ansfiugiaietlen-1 TnefansuasLimaanniveaeAleZingberaceae

WIENEN 47189973

InentinusilifludaunilaneanisAn e nangnadsy M AER TR ) e
a = a I
andEAl  NATILAR
ANEANENANARAT  ANNAINTUUNMINENAE
Tnns@nwun 2547
ISBN 974-17-6821-4

AUANDTVBITIAIN TN NN



HIV-1 REVERSE TRANSCRIPTASE INHIBITORS FROM FAMILY ZINGIBERACEAE

Mr. Kasem Sookkongwaree

A Dissertation Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy in Chemistry
Department of Chemistry
Faculty of Science
Chulalongkorn University
Academic year 2004
ISBN 974-17-6821-4



Thesis Title HIV-1 REVERSE TRANSCRIPTASE INHIBITORS FROM FAMILY
ZINGIBERACEAE

By Mr. Kasem Sookkongwaree
Filed of study Chemistry
Thesis Advisor Professor Sophon Roengsumran, Ph.D.

Accepted by the Faculty of Science, Chulalongkorn University in Partial Fulfillment of

the Requirements for the Doctor's Degree

........................................................ Dean of Faculty of Science

(Professor Piamsak Menasveta, Ph. D.)

THESIS COMMITTEE

........................................................ Chairman

........................................................ Thesis Advisor

........................................................ Member

(Assosiate Professor Amorn Petsom, Ph. D.)

........................................................ Member

(Assistance Professor Chamnan Pattarapanich, Ph. D.)



e 41109973 : AsdiudiaieTlan-1 Fnafansuarstinaanivaasda
Zingiberaceae (HIV-1 REVERSE TRANSCRIPTASE INHIBITORS FROM FAMILY
ZINGIBERACEAE) . 1fanen : A. ag. Tanmu Bedn91cy, 197 wiin. ISBN 974-17-

6821-4.

VinnnsaianTayulngNATlN (Zingiberaceae) a1uan 11 4n FasfTnazane LAY
LWNIUA LLmﬁ’]mmﬁmﬁié’w’mmmuqm‘é”‘uéTq human immunodeficiency virus type 1 reverse
transcriptase (HIV-1 rt) ae proteases A1N human immunodeficiency virus type 1 (HIV-1),
hepatitis C virus (HCV) Waz human cytomegalovirus (HCMV) a1NNANTTNARAINLAN &9
fm‘TmLumu@mdqulmjmmmﬁu&a protease vagnualalAR Tngienizansafiammieaues
nIzTEAUALdn  Awinnsueanesdszneumiaadiannnszmafuazanlngldnvsnisdanamn
usnTvinnnsuan Tnsanansouenanslsznaumantensls 8 ol (@nsdsznay 1-8) AN
NITTLAUATANILITNA 9-11 AN mnﬁuﬁz};@ﬂqmﬁmm%qﬁf;mmﬁﬂmmﬂmimzﬁﬁﬂ
LL@:ié’wmm@qu%rﬁuéq orotease 1adliaaENTTin WU 5-hydroxy-7-methoxyflavone (2)
waz 5,7-dimethoxyflavone (7) Ul HIV-1 protease tagid IC,, Wil 19 UM uananity
5-hydroxy-3,7-dimethoxyflavone (1) ﬂ"\‘lmmmﬁuﬁ% HCV protease az HCMV protease Ing

v
o o

1A 1C,, Wil 190 waz 250 UM ANANaL luang? 4-hydroxycinnamaldehyde (10) €Ul
HIV-1 protease tagiden IC,, Wil 130 UM uaz@unsndiugis HCMV protease IaaidAn I1C,,
Wity 97 UM uenanndi 4-methoxy cinnamic acid ethyl ester (13) waz 4-methoxy

i v
cinnamic acid (14) Muenldanilazueneduey o-glucosidase gandiansilsznavayiusaed

trans-cinnamic acid Miumaaay InadaA 1C,, Wiy 0.05 uaz 0.04 mM

a = A d‘ an
AP VAR e, AVINDTATRB oo
= = A A el
ANUNAT......... VAR e ANENATARNANTENUTNE. oo
nnsAnmn..... 2547,



# # 4373805323 : MAJOR CHEMISTRY

KEY WORD: HIV-1/reverse transcriptase / protease / glucosidase / Zingiberaceae
KASEM SOOKKONGWAREE : HIV-1 REVERSE TRANSCRIPTASE INHIBITORS
FROM FAMILY ZINGIBERACEAE. THESIS ADVISOR : PROF. SOPHON
ROENGSUMRAN, Ph.D. 197 pp. ISBN 974-17-6821-4.

Eleven medicinal plants in the Zingiberaceae family were extracted with water
and methanol and then screened for inhibition of human immunodeficiency virus type 1
reverse transcriptase (HIV-1 rt) and proteases from human immunodeficiency virus type 1
(HIV-1), hepatitis C virus (HCV) and human cytomegalovirus (HCMV). The results showed
that most of the methanol extracts have strong inhibition of the three different proteases,
especially methanol extract of Kaempferia parviflora and Alpinia galanga. Kaempferia
parviflora and Alpinia galanga were isolated to identify chemical constituents by using
bioassay-guided as a navigator of fractionation. Eight flavonoids (1-8) were isolated from
Kaempferia parviflora and compounds 9-11 were isolated from Alpinia galanga. The
structures of the isolated compounds were determined by spectroscopic techniques. The
effects of each compound in inhibiting three different proteases were tested. It was found
that 5-hydroxy-7-methoxyflavone (2) and 5,7-dimethoxyflavone (7) showed a potent
inhibitory activity against HIV-1 protease, both with IC,, values of 19 LLM. Moreover, 5-
hydroxy-3,7-dimethoxyflavone (1) posses a mild inhibitory activity against HCV protease
and HCMV protease with the IC,, value of 190 and 250 UM, respectively. While 4-
hydroxycinnamaldehyde (10) showed HIV-1 protease inhibitory effect with IC,, value of
130 UM, and HCMV protease inhibitory effect with IC,; value of 97 LLM. In addition, 4-
methoxy cinnamic acid ethyl ester (13) and 4-methoxy cinnamic acid (14) which isolated
from Kaempferia galanga showed the highest activity against Ol-glucosidase inhibition
among the frans-cinnamic acid derivatives with IC., value of 0.06 and 0.04 mM,

respectively.

Department....Chemistry............c.ccccoeienns Student’'s signature..........cccccooeeeeiiiiiiinnnnn,
Field of study..Chemistry .........ccccooeeeinn. Advisor's signature............ooccvvviiiiiiiieeenen.
Academic year...2004....



Vi

ACKNOWLEDGEMENTS

The author wishes to express the deepest appreciation to his advisor, Prof. Dr.
Sophon Roengsumran, for his kindness, valuable advice, and everything that he gave to
the author and Prof. Dr. Helena Danielson for inviting me the opportunity to carry out my
research at Uppsala University, and guiding me through the year of my work at BMC,
and for many interesting discussions in enzymatic biochemistry and for everything when
the author lived in Sweden. The author also wishes to extend his profound thanks to the
chairman and members of his thesis committee, Prof. Dr. Udom Kokpol, Prof. Dr. Padet
Sidisunthorn, Assoc. Prof. Dr. Amorn Petsom, and Assist. Prof. Dr. Chamnan
Pattarapanich.

The author would like to thank Assist Prof. Dr. Warinthorn Chavasiri for
providing trans-cinnamic acid derivatives. Thanks are also due to Mr. Sophon Kaeotip
for assistance with mass spectrometry analyses, Miss Daranee Charoensuk and Miss
Jumreang Thammathorn for NMR spectroscopy experiments.

Especially, he would like to express his deepest gratitude to his parents for
their love and encouragement throughout the studying.

Moreover, this study was financially supported by RGJ Ph.D. Program, the
Thailand Research Fund (TRF), the National Research Council of Thailand and the
Swedish Foundation for International Cooperation in Research and Higher Education

(STINT).



CONTENTS

Page
ABSTRACT IN THAL e, iV
ABSTRACT IN ENGLISH. ..., v
ACKNOWLEDGEMENTS . ... e Vi
CON T EN T S . e e vii
LIST OF TABLES. ... e Xiii
LIST OF FIGURES. .. ..o XVi
LIST OF SCHEMES. .. ...t XX
ABBREVIATIONS . .. XXi
CHAPTER | INTRODUCTION. .. ..ottt 1
T HIV DACKGrOUNG. ...e e 2
1.2 Structure Of HIV . o 3
1.3 Replication cycle of HIV. ... 5
1.4 Treatment of HIV-infected patients............oooiii 6
1.5 HCV (Hepatitis C VIMUS) ...vviie e 9
1.6 HCMV (Human cytomegalovirus) ........oouuiiuiiiiiiiicieecceeee e 11
1.7 The objectives of this researCh...........ccoiiiiiii 13
1.8 The scope of this researCh. ... ... 13

1.9 The advantage of the researCh..........c.oooii 14



viii

Page

CHAPTER Il LITERATURE REVIEWS.... ..o i 15
2.0 ANt-HIV 15

2.1.1 Ol-glucosidase iNNibitors. ..., 15

2.1.2 HIV-1 Reverse transcriptase inhibitors..............ocooooi 19

2.1.3 HIV-1 Protease inhibitors..........cooviiiiii e 23

2.2 ANt HCV Lo 28

2.3 ANt HCMV L 30
CHAPTER Il EXPERIMENT ..ot 34
3.1 Plant materialS. ... 34

3.2 ChemiCal rEagENTS . ...ttt e 34

3.3 Instruments and EQUIPMENTS. ...t 35

3.4 Preparation of crude medicinal plants for testing against HIV-1 reverse .. 37

transcriptase, HIV-1 protease, HCV protease and HCMV protease

3.5 Reverse Transcriptase activity assay.......c.oovoiiiiiiii e, 37
3.6 HIV-1 protease activity @SSaY......c.vuviiiriii i, 38
3.7 HCV ProtEase @SSaY ... v ittt ittt 38
3.8 HCMV ProteaSE @SSaAY. .. uiuiiitiiit et 39
3.9 OL-glUCOSIAASE @SSAY .. vttt 40

3.10 The extraction of Kaempferia parviflora.................cccociiiiiiiiiiiiiin, 41



Page
3.11 The isolation of crude extract from Kaempferia parviflora..................... 42
3.12 Purification and physical properties of isolated compounds from........... 44
Kaempferia parviflora
3.12.1 Purification and physical properties of compound 1................ 44
3.12.2 Purification and physical properties of compound 2................ 44
3.12.3 Purification and physical properties of compound 3................ 44
3.12.4 Purification and physical properties of compound 4................ 45
3.12.5 Purification and physical properties of compound 5................ 45
3.12.6 Purification and physical properties of compound 6................ 46
3.12.7 Purification and physical properties of compound 7................ 46
3.12.8 Purification and physical properties of compound 8................ 47
3.13 Extraction of Alpinia galanga. ..o 47
3.14 Isolation of crude extract from Alpinia galanga...............c.cooovviiiiiiinnn. 48
3.15 Purification and physical properties of isolated compounds from ........... 49
Alpinia galanga
3.15.1 Purification and physical properties of compound 9 ............. 49
3.15.2 Purification and physical properties of compound 10 .............. 50
3.15.3 Purification and physical properties of compound 11.............. 50

3.16 Extraction of Kaempferia galanga.............c.cviiiiiiiiiiiiiiiiii e, 50



Page
3.17 Isolation of crude extract from Kaempferia galanga............................ 52
3.18 Purification and physical properties of isolated compounds from .......... 53
Kaempferia galanga
3.18.1 Purification and physical properties of compound 12 ............. 53
3.18.2 Purification and physical properties of compound 13.............. 53
3.18.3 Purification and physical properties of compound 14 ............. 53
3.19 Structure and activity relationship study of trans-cinnamic acid and ....... 54
its derivative on inhibitory activity of Ql-glucosidase
CHAPTER IV RESULTS AND DISCUSSION........oiiiiiiiiiiiiii e 55
4.1 Screening of methanol and aqueous crude extracts for inhibition ........... 55
of HIV-1, HCV and HCMV protease activity
4.1.1 Inhibition of HIV-1 reverse transcriptase..........ccocooeiveiiiinannnn. 56
4.1.2 Inhibition of HIV-1 protease ..........ccoooiiiiii 56
4.1.3 Inhibition of HCV protease..........coooiiiiiiii e, 56

4.1.4 Inhibition of HCMV protease........cccoviiiiiiiiiiiii e 57



Xi

Page
4.2 Structure elucidation of the isolated compounds from ... 58
Kaempferia parviflora
4.2.1 Structure elucidation of compound 1.......ccocoviiiiiiiiiiii 58
4.2.2 Structure elucidation of compound 2., 62
4.2.3 Structure elucidation of compound 3., 66
4.2.4 Structure elucidation of compound 4..........ooiiiiiiiiiiii 70
4.2.5 Structure elucidation of compound 5...........coooiii, 74
4.2.6 Structure elucidation of compound 6............cooviiiiiiiiien 78
4.2.7 Structure elucidation of compound 7...........cooviiiiii, 82
4.2.8 Structure elucidation of compound 8............ccooiiiiiii, 85
4.3 Structure elucidation of the isolated compounds from ...l 88
Alpinia galanga
4.3.1 Structure elucidation of compound 9..........cocoiiiiiiiiiii 88
4.3.2 Structure elucidation of compound 10..............ociiiiiiiinL L. 92
4.3.3 Structure elucidation of compound 11..............ociiinn 95
4.4 Structure elucidation of the isolated compounds from ...t 98
Kaempferia galanga
4.4 1 Structure elucidation of compound 12.........ccoiiiiiiiiiiiin, 98

4.4.2 Structure elucidation of compound 13.............coil 101



Page
4.4.3 Structure elucidation of compound 14...........ocoiiiiiiiinn, 105
4.5 The inhibitory activity of isolated compounds on HIV-1 protease, ........... 108
HCV protease and HCMV protease
4.6 The inhibitory activity of isolated compounds from.................ccoeienn. 112
Kaempferia galanga and cinnamic acid derivatives
on Ol-glucosidase
CHAPTER V CONCLUSION. ... oottt 117
FURTHER STUDY ...t 119
REFERENCES. ... . e 120
APPENDICES. ...t 136



Xiii

LIST OF TABLES

Table Page
4.1 The IR absorption band assignment of compound 1., 58
4.2 'Hand “C-NMR spectral data of compound 1 (PPM).....iviiviiiiiiiiiiie 61
4.3 The IR absorption band assignment of compound 2.............ocooiiiiiiiiennn . 63
4.4 'Hand “C-NMR spectral data of compound 2 (PPM).....ccvvvviiiiiiiiiii, 65
4.5 The IR absorption band assignment of compound 3...............oooiiiiiinnn. 67
4.6 'H and °C-NMR spectral data of compound 3 (PPM)....cvvviviiiiiiiiieeiians 69
4.7 The IR absorption band assignment of compound 4..............cooiiiiiiiiennn. 71
4.8 'H and °C-NMR spectral data of compound 4 (PPM)......vviviiiiiiiieeiiaaas 73
4.9 The IR absorption band assignment of compound 5.............cocoiiiiiiiiin. 75
410 'Hand "C-NMR spectral data of compound 5 (PPM) ...ovvvvviiiiiii e 77
411  The IR absorption band assignment of compound 6.............c.coeviiiviiinnnnnn .. 79
412  'Hand "C-NMR spectral data of compound 6 (PPM).....ccvvvviiniiiiiiiie, 81
413  The IR absorption band assignment of compound 7...........cooeiiiiiiiiiiinannnns 83
414  'Hand "C-NMR spectral data of compound 7 (PPM).....oovviviiniiiiiii, 84
415 The IR absorption band assignment of compound 8.................cooiviiiiinnnn . 86
416 'Hand "C-NMR spectral data of compound 8 (PPM)......vviviiiiiiiiiiaiiiinnns 87
417  The IR absorption band assignment of compound Q... 88
418 'Hand "C-NMR spectral data of compound 9 ... 91

419 The IR absorption band assignment of compound 10............cocoiviiiiiinnnn. 93



Xiv

Table Page
420 'Hand "C-NMR spectral data of compound 10 ... 94
4.21  The IR absorption band assignment of compound 11.............ooiiint, 96
422 'Hand "C-NMR spectral data of compound 11...........ooi 97
4.23  The IR absorption band assignment of compound 12..............cocoiiiiiiinnn. 98
424 'Hand "C-NMR spectral data of compound 12 ... 100
4.25 The IR absorption band assignment of compound 13...........ccocoviiiiiiiiinn, 102
426 'Hand "C-NMR spectral data of compound 13 ... ... 104
4.27  The IR absorption band assignment of compound 14.............coviiiiiiiinnnn, 106
428 'Hand "C-NMR spectral data of compound 14.........cocoiiiiiiiii 107
4.29 Inhibition of HIV-1 protease, HCV protease and HCMV protease ................ 109

by compounds 1-8 which isolated from Kaempferia parviflora

4.30 Inhibition of HIV-1 protease, HCV protease and HCMV protease ................ 111

by compounds 9-11 which isolated from Alpinia galanga

4.31 IC,, values of trans-cinnamic acid and its derivatives for inhibition of ........... 113

Ol-glucosidase



Table

A1

A2

A3

Ad

XV

Page
Inhibition of HIV-1 reverse transcriptase by methanoland ......................... 137
aqueous extracts from Zingiberaceae medicinal herbs
Inhibition of HIV-1 protease by methanol and aqueous extracts from............ 138
Zingiberaceae medicinal herbs
Inhibition of HCV proteases by methanol and aqueous extracts from............ 139
Zingiberaceae medicinal herbs
Inhibition of HCMV proteases by methanol and aqueous extracts from.......... 140

Zingiberaceae medicinal herbs



XVi

LIST OF FIGURES

Figure Page
1.1 SHUCTUrE OF HIV .o 4
1.2 Replicative cycle Of HIV. ... 5
1.3 Nucleoside reverse transcriptase inhibitors (NRTIs) approved by FDA............ 7
1.4 non Nucleoside reverse transcriptase inhibitors (nNRTIs) approved by FDA.....8
1.5 Protease inhibitors approved by FDA. . ... 8
1.6 HOV N0 . e 10
2.1 Structures of methyl gallate and baicalein.................coo i 16
2.2 Structures of penarolide A, and penarolide A,.....................o. 17
2.3 StrUCtUre Of GeNIStiN. . .. i 18
2.4 Structures of schulzeines A, Band C.......oiiiiii i, 18
2.5 Structures of calanolide Aand B.........oooiiiii 20
2.6 Structures of isolated active compounds from the fruit of Annona glabra........ 21
2.7 Synthesis of benzothiadiazings ..........ooiiiiiiii 22
2.8 Structure 0f DPC 967 . ... 23
2.9 Structures of didemnaketals Aand B........oooiii 24
2.10  Structures of NSC 158393 and NSC 117027 .......ovviiiiiiiiiiiiiiiiie 25
211 Structures of isolated compounds from Ganoderma lucidum........................ 26
2.12  Structures of coliragin and repandusiniC acid.............cooiiiiiiiiiii 27
213 StruCture of Mell in. ... ..o 28
2.14  Structures of oligophenolic compounds SCH 644343 and SCH 644342.......... 29
215 Structure of SCH 351633, . o u i 29
2.16  Structure of glycine Ol-ketoamide as HCV protease inhibitor........................ 30
217  Structures of quanolirone land .. .. ..o 31
2.18  Structure of bripiodiONEN. ... 32
2.19  Structures of cytogenic A and B.......co i 32
2.20  Air oxidation of dihydrotetrazine to tetrazine............ccocooiiiiii i 33

