrow the field down to a particular region of the active
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mixture [Satyajit et al., 2006]. In addition, this method can be used for manual fraction
collecting. Firstly, this method is used to create many fractions, especially when studying
the unknowns, and secondly, because of the instrumental condition, the fractions were

manually collected by this method from the Oldenlandia diffusa decoction.

It was necessary to find out some of the following questions:

- What is the delay from the detector to the fraction collecting point?

- Is the collection point correct or not?
There are many factors that affect the ability to collect the fractions. As mentioned above,
the fractions were collected from preparative HPLC using the method which was set up for
the separation of the decoction manually by time. Therefore, the first focusing basic

parameters were delay time and detector settings.

3.1.5. Delay Time
The delay time is the time that an analyte molecule migrates from the detector cell to the
fraction collecting point [Joan et al., & Craig et al., 2003], [Stavros, 2006]. This delay time

can be converted to the flow rate delay volume.

3.1.6. Delay Volume

There is a fixed amount of tubing volume between the detector flow cell and the fraction
collector point or waste output. To collect the fractions, it is important to determine the
delay volume. The time-delay between the signal diverter valve and fraction delay sensor
is the delay time. Depending on the flow rate used for the calibration procedure, the exact
delay volume is automatically calculated by the system and stored in the fraction collector
memory. The precise delay time can be calculated by the system for every flow rate. The

delay volume, V is:
V=hx (d/2)’ x & = h x (d%/4) x 3.14 (1)

Hence, V is delay volume

h is length of tubing

d is internal diameter of tubing [Giddings et al., 1983], [Agilent Application Note,
2002].
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3.1.7. Detector delay

Most detectors have a detector noise filter that smoothes the data output signal. This
detector smoothing process takes time. A delay of 2 or 3 sec can result in the loss of 50%
of the sample, but with fast flow rates (20-200 mL/min), narrow peaks (5-60 sec), and long
time constants, the sample can reach the fraction collector before the software receives the
signal from the detector. Most modern detectors should have the option to set a time

constant at or near zero to minimize this problem.
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3.2. Materials and methods

3.2.1. Materials

The following equipments and materials were used for the fraction collecting experiments:
The HPLC system was the same as mentioned in Chapter-2. In addition, a freeze-drier
(TELSTAR Croydos, model 50, USA), UV-Visible spectrophotometer (Varian, UK), C18
SPE column (Fisher Scientific, UK), PFP(2) analytical column (Luna 250 x 4.60 mm, 5
um, Phenomenex, Germany) and PFP(2) preparative column (Luna 20 cm x 15.1 mm, 5
pum, Phenomenex, Germany) were used. Chemicals used were ammonium acetate (HPLC
grade) (Sigma- Aldrich Inc, Poole, UK) and methanol, acetonitrile (HPLC grade) (Fisher
Scientific Inc, UK).

3.2.2. Methods
3.2.2.1. Sample preparation
Decoction of CHR Oldenlandia diffusa and ammonium acetate buffers were prepared as

mentioned in Chapter 2.

In order to collect the fractions from the Oldenlandia diffusa decoction, the scale of
column was changed from analytical to preparative. As the cytotoxicity of collected
fractions needed to be investigated, the removal of ammonium acetate buffer was

performed using C18 SPE.

3.2.2.2. Removal of salt by SPE

The general procedure for SPE is to load a solution onto the SPE cartridge, wash away
undesired components and then wash off the compounds of interest with another solvent
into a collection tube.

The following five steps were performed for sample cleaning by SPE:

Select the proper SPE cartridge

Condition the SPE cartridge

Add the sample

Wash the packing

N

Elute the compounds of interest
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Step 1. Selecting the SPE tube

To remove the ammonium acetate salt and other inorganic impurities, it was necessary to
select a SPE sorbent that will bind the compounds of interest and the sample impurities. As
our sample sizes were approximately 50-200 mL in ammonium acetate buffer (pH=6.5)
and separated by reversed phase chromatography column, C18 SPE with 6 mL capacity

was used.

Step 2. Conditioning the SPE tube

Before extracting the sample, the tubes were washed with 10-12 mL of acetonitrile,
followed by deionised water and resultant equilibration. Reversed phase type silicas and
nonpolar adsorption media are usually conditioned with a water-miscible organic solvent
such as acetonitrile and methanol. The SPE tubes were washed two times with twice their
volume of acetonitrile. Acetonitrile wets the surface of the sorbent and penetrates bonded

alkyl phases. After that the silica surface were washed twice with water to let it get wet.

This pre-conditioning is used to remove any impurities on the SPE cartridge and aids
wetting the surface area to ensure a maximum contact with analytes [Lisk et al., 1989],

[Takayuki et al., 1994].

Step 3. Loading a solution on SPE tube
The sample solution was accurately transferred to a SPE C18 tube, using a micropipette.

Total sample volume for each tube did not exceed 6 mL volume.

The sample solution slowly passed through the extraction tube, using vacuum. Generally,
the flow rate should not exceed 5 mL/min for SPE tubes. As the flow rate can affect the
retention of certain compounds, the sample solution passed with 2.5 mL/min drop wise
flow rate. When the sample was passed through the SPE tube, the selected components

were retained. The effluent contains the sample without the adsorbed components.
Step 4. Washing away undesired components

As the compounds of interest were retained on the packing, unwanted materials and

impurities were washed off using the water.
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Step 5. Washing the compounds of interest with another solvent into a collection tube

The SPE tubes were rinsed with 10-12 mL volume of acetonitrile (a solution that removes
compounds of interest) with 2.5 mL/min wise flow. The eluates were collected for further
analysis.

Acetonitrile of collected eluate was evaporated on rotary-evaporator at 40 °C under
vacuum. Then, the dry residue was dissolved back in water in order to bring it back to the
same condition as the decoction and investigated by the Ms method which was set up for

the decoction separation on HPLC.

3.2.2.3. Removal of ammonium acetate salt by freeze-drying
5 mL of prepared 10 mM ammonium acetate buffer was once, double and triple freeze-
dried and 5 mL of deionised water was added back to round bottom flask and the

absorbances of samples were measured by UV spectrometer.

3.2.2.4. Setting up the fraction collection method

Delay time for the preparative column was calculated using equation (1 and 2).

In addition, it was checked by injection of naphthalene to RP-HPLC, using the separation
method which set up for the decoction on preparative column, but at 20 mL/min flow rate.
Then, 1-5 fractions were collected at 5 seconds intervals, including before the naphthalene
peak elution, on the naphthalene peak elution and after the naphthalene peak elution points.

Their UV absorbances were measured with a UV spectrophotometer (Figures17-21).

3.2.2.5. Fraction collection

Fraction collection from the Oldenlandia diffusa decoction was performed on HPLC, on
PFP(2) (Luna 20 cm x 15.1 mm, 5 pm) preparative column using Ms method at 20 mL/min
flow rate (Msp method) by the time intervals of 2.0-4.0, 4.0-7.0, 7.0-17.0, 17.0-20.9, 20.0-
24.0, 24.0-29.0, 29.0-33.5, 33.5-36.5, 36.5-41.5, 41.5-50.0 and 50.0-60.0 min.

3.2.2.6. UV absorbance of each fraction
UV absorption measurements were taken from each collected fraction using a UV
spectrophotometer (at 200-700 nm) to ascertain the best absorbing wavelength for future

studies.
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3.2.2.6. Preparation of collected fractions for cell cytotoxicity investigation

All collected 11 fractions were evaporated on rotary-evaporator at 40 °C under vacuum.
Then, each fraction was passed through the C18 SPE. Solvents were evaporated on a
rotary-evaporator at 40 °C under vacuum and then connected to a freeze-drier to get a dry

residue for each fraction.
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3.3. Results
The chromatographic trace of the decoction on analytical and preparative scale columns

remained the same.

3.3.1. Removal of salt by SPE

To remove the ammonium acetate salt from the sample, C18 SPE tube was used. The
decoction was passed through the SPE and post-extraction sample was investigated back
on HPLC using the same method as used for the separation (Ms method).

Results are shown below:
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Figure 13. Chromatogram for Oldenlandia diffusa decoction (before SPE) using Ms
method.
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Figure 14. Chromatogram for the post-extraction (after SPE passed) Oldenlandia diffusa
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decoction using Ms method.
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3.3.2. Removal of ammonium acetate salt by freeze-drying

Results for the ammonium acetate salt removal by freeze-drying are shown in Figures 15-

18.
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Figure 15. UV spectra of 10 mM ammonium acetate buffer.
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Figure 16. UV spectra of one time freeze-dried 10 mM ammonium acetate buffer.
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Figure 17. UV spectra of double freeze-dried 10 mM ammonium acetate buffer.
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Figure 18. UV spectra of triple freeze-dried 10 mM ammonium acetate buffer.

3.3.3. Setting up the fraction collection method
The fractions from Oldenlandia diffusa decoction were manually collected from HPLC by
time interval. For that, it was necessary to determine the delay time. The delay time for the

preparative column was calculated as follows:
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V=hx (d/2)* x 1 =h x (d*/4) x 3.14 (1)

V-delay volume
h- length of tubing (200 mm)

d- internal diameter of tubing (0.5 mm)

Delay time, t = V/v ()
v- flow rate

So,
V= (200 mm x (0.5 mm) %/4) x 3.14 = 39.25 ul (10°L= mm3)

If the flow rate is 20 mL/min, then delay volume would be 0.118 seconds.

In addition, naphthalene was used as a control to clarify the delay time, and collected
fractions’ (1-5) UV absorbances were measured using UV spectrometer and the results

follow.
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Figure 19. UV spectra of fraction-1, 10 seconds before the naphthalene peak collected from
the HPLC on prep PFP(2) column using Msp method.
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Figure 20. UV spectra of fraction-2, 5 seconds before the naphthalene peak collected from
the HPLC on prep PFP(2) column using Msp method.
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Figure 21. UV spectra (at 275 nm) of fraction-3 which is the naphthalene peak collected
from the HPLC on prep PFP(2) column using Msp method.
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Figure 22. UV spectra (at 275 nm) of fraction-4, 5 seconds after the naphthalene peak
collected from the HPLC on prep PFP(2) column using Msp method.
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Figure 23. UV spectra of fraction-5, 10 seconds after the naphthalene peak collected from

the HPLC on prep PFP(2) column using Msp method.

3.3.4. Fraction collection
There were 11 fractions (F1-F11) collected from the Oldenlandia diffusa decoction using

the separation method on preparative column.
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Table 3. Collected fractions and their time intervals.

Fractions, No Collected time !
intervals, min

Fl 2.0-4.0

F2 4.0-7.0

F3 7.0-17.0
F4 17.0-20.0
F5 20.0-24.0
F6 24.0-29.0
F7 29.0-33.5
F8 33.5-36.5
F9 36.5-41.5
F10 41.5-50.0
F11 50.0-60.0

3.3.5. UV absorbance of each fraction
UV absorption measurements were taken from each collected fraction using UV

spectrophotometer. UV absorption of each fraction showed in Figures 24-34.

200 400 600 800
Wavelength (nm)

Figure 24. UV absorbance (at 245 nm) of fraction F1 that collected from the Oldenlandia
diffusa decoction using Msp method.
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Figure 25. UV absorbance (at 244 and 281 nm) of fraction F2 that collected from the
Oldenlandia diffusa decoction using Msp method.
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Figure 26. UV absorbance (at 273 nm) of fraction F3 that collected from the Oldenlandia
diffusa decoction using Msp method.
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Figure 27. UV absorbance (at 273 and 314 nm) of fraction F4 that collected from the
Oldenlandia diffusa decoction using Msp method.
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Figure 28. UV absorbance (at 239, 278 and 320 nm) of fraction F5 that collected from the
Oldenlandia diffusa decoction using Msp method.
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Figure 29. UV absorbance (at 236 and 315 nm) of fraction F6 that collected from the
Oldenlandia diffusa decoction using Msp method.

2.0

Ab

10

200 400 600 800
Wavelength (nm)

Figure 30. UV absorbance (at 236 and 315 nm) of fraction F7 that collected from the
Oldenlandia diffusa decoction using Msp method.
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Figure 31. UV absorbance (at 224 and 269 nm) of fraction F8 that collected from the
Oldenlandia diffusa decoction using Msp method.
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Figure 32. UV absorbance (at 221 and 255 nm) of fraction F9 that collected from the
Oldenlandia diffusa decoction using Msp method.
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Figure 33. UV absorbance of fraction F10 that collected from the Oldenlandia diffusa

decoction using Msp method.
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Figure 34. UV absorbance of fraction F11 that collected from the Oldenlandia diffusa

decoction using Msp method.
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3.3.6. The amount of collected fractions

In order to prepare sample fractions for cell biological studies, each fraction was passed
through the C18 SPE and dried on a rotary-evaporator at 40 °C under vacuum and then
connected to freeze-drier to get the dry residue of each fraction. Dry residues weights
were: F1=0.8 mg, F2=1.2 mg, F3=6.6 mg, F4=2.9 mg, F5=3.0 mg, F6=1.6 mg, F7=3.5 mg,
F8=1.6 mg, F9=0.7 mg, F10=5.0 mg and F11=0.8 mg.
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3.4. Discussion
The aim of this part of the study was to collect the fractions from the Oldenlandia diffusa

decoction and prepare the correct sample for a cell biology study.

At first, the chromatographic trace remained the same in both analytical and preparative
scale columns. For the preparative PFP(2) (Luna 20 cm x 15.1 mm, 5 pm) column, the
flow rate and injection volumes used were 20 mL/min and 2 mL, respectively. Therefore,
the fractions can be collected from this column using the separation method which was set
up for the decoction. Prior to this, it was necessary to find out the best way to get the good
samples for cell biology studies. For this reason, the ammonium acetate salt was removed
using C18 SPE tubes. To make sure that the contents remained the same in the post-
extraction decoction, the sample was investigated using HPLC under the same conditions
and by same method used in the decoction. As a result, it was clearly shown that the traces
remained the same in both Oldenlandia diffusa decoction and post-extraction decoction,

however, the quantity was lowered in the latter one (shown in Figures 13 and 14).

In addition, in some publications it was shown that the ammonium acetate salt can be
removed by double or triple freeze-drying [Anthony ef al., 1977], [Berne & Alan, 1983],
[Rainer et al., 1990]. Therefore, the removal of the salt was investigated using a freeze-
dryer and subsequently by measuring the absorbances on a UV spectrometer. The UV
cutoff of 10 mM ammonium acetate is <200 nm [Yuri & Rosario 2007]. The ammonium
acetate salt was reduced or removed after double and triple freeze-drying as there were no

(or little) absorbances that could be measured on a UV spectrometer (see Figures 15-18).

For the fraction collection, the length of tube was 200 mm, because the fractions were
manually collected from the waste tubing. Therefore, the delay time was 0.118 second and
flow rate used was 20 mL/min; thus fractions were collected when the detector response

signal is initiated and stopped when the peak drops back down to baseline.

Naphthalene was used to verify that the collection point was correct. In the fraction 4 of
naphthalene, which was collected after 5 seconds elution of the naphthalene peak (refer to
Figures 19-23), contained approximately 28% of the sample amount. So, the collected

fractions will contain the certain amount of the previous peak (cross over).
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Furthermore, there were 11 fractions (F1-F11) collected from the Oldenlandia diffusa
decoction using the separation method which was set up for the decoction separation, and
their UV maxima were 245 nm (F1), 244 and 281 nm (F2), 227 and 273 nm (F3), 273 and
314 nm (F4), 239, 278 and 320 nm (F4), 269 nm (F6), 236 and 315 nm (F7), 224 and 269
nm (F8), 221 and 255 nm (F9), and only at 200 nm for F10 and F11.

