Chemical Components and Quality Control of
Rhizoma Curcumae Originated from Three
Species of Plants

by

Yang Fengqing

-

Master of Science

Institute of Chinese Medical Sciences

University of Macau

MST{ M)

.M



MR o

TR IR

=REERBMHIMRES KR
WaRLgm - o B
L | Hif ZHEE T—™
K E- B
H 3 2005.6

PR B PEREH KM

LGl



TABLE OF CONTENTS

LIST OF FIGURES ....ocrreirnecrnsnnssnsssenssssisessisasisesessasssssersssssosansssasesstsssasssssssass v

LIST OF TABLES ....ccvnininiiinisinisiniiiniimisisssissismemssessnsmsssssssranssssnssssasssasessasrssnes vii

LIST OF ABBREVIATIONS ....cteiimerirssneserisseissssssnsssassisessssssssisrsssssssanennssassennssnes ix

ACKNOWLEDGEMENT .....couuiirmcinecesenssssisssssssisassisissssssssississsssssscesssssnnssassones X

CHAPTER 1: Brief review 0N EZRH ..eoeeienncniinisinsrssisissssnisnississssssssssnsens 1

Section 1. Development of chemical and pharmacological research on Ezhu ... 1

1.1. Chemical composition Of EzAu .........ccovvereevieisieriienieeseess et 1

1.1.1. Volatile chemicals.........c..coeeiiiiirireciiiniiniriirieririrs e e e aeens 1

1.1.2. Non volatile chemicals........cccceruereiiciesieneiesieeiieeei e 2

L. 1.3, OFRErS..oveeeeecetect ettt et e sttt ra e eae s e 2

1.2. Pharmacological ACHVIES ........ccvovevvveeieieciesieeeese e st 3

Section 2. Quality control Of EZAth .......c.ccueeuveeiveceicerieeccee e eae v 3

2.1. Volatile chemicals ........cccoereicrirnrrrireeeeetees e 3

2.2. Non volatile Chemicals ..........ccoevvirviririeiec e enseeas e 4

2.3 OHRETS ottt ettt sttt et es e s 4

CHAPTER 2: Isolation of chemical compounds from EzAu........cceeenrvrscresssnessasas 5
Section 1. Process of isolation and purification of chemical compounds from

EZRUccoveveeeeece et s ettt ae e an s bnenan e e e ran 5

1.1. Instruments and MAaterials ...........covvveiiriririeiinerr e 5

1.2. Separation of chemical compounds........c.cecovcervreniensininirer e e 6

1.2.1. Separation the chemical compounds from volatile oil of
CUFCUMA WERYVHUFIN ..ottt e s 6

1.2.2. Separation two main compounds in crude herb of Curcuma

PRACOCAUILS ...ttt et et e et s ene e 8

1.2.3. Separation of degraded compounds from crystal A.............cc.c......... 9
Section 2. Purity test of separated compounds ..........cccoceriivienecieccccnee e, 10
2.1 MEthO ..ot et sr st st sn e n e e esaenae s 10
2.1.1. Preparation of chemical SOIUtiONS.........cccceeeiiieirieiiiiniiireereeree v, 10

2.1.2. HPLC analysis ....cccoceeeiverieneineirieerrerercee e sveesteessasssresaseesaesseann 10
Section 3. Structure elucidation of the separated compounds ..........cccccevennneeee. 15
3.1. Structure elucidation..........coovevverienininieiee ettt 15



311 Ol A e 15

3.1.2. Ol B......cees P OSSR UTU TR UTORPYUPTUPTON 16

313 00 G et b 16

34 Crystal A oo e rae e e et aeseares 17

LS. Crystal B ..ottt e e e 17

3.1.6. Crystal € .ottt s et eas e e e 18

37, Crystal Dot rar e bae e 18

3 LB Crystal Bttt e 19

310 . Crystal Fo....ooooeeeee ettt ne e 19

3110, Crystal Gttt e 20

31T Crystal Hooooereeeeereeneeeeee e ee e s 20

3112, Crystal L..occiicciiiiniit e ienesne s senesesassvessessssnsnsens 21

3113, Crystal J oottt e s e e 21
CHAPTER 3: Qualitative and quantitative analysis of Ezhu by GC-MS and

pressurized liquid eXtrAcCtion .......ccoeicecsreicscisosenssnesssnsssasssmsansressesnssssnssassesassenes 23

Section 1. Materials and INStruments...........ccocvcvevirieeniencinninienieeecree e 23