221 Summary of the HCMV protease inhibitory activity of tetrazines.................... 33



XVii

Figure Page
4.1 FIavonOId NUCIEUS. ... e 59
4.2 Structure of ComMPOUNd 1. .. 62
4.3 Structure of COMPOUNG 2. .. e 66
4.4 Structure of COMPOUN ... 70
4.5 Structure of COMPOUN 4. ..o 74
4.6 Structure of COmMPOUNA 5. ... i 78
4.7 Structure of COMPOUNA B.. ..o 82
4.8 Structure Of COMPOUNG 7 ... 85
4.9 Structure of COMPOUN 8. .. i 88
410  Structure of COMPOUNT 9. ... 92
4.11  Structure of compound 10... ..o 95
4.12  Structure of compound 1. . 97
413 Structure of COMPOUNG 12, ... 101
4.14  Structure of compound 13, ..., 105
4.15  Structure of COMPOUNT 14 ... e 108
A1 IR spectrum of COmpPouNd ... i 141
A2 "H-NMR spectrum of compound 1. ... 142
A3 “C-NMR spectrum of COMPOUNd 1. . i 143
A4 Mass spectrum of compound 1 ... 144
A5 IR spectrum of COMPOUNd 2. ... 145
A6 "H-NMR spectrum of COMPOUN 2. .., 146
A7 "C-NMR spectrum of COMPOUNA 2..... .o 147
A8 Mass spectrum of COMPOUNT 2 ... 148
A9 IR spectrum of Compound 3. ... ..o 149
A10  'H-NMR spectrum of compound 3. ... 150
A1 "C-NMR spectrum of compound 3..... .o, 151
A12  Mass spectrum of compound 3 ... 152

A13 IR spectrum of COMPOUN 4. ..o, 153



Figure

A14
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32
A33
A34
A35
A36
A37
A38
A39
A40
Ad1

XVili

Page
"H-NMR spectrum of COMPOUNA 4. ... e, 154
"C-NMR spectrum of COmMPOUNA 4. 155
Mass spectrum of COMPOUNG 4..... .o 156
IR spectrum of COompouNd 5. ... . 157
'H-NMR spectrum of cCompPoUNd 5. ... 158
"C-NMR spectrum of compouNd 5. 159
Mass spectrum of CompounNd 5 . ... 160
IR spectrum Of COMPOUNG B.....ouiiiii e 161
"H-NMR spectrum of COMPOUNA B.......ooeiiii i, 162
"C-NMR spectrum of COMPOUN B.....oiiii e e 163
Mass spectrum of COMPOUNA B ...t 164
IR spectrum of COMPOUNG 7. ..., 165
"H-NMR spectrum of COMPOUNA 7. ..veiii e 166
"C-NMR spectrum of COMPOUNA 7. e 167
Mass spectrum of COMPOUNT 7... ..o 168
IR spectrum of COmMpouNd 8.... ... 169
"H-NMR spectrum of COmMPOUNd 8..... ..o 170
“C-NMR spectrum of COMPOUN .. ..o 171
Mass spectrum of COmpouNd 8. ... ..o 172
IR spectrum of compound 9. ..o 173
"H-NMR spectrum of ComMPOoUNd Q. ..o 174
"C-NMR spectrum of compound 9., 175
Mass spectrum of CoOmpPoUNd 9 ... 176
IR spectrum of compound 10..... ... 177
'H-NMR spectrum of compound 10, 178
"C-NMR spectrum of compound 10........ooiii i 179
Mass spectrum of compound 10 ... ... 180

IR spectrum of compound 11, .o 181



Figure

A42
A43
Ad4
A45
A46
A4T
A48
A49
A50
Ab51
A52
A53
Ab4
A55
A5G

XiX

Page
"H-NMR spectrum of compound 11, ..o 182
"C-NMR spectrum of compound 11, . 183
Mass spectrum of CoOmpPouNnd 11 ... 184
IR spectrum of COmMpPouNd 12. ... . 185
'H-NMR spectrum of compound 12, 186
"C-NMR spectrum of compound 12... ... 187
Mass spectrum of COmMpPouNd 12, ... i 188
IR spectrum of COmMPoUNd 13, ... 189
"H-NMR spectrum of compound 13, ..., 190
"C-NMR spectrum of compound 13... . i 191
Mass spectrum of compound 13 ... 192
IR spectrum of compound 14, ... o 193
"H-NMR spectrum of compound 14.... . i 194
"C-NMR spectrum of compound 14, 195

Mass spectrum of COmMpPOoUNd 14 ... . 196



XX

LIST OF SCHEMES

Scheme Page
3.1 The extraction procedure of Kaempferia parviflora...............c.ccccooiiiian. 42
3.2 The isolation procedures and quantities of isolated compounds from............. 43

hexane and ethyl acetate crude extract of fresh rhizomes

Kaempferia parviflora

3.3 The extraction procedure of Alpinia galanga..............c.ccoiiiiiiiiiiii i, 48

3.4 The isolation procedures and quantities of isolated compounds from ............ 49

hexane and ethyl acetate crude extract of fresh rhizomes

Alpinia galanga

3.5 The extraction procedure of Kaempferia galanga..................ccocooiviiiiniiinn. 51

3.6 The isolation procedures and quantities of isolated compounds from ............ 52

hexane and ethyl acetate crude extract of Kaempferia galanga



Hg
UM
AIDS
br
cDCl,

dd
DNA
DMSO
DTT

ap
HIV

HCMV
HCV
Hz

Kg

m.p.
M.W.
mg
ml
Nef
NMR

NS
PNP-G
ppm

ABBREVIATIONS

Microgram

Micromolar

Acquire Immunodeficiency Syndrome
Broad

Chloroform-d,

Doublet (NMR)

Doublet of doublet (NMR)
Deoxy nucleic acid

Dimethyl sulfoxide

Dithiothreitol

Gram

glycoprotein

Human Immunodeficiency Virus
Human Cytomegalo Virus
Hepatitis C Virus

Hertz

Kilogram

Multiplet (NMR)

Medium (IR)

Molar

Melting point

Molecular weight

Milligram

Millilitre

Negative regulatory factor gene
Nuclear Magnetic Resonance

Non structural
p-nitrophenyl-a.-D-glucopyranoside
Part per million

XXi



Pr
Rev
RNA
RT

Tat
TLC
Vif
Vpr
Vpu

wit.

Protease

regulator of expression of virion protein gene
Ribonucleic acid

Reverse transcriptase

Singlet (NMR)

Strong (IR)

Triplet (NMR)

Transactivator of transcription gene
Thin layer chromatography

Viral infectivity factor gene

Viral protein R gene

Viral protein U gene

Weak (IR)

Weight

XXii



CHAPTER |

INTRODUCTION

During the past years HIV-1 infection and acquired immunodeficiency
syndrome have become a worldwide pandemic.(1) According to the World Health
Organization’s assessment, more than 20 years and 20 million deaths since the first
AIDS diagnosis in 1981, almost 38 million people (range 34.6 — 42.3 million) are living
with HIV. Rates of infection are still on the rise in many countries in sub-Saharan Africa.
In 2003 alone, an estimated of 3 million people in the region became newly infected.
AIDS is the leading cause of death in Africa and the fourth leading cause of death

worldwide.(2)

In most cases, the cause of death is not the virus itself, but infections and
cancers that would not have developed in non-HIV-infected individuals with properly
functioning immune defense systems.(3) The primary targets of HIV are macrophages
and T lymphocytes, both of which are critical for immune defense in humans. In the

battle against the virus, the immune system destroys itself.(4)



1.1 HIV background

In 1981 a cluster of unusual diseases was observed in certain groups of

people. The two main diseases were pneumonia caused by a yeast, Pneumocystis

carnii, and unusual tumour called Kaposi's sarcoma.(5,6) These diseases were seen

initially in homosexual men but later the same symptoms appeared in intravenous drug

users and hemophiliacs who were injecting blood-clotting factors. The observation that

individuals with these diseases had low numbers of CD4 T cells was consistent with

immunosuppression. This syndrome became known as Acquired Immunodeficiency

Syndrome (AIDS).(7)

In 1983 the causative agent of AIDS was identified as a human retrovirus. A

few year later a second similar virus, HIV-2, was isolated from patients in West

Africa.(8) Both HIV subtypes can lead to AIDS, HIV-1 and HIV-2 differ in their

virulence and geographical location, although the pathogenic course with HIV-2 might

be longer. The genome homology of HIV-1 and HIV-2 are approximately 40 %.(9) The

origin of the two viruses has now been shown to be derived from two African monkeys,

the chimpanzee (Pan ftroglodytes) for HIV-1 (10) and the sooty mangabay

(Cercocebus atys) for HIV-2.(11)

The primary target of HIV seems to be CD4 T lymphocytes which are part of

the machinery of our immune system. The primary phase of HIV infection progresses



fairly rapidly and may exhibit a systemic illness including fever, headache, rash,

pharyngitis, gastrointestinal disturbance, and lymphadenophathy symptoms within a

few week.(12) During this early phase, the extent of infection is high and virion

concentration may exceed a million copies per ml blood.(13) Viral replication is still

active and cells are rapidly being infected and eliminated during this period.(14,15) In

the final phase of infection, the number of CD4 T cells drops more quickly and the viral

load increases to produce clinical immunodeficiency. The HIV infection in muscles and

the central nervous system results in muscular wastage and AlDS-related

dementia.(16) The average life expectancy without therapy from the appearance of

AIDS is 1-2 years in developed countries.(17)

1.2 Structure of HIV

HIV-1 and HIV-2 are RNA viruses and belong to the family of retroviruses,

Retroviridae. The mature HIV virion is an essentially spherical particle with a radius of

about 100 nm, shown in figure 1.1.
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Figure 1.1 Structure of HIV

The virus is surrounded by a lipid bilayer derived from the host cell and

contains several cellular membrane proteins.(18) The outer portion of this envelope is

spotted with surface glycoprotein gp120 (named for its approximate molecular weight)

adhered to transmembrane protein gp41. The inside of the envelope is lined with

matrix protein p17. Within this shell is the conical capsid core made up of capsid

protein p24. The core holds two copies of the single stranded RNA which makes up

the viral genome. HIV is a retrovirus, which means HIV store its genetic information as

RNA which needs to reverse transcribed to DNA. Accompanying the genome are

multiple copies of nucleocapsid protein p7, auxiliary proteins Nef, Vif and Vpr and the

essential enzymes: protease, reverse transcriptase and integrase. (19) Other auxiliary

proteins, e.g. Vpu, Tat and Rev, are not thought to be carried in the virion but are

synthesized in the host cell. (19, 20)



1.3 Replication cycle of HIV

The attachment of the viral surface protein (gp120) to the CD4 receptor on a

human (1) was shown in figure 1.2. The virus subsequently fuses with the cell surface

and releases its contents into the cytoplasm of the host cell (2). The viral genome is

expressed as single-stranded RNA and is translated to DNA in two steps by the viral

enzyme reverse transcriptase (RT) (3, 4).

5.
X
CDé4-receplor T PP T

\."ural RMNA

\7 ( Ipcsl;q}rcrlenns

Viral genome (RNA)

Figure 1.2 Replication cycle of HIV



Under the influence of a second viral enzyme, an integrase, the double-

stranded DNA (called the provirus) is incorporated into the DNA of the host cell (5).

The cell itself translates the DNA to RNA that can serve either as the genome of newly

formed viruses or as messenger RNA (mRNA) (6) to express the viral polyprotein (7).

The polyprotein then fuses with newly formed RNA (8) and the cell releases this as a

new virus along with hundreds of other new viruses of the same type (9), usually killing

the host cell in the process. For a virus to mature, the polyproteins must be cleaved

into smaller proteins, which is accomplished by the enzyme protease (PR). (19) They

assemble together with the envelope protein to form and immature virus particle that is

released from the cell by budding from the cell surface. HIV virion is now ready to

infect a new cell and start a new replication cycle.(19, 21)

1.4 Treatment of HIV-infected patients

In principle, every step in the HIV replication cycle can be considered as a

potential target for anti-viral chemotherapy. The key in selective anti-viral therapy is

therefore to identify any process that is essential for the replication of the virus, but not

for the survival of the cell. (22) The gained knowledge about the replication cycle of the

HIV has led to the extraction of virus-specific processes. Predominately, scientists

have focused their attentions on the following processes: viral binding to target cells,



virus cell fusion, virus uncoating, reverse transcription of RNA by reverse transcriptase,

viral integration, gene expression and protease activity.

However, the two strategies, reveres transcriptase and protease have been
proven to be the most successful drugs for treatment of AIDS.(23,24) A number of
drugs that have been approved for the treatment of HIV infected patients are alternate
substrates for RT, can be divided in two categories, the first one is nucleoside reverse
transcriptase inhibitors (NRTIs), e.g. AZT or zidovudine. Today, there are six NRTIs

approved, shown in figure 1.3

(0] MNHs 0

=gy N
\fLNH (\ ) fLNH
HO NAD HD—@N'&D HCJ—@<N |M"J

Zidovudine Zalcitabine Didanosine
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Figure 1.3 Nucleoside reverse transcriptase inhibitors (NRTIs) approved by FDA.

But all of these substances have many side effects, such as bone marrow
suppression, peripheral neuropathy and acute pancreatitis.(25,26) And the other one is

non-nucleoside reverse transcriptase inhibitors (NNRTIs), currently, three NNRTIs are



used in clinic, shown in figure 1.4. However, rapid eliciting resistance is a major

problem with this inhibitor type.(23)
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Figure 1.4 Non nucleoside reverse transcriptase inhibitors (NNRTIs) approved by FDA.

The other group of drugs is the HIV-1 protease inhibitors, e.g. amprenauvir,
that prevent the maturation of the virus particle.(27) Saquinavir was the first approved
protease inhibitors and has been in clinical use since 1995.(28) Currently, there are six

clinically approved protease inhibitors, shown in figure 1.5.
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Figure 1.5 Protease inhibitors approved by FDA



Although these inhibitors are highly selective, but they have many side effects

such as lipodystophy, hyperlipidaemia, insulin resistance,(29-32) and emergence of

resistant mutants upon prolonged use.(33-35)

HIV therapy most often comprises a combination of RT inhibitors and PR

inhibitors, called highly active antiretroviral therapy (HAART).(36) Although the dosage

of each drug is lower that would be required by a non-combinatorial therapy, this still

means several grams a week of each of the individual pharmaceuticals in the

combination.(37)

Although HAART is very effective drug for AIDS patients, but the most serious

threat though is the development of resistance to the protease inhibitors.(38) Mutation

in the protease renders the inhibitors more or less useless. Unfortunately, strong cross-

resistance is also encountered, i.e. if the virus becomes resistant to one available

protease inhibitor, it becomes resistant to the others as well. So new drugs are need to

combat resistant strains of the virus.

1.5 HCV (Hepatitis C virus)

Hepatitis C virus infection represents a major problem of public health with

around 350 millions of chronically infected individuals worldwide.(39) Chronic infection

with the hepatitis C virus (HCV) is a leading cause of chronic liver disease, cirrhosis
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and hepatocellular carcinoma.(39,40) HCV is spread primarily by direct contact with

human blood. The major causes of HCV infection worldwide are used of unscreened

blood transfusions, and reused of needles and syringes that have not been adequately

sterilized. Current therapies for HCV infection include treatment with interferon-CQl alone

and in combination with ribavirin.(41,42) But many patients do not respond to

treatment, however there is no preventive vaccine available.(42)

HCV belongs to the genus of Hepacivirus and is a member of the Flaviviridae,

together with the Pestiviruses and Flaviviruses.(39) The diameter of the HCV virus

particles is about 500 OA. Its genome is a positive, single strand RNA molecule that

contains a single large open reading frame encoding a poly protein.(39,43) The

structural proteins, located at the N-terminal end, are released from the polyprotein by

cellular proteases (figure 1.6). During replication of HCV, the final stages of polyprotein

processing are performed by the viral protease NS3.(43,44) The bifunctional role of

NS3 protease makes this protein an attractive target for anti HCV therapy.(43,44)

HNucleo- Protease,/
Untransl. s g Maemb. Hﬂl“"m Untranskated
he'l ‘J‘ Envelope Binding Binding  Polymerase

LL} L1 L1J Ii_l

Structural Non-structural

Figure 1.6 HCV genome
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1.6 HCMV (Human cytomegalovirus)

Besides the AIDS and the HCV crisis, HCMV is a serious pathogen in
immunocompromised individuals, including AIDS patients, neonates and organ
transplant recipients.(45) HCMV causes fetal infection in 0.2-3.0% of all newborns, and
has been recognized to cause fetal abnormalities of microcephaly, hydrops,
intracranial calcification, chorioretinitis, liver dysfunction and thrombocytopenia, known
as cytomegalic inclusion disease (CID).(46) HCMV also causes retinitis, especially in
AIDS patients.(47)

HCMV is a member of the B—herpes virus family.(45,47,48) As a member of
the herpesviridae family, HCMV encodes a serine protease which is involved in capsid
assembly and is essential for the production of infectious virions.(45,47) The virion of
HCMV consists of a 100 nm diameter icosahedral necleocapsid containing a 230 kbp,
double stranded linear DNA genome surrounded by a proteinaceous layer defined as
the tegument or matrix, is enclosed by a lipid bilayer containing a large number of viral
glycoproteins. HCMV protease represents both an attractive target for the development
of new antiviral agents and an excellent candidate for further studies on the catalytic
machinery of these serine proteases.(45,48) The drug currently approved for the
treatment of HCMV are the nucleoside analogs ganciclovir and cidofovir and the
pyrophosphate derivative foscarnet. But the clinical use of these compounds is limited

due to their host toxicity and emerging resistance strains of HCMV.(47) Thus the novel



12

and more effective compounds for antiviral chemotherapy of HCMV infections has to

be broadened.

Currently, not only the researches of modern drug and vaccine to anti viral are

moving forward, but also the medical plants are interesting too. Because natural

products still serve as important sources of novel structures that may be optimized by

synthetic procedures and thereby become suitable drugs. Antiviral agents are more

commonly synthetic than derived from natural sources, perhaps a reflection of the

simultaneous development of the fields of antiviral drugs and rational drug discovery.

The development and therapeutic use of viral reverse transcriptase inhibitors

and viral protease inhibitors has contributed to improved treatment of patients, and has

increased our knowledge of the targets and ligands involved. However, the need for

improved inhibitors is great. For these reasons, viral enzymes targets were chosen for

the present investigation.

From the preliminary screening of the methanol and aqueous extracts of

eleven plants in Zingiberaceae family on the HIV-1 reverse transcriptase and HIV-1

protease (Table A1 and A2), the result showed that the methanol and aqueous extracts

of all examined plants have no inhibitory activity on HIV-1 reverse transcriptase. For the

HIV-1 protease, most of the methanol extracts of the examined plants exhibited the

potent inhibition on HIV-1 protease.
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1.7 The objectives of this research

1. To screen eleven medicinal plants in Zingiberaceae on HIV reverse

transcriptase and HIV protease

2. To isolate the active compounds from the selected active crude extracts

3. To determine the structure of the active and isolated compounds

4. To determine the IC,, value and kinetic inhibition of the active compounds

1.8 The scope of this research

This research will explore the inhibitory activity on HIV-1 reverse transcriptase,

HIV-1 protease, HCV protease and HCMV protease from eleven medicinal plants in

Zingiberaceae family. The plant which had the highest activity will be selected for

further study. That plant will be extracted with suitable solvents, and then the crude

extracts will be separated by chromatographic techniques following bioassay guided

as a navigator. Structural elucidation of the isolated compounds was deduced from

spectroscopic evidences. Finally, the isolated compounds were conducted for

inhibitory activity on viral proteases.
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1.9 The advantage of the research

1. To obtain the inhibitory activity of HIV-1 reverse transcriptase, HIV-1

protease, HCV protease and HCMV protease from aqueous and methanol crude

extract of eleven medicinal plants in Zingiberaceae family.

2. To obtain the structure and activity relationship information of isolated

compounds.

3. To obtain the information on antiviral agents which may lead to the

development of antiviral drug.



CHAPTER I

LITERATURE REVIEWS

HIV, HCV and HMCV have been extensively studied, and several specific
processes in the viral life cycle identified that can serve as anti viral drug target. The

unique steps in the replication of viral are fusion, transcription and protease activity.