In order to remove ammonium acetate salt, each fraction was passed through the C18 SPE,
and then solvents were removed on the rotary-evaporator at 40 °C under vacuum. Then,
fractions were dried on freeze-dryer. A final weight of each fraction was calculated and

were between 0.7-6.6 mg.

3.5. Conclusion

Eleven fractions (F1-F11) were collected from Oldenlandia diffusa decoction from HPLC,
using prep PFP(2) (Luna 20 cm x 15.1 mm, 5 um) preparative column, methanol (A)/10
mM ammonium acetate buffer (pH=6.5) (B) as a mobile phase with B 100% for 0-10 min,
A 100% for 40-50 min, B 100% for 52-60 min gradient elution at 20 mL/min flow rate and

226 nm wavelength at time interval (Msp method).

Mobile phase modifier ammonium acetate salt was successfully removed from fractions

using a C18 SPE tube and freeze-drying.
The amount of collected fractions from one run were F1=0.8 mg, F2=1.2 mg, F3=6.6 mg,

F4=2.9 mg, F5=3.0 mg, F6=1.6 mg, F7=3.5 mg, F8=1.6 mg, F9=0.7 mg, F10=5.0 mg and
F11=0.8 mg.
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Chapter 4. Inhibition of growth of cancer cell lines in vitro by Oldenlandia diffusa

decoction

4.1. Introduction
CMRs have been traditionally used to prevent and treat many kinds of diseases, especially

autoimmune diseases and cancers [Cheng, 2000], [Li, 1986].

In order to determine the possible cytotoxic compound(s) presenting in the decoction of
Oldenlandia diffusa and the cytotoxic action of ammonium acetate buffer and collected
fractions (F1-F11) from HPLC were investigated on HL60 and Caco-2 cancer cell lines in
vitro. However, ammonium acetate salt can be removed by SPE; its toxic effect was
examined on the HL60 cell line. In addition, in some sources, it was confirmed that the
ammonium acetate salt can be removed by freeze-drying (2-3 times) [Demsey et al., 1977],

[Berne & Alan, 1983], [Rainer et al., 1990].

4.1.1. The cytotoxic potential of CHR Oldenlandia diffusa

CHR Oldenlandia diffusa is traditionally used for the treatment of malignant tumours of
lung, liver and stomach [Joe, 2006], [Shan et al., 2001]. The anti-cancer effect of CHR
Oldenlandia diffusa is well established. For example, ursolic acid which was isolated from
a methanol extract of Oldenlandia diffusa demonstrated a significant inhibition of the
proliferation of cultured tumour cells: A549 (human lung), SK-OV-3 (ovary), SK-MEL-2
(skin), XF498 (brain), HCT-15 (colon), SNU-1 (stomach), L1210 (murine leukaemia) and
B16-F-0 (murine melanoma). A study suggested that UA had an apoptotic effect on HL60
cells [Shan et al.,, 2001]. The effect of water extract of Oldenlandia diffusa was
investigated on a cell lung cancer cell line (H69), a multi-drug resistant small cell lung
cancer cell line (H69VP) and a normal lung epithelium cell line (BEAS-2) [Sadava et al.,
2002]. IC50 values showing the concentration of Oldenlandia diffusa needed to inhibit the
growth of each cell line by 50% over 4 days revealed Oldenlandia diffusa to be equally
toxic to the H69 and H69VP cell lines. Also, it showed a not significantly reduced effect
on the normal BEAS-2 cell line at the same concentration. Apoptosis was observed in both

the H69 and H69VP ceil lines after exposure to Oldenlandia diffusa [Gupta et al., 2004].

In addition, Oldenlandia diffusa enhanced the induction of allo-antigen specific cytotoxic

T lymphocytes and stimulated macrophages to produce interleukin-6 and tumour necrosis
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factor. The results suggest that Oldenlandia diffusa has immunomodulating activity in vitro
and this activity could be used clinically for the modulation of immune responses [Chung
et al., 1998]. Some researchers studied immunomodulatory activity and anti-tumour
activity of Oldenlandia diffusa in vitro, they proved that Oldenlandia diffusa has
immunomodulating activity and anti-tumour activity in vitro through stimulating the
immune system to kill or engulf tumour cells, which could be used clinically for immune

function modulation and to treat tumour and other diseases [Shan et al., 2001].

Furthermore, some researchers studied the anti-cancer activity of the water extract of
Oldenlandia diffusa on the HL60 leukaemic cell line, and compared this effect to that of
water extracts of Oldenlandia diffusa on PBLs (primary human blood lymphocytes), in
order to look for evidence of Oldenlandia diffusa inducing cancer cell-specific cytotoxic
activity. It was shown that the aqueous extract of Oldenlandia diffusa was found to be
directly toxic to the HL60 cell line, inducing apoptosis via some form of activity specific to

these cells [Willimott et al., 2007].

Cytotoxicity study may involve the use of an in vivo model or an in vitro model [Davila et
al, 1998]. Cytotoxicity can be studied with greater reproducibility, less expense, fewer
ethical and safety concerns, and with greater detail and considerably faster in vitro model
[Davila et al, 1998]. However, sometimes results found in vitro studies do not translate
well to real life. The cytotoxic potential of decoction can be assessed in vitro using cancer

cell lines by examining one of the characteristics related with toxicity.

4.1.2. Cancer cell

Cancer cells can be obtained by removing the malignant tumour by dissociating the tissue
into its separate cells. Then, culturing the cells in vitro in the laboratory. There are many
lines of cultured cells that have been collected from human tumours. The behaviour of
cancer cells can be easily studied when the cells are growing in the culture [Karp, 2008].
Cancer cells can usually grow on much simpler culture medium than the normal cells’

[Cancer cells in culture, 2004].

In this study, HL60 and Caco-2 cell lines were used for investigation of the Oldenlandia

diffusa decoction and its fractions. This was because Oldenlandia diffusa showed cytotoxic
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effect on HL60 cell line [Willimott et al., 2007], and Caco-2 cell line is a colon carcinoma

cell line.

4.1.3. HL60 cell line
The HL60 cell line was established in 1977 from with acute promyelocytic leukaemia. It
provides a unique in vitro model system for studying the cellular events involving the cell
proliferation [Collins et al., 1977], [Collins et al., 1987]. HL60 cells spontaneously
differentiate and differentiation can be stimulated by butyrate, hypoxanthine, phorbol
myristic acid (PMA, TPA), dimethylsulfoxide (DMSO, 1% to 1.5%), actinomycin-D and
retinoic acid [Collins et al., 1978]. The cells exhibit phagocytic activity and responsiveness
to chemotactic stimuli [Gallagher et al., 1979]. Some details of these cells are following:

- Morphology is lymphoblast-like

- Species is human, Caucasian female 36 years old

- Tissue: peripheral blood

- Growth properties: Suspension

- Tumor is leukaemia, promyelocytic

- Properties: phagocytosis; antitumour testing; differentiation; pharmacodynamics;

cloning; Susceptible to: HIV-1, HTLV-1.

Complete growth medium for HL60 cell line is RPMI 1640 with 2 mM glutamine and 10-
20% Foetal Bovine Serum (FBS). Growth atmosphere and temperature are 5% CO, and
37°C, respectively. Its freezing conditions are: RPMI 1640 medium with 20% FBS and
10% DMSO [ECCAC, 2008].

4.1.4. Caco-2 cell line

This is a human colonic carcinoma cell. When cells reach confluence, they show
characteristics of enterocytic differentiation [Jumarie & Malo, 1991]. Caco-2 cells express
retinoic acid binding protein I and retinol binding protein II [Wang et al., 2007]. Some

important details of these cells are:

- Morphology is epithelial

- Species is human, Caucasian female 72 years old
- Tissue is colon

- Growth properties are adherent

- Tumor is colorectal adenocarcinoma.
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Caco-2 cells’ complete growth medium is Dulbecco's Modified Eagle Medium (DMEM)
with 2 mM glutamine, 1% Non essential amino acids (NEAA) and 10% FBS. Growth
atmosphere and temperature are 5% CO, and 37 °C, respectively. During routine
subculture, the cells should always be subcultured before they achieve confluence.
Freezing conditions are: FBS with 10% DMSO [ECCAC, 2007].

The cytotoxicity can be examined by one of a number of characteristics associated with
toxicity which includes inhibition of cell proliferation, decreased metabolic activity and
decreased cell viability [NIH, 2001].

4.1.5. Cytotoxicity Assays

Cytotoxicity is the quality of toxicity to living cells. Treating the cells with a cytotoxic
compound can result in a variety of cell changes [Riss & Moravec, 2004], [Promega,
2007].

Generally, there are three groups of cytotoxicity assays which are based on their

measurement parameters.

At first, the often tested assay type is the measurement of cellular metabolic activity. The
reduction in metabolic activity is an early sign of cellular damage. Therefore, tests which
can measure metabolic function measure cellular ATP levels or mitochondrial activity, e.g.

MTT Assay [Todd et al., 1999].

The second group of assays are based on the measurement of membrane integrity. When
cells are damaged or lose their membrane integrity they become leaky, so membrane
integrity can be determined by measuring lactate dehyrogenase (LDH) in the extracellular
medium. Some assays measure the uptake of fluorescent dye that is normally excluded
from intact cells. These effects on membrane integrity are indication of more serious injury

and could lead to cell death [Decker & Lohmann-Matthes, 1988].

In the third, there are some assays which measure cell number, since dead cells normally
detach from a culture plate and are washed away in the medium. Cell numbers can be
measured by direct cell counting or by the measurement of total cell protein or DNA,
which is proportional to the number of cells, for example CYQUANT NF assay and neutral
red uptake assay [Todd et al., 1999].
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4.1.6. Cytotoxicity Assays performed in the present assessment

4.1.6.1. Trypan blue

Trypan blue is a blue acidic dye that contains two azochromophores [Green, 1990]. Trypan
blue has been used in vital staining of various tissues [Lillie et al., 1977]. The reaction of
this vital dye is based on the fact that the chromopore is negatively charged and does not
interact with the cell, if the membrane is not damaged. Therefore, all dead cells are
coloured as blue and the cells which are alive are excluded from the dye. Therefore, this
staining method is named a dye exclusion method [Freshney, 1987]. The trypan blue

exclusion method cannot distinguish whether there is necrotic or apoptotic cell death.

4.1.6.2. CyQUANT NF assay

Invitrogen’s CYQUANT NF cell proliferation kit was used to measure cytotoxicity of the
decoction and its separated and collected fractions. Manual cell counting on a
haemocytometer using trypan blue was too time consuming for the numbers of assays and
replicates, so the CYQUANT NF assay was performed. This assay kit was very good for

counting large numbers of cell samples.

The CyQUANT NF assay is based on measurement of cellular DNA content via
fluorescent dye binding. Because cellular DNA content is highly regulated, it is
proportional to cell number. The degree of proliferation is determined by comparing the
treated cell numbers (treated with compounds of interest) to untreated cell numbers
(controls). The CyQUANT NF cell proliferation assay kit provides a fast (can be
completed in one hour) and sensitive method for counting cells. This method is more
sensitive than MTT and AlamarBlue assays. It has a linear detection range from 100 to
20,000 cells/well. The CyQUANT NF assay protocol has few steps such as aspiration of
growth medium (for adherent cells), replacement with dye binding solution, incubation for
30-60 minutes, and then measurement of fluorescence in a microplate reader [Molecular

Probes, 2006], [Lansing et al., 2006]

4.1.6.3. Neutral red uptake assay
The neutral red method was developed by Borenfreund and Puerner [Borenfreund &
Puerner, 1985]. It is simple, accurate method and gives reproducible results [Jones ef al.,

1999].
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The neutral red uptake (NRU) assay system measures the living cells via the uptake of the
vital dye neutral red (basic red 5, toluylene red). Viable cells take up the dye by active
transport and incorporate the dye into lysosomes, whereas non-viable cells will not take up
the dye. After the incorporation of the dye, cells are washed with an acidified ethanol
solution, thus the incorporated dye is then liberated from the cells. NRU assay kit includes
the following components: neutral red solution. 0.33% in D-PBS 20 mL, NR assay.
Fixative, 0.1% CaCl, in 0.5% formaldehyde 125 mL and NR assay solubilization solution,
1% acetic acid in 50% ethanol 125 mL [Triglia et al., 1989].
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4.2. Materials and methods

4.2.1. Materials

The HL60 cell line and Caco-2 cell line were obtained from The European Collection of
Cell Cultures (ECACC, Sailsbury, UK). DMEM, L-glutamine, NEAAs, RPMI 1640 were
purchased from Gibco, Paisley, UK.

Actinomycin-D (cell culture tested), ammonium acetate (HPLC grade), CyQUANT NF
assay kit, trypan blue and NRU Kit were purchased from Sigma, Poole, UK.
Haemocytometer, 0.20 pm and 0.45 pm sterile filter were obtained from Nalgene,
Hereford, UK. All used consumables such as 96 well plates, 24 well plates, sterile pipettes,

eppendorf tubes, universals were Nunc and Corning (Gibco, Paisley, UK).

4.2.2. Methods

4.2.2.1. Cell culture

The HL60 cancer cell line was grown in complete growth RPMI 1640 medium containing
2 mM glutamine, 10% FBS. The Caco-2 cancer cell line was grown in complete growth
medium DMEM containing 10% v/v FBS, 2 mM L-glutamine and 2 mM NEAAs. All cell
lines were grown and incubated at 37 °C in an atmosphere containing 5% CO,. Cells were
subcultured when the concentrations reached to 10° cells/mL, and diluted to 10%*-10°
cells/mL, thereby maintaining a stock solution containing cells at concentrations ranging

from 10° to 10° cells/mL.

4.2.2.2. Preparation of samples
Preparation of decoction

Oldenlandia diffusa decoction was prepared as mentioned in Chapter 2.

Preparation of the collected fractions
All collected and prepared fractions (F1-F11) from the decoction (see Chapter 3) were
dissolved back in cell growth complete medium in DMEM and RPMI with 0.35 mg/mL

concentration.
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Preparation of ammonium acetate buffer
10 mM ammonium acetate buffer was prepared as mentioned in Chapter 2. There were
three different concentrations of ammonium acetate buffers (10 mM, 1 mM and 2 times

freeze-dried) investigated on cancer cell lines.

Preparation of CyQUANT NF assay kit

1. To prepare 11 mL of 20% Hank’s balanced salt solution (HBSS) buffer, 2.2 mL of stock
HBSS buffer was diluted with 8.8 mL of deionised water.

2. To prepare 50% dye binding solution, added 22 pL of CyQUANT NF dye reagent to 5.5
mL of 20% HBSS buffer.

Preparation of NRU assay kit

Neutral red solutions were freshly prepared before the experiment

1- Neutral red solution was prepared with 40 pg/mL concentration in phenol red free
DMEM.

2- Neutral red assay fixative was prepared with 0.1% concentration of CaCl, in 125 mL
0.5% concentration of formaldehyde.

3- Neutral red assay solubilization solution was prepared with 1% concentration of acetic

acid in 125 mL 50% concentration of ethanol.

