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เกษม สุขกองวาร ี: สารยับยั้งเอชไอว-ี1 รีเวอรสทรานสคริปเทสจากพชืวงศขิง
Zingiberaceae (HIV-1 REVERSE TRANSCRIPTASE INHIBITORS FROM FAMILY 
ZINGIBERACEAE)  อ. ที่ปรึกษา : ศ. ดร. โสภณ เริงสาํราญ, 197 หนา. ISBN 974-17-
6821-4. 

 
 
 ทําการสกัดพชืสมุนไพรวงศขิง (Zingiberaceae) จาํนวน 11 ชนิด ดวยตัวทําละลายน้าํและ  
เมทานอล และนําสารสกัดที่ไดทดสอบฤทธิ์ยับยั้ง human immunodeficiency virus type 1 reverse 
transcriptase (HIV-1 rt) และ proteases จาก human immunodeficiency virus type 1 (HIV-1), 
hepatitis C virus (HCV) และ human cytomegalovirus (HCMV) จากผลการทดลองพบวา สาร
สกัดเมทานอลสวนใหญสามารถยับยั้ง protease ทั้งสามชนิดไดด ี โดยเฉพาะสารสกัดเมทานอลของ
กระชายดาํและขา จงึทําการแยกองคประกอบทางเคมจีากกระชายดาํและขาโดยใชฤทธิท์างชวีภาพ
เปนตัวชีน้ําการแยก โดยสามารถแยกสารประกอบฟลาโวนอยดได 8 ชนิด (สารประกอบ 1-8) จาก
กระชายดาํและสารประกอบ 9-11 จากขา จากนั้นพิสูจนสูตรโครงสรางดวยเทคนิคทางสเปคโตรสโคป 
และไดทดสอบฤทธิย์ับยัง้ protease ของไวรัสทัง้สามชนิด พบวา 5-hydroxy-7-methoxyflavone (2) 
และ 5,7-dimethoxyflavone (7) ยับยั้ง HIV-1 protease โดยมี IC50 เทากับ 19 µM นอกจากนั้น  
5-hydroxy-3,7-dimethoxyflavone (1) ยังสามารถยับยัง้ HCV protease และ HCMV protease โดย
มีคา IC50 เทากับ 190 และ 250 µM ตามลําดับ ในขณะที่ 4-hydroxycinnamaldehyde (10) ยับยั้ง 
HIV-1 protease โดยมีคา IC50 เทากับ 130 µM และสามารถยับยัง้ HCMV protease โดยมีคา IC50 
เทากับ 97 µM นอกจากนัน้ 4-methoxy cinnamic acid ethyl ester (13) และ 4-methoxy 
cinnamic acid (14) ที่แยกไดจากเปราะหอมยับยัง้ α-glucosidase สูงกวาสารประกอบอนพุันธของ 
trans-cinnamic acid ทีน่ํามาทดสอบ โดยมีคา IC50 เทากับ 0.05 และ 0.04 mM 
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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 IC50 values of 19 µM. Moreover, 5-
hydroxy-3,7-dimethoxyflavone (1) posses a mild inhibitory activity against HCV protease 
and HCMV protease with the IC50 value of 190 and 250 µM, respectively. While 4-
hydroxycinnamaldehyde (10) showed HIV-1 protease inhibitory effect with IC50 value of 
130 µM, and HCMV protease inhibitory effect with IC50 value of 97 µM. 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 α-glucosidase inhibition 
among the trans-cinnamic acid derivatives with IC50 value of 0.05 and 0.04 mM, 
respectively. 
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CHAPTER I 

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) 
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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 troglodytes) 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 
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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 AIDS-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)   
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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). 

 

 

 

 

 

 

 

 

Figure 1.2 Replication cycle of HIV 
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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, 
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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 

 

 

 

 

 

 

 

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

problem with this inhibitor type.(23)  

 

 

 

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. amprenavir, 

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.  