2.1 Anti-HIV

Anti HIV research has been focused on compounds that interfere with various
parts of the HIV life cycle following stages: viral binding and fusion, reverse
transcription of RNA and cleavage event of long polypeptide chain by protease
enzyme.(49,50) Many natural products have been shown to be active as a fusion
inhibitor (Ol-glucosidase inhibitors), reverse transcriptase inhibitors and protease
inhibitors. These compounds belong to a wide range of different structural classes,
coumarins, flavonoids, tannins, alkaloid, lignins, terpenes, naphtho- and

anthraquinones, and polysaccharides.

2.1.1 Al-glucosidase inhibitors

For HIV, in attachment step of HIV to CD4 cell, infection of cells by HIV is

initiated by binding of the viral surface glycoprotein gp120 to the cellular viral receptor
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CD4. This binding is dependent on the state of glycosylation of gp120; a non
glycosylated product of recombinant gp120 gene if enzymatically deglycosylated
gp120 was not able to bind to the receptor, nor does the more highly glycosylated
precursor protein gp160. Thus compounds that interfere with accurate carbohydrate
processing of this viral glycoprotein may prevent viral binding to cellular receptors and

hence may be useful anti-HIV agents.(23,51,52)

Tetsuo Nishioka et al. isolated the methanol extracts of Scutellaria
baicalensis., Rheum officinale and Paeonia suffruticosa. From the chromatographic
separation of the extracts of R. officinale Baill. and P. suffruticosa Andr. resulted in the
isolation of methyl gallate, whereas the S. baicalensis Georgi. extract gave baicalein
(5,8,7-trihydroxyflavone). Baicalein showed distinct inhibitory activity with IC,, value of

3.5 x10° M.(53)

HO CO,CH3 HO o
HO HO
OH OH ¢
methyl gallate baicalein

Figure 2.1 Structures of methyl gallate and baicalein

Yoichi Nakao et al. screened for Ol-glucosidase inhibitory activity from

Japanese marine invertebrates. And the hydrophilic extract of Penares sp. was highly
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active.  From bioassay-guided fractionation led to the isolation of two active
compounds, penarolide sulfates A, and A,, and these active compounds inhibit Ol-

glucosidase with IC,, value of 1.2 and 1.5 LLg/mL, respectively.(54)
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Figure 2.2 Structures of Penarolide A, and Penarolide A,

Dong-Sun Lee and Sang-Han Lee isolated Streptomyces sp. to obtain
genistein as a potent Ol-glucosidase inhibitor with IC,, value of 50 nM. Genistin was
shown to be a reversible, slow binding, non-competitive inhibitor with a K. value of 5.7 x

10° M.(55)
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Figure 2.3 Structure of genistein

Kentaro Takada et al. found potent Ol-glucosidase inhibitory activity on the
hydrophilic extract of the marine sponge Penares schulzei, and bioassay guided
isolation afforded three new tetrahydroisoquinoline alkaloids named schulzeines A-C,
and found that schulzeines A-C inhibit Ol-glucosidase with IC,, values of 48-170

nM.(56)

OSOzNa

Schulzeines A

Figure 2.4 Structures of Schulzeines A, B and C



HO wOSONa

OH

Iz

Schulzeines B 0OSO3zNa

wOSO3Na

OSO;Na

Schulzeines C

Figure 2.4 Structures of Schulzeines A, B and C (continue)

2.1.2 HIV-1 Reverse transcriptase inhibitors

19

After virus fuses with the cell surface and releases its contents into the

cytoplasm of the host cell, the viral genome is expressed as single-stranded RNA and

is translated to DNA in two steps by the viral enzyme reverse transcriptase (RT). In

principle, HIV reverse transcriptase is a DNA polymerase that synthesizes double

stranded DNA using a single stranded RNA as template. Currently, there are two type

of reverse transcriptase inhibitors; nucleoside reverse transcriptase inhibitors and non-

nucleoside reverse transcriptase inhibitors. Unfortunately, these substances have

many side effects, such as bone morrow suppression, peripheral neuropathy and
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acute pancreatitis and the high mutation rate of HIV frequently results in the rapid
development of resistance towards the employed drugs. For these reasons, the new
compounds with reverse transcriptase inhibitory activity were synthesized or isolated
from natural products.

Yoel Kashman et al. isolated eight coumarin compounds by anti HIV
bioassay-guided fractionation of an extract of Calophyllum lanigerum. The structures of
calanolide A, 12-acetoxycalanolide A, 12-methoxycalanolide A, calanolide B, 12-
methoxycalanolide B, calanolide C and related derivatives were solved by extensive
NMR experiments. Calanolides A and B were completely protective against HIV-1
reverse transcriptase with an IC., value of 20 and 15 UM, respectively, but were

inactive against HIV-2.(57)

Calanolide A Calanolide B

Figure 2.5 Structures of calanolide A and B
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Fang-Rong Chang et al. isolated two kaurane diterpenoids, annoglabasin A
(methyl-16 f-acetoxy-19-al-ent-kauran-17-oate) and annoglabasin B (16a-hydro-19-
acetoxy-ent-kauran-17-oic acid), along with 11 kaurane derivatives from the fruits of
Annona glabra. Among these, methyl-16-acetoxy-19-al-ent-kauran-17-oate, 16a.-
hydro-19-acetoxy-ent-kauran-17-oic acid, 16/-hydroxy-17-acetoxy-ent-kauran-19-oic
acid, 16 -hydro-ent-kauran-17-oic acid, 16a-hydro-ent-kauran-17-oic acid and methyl-
16a-hydro-19-al-ent-kauran-17-oate showed significant inhibition of HIV-reverse

transcriptase with IC,, value of 15, 40, 65, 32, 40 and 20 LLg/ml, respectively.(58)

R1 R2 R3
Methyl-16 #-acetoxy-19-al-ent-kauran-17-oate CHO OAc COOCH,
16a-hydro-19-acetoxy-ent-kauran-17-oic acid CH,OAc COOH H
164 -hydroxy-17-acetoxy-ent-kauran-19-oic acid COOCH OH CH,OAc
16 -hydro-ent-kauran-17-oic acid CH, H COOH
160 -hydro-ent-kauran-17-oic acid CH, COOH H
methyl-16a-hydro-19-al-ent-kauran-17-oate CHO COOCH, H

Figure 2.6 Structures of isolated active compounds from the fruits of Annona glabra
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Jeffrey W. Corbett et al. synthesized benzothiadiazine derivatives as non
nucleoside reverse transcriptase inhibitors of HIV. Because the benzothiadiazine ring
system was chosen since it has been demonstrated that structurally similar
compounds containing the quinazolin-2(7H)-one ring system are potent NNRTIs. 2,2-
dioxide-1H-2,1,3-benzothiadiazines are synthesized by nucleophilic addition to an
anthranilinitrile followed by hydrolysis of the resulting imine anion to afford the o-amino
ketone. Treatment of the resulting amino ketones with sulfamide at elevated
temperatures delivers the desired benzothiadiazines. One of these synthesized
benzothiadiazines exhibited good inhibitory activity on HIV-1 reverse transcriptase with

an IC,, value of 4627 nM.(59)
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Figure 2.7 Synthesis of benzothiadiazines
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One year later, Jeffrey W. Corbett et al. synthesized a series of unique 3,3a-

dihydropyrano[4,3,2-de]quinazolin-2(1H)-ones and a 2a,5-dihydro-2H-thieno[4,3,2-

de]quinazoline-4(3H)-thione. These compounds were found to be HIV-1 reverse

transcriptase inhibitors. One of these compounds, DPC 961, possessed an IC,, value

of 31 nM against HIV-1 reverse transcriptase.(60)

Figure 2.8 Structure of DPC 961

2.1.3 HIV-1 Protease inhibitors

Replication of human immunodeficiency virus (HIV) entails expression of

several viral polyproteins which require the presence of a virus-specific protease for

their maturation. Inhibition of this enzyme results in immature viral particles and

inhibition of viral replication in vitro. HIV protease is an attractive target for mechanism-

based natural product screening in order to identify candidates for development of

chemotherapeutics for AIDS.

Barbara C.M. Potts and John D. Faulkner collected the magenta ascidian

Didemnum sp. at Auluptagel Island, Paulu. Using bioassay-guided fractionation, the
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hexane soluble material from a 1:1 methanol-dichloromethane extract was
chromatographed on Sephadex LH-10 to obtain two active fractions, which were

further purified by reverse phase HPLC to obtain didemnaketals A and B. The IC,,

value of HIV-1 protease by didemnaketals A and B were 2 and 10 UM,

respectively.(61)

MeOOC. oz
o) o)

Figure 2.9 Structures of didemnaketals A and B

Abhijit Mazumder et al. found the compound which contains four 4-
hydroxycoumarin residues exhibit antiviral, anti protease and anti integrase activity.
NSC 158393 and NSC 117027, not only showed the potent integrase inhibitory activity
with the 1C,, value of 0.8+0.3 and 2.7+0.9 LM, respectively, but also exhibit the best
protease inhibitory activity with the IC,, value of 1.7 and 0.75 UM, respectively.

Hydroxycoumarins may provide lead compounds for development of novel antiviral
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agents based on the concurrent inhibition of two viral targets, HIV-1 integrase and

protease.(62)

(0]
NSC 117027

NSC 158393

Figure 2.10 Structures of NSC 158393 and NSC 117027

Sahar El-Mekkawy et al. isolated thirteen compounds from the methanol
extract of the fruiting bodies of Ganoderma lucidum. The structures of isolated
compounds were determined by spectroscopic method. Ganoderiol F and
ganodermanontriol were found to be active as anti-HIV-1 agents with an inhibitory
concentration of 7.8 lg/ml for both, and ganoderic acid C1, 3B—5OL-dihydroxy—6B—
methoxy-ergosta-7,22-diene, ganoderic acid O, ganoderic acid H and ganoderiol A
were moderately active inhibitors against HIV-1 protease with a IC,; value of 0.17-0.23

mM.(63)
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Figure 2.11 Structure of isolated compounds from Ganoderma Lucidum
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Hong-Xi Xu et al. studied twenty-nine flavonoids and six hydrolysable tannins
for their inhibitory activity against HIV-1 protease using fluorescence assay. Among
these examined compounds, flavonols were the most active category while flavanones
and catechols showed low activity. Quercetin was the most potent inhibitor with an IC,
value of 58.8 LLM, while butein and luteolin showed moderate activity. For hydrolysable
tannin, three ellagitannins which contain a hexahydroxydiphenoyl! unit linked to the O-3
and O-6 positions of the sugar were found to be strongly inhibit HIV-1 protease. The
IC,, value of corilagin and repandusinic acid on the target enzyme were 20.7 and 12.5

LM, respectively.(64)
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Figure 2.12 Structures of coliragin and repandusinic acid
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2.2 Anti HCV

The hepatitis C virus is the principle etiologic agent if both parenterally

transmitted and sporadic non-A non-B hepatitis. HCV infection most commonly results

in chronic hepatitis that eventually develops into cirrhosis, hepatocellular carcinoma or

liver failure. Current therapies for HCV infection have limited efficacy and frequently are

accompanied by side effects.(41) So the need for improving inhibitors for anti HCV

protease is greater. And the final stages of polyprotein processing are performed by

the viral protease NS3. These reasons, HCV protease was chosen for investigation.

Jin-Rui Dai et al. found the crude extract of the broth of Aspergillus ochraceus

can inhibit the final stage of polyprotein processing during HCV replication. And

bioassay-guided fractionation led to the isolation of mellein as a active compound.(43)

OH O

Figure 2.13 Structure of mellein

Vinod R. Hegde et al. screened several semi-purified fractions of aqueous

methanolic extracts of many plants. One of these fractions, which was derived from a

plant identified as Stylogne cauliflora sp., was active in NS3/4A protease assay. Two
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novel oligophenolic compounds SCH 644343 and SCH 644342 were isolated from the

70% aqg methanolic extract. Compound SCH 644343 and SCH 644342 showed an IC,,

value of 0.3 and 0.8 UM, respectively. (42)

OH
HO ? OH O
o)
HO o ‘
H O
© ¢)
0
HO 0 d OH
OH SCH 644343
OH
HO 0 OH O
o O
HO o O
H e}
© OH
0
HO 0 ud OH
OH
SCH 644342

Figure 2.14 Structures of oligophenolic compounds SCH 644343 and SCH 644342

Min Chu et al. isolated SCH 351633, A new hepatitis C virus (HCV) protease
inhibitor from the fungus, Penicillium griseofulvum. Structure elucidation of SCH
351633 was accomplished by analysis of spectroscopic data, which determined SCH

351633 to be a bicyclic hemiketal lactone. SCH 351633 exhibited inhibitory activity in

the HCV protease assay with an IC,; value of 3.8 [Lg/mL.(65)

Figure 2.15 Structure of SCH 351633
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Wei Han et al. used the Ol-ketoamides as templates for HCV protease

inhibitors. The glycine carboxylic acid was found to be the most effective prime group.

An IC,, of the optimized glycine Ol-ketoamide was 0.060 LM.(41)
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Figure 2.16 Structure of glycine Ol-ketoamide

2.3 Anti HCMV

Human cytomegalovirus (HCMV) is an opportunistic pathogen in

immunocompromised individuals such as AIDS patients and organ transplant

recipients.(66) For example, HCMV infection of the central nervous system is a

probable cause of major learning disabilities.(47) Thus the need for effective and safe

therapeutic agents for HCMV infection has to be broadened by investigating new

targets that are essential for HCMV replication. HCMV protease has become a viable

target for antiviral chemotherapy because of its critical role in capsid assembly and

viral maturation.(67)
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Jingfang Qian-Cutrone et al. isolated two new naphthacenequinone
glycosides, quanolirones | and Il together with the known compound galtamycin from
the fermentation broth of Streptomyces sp. WC76535. Quanolirones | and Il and
galtamycin showed inhibitory activity against HCMV protease with IC,, values of 14, 35,

and 52 UM, respectively.(68)
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Figure 2.17 Structures of quanolirone | and
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Yue-Zhong Shu et al. isolated bripiodionen from Streptomyces sp. WC76599
during the screening of microbial fermentation extracts for their ability to inhibit human
cytomegalovirus protease. Bripiodionen exhibited inhibitory activity against HCMV

protease with an IC,; value of 30 LLM.(47)

Figure 2.18 Structure of bripiodionen

Bingying Guo et al. found a solid state fermentation extract of the fungus
Cytonaema sp. showed the inhibitory activity against HCMV protease with an IC,, value
31 Wg/ml. Using bioassay-guided fractionation, cytonic acid A and B were isolated

from the active crude extract. Cytogenic A and B showed inhibitory activity against

HCMV protease with IC,, values of 43 and 11 UM, respectively.(69)
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Figure 2.19 Structures of cytogenic A and B
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Martin J. Di Grandi et al. searched for novel small molecule heterocycles with
HCMV protease inhibitory activity, and dihydrotetrazine was identified as a potent
inhibitor of HCMV protease. But dihydrotetrazine was oxidized by air oxidation to obtain
tetrazine as a minor impurity. So this study became interested in developing an
analogue of this compound and their inhibitory activity on HCMV protease. From the
SAR data as well as synthetic considerations suggested the modification of C-3

substituent of tetrazine is a useful starting point.(70)
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Figure 2.20 Air oxidation of dihydrotetrazine to tetrazine
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Figure 2.21 Summary of the HCMV protease inhibitory activity of tetrazines



CHAPTER III

EXPERIMENT

3.1 Plant materials

All medicinal plants in family Zingiberaceae were purchased from a local
herbal shop in Bangkok, Thailand; Curcuma aromatica, Curcuma sp. (En leung),
Kaempferia galanga, Curcuma zedoaria, Curcuma longa, Kaempferia parviflora (black
rhizome), Boesenbergia pandurata (yellow rhizome), Curcuma sp. (Kamin Dum),

Zingiber zerumbet, Zingiber officinale and Alpinia galanga.

3.2 Chemical reagents

3.2.1 All solvents used in this research such as hexane, chloroform, ethyl
acetate and methanol, were purified by distillation prior to use, except reagent grade
and HPLC grade solvents.

3.2.2 Merck's silica gel 60 G Art. 7734 (70-230 mesh ASTM) and 9385 (230-
400 mesh ASTM) were used as adsorbents for column chromatography and flash
column chromatography.

3.3.3 Merck's TLC aluminum sheets, siliga gel 60F254 precoated 25 sheets,

20x20 cm’, layer thickness 0.2 mm were used for TLC analysis.
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3.3.4 HIV-1 RT was purchased from Cavidi Tech, Uppsala Science Park,

Uppsala Sweden

3.3.5 HIV-1 protease obtained from Omar Gutierrez Arenas

3.3.6 Ol-glucosidase was purchased from Fluka

3.3.7 HCV protease obtained from Anton Poliakov

3.3.8 HCMV protease obtained from Matthis Geitmann

3.3.9 frans-cinnamic acid derivatives, compounds 15, 19-28 obtained from

Assist Prof. Warinthorn Chavasiri and compounds 16-18 were purchased from Fluka,

and were used for the structure and activity relationship study on Ol-glucosidase.

3.3 Instruments and equipments

3.3.1 Melting point apparatus

The melting points were recorded on a Fisher - Johns melting point

apparatus.

3.3.2 Rotary Evaporator

The Buchi rotary evaporator was used for the rapid removal of large amounts

of volatile solvents.

3.3.3 Optical Rotation

The optical rotation values were measured by a Perkin - Elmer 341

polarimeter.
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3.3.4 Ultraviolet - visible Spectrophotometer (UV-VIS)

The UV - VIS spectra were recorded on a Hewlett Packard 8452A diode array
spectrophotometer in chloroform and methanol.

3.3.5 Fourier Transform - Infrared Spectrophotometer (FT- IR)

The FT-IR spectra were recorded on a Nicolet Impact 410 spectrophotometer.
Spectra of solid samples were recorded as KBr pellets.

3.3.6 Nuclear Magnetic Resonance Spectrometer (NMR)

The 'H and "°C Nuclear Magnetic Resonance Spectra were recorded at 400
and 100 MHz, respectively, on a Varian Model Mercury 400 MHz in deuterated
chloroform (CDCl,), dimethylsulfoxide (DMSO) and water (D,O).

3.3.7 Mass Spectrometer (MS)

The mass spectra were acquired by a Bruker MALDI-TOF Mass Spectrometer
Model Trio 2000.

3.3.8 Fluoroscan

The fluoroscan which used to follow the changing of the enzyme activity is at
the Department of Biochemistry, BMC, Faculty of Science and Technology, Uppsala

University, Sweden.
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3.4 Preparation of crude medicinal plants for testing against HIV-1 reverse

transcriptase, HIV-1 protease, HCV protease and HCMV protease

Eleven medicinal plants in family Zingiberaceae analyzed in this study were
purchased from a local herbal shop. The rhizome (2g) was extracted with 10 ml of
methanol overnight or with 10 ml boiling distilled water under reflux for 2 hours. After
filtration to remove insoluble debris, the water extract was lyophilized and the methanol
extract was dried by evaporation.(71, 72) The dried extracts were stored at -20°C until

assay.