L1 MAterials ..cooeeeiriireee ettt st sen e s s ra et st e e eateen s e 23

1.2, INSEPUIMIENES 1ot s e s en e s s b ne e s esnan 24

Section 2. Analysis of Ezhu samples by GC-MS.......cccovveiriireciceeee e 25

2.1. Pressurized liquid eXtraction..........cccoeveeiierieenceecrinsnr e eseeseersrereseerne e 25

2.2, GC-MS ANALYSIS ... ieiereeiiiierieieiteieeeesiesceesestssre e et snesrsssrersssesresnsans 26

2.3. Results and diSCUSSION .......cvevivirierurrreecriecee e e ste e erassenseeans 26

2.3.1. Identification of components in Curcuma .............c.cocvevvvveererenrennns 26

2.3.2. Quantitation of compounds in EzAt.........cccoveeeeriiiinnieiearieenin, 28

2.3.2. DISCUSSION ....uevrirerererceeereresrerasteseressraesarssssrsesssassnssssesssassassasasssanns 30
Se_ction 3. Study on the transformation of heat labile compounds in £zhu by

GC-MS splitless inlet MOAE........oveermrececrirrecre e 34

3.1. Preparation of sample SOIUON ........cccevervrrerereerrererntncre s eneee e 34

3.2, GO-MS BNALYSIS..c.coiiriiniinriiiriiiienestirsrereesreeseessseseesessasasessesssensesnsorsensens 34

3.3. Results and diCuSSION. .......cccvivceirireiicececieeec et e 34

3.3.1. Transformation of compounds during GC-MS analysis................. 34

Section 4. Optimization of sample preparation and GC condition .............c.c....... 37

4.1. Preparation of sample SOIUtiON ...........cccovvvireviveviirinnereiereeeceeee e 38

4.1.1. Preparation of standard solutions .............cceveevreveerieieerecceiriesreonnnne, 38

-ii -



4.1.2. Sample Preparation......c.coccececrerreererriesrerreereeresssessesesssssreessesssoneens 38
4.2, MEthOdS ..ottt sttt et rreae s srneaeans 39
4.2.1. Evaluation of extraction efficiency by HPLC...........covvvvvvvvvevnnennen. 39
4.2.2. Optimization of GC condition..........ceceeevvvieviininiie e 39
4.3, RESUIS...counieeiecreecie e ee e ettt s a e eans 39
4.3.1. Optimization of extraction coONAitioN.........coeeeveveerierreeinieecrennencnns 39
4.3.2. Optimization of GC condition...........cccevvrvmverrrvivnreneecrnrenenenesenns 40

Section 5. Simultaneous determination of eight chemical components in Ezhu

by GC-MS and pressurized liquid eXtraction........c.cccccevcreecenrinerenrvnnennnnn, 44

5.1. Preparation of sample SOIULION .........cooveiirivrrivinreerreerecreere e 44
5.1.1. Preparation of standard solutions ..........cccoceveveerierveeninnciecsie e, 44

5.1.2. Preparation of sample solutions..........c.ccecvverercriinnerscnnennenrnnnns 44

5.2 RESUILS. .ottt et et e 45
521, LOD and LOQ) ...eviriviirerecrere e nrivireseserererennesnesanessasessraesaaneens 45

5.2.2. PIECISION...ccuutevereneieee e ereesene st enesraeesene s senenesrenasesssnesasensnesas 45

5.2.3. Reproducibility .....ccccoiiiiiiiinieiieiceseeee sttt 46

5.2.4. StABIILY ..o e 47

5.2.5. Preparation of standard CUIVES.........c.ocoreverrieiieinie e 47

5.2.6. Quantitation of eight compounds in three species of Ezhu............. 49

IR 2 =T 12 RS 50

5.3, CONCIUSION ..ottt ettt et s e e e s 50
Section 6. GC fingerprint study of Ezhu samples from three species of plants.... 51
0.1, MEthOQ....ciciiiiiiie ettt et s an e 51
6.1.1. Hierarchical Clustering analysis ...........ccccceeeereeviiesieeecinrerinreeeenenes 51

6.1.2. Similarity Evaluation System analysis.......c..cococrrviienrnrcrincecrcnnnens 51

. 6.2. Results and AISCUSSION ....coviirieeeeeeet ettt s 52
6.2.1. Hierarchical Clustering analysis .........c.cccoocevieereieiriereereresesreeenreenns 52