 

 

 

 

 

 

Figure 1.5 Protease inhibitors approved by FDA 



                                                                                                          
9                               

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 



                                                                                                          
10                               

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-α 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 0A. 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) 

 

 

 

 

 

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 β-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 
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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 IC50 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.  
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CHAPTER II 

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 (α-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 α-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 

(5,6,7-trihydroxyflavone). Baicalein showed distinct inhibitory activity with IC50 value of 

3.5 x10-5 M.(53) 

OH

HO

HO CO2CH3 O

OOH

HO

HO

methyl gallate baicalein

 

 

 

Figure 2.1 Structures of methyl gallate and baicalein 

Yoichi Nakao et al. screened for α-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 A1 and A2, and these active compounds inhibit α-

glucosidase with IC50 value of 1.2 and 1.5 µg/mL, respectively.(54) 
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Figure 2.2 Structures of Penarolide A1 and Penarolide A2

Dong-Sun Lee and Sang-Han Lee isolated Streptomyces sp. to obtain 

genistein as a potent α-glucosidase inhibitor with IC50 value of 50 nM. Genistin was 

shown to be a reversible, slow binding, non-competitive inhibitor with a Ki value of 5.7 x 

10-8 M.(55) 
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Figure 2.3 Structure of genistein 

Kentaro Takada et al. found potent α-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 α-glucosidase with IC50 values of 48-170 

nM.(56) 

 

 

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

2.1.2 HIV-1 Reverse transcriptase inhibitors 

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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O

O O O

O

O O O

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

OH OH

cute pancreatitis and the high mutation rate of HIV frequently results in the rapid 

or these reasons, the new 

compounds with reverse transcriptase inhibitory activity were synthesized or isolated 

from natural products.  

 

a

development of resistance towards the employed drugs. F

50 value of 20 and 15 µM, 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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R3

R2

R1

cid), along with 11 kaurane derivatives from the fruits of 

Annona glabra.  Among these, methyl-16β-acetoxy-19-al-ent-kauran-17-oate, 16α-

hydro-19-acetoxy-ent-kauran-17-oic acid, 16β-hydroxy-17-acetoxy-ent-kauran-19-oic 

acid, 16β-hydro-ent-kauran-17-oic acid, 16α-hydro-ent-kauran-17-oic acid and methyl-

16α-hydro-19-al-ent-kauran-17-oate showed significant inhibition of HIV-reverse 

transcriptase with IC50 value of 15, 40, 65, 32, 40 and 20 µg/ml, respectively.(58) 

 
 

 

 

-

3

3

O  

Fang-Rong Chang et al. isolated two kaurane diterpenoids, annoglabasin A 

(methyl-16β-acetoxy-19-al-ent-kauran-17-oate) and annoglabasin B (16α-hydro-19-

acetoxy-ent-kauran-17-oic a

 
 

 R1 R2 R3 
Methyl-16β acetoxy-19-al-ent-kauran-17-oate 
16α-hydro-19-acetoxy-ent-kauran-17-oic acid  
16β -hydroxy-17-acetoxy-ent-kauran-19-oic acid  
16β -hydro-ent-kauran-17-oic acid 
16α -hydro-ent-kauran-17-oic acid  
methyl-16α-hydro-19-al-ent-kauran-17-oate 
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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 

ucleos e 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(1H)-one ring system are potent NNRTIs. 2,2-

dioxide- -2,1,3-benzothiadiazines are synthesized by nucleophilic addition to an 

sulting im ion to a the o

ketone ulfa t eleva  

azine of th synth

hibitory activity on HIV-1 reverse transcriptase with 

50

 
 
 

 

n id

1H

anthranilinitrile followed by hydrolysis of the re ine an fford -amino 

ketone. Treatment of the resulting amino s with s mide a ted

temperatures delivers the desired benzothiadi s. ne  O e  se esized 

benzothiadiazines exhibited good in

an IC  value of 4627 nM.(59) 

 

 
 
 
 
 
 

 

Figure 2.7 Synthesis of benzothiadiazines 
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NH

NH
Cl

O

CF3

olin-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 IC50 value 

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

 

s an attractive target for mechanism-

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

chemotherapeutics for AIDS. 

kner collected the magenta ascidian 

Didemnum sp. at Auluptagel Island, Paulu. Using bioassay-guided fractionation, the 

One year later, Jeffrey W. Corbett et al. synthesized a series of unique 3,3a-

dihydropyrano[4,3,2-de]quinaz

 

 

 

 

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 i

Barbara C.M. Potts and John D. Faul
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hexane soluble material from a 1:1 methanol-dichloromethane extract was 

 LH-10 to obtain two active fractions, which were 

further purified by reverse phase HPLC to obtain didemnaketals A and B. The IC50 

value o

 

 

NSC 158393 and NSC 117027, not only showed the potent integrase inhibitory activity 

with the IC50 value of 0.8±0.3 and 2.7±0.9 µM, respectively, but also exhibit the best 

protease inhibitory activity with the IC50 value of 1.7 and 0.75 µM, respectively. 