3.5 Reverse Transcriptase activity assay

The RT assay included in the ExaVir Load kit was used for the determination of
the level of RT activity in the lysates. Briefly, poly(rA) covalently bound to the wells of a
96-well microtiter plate serves as template for the incorporation of 5-
bromodeoxyuridine 5’-triphosphate (BrdUTP) during reverse transcription, which is
allowed to proceed overnight (16-24 hours) at 33°C. The amount of bromodeoxyuridine
monophosphate (BrdUMP) incorporated into DNA is detected with an alkaline
phosphate (Ap) conjugated anti-BrdU monoclonal antibody. The Ap substrate 4-
methylumbelliferyl phosphate, was finally used for fluorometric detection. A serially
diluted recombinant HIV-1 RT standard was included on each plate. The detection

sensitivity of the assay depends on the duration of the enzyme reactions.(73)
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3.6 HIV-1 protease activity assay

Enzymatic assays were performed in 100 mM sodium acetate, TmM EDTA, 1
M NaCl, pH 4.7, 3% DMSO (v/v). Inhibitors and the fluorogenic substrate Dabcyl-Y-
Abu-Ser-GIn-Asn-Tyr-Pro-lle-Val-GIn-Edans were dissolved in DMSO before being
used (final concentration: 3% DMSO v/v). For the determination of the IC,, values, 0.52
W of a 3 mM substrate solution (final concentration 5.2 UM) was added to 5 [l of 4-7
different concentrations of inhibitor (final volume 300 LLl). The enzymatic reaction was
initiated by adding of enzyme (prediluted in buffer). The final enzyme concentration

was 7.5 nM. The increase in fluorescence at 500 nm (A__ = 350 nm) was monitored

exc

over a period of 5 min at 30°C.(74,75)

3.7 HCV protease assay

The activity of the protease was measured at 30°C by a fluorescent assay,
using Ac-DED(Edans)EEAbu Y/{COO]JASK(Dabcyl)-NH, as a substrate and the
peptide KKGSVVIVGRIVLSGK as a cofactor. The enzyme was incubated in 50 mM
HEPES pH 7.5, 10 mM DTT, 40% glycerol, 0.1% n-octyl-ﬂD—qucoside, 3.3% DMSO

with 25 LM cofactor and inhibitor at 30°C for 10 min, the reaction was initiated by

addition of substrate. Any modifications of the standard assay buffer are indicated in
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the text. Kinetic constants were determined with substrate concentration from 0.25-4
UM and enzyme concentrations from 0.5-1 nM, inhibition measurements were

performed with 1nM enzyme, 0.5 LLM substrate, and a final concentration of 3.3
%DMSO. Inhibitors were dissolved in DMSO, a mixture of DMSO and assay buffer, or
assay buffer alone, sonicated for 30 s and vortexed. The solutions were stored at -20

°C between measurements. (76,77)

3.8 HCMV protease assay

Enzymatic assays were performed in 50 mM Tris-HCI, pH 8.5, 1mM EDTA, 14
mM NaCl, 9.3% glycerol and 3.3%DMSO (v/v). Inhibitors and the fluorogenic substrate
Dabcyl-Arg-Gly-Val-Val-Asn-Ala-Ser-Ser-Arg-Leu-Ala-Edans were dissolved in DMSO
before using. For determination of %inhibition, 3.16 LM of a fluorescent substrate
solution was added to 5 LI of inhibitor (final volume 300 LI). The enzymatic reaction
was initiated by adding of enzyme (prediluted in buffer). The final concentration of
substrate and enzyme were 3 UM and 120 nM, respectively. The increase in

fluorescence at 500 nm (7\, = 355 nm) was monitored over a period of 5 min at 30°C

exc

in assay buffer.(78,79)
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3.9 Ol-glucosidase assay

OL-glucosidase from baker’s yeast was assayed using 0.1 M phosphate buffer
at pH 6.9, and 1 mM p-nitrophenyl-Ol-D-glucopyranoside (PNP-G) was used as a
substrate. The concentration of the enzymes was 1 U/ml in each experiment. OL-
Glucosidase (40 Lll) was incubated in the absence or presence of various
concentrations of trans-cinnamic acid derivatives (10 }J.I) at 37°C. The preincubation
time was specified at 10 min and PNP-G solution (950 ) was added to the mixture.
The reaction was carried out at 37 °C for 20 min, and then 1 ml of 1 M Na,CO, was
added to terminate the reaction. Enzyme activity was quantified by measuring the
absorbance at 405 nm. 1-Deoxynorjirimycin was used as the positive control in this

study.(80)

From the preliminary screening results on the HIV-1 protease enzyme
inhibitory activity, the methanol extracts of Kaempferia parviflora and Alpinia galanga
showed the potent inhibitory activity on the HIV-1 protease. Therefore, Kaempferia
parviflora and Alpinia galanga were selected to extract and isolate to obtain the active

compounds.
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3.10 The extraction of Kaempferia parviflora

Fresh black rhizomes of Kaempferia parviflora (5 kg) were cut and crushed.
After extraction with methanol (5 litres, 2 times) at room temperature, the filtrate was
dried by evaporation under reduced pressure. The methanolic extract was extracted
with hexane. The filtrate hexane solution was evaporated to afford the hexane extract
as yellow viscous oil (0.50 g). The residue of the previous was extracted with ethyl
acetate repeatedly. The combined ethyl acetate solution was concentrated under
reduced pressure to give the ethyl acetate extract as a mixer of white solid and yellow
oil 5.15 g) and the final insoluble residue was evaporated to obtain a brown - violet
liquid (49.23 g). The extraction procedure of the black rhizomes of Kaempferia

parviflora with various solvents is shown in scheme 3.1.



Fresh rhizomes of Kaempferia parviflora (5 kg)

v

Methanol crude extract

‘ Hexane

v

Marc. (discarded)

l

Hexane crude extract (0.5 g)

Ethyl acetate crude extract (5.15 g)

Methanol crude extract

l

Residue

Ethyl acetate

l

Residue

Methanol

l

Residue

Scheme 3.1 The diagram showed procedure of Kaempferia parviflora

3.11 The isolation of crude extract from Kaempferia parviflora
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After checking the chemical composition of the hexane, ethyl acetate and

methanol crude extracts by TLC analysis, the result showed that hexane and ethyl

acetate crude extracts has the same chemical composition. So the hexane and ethyl

acetate crude extracts were combined. And the combined crude extract showed the

inhibitory activity against HIV-1 protease more than methanol crude extract.
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The combined hexane and ethyl acetate crude (5.2 g) was subjected to the

silica gel column. The column was eluted with 100% hexane, then increased the

concentration of ethyl acetate to 100% ethyl acetate and then after that increased the

concentration of methanol to 10% methanol in ethyl acetate. Each fraction were

monitored by TLC, the similar fractions were combined, the solvent was removed by

evaporation, and then recrystallized to give compounds 1, 2, 3, 4, 5, 6, 7 and 8,

respectively. The isolation of compounds 1-8 from the combined hexane and ethyl

acetate crude extract is briefly summarized in scheme 3.2.

Hexane and ethyl acetate crude extract

Silica gel 9385 and then recrystallization

!

Compound 1 Compound 3 Compound 5 Compound 7
76 mg 184 mg v 4 mg 208 mg
Compound 2 Compound 4 Compound 6 Compound 8
37 mg 56 mg 46 mg 306 mg

Scheme 3.2 The diagram showed isolation procedures and quantities of isolated

compounds from hexane and ethyl acetate crude extract of fresh rhizomes Kaempferia

parviflora
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3.12 Purification and physical properties of isolated compounds from Kaempferia
parviflora

3.12.1 Purification and physical properties of compound 1

Compound 1 was isolated from the combined hexane and ethyl acetate crude
extract by the elution of silica gel column chromatography with 10% EtOAc/Hex.
Compound 1 is yellow needle crystals (76 mg, 1.4% wt. by wt. of combined crude
extract). Compound 1 had m.p. 129-130 °C and showed the R;value of 0.58 on TLC

plate using 20% ethyl acetate in hexane as the mobile phase.

3.12.2 Purification and physical properties of compound 2

Compound 2 is yellow plate crystals (37 mg, 0.71% wt. by wt. of combined
crude extract). Compound 2 was obtained by elution of silica gel column
chromatography with 10% ethyl acetate in hexane. Compound 2 had m.p. 170-171 °c
and showed a single spot at the R, value 0.45 on TLC plate using 20% ethyl acetate in

hexane as the mobile phase.

3.12.3 Purification and physical properties of compound 3

Compound 3 was obtained from the combined hexane and ethyl acetate
crude extract as a yellow needles crystal (184 mg, 3.54% wt. by wt. of combined crude

extract) by the elution of silica gel column chromatography with 10% ethyl acetate in
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hexane. Compound 3 had m.p. 146-148°C and showed a single spot at the R, value

0.35 on TLC plate using 20% ethyl acetate in hexane as the mobile phase.

3.12.4 Purification and physical properties of compound 4

Compound 4 was obtained from the combined hexane and ethyl acetate
crude extract by the elution of silica gel column chromatography with 15 % ethyl
acetate in hexane. Compound 9 was a greenish — yellow solid (56 mg, 1.08% wt. by wt.
of combined crude extract) with m.p. 175-176 °C and showed a single spot at the R,

value 0.35 on TLC plate using 20% ethyl acetate in hexane as the mobile phase.

3.12.5 Purification and physical properties of compound 5

Compound 5 was obtained from the combined hexane and ethyl acetate
crude extract as a white powder (4 mg, 0.08% wt. by wt. of combined crude extract).
Compound 5 was eluted from silica gel column chromatography with 30% EtOAc /
Hex. Compound 5 had m.p. 148-150 °C and showed a single spot at the R, value 0.4

on TLC plate using 50% EtOAc / Hex as the mobile phase.
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3.12.6 Purification and physical properties of compound 6

Compound 6 from the combined hexane and ethyl acetate crude extract is a
colorless needle crystal (total 46 mg, 0.88% wt. by wt. of combined crude extract).
Compound 6 was obtained from the elution of silica gel column chromatography with
40% ethyl acetate in hexane and washed the crystals with 25% ethyl acetate in
hexane. Compound 6 had m.p. 200-202 °C and showed a single spot at the R value of

0.41 on TLC plate using 70 % ethyl acetate in hexane as the mobile phase.

3.12.7 Purification and physical properties of compound 7

Compound 7 from the combined hexane and ethyl acetate crude extract as
white solid (total 208 mg, 4.00% wt. by wt. of the combined crude extract), was
obtained by the elution of silica gel column chromatography with 60% ethyl acetate in
hexane. It was re-crystallized with 50% ethyl acetate in hexane to obtain colorless

needle crystals and was washed with 30% ethyl acetate in hexane. Compound 7 had

m.p.149—151OC and showed a single spot at the R;value of 0.21 on TLC plate using 70

% ethyl acetate in hexane as the mobile phase.



47

3.12.8 Purification and physical properties of compound 8

Compound 8 was obtained from the combined hexane and ethyl acetate
crude extract by the elution of silica gel column chromatography with 75% EtOAc /
Hex, as a white powder (total 306 mg, 5.88% wt. by wt. of combined crude extract).
Compound 8 had m.p.160—162°C and showed a single spot at the R; value 0.23 on

TLC plate using 80% EtOAc / Hex as the mobile phase.

3.13 Extraction of Alpinia galanga

The fresh rhizomes of Alpinia galanga (5 kg) were cut and extracted with
methanol at room temperature. The filirate was evaporated under reduced pressure.
The crude methanolic extract was extracted with hexane (3 litres). The filtrate hexane
solution was evaporated to afford the hexane extract as yellow oil (1 g). The residue of
this step was extracted with ethyl acetate (4 litres). The combined ethyl acetate
solution was concentrated by rotary evaporator under reduced pressure to give the
ethyl acetate extract as yellow oil (29 g) and the final insoluble residue was evaporated
to obtain a dark yellow gummy (20 g). The extraction procedure of the fresh rhizomes

of Alpinia galanga with various solvents is shown in scheme 3.3.
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Fresh rhizomes of Alpinia galanga (5kg)

MeOH
v | v
Methanolic extract Marc (discard)
Hexane
Hexane crude extract Residue
(1 g) | EtOAC
Ethyl acetate crude extract Residue
MeOH crude extract
(20 g)

Scheme 3.3 The diagram showed extraction procedure of Alpinia galanga

3.14 Isolation of crude extract from Alpinia galanga

Because of the chemical composition of the hexane and ethyl acetate crude

extracts has the same chemical composition, so the hexane and ethyl acetate crude

extracts were combined. And the combined crude extract showed the inhibitory activity

against viral protease enzyme more than methanol crude extract.

The combined hexane and ethyl acetate crude (20 g) was subjected to the

silica gel column. The column was eluted with 100% hexane, then increased the

concentration of ethyl acetate to 100% ethyl acetate and then after that increased the
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concentration of methanol to 100% methanol. Each fraction was monitored by TLC, the

similar fractions were combined, and the solvent was removed by evaporation to give

compound 9 and 10, respectively. Compound 11 was recrystallized from the fraction

which eluted by 100% methanol. The isolation of compounds 9-11 from the combined

hexane and ethyl acetate crude extract is briefly summarized in scheme 3.4.

Hexane and ethyl acetate crude extract

Silica gel 9385 and then

recrystallization

v
Compound 9 Compound 10 Compound 11

158 mg 15 mg 203 mg

Scheme 3.4 The diagram showed isolation procedures and quantities of isolated
compounds from hexane and ethyl acetate crude extract of fresh rhizomes Alpinia

galanga

3.15 Purification and physical properties of isolated compounds from Alpinia galanga
3.15.1 Purification and physical properties of compound 9

Compound 9 was obtained from the methanol extract as yellow oil (total 158

mg, 0.79% wt. by wt. of the combined crude extract). Compound 9 was eluted from
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silica gel column chromatography with 20% ethyl acetate in hexane. Compound 9 had

the R.value 0.47 on TLC plate using 20% EtOAc / Hex as the mobile phase.

3.15.2 Purification and physical properties of compound 10

Compound 10 was obtained from combined hexane and ethyl acetate crude
extract as a colorless needle crystal (total 15 mg, 0.075% wt. by wt. of the combined
crude extract). Compound 10 was eluted from silica gel column chromatography with
40% EtOAc / Hex. Compound 10 showed a single spot at the R, value 0.11 on TLC

plate using 20% EtOAc / Hex as the mobile phase.

3.15.3 Purification and physical properties of compound 11

Compound 11 was obtained from combined hexane and ethyl acetate crude
extract as a white solid (total 203 mg, 1.01% wt. by wt. of the combined crude extract).
Compound 11 was eluted from silica gel column chromatography with 100% MeOH.
Compound 11 had m.p. 136-138°C and showed a single spot at the R, value 0.24 on

TLC plate using 100% MeOH as the mobile phase.

3.16 Extraction of Kaempferia galanga

The dried rhizomes of Kaempferia galanga (3 kg) were crushed and refluxed

with methanol (6 litres) overnight, the filtrate was evaporated under reduced pressure.
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The methanolic extract was reextracted with hexane (4 litres). The filtrate hexane
solution was evaporated to afford the hexane extract as yellow oil (80 g). And then after
that the residue of previous step was repeatedly reextracted with ethyl acetate (3
litres). The ethyl acetate solution was concentrated by rotary evaporator under reduced
pressure to give the ethyl acetate extract as a mixer of white needle crystal and yellow
oil (15 g) and the final insoluble residue was evaporated to obtain a dark-brown (32 g)
gummy methanol crude extract. The extraction procedure of the dried rhizomes of

Kaempferia galanga with various solvents is shown in scheme 3.5.

Dried rhizomes of Kaempferia galanga (2 kg)

MeOH
Methanolic extract Marc (discard)
| Hexane
Hexane crude extract Residue

!

Ethyl acetate’crude extract Residue

(15 g) l MeOH

MeOH crude extract

(329

Scheme 3.5 The diagram showed extraction procedure from Kaempferia galanga
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3.17 Isolation of crude extract from Kaempferia galanga

From TLC analysis, the hexane and ethyl acetate crude extracts has the same
chemical composition, so the hexane and ethyl acetate crude extracts were combined.
And the combined crude extract also showed the inhibitory activity against HIV-1

protease more than methanol crude extract.

The combined hexane and ethyl acetate crude (50 g) was subjected to the
silica gel column. The column was eluted with 100% hexane, then increased the
concentration of ethyl acetate to 100% ethyl acetate and then after that increased the
concentration of methanol to 10% methanol in ethyl acetate. Each fraction was
monitored by TLC, the similar fractions were combined, and the solvent was removed
by evaporation to give compound 12, 13 and 14, respectively. The isolation of
compounds 12-14 from the combined hexane and ethyl acetate crude extract is briefly

summarized in scheme 3.4.
Hexane and ethyl acetate crude extract

i
l l

Compound 12 Compound 13 Compound 14

Silica gel 9385 and the recrystallization

(2037 mg) (6080 mg) (67 mg)

Scheme 3.6 The diagram showed isolation procedures and quantities of isolated

compounds from hexane and ethyl acetate crude extract of Kaempferia galanga
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3.18 Purification and physical properties of isolated compounds from Kaempferia
galanga
3.18.1 Purification and physical properties of compound 12

Compound 12 was obtained from ethyl acetate crude extract as yellow oil
(total 2037 mg, 4.07% wt. by wt. of the combined hexane and ethyl acetate crude
extract). Compound 12 was eluted from silica gel column chromatography with 100%
Hexane. Compound 12 had the R, value 0.69 on TLC plate using 20% EtOAc / Hex as

the mobile phase.

3.18.2 Purification and physical properties of compound 13

Compound 13 was obtained from ethyl acetate crude extract as a colorless
crystal (total 6080 mg, 12.16% wt. by wt. of the combined crude extract). Compound
13 was eluted from silica gel column chromatography with 10% EtOAc/Hexane.
Compound 13 had m.p. 48-50°C and showed the R, value of 0.52 on TLC plate using

20% EtOAc / Hex as the mobile phase.

3.18.3 Purification and physical properties of compound 14

Compound 14 was obtained from ethyl acetate crude extract as a white
needle crystal (total 67 mg, 0.13% wt. by wt. of the combined crude extract).

Compound 14 was eluted from silica gel column chromatography with 25% EtOAc /
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Hexane. Compound 14 had m.p.173-175 °C and showed the R, value of 0.12 on TLC

plate using 40% EtOAc / Hex as the mobile phase.

3.19 Structure and activity relationship study of trans-cinnamic acid and its derivative

on inhibitory activity of Ql-glucosidase

Three isolated compounds from the rhizomes of Kaempferia galanga (12, 13,
and 14), trans-cinnamic acid derivatives (15, 19-28) which synthesized by the Perkin
reaction between aromatic aldehydes and aliphatic carboxylic acids following the

procedure of Chiriac et al, and compounds 16-18 were purchased from Fluka Co. Ltd.

were tested against Ol-glucosidase to study the structure and activity relationship.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Screening of methanol and aqueous crude extracts for inhibition of HIV-1 reverse

transcriptase, HIV-1 protease, HCV protease and HCMV protease activity

Methanol and aqueous crude extracts were prepared from 11 medicinal

plants in the Zingiberaceae family. The inhibitory effect of each extract was tested at a

concentration of 20 Llg/ml and 200 g/ml with HIV-1 reverse transcriptase, HIV-1
protease HCV protease and HCMV protease. For HIV-1 reverse transcriptase, the
methanol extracts had no inhibitory activity and most of the aqueous extracts also had
no inhibitory activity at high concentration (Table A1). But for viral proteases, the
methanol extracts were overall more inhibitory activity than the aqueous extracts (Table
A2-4). Only three aqueous extracts resulted in more than 90% inhibition, while ten
methanol extracts exhibited at least 90% inhibition of the proteases studied.
Furthermore, none of the aqueous extracts were inhibitory to this degree at the lower
concentration tested, while two of the methanol extracts were. Of the three aqueous
extracts that showed at least 90% inhibition, two of the corresponding methanol

extracts were also inhibitory to this degree.
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4.1.1 Inhibition of HIV-1 reverse transcriptase

The methanol crude extracts of examined plants were found to inhibit HIV-1
reverse transcriptase less than 50% at a concentration of 200 Llg/ml. On studying
inhibition of reverse transcriptase by plant extracts an IC,, of 200 LLg/ml or greater was
considered to be inactive.(71,81) But the aqueous extracts of Curcuma zedoaria,
Curcuma longa and Zingiber officinale showed an inhibitory activity more than 50% at

high concentration. (Table A1)

4.1.2 Inhibition of HIV-1 protease

The methanol crude extracts of Curcuma zedoaria, Curcuma longa,
Kaempferia parviflora and Alpinia galanga were found to inhibit HIV-1 protease activity
by more than 90% at a concentration of 200 LLg/ml (Table A2). The Alpinia galanga
extract retained more than 90% inhibition of HIV-1 protease activity at a ten-fold lower
concentration. The aqueous extracts of Curcuma zedoaria, Curcuma longa showed an

inhibitory effect (80% inhibition) at high concentration (Table A2).