4.2.2.3. Cytotoxic effect of the ammonium acetate buffers on HL60 cell line

The cytotoxic effect of ammonium acetate buffer (1.0 mM, 10 mM and double freeze-
dried) was investigated on HL60 cancer cell line by the trypan blue exclusion method.
HL60 cells were seeded on 24 well plates with 1x10° cells/mL density and treated with
ammonium acetate samples for 48 hours at 37 °C in an atmosphere containing 5% CO,.

Cell viability was determined by the trypan blue exclusion method.

4.2.2.4. The determination of the cytotoxic effect of Oldenlandia diffusa decoction and
its collected fractions (F1-F11) on HL60 cell line using trypan blue and CyQUANT
NF assay.

HL60 cells were grown in RPMI 1640 medium and the cells with 18-19 passage numbers
were seeded to 96 well plates with 1x10* cells/well density. The Oldenlandia diffusa
decoction (0.35 mg/mL and 2.5 mg/mL), fractions (F1-F11) (0.35 mg/mL), negative
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control (medium) positive control actinomycin-D (10 pg/mL) were added to HL60 cells

and incubated for 48 hours at 37 °C in an atmosphere containing 5% CO,.

After the incubation period, 20 pL of treated cell suspension were taken from each well
and placed in an eppendorf tube and 20 uL of 0.4% of trypan blue were added to each tube
and mixed gently. Stained cells (10 pL) were placed in a both chambers of
haemocytometer, and the numbers of viable cells were counted. The average number of

cells in each quadrant were calculated and multiplied by 2x1 0* to find cells/mL.

The rest of the treated cells were transferred to eppendorf tubes and sedimented by
centrifugation at 150 x g for 5 minutes. Then, the supernatant was removed and the cells
resuspended in 100 uL of CyQUANT NF assay. The 96 well microplate was covered and
incubated at 37 °C for 45 minutes as this incubation period is required for equilibration of
dye-DNA binding. After that, the fluorescence intensity of each sample was measured
using a fluorescence microplate reader with excitation at 485 nm and emission detection at

530 nm. Fluorescence measurements were performed at ambient temperature.

4.2.2.5. The determination of the cytotoxic effect of Oldenlandia diffusa decoction and
collected fractions on Caco-2 cell line using NRU assay.

Caco-2 cells were grown in DMEM under the same conditions as above. The cells with
passage number 58-59 were seeded to 96 well plates with 2x10* cells/well density.
Oldenlandia diffusa decoction (0.35 mg/mL and 2.5 mg/mL), fraction F4 and F9 (0.35
mg/mL), negative control (medium) and positive control actinomycin-D (10 pg/mL) were
added to Caco-2 cells and were incubated for 48 hours at 37 °C in an atmosphere

containing 5% COa.

After the incubation period, the routine culture medium (with test chemical) was carefully
removed and 200 uL of NRU (40 ug/mL) was added to all wells including the blanks. The
96 well microplate was incubated at 37+0.5 °C, 90+5% humidity, and 5.0+£0.5% COy/air
for 2 and 1/2 hours, and then NRU was removed. The cells were carefully rinsed with 200
pL of pre-warmed D-PBS. After this, exactly 200 pL of neutral red desorb (ethanol/acetic
acid) solution was added to all wells, including blanks. Microplate was protected from
light by using a cover and agitated on a plate shaker for 30 minutes to extract neutral red

from the cells and form a homogeneous solution.
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After this, the absorption (within 60 minutes of adding neutral red desorb solution) of the
resulting coloured solution were measured at 540 nm in a microplate reader

(spectrophotometer).

4.2.2.6. Data presentation and statistical analysis

Data for the cytotoxicity study are expressed as mean + standard deviation from the mean.
The mean values of each fraction were compared to control values using ANOVA. One-way
ANOVA with Dunnett’s post test was performed using GraphPad Prism version 5.00 for
Windows, GraphPad Software, San Diego California USA.
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4.3. Results

4.3.1. Cytotoxic effect of the ammonium acetate buffer on HL60 cell line

Results from the assessment of the toxic effect of ammonium acetate buffer on HL60 are
shown a Figure 33 as cell viability V=81.07+2.39% (n=3) for 10 mM ammonium acetate
buffer, V=94.91+13.02% (n=3) for 1 mM ammonium acetate buffer and V=99.21+3.58%

(n=3) for freeze-dried ammonium acetate buffer.
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Figure 35. Cell viability, V% (n=3) of 10 mM, | mM and freeze-dried ammonium acetate

buffers and negative control treated HL60 cells, assessed using trypan blue exclusion

method.

4.3.2. The determination of the cytotoxic effect of Oldenlandia diffusa decoction and
its collected fractions (F1-F11) on HL60 cell line using trypan blue and CyQUANT
NF assay Kit.
The cytotoxicity study showed that the decoction has a toxic effect on HL60 and Caco-2
cell lines. In addition, some collected fractions showed a cytotoxic activity on both cell
lines. As a result, the viability percentage (V%) by trypan blue exclusion method were:

- Oldenlandia diffusa (2.5 mg/mL) V=0.48+0.41%,

- Oldenlandia diffusa (0.35 mg/mL) V=41.16+3.15%,

- Positive control-actinomycin-D (10 pg/mL) V=0.89+0.19%,

- F1 V=105.79+2.41%,

- F2 V=82.12+£3.42%,

- F3 V=69.99+19.34%,

- F4 V=61.52£21.90%,

- F5V=60.58+13.61%,
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F6 V=54.50+7.22%,

- F7 V=67.25+17.16%,

- F8 V=73.69+16.36%,

- F9 V=37.611£9.39%,

- F10 V=93.59+15.33%,

- F11 V=78.14+8.37% (0.35 mg/mL) (Figure 34).

Results showed a significant difference (p<0.05) of Oldenlandia diffusa decoction (2.5
mg/mL and 0.35 mg/mL), fraction F3, F4, F5, F6, F7, F9 and positive control against the
negative control (ANOVA, Dunnett’s Post-test).

The viability percentage (V%) by CYQUANT NF assay method were:
- Oldenlandia diffusa (2.5 mg/mL) V=13.65+2.71%;
- Oldenlandia diffusa (0.35 mg/mL) V=25.57+6.17%;
- Positive control-actinomycin-D (10 pg/mL) V=12.00+0.21%,
- F1V=97.13+17.09%,
- F2 V=93.40+0.91%,
- F3V=86.98+11.92%,
- F4V=76.74%5.42%,
- F5V=77.74£7.65%,
- F6 V=85.56+6.35%,
- F7 V=86.95+5.20%,
- F8 V=81.36+7.79%,
- F9 V=62.16+7.32%,
- F10 V=101.55+14.64%,
- F11 V=103.83 +3.30% (0.35 mg/mL).

Results showed a significant difference (p<0.05) of Oldenlandia diffusa decoction (2.5
mg/mL and 0.35 mg/mL), fraction F4, F5, F9 and positive control against the negative
control (ANOVA, Dunnett’s Post-test) (Figure 37).

Figures for investigation of cytotoxicity activity of Oldenlandia diffusa decoction and its
fractions (F1-F11) compared to negative control (medium) and positive control

actinomycin-D.
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Figure 36. Cell viability, V% (n=3) of Oldenlandia diffusa decoction (0.35 mg/mL and 2.5

mg/mL), fractions (F1-F1 1) (0.35 mg/mL), negative control (medium) and positive control

actinomycin-D (10 pg/mL) treated HL60 cells, using trypan blue method. The control was

set to 100%.
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Figure 37. Cell viability, V% (n=3) of Oldenlandia diffusa decoction (0.35 mg/mL and 2.5
mg/mL), each fraction (F1-F11) (0.35 mg/mL), negative control (medium) and positive
control actinomycin-D (10 pg/mL) treated HL60 cells, by CyQUANT NF assay.

4.3.3. The determination of the cytotoxic effect of Oldenlandia diffusa decoction and
collected fractions on Caco-2 cell line using NRU assay.
This showed a greater toxic effect on the Caco-2 cell line, killing the cells within 48 hours
of exposure with statistically significant (p<0.05) effect. Viability percentages (V%) were:
- Oldenlandia diffusa (2.5 mg/mL) V=50.04+1.4%;
- Oldenlandia diffusa (0.35 mg/mL) V=66.63+9.7%;
- Positive control-actinomycin-D (10 pg/mL) V=37.00+6.0%,
- F9 v=32.05+£7.9%
- F4 V=86.26+2.4% (see Figure 36).

There were significant differences on all treatments (decoctions, fraction F4, F9 and

positive control) against the negative control (ANOVA, Dunnett’s Post-test).
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Figure 38. Cell viability, V% (n=3) of Oldenlandia diffusa decoction (0.35 mg/mL and 2.5

mg/mL), fractions F9 and F4 (0.35 mg/mL), negative control (medium) and positive

control actinomycin-D (10 pg/mL) treated Caco-2 cells, using NRU assay.
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4.4. Discussion
The aim of this cytotoxicity investigation was to determine the cytotoxic potential of the
Oldenlandia diffusa decoction and its separated fractions in order to choose the most

cytotoxic part of it.

The results of these above experiments showed that the decoction has a significant
cytotoxic effect (p<0.05) on HL60 (Oldenlandia diffusa (2.5 mg/mL) V=0.48+0.41%,
trypan blue, and V=13.65+2.71%, CyQUANT NF assay) and Caco-2 cell lines
(V=50.04+1.4%) in vitro test system.

There were three different investigation methods used for cytotoxic activity of the
Oldenlandia diffusa decoction and its fractions on HL60 and Caco-2 cells. The
conventional trypan blue exclusion method was used as a control for this experiment. The
trypan blue exclusion method was time consuming to do for replicate experiments.
Therefore, the CYQUANT NF cell proliferation assay, which is based on the incorporation
of thymidine analogs such as 3H thymidine or bromodeoxyuridine (BrdU) during DNA
synthesis or on measurement of metabolic activity indices such as oxidoreductase activity
or ATP levels was used [Lansing et al., 2006]. Significant differences were indicated in this
assessment (ANOVA, p<0.05).

As viability percentage of cells, the most cytotoxic effect occurred on the decoction (0.35
mg/mL) (by trypan blue: V=4.16+3.26%; CyQUANT NF assay: V=25.6+6.17%) and then
F9 (0.35 mg/mL) (by trypan blue: V=37.61+9.39%; CyQUANT NF assay:
V=62.2+7.32%), then F4 (0.35 mg/mL) (by trypan blue: V=61.52+21.90; CYQUANT NF
assay: V=76.7£5.42%) from the all the collected fractions (F1-F11) which were separated
and collected from the decoction on HPLC.

Overall the trypan blue assay returned lower values of viability than the CYQUANT NF
assay. One reason for this may be that the CyQUANT dye detected DNA in unviable but
still left cells, where as such cells would appear blue and be deemed non-viable in the trypan
blue assay. Thus, the CYQUANT NF assay may overestimate the number of viable cells.
However, the use of both assays was essential in confirming the relative effects of the
decoction and fractions. The effects of the decoction at 0.35 mg/mL were not very much

different to its effects at the higher concentration.
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In addition, the decoction exhibited cytotoxic effects in vitro on Caco-2 colon cancer line.
The cell viability was determined using NRU assay. In these experiments, the decoction,

F9 and F4 were examined.

If the viability percentages (V%) are compared, the F9 fraction of the decoction had more
growth inhibition effect on Caco-2 cell line than HL60. The viability percentages on HL60
cell line were F9 (0.35 mg/mL) V=62.2+7.32%), and F4 (0.35 mg/mL) V=76.7+5.42%,
while for Caco-2 cell line were F9 (0.35 mg/mL) V=32.05+7.9% and F4 (0.35 mg/mL)
V=86.26+2.4%. Our results confirmed that the Oldenlandia diffusa decoction has activity
against HL60 and Caco-2 cells by a number of different assays, and the most active fraction
was identified as F9. Also, we can use both cell lines for the further investigation of

cytotoxic activity of Oldenlandia diffusa decoction and its constituent(s).

There were some concerns that maybe the ammonium acetate is giving an additional toxic
effect on cells. In previous work, the ammonium acetate buffer was first removed by SPE,
and then by freeze-drying from fractions for further cell biology studies. In addition, in
some researchers’ study it was shown that ammonium acetate salt can be removed by 2-3
times freeze-drying [Anthony et al., 1977], [Berne & Alan, 1983], [Rainer et al., 1990].
Therefore, toxic effect of 10 mM, 1 mM and freeze-dried ammonium acetate buffers were
investigated on HL60 cell line, and results showed that the cell viability was high for 1
mM and freeze-dried ammonium acetate buffer V=94.91+13.02% and V=99.21+3.58%,
respectively. So, the ammonium acetate did not effect to the cytotoxicity degree of

decoction and fractions.

4.5. Conclusion
Oldenlandia diffusa decoction has a cytotoxic effect on HL60 (V=13.49+4.31%, n=3) and
Caco-2 cancer cell lines (V=50.04+1.4, n=3).

The most cytotoxic active fraction which collected (F1-F11) from HPLC of Oldenlandia

diffusa decoction is F9. Its viability percentages were V=62.2+7.32%, n=3, and
V=32.05+7.9%, n=3, respectively on HL60 and Caco-2 cancer cell lines.
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Chapter 5. Characterization of the mode of cell death induced by Oldenlandia diffusa

decoction and its most cytotoxic fraction

5.1. Introduction

In a previous study (Chapter 4), the cytotoxic activity of Oldenlandia diffusa decoction and
its fractions were tested against cancer cells including a leukaemic cell line (HL60), colon
adenocarcenoma cancer cells (Caco-2) in an in vitro test system to reveal their cytotoxic
potential, but the data can only gave an indication of the degree of toxicity. Therefore, the
mode of cell death (necrosis or apoptosis) of cancer cells exposed to Oldenlandia diffusa

decoction and its fractions were investigated in this part of the assessment.

5.1.1. Mode of cell death
Cytotoxicity is the degree of toxicity to living cells. If cells treated with toxins, they can
die in two different ways: necrosis (cells are killed by injuries) and apoptosis (cells are

induced to commit suicide).

Necrosis is cell death by injury. Cells can be damaged by injury, such as by mechanical
damage and exposure to toxic chemicals. In necrosis, a series of changes occur, for
example, disruption of plasma membrane, swelling of organelles, followed by rupturing of

the cell membrane and cell lysis [Majno & Joris, 1995], [Roos et al., 2006].

In contrast, apoptosis is the process of programmed cell death. Apoptotic cells can be
recognised by morphological, biochemical and molecular changes. The following changes
occur in apoptosis: cell shrinkage, cell shape change and condensation of cytoplasm,
nuclear envelope changes, nuclear fragmentation, loss of cell surface structures, blebbing,
forming of apoptotic bodies, cell detachment and the removal by phagocytosis [Bruce et
al., 2008]. Morphologically, the membrane shows shrinkage and blebbing. These

formulated blebs separate from the dying cell and form apoptotic bodies [Lorenzo & Susin,

2007].

Also, in the mitochondrial outer membrane some changes occur such as loss of its

electrochemical gradient and the formation of pores. Thus, substances (e.g. cytochrome c)

86



Chapter 5. Characterization of the mode of cell death induced by Oldenlandia diffusa
decoction and its most cytotoxic fraction

leak from the mitochondrial outer membrane into the cytoplasm, and macrophages
phagocytose apoptotic bodies and dead of cells [Kerr & Harmon, 1991].