Hydroxycoumarins may provide lead compounds for development of novel antiviral 

chromatographed on Sephadex

f HIV-1 protease by didemnaketals A and B were 2 and 10 µM, 

respectively.(61) 

 

 

 

 

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. 
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agents based on the concurrent inhibition of two viral targets, HIV-1 integrase and 

protease.(62) 

 

 

 

 

 

Figure 2.10 Structures of NSC 158393 and NSC 117027 

µ β α β

ly active inhibitors against HIV-1 protease with a IC50 value of 0.17-0.23 

mM.(63) 
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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 g/ml for both, and ganoderic acid C1, 3 -5 -dihydroxy-6 -

methoxy-ergosta-7,22-diene,   ganoderic acid α, ganoderic acid H and ganoderiol A 

were moderate
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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 IC50 

value of 58.8 µM, 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 

IC50 value of corilagin and repandusinic acid on the target enzyme were 20.7 and 12.5 

µM, 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) 

 

 

 

Figure 2.13 Structure of mellein 

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

methan  was derived from a 

lant identified as  Stylogne cauliflora sp., was active in NS3/4A protease assay. Two 

O
OH O

olic extracts of many plants. One of these fractions, which

p
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novel oligophenolic compounds SCH 644343 and SCH 644342 were isolated from the 

olic extract. Compound SCH 644343 and SCH 644342 showed an IC50 

value of 

 

 

inhibitor from the fungus, ation 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 

e HCV protease assay with an IC50 value of 3.8 µg/mL.(65) 

 

 

 

70% aq methan

0.3 and 0.8 µM, respectively. (42) 
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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

Penicillium griseofulvum.  Structure elucid

th

O

OH

O

O

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

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

An IC50 of the optimized glycine α-ketoamide was 0.060 µM.(41) 

 
 

 

 

Figure 2.16 Structure of glycine α-ketoamide  

 

.3 Anti HCMV  

in 

immunoc

e a viable 

rget for antiviral chemot s critical role in capsid assembly and 

iral maturation.(67) 
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Human cytomegalovirus (HCMV) is an opportunistic pathogen 

ompromised 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 becom

ta herapy because of it

v
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Jingfang Qian-Cutrone et al. isolated two new naphthacenequinone 

glycosid

IC50 values of 14, 35, 

nd 52 µM, respectively.(68)

 

 

 

es, quanolirones I and II together with the known compound galtamycin from 

the fermentation broth of Streptomyces sp. WC76535. Quanolirones I and II and 

galtamycin showed inhibitory activity against HCMV protease with 

a
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Figure 2.17 Structures of quanolirone I and II 
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Cytogenic A

ue-Zhong Shu et al. isolated bripiodionen from Streptomyces sp. WC76599 

during th

e fermentation extract of the fungus 

50 value 

31 µg/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 IC50 values of 43 and 11 µM, respectively.(69) 

 

 

 

e screening of microbial fermentation extracts for their ability to inhibit human 

cytomegalovirus protease. Bripiodionen exhibited inhibitory activity against HCMV 

protease with an IC50 value of 30 µM.(47) 

 

 

Figure 2.18 Structure of bripiodionen 

Bingying Guo et al. found a solid stat

Cytonaema sp. showed the inhibitory activity against HCMV protease with an IC
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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 p t 

 

 an 

bitory 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) 

 

 

 

 

 

 
 

 

Figure 2.21

rotease inhibitory activity, and dihydrotetrazine was identified as a poten

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

analogue of this compound and their inhi
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Figure 2.20 Air oxidation of dihydrotetrazine to tetrazine 
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CHAPTER III 

EXPERIMENT 

 

All medicinal plants in family Zingiberaceae were purchased from a local 

Curcuma aromatica, Curcuma sp. , 

, Kaempferia parviflora (black 

rhizome), Boesenbergia pandurata (yellow rhizome), Curcuma sp.  (Kamin Dum), 

Zingiber zerumbet, Zingiber officinale and Alpinia galanga. 