4.1.3 Inhibition of HCV protease

The methanol crude extracts of Curcuma sp. (En leung), Curcuma zedoaria,
Curcuma longa, Kaempferia parviflora, Boesenbergia pandurata Zingiber zerumbet,

Zingiber officinale and Alpinia galanga were found to inhibit HCV protease activity by
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more than 70% at a concentration of 200 LLg/ml (Table A3). At a low concentration (20
LLg/ml), the methanol crude extracts of Curcuma sp. (En leung), Curcuma zedoaria,
Zingiber officinale and Alpinia galanga elicited inhibition over 50%. For the aqueous
extracts, most of examined herbal aqueous extracts except Kaempferia galanga
showed more than 70% inhibition of HCV protease at a concentration of 200 lg/ml
(Table A3). At a concentration of 20 Wg/ml, the aqueous extracts of Curcuma
aromatica, Curcuma zedoaria, Curcuma Ilonga, Kaempferia parviflora and

Boesenbergia pandurata showed more than 50% inhibition.

4.1.4 Inhibition of HCMV protease

The methanol crude extract of Curcuma aromatica, Curcuma sp. (En leung),
Curcuma zedoaria, Curcuma longa, Kaempferia parviflora, Boesenbergia pandurata
and Alpinia galanga showed to inhibit HCMV protease activity by more than 70% at
high concentration (200 lg/ml) (Table A4). At low concentration (20 [lg/ml), the
methanol crude extracts of Curcuma longa and Alpinia galanga were inhibitory by
more than 60%. The aqueous extracts of Curcuma aromatica, Curcuma longa were

found to inhibit HCMV protease by more than 50% at high concentration (Table A4).

Because of the methanol extracts of Kaempferia parviflora and Alpinia
galanga exhibited more than 80% inhibition of HIV-1 protease at high concentration

and more than 70% inhibition of HCV protease and HCMV protease, so methanol
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extracts of Kaempferia parviflora and Alpinia galanga were selected to extract and

purify to obtain the active compounds.

4.2 Structure elucidation of the isolated compounds from Kaempferia parviflora
4.2.1 Structure elucidation of compound 1

Compound 1 is a yellow needle crystal (76 mg) which obtained from the
combined crude extract. The UV spectrum of compound 1 exhibited absorption
maxima at 268 and 330 nm.

The IR spectrum (figure A1) of compound 1 showed a broad absorption band
between 3600-3300 cm™ of OH stretching vibration and a strong absorption band at
1661 cm ' which indicated the presence of a carbonyl group. The IR spectrum of

compound 1 is summarized in table 4.1.

Table 4.1 The IR absorption band assignment of compound 1

Wave number (cm’1) Intensity Vibration
3600 - 3000 Broad O-H stretching vibration of hydroxy group
2930, 2820 Weak, Weak C - H stretching vibration of -CH,
1661 Strong C=0 stretching vibration of carbonyl

Conjugated ketone

1594, 1496 Strong, Weak C=C stretching vibration of aromatic

1180, 1127 Medium, Medium C-0O symmetry stretching

Vibration of C-O-C
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The 'H-NMR spectrum pattern (Figure A2, A6, A10, A14, A18, A22, A26
and A30) of compounds 1-8 exhibited the flavonoid nucleus identity (C,-C,-C;) that
showed in figure 4.1. As previously observed the C-6 and C-8 protons of the A-ring of
flavonoids give rise to two signals usually between 6-6.5 ppm when, as is often the
case, the other positions of ring A are substituted. The signals from the B-ring protons

normally absorb downfield around 6.7-7.5 ppm.(82, 83)

Figure 4.1 Flavonoid nucleus

The 'H-NMR spectrum (CDCl,, 400 MHz) (figure A2) was integrated for 14
protons, two singlets at 0 3.91 and 3.92 which exhibited methoxy protons at H-7 and
H-3, respectively. Two singlets at O 6.41 and 6.50 were due to the protons at H-6 and
H-8. The hydroxyl group at C-5 appeared at O 12.56. The 'H-NMR spectrum indicated

the presence of three protons and two protons signals at 0 7.56 and 8.1 1, respectively,

which are typical of a flavonoid nucleus with an unsubstituted B ring. (Table 4.2)
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The "°C-NMR spectrum (CDCI,, 100 MHz) (figure A3) showed that compound
1 has 17 carbons in which 15 carbons of flavonoid nucleus and two methoxy groups
which appeared at O 55.8 and 60.4 ppm. One carbonyl carbon appeared at O 178.9
ppm (C-4). At A-ring, there were six aromatic carbons, O 156.9 (C-5), 0 98.0 (C-6), o
165.6 (C-7), © 92.2 (C-8), O 155.9 (C-9) and O 106.2 (C-10). At B-ring, there were four
signals for six aromatic carbons, O 130.4 (C-1’), O 128.4 (C-2', 6'), O 128.6 (C-3', 5
and O 130.9 (C-4"). The remaining two signals were at O 162.0 and O 139.7 which
assigned to C-2 and C-3 respectively. (Table 4.2)

The MALDI-TOF mass spectrum (Figure A4) of compound 1 was exhibited
[M+H]" at m/z 299.21, so the molecular weight of compound 1 was 298.

The molecular formula of compound 1 was determined as C,,H,,0,by MALDI-

TOF, 'H and °C-NMR spectral data.



Table 4.2 'H and °C-NMR spectral data of compound 1 (ppm)

5. % 5,
Position 5-hydroxy-3,7-
Compound 1 Compound 1
dimethoxyflavone (84)
2 - - 162.0
3 - - 139.7
4 - - 178.9
- - 156.9
6 6.41 (1H,s) | 6.37 (1H,d, J = 2.5 Hz) 98.0
7 - - 165.6
8 6.50 (1H, s) | 6.47 (1H,d, J = 2.5 Hz) 92.2
9 - - 155.9
10 - - 106.2
1 - - 130.4
2' 8.11 (2H, s) 8.08 (2H, m) 128.4
3' 7.56 (3H, s) 7.50 (3H, m) 128.6
4' 7.56 (3H, s) 7.50 (3H, m) 130.9
5' 7.56 (3H, s) 7.50 (3H, m) 128.6
6' 8.11 (2H, s) 8.08 (2H, m) 128.4
3-OCH, | 3.91 (3H, s) 3.87 (6H, s) 60.4
7-OCH, | 3.92 (3H, s) 3.87 (6H, s) 55.8
5-OH |12.63 (1H, s) 12.53 (1H, s) -

According to all spectroscopic data and comparison of "H-NMR spectral data

between compound 1 and 5-hydroxy-3,7-dimethoxyflavone (84)
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was carried out in
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order to confirm compound 1 was assigned as 5-hydroxy-3,7-dimethoxyflavone. The

structure of 5-hydroxy-3,7-dimethoxyflavone is shown in figure 4.2.

Figure 4.2 The structure of compound 1

4.2.2 Structure elucidation of compound 2

Compound 2 is a yellow plate crystal (37 mg) which obtained from the
combined crude extract. The UV spectrum of compound 2 exhibited absorption
maxima at 270 nm.

The IR spectrum (Figure A5) of compound 2 showed a broad absorption band
between 3600-3200 cm™ of OH stretching vibration and a strong absorption band at
1665 cm’ which consistent with a carbonyl group. The IR spectrum of compound 2 is

summarized in table 4.3.
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Table 4.3 The IR absorption band assignment of compound 2

Wave number (cm-1) Intensity Vibration
3600 - 3200 Broad O-H stretching vibration of hydroxy
group
1665 Strong C=0 stretching vibration of carbonyl
Conjugated ketone
1606, 1496 Strong, medium C=C stretching vibration of aromatic

1157, 1100, 1020

Medium, weak, weak

C-O symmetry stretching
vibration of C-O-C

880, 820, 780

Weak

= C-H out of plane bending vibration

of aromatic

From the 'H-NMR spectrum (Figure A6) and C-NMR (Figure A7) spectrum of

compound 2 exhibited the flavonoid nucleus identity (C,-C,-C) like compound 1 that

showed in figure 4.1.

The 'H-NMR spectrum of compound 2 (CDCl,, 400 MHz) (Figure AB) was

integrated for twelve protons, a singlet at O 3.92 which assigned as a methoxy group.

Both protons on H-6 and H-8 appeared as two doublets at 0 6.42 (/=2 Hz) and 6.54

(J = 2 Hz). The singlet at O 6.71 was assigned to the H-3 proton and the hydroxyl

proton appeared at O 12.77. A monosubstituted B-ring appeared as two multiplets at

O 7.57 and 7.92 with integration for 3*H and 2*H, respectively.
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The ""C-NMR spectrum (CDCI,, 100 MHz) (Figure A7) showed that compound
2 has 16 carbons in which a methoxy group appeared at 0 55.8 ppm and 15 carbons
of flavonoid moiety. One carbonyl carbon appeared at 0 1825 ppm (C-4). At A-ring,
there were six aromatic carbons, O 162.1 (C-5), 0 98.2 (C-6), O 165.6 (C-7), 0 92.6 (C-
8), 0 157.7 (C-9) and 0 105.7 (C-10). At B-ring, there were four signals for six aromatic
carbons, O 131.2 (C-1), O 126.3 (C-2, 6), O 129.1 (C-3', 5') and O 131.9 (C-4)). The
remaining two signals were at O 163.9 and O 105.8 which assigned to C-2 and C-3
respectively. (Table 4.4)

The MALDI-TOF mass spectrum (Figure A8) of compound 2 was exhibited the
[M+H]" at m/z 269.45, so the molecular weight of compound 2 is 268.

Compound 2 was assigned molecular formula C,;H,,0, based on MALDI-TOF

and NMR spectral data.



Table 4.4 'H and °C-NMR spectral data of compound 2 (ppm)
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o 5
SH " 8@ 5-hydroxy-7-
Position 5-hydroxy-7-
Compound 2 Compound 2 [ methoxyflavone
methoxyflavone (85)
(85)
2 - - 163.9 163.98
3 6.71 (1H, s) 6.65 (1H, s) 105.8 105.86
4 - - 182.5 182.50
5 - - 162.1 162.18
6 6.42 (1H,d, J =2 Hz) [6.37 (1H, d, J = 1.5 Hz) 98.2 98.21
7 - - 165.6 165.62
8 6.54 (1H,d, J =2 Hz) |6.47 (1H, d, J = 1.5 Hz) 92.6 92.68
9 - - 157.7 157.80
10 - - 105.7 105.71
1 - - 131.2 131.31
2' 7.92 (2H, m) 7.89 (2H, m) 126.3 126.29
3' 7.57 (3H, m) 7.54 (3H, m) 129.1 128.76
4 7.57 (3H, m) 7.54 (3H, m) 131.9 131.85
5' 7.57 (3H, m) 7.54 (3H, m) 1291 128.76
6' 7.92 (2H, m) 7.89 (2H, m) 126.3 126.29
7-OCH, 3.92 (3H, s) 3.87 (3H, s) 55.8 55.83
5-OH 12.77 (1H, s) 12.73 (1H, s) - -
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The result of °C-NMR spectra correlated to result of "H-NMR spectrum which
agreed with the literature(85), compound 2 was assigned as 5-hydroxy-7-

methoxyflavone and the structure of 5-hydroxy-7-methoxyflavone showed in figure 4.3.

Figure 4.3 The structure of compound 2

4.2.3 Structure elucidation of compound 3

Compound 3 is a yellow needles crystal (184 mg) which obtained from the
combined crude extract. The UV spectrum of compound 3 exhibited absorption
maxima at 270 and 346 nm.

The IR spectrum (Figure A5) of compound 2 showed a broad absorption band
between 3600-3200 cm™ of OH stretching vibration and a strong absorption band at
1665 cm’ which consistent with a carbonyl group. The IR spectrum of compound 2 is

summarized in table 4.5.
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Table 4.5 The IR absorption band assignment of compound 3

Wave number (cm’1) Intensity Vibration
3500 - 3100 Broad O-H stretching vibration of hydroxy group
3050, 3000, 2850 weak C - H stretching vibration of aromatic
1661 Medium C=0 stretching vibration of carbonyl

Conjugated ketone

1587, 1500 Strong, Medium C=C stretching vibration of aromatic

1172, 1090 Strong, Medium, C-0O symmetry stretching

vibration of C-O-C

939, 880, 828 Medium, Medium, = C-H out of plane bending vibration

Medium of aromatic

As same as the compound 1 and 2, 'H-NMR and "°C-NMR spectra showed

that compound 3 has the flavonoid nucleus identity. The "H-NMR spectrum (CDCI,,

400 MHz) (Figure A10) of compound 3 showed two singlets at O 6.40 (J = 2 Hz) and

6.49 (J = 2 Hz) and each was integrated for one proton, suggesting a 5,7-disubstitued
at A ring. Signals at o 3.89, 3.91 and 3.94 (all singlets, each 3*H) were attributable to
three methoxy groups. The pattern of two doublets appeared at 0 7.06 (/=9 Hz) and

8.12 (J = 9 Hz), indicating the para-substituted at B ring. The singlet at O 12.70 was
assigned to the hydroxyl proton at A ring which had hydrogen bond with 4-C=0.

The “C-NMR spectrum (CDCl, 100 MHz) (Figure A11) showed that

compound 3 has 18 carbons in which the methoxy groups appeared at o 55.4, 55.8,
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60.1 ppm and 15 carbons of flavonoid nucleus. One carbonyl carbon appeared at o
178.8 (C-4). The aromatic region contained a total of 12 resonances. At A-ring, there
were six aromatic carbons, O 155.9 (C-5), 0 92.1 (C-6), O 165.4 (C-7), 0 97.8 (C-8), O
162.0 (C-9) and O 106.0 (C-10). At B-ring, there were four signals for six aromatic
carbons, O 122.8 (C-17), O 130.2 (C-2, 6), O 114.1 (C-3, 5) and O 161.7 (C-4'). At O
156.7 and O 138.8 were assigned to C-2 and C-3 respectively. (Table 4.6)

The MALDI-TOF mass spectrum (Figure A12) of compound 3 was exhibited
the [M+H] " at m/z 329.48, so the molecular weight of compound 3 is 328.

Compound 3 was assigned molecular formula C,;H,,O, based on MALDI-TOF

and NMR spectral data.



Table 4.6 'H and °C-NMR spectral data of compound 3 (ppm)

d, 5. o
Position 5-hydroxy-3,7,4'-
Compound 3 Compound 3
trimethoxyflavone (86)
2 - - 156.7
3 - - 138.8
4 - - 178.8
- - 155.9
6 6.40 (1H, s) 6.35 (1H, d, J = 2.5 Hz) 92.1
7 - - 165.4
8 6.49 (1H, s) 6.45 (1H, d, J = 2.5 Hz) 97.8
9 - - 162.0
10 - - 106.0
1 122.8
2' 8.12 (2H,d, J=9Hz)| 8.07 (2H,d, J=9 Hz) 130.2
3" |7.06 (2H,d,J=9Hz)| 7.02(2H,d, J=9Hz) 114.1
4' - - 161.7
5  |7.06 (2H,d,J=9Hz)| 7.02(2H,d,J =9 Hz) 114.1
6' 8.12 (2H,d, J=9Hz)| 8.07 (2H,d, J=9 Hz) 130.2
3-OCH, 3.89 (3H, s) 3.87 (6H, s) 60.1
7-OCH, 3.94 (3H, s) 3.89 (6H, s) 55.8
4'-OCH, 3.91 (3H, s) 3.87 (6H, s) 55.4
5-OH 12.70 (1H, s) 12.70 (1H, s) -
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According to the literature (86) and all spectroscopic data compound 3 was

interpreted for 5-hydroxy-3,7,4'-trimethoxyflavone and the structure was shown in figure

4.4. The molecular formula is C,;H,,0, and molecular weight is 328.

Figure 4.4 The structure of compound 3

4.2.4 Structure elucidation of compound 4

Compound 4 is a greenish - yellow solid (56 mg) which obtained from the
combined crude extract. The UV spectrum of compound 4 exhibited absorption
maxima at 250 and 322 nm.

The IR spectrum (Figure A13) of compound 4 showed a broad absorption
band between 3500-3200 cm’ of OH stretching vibration and a strong absorption
band at 1665 cm~ which consistent with a carbonyl group. The IR spectrum of

compound 4 is summarized in table 4.7.
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Table 4.7 The IR absorption band assignment of compound 4

1)

Wave number (cm Intensity Vibration
3500 - 3200 Broad O-H stretching vibration of hydroxy group
1665 Medium C=0 stretching vibration of carbonyl

Conjugated ketone

1602, 1508 Strong, Medium C=C stretching vibration of aromatic
1188, 1165, 1026 Weak, Medium, C-0O symmetry stretching
Weak Vibration of C-O-C
883 Medium = C-H out of plane bending vibration
of aromatic

From 'H-NMR and "°C-NMR spectrum of compound 4 showed that compound

4 has the flavonoid nucleus identity. The'H-NMR spectrum (CDCl,, 400 MHz) (Figure
A14) of compound 4 showed two singlets at 0 3.92 and 3.93 which were assigned to
the two methoxy groups. Two singlets at O 6.40 and 6.52 were due to the protons on
H-6 and H-8. The singlet at 0 6.62 was assigned to the H-3 proton. The hydroxyl group

appeared at O 12.86 (5-OH). Two doublets at O 7.05 (J = 8 Hz) and 7.88 (J = 8 Hz)
indicated the para-disubstitution of the ring-B and were assigned to the protons of H-3',
H-5"and H-2', H-6', respectively.

The “C-NMR spectrum (CDCl,, 100 MHz) (Figure A15) showed that

compound 4 has 17 carbons in which the methoxy groups appeared at o 55.5, 55.8

ppm and 15 carbons of flavonoid nucleus. One carbonyl carbon appeared at 0 182.4
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(C-4). The aromatic region contained a total of 12 resonances. For A-ring, there were
six aromatic carbons, O 162.1 (C-5), O 92.6 (C-6), O 165.4 (C-7), 0 98.0 (C-8), O 157.7
(C-9) and 01055 (C-10). At B-ring, there were four signals for six aromatic carbons, o
1235 (C-1), 0 128.0 (C-2', 6), O 114.5 (C-3', 5) and O 164.0 (C-4). At O 162.6 and O
104.3 were assigned to C-2 and C-3 respectively. (Table 4.8)

The MALDI-TOF mass spectrum (Figure A16) of compound 4 was exhibited
the [M+H] " at m/z 299.61, so the molecular weight of compound 4 is 298.

Compound 4 was assigned molecular formula C,,H,,0, based on MALDI-TOF

and NMR spectral data.



Table 4.8 'H and °C-NMR spectral data of compound 4 (ppm)

0
y 0, " S,
Position 5-hydroxy-7,4'-
Compound 4 Compound 4
dimethoxyflavone (87)
2 - - 162.6
3 6.62 (1H, s) 6.54 (1H, s) 104.3
4 - - 182.4
5 - - 162.1
6 6.40 (1H, s) 6.35 (1H, d, J = 3 Hz) 92.6
7 - - 165.4
8 6.52 (1H, s) 6.47 (1H,d, J =3 Hz) 98.0
9 - - 157.7
10 - - 105.5
1 - - 123.5
7.88(2H,d, /=8
2' 7.82 (2H) 128.0
Hz)
7.05(2H,d, /=8
3' 7.00 (2H) 114.5
Hz)
4 - - 164.0
7.05(2H,d,J=8
5' 7.00 (2H) 114.5
Hz)
7.88 (2H,d,J=8
6' 7.82 (2H) 128.0
Hz)
7-OCH, 3.93 (3H, s) 3.88 (6H,s) 55.8
4'-OCH, 3.92 (3H, s) 3.88 (6H,s) 55.5
5-OH 12.86 (1H, s) 12.80 (1H, s) -
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The above evidence and the literature (87) strongly suggested that
compound 4 was 5-hydroxy-7,4'-dimethoxyflavone and the structure of 5-hydroxy-7,4'-
dimethoxyflavone was shown in figure 4.5. The molecular formula is C,;H,,0. and

molecular weight is 298.

Figure 4.5 The structure of compound 4

4.2.5 Structure elucidation of compound 5

Compound 5 is a yellow powder (4 mg) which obtained from the combined
crude extract. The UV spectrum of compound 5 exhibited absorption maxima at 260
and 322 nm.