Morphological processes in apoptosis necrosis are shown in Figure 39.
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Figure 39. Morphological changes during necrosis and apoptosis and their difference.

[Adopted from http://www.celldeath.de/encyclo/aporev/revfigs/rev_2.ipg]

[n addition, apoptosis is a form of programmed cell death involving a biochemical cascade,
including proteins such as Bcl-2, Bax, Apaf-1 or apoptotic protease activating factor-1,
caspases such as caspase-9, caspase-3, caspase-7 and caspase-8, and proteins involved in

digestion of proteins, degradation of DNA and phagocytosis.

5.1.2. Caspases

In apoptosis, cell suicide requires specialized machinery. The main compartment of this

machinery is a proteolytic system, involving caspases (enzymes). A family of cysteine-

dependent aspartate-directed proteases are called caspases (cysteine and aspartic acid). It

depends on a family of proteases that have a cysteine at their activation site and cleave

their target proteins at specific aspartic acids [Bruce et al., 2008], [Liss, 1987]. They
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participate in a cascade, which is activated in response to pro-apoptotic signals and lead to
cleavage of proteins, resulting in disassembly of the cell [Cohen, 1997], [Nicholson &
Thornberry, 1997], [Bump ef al., 1995], [Tewari et al., 1995].

There are 13 identified mammalian caspases (caspase-1 to caspase-13) and 11 of them are
in humans. Caspases can be divided by their role into groups such as caspases involved in
inflammation (capase-1 (ICE), capase-4, capase-5) and caspases involved in apoptosis,
including initiator caspases (capase-2, capase-8, capase-9, capase-10) and executioner
caspases (caspase-3, capase-6, capase-7) [Bruce e al., 2008], [Scott & William, 2000]. In
apoptosis, caspases are directly responsible for proteolytic cleavages which is basically the

process of breaking the peptide bonds between amino acids in proteins. This leads to cell

disassembly.

Each caspase is initially made as an inactive proenzyme (procaspase) that are
proteolytically processed before they gain full activity. The first procaspase activated are the
initiator procaspases. They are then cleaved and activate many executioner procaspases.
This will produce a protelitic capase cascade (amplifying the reaction). The executioner
caspases then cleave key proteins in the cell. For example, cleavage of specific cytosolic

proteins and nuclear lamins lead to the controlled death of the cell [Bruce et al., 2008].

There are three pathways that caspases can proceed. Firstly, one pathway of caspase
proceeds from death receptors through caspase-8 to caspase-3 and then to caspase-6
[Takahashi et al., 1997], [Stennicke et al., 1998]. A second pathway proceeds from the
cytochrome c: Apaf-1 complex through caspase-9 to caspases-3 and caspases-7 and then to
caspase-6 [Srinivasula et al., 1998], [Kuida et al., 1998], [Srinivasula et al., 1996]. These
pathways show that there are upstream and downstream events and interactions within
caspases. For example, caspase-3 can activate procaspase-9, and caspase-6 can activate

caspase-3 [Srinivasula et al., 1996], [Liu et al., 1996].

In addition, several protein substrates, including Poly (ADP-ribose) polymerase (PARP),
lamin B and histone H1 are cleaved by caspases during the execution phase of apoptosis
[Deveraux et al., 1998]. Some caspases show overlapping specificities for some substrates,

e.g. caspase-3 and caspase-7 can both cleave PARP, whereas other caspases have unique
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substrate specificity, e.g. caspase-6 is the only known caspase that cleave lamins (see

Figure Al).

For apoptosis examination of treated cells by Oldenanldia diffusa decoction and its

fraction, PARP was used as its cleavage is one of the classical characteristics of apoptosis.

5.1.2.1. Poly (ADP-ribose) polymerase

Poly (ADP-ribose) polymerase (PARP) is a protein involved in a number of cellular
processes involving mainly DNA repair and programmed cell death. DNA cleavage by
enzymes involved in cell death. PARP may be the best characterized proteolytic substrate
of caspases. It is cleaved in the apoptosis in many systems, including HL60 cells and
breast cancer cell lines [Deveraux et al., 1998], [Liu et al., 1996]. Intact PARP (116 kDa)
is cleaved to 24 kDa and 89 kDa fragments [Deveraux et al., 1998]. ATP is required for
PARP activity [Cohen, 1997]. So it can reduce the ATP of a cell. ATP depletion in a cell
leads to lysis and cell death [Jones et al., 2001]. Caspase-3 and caspase-7 are primarily

responsible for PARP cleavage during apoptosis.

5.1.2.2. Caspase-3 (CPP32/YAMA/APOPAIN)

Caspase-3 is a member of the CED-3 subfamily of caspases. It is an important mediator of
apoptosis in the immune system [Resnicoff et al., 1998]. Caspase-3 is one of the key
executioners of apoptosis. It is responsible for the proteolytic cleavage of many key
proteins, such as the nuclear enzyme PARP, which are cleaved in many different systems
during apoptosis. During the apoptosis, caspase-3 is responsible in whole or in part for the
proteolysis of a large number of substrates [Lazebnik, 1994]. Granzyme B can activate
caspase-3 (or cleave another caspase which in turn activates caspase-3) as well as its ability

to cleave PARP to its signature fragment [Quan et al., 1996].

5.1.2.3. Caspase-7 (Mch3/ICE-LAP3/CMH-1)

Caspase-7 is a member of the CED-3 subfamily. It is a 303-amino-acid protein with high
similarity to caspase-3. Caspase-7, like caspase-3, cleaves PARP and the peptide substrate
Ac-DEVD-AMC. The competitive peptide aldehyde inhibitor Ac-DEVD-CHO is a potent
inhibitor of both caspase-3 and caspase-7 enzymes. Caspase-3 and caspase-7 are

functionally similar and have similar substrate specificities, so the cleavage of PARP
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during apoptosis is a combination of the action of both these caspases. Active caspase-7 is
made up of two subunits, similar to other caspases [Fernandes-Alnemri et al., 1995].
Caspase-7 is activated to its catalytically active large subunit in intact cells when
proceeding the apoptosis [Duan et al., 1996], [Chandler et al., 1997]. Following cleavage
at Asp-198 and Asp-23, granzyme B activates pro-caspase-7 to a form that cleaves PARP
to its fragment of 85 kDa [Chinnaiyan et al., 1996].

5.1.2.4. Caspase-9 (ICE-LAP6/Mché6)

Caspase-9 is a member of the CED-3 subfamily and has high similarity to caspase-3.
Procaspase-9 contains two processing sites between its large and small subunits,
P*2EPD | A%'® and D**’QLD|A*!. The motif D**’QLD|A™' is similar to the DEVD|G site
in PARP, so caspase-9 activated by caspase-3. p? 12EPDlA3 16 s a granzyme B cleavage
site, as it contains an acidic residue in the P3 position.

Both caspase-3 and granzyme B activate pro-caspase-9. Granzyme B cleaves procaspase-9
at both sites and generating an active enzyme capable of cleaving PARP to its fragment of
85 kDa. Caspases have different substrate specificity. A single activated caspase may not
directly activate all other family members. For example, caspase-9 activates procaspase-3

and procaspase-7, but cannot activate procaspase-6 [Srinivasula et al., 1998].

Caspases kill cells by cleaving proteins in different ways. For instance, caspases inactivate
the inhibitors of proteins that promote apoptotic changes, or destroy cell structures, or

deregulate proteins, resulting in loss or gain of function.

5.1.4. Deducing the mode of cell death induced by Oldenlandia diffusa

To distinguish between apoptotic and necrotic cell death or to investigate the
morphological characteristics to apoptotic cell death, different experimental techniques and
assays can be used such as fluorescence microscopy or flow cytometry (or fluorescence
activated cell sorting (FACS)) by FITC-Annexin V and propidium iodide (PI) assays
[Tuschl & Schwab, 2004]. In our experiments, confocal fluorescence microscopy was used

with DAPI staining.
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5.1.5. DAPI stain
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DAPI is a blue nuclear counterstain for fluorescence microscopy. Its alternative names are
4,6'-diamidino-2-phenylindole, dihydrochloride and 4',6-diamidine-2-phenyl indole. It is
soluble in dimethylformamide (DMF), water and various non-phosphate aqueous buffers.
When DAPI passes through an intact cell membrane, it stains both living and fixed cells. It
is widely used in fluorescence microscopy. On fluorescence microscopy, DAPI is excited
with UV light. It is strongly bound to the minor groove of double stranded DNA and its
fluorescence is approximately 20 times greater than in the nonbound state. Its absorption

maximum is at 358 nm and its emission maximum is at 461 nm [Fuh er al., 1998].

As DAPI is used for measuring the nuclear content [Hammarton et al., 2003], assessing of
apoptosis [Lai et al., 2003], [Choi et al., 1998] and detecting nuclei, it was used for
investigation of apoptotic death of Oldenlandia diffusa decoction and its fraction treated

cancer cells, namely Caco-2 and HL60.

However, the cell death mode of cancer cells exposed to analytes can be determined by
examining the morphological characteristics unique to apoptosis in cancer cell lines in
vitro, it cannot give information about their mode of biological action. To elucidate their
mode of biological action or the activation of pro-apoptotic signaling caspase cascade in

response to the cytotoxic effects of the decoction and its fraction, Western blotting was

used.

5.1.6. Western blotting
The Western blot (protein immunoblot) is an analytical technique used to identify and
locate proteins based on their ability to bind to specific antibodies or to detect the target

proteins in a given sample.
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There are four main steps in the Western blotting: electrophoresis, blotting, labeling and
detection. In the electrophoresis stage, the proteins in a mixture (e.g. cell culture lysate) are
separated by their molecular weight or isoelectric point, using polyacrylamide gel
electrophoresis (PAGE). Then proteins are transferred from the gel to a membrane
(nitrocellulose or PVDF) for easier handling. Next stage is the labeling. Choosing the
labeling method depends on many parameters including level of sensitivity and ease of
usage. There are four kinds of labeling systems that are generally used such as
chemiluminescence, radioactivit, fluorescence and chemifluorescence. In the
chemifluorescence method, an enzyme, alkaline phosphatase (AP), converts to a

fluorescent precipitate that can be detected on a fluorescence scanner.

Figure 40. Schematic representation of Western blotting.

[Adopted from http://www.eurogentec.com/EGT/images/Eurogentec-proteomics-
identification-western-blot-530x407.jpg]

Here the target protein is labeled using antibodies. The nitrocellulose membrane is
incubated with a primary antibody. So, the protein is labeled with the primary antibody.
The primary antibody is the specific antibody and it sticks to the protein and forms an
antibody-protein complex with a certain protein. Then, the nitrocellulose membrane is
incubated with a secondary antibody. This antibody should be an antibody-enzyme
conjugate. The secondary antibody is an antibody against the primary antibody. Thus, the
secondary antibody sticks to the primary antibody. Then it can be visualized using reagent

that specific for the enzyme.
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In the detection stage, target proteins are detected using the appropriate detection reagents
to generate a signal that can be quantitated. For chromogenic methods, the signal is
captured directly on the membrane. For radiolabeling, chemiluminescent, and
chemifluorescent methods, the signal is captured using film or an imaging system. For
example, the application of photo film on the gel to detect a flash of light, which is given
by the enzyme [Ouyanga et al., 1998], [Biji & Hal, 2006].
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5.2. Materials and methods

5.2.1. Materials

CHR Oldenlandia diffusa and other chemicals, cells, content of complete medium are the
same as mentioned in Chapter 2-4. Chemicals and consumables for morphological studies
were DAPI (Fisher, UK), coverslip, glass slide, paraformaldehyde (Sigma, Poole, UK).
confocal fluorescence microscopy was Leica TCS SP2 AOBS™, Milton Keynes, UK. For
Western blotting experimental: PARP (Gibco, Paisley, UK), PARP, B-actin, CV-PARP
(Cell Signaling Technology, UK), laemmli sample buffer (Bio-Rad, UK), skimmed milk
powder (Fluka, UK), eppendorf tube, methanol (Fisher, UK), acrylamide, tris, SDS,
ammonium persulfate, dual colour standard (Bio-rad, UK), membrane (Hybond-C Extra),
sponge, ECL (GE Healthcare, UK), film (GE Health care, UK), protease inhibitor cocktail
(Roche Diagnostics, Mannheim, Germany), sodium deoxycholate, developer, fixer,
phosphate buffered saline, TWEEN 20, Wattman paper, TEMED and NP 40 were
purchased form Sigma Aldrich Company, Poole, UK.

5.2.2. Methods
5.2.2.1. Preparation of sample
Preparation of decoction and frcation

Decoction of Oldenlandia diffusa and fraction F9 were prepared as mentioned in Chapter

4.

Preparation of 4% paraformaldehyde (PFA)

2 g of PFA were put in the glassware and 50 mL of PBS was added on it and was heated up
to 60 °C. It was adjusted to pH=7.2 using 10N NaOH. Then, the solution was cooled and
filtered through 0.22 um filter.

Preparation of RIPA buffer
RIPA buffer was prepared as content of 1% NP 40, 0.5% sodium deoxycholate, 0.1% SDS
in PBS, and protease inhibitor cocktail, 1 tab/mL.

Preparation of transfer buffer
It was prepared mixing of 200 mL methanol, 100 mL (10x) PBS buffer and 700 mL of

deionised water.
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Preparation of milk for primary and secondary antibody
Solutions of primary and secondary antibody were prepared by adding 1 in 10000 antibody
to 5 % of skimmed milk in PBS (10x) and 1% TWEEN 20.

Preparation of ECL
It was prepared by mixing, 125 pL solution B (these were the names given it patented

reagent by GE Healthcare) was added to 5 mL solution A and mixed well.

5.2.3. Cell culture

HL60 cancer cell line was grown in complete growth medium RPMI 1640 containing 2
mM glutamine, 10% FBS. Caco-2 cell line was grown in complete growth medium DMEM
containing 10% FBS, 2 mM L-glutamine and 2 mM NEAAs. All cell lines were grown
and incubated at 37 °C in an atmosphere containing 5% CO,. Cell lines were passaged
when concentrations reached 10° cells/mL and diluted to 10%-10°cells/mL, thereby
maintaining a stock solution containing cells at concentrations ranging from 10° to 10°

cells/mL.

5.2.4. Experimental for DAPI staining

Cell seeding

Coverslips were previously sterilized in ethanol for 30-45 min and dried in sterile
condition. In separate two 12 well plates these coverslips were placed one by one. Caco-2
and HL60 cells were seeded with 5x10° cells/well density on it. Then, negative control
(medium), positive control (actinomycin-D 10 pg/mL), Oldenlandia diffusa decoction (2.5
mg/mL) and fraction F9 (0.35 mg/mL) were added. Cells were treated for 24 and 48 hours

under the above mentioned conditions.

5.2.4.1. Experimental protocol for DAPI staining

Counterstaining protocol for Caco-2 for fluorescence microscopy

After the incubation period, the samples were briefly equilibrated with PBS. Then, the cells
fixed with 4% PFA for 15 min at room temperature. Fixed cells were permeabilized with
methanol for 5 min. Cells were incubated with DAPI with a mounting medium and sample
cells on coverslip was attached to glass slide and stabilized. The samples were analysed by

a confocal fluorescence microscope.
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Counterstaining protocol for HL60 cells

After exposure, the cells were centrifuged and the supernatants were discarded. Cells were
washed with PBS at room temperature and pellets were transferred to coverslips and dried.
Then, cells were fixed with 4% PFA solution for 15 min at room temperature and
permeabilized with methanol for 5 min. Cells were incubated with DAPI counterstain and

kept at -4 °C for further analysis.