  

3.2 Chemical reagents 

as hexane, chloroform, ethyl 

acetate and methanol, were purified by distillation prior to use, except reagent grade 

and HPLC grade solvents.                

3.2.2

s for column chromatography and flash 

column chromatography.

 precoated 25 sheets, 

20x20 cm2

 
3.1  Plant materials 

herbal shop in Bangkok, Thailand;  (En leung)

Kaempferia galanga, Curcuma zedoaria, Curcuma longa

 

3.2.1 All solvents used in this research such 

 Merck's silica gel 60 G Art. 7734 (70-230 mesh ASTM) and 9385 (230-

400 mesh ASTM) were used as adsorbent

 

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

, 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, 

3.3.5 HIV-1 protease obtained from Omar Gutierrez Arenas 

3.3.6 α-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 trans-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 α-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 

Uppsala Sweden 

              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 

spectrop

sform - Infrared Spectrophotometer (FT- IR) 

ectrophotometer. 

 Spectra

NMR) 

 were recorded at 400 

and 100

The mass spectra were acquired by a Bruker MALDI-TOF Mass Spectrometer 

the Department of Biochemistry, BMC, Faculty of Science and Technology, Uppsala 

Universit

 

hotometer in chloroform and methanol. 

3.3.5 Fourier Tran

The FT-IR spectra were recorded on a Nicolet Impact 410 sp

 of solid samples were recorded as KBr pellets. 

3.3.6 Nuclear Magnetic Resonance Spectrometer (

The 1H and 13C Nuclear Magnetic Resonance Spectra

 MHz, respectively, on a Varian Model Mercury 400 MHz in deuterated 

chloroform (CDCl3), dimethylsulfoxide (DMSO) and water (D2O). 

3.3.7 Mass Spectrometer (MS) 

Model Trio 2000.  

3.3.8 Fluoroscan  

The fluoroscan which used to follow the changing of the enzyme activity is at 

y, 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   

zed in this study were 

purchase

 water under reflux for 2 hours. After 

filtration  the methanol 

extract w

3.5 Reve

ound to the wells of a 

96-well microtiter plate serves as template for the incorporation of 5-

bromode

 overnight (16-24 hours) at 33oC. The amount of bromodeoxyuridine 

monophosphate (BrdUMP) incorporated into DNA is detected with an alkaline 

phospha

HIV-1 RT standard was included on each plate. The detection 

ensitiv y of th say depends on the duration of the enzyme reactions.(73) 

 Eleven medicinal plants in family Zingiberaceae analy

d from a local herbal shop. The rhizome (2g) was extracted with 10 ml of 

methanol overnight or with 10 ml boiling distilled

to remove insoluble debris, the water extract was lyophilized and

as dried by evaporation.(71, 72) The dried extracts were stored at -20oC until 

assay.  

 

rse 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 b

oxyuridine 5’-triphosphate (BrdUTP) during reverse transcription, which is 

allowed to proceed

te (Ap) conjugated anti-BrdU monoclonal antibody. The Ap substrate 4-

methylumbelliferyl phosphate, was finally used for fluorometric detection. A serially 

diluted recombinant 

s it e as
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te, 1mM EDTA, 1 

M NaCl, pH 4.7, 3% DMSO (v/v). Inhibitors and the fluorogenic substrate Dabcyl- -

Abu-Ser-Gln-Asn-Tyr-Pro-Ile-Val-Gln-Edans were dissolved in DMSO before being 

used (final concentration: 3% DMSO v/v). For the determination of the IC50 values, 0.52 

l of a 3 mM substrate solution (final concentration 5.2 M) was added to 5 l of 4-7 

different concentrations of inhibitor (final volume 300 l). 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 (λexc = 350 nm) was monitored 

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

3.7 HCV protease assay  

addition of substrate. Any modifications of the standard assay buffer are indicated in 

3.6 HIV-1 protease activity assay 

Enzymatic assays were performed in 100 mM sodium aceta

γ

µ µ µ

µ

o

 