The IR spectrum (Figure A17) of compound 5 showed a broad absorption
band between 3500-3100 cm’' of OH stretching vibration and a strong absorption
band at 1649 cm’ which consistent with a carbonyl group. The IR spectrum of

compound 5 is summarized in table 4.9.
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Table 4.9 The IR absorption band assignment of compound 5

Wave number (cm_j) Intensity Vibration
3500-3100 Broad O-H stretching vibration of hydroxy group
2993, 2931, 2839 weak C - H stretching vibration of aromatic
1649 Strong C=0 stretching vibration of carbonyl

conjugated ketone

1587, 1497 Strong, medium, C=C stretching vibration of aromatic
1165, 1111, 1010 | Medium, medium, C-0O symmetry stretching
weak

vibration of C-O-C

818, 787, 709 All weak = C-H out of plane bending vibration

of aromatic

The 'H-NMR spectrum (CDCl,, 400 MHz) (figure A18) of compound 5 had
four doublets at O 7.73, 7.03, 6.49 and 6.40, signals O 6.39 and 6.49 showed a 5,7-
disubstituted in ring A with meta coupling (J=2 Hz), and was integrated for protons at
H-6 and H-8 in ring A (respectively). Signals at O 7.03 and 7.77 showed meta coupling
(J = 2 Hz) and was assigned for protons at H-5" and H-6" in ring B, respectively.
Doublet of doublet at O 7.77 coupled with O 7.73 with J = 2 Hz, so doublet at O 7.73
was assigned for a proton  at H-1’in ring B. Singlets at ) 3.90, 3.92, 4.00 and 4.01
were attributable to four methoxy groups at C-3, 7, 3’ and 4‘ , respectively. And the

signal at O 12.68 was integrated for -OH at C-5. The 'H-NMR chemical shifts of
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compound 5 and 5-hydroxy-3,7,3",4’-tetramethoxyflavone were compared as shown in
table 4.4.

The “C-NMR spectrum (CDCl,, 100 MHz) (figure A19) showed that
compound 5 consists of 19 carbons in which four methoxy groups at 60.2, 56.1, 56.0
and 55.9 ppm and 15 carbons of flavonoid nucleus. One signal of the carbonyl carbon
appeared at 178.8 ppm (C-4). The aromatic region contained a total of 12 resonances.
For A-ring, there were six aromatic carbons, 0 156.7 (C-5), 0 97.9 (C-6), 0 165.5 (C-7),
0 92.2 (C-8), O 162.0 (C-9) and O 106.1 (C-10). At B-ring, there were six signals for
aromatic carbons, 0 122.9 (C-1), 0 111.2 (C-2)), O 148.7 (C-3"), O 155.9 (C-4"), O
110.8 (C-5") and O 122.1 (C-6"). At O 151.4 and O 139.0 were assigned to C-2 and C-3
respectively. (Table 4.10)

The MALDI-TOF mass spectrum (Figure A20) of compound 5 showed the

[I\/I+H]+ as follow, m/z 359.59. Therefore the molecular weight of compound 5 is 358.



Table 4.10 'H and "C-NMR spectral data of compound 5 (ppm)
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5, 5,
ostion 0, 5-hydroxy-3,7,3',4'"- O, 5-hydroxy-3,7,3',4'"-
Compound 5 tetramethoxyflavone | Compound 5 | tetramethoxyflavone
(88) (88)
2 - - 151.4 151.2
3 - - 139.0 138.8
4 - - 178.8 178.5
5 - - 156.7 156.5
6 6.39 (1H, d, J = 2 Hz) 6.35 (1H, br s) 97.9 97.7
7 - - 165.5 165.2
8 6.49 (1H,d, J =2 Hz) 6.44 (1H, br s) 92.2 92.1
9 - - 162.0 161.8
10 - - 106.1 105.9
1 - - 122.9 122.8
2" |7.73(1H,d, J=2Hz) 7.69 (1H, br s) 111.2 111.1
3 - - 148.7 148.6
4 - - 155.9 155.6
5' 7.03 (1H, s, J=8Hz) [6.99 (1H, d, J = 8.4 Hz) 110.8 110.7
7.77 (1H,dd, J=2,8
6' 7.71 (1H, dd like) 122.1 120.0
Hz)
3-OCH, 4.00 (1H, s) 3.97 (3H, s) 60.2 60.2
7-OCH, 3.92 (1H, s) 3.87 (3H, s) 55.9 55.8
3-OCH, 4.01 (1H, s) 3.97 (3H, s) 56.1 56.0
4-OCH, 3.89 (1H, s) 3.86 (3H, s) 56.0 56.0
5-OH 12.68 (1H, br s) 12.63 (1H, br s) - -
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According to the literature (88) and above evidences strongly suggested that
compound 5 is 5-hydroxy-3,7,3",4’-tetramethoxyflavone and the structure was shown

in figure 4.6. The molecular formula is C,4H,,0,and molecular weight is 358.

Figure 4.6 Structure of compound 5

4.2.6 Structure elucidation of compound 6

Compound 6 is a colorless needle crystal (46 mg) which obtained from the
combined crude extract. The UV spectrum of compound 6 exhibited absorption
maxima at 262 and 322 nm.

The IR spectrum (Figure A21) of compound 6 showed a strong absorption
band at 1649 cm’ which consistent with a carbonyl group. The IR spectrum of

compound 6 is summarized in table 4.11.
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Table 4.11 The IR absorption band assignment of compound 6

Wave number (cm'1) Intensity Vibration
2993, 2931, 2839 All weak C - H stretching vibration of
aromatic
1637 Strong C=0 stretching vibration of carbonyl

conjugated ketone

1618, 1461, 1427

Strong, medium,

medium

C=C stretching vibration of aromatic

1165, 1111, 1010

Medium, medium, weak

C-O symmetry stretching
vibration of C-O-C

818, 787, 709

All weak

.= C-H out of plane bending
vibration

of aromatic

As same as the above isolated compounds, from 'H-NMR and "“C-NMR of

compound 6 showed that compound 6 was the flavonoid identity also. The "H-NMR

spectrum (CDCl,, 400 MHz) (Figure A22) of compound 6 had two doublets at 0 6.38

and 6.55, each showed a 5,7-disubstituted in ring A with meta coupling (J = 2 Hz), and

was integrated for proton at C-6 and C-8 in ring A, respectively. Signals at o 3.92, 3.93

and 4.00 (all singlets) were attributable to three methoxy groups at C-3, 5 and 7,

respectively. The aromatic protons of B-ring appeared as two multiplets at 0752 (3*H)

and O 8.10 (2*H).
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The ""C-NMR spectrum (CDCI,, 100 MHz) (figure A23) showed that compound
6 consists of 18 carbons in which three methoxy groups at 55.8 (7-OCH,), 56.4 (5-
OCH,) and 60.1 (3-OCH,) ppm and 15 carbons of flavonoid nucleus. One signal of the
carbonyl carbon appeared at 174.2 ppm (C-4). The aromatic region contained a total
of 12 resonances. For A-ring, there were six aromatic carbons, O 158.9 (C-5), 0 95.8
(C-6), O 163.9 (C-7), © 92.4 (C-8), O 152.6 (C-9) and O 109.5 (C-10). At B-ring, there
were four signals for six aromatic carbons, O 141.8 (C-17, O 128.1 (C-2’, 8", O 1285
(C-3, 5), O 130.3 (C-4). At O 161.0 and O 130.8 were assigned to C-2 and C-3
respectively. (Table 4.12)

The MALDI-TOF mass spectrum (Figure A24) of compound 6 showed the

[I\/I+H]+ as follow, m/z 313.23. Therefore the molecular weight of compound 6 is 312.



Table 4.12 'H and "C-NMR spectral data of compound 6 (ppm)

Position 6H 6H 6C
Compound 6 3,5,7-trimethoxyflavone (89)| Compound 6

2 - - 161.0

3 ] - 130.8

4 - - 1741

, - 158.9

6 6.38 (1H, d, J =2 Hz) 6.26 (1H, d, J = 2 Hz) 95.8

7 - - 163.9

8 6.55 (1H, d, J = 2 Hz) 6.43 (1H,d, J =2 Hz) 92.4

9 - - 152.6

10 - - 109.5

1 - - 141.8

2' 8.10 (2H, m) 8.00 (2H, m) 128.1

3' 7.52 (3H, m) 7.42 (3H, m) 128.5

4' 7.52 (3H, m) 7.42 (3H, m) 130.3

5' 7.52 (3H, m) 7.42 (3H, m) 128.5

6' 8.10 (2H, m) 8.00 (2H, m) 128.1
3-OCH, 3.93 (3H, s) 3.88 (3H, s) 60.1
5-OCH, 4.00 (3H, s) 3.91 (3H, s) 56.4
7-OCH, 3.92 (3H, s) 3.83 (3H, s) 55.8
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According to the literature (89) and the above evidences strongly suggested

that compound 6 is 3,5,7-trimethoxyflavone. This compound was crystallized from ethyl

acetate/hexane. The molecular formula is C,;H,,O, and molecular weight is 312. The

structure of 3,5,7-trimethoxyflavone showed in figure 4.7.



82

Figure 4.7 Structure of compound 6

4.2.7 Structure elucidation of compound 7

Compound 7 is a colorless needle crystal (208 mg) which obtained from the
combined crude extract. The UV spectrum of compound 7 exhibited absorption
maxima at 262 and 302 nm.

The IR spectrum (Figure A25) of compound 7 showed a strong absorption
band at 1645 cm~ which consistent with a carbonyl group. The IR spectrum of

compound 6 is summarized in table 4.13.
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Table 4.13 The IR absorption band assignment of compound 7

Wave number (cm_j) Intensity Vibration
3070, 2931, 2862 All weak C - H stretching vibration of aromatic
1645 Strong C=0 stretching vibration of carbonyl

conjugated ketone

1604, 1457 Strong, medium C=C stretching vibration of aromatic

1157, 1118 Medium, medium C-0O symmetry stretching
vibration of C-O-C

949, 818, 764 All weak = C-H out of plane bending vibration

of aromatic

The 'H-NMR spectrum (CDCl,, 400 MHz) (Figure A26) of compound 7 was
integrated for fourteen carbons that showed two singets at 0 6.41 and 6.60 with meta
coupling and each singlet were integrated for one proton at C-6 and C-8. Two singlets
at 3.95 and 3.99 were integrated for two methoxy groups at C-7 and C-5, respectively.
A singlet at O 6.72 represented the C-3 aromatic proton. The aromatic protons
appeared as two multiplets at 0753 (3*H) and 7.91 (2*H).

The "“C-NMR spectrum (CDCl,, 100 MHz) (Figure A27) showed that

compound 7 has 17 carbons. Moreover, the data revealed two signals of methoxy
groups at O 55.8 and 56.4, and one signal of ketone at 177.7 ppm. For A-ring, there
were six aromatic carbons, O 160.7 (C-5), O 96.2 (C-6), O 164.1 (C-7), O 92.8 (C-8), O

159.9 (C-9) and O 108.9 (C-10). At B-ring, there were four signals for six aromatic
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carbons, © 131.4 (C-1"), O 125.9 (C-2, &), O 128.9 (C-3", 5), O 131.2 (C-4). At O

160.9 and O 109.2 were assigned to C-2 and C-3 respectively. The "C-NMR chemical

shifts of compound 7 were shown in table 4.14.

Table 4.14 'H and "C-NMR spectral data of compound 7 (ppm)

Position SH 6H 8C
Compound 7 | 5,7-dimethoxyflavone (84) | Compound 7

5 ] . 160.9
3 6.72 (1H, s) 6.65 (1H, s) 109.2
4 - - 177.7
5 - - 160.7
6 6.41 (1H, s) 6.38 (1H, d, J = 2.5 Hz) 96.2
7 - - 164.1
8 6.60 (1H, s) 6.57 (1H, d, J = 2.5 Hz) 92.8
9 - - 159.9
10 - - 108.9
1 - - 131.4
2' 7.91 (2H, m) 7.88 (2H, m) 125.9
3' 7.53 (3H, m) 7.48 (3H, m) 128.9
4' 7.53 (3H, m) 7.48 (3H, m) 131.2
5' 7.53 (3H, m) 7.48 (3H, m) 128.9
6' 7.91 (2H, m) 7.88 (2H, m) 125.9

5-OCH,| 3.99 (3H, s) 3.97 (3H, s) 56.4

7-OCH,| 3.95 (3H, s) 3.92 (3H, s) 55.8
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The MALDI-TOF mass spectrum (Figure A28) of compound 7 showed the
[M+H]" as follow, m/z 283.06.

According to the literature (84) agreed with the above evidences strongly
suggested that compound 7 was 5,7-dimethoxyflavone and structure of 5,7-
dimethoxyflavone was shown in figure 4.8. The molecular formula and molecular

weight were C,.H,,0, and 282, respectively.

Figure 4.8 Structure of compound 7

4.2.8 Structure elucidation of compound 8

Compound 8 is a white powder (306 mg) which obtained from the combined
crude extract. The UV spectrum of compound 8 exhibited absorption maxima at 266
and 318 nm.

The IR spectrum (Figure A29) of compound 8 showed a strong absorption
band at 1645 cm” which consistent with a carbonyl group. The IR spectrum of

compound 8 is summarized in table 4.15.
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Table 4.15 The IR absorption band assignment of compound 8

Wave number (cm_j) Intensity Vibration
3070, 2939 Weak, weak C - H stretching vibration of aromatic
1658 Medium C=0 stretching vibration of carbonyl

conjugated ketone

1596, 1504, 1435 Strong, medium, | C=C stretching vibration of aromatic
medium
1165 Medium C-0O symmetry stretching

vibration of C-O-C

995, 833, 702 All weak = C-H out of plane bending vibration

of aromatic

The 'H-NMR spectrum (CDCI,, 400 MHz) (Figure A30) of compound 8
showed three singlets at 0 3.85, 3.88, and 3.92 due to nine methoxy protons. Two
doublets at O 6.40 (J =2 Hz) and 6.59 (J = 2 Hz) were assigned to the protons at C-6
and C-8. The singlet at 0 6.63 was due to the C-3 proton. Two doublets at 07.85(=
9 Hz) and 7.03 (J = 9 Hz) were assigned to the aromatic protons at C-2’, C-6’ and C-3’,
5, respectively.

From the "°C-NMR spectrum (Figure A31), the signals at O 55.5, 55.8, 56.4
ppm were signals of the three methoxy groups and O 177.7 was the signal of ketone.
For A-ring, there were six aromatic carbons, 0 160.8 (C-5), O 96.1 (C-6), 0 164.0 (C-7),

0 92.8 (C-8), O 159.8 (C-9) and O 109.0 (C-10). At B-ring, there were four signals for
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six aromatic carbons, O 123.7 (C-1'), O 127.6 (C-2’, 6'), O 114.3 (C-3', 5), O 160.8 (C-

4"). At 0 162.1 and O 107.5 were assigned to C-2 and C-3 respectively. The C-NMR

chemical shifts of compound 7 were shown in table 4.16.

Table 4.16 'H and "C-NMR spectral data of compound 8 (ppm)

Position 8H SH 8C
Compound 8 5,7,4'-trimethoxyflavone (84)| Compound 8
2 - - 162.1
3 6.63 (1H, s) 6.55 (1H, s) 107.5
4 - - 177.7
- - 160.8
6 6.40 (1H,d, J=2Hz)| 6.35(1H,d, J=2.5H2z) 96.1
7 - - 164.0
8 6.59 (1H,d, J=2Hz)| 6.55(1H,d, J=2.5H2z) 92.8
9 - - 159.8
10 - - 109.0
1 - - 123.7
2' 7.85(2H,d, J =9 Hz) 7.81 (2H,d, J=9Hz) 127.6
3' 7.03 (2H, d, J=9 Hz) 6.98 (2H, d, J = 9 Hz) 114.3
4' - - 160.8
5' 7.03 (2H, d, J=9 Hz) 6.98 (2H, d, J = 9 Hz) 114.3
6' 7.85(2H,d, J =9 Hz) 7.81 (2H,d, J=9Hz) 127.6
5-OCH, 3.99 (3H, s) 3.93 (3H, s) 56.4
7-OCH, 3.94 (3H, s) 3.88 (3H, s) 55.8
4'-OCH, 3.92 (3H, s) 3.85(3H, s) 55.5
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The MALDI-TOF mass spectrum (Figure A32) of compound 8 showed the
[M+H]" as follow, m/z 313.21.

According to the literature (84) and the above evidence suggested that
compound 8 is 5,7,4'-trimethoxyflavone and the structure of this compound was shown
in figure 4.9. The molecular formula and molecular weight of compound 8 are C,;H,,0,

and 312, respectively.

Figure 4.9 Structure of compound 8

4.3 Structure elucidation of the isolated compounds from Alpinia galanga
4.3.1 Structure elucidation of compound 9

Compound 9 is yellow oil (158 mg) which obtained from the combined crude

extract. The UV spectrum of compound 9 exhibited absorption maxima at 217 nm.

[0],” -60° (MeOH, ¢ 0.5).
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The IR spectrum (Figure A33) of compound 9 showed a strong absorption

band at 1758 cm” which consistent with a carbonyl group. The IR spectrum of

compound 9 is summarized in table 4.17.

Table 4.17 The IR absorption band assignment of compound 9

Wave number (cm'w) Intensity Vibration
3069, 2976 Weak, weak C - H stretching vibration of aromatic
1758 Strong C=0 stretching vibration of carbonyl
conjugated ketone
1637, 1606 medium, medium C=C stretching vibration of aromatic
1423, 1369 All medium C-H stretching vibration of -CH,
1093 Medium C-0O symmetry stretching
vibration of C-O-C
906, 843 All weak = C-H out of plane bending vibration

of aromatic

The 'H-NMR spectrum (CDCl,, 400 MHz) (Figure A34) of compound 9 was

integrated for fourteen protons. Signals at O 7.10 and 7.40 (all doublets with J = 8 Hz)

were attributable to four protons in aromatic ring (8 7.10 (H-2, H-6); O 7.40 (H-3, H-5))

with para disubstituents. Two singlets at 0 2.14 and 2.33, each were methyl protons in

two acetyl groups. The doublets at O 5.29 (H-3'b) and 5.33 (H-3'a) were terminal

alkene protons which coupling with a proton at O 6.02 (H-2’) with J = 10 and 17 Hz,

respectively. The doublet at O 6.29 (J = 6 Hz) was a proton in CH (H-1") which
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coupling with a proton at 0 6.02 (H-2"). The 'H-NMR chemical shifts of compound 9
were shown in table 4.25.

The '"C-NMR spectrum (CDCl,, 100 MHz) (Figure A35) showed that
compound 9 consists of 13 carbons. Six carbons in para disubstituted aromatic
system were at O 150.4 (C-1), O 121.7 (C-2, C-6), O 128.5 (C-3, C-5) and O 136.4 (C-
4). Two signal of the ketone of acetyl appeared at 170.0 and 169.5 ppm. Two signals of
methyl in acetyl groups were at 21.3 and 21.2 ppm. Two carbons of terminal alkene
exhibited chemical shift at 136.0 (C-2') and 117.1 (C-3’). The "®C-NMR chemical shifts
of compound 9 were showed in table 4.18.

The MALDI-TOF mass spectrum (Figure A36) of compound 9 showed the

[M+H]" as 235.01. So the molecular weight of compound 9 was 234.