5.2.5. Experimental for Western blotting

Stage-1 Treatment of cells (cell seeding)

Caco-2 and HL60 cells were seeded at 5x10° cells/well density. Then, negative control
(medium), positive control (actinomycin-D 10 pg/mL), Oldenlandia diffusa decoction (2.5
mg/mL) and fraction F9 (0.35 mg/mL) were added. Cells were treated for 24 and 48 hours

under the above mentioned conditions.
Stage-2 Production of cell lysates

Production of Caco-2 cell lysates

Medium was removed from each well. Cold PBS was added and cell suspensions were
transferred to eppendorf tubes. Freshly prepared RIPA with Protease inhibitor cocktail was
added to the pellet and left for 15 minutes at 4 °C. Then it was sonicated for 10 seconds.
Samples were centrifuged at 15,000 rpm for 20 min at 4 °C. Supernatents were taken and
kept in a fridge (-4 °C) for further analysis.

Production of process for HL60 cell lysates

After incubation period, samples were transferred to eppendorf tubes and centrifuged at
1000 rpm for 10 min and supernatants removed. Pellets were washed with cold PBS and
then freshly prepared RIPA with protease inhibitor cocktail was added on the samples.
Samples were left for 15 minutes at 4 °C and sonicated for 10 seconds. After that, samples
were centrifuged at 15,000 rpm for 20 min at 4 °C. Supernatents were collected and kept in

a fridge for further analysis.
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Stage-3 Bio-Rad Assay

Standard protein samples were prepared as mentioned by the instructions from the Bio-rad
company. Seven different concentrations (0.2; 0.4; 0.5; 0.8; 1.0; 1.2; 1.4 mg/mL) of
standard samples were prepared. All standard samples (5 pL) were placed in 96 well
plates, then 25 pL and 200 pL of Reagent A (these were the names given it patented
reagent by GE Healthcare) and B were added to each well, respectively. After 5 min
shaking, absorbances were taken at 750 nm. A standard curve was used for determination

of prepared sample concentration.

Stage-4 Western blotting

Firstly, on 20 pL of each sample was added to 10 uL of Laemli sample buffer and warmed
up for 4-5 min by leaving it in boiling water. Then, 10 mL of resolving gel and 3 mL of
stacking gels were prepared as followed:

a. For resolving gel, 4 mL deionised water, 3.3 mL 30% acrylamide mix, 2.5 mL 1.5
M tris (pH=8.8), 0.1 mL 10% SDS, 0.1 mL 10% ammonium persulfate and 0.004
mL TEMED were mixed and added to PAGE chambers.

b. Stacking gel was prepared adding by 0.5 mL 30% acrylamide mix, 0.38 mL 1M tris
(pH=8.8), 0.03 ml 10% SDS, 0.03 ml 10% ammonium persulfate to 2.1 mL water
and 0.003 mL TEMED. This was added to PAGE chambers after 10 min of loading
of the resolving gel. After formulation of wells, samples were placed to each well

and chambers were connected to electic, 80 W, 36 mA. It was run for 1 hour.

- Transfer stage:
To transfer the pattern from the gel to membrane, sandwiches were prepared using
membrane (Hybond-C Extra), Wattman papers, sponges and transfer buffer. After that,
sandwiches were placed in PAGE chambers (filled up with transfer buffer) and connected
to electricity, 300 MA, 100 W and left for 1.5 hours.

- Labeling stage:
After blotting, membranes were left overnight in 5% skimmed milk with 1 in 10000
antibody PARP (rabbit), CV-PARP (cleaved PARP-rabbit) and f-actin (mouse)) on the
shaker at 4 °C for labeling. Then, membranes were removed from the milk containing

primary antibody and washed with 5% skimmed milk twice on shaker for 5 min. Secondary
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antibodies (antirabbit and antimouse) were added to membranes and it was shaken for 1
hour. After that, the antibodies were removed and membranes were washed with 5% milk

twice, PBS containing TWEEN (1%) 2 times and with PBS 2 times for 4-5 min on shaker.

- Detection stage:
When procedure of the membrane washing finished, it was transferred onto previously cut
and prepared clean film. Then, the light on the antibody was turned on using reagent
Enhanced Chemiluminescence (ECL) by leaving it at ambient temperature for 3-4 min.

The signal was captured using film, developer (40% v/v) and fixer (30% v/v).
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5.3. Results

5.3.1. Mode of cell death induction by DAPI staining on confocal fluorescence
microscopy

DAPI staining examination revealed apoptotic cell death induction in both HL60 and Caco-
2 cell lines exposed to Oldenlandia diffusa decoction. In experiments, activities were

compared to positive control actinomycin-D treated cells.
In Oldenlandia diffusa decoction and its fraction-F9 treated HL60 and Caco-2 cells (24 and
48 hours), apoptotic characteristics such as nuclei disintegration, blebbing followed by

forming apoptotic bodies occurred, results are showed in Figures 41-44.

Results for DAPI staining on HL60 cell line (24h):

(a)- Control-(untreated cells) (b)-Cells treated with actinomycin-D
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(c)- Cells treated with Oldenlandia diffusa  (d)- Cells treated with fraction F9

decoction

Figure 41. Morphological changes of apoptotic cell death of the HL60 cancer cells treated
with Oldenlandia diffusa decoction, fraction F9 and actonimycin-D for 24 hr incubation
examined by confocal fluorescence microscopy after DAPI staining. Examination on HL60
cells identifying the characteristic morphological features, (a)-Untreated control cells have
remained intact, (b)-Actinomycin-D-treated cells, (¢)-Oldenlandia diffusa decoction treated
cells and (d)-F9 treated cells show characteristic blebbing and apoptotic bodies as
evidenced by the presence of condensed chromatin. The cell size is significantly decreased

(magnification, x400).
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Results for DAPI staining on HL60 cell line (48h) for FF9:

(a)- Control (untreated cells) (b)- Cells treated with fraction F9

Figure 42. Image of confocal fluorescence microscopy of HL60 cells identifying the
characteristic morphological features, (a)-untreated control cells (48 hr incubation) have
remained intact, (b)-fraction F9 treated cells (48 hr incubation) show characteristics of cell
shrinkage, blebbing and apoptotic bodies as evidenced by the presence of condensed

chromatin. The cell size is significantly decreased (magnification, x400).
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Results for DAPI staining on Caco-2 cell line (24h):

(a)- Control-untreated cells (b)- Cells treated with actinomycin-D

(c)- Cells treated with Oldenlandia diffusa  (d)- Cells treated with fraction F9

decoction

Figure 43. Morphological changes of apoptotic cell death of the Caco-2 cancer cells treated
with Oldenlandia diffusa decoction, fraction F9 and actonimycin-D for 24 hr incubation
examined by confocal fluorescence microscopy after DAPI staining. Examination on HL60
cells identifying the characteristic morphological features, (a)-Untreated control cells have

remained intact, (b)-Actinomycin-D-treated cells, (¢c)-Oldenlandia diffusa decoction treated
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cells and (d)-F9 treated cells show characteristic blebbing and apoptotic bodies as
evidenced by the presence of condensed chromatin. The cell size is significantly decreased

(magnification, x400).

Results for DAPI staining on Caco 2 cell line (48h) for F9:

(a)- Control-untreated cells (b)- Cells treated with fraction F9

Figure 44. Confocal fluorescence microscopy of HL60 cells identifying the characteristic
morphological features, (a)-Untreated control cells (48 hr incubation) have remained intact,
(b)-fraction F9 treated cells (48 hr incubation) show characteristics of blebbing and
apoptotic bodies as evidenced by the presence of condensed chromatin. The cell size is

significantly decreased (magnification, x400).
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5.3.2. Results for Western blotting on HL60 and Caco-2 cell line

Apoptotic cell death investigation was performed by Western blotting method. On
untreated HL60 cancer cells, bands at 116 kDa for PARP were detected, whereas on
Oldenlandia diffusa decoction (2.5 mg/mL) and its fraction F9 (0.35 mg/mL) treated cells,
bands at 85 kDa for cleaved-PARP, and 47 kDa for -actin for total protein were detected
(Figures 45, 47).

On Caco-2 cells, initially, bands at 116 kDa for PARP were obtained for all untreated and
treated cells, almost none of these bands were detected as cleaved-PARP (85 kDa),
including cells treated with positive control actinomycin-D, see Figure 46. In further
experiments, the antibodies (new) were changed and on the decoction, its fraction F9 and
positive control actinomycin-D treated Caco-2 cells, the poly (ADP-ribose) polymerase

cleavage was detected at 85 kDa. Results are shown in Figure 48.

Experimental of Western blotting for HL60 cancer cell line

PARP

Cleaved PARP

‘f-actn

Figure 45. Effect of Oldenlandia diffusa decoction on HL60 cell line for the investigation
of apoptosis cell death by Western blotting. The HL60 cancer cells were treated with
Oldenlandia diffusa decoction under culturing condition for 24 and 48 h. Lane 1-Negative
control (medium)-24 h, lane 2-Oldenlandia diffusa decoction-24 h, lane 3-Negative control
(medium)-48 h, lane 4-Oldenlandia diffusa decoction-48 h. Equal amounts of the total
proteins (20 pg/lane) were subjected to 10% SDS-PAGE. The expression of cleaved
PARP, PARP and B-actin was detected by the specific antibodies at 85 kDa, 116 kDa and

47 kDa, respectively. The B-actin protein was used as the internal control.
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Experimental of Western blotting for Caco-2 cancer cell line

12 3 4 g

-—---b-—-—-._. PARP

- - ,,?-i

Cleaved PARP

Figure 46. Examination of effect of Oldenlandia diffusa decoction on Caco-2 cell line for
apoptosis cell death by Western blotting. The Caco-2 cancer cells were treated with
Oldenlandia diffusa decoction under culturing condition for 24 and 48 h. Lane 1-Negative
control (medium)-24 h, lane 2-Oldenlandia diffusa decoction-24 h, lane 3-Negative control
(medium)-48 h, lane 4-Oldenlandia diffusa decoction-48 h, lane 5-Positive control
actinomycin-D-48 h. Equal amounts of the total proteins (20 pg/lane) were checked on
10% SDS-PAGE. The expression of cleaved PARP, PARP and -actin was detected using

the specific antibodies. The B-actin protein was used as a loading control.

Experimental of potential of apoptotic cell on HL60 cells treated by Oldenlandia diffusa

decoction and its fraction

1 2 3 4

: 2 . |

- Cleaved-PARP

A ——

'PARP

B-actin

Figure 47. Effect of Oldenlandia diffusa decoction and its fraction-F9 on HL60 cell line for
the investigation of apoptosis cell death by Western blotting. The HL60 cancer cells
exposed to treating sample, negative and positive controls under culturing condition for 24
h. Lane 1-Negative control (medium), lane 2-Oldenlandia diffusa decoction, lane 3-

Positive control (actinomycin-D), lane 4-Fraction-F9. 20 pg/lane proteins were subjected
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to 10% SDS-PAGE. The expression of cleaved-PARP, PARP and B-actin was detected
using the specific antibodies at 85 kDa, 116 kDa and 47 kDa, respectively.

Experimental of potential of apoptotic cell on Caco-2 cells treated by Oldenlandia diffusa

decoction and its fraction

Figure 48. Effect of Oldenlandia diffusa decoction and its fraction- F9 on Caco-2 cell line
for investigation of apoptosis cell death by Western blotting. The Caco-2 cancer cells were
treated with sample, negative and positive controls under culturing condition for 24 h.
Lane 1-Negative control (medium), lane 2-Oldenlandia diffusa decoction, lane 3-Fraction-
F9, lane 4-Positive control (actinomycin-D). 20 pg/lane proteins were subjected to 10%
SDS-PAGE. The expression of cleaved-PARP and PARP were detected by Western
blotting using the specific antibodies at 85 kDa and 116 kDa, respectively.
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5.4. Discussion
The apoptotic mode involves an active cascade self-destruction in the affected cells. This
can involve DNA degradation via endonuclease activation, nuclear disintegration, and the

formation of apoptotic bodies.

The induction of apoptosis in Oldenlandia diffusa decoction (2.5 mg/mL) and its fraction
F9 (0.35 mg/mL) treated HL60 and Caco-2 cancer cells were investigated by confocal
fluorescence microscopy after DAPI staining. DAPI specifically stains DNA and is widely
used to detect shrinkage of the nuclei, which is indicative of apoptosis [Choi et al., 1999].
Typical fluorescence photographs of shrunken nuclei and blebbing after the 24 h treatment
of HL60 and Caco-2 cells with treatment by the decoction and fraction F9 compared to
positive and negative control are shown in Figures 41-44. It strongly suggests that
apoptosis was induced by the decoction and fraction F9 in HL60 and Caco-2 cells. After 24
hours exposure on fraction F9, the characteristic of apoptotic bodies forming was not clear
on Caco-2 cells, therefore, treatment period was extended to 48 hours for both cells.
Results are shown in Figures 42 and 44. Results showed that the fraction F9 induced

apoptosis of those both cancer cell lines and maybe in a dose-dependent manner.

Experiments on Western blotting, molecules were separated using gel electrophoresis.
Then, the separated molecules were blotted onto membrane. The transferred protein was
complexed with an enzyme-labeled antibody. PARP, cleaved PARP and B-actin primary
antibodies were used to detect an antigen. PARP cleavage is one of the classical
characteristics of apoptosis. Cleaved-PARP antibody specifically recognizes the 85 kDa
fragment of cleaved PARP.

Results on Oldenlandia diffusa decoction and fraction F9 showed that exposed HL60 and
Caco-2 cancer cells, a 85 kDa band (cleaved-PARP) was detected; it gives the information
that cells were apoptotic. ICE family members, such as caspase-3 and caspase-7 cleave
PARP to give 85 kDa and a 25 kDa fragments [Nicholson et al., 1995], [Tewari et al.,
1995]. Thus, it could be that the cell death was induced by capase-9, caspase-3 and
caspase-7. According to results in both cell lines, capacity of detected band in PARP
cleavage was less than the decoction. We could say that it was concentration dependant as

the cells were exposed to much less amount of fraction F9 than the decoction.
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Generally, as results of DAPI staining and Western blotting experiments showed, HL60
and Caco-2 cancer cells exposed to Oldenlandia diffusa decoction and its fraction F9 were
apoptotic as showed the characteristics of blebbing, apoptotic body forming, nucleus
degradation and cleavage of PARP from a 116 k Da to 85 and 24 kDa subunits, but in both
cell lines, the size of detected band in cleaved-PARP and morphological changes were
smaller than the decoction. So, the cell death process was concentration dependant as
concentrations were 2.5 mg/mL for Oldenlandia diffusa decoction and 0.35 mg/mL for

fraction FO.