The activity of the protease was measured at 30oC by a fluorescent assay, 

using Ac-DED(Edans)EEAbuψ[COO]ASK(Dabcyl)-NH2  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-β-D-glucoside, 3.3% DMSO 

with 25 µM cofactor and inhibitor at 30oC for 10 min, the reaction was initiated by 
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the text. Kinetic constants were determined with substrate concentration from 0.25-4 

µM and enzyme concentrations from 0.5-1 nM, inhibition measurements were 

performed with 1nM enzyme, 0.5 µM substrate, and a final concentration of 3.3 

 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 
oC between measurements. (76,77) 

r (final volume 300 µl). The enzymatic reaction 

was initiated by adding of enzyme (prediluted in buffer). The final concentration of 

substrate and enzyme were 3 µM and 120 nM, respectively. The increase in 

fluorescence at 500 nm (λexc = 355 nm) was monitored over a period of 5 min at 30oC 

in assay 

 

%DMSO. Inhibitors were dissolved

 

 

3.8 HCMV protease assay 

Enzymatic assays were performed in 50 mM Tris-HCl, 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 µM of a fluorescent substrate 

solution was added to 5 µl of inhibito

buffer.(78,79) 
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3.9 α-glucosidase assay 

α-glucosidase from baker’s yeast was assayed using 0.1 M phosphate buffer 

at pH 6.9, and 1 mM p-nitrophenyl-α-D-glucopyranoside (PNP-G) was used as a 

es was 1 U/ml in each experiment. α-

Glucosidase (40 µl) was incubated in the absence or presence of various 

concentrations of trans-cinnamic acid derivatives (10 µl) at 37oC. The preincubation 

time was specified at 10 min and PNP-G solution (950 µl) was added to the mixture. 

substrate. The concentration of the enzym

The reaction was carried out at 37 oC for 20 min, and then 1 ml of 1 M Na2CO3 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. 

anol (5 litres, 2 times) at room temperature, the filtrate was 

dried by

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. 

 

 

 

After extraction with meth

 evaporation under reduced pressure. The methanolic extract was extracted 

with hexane. The filtrate hexane solution was evaporated to afford the hexane extract 
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Fresh rhizomes of Kaempferia parviflora (5 kg) 
         

                                                                             
Methano
                            

                                  

                                                                                                       

Ethyl acetate crude extract (5.15 g)                          Residue                      
                        

                    

Scheme 3.1 The diagram showed procedure of Kaempferia parviflora 
 
 

ng 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.  

   
l crude extract                                          Marc. (discarded)  

 
Hexane crude extract (0.5 g)                        Residue  

                                                                                      
                                                     

                                                                                                                                               
                                                                      

          Methanol crude extract                   Residue   
          

MeOH 

Hexane  

Ethyl acetate  

Methanol      

3.11 The isolation of crude extract from Kaempferia parviflora 
 

After checki
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   he combined hexane and ethyl acetate crude (5.2 g) was subjected to the 

silica gel column. hen increased the 

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

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

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

1-  from ined hexane and ethyl 

 Scheme

 

Compound 8 
306 mg 

T

The column was eluted with 100% hexane, t

yl acetate a

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

monitored by TLC

evaporation, and the

respectively. The isolation of compounds 8 the comb

acetate crude extract is briefly summarized in scheme 3.2. 

 
 
 

 
 
 
 
      
 

 

 

 3.2 The diagram showed isolation procedures and quantities of isolated 

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

parviflora         

Silica gel 9385 and then recry  stallization 

Compound Compound 3 Com d Compound 7 1 
g 

37 mg 

184 mg 

56 mg 

poun 5 
4 mg 

46 mg 

208 mg 76 m
Compound 2 Compound 4 Compound 6 

Hexane and ethyl acetate crude extract 
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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 Rf 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 ext ct). Com of silica gel column 

hromatography w  10% ethyl acetate i  °C 

nd showed a single spot at the Rf value 0.45 on TLC plate using 20% ethyl acetate in 

 mobile p

3.12.3 Purification and physi erties of comp

Compound 3 was obtained from the combined hexane and ethyl acetate 

184 mg, 3.54% wt. by wt. of combined crude 

extract) by the elution of silica gel column chromatography with 10% ethyl acetate in 

ra pound 2 was obtained by elution 

c ith n hexane. Compound 2 had m.p. 170-171

a

hexane as the hase.  