Table 4.18 'H and "C-NMR spectral data of compound 9
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5 O
. O, " S, (1'S)-1"-
Position (1'S)-1’-Acetoxychavicol
Compound 9 Compound 9 [ Acetoxychavicol
acetate (90)
acetate (90)
1 - - 150.4 150.6
2 710 (2H,d, J=8Hz) | 7.06 (2H, d, J = 8.6 Hz) 121.7 121.6
3 7.40 (2H,d, J=8Hz) | 7.36 (2H, d, J = 8.6 Hz) 128.5 128.4
4 - - 136.4 136.5
5 7.40 (2H,d, J=8Hz) | 7.36 (2H, d, J = 8.6 Hz) 128.5 128.4
6 710 (2H,d, J=8Hz) | 7.06 (2H, d, J = 8.6 Hz) 121.7 121.6
1 6.29 (1H,d, J =6 Hz) | 6.26 (1H, d, J = 5.9 Hz) 75.5 75.7
2 6.02 (1H, m) 5.99 (1H, m) 136.0 136.2
3a [5.33(1H,d,J=17Hz)[5.27 (1H,d, J=16.3 Hz)
1171 117.0
3b [529(1H,d,J=10Hz)|5.23 (1H, d, J = 9.6 Hz)
1-OAc
- - 169.5 169.1
(C=0)
1-OAc
2.33 (3H, s) 2.28 (3H, s) 21.2 21.2
(CH,)
1-OAC
- - 170.0 169.7
(C=0)
1-OAC
2.14 (3H, s) 2.09 (3H, s) 21.3 21.2
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According to the literature (90) and the above evidences strongly suggested
that compound 9 is chavicol acetate. The molecular formula is C,,H,,0, and molecular

weight is 234 and structure of compound 9 shown in figure 4.11

Figure 4.11 Structure of compound 9

4.3.2 Structure elucidation of compound 10

Compound 10 is a white needle crystal (15 mg) which obtained from the
combined crude extract. The UV spectrum of compound 10 exhibited absorption
maxima at 211, 234, 322nm.

The IR spectrum (Figure A33) of compound 10 showed a broad absorption
band between 3500-3100 cm’' of OH stretching vibration and a strong absorption
band at 1758 cm~ which consistent with a carbonyl group. The IR spectrum of

compound 10 is summarized in table 4.19.
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Table 4.19 The IR absorption band assignment of compound 10

Wave number (cm_j) Intensity Vibration
3500-3100 Broad O-H stretching vibration of hydroxy group
3019 Weak C - H stretching vibration of aromatic
2890, 2820 Medium H-C stretching vibration of aldehyde
1645 Strong C=0 stretching vibration of carbonyl

conjugated ketone

1579 Medium C=C stretching vibration of aromatic

1093 Medium C-0O symmetry stretching
vibration of C-O-C

The 'H-NMR spectrum (DMSO, 400 MHz) (Figure A38) of compound 10 had

two doublets at O 6.86 and 7.62 ppm, each showed a 1,4-disubstituted in aromatic

system with meta coupling (J/ = 7 Hz), and were integrated for four protons at C-2, 6
and C-3, 5 in this aromatic ring, respectively. Signal at O 7.67 ppm (multiplet) was
attributable to one proton in double bond system with trans position. At 0 6.68 ppm
showed one proton which coupling with the proton at O 7.67 ppm with J = 14.5 Hz,
and coupling with the aldehyde proton at 0 9.60 ppm with J = 7.7 Hz, respectively.

Signal at 0 10.25 ppm (singlet) suggested the presence of phenolic proton.
The ""C-NMR spectrum (DMSO, 100 MHz) (Figure A39) showed that
compound 10 consists of 9 carbons. One signal of the carbonyl carbon of aldehyde

appeared at 194.6 ppm. The para disubstituted aromatic ring contained a total of 4
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signals. These were O 125.7, C-1: O 131.5, C-2, C-6; O 116.5, C-3, C-5; O 161.1, C-4.

The remaining two signals were two methine carbon (6 154.3, C-17; ) 125.9, C-2'). The

"®C-NMR chemical shifts of compound 10 were shown in table 4.26. (Table 4.20)

The MALDI-TOF mass spectrum (Figure A40) of compound 10 showed

[I\/I+H]+ at m/z 149.06. Therefore, the molecular weight of compound 10 was 148.

Table 4.20 'H and °C-NMR spectral data of compound 10

) 3
- 8H H 6C C
Position p-hydroxy p-hydroxy
Compound 10 Compound 10
cinnamaldehyde (91) cinnamaldehyde (91)
1 - - 125.7 126.98
2 7.62 (2H,d, J=5Hz)|7.50 (2H, d, J = 8.5 Hz) 1315 130.60
3 6.86 (2H, d, J =7 Hz) |6.90 (2H, d, J = 8.5 Hz) 116.5 116.12
4 - - 161.1 158.46
5 6.86 (2H, d, J =7 Hz) |6.90 (2H, d, J = 8.5 Hz) 116.5 116.12
6 7.62 (2H,d, J=5Hz) |7.50 (2H, d, J = 8.5 Hz) 1315 130.60
742 (1H,d, J=15.9
1 7.67 (1H, m) 154.3 162.72
Hz)
6.68 (1H, dd, J =14.5,|6.62 (1H, dd, J = 15.9,
2 125.9 126.56
7.7 Hz) 7.7 Hz)
9.60 (1H,d, J=7.7
3 9.67 (1H, d, J = 7.7 Hz) 194.6 193.82
Hz)
4-OH 10.25 (1H,s) - -
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According to the literature (91) and the above evidences strongly suggested

that compound 10 is p-hydroxy cinnamaldehyde. The molecular formula is C;H,O, and

molecular weight is 148. The structure of p-hydroxy cinnamaldehyde was shown in

figure 4.12.

Figure 4.10 Structure of compound 10

4.3.3 Structure elucidation of compound 11

Compound 11 is white solid (150 mg) which obtained from the combined
crude extract. [OL]D25 -3.1(H,0, c0.5).

The IR spectrum (Figure A41) of compound 11 showed a broad absorption
band at 3377 cm’ of OH stretching vibration of carboxylic acid and a strong
absorption band at 1688 cm” which consistent with a carbonyl group. The IR spectrum

of compound 11 is summarized in table 4.21.
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Table 4.21 The IR absorption band assignment of compound 11

Wave number (cm_j) Intensity Vibration
3500-2500 Medium -OH stretching vibration of carboxylic acid
2922 Medium C-H stretching vibration of aliphatic
1688 Medium C=0 stretching vibration
1221 Medium C-0O stretching vibration

The 'H-NMR spectrum of compound 11 (D,O, 400 MHz) (Figure A42) had
only two signals, two multiplets at 0 2.75 and 3.84 which assigned for the protons in
CH, and CH-O, respectively.

The ""C-NMR spectrum (D,0, 100 MHz) (Figure A43) showed that compound
11 consists of 3 types of carbons. One signal of the carbonyl of carboxylic acid
appeared at 174.3 ppm. One signal of carbon which attached to oxygen exhibited the
chemical shift at 51.1 ppm. And the last signal of methine carbon appeared at 34.3
ppm. The "®C-NMR chemical shifts of compound 11 were showed in table 4.22.

The MALDI-TOF mass spectrum (Figure A44) of compound 11 showed

[M+H]" at m/z 179.01. So the molecular weight of compound 11 was 178.
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Table 4.22 'H and "C-NMR spectral data of compound 11

Position SH 8C

Compound 11 Compound 11

1 - 174.3

2 2.75,4H, (m) 511

3 3.84, 2H, (m) 34.3

4 3.84, 2H, (m) 34.3
2.75, 4H, (m) 51.1

6 - 174.3

The above evidences strongly suggested that the compound 11 had the
carboxylic acid functional group (COOH) and hydroxyl group (OH). These results
suggested that molecular formula of compound 11 is (C,H.O,),. From the mass
spectrum confirmed that compound 11 has 178 of molecular weight. So the molecular
formula of compound 11 was CH,,O,. Result of “C-NMR and 'H-NMR spectrum
confirmed that compound 11 was 3,4-dihydroxy adipic acid and the structure of this

compound shown in figure 4.12.

OH O]

HO
OH

Figure 4.12 Structure of compound 11
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4.4 Structure elucidation of the isolated compounds from Kaempferia galanga
4.4.1 Structure elucidation of compound 12

Compound 12 is yellow viscous oil (2037 mg) which obtained from the
combined crude extract. The UV spectrum of compound 12 exhibited absorption
maxima at 217, 257 nm.

The IR spectrum (Figure A45) of compound 12 showed a strong absorption
band at 1630 cm~ which consistent with a carbonyl group. The IR spectrum of

compound 12 is summarized in table 4.23.

Table 4.23 The IR absorption band assignment of compound 12

Wave number (cm_j) Intensity Vibration
2972, 2828 Weak, weak C - H stretching vibration of aromatic
1704 Strong C=0 stretching vibration of carbonyl

conjugated ketone

1630, 1599 medium C=C stretching vibration of aromatic
1419, 1361 All medium C-H stretching vibration of -CH,
1170 Strong C-0O unsymmetry stretching

vibration of C-O-C

882, 824 All weak = C-H out of plane bending vibration

of aromatic




99

The 'H-NMR spectrum (CDCI,, 400 MHz) (Figure A46) of compound 12 was
integrated for twelve protons. Signals at O 7.41 and 7.55 were five aromatic protons
with meta coupling J = 2 Hz that exhibited a monosustituted aromatic system. At 0
6.47 and 7.72 ppm, each showed a proton on C=C with trans coupling which exhibited
coupling constant of 16 Hz. The 0 4.30 and 1.37 ppm was integrated for CH, and CH,,
respectively. The 'H-NMR chemical shifts of compound 12 were shown in table 4.34.

The “C-NMR spectrum (CDCl,, 100 MHz) (Figure A47) showed that
compound 12 consists of 11 carbons. One signal of the ketone appeared at 167.0 ppm
(C-3). The signals of CH, and CH, of ethyl ester were at 60.5 and 14.3 ppm,
respectively. Six carbons of aromatic were at O 134.4 (C-1), O 128.2 (C-2, C-6), 0
128.9 (C-3, C-5) and O 130.3 (C-4). Two signals of methine carbons exhibited the
chemical shift at 144.6 (C-1) and 118.2 (C-2") ppm. The "®C-NMR chemical shifts of
compound 12 were shown in table 4.24.

The MALDI-TOF mass spectrum (Figure A48) of compound 12 showed

[M+H]" at m/z 177.19. So the molecular weight of compound 12 was 176.



Table 4.24 'H and "C-NMR spectral data of compound 12
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) )
y 0, " S, °
Position cinnamic acid ethyl cinnamic acid
Compound 12 Compound 12
ester (92) ethyl ester (92)
1 - - 134.4 134.3
2 7.55 (2H,d, J=2Hz) 7.50 (2H, m) 128.2 127.9
3 7.41 (3H,d, J=2Hz) 7.35 (3H, m) 128.9 128.8
4 7.41 (3H,d, J=2Hz) 7.35 (3H, m) 130.3 1301
7.41 (3H,d, J=2Hz) 7.35 (3H, m) 128.9 128.8
6 7.55(2H,d, J=2Hz) 7.50 (2H, m) 128.2 127.9
7.69 (1H,d, J=16.2
1 7.72 (1H, d, J = 16 Hz) 144.6 144.5
Hz)
6.44 (1H, d, J = 16.2
2 6.47 (1H, d, J = 16 Hz) 118.2 118.1
Hz)
3’ - - 167.0 166.9
3’
4.30 (2H, q,J=7Hz) |4.26 (2H, g, J=7.1 Hz) 60.5 60.4
OCH,CH,
3’
1.37 (8H,t,J=7Hz) [1.33(8H,t, J=7.1Hz) 14.3 14.2
OCH,CH,

According to and the above evidences and the comparison with the literature

(92) suggested that compound 12 is cinnamic acid ethyl ester. The molecular formula

is C,,H,,0, and molecular weight is 176. The structure of compound 12 was shown in

figure 4.13.
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Figure 4.13 Structure of compound 12

4.4.2 Structure elucidation of compound 13

Compound 13 is a colorless needle crystal (6080 mg) which obtained from
the combined crude extract. The UV spectrum of compound 13 exhibited absorption
maxima at 211, 275 nm.

The IR spectrum (Figure A49) of compound 13 showed a strong absorption
band at 1708 cm’ which consistent with a carbonyl group. The IR spectrum of

compound 13 is summarized in table 4.25.
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Table 4.25 The IR absorption band assignment of compound 13

Wave number (cm_j) Intensity Vibration
2976, 2852 Strong C - H stretching vibration of aromatic
1708 Strong C=0 stretching vibration of carbonyl

conjugated ketone

1633, 1571 Strong, weak C=C stretching vibration of aromatic
1459, 1365 medium C-H stretching vibration of -CH,
1034 Medium C-0O symmetry stretching

vibration of C-O-C

874, 765 Medium = C-H out of plane bending vibration

of aromatic

The 'H-NMR spectrum (CDCl,, 400 MHz) (Figure A50) of compound 13 was
integrated for fourteen protons. Signals at O 7.51 and 6.93 (all doublets) were the
aromatic protons, each signals were integrated for two protons with meta coupling (J =
8 Hz), that exhibited a 1,4-disubstituted in aromatic system. At 0 6.34 and 7.67 ppm
(all doublets), each showed a proton on C=C with trans coupling which exhibited J =
16 Hz. The O 4.27 and 1.37 ppm was integrated for CH, and CH,, respectively. Singlet
at O 3.87 was interpreted for methoxy protons (4-OCH.,). The "H-NMR chemical shifts
of compound 13 were shown in table 4.37.

The "C-NMR spectrum (CDCl, 100 MHz) (Figure A51) showed that
compound 13 consists of 12 carbons. One signal of the carbonyl carbon appeared at

167.3 ppm (C-3’). Two signals of CH, and CH, of ethyl ester group were at 60.3 and
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14.4 ppm, respectively. Four signals of six aromatic carbons were at 0 127.1 (C-1), O
129.7 (C-2, C-6), O 114.3 (C-3, C-5) and O 161.3 (C-4). Two signals of methine
carbons exhibited the chemical shift at 144.2 (C-1’) and 115.7 (C-2’) ppm. And the last
one singlet at O 55.3 was a methoxy carbon (4-OCH,). The ®C-NMR chemical shifts of
compound 12 were shown in table 4.26.
The MALDI-TOF mass spectrum (Figure A52) of compound 13 showed

[M+H]" at m/z 207.12. Therefore, the molecular weight of compound 13 was 206.



Table 4.26 'H and °C-NMR spectral data of compound 13
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) )
B 6H H 80 C
Position 4-methoxy cinnamic 4-methoxy cinnamic
Compound 13 Compound 13
acid ethyl ester (93) acid ethyl ester (93)
1 - - 1271 127.3
2 751 (2H,d, J=8Hz)|7.46 (2H, d, J = 8 Hz) 129.7 129.7
3 6.93 (2H, d, J =8 Hz)|6.88 (2H, d, J = 8 Hz) 114.3 114.4
4 - - 161.3 161.4
6.93 (2H, d, J =8 Hz)|6.88 (2H, d, J = 8 Hz) 114.3 114.4
6 751 (2H,d, J=8Hz)|7.46 (2H, d, J = 8 Hz) 129.7 129.7
7.67 (1H,d,J=16 | 7.63(1H,d,J=16
1 144.2 144.2
Hz) Hz)
6.34 (1H, d, J =16 6.29 (1H, d, J =16
2 115.7 115.9
Hz) Hz)
3 - - 167.3 163.3
3- 424 (2H,q,J=7
4.27 (2H, g, J =7 Hz) 60.3 60.3
OCH,CH, Hz)
3-
1.37 (3H,t,J=7Hz) | 1.32 (3H,t, J =7 Hz) 14.4 14.4
OCH,CH,
4-OCH, 3.87 (3H, s) 3.81 (3H, s) 55.3 55.3

According to the above evidences and the comparison with the previous

report (93) suggested that compound 13 is 4-methoxy cinnamic acid ethyl ester. The

molecular formula is C,,H,,0, and molecular weight is 206. The structure of compound

13 was shown in figure 4.14.
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Figure 4.14 Structure of compound 13

4.4.3 Structure elucidation of compound 14

Compound 14 is a colorless needle crystal (67 mg) which obtained from the
combined crude extract. The UV spectrum of compound 14 exhibited absorption
maxima at 211, 299 nm.

The IR spectrum (Figure A53) of compound 14 showed a broad absorption
band between 3300-2400 cm’' of OH stretching vibration and a strong absorption
band at 1676 cm’ which consistent with a carbonyl group. The IR spectrum of

compound 14 is summarized in table 27.
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Table 4.27 The IR absorption band assignment of compound 14

Wave number (cm_j) Intensity Vibration
3300-2400 Medium OH stretching vibration of carboxylic acid
1676 Strong C=0 stretching vibration of carbonyl
conjugated carboxylic acid
1590 Strong C=C stretching vibration of aromatic
1435, 1315 Strong C-H stretching vibration of -CH,
1170 Strong C-0O unsymmetry stretching

vibration of C-O-C

The 'H-NMR spectrum (CDCl,, 400 MHz) (Figure A54) of compound 14 had

four doublets at O 6.39, 6.99, 7.56 and 7.66 ppm. Signals at O 6.99 and 7.66 (all

doublets with J = 8 Hz) were attributable to four protons in aromatic ring with para

disubstituents. At O 6.39 and 7.56 ppm, each showed a proton on C=C with trans

coupling which exhibited J = 16 Hz. The O 3.81 ppm was integrated for OCH, (4-

OCH,). The 'H-NMR chemical shifts of compound 14 were shown in table 4.40.

The “C-NMR spectrum (CDCl, 100 MHz) (Figure A55) showed that

compound 14 consists of 10 carbons. One signal of the ketone appeared at 168.3 ppm

(C-3'). The signal of OCH, was at 55.8 ppm (4-OCH,). Six aromatic protons were at o)

127.3 (C-1), O 130.4 (C-2, C-6), O 114.8 (C-3, C-5) and O 161.4 (C-4). Two methine

carbons exhibited chemical shift at 144.2 (C-1’) and 116.9 (C-2"). Result of “C-NMR
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spectrum data of compound 14 were confirmed with 4-methoxy cinnamic acid that

shown in table 4.28.

[M+H]" at m/z 179.08.

Table 4.28 'H and °C-NMR spectral data of compound 14

The MALDI-TOF mass spectrum (Figure A56) of compound 14 showed the

0 5. 0 O
. H C
Position 4-methoxy cinnamic 4-methoxy
Compound 14 Compound 14
acid (94) cinnamic acid (94)
1 - - 127.3 128.4
753 (2H,d, J=6.77
2 7.66 (2H, d, J =8 Hz) 130.4 130.9
Hz)
6.94 (2H,d, J=6.76
3 6.99 (2H, d, J = 8 Hz) 114.8 1154
Hz)
4 - - 161.4 163.1
6.94 (2H, d, J = 6.76
5 6.99 (2H, d, J =8 Hz) 114.8 115.4
Hz)
753 (2H,d, J=6.77
6 7.66 (2H, d, J =8 Hz) 130.4 130.9
Hz)
756 (1H,d, J=16 |[7.61 (1H, d, J = 16.01
1 144.2 146.2
Hz) Hz)
6.39 (1H,d, J=16 [6.32 (1H, d, J = 16.01
2 116.9 116.6
Hz) Hz)
3 - - 168.3 170.8
4-OCH, 3.81 (3H, s) 3.72 (3H, s) 55.8 55.8




108

According to the literature (94) and the above evidences suggested that
compound 14 is 4-methoxy cinnamic acid. Compound 14 was crystallized from ethyl
acetate / hexane to yield colorless needle crystal. The molecular formula is C,,H,,0,

and molecular weight is 178. The structure of compound 14 was shown in figure 4.15.