5.5. Conclusion

DAPI staining for morphological examination and Western blotting analysis for detection
of PARP cleavage on apoptotic cells were performed by investigating the Oldenlandia
diffusa decoction and its most cytotoxic fraction F9 treated HL60 and Caco-2 cells. These
results provide evidence that HL60 and Caco-2 cancer cells exposed to Oldenlandia diffusa

decoction and its fraction F9 are apoptosis, which is mediated by a caspase cascade.
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6.1. Introduction

In previous studies, Oldenlandia diffusa decoction was successfully separated using the
method which was set up on HPLC and eleven fractions were collected. Cytotoxicity study
results revealed that the decoction and the fraction F9 have significant cytotoxic effect on
HL60 and Caco-2 cancer cell lines. Furthermore, it was shown that the cell death was
induced by apoptosis. Therefore, in order to determine the content(s) of the most cytotoxic
fraction F9, the initial aim of this part of assessment was to set up the separation method for

this fraction. For that, HPLC and LC-MS analyses were performed.

In addition, the HPLC method for collecting fraction F9 was expensive and took lots of time.
Therefore, liquid-liquid extraction was evaluated. Some additional fractions were collected

and their cytotoxic activity was investigated.

6.1.2. Liquid Chromatography-Mass Spectrometry

Liquid Chromatography-Mass Spectrometry (LC-MS) is a powerful technique that is used
for many applications. It has very high sensitivity and specificity. Compounds that are
thermally labile, exhibit high polarity or have a high molecular mass are analysed using
LC-MS. This technique provides both molecular weight and structural information for peak
identification and confirmation. In addition, this technique has an application for the
specific detection and identification of compounds in a complex mixture [Lee, 2002].
Specific applications include stability indicating assays and purity checking of LC peaks
employing UV and visible wavelength monitoring with simultaneous mass spectrometry
detection [Krstulovic et al., 2002], [Simal-Gandara et al., 2002], [Marquet, 2002],
[Thomas, 2001], [Hogendoorn & Zoonen, 2000].

LC-MS includes a HPLC attached, via a suitable interface, to a mass spectrometer. The
chromatographic scale of LC-MS is performed on a much smaller size of column to that of
HPLC, so uses a low flow rate. Capillary columns of 75 pm to 1 mm are common for LC-
MS work. In LC-MS as the analyte ions have to be nebulised in order to be charged at low
flow rate (up to 200 pL/min or less), the MS gives improved sensitivity.

In LC-MS analysis, on HPLC column, compounds are separated according to their relative

interaction with the stationary phase and the mobile phase eluting from the column. Then,
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the eluting compounds from the chromatographic column are introduced to the mass
spectrometer via a specialised interface. In the interface, all solvents must be evaporated
and compounds in the peaks need to be ionized. They can then be analysed by a mass

analyzer and ions are counted by suitable detector [Marvin, 2005], [Pavia et al., 2009].

6.1.3. Interfaces

There are different types of interfaces namely, electron impact ionization, fast atom
bombardment, MALDI, atmospheric pressure chemical ionization and electrospary
jonization. The two most common interfaces used for LC-MS are the atmospheric pressure
chemical ionisation and electrospray ionisation (ESI) interfaces [Aprino, 1989], [Murray,

1998], [Aprino, 2005]. The latter one was used for this study.

6.1.3.1. Electrospray ionization (ESI)

ESI is especially useful for non-volatile molecules to be analyzed directly from the liquid
phase, small amounts of large (105 Da) or non-volatile compounds such as drugs,
pesticides, carbohydrates, long chain fatty acids, analysis and sequencing of proteins and
oligonucleotides and mass determination of biomolecules [Barker, 1998], [Patrick, 1989].
The ESI source operates at atmospheric pressure and produces neutrals, ions and clusters

of ions.

Usually an analyte is prepared in a mixture of water and an organic, volatile solvent such
as methanol or acetonitrile that can be evaporated easily for ion formation. When the
analayte elutes from the column, it passes through the electrospray needle with 1 pL/min
(typically) flow rate. There will be a high potential difference of 3-6 kV between the
needle and the counter electrode to ESI. Then, the analyte solution is dispersed by a
nebulizer to a fine aerosol into a strong electric field which is formed by a high potential
difference in the presence of a warm nitrogen gas flow. As the droplets pass through the
space between the needle tip and the cone, the solvent will evaporate. As the solvent
evaporation occurred in a region of a vacuum of several torr (approx=760 torr), it causes
the charge to increase on the droplets. Gas-phase ions are formed when the droplets from
the Taylor cone evaporate. The ions carrying excess charge are released into the gas-phase.
Then, the multiply charged ions enter the analyzer [Fenn et al., 1990], [Bruins, 1998],
[Kuo et al., 2005].
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Both positive and negative ion spectra can be obtained. For positive ion mode, 0.1% formic
acid or acetic acid is usually added into the analyte solution to enhance protonation and
increase sensitivity. For negative ion mode, 0.3% NH4OH is usually added, however
ammonium acetate was used in our study, into the analyte solution to help deprotonation
and increase sensitivity. ESI ionisation produces low fragmentation and it is cheaper and
compatible with various separation techniques. However, it shows limited transfer of ions
through MS and has poor sensitivity and sources of instability, interference, background

and competition effects [Cech & Enke, 2001], [Hewlett Packard, 1994].

6.1.4. Mass analyzer

Once the analyte is ionized, the beam of ions is accelerated by an electric field and then
passes into the mass analyzer. In the mass analyzer, ions are separated according to their
mass-to-charge (m/z) ratios. There are a several types of mass analyzers that can be used in
LC-MS such as quadrupole, ion trap, time of flight (TOF) and quadrupole-time of flight
(Q-TOF).

Quadrupole mass analyzer

The quadrupole mass analyzer is one type of mass analyzer used in mass spectrometry. It
filters the sample ions according to their mass-to-charge (m/z) ratio [Hoffmann &
Scroobant, 2003]. Quadrupole mass analyzers are often used for quantitative applications
and can be used either to measure one or a few given ions in a mixture or to scan a range of
m/z values [Hobart et al., 1998]. The quadrupole mass analyzer consists of a parallel set of
4 circular rods. A direct current (DC) voltage and a radiofrequency (RF) are connected to
the rods. When they are applied, an oscillation occurs of the electrostatic field produced in
the region between the four rods. The ions acquire an oscillation in this electric field and
pass through a quadrupole mass filter. All other ions do not have a stable path through the
quadrupole mass analyzer and will collide with the quadrupole rods and thus not reach the

detector [Hoffmann & Scroobant, 2003], [Rouessac & Rouessac, 2007).

Time-of-Flight mass analyzers
A time of flight (TOF) mass analyzer is based on the measurement of mass-dependent
time. lons with different masses to move from the ion source to the detector at a similar

kinetic energy. The equation for the time of flight mass analyzer separation is:
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3)

m/z is mass-to-charge ratio of the ion

V is kinetic energy of an ion accelerated through an electrical potential

L is the length of flight path

t is the measured time of the ion as it passes through the drift tube
When the ions pass along the field free drift zone, they are separated by their masses which
mean the lighter ions will have a higher velocity. As the lighter ones are fastest, they will
come to the detector first. Then, in the detector, ions are measured relating to their mass to
charge ratio. A wide range of mass to charge ratios can be measured with good sensitivity
and analysis is very rapid (40+ kHz). However, its major disadvantage is low resolution. In
the TOF mass analyzer, the mass resolution is directly proportional to the time of flight of
the ion. Therefore, a longer drift tube could increase the resolution [Duckworth et al.,

1990], [Hobart e al., 1998].
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6.2. Materials and methods

6.2.1. Materials

The HPLC equipment for the separation of fraction F9 were the same as mentioned in
Chapter 3. Chemicals such as methanol, acetonitrile (HPLC grade), hexane, ethyl acetate,
dichloromethane and n-butanol (analytical grade) were supplied by Fisher Scientific Inc,
UK, and ammonium acetate (HPLC grade) was purchased from Sigma-Aldrich Inc, Poole,
UK. LC-MS device was Waters, UK. Chemicals and equipments for cell biological studies

were the same as mentioned in Chapters 4 and 5.

6.2.2. Methods

6.2.2.1. Sample preparation

Preparation of sample fraction F9

Fraction F9 was separated and prepared from Oldenlandia diffusa decoction by the Msp
method that was set up on HPLC for the separation of the decoction (Chapter 3) between
36.5 to 41.5 min intervals. Then, it was passed through a C18 SPE tube and dried. Dry
residue of fraction F9 was dissolved back in methanol or acetonitrile/water 50:50 or 60:40,

depending on the mobile phase used.

Preparation of ammonium acetate

Ammonium acetate buffer was prepared as mentioned in Chapter 2.

Preparation of reagents and buffers

NRU assay kit, 4% PFA, RIPA buffer, transfer buffer and ECL were prepared in similar
fashion to that described in Chapters 4 and 5.

6.2.2.2. Determination of the amount of fraction F9

Fraction F9 was collected from pooling 7 HPLC runs of Oldenlandia diffusa decoction
using the method mentioned above. The solution dried on rotary-evaporator under vacuum
at 40 °C and freeze-dried. The amount of dry residue was calculated. The experiment was

repeated 3 times.
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6.2.2.3. Setting up the separation method for fraction F9

In order to separate the fraction F9, the following columns including, C18, PFP(2) and
amino chromatographic analytical columns were examined with different isocratic and
gradient elutions using different combinations of buffer, water, methanol, acetonitrile,

isopropanol, THF and hexane solvents as a mobile phase.

Using the isocratic mode, the investigation was started with 100% of methanol for a total
30 mins run, then transferred to water/methanol 50/50, 80/20, 40/60, 20/80 on C18 and
PFP(2) analytical columns. Then, it was followed by utilising of different ratios of
mixtures of ammonium acetate buffer/methanol, buffer/acetonitrile with 50/50, 80/20,
40/60, 20/80, ammonium acetate buffer/methanol/THF with 50/40/10, 65/10/25 v/v on

reversed phase columns and with hexane on amino column.

Then, mobile phase mode was transferred to gradient elutions on PFP(2) (250 x 4.60 mm, §
pm) column and optimised methods were:
Solvent A=MeOH/ACN B=water/buffer

M1 method:
0-5 min 80% B
5-15 min 100% A
15-25min  100% A
26-30min  80% B gradient elution at 1 mL/min flow rate.
- M2 method:

0-5 min 100% B

5-15 min 100% A

15-25min ~ 100% A

26-30 min 100% B gradient elution at 1 mL/min flow rate
- M3 method:

0-10 min 100% B

10-40 min  100% A

40-50 min  100% A

50-60 min 100% B gradient elution at 1 mL/min flow rate.
- M4 method:
0-5 min 70% B
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5-15 min

15-16 min
16-25 min
26-30 min

MS method:

0-5 min
5-12 min
12-15 min
16-25 min
26-30 min

M6 method:

0-5 min
5-10 min
10-14 min
15-25 min
26-30 min

M7 method:

0-10 min

10-50 min
50-55 min
56-60 min

fraction F9 achieved.

for further analysis.

95% A
95% A
100% A

70% B gradient elution at 1 mL/min flow rate.

70% B
90% A
90% A
100% A

70% B gradient elution at 1 mL/min flow rate.

70% B

90% A

90% A

100% A

70% B gradient elution at 1 mL/min flow rate at 210 nm.

50% B

100% A

100% A

100% A gradient elution at 1 mL/min flow rate at 210 nm.

6.2.2.4. Optimising the method to achieve greater amount of fraction F9.
The collection of fraction F9 from HPLC was expensive and time consuming, therefore, it

was necessary to set up another possible method which can improve the quantity of

Oldenlandia diffusa decoction was extracted with four different polarities of organic
solvents hexane, ethyl acetate, dichloromethane and n-butanol, three to four times for each
solvent extraction. Then, extracts were subjected to rotary-evaporator under vacuum at 40

°C to dryness. After that, each extract was dissolved in acetonitrile/water (50:50) solvent

All extracts were studied on HPLC, using Ms method on analytical PFP(2) (250 x 4.60

mm, 5 pm) column (see Section 2.5).
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6.2.2.5. Cytotoxicity of ethyl acetate fraction and fractions FEA-1, FEA-2 and FEA-3.

Cell culture

HL60 and Caco-2 cancer cell lines were grown in complete growth medium RPMI and
DMEM, respectively under the condition as mentioned in Chapter-2.

Cells were seeded to 96 well plates with 2x10* cells/well density. Oldenlandia diffusa
decoction (2.5 mg/mL), ethyl acetate fraction (0.5 mg/mL) and ethyl acetate fractions,
including fraction ethyl acetate-1 (FEA-1) (0.5 mg/mL), FEA-2 (0.5 mg/mL), FEA-3 (0.5
mg/mL), negative control (medium) and positive control actinomycin-D (10 pg/mL) were
added to both cell lines and were incubated for 48 hours at 37 °C in an atmosphere
containing 5% CO,. Cell viabilities were determined using NRU assay at 540 nm in a

microplate reader (spectrophotometer).

6.2.2.6. Characterization of the mode of cell death by ethyl acetate fraction, using DAPI
staining.

Counterstaining protocol for fluorescence microscopy

Counterstaining protocol for HL60 and Caco-2 cell were the same as mentioned in
Chapter-5. The cells were treated with 0.5 mg/mL of ethyl acetate fraction sample and

control for 48 hours. Counterstained cells were kept at -4 °C for further analysis.

6.2.2.7. Characterization of the mode of cell death and apoptosis induced by ethyl
acetate fraction, using Western blotting,.

Experimental protocol was the same as mentioned in Chapter-5. HL60 cells (5x10°
cells/well) were treated with control (medium) and ethyl acetate fraction (0.5 mg/mL) 24
hours under the correct cell growth condition. Cells were lysed in RIPA buffer (1% NP 40,
0.5% sodium deoxycholate, 0.1% SDS) supplemented with protease inhibitor cocktail.
Briefly clarified protein lysates (20 pg) were resolved electrophoretically on 10%
denaturing SDS-polyacrylamide gels, and transferred to nitrocellulose membranes. After
blocking in 5% skimmed milk, membranes were probed with the following primary
antibodies specific for: PARP and CV-PARP. Proteins were visualized with antirabbit and
antimouse secondary antibodies. Antigen—antibody complexes were detected using the

ECL system on X-ray film.
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6.3. Results
6.3.1. Determination of the amount of F9
The results from triplicate experiments for determination of the amount of the separated

fraction F9 is showed in Table 4.

Table 4. The amount of fraction F9 in 7 times run collection.

Fraction F9 Dry residue, mg
I- collection from 7 runs 4.7
I1- collection from 7 runs 5.7
[11- collection from 7 runs 5.9
Mean 5.43
STDEV 0.64

The average amount of the fraction F9 for 7 run was 5.43+0.64 mg which means for 1 run

can be obtained 0.77 mg of fraction F9.

6.3.2. Setting up the separation method for fraction F9

In order to set up the separation method for the chosen fraction F9, reversed phase
chromatographic C18 and PFP(2) columns and normal phase amino column were
performed with different modes of mobile phase. Mobile phase optimisation started with
isocratic with different combinations of buffer, water, methanol, acetonitrile, isopropanol,
THF and hexane solvents and then followed by the gradient elutions which were
mentioned in section Method 6.2.2.3.

Some selected results are shown in Figures 49-56.
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Figure 49. Chromatogram for separation of SPE tube passed fraction F9 on analytical

PFP(2) (250 x 4.60 mm, 5 um) chromatographic column using M1 method.
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Figure 50. Chromatogram for separation of fraction of SPE tube passed F9 on analytical

PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using M4 method at 226 nm.