6.2.2. Similarity Evaluation System analysis.........ccccvceevrrnernennceciiecennes 53

CHAPTER 4: Quality control of Ezhu by using HPLC and pressurized liquid
EXLTACTION cevevernersnesirecsssnsssssissasissassssasssaresssssssssrsssstnssstnssssasssnasssssssssarsenstssassassasne 58

Section 1. Simultaneous determination of eleven components in Ezhu by

HPLC and PLE €XITACHION «..coovvieieeieieeeeieneieeeeeseeeeseeessevenennesnnsesaesesaseasesensee 58
1.1. Instruments and MaterialS......coovviviiioirmvrieiiimsiiemeeeeeeeeeereeeeeseaserreereseasene 58
O A 601 s 1= L SO TR UR R URURPUR U 58



102 MIAEEIIALS et e e e mee e e e e eeaeeee e e e e e e e ee e e e reanrae 58

1.2. Optimization of the HPLC conditions ...........ccoeevvveerenrireeinccinceenieeens 59
1.2.1. Selection of detection wavelengths........c.cccoecervvivinnnnivescnnnnnenn, 59
1.2.2. Preparation of SOIUHIONS .........cccoviiviiiriivinrnrireeres e 59
1.2.3. HPLC aNalYSIS ..oovuiivviiriiinriaeiiaesinesinaeeinseesasesessae et beecar e sesessrnesan 60

L3, RESUILS. ..ottt s e enen 63
1.3.1.LOD and LOQ ...couiiiiee ettt ettt s 63
1.3.2. PrECISION. c..ce ettt et e e et a e s e s e a e s e e a e ensaasasens 63
1.3.3. Reproducibility ........ccovvvvvevirieriririnercrrne et seenee s 64
1.3.4. Stability .couee ittt s e s e bbb 65
1.3.5. Preparation of calibration Curves ...........cccoveevevverenericriesreeseerenns 66
1.3.6. RECOVETY noeiiiiiiiiee et cereee ettt r e e s rabe s e e tt s a e e ae et ee e e eesnnnesonn 68
1.3.7. Quatitation of the ten compounds in EzhAu samples...................... 69

1.4, CONCIUSION ..ottt et sbs st e e esbesseeanenern 69

Section 2. HPLC fingerprint of £zhu from three species of plants...................... 70

2L MEthOd .ot 70
2.1.1. Hierarchical Clustering analysis ........ccccccvevrvrierrercrereerseereseseseennes 70
2.1.2. Similarity Evaluation System analysis.............cccoeeecvinivrcnerenrennnennes 70

2.2. Resnlts and diSCUSSION ......ceuieireiiiiiiiiencieie et ee s e e e s 71
2.2.1. Hierarchical Clustering analysis .......coccoeeceresiieineeeieieeeniiesesvencenns 71
2.2.2. Similarity Evaluation System analysis.........cc.ccocceevivesrieeecneiene e 72

CHAPTER 5: Quality control of Ezhu by using HPLC and pressurized ligunid

EXEFACLION cccvererrsererassanssessarorsssessaronsssnssaronsssessanssassnessessasssessasssnsnssosssansssssstosassansars 77
Section 1. Comparison of GC-MS and HPLC-DAD for analysis of Ezhu ........... 77
1.1, SeNSTHIVILY «.eeiiirieniiei ettt sttt b e st ba et e e e e snresne srrasreans 78

L2 PIECISION .eeviieciiiieciiti e cieeeettteceit e s et be e e be et estnba s et renereeannrres st neaanrressanes 78

| 1.3, Quantitative TESUILS ..c..vvvirevie et cree e erar e eae s canesaeas 79
CONCLUSION .uociiieicsesinieseniasesesersasssissassasosssasssnssassssssasssnsssssasssasstssssssasssssarossasss 80
BIBLIOGRAPHY ....cciiiiniiinininsiissisinnissinisissnsisnsssssssssenssassosesssassssnssassassssssssnsnasns 81
APPENAIX [ coriiiriiisniininnissninsisinisissisassisissssssisasssisassstssssinsssesasmessessrenseren 86
APPENAIX T couirrrrcriirierinniinnennrssnsnesnsnisnemsssesaiesaiesanssessssssssssssrersssensssnsasenerssssns 126
APPEndixX [...iorcsnriscirenssmensssensssenssronssrsssssssssssassssasorsassrsssssesesssstossassssssssararansarans 131

-iv-