Figure 4.15 Structure of compound 14

4.5 The inhibitory activity of isolated compounds on HIV-1 protease, HCV protease

and HCMV protease

The methanol crude extracts of Kaempferia parviflora and Alpinia galanga
were found to inhibit HIV-1 protease activity by more than 80% at a concentration of
200 Wg/ml (Table A2). Compounds 1-8 were isolated from the methanol extract of
Kaempferia parviflora, and the results of inhibitory activity against HIV-1 protease, HCV

protease and HCMV protease shown in table 4.29.
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Table 4.29 Inhibition of HIV-1 protease, HCV protease and HCMV protease by

compounds 1-8 which isolated from Kaempferia parviflora, values are means + S.D.,

n=3
HsCO o
R1
R, o
IC,, (M)
Compounds | R, R, R, R, HIV-1 HCV HCMV
protease protease protease
1 OCH, | OH H H 66.1+ 3.2 | 1929 £99 | 2486+ 4.0
2 H OH H H 19.0 £ 3.1 >450 3491+ 3.8
3 OCH, | OH | OCH, H 101.1£10.0 - -
4 H OH | OCH, H 77.9+9.1 - -
5 OCH, | OCH, | OCH, | OCH, | 160.1+5.4 - -
6 OCH, | OCH, H H 81.3+7.1 - -
7 H OCH, H H 19.5+1.2 - -
8 H OCH, | OCH, H 109.9 + 10.9 - -

The inhibitory activity of 8 flavonoids on HIV-1 protease was evaluated using

fluorescence assay. As the results, compound 1, 2, 4, 6, and 7 inhibited HIV-1

protease activity in dose dependent manner (IC,; less than 100 AM).
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Compound 7 had very potent inhibitory activity (IC,; = 19.5 + 1.2 UM).
Compound 2 was the most active compound with IC, value of 19.0 £ 3.1 UIM. These
results suggested that the presence of hydroxy or methoxy group at 5-position of
flavonoid nucleus is necessary to enhance HIV-1 protease inhibitory activity. While the
substitution of methoxy group at 3-position of flavonoid moiety (compounds 1 and 6)
were less potent (IC,; = 66.1 + 3.2 UM and IC,, = 81.3 £ 7.1 UM, respectively). The
substitution of methoxy group at 4’- position (compounds 4 and 8) also reduced the
inhibitory effect (IC,, = 77.9 + 9.1 UM and IC,, = 109.9 + 10.9 UM, respectively).
Include of disubstitution at 3- and 4’ (compounds 3 and 5) showed the lowest inhibitory
activity (IC,, = 101.1 £ 9.9 UM and IC,, = 160.1 + 5.4 UM, respectively). These results
suggested that the methoxy at position 3 or/and 4’ reduce the inhibitory effect.

The kinetic study demonstrated that the mechanism of HIV-1 protease
inhibition of compound 2 and compound 7 were a competitive inhibitor with K;value of
23.5 UM and 32.2 UM, respectively.

Moreover, compound 1 had mild inhibitory activity on HCV and HCMV

protease with IC,, value of 192.9 + 9.9 and 248.6 = 4.0 LLM, respectively.
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Compounds 9-11 were isolated from the methanol extract of Alpinia galanga,

and the results of inhibitory activity against HIV-1 protease, HCV protease and HCMV

protease shown in table 4.30.

Table 4.30 Inhibition of HIV-1 protease, HCV protease and HCMV protease by

compounds 9-11 which isolated from Alpinia galanga, values are means + S.D., n = 3

Compounds IC,, (LLM)
HIV-1 protease HCV protease HCMV protease
9 2443+ 21.6 405.0+ 23.8 316.5+4.9
10 133.4+ 5.1 500.5+ 34.6 97.8+5.3
11

Although compounds 9 and 10 had small molecule with molecular weight of
234 and 148, respectively, compounds 9 and 10 had moderate inhibitory activity
against HIV-1 protease with IC,; value of 244.3 + 21.6 and 133.4 + 5.1 UM,

respectively. The kinetic study demonstrated that the mechanism of HIV-1 protease

inhibition of compound 9 was an uncompetitive inhibitor with K value of 5.2 LLM and

compound 10 was a noncompetitive inhibitor with K, value of 86.3 .AM.

Compounds 9 and 10 exhibited mild inhibitory activity on HCV protease with

IC,, more than 400 WM. Moreover, compound 10 showed potent inhibition against

HCMV protease with 1C,; value of 97.8+ 5.3 .UM while compound 9 had mild inhibition

on this protease enzyme. From the kinetic study of compound 10 on HCMV protease,
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the result showed that compound 10 was an uncompetitive inhibitor with K value of 3.2

LM.

The inhibition was specific for the different proteases as none of the extracts,

or pure compounds inhibited all three enzymes, and when an extract or pure

compounds inhibited two proteases it was HIV-1 protease and HCMV protease, two

enzymes which are not only structurally unrelated, but that also have completely

different active site architectures and catalytic mechanisms.

4.6 The inhibitory activity of isolated compounds from Kaempferia galanga and

cinnamic acid derivatives on Ol-glucosidase (95)

Three isolated compounds from Kaempferia galanga were tested against OL-

glucosidase with the frans-cinnamic acid derivatives. Compound 12, 13 and 14 were

isolated from the rhizomes of Kaempferia galanga. The other trans-cinnamic acid

derivatives (15, 19-28) were synthesized by the Perkin reaction between aromatic

aldehydes and aliphatic carboxylic acids following the procedure of Chiriac et al. And

compounds 16-18 were purchased from Fluka Co. Ltd.

From table 4.31, compounds 13, 14, 17-21, 26 and 27 had inhibitory activity

against Ol-glucosidase in dose-dependent manner. The results showed that the

compounds 13-14, 17-21, 26 and 27 had more potent Ol-glucosidase inhibitory activity

than that of 1-deoxynojirimycin, which was used as the positive inhibitor. While trans-
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cinnamic acid, its ethyl ester and the 2-hydroxy-trans-cinnamic acid were found to be

inactive.

Table 4.31 IC,, values of trans-cinnamic acid and its derivatives for inhibition of Ol-

glucosidase o
X
OX4
X3 X1
X2
Compounds X, X, X, X, IC,, (MM)

12 H H H C,H, >5
13 H H OCH, C,H, 0.05+0.03
14 H H OCH, H 0.04 £0.01
15 H H H H >5
16 OH H H H >5
17 H OH H H 1.27 £0.51
18 H H OH H 0.20 £0.06
19 OCH, H H H 434+0.78
20 H OCH, H H 0.58 £0.15
21 H H OPh H 0.44£0.37
22 H H OCH,Ph H >5
23 H H OC,H, H >5
24 H H OCgH,, H >5
25 H H NO, H >5
26 H H F H 0.27+0.06
27 H H Cl H 0.39£0.14
28 H H Br H >5

1-deoxynojirimycin 5.60x0.42
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4-methoxy-frans-cinnamic acid (14) was the most active compound among
tested compounds, while 2-, 3-dimethoxy-frans-cinnamic acid (19 and 20) were less
potent. These results suggested that the presence of hydroxy or methoxy group at
4-position on trans-cinnamic acid moiety is necessary to enhance Ol-glucosidase
inhibitory activity. When the Ol-glucosidase inhibitory activities of compounds 14, 15
and 18 were compared, it was found that the potency increased in the order of
14>18>15. The observation revealed that replacement of the 4-hydroxy substituted in
the trans-cinnamic acid by a methoxy residue increased Ol-glucosidase inhibitory
activity by 10-fold. Introduction of a methoxy group at para-position on frans-cinnamate
acid ethyl ester (13), the IC,, values was 0.05 £ 0.03 mM, which was in the same order
to that of 4-methoxy-frans-cinnamic acid. The evidence supported the previous result
(12 and 15), that neither the acid group nor the ethyl ester played any important role on
Ol-glucosidase inhibition.

The introduction of 4-phenoxy residue to trans-cinnamic acid (21) decreased
the Ol-glucosidase inhibitory activity (IC,, = 0.44 £ 0.37mM). The compounds having
larger alkoxy substituent (22-24) were found to have no effect on Ol-glucosidase
inhibition (IC,, > 5 mM). These results suggested that increasing of the bulkiness, or
the chain length of the alkoxy substituent at 4-position may decrease the Ol-

glucosidase inhibitory activity.
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While the presence of NO, group at 4-position of trans-cinnamic acid (25)

showed no activity (IC,, >5 mM), the frans-cinnamic acid derivatives having F (26) and
Cl (27) substituent at 4-position gave moderate activity (the IC,, values of 0.27 =+ 0.06,
0.39 + 0.14 mMm, respectively). This observation supported the notion that a decrease

in electron diversity of frans-cinnamic acid moiety would result in the decrease of OL-

glucosidase inhibitory activity. On the other hand, 4-bromo-frans-cinnamic acid (28)
had no effect on Ol-glucosidase inhibiting activity.

The kinetic result demonstrated that the mechanism of Ol-glucosidase inhibition

of 4-methoxy-trans-cinnamic acid ethyl ester (13) was a competitive inhibitor with K,
value of 0.02 & 0.01mM. In contrast, compound 14 was noncompetitive with K. value of

0.06 = 0.01 mM. At this point, the values of K__ obtained at 0 and 48.1 UM for

compound 13, and K; value was calculated using the values of V,___obtained at 0 and
55.6 UM for compound 14, respectively. To date, the microbial Ol-glucosidase is
known to be structurally different to those of mammalial origins. The microbial OL-
glucosidase inhibitors are not necessarily the mammalial Ql-glucosidase inhibitors. For
example, (+)-catechin, a natural inhibitor of yeast Ol-glucosidase does not show any
inhibitory activity on mammalial Ol-glucosidase. On the other hand, acarbose and
voglibose show very high inhibitory activity on porcine small intestine Ol-glucosidase,

but both of them show very low inhibitory activity on microbial Ol-glucosidase,

suggesting that ongoing experiments should be focused on the inhibitory activity of
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these compounds against mammalian intestinal Ol-glucosidases. Nevertheless, the

inhibition of yeast Ol-glucosidase by trans-cinnamic acid derivatives served as an

interesting structural activity relationship of this group of inhibitors.



CHAPTER V

CONCLUSION

Methanol crude extracts of medicinal plants in the Zingiberaceae family,
especially Curcuma zedoaria, Curcuma longa, Kaempferia parviflora and Alpinia
galanga exhibit significant inhibition of viral proteases. For all of the studied enzymes
there is a great need to identify novel lead compounds and the current study shows
that the Zingiberaceae family can be a potential source for such compounds.
Consequently, medicinal plants can continue to be a rich source of novel compounds
for the treatment of human disease and may be useful as complementary treatments to
other established anti-viral therapies.

In conclusion, 5-hydroxy-3,7-dimethoxyflavone (1), 5-hydroxy-7-
methoxyflavone  (2),  5-hydroxy-3,7,4'-trimethoxyflavone  (3),  5-hydroxy-7,4'-
dimethoxyflavone 4), 5-hydroxy-3,7,3’,4’-tetramethoxyflavone (5), 3,5,7-
trimethoxyflavone (6), 5,7-dimethoxyflavone (7) and 5,7,4'-trimethoxyflavone (8) were
isolated from Kaempferia parviflora by using bioassay guided fractionation. 5-hydroxy-
7-methoxyflavone (2) and 5,7-dimethoxyflavone (7) showed the highest activity against
HIV-1 protease inhibition among the flavonoids from Kaempferia parviflora. Moreover,
5-hydroxy-3,7-dimethoxyflavone (1) had mild inhibitory activity on HCV and HCMV

protease.
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(1'S)-1’-Acetoxychavicol acetate (9), p-hydroxy-cinnamaldehye (10) and 3,4-

dihydroxy adipic acid (11) were isolated from Alpinia galanga. p-hydroxy-

cinnamaldehye (10) had significant inhibitory activity of HIV-1 protease and HCMV

protease for the small molecular inhibitors, and should be considered to be a new

class of small molecular inhibitors for HIV-1 protease and HCMV protease.

The other approach for anti HIV research, Ql-glucosidase inhibition, 4-methoxy-

trans-cinnamic acid (13) and 4-methoxy-frans-cinnamic acid ethyl ester (14) which

isolated from Kaempferia galanga showed the highest activity against Ol-glucosidase

inhibition among the trans-cinnamic acid derivatives.(93)
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FURTHER STUDIES

The binding activity of viral proteases with the inhibitors should be evaluated by
Biacore assay. And for compound 10, small molecular HIV-1 protease and HCMV
protease inhibitor should be study on the structure and activity relationship.

Further separation will be necessary to isolate the active components and to
elucidate their structures and inhibition mechanisms. In addition, it is of interest to
determine the inhibitory effects of the extracts are due to a combined effect of several
weak inhibitors or the sole effect of a highly potent compound. In order to address
these questions, the isolation of the active compounds from effective crude extracts

should be isolate by bioassay guided separation.
For the further studies on Ol-glucosidase inhibitory effects of trans-cinnamic

acid derivatives, Ol-glucosidase from mammalial sources should be used to evaluate
the binding activity as well as inhibitory activity of these compounds using X-ray

crystallography and in vivo experiments.
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Table A1 Inhibition of HIV-1 reverse transcriptase by methanol and aqueous extracts from Zingiberaceae medicinal herbs.

Extracts of the specified part were tested at 20 and 200 JLg/ml, values are means *+sSD.,n=3

% HIV-1 RT inhibition

Name Used part Methanol extracts Aqueous extracts

20 Wg/ml | 200 Ug/ml | 20 Ug/ml | 200 Lg/ml

Curcuma aromatica Fresh rhizome - 9.2+2.1 - 28.1+3.2
Curcuma sp. (En leung) Dried rhizome - - 12.0+1.6 | 34.3+3.4
Kaempferia galanga Dried rhizome - - 16.7£1.8 | 32.3+2.8
Curcuma zedoaria Fresh rhizome | 16.6£2.3 | 26.7£3.7 | 151+1.7 | 55.1+4.5
Curcuma longa Fresh rhizome | 10.2£1.6 | 30.6£2.5 | 14.6£2.5 | 59.9+4.6
Kaempferia parviflora Fresh rhizome | 7.6+1.5 25.242.1 7.742.3 19.9+3.5
Boesenbergia pandurata Fresh rhizome | 3.5t£1.0 18.3+1.9 - 5.5+2.1

Curcuma sp. (Kamin Dum) | Fresh rhizome | 5.2+1.4 15.7+1.6 5.8+1.9 35.645.3

Zingiber zerumbet Fresh rhizome | 5.7£1.8 11.8+1.8 9.8+2.6 12.9+2.3
Zingiber officinale Fresh rhizome | 8.2+1.7 28.142.3 | 29.642.8 | 69.3t5.8
Alpinia galanga Fresh rhizome | 3.9£1.5 19.5+2.4 | 148429 | 34.3£3.6
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Table A2 Inhibition of HIV-1 protease by methanol and aqueous extracts from Zingiberaceae medicinal herbs. Extracts of the

specified part were tested at 20 and 200 [Lg/ml, values are means *+sD.,n=3

% HIV-1 protease inhibition
Name Used part Methanol extracts Aqueous extracts

20 Ug/ml | 200 Wg/ml | 20 Ug/ml | 200 Lg/ml
Curcuma aromatica Fresh rhizome | 24+0.7 | 432+12] 07£01 | 39+33
Curcuma sp. (En leung) Dried rhizome | 19.3 £ 0.3 | 47.7X1.3 | 19.7 2.3 | 40.0* 5.8
Kaempferia galanga Dried rhizome | 1.5£0.8 | 49%X14 | 0.7X07 |221%X12
Curcuma zedoaria Fresh rhizome | 186 £27 | 97.81+ 15| 2651+ 34898112
Curcuma longa Fresh rhizome | 67.8 £5.6 | 929109 |353+35|97.0%X 1.9
Kaempferia parviflora Fresh rhizome | 371 £04 | 815X 08| 152+ 06 | 483% 78
Boesenbergia pandurata | Fresh rhizome | 2213121 |64.6+2.0 (357117 |579%+2.0
Curcuma sp. (Kamin Dum) | Fresh rhizome | 6.6 %£3.3 | 145%X32 | 04%X0.1 | 6.1%29
Zingiber zerumbet Fresh rhizome | 99+28 [178X14 | 50X06 | 8505
Zingiber officinale Fresh rhizome | 14.8 £2.7 | 460X 86 | 176 0.6 | 26.8 X 0.7
Alpinia galanga Fresh rhizome | 975+ 0.4 | 982%X1.0| 165+ 0.1 | 379X 1.0

8cl



Table A3 Inhibition of HCV proteases by methanol and aqueous extracts from Zingiberaceae medicinal herbs. Extracts of the

specified part were tested at 20 and 200 [Lg/ml, values are means *+sD.,n=3

% HCV protease inhibition
Name Used part Methanol extracts Aqueous extracts

20 Ug/ml | 200 Wg/ml | 20 Ug/ml | 200 Lg/ml
Curcuma aromatica Fresh rhizome | 35127 | 4411+6.1|68.0%X1.8|809%05
Curcuma sp. (En leung) Dried rhizome | 53.1 £3.8|83.4%19|382+1.7|783*x14
Kaempferia galanga Dried rhizome | 35%£2.7 | 209+6.4 | 831+0.1 | 294139
Curcuma zedoaria Fresh rhizome | 689+ 24 | 847162 |506+9.9 813113
Curcuma longa Fresh rhizome | 446 £6.1 | 849128 |651+t58|845%59
Kaempferia parviflora Fresh rhizome | 17.7 28 | 719+ 2.3 | 56,7t 2.3 | 872X 2.6
Boesenbergia pandurata | Fresh rhizome | 33.91+35|82.01+1.2|54.0+09 | 848+t 2.1
Curcuma sp. (Kamin Dum) | Fresh rhizome | 36 £0.6 | 458%£3.3|26.21+t16|956%1.0
Zingiber zerumbet Fresh rhizome | 472135 (854+55| 79+t44 |71.8%55
Zingiber officinale Fresh rhizome | 53.6 £ 0.8 | 96.0 1.4 | 43.0+9.7 | 931Xt 2.2
Alpinia galanga Fresh rhizome | 58.7£1.8 (828109 | 123+08|757%5.2

6el



Table A4 Inhibition of HCMV proteases by methanol and aqueous extracts from Zingiberaceae medicinal herbs. Extracts of the

specified part were tested at 20 and 200 [Lg/ml, values are means *+sD.,n=3

% HCMV protease inhibition
Name Used part Methanol extracts Aqueous extracts

20 Ug/ml | 200 Wg/ml | 20 Ug/ml | 200 Lg/ml
Curcuma aromatica Fresh rhizome | 30.0£6.4 | 77.7+13 | 55143 |51.0%0.9
Curcuma sp. (En leung) Dried rhizome | 445+ 05| 947X 4.4 | 43%£09 | 21X 0.4
Kaempferia galanga Dried rhizome | 22.31+08 | 456+t 17| 6.7+t17 | 22904
Curcuma zedoaria Fresh rhizome | 321 £ 16 | 948128 | 13.1%X4.7|57.5%02
Curcuma longa Fresh rhizome | 68.6 £1.2 (973X 24| 1.8%£09 |541%£32
Kaempferia parviflora Fresh rhizome | 296 4.0 | 747+35|11.3£6.5|33.8X 7.3
Boesenbergia pandurata | Fresh rhizome | 479136 | 962106 | 13.1+30| 192139
Curcuma sp. (Kamin Dum) | Fresh rhizome | 52 %17 | 655%X56 | 6.1%£4.3 | 125%£1.3
Zingiber zerumbet Fresh rhizome | 205+ 2.4 [39.0+X03 | 09£04 | 5543
Zingiber officinale Fresh rhizome | 40%x15 [572%X58| 581X 04 |11.9%8.2
Alpinia galanga Fresh rhizome | 771 £0.3 | 966X 03| 52%£3.0 | 10.7£3.9
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Figure A35 The "“C-NMR spectrum of compound 9
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Figure A36 The mass spectrum of compound 9
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Figure A38 The "H-NMR spectrum of compound 10
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Figure A39 The "“C-NMR spectrum of compound 10
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Figure A40 The mass spectrum of compound 10
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Figure A41 The IR spectrum of compound 11
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Figure A42 The "H-NMR spectrum of compound 11
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Figure A43 The "“C-NMR spectrum of compound 11
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Figure A44 The mass spectrum of compound 11
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Figure A45 The IR spectrum of compound 12
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Figure A46 The "H-NMR spectrum of compound 12
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Figure A47 The "“C-NMR spectrum of compound 12
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Figure A49 The IR spectrum of compound 13
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Figure A50 The "H-NMR spectrum of compound 13
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Figure A51 The "C-NMR spectrum of compound 13
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Figure A54 The "H-NMR spectrum of compound 14
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Figure A55 The "“C-NMR spectrum of compound 14
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Figure A56 The mass spectrum of compound 14
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