119



Chapter 6. Study of cytotoxic content(s)

0.aas ]

0015+

nmo-l

©.005- {\ _,x..f\ l\’ V\\‘ |I
1 \

] \
i) U e S o L

--------------

T A sk sk We Wes e e we me mm Mw me w6
Waruton
Figure 51. Chromatogram for separation of fraction of SPE tube passed F9 on analytical

PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using M2 method at 238 nm

wavelength.
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Figure 52. Chromatogram for separation of fraction of F9 on analytical PFP(2) (250 x 4.60

mm, 5 pm) chromatographic column using M5 method at 238 nm wavelength,
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Figure 53. Chromatogram for separation of fraction F9 on analytical PFP(2) (250 x 4.60

mm, 5 pm) chromatographic column using M6 method.
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Figure 54. Chromatogram for ammonium acetate buffer on analytical PFP(2) (250 x 4.60

mm, 5 pm) chromatographic column using M5 method at 226 nm wavelength.
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Figure 55. Typical chromatogram for solvent blank on analytical PFP(2) (250 x 4.60 mm, 5

pm) chromatographic column M4 method at 226 nm wavelength.
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Figure 56. Typical chromatogram for water flush after fraction F9 passed through the SPE
on analytical PFP(2) (250 x 4.60 mm, 5 pm) chromatographic columnusing M6 method.
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6.3.3. Optimising the method to achieve greater amount of fraction F9.

Oldenlandia diffusa decoction was extracted with different polarity of solvents (hexane,
ethyl acetate, dichloromethane and n-butanol) in order to determine the extract which
contains the whole content of fraction F9. The amounts of collected and dried fractions
were: hexane fraction-1.8 mg, ethyl acetate fraction-5 mg, dichloromethane fraction-15.7

mg and n-butanol fraction-47.1 mg.

The results for liquid-liquid extraction of Oldenlandia diffusa decoction with hexane, ethyl

acetate, dichloromethane and n-butanol are followed as chromatograms.
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Figure 57. Chromatogram for n-butanol extract of Oldenlandia diffusa decoction on

analytical PFP (2) (250 x 4.60 mm, 5 pm) chromatographic column using Ms method.
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Figure 58. Chromatogram for ethyl acetate extract of Oldenlandia diffusa decoction on

analytical PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using Ms method.
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Figure 59. Chromatogram for dichloromethane extract of Oldenlandia diffusa decoction on

analytical PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using Ms method.
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Figure 60. Chromatogram for hexane extract of Oldenlandia diffusa decoction on

analytical PFP(2) (250 x 4.60 mm, 5 pm) chromatographic column using Ms method.
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Figure 61. Chromatogram for solvent blank for above extractions on analytical PFP(2)

(250 x 4.60 mm, 5 pm) chromatographic column using Ms method.
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Results obtained for the fraction F9 and ethyl acetate fraction by optimized method (M7)
on LC-MS are followed.
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Figure 62. LC-MS (ESI-) chromatogram for fraction F9 on analytical PFP(2) (250 x 4.60

mm, 5 pm) chromatographic column using M7 method.
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Figure 63. LC-MS (ESI-) chromatogram for ethyl acetate fraction on analytical PFP(2)
(250 x 4.60 mm, 5 pm) chromatographic column using M7 method.
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Comparison of LC-MS chromatograms for fraction F9 and same part of ethyl acetate

fraction:
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Figure 64. LC-MS (ESI-) chromatogram for fraction F9 on analytical PFP(2) (250 x 4.60

mm, 5 pm) chromatographic column using M7 method.
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Figure 65. LC-MS (ESI-) chromatogram for ethyl acetate fraction on analytical PFP(2)
(250 x 4.60 mm, 5 pm) chromatographic column using M7 method (the Figure of 3.82¢3

refer to the TIC. Value>10? indicated a significant amount of ionisation).

6.3.4. Separated compounds of fraction F9 in ethyl acetate extract

The separated ions that related to fraction F9 and ethyl acetate extract were: m/z 267 at
34.78 min, m/z 237 at 36.03, m/z 241 at 38.52 min, m/z 279 at 39.40 min, m/z 255 at 40.29
min, m/z 281 at 41.25 min, m/z 283 at 43.27 min and m/z 455 at 43.75 min and are shown
in the following Figures 66-73.

In addition, apart from fraction F9, there were some interesting compounds separated in the

ethyl acetate fraction, they were m/z 549 at 10.92 min, m/z 327 at 7.98 min and m/z 329 at
12.28 min.
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Figure 66. LC-MS (ESI-) spectrum for m/z 267 ion which eluted at 34.78 min from ethyl

acetate extract using M7 method.
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Figure 67. LC-MS (ESI-) spectrum for m/z 237 ion which eluted at 36.05 min from ethyl

acetate extract using M7 method.
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Figure 68. LC-MS (ESI-) spectrum for m/z 241 ion which cluted at 38.52 min from ethyl

acetate extract using M7 method.
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Figure 69. LC-MS (ESI-) spectrum for m/z 279 ion which eluted at 39.40 min from ethyl

acetate extract using M7 method.
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Figure 70. LC-MS (ESI-) spectrum for m/z 255 ion which eluted at 40.29 min from ecthyl

acetate extract using M7 method.
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Figure 71. LC-MS (ESI-) spectrum for m/z 281 ion which eluted at 41.25 min from ethyl

acetate extract using M7 method.
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Figure 72. LC-MS (ESI-) spectrum for m/z 283 ion which eluted at 43.27 min from ethyl

acetate extract using M7 method.
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Figure 73. LC-MS (ESI-) spectrum for m/z 455 ion which eluted at 43.75 min from ethyl

acetate extract using M7 method.
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6.3.5. Cytotoxicity of ethyl acetate fraction and fractions FEA-1, FEA-2 and FEA-3.
The cytotoxic effects of ethyl acetate fraction and fractions FEA-1, FEA-2, FEA-3 were

investigated on HL60 and Caco-2 cancer cell lines. Their cell viabilities were determined

using NRU assay.

Cell viabilities on HL60 cells were:

On Oldenlandia diffusa (2.5 mg/mL) V=45.071+0.767%,
Positive control-actinomycin-D (10 pg/mL) V=41.804+3.149%,
Ethyl acetate fraction V=56.377+9.954%,

FEA-1 (m/z 549 ion) V=53.344+2.199%,

FEA-2 (m/z 327 ion) V= 55.374+4.404%,

FEA-3 (m/z 329 ion) V=50.576+11.281%.

Significant differences are indicated in this assessment (ANOVA, p<0.05). Results are

shown in Figure 74.
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Figure 74. Cell viability, V% of ethyl acetate fraction and its fractions FEA-1, FEA-2 and

FEA-3 compaired to Oldenlandia diffusa decoction, negative control and positive control

actinomycin-D treated HL60 cells, using NRU assay.

Cell viabilities on Caco-2 cells were:

Oldenlandia diffusa (2.5 mg/mL) V=41.755+1.709%,
134



Chapter 6. Study of cytotoxic content(s)

- Positive control-actinomycin-D (10 pg/mL) V=44.366+5.333%,

- Ethyl acetate fraction (0.5 mg/mL) V=51.239+3.317%,

- FEA-1 V=63.429+13.477%,

- FEA-2 V=45.838%5.920%,

- FEA-3 V=59.452+9.699%
The significant differences are indicated in this assessment (ANOVA, p<0.05). Results are
shown as a graph in Figure 75.
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Figure 75. Cell viability, V% of ethyl acetate fraction and its fractions FEA-1, FEA-2 and
FEA-3 compared to the Oldenlandia diffusa decoction, negative control and positive

control actinomycin-D treated Caco-2 cells, using NRU assay.
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6.3.6. Characterization of the mode of cell death induced by ethyl acetate fraction,
using DAPI staining.
HL60 and Caco-2 cell were treated with ethyl acetate fraction sample (0.5 mg/mL) and

control for 48 hours. Results follow:

Results for DAPI staining on HL60 cell line (48h):

(a)- Control-(untreated cells) (b)- Cells treated with ethyl acetate fraction

Figure 76. Morphological changes of apoptotic cell death of the HL60 cancer cells treated
with ethyl acetate fraction and control (medium) for 48 hr incubation examined by
confocal fluorescence microscopy after DAPI staining. Examination on HL60 cells
identifying the characteristic morphological features, (a)-Untreated control cells have
remained intact, (b)-Ethyl acetate fraction treated cells show characteristics blebbing and
apoptotic bodies as evidenced by the presence of condensed chromatin. The cell size is

significantly decreased (magnification, x400).
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Results for DAPI staining on Caco-2 cell line (48h):

(a)-Control-(untreated cells) (b)-Cells treated with ethyl acetate fraction

Figure 77. Images of confocal fluorescence microscopy of Caco-2 cells identifying the
characteristic morphological features, (a)-Untreated control cells have remained intact, (b)-
Ethyl acetate fraction treated cells (48 hr incubation) show characteristics of cell shrinkage,
blebbing and apoptotic bodies as evidenced by the presence of condensed chromatin. The

cell size is significantly decreased (changed) (magnification, x400).

6.3.7. Characterization of the mode of cell death and apoptosis induced by cthyl
acetate fraction, using Western blotting,.

The apoptotic cell death investigation of ethyl acetate fraction exposed HL60 cells was
performed by Western blotting. On untreated HL60 cancer cells, the band at 116 kDa for
PARP and on ethyl acetate fraction treated cells and band at 85 kDa for cleaved-PARP

were detected (see Figure 78).
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Figure 78. Effect of ethyl acetate fraction on HL60 cell line for the investigation of
apoptosis cell death by Western blotting. The HL60 cancer cells were treated with ethyl
acetate fraction negative control under culturing condition for 24 hrs. Lane 1-negative
control (medium), lane 2-ethyl acetate fraction (0.5 mg/mL). 20 pg/lane proteins were
subjected to 10% SDS-PAGE. The expression of cleaved PARP and PARP was detected at
85 kDa and 116 kDa, respectively.
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6.4. Discussion

Fraction F9 was collected from 7 times run of Oldenlandia diffusa decoction by the created
method (Msp method) on PFP(2) preparative chromatographic column within the same
region 36.5-41.5 min time intervals (Table 4). Then, all samples were collected and dried
on rotary-evaporator under vacuum at 40 °C and freeze-dried. Experiments were done in
triplicate and the amount of dry residue was calculated in each time. Average amount was
5.43+0.64 mg which means that from each run of 2 mL of Oldenlandia diffusa decoction
we can get 0.77 mg of fraction F9. This means that the content of fraction F9 in

Oldenlandia diffusa decoction is 3.76% w/w.

The initial aim of this part of the study was to separate the compounds in fraction F9. For
this reason, some chromatographic columns such as C18, PFP(2) and amino columns
examined with different isocratic and gradient elutions of different combinations of buffer,
water, methanol, acetonitrile, isopropanol, THF and hexane solvents as a mobile phase.
There were one or two major peaks obtained during isocratic elution. On the gradient
elution, separations obtained on PFP(2) (250 x 4.60 mm, 5 um) column, 80% B for 0-5
min, 100% A at 15 min, 100% A for 15-25 min, 80% B for 26-30 min gradient elution at 1
mL/min flow rate (M1 method) (see Figure 49). Then, the method was optimized by the
following analysis by creating M2, M3, M4, M5, M6 methods, and at the end M7 method
(see Figures 49-56).

The solvent blank, water flush after SPE extracted fraction F9 and UA analysis were
studied with acetonitrile (A)/water (B) mobile phase with optimized M6 method.

The M7 method was optimized on LC-MS from the M6 method changing from water to 10
mM ammonium acetate buffer and acetonitrile to methanol. Gradient elution was optimised
to 50% B for 0-10 min, 100% A at 50 min, 50% A 56-60 min. Therefore, the M7 method

was set up for the separation and compound fraction collection.
As mentioned earlier, fraction F9 was collected from Oldenlandia diffusa decoction using

the method which was set up for the separation of the decoction on HPLC, using PFP(2)

(Luna 20 cm x 15.1 mm, 5 pm) preparative column, Msp method.
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But the scale was too small and it was necessary to find a way to obtain more and more
fraction F9 sample for further studies. To obtain the fraction F9 sample by such
chromatographic method was expensive and time consuming. For instance, fraction F9
samples that were collected from 100 runs was used for setting up the separation method
and for some other analysis, e.g. some cell biology experiments, and more sample was

needed for compound fraction collection for further analysis.

Therefore, a liquid-liquid extraction method was performed for extraction of Oldenlandia
diffusa decoction with different polarity of solvents, namely hexane, ethyl acetate
dichloromethane and n-butanol in order to obtain the contents of fraction F9. After three to
four times of extractions, collected extracts were dried on the rotary-evaporator under
vacuum at 40 °C. Obtained amounts were for hexane fraction-1.8 mg, ethyl acetate
fraction-5 mg, dichloromethane fraction-15.7 mg and n-butanol frcation-47.1 mg. Then,
each fraction was dissolved in water/acetonitrile (50:50) and subjected into HPLC on the
PFP(2) (250 x 4.60 mm, 5 um) column using Ms method. Chromatograms are shown in
Figures 57-61. Results showed that the chromatographic trace of ethyl acetate fraction was
similar to the chromatographic trace of the fraction F9 (Figure 53).

As mentioned above, M7 method was optimized on LC-MS for the fraction F9 separation.

Therefore, both fractions F9 and ethyl acetate were examined on LC-MS using the M7
method.

The LC-MS chromatograms are shown in Figures 62-65. They clearly show that the ethyl
acetate fraction from Oldenlandia diffusa decoction extraction with ethyl acetate solvent

can be used to get the fraction F9 contents.

The separated ions in fraction F9 and ethyl acetate extract were the same. In Figures 66-73,
the representations of separated ions from ethyl acetate extract are shown. Separated and
selected ions for the collection were m/z 267 at 34.78 min, m/z 237 at 36.03, m/z 241 at
38.52 min, m/z 279 at 39.40 min, m/z 255 at 40.29 min, m/z 281 at 41.25 min, m/z 283 at
43.27 min and m/z 455 at 43.27 min are shown in the figures. In addition, three more
fractions (1 compound in each) (m/z 549 at 10.92 min, m/z 327 at 7.98 min and m/z 329 at
12.28 min) were chosen. These three fractions (FEA-1 (m/z 549 ion), FEA-2 (m/z 327 ion),

FEA-3 (m/z 329 ion)) were investigated on HL60 and Caco-2 cell lines by NRU assay.
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Generally, cell viabilities of both HL60 and Caco-2 cell lines were low in all samples,

excluding the control (see Figures 74-75).

On the HL60 cell line, the ethyl acetate fraction (0.5 mg/mL) showed the cytotoxic effect
(p<0.05) with V=56.377+9.954%, as well as the other three compounds as their
cytotoxicity were FEA-1 (0.5 mg/mL) V=53.344+2.199%, FEA-2 (0.5 mg/mL) V=
55.374+4.404% and FEA-3 (0.5 mg/mL) V=50.576+11.281% and were close to
Oldenlandia diffusa (2.5 mg/mL) V=45.071£0.767% and positive control-actinomycin-D
(10 pg/mL) V=41.804+3.149%. However, all these three compounds showed cytotoxic
effect, FEA-3 showed the most cell inhibition effect, then FEA-1 and FEA-2.

According to results on Caco-2 cells, all ethyl acetate fraction, FEA-2, FEA-3 and FEA-1
(0.5 mg/mL) have cytotoxic effect (p<0.05) as their viability percents were
V=51.239+£3.317%, V=45.838+5.920%, V=59.452+9.699% and V=63.429+13.477%,
respectively. Generally, all those three compounds showed cytotoxic effect on Caco-2

cells, but FEA-2 has the most cell growth inhibition effect, then FEA-3 and FEA-1.

Characterization of cell death mode of cells exposed to ethyl acetate fraction was
investigated on HL60 and Caco-2 cells using DAPI staining on confocal fluorescence
microscopy. According to results, both HL60 and Caco-2 cells exposed to ethyl acetate
fraction induced apoptosis as the blebbing and producing apoptotic bodies were evidenced

by morphological investigation (see Figures 76-77).

Furthermore, the cytotoxic effects of ethyl acetate fraction treated cells that induced
apoptosis were assessed by Western blotting by comparing it to untreated cells. On
untreated cells, a band at 116 kDa for PARP was detected, while on the cells which were
treated with ethyl acetate fraction, a 85 kDa band was detected for cleaved-PARP. This
showed that the cells treated with ethyl acetate fraction were apoptotic (see Figure 78).

6.5. Conclusion

The separation method which was set up for fraction F9 contents is:- PFP(2) (250 x 4.60
mm, 5 pm) chromatographic column, methanol (A)/10 mM ammonium acetate buffer (B)
as a mobile phase with 50% B for 0-10 min, 100% A at 50 min, 50% A 56-60 min (M7

method) with flow rate 1 mL/min, at 210 nm wavelength.
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For compound fraction collection, the same contents of fraction F9 can be obtained using
liquid-liquid extraction method of Oldenlandia diffusa decoction with ethyl acetate

solvent.

The selected ions for further compound fraction collection were m/z 267 at 34.78 min, m/z
237 at 36.03, m/z 241 at 38.52 min, m/z 279 at 39.40 min, m/z 255 at 40.29 min, m/z 281
at 41.25 min, m/z 283 at 43.27 min and m/z 455 at 43.27 min, and m/z 549 at 10.92 min,
m/z 327 at 7.98 min and m/z 329 at 12.28 min.

In addition, collected fractions from ethyl acetate extract such as FEA-1, FEA-2 and FEA-

3, and ethyl acetate fraction have a cytotoxic effect that induces apoptosis.
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Chapter 7. Purification and determination of content(s)

in the most cytotoxic fraction
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Chapter 7. Purification and determination of content(s) in the most cytotoxic fraction

7.1. Introduction

The cytotoxicity-guided fractionation of the decoction of Oldenlandia diffusa led to the
isolation of compounds in the most cytotoxic fraction and they were successfully isolated
using the method which was set up for the separation.

The aim of this part of study was to determine the content(s) of the cytotoxic fraction in the

decoction of Oldenlandia diffusa.

However, from previous other researchers’ studies, it was suggested that the extracts of the
Oldenlandia diffusa has significant cytotoxic effect on range of cancer cells in vitro
[Sadava et al., 2002], [Kim et al., 1998], [Gupta et al., 2004]. The compound(s) that are

responsible for the action are not fully determined.

According to phytochemical studies, Oldenlandia diffusa contains some major compounds,
including E-6-O-p-coumaroyl scandoside methyl ester, asperuloside [Nishihama et al.,
1981], [Takagi et al., 1982], E-6-O-p-coumaroyl scandoside methyl ester-10-O-methyl ether
[Gu & Weng, 2001}, oleanolic acid and ursolic acid [Chung et al., 1998].

One of the compounds giving the anti-cancer effects is the pentacyclic triterpenoid ursolic
acid (UA) that is found in the methanol extract of Oldenlandia diffusa. UA showed a
significant inhibition of the proliferation of A549 (human lung), SK-OV-3 (ovary), SK-
MEL-2 (skin), XF498 (brain), HCT-15 (colon), SNU-1 (stomach), L1210 (murine
leukaemia) and B16-FO (murine melanoma) tumour cells. The nucleosomal DNA of HL60
cells pretreated with UA was cleaved into several oligomeric fragments due to apoptosis.
But the cytotoxic effect of UA on tumour cells decreased in a dose dependent manner

[Sung et al., 1998].

In addition, other co-workers have suggested that OA may possess both cancer
chemotherapeutic and chemopreventive properties. Results showed that OA can suppress the
growth of human epithelial cancer cell line without toxicity to the normal cells [Pui ef al.,

2009].
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Moreover, 6-O-(E)-p-coumaroyl scandoside methyl ester that was isolated from 95%
ethanol extract of Oldenlandia diffusa showed a moderate anti-proliferation effect on PC3
human androgen-independent prostate cancer cells while 10(S)-hydroxypheophytin a.
showed moderate anti-proliferation effect on PC3 cells but strong anti-proliferation effects

on LNCaP human androgen-sensitive prostate cancer cells [Li et al., 2009].
However, no anti-cancer effective compounds in a decoction of Oldenlandia diffusa that

has been prepared by the conventional method (boiling in water) which people use to drink

in their treatment has yet been reported.
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7.2. Materials and methods

7.2.1. Materials

HPLC and LC-MS equipments for the separation of fraction F9 were the same as mentioned
in Chapters 3 and 6. C18 column (250 mm x 4.6 mm, 5 um) column was Phenomenex, UK.
Chemicals such as methanol, acetonitrile (HPLC grade) were supplied by Fisher Scientific
Inc, UK, and ammonium acetate (HPLC grade), ursolic acid and oleanolic acid were
purchased from Sigma-Aldrich Inc, Poole, UK. Mass spectrometry device was Thermo

Electron Triple Quadrupole TSQ™, Thermo Scientific, UK.

7.2.2. Methods

7.2.2.1. Sample preparation

Preparation of fraction F9 sample

Dry residue of fraction F9 was dissolved back in methanol or acetonitrile/water 50:50 or

60:40, depending on the performing mobile phase.

Preparation of fraction Oldenlandia diffusa decoction and ammonium acetate buffer
Oldenlandia diffusa decoction and ammonium acetate buffer were prepared as mentioned in

Chapter 2.

Preparation of Quercetin solution
Stock solution of 100 ppm quercetin was prepared in 50 mL HPLC grade methanol, and then

necessary concentrations of reference solutions were prepared by dilution in methanol.

Preparation of ursolic and oleanolic acids solutions
Purchased OA and UA were used as an internal standard in this study. There were pure UA
and OA solutions and UA and OA a mixture solution. These were prepared with 100 ppm

concentration in HPLC grade methanol.

7.2.2.2. Subfraction collection from ethyl acetate extract
Eleven selected subfractions (compound-fraction-1 to 8 and ethyl! acetate fraction FEA-1 to
3) were collected from ethyl acetate extract using a HPLC, PFP(2) analytical (Luna 250 x 4.6

mm, 5 pm) column and Ms method at the related time intervals.
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It was important to set the correct collecting point to get the possible pure subfraction. In
order to optimise the best tube length (from column to detector) for subfraction collection, a
series of measurement of tubes (25-23 cm long) were made. After many attempts,
subfractions were collected from exact midpoint of each peak elution. Eleven subfractions
were collected, including m/z 267, 237, 241, 279, 255, 281, 283, 455, and m/z 549, 327 and
329 ions. The purity of each collected compound fraction was examined back on MS by

direct injection.

7.2.2.3. Determination of molecular weights by high resolution-MS

The molecular weight of each collected subfraction (ion) was determined using high
resolution-MS. Quercetin (with MW 302.24) solution in methanol was used as a reference.
10, 5, 1 and 0.5 ppm concentrations of quercetin solutions were subjected to mass
spectrometry in order to determine the appropriate reference concentration. Samples were
drawn by autosampler and directed (direct injection) to MS by tube which split to pumping

system in order to bring the reference into the flow of sample analyte.

7.2.2.4. OA and UA study in determining fraction F9 contents
Previously prepared UA solution, OA solution and mixture of both OA and UA solutions
were subjected to same PFP(2) column using M6 method. Their retention times were

compared to the peak which was obtained in fraction F9 peak’s retention time.

7.2.2.5. MS-MS assessment of subfractions, OA and UA

Mass spectrometric analyses were performed using MS-MS spectroscopy. Product ion scans
were performed for OA, UA and compound-fraction-8 using direct infusion. The optimised
MS (ESI-) conditions for the parent ion were: capillary temperature 400 °C, sheath gas
pressure 10 mL/min and spray voltage 4500 V. The mass spectrometer was programmed to
detect the product ions from the samples in the range of m/z 100-500. All data acquisition

and processing were controlled by Xcalibur™ software.

7.2.2.6. Comparison HPLC assessment of compound-fraction-8 and control OA and UA
In order to check content of compound-fraction-8 on HPLC, sample and control OA and UA
and their mixture were investigated on C18 column (250 mm x 4.6 mm, 5 um) with mobile

phase methanol-water (83:17 containing 0.2% ammonium acetate, pH=6.7) at a flow-rate of
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1.0 mL/min (room temperature). The detection wavelength was set at 210 nm [Liang ef al.,
2009].

7.2.2.7. Comparison LC-MS analysis of compound-fraction-8

To check the ions of the separated two peaks in compound-fraction-8, the sample and the
mixture of OA and UA were investigated on LC-MS (ESI-, at capillary pressure 3255 V,
desolvation temperature 250 °C and source temperature 90 °C) using the above (see

Section. 7.2.2.6) mentioned method.
7.2.2.8. Comparison NMR studies of fraction FEA-1

Fraction FEA-1 (3 mg) was dissolved in acetone D6 and a drop of DMSO. NMR spectra
were recorded with an AV500 (500 MHz for 'H; 100 MHz for *C) spectrometer.
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7.3. Results

7.3.1. Subfraction collection from ethyl acetate extract

After setting of the collecting point of each compound, fractions were carefully collected to
obtain possible pure compound from the LC-MS. The optimised tube length was found to be
32 c¢cm long (from column to detector). The purity of each collected subfraction was

examined back on MS by direct injection. Results are shown in Figures 79-89.
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Figure 79. LC-MS (ESI-) spectra collected compound-fraction-1 (m/z 241 ion).
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Figure 80. LC-MS (ESI-) spectra collected compound-fraction-2 (m/z 267 ion).
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Figure 81. LC-MS (ESI-) spectra collected compound-fraction-3 (m/z 237 ion).
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Figure 82. LC-MS (ESI-) spectra collected compound-fraction-4 (m/z 279 ion).
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Figure 83. LC-MS (ESI-) spectra collected compound-fraction-5 (m/z 255 ion).
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Figure 84. LC-MS (ESI-) spectra collected compound-fraction-6 (m/z 281 ion).
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Figure 85. LC-MS (ESI-) spectra collected compound-fraction-7 (m/z 283 ion).
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Figure 86. LC-MS (ESI-) spectra collected compound-fraction-8 (m/z 455 ion).
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Figure 87. LC-MS (ESI-) spectra collected fraction FEA-1 (m/z 549 ion).
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Figure 88. LC-MS (ESI-) spectra collected fraction FEA-2 (m/z 327 ion).
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Figure 89. LC-MS (ESI-) spectra collected fraction FEA-3 (m/z 329 ion).
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7.3.2. MW of isolated subfractions by high resolution-MS

Compounds’ molecular weights were determined by high resolution-MS (see Table 5).

Table 5. Molecular weights of separated ions.

Subfractions Isolated ions, Determined MW Colour
m/z
Compound- 241 242.24 impure
fraction-1
Compound- 267 268.08 impure
fraction-2
Compound- 237 238.07 Green-yellow
fraction-3 amorphous solid
Compound- 279 280.38 Whitish or
fraction-4 colourless solid
Compound- 255 256.24 Whitish or
fraction-5 colourless solid
Compound- 281 282.25 Whitish or
fraction-6 colourless solid
Compound- 283 284.27 Whitish or
fraction-7 colourless solid
Compound- 455 456.36 Whitish solid
fraction-8
FEA-1 549 550.17 Orange-yellow
residue
FEA-2 327 328.22 Brown-yellow
residue
FEA-3 329 330.24 Brown oily
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7.3.3. OA and UA studies in fraction F9 contents
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Figure 90. Chromatogram for UA on PFP(2) (250 x 4.60 mm, 5 pum) chromatographic

column using M6 method.
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Figure 91. Chromatogram for OA on PFP(2) (250 x 4.60 mm, 5 pm) chromatographic

column using M6 method.
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Figure 92. Chromatogram for solvent blank for OA and UA on PFP(2) (250 x 4.60 mm, 5

pum) chromatographic column using M6 method.
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Figure 93. Chromatogram for fraction F9 on PFP(2) (250 x 4.60 mm, 5 pm)
chromatographic column using M6 method. Rt of the peak is 17 min.
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Figure 94. Chromatogram for fraction F9 with UA as an internal standard on PFP (2) (250 x
4.60 mm, 5 pm) chromatographic column using M6 method.
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Figure 95. LC-MS (ESI-) chromatogram for UA (at 43.57 min) using M7 method.
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Figure 96. LC-MS (ESI-) spectrum of UA using M7 method.
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Figure 97. LC-MS (ESI-) spectrum for m/z 455 ion (compound-fraction-8) which eluted at

43.75 min from ethyl acetate extract using M7 method.
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7.3.4. MS-MS results for compound-fraction-8
Fragment ion assessment was performed on MS-MS tandem spectroscopy and mass spectra

for compound-fraction-8, OA and UA are followed.
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Figure 98. Mass spectrum for compound-fraction-8.
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Figure 99. Mass spectrum for OA.
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Figure 100. Mass spectrum for UA.
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7.3.5. Comparison HPLC assessment of compound-fraction-8

Chromatograms of control OA and UA and their mixture as well as compound-fraction-8
(m/z 455 ion) from on C18 column (250 mm x 4.6 mm, 5 pm, Phenomenex, UK) with
mobile phase methanol-water (83:17 containing 0.2% ammonium acetate, pH=6.7) at a flow-
rate of 1.0 mL/min and at detection wavelength 210 nm [Liang et al., 2009] are shown in
Figures 101-104.
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Figure 101. Chromatogram of control OA using C18 column (250 mm x 4.6 mm, 5 pm) with
mobile phase methanol-water (83:17 containing 0.2% ammonium acetate, pH=6.7) at a flow-

rate of 1.0 mL/min and at detection wavelength 210 nm. Rt=16.07 min.
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Figure 102. Chromatogram of control UA using C18 column (250 mm x 4.6 mm, 5 um)

under the same condition as Figure 101. Rt=17.64 min.
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Figure 103. Chromatogram of control mixture of OA and UA using C18 column (250 mm x
4.6 mm, 5 pm) under the same condition as Figure 101. Rt (1-OA) =16.16 and Rt (2-UA)
=17.20 min.
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Figure 104. Chromatogram of compound-fraction-8 using C18 column (250 mm x 4.6 mm, 5

pm) under the same condition as Figure 101. Rt (1) =16.49 and Rt (2) =17.58 min.

165



Chapter 7. Separation and determination of content(s) in the most cytotoxic fraction

7.3.6. Comparison LC-MS analysis of compound-fraction-8
Compound-fraction-8 and the mixture of OA and UA were investigated on LC-MS using the

above (see Section. 7.2.2.6)