 

cal prop ound 3 

crude extract as a yellow needles crystal (
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hexane. Compound 3 had m.p. 146-148°C and showed a single spot at the Rf 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 

act by the elution of silica gel column chromatography with 15 % ethyl 

acetate i g, 1.08% wt. by wt. 

omb f

ane and ethyl acetate 

rude extract as a white powder (4 mg, 0.08% wt. by wt. of combined crude extract). 

Compou with 30% EtOAc / 

f 

 

 

Compound 4 was obtained from the combined hexane and ethyl acetate 

crude extr

n hexane. Compound 9 was a greenish – yellow solid (56 m

of c ined 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 hex

c

nd 5 was eluted from silica gel column chromatography 

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 

exane. Compound 6 had m.p. 200-202 °C and showed a single spot at the Rf value of 

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

  

te in 

exane. 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-

 

h

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 aceta

h

151°C and showed a single spot at the Rf value of 0.21 on TLC plate using 70 

% ethyl acetate in hexane as the mobile phase.  
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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 f value 0.23 on 

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

 

3.13 Extraction of Alpinia galanga 

with hexane (3 litres). The filtrate hexane 

solution  g). The residue of 

this step

8 had m.p.160-162°C and showed a single spot at the R

The fresh rhizomes of Alpinia galanga (5 kg) were cut and extracted with 

methanol at room temperature. The filtrate was evaporated under reduced pressure. 

The crude methanolic extract was extracted 

was evaporated to afford the hexane extract as yellow oil (1

 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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xtraction procedure of Alpinia galanga 

 

ter that increased the 

MeOH crude extract 
(20 g) 

Fresh rhizomes of Alpinia galanga (5kg) 

 

 

 

 

MeOH 

Methanolic extract Marc (discard) 
Hexane 

Hexane crude extract  Residue 
(1 g) EtOAc 

(29 g) 
Ethyl acetate crude extract 

 

Residue 
MeOH 

 

Scheme 3.3 The diagram showed e

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 af
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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. 

 

 

 

 

 

 Alpinia 

 9 was eluted from 

pound 10 
15 mg 

Com

Silica gel 9385 and then 
recrystallization 

Compound 9 
158 mg 

Compou

 and ethyl acetate crude extract
 

 Hexane

nd 11 
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

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
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silica gel column chromatography with 20% ethyl acetate in hexane. Compound 9 had 

the Rf 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 Rf value 0.11 on TLC 

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

 

3.15.3 Purification and physical pr

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). 

ed from silica gel column chromatography with 100% MeOH. 

o 11 had m.p. 136-138° howed a single spot at f ue 0.24 on 

TLC plate using 100% MeOH as the mobile phase.  

 

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

with methanol (6 litres) overnight, the filtrate was evaporated under reduced pressure. 

operties of compound 11 

Compound 11 was elut

C mpound C and s the R val

3.16 Extraction of Kaempferia galanga 
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The met he filtrate hexane 

solution 

nd 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 

Kaempfe

 

 

 

 

 

Scheme 3.5 The diagram showed extraction procedure from Kaempferia galanga 

 

 

 

(32 g) 

hanolic extract was reextracted with hexane (4 litres). T

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 a

ria galanga with various solvents is shown in scheme 3.5. 

 

 

Dried rhizomes of Kaempferia galanga (2 kg) 

 
MeOH crude extract 

MeOH 

Methanolic extract 
Hexane 

Hexane crude extract 
(80 g) 

Residue 
EtOAc 

Residue Ethyl acetate crude extract 
(15 g) MeOH 

Marc (discard) 
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Silica gel 9385 and the recrystallization 

Compound 12 
(2037 mg) 

Compound 13 
(6080 mg) 

4 
 mg) 

Hexane and ethyl acetate crude extract 

Compound 1
(67

3.17 Isol

by eva oration to ely. The isolation of 

ompounds 12-14 from the combined hexane and ethyl acetate crude extract is briefly 

ummarized in schem

 

 

Scheme 3.6 The diagram showed isolation procedures and quantities of isolated 

compounds from hexane and ethyl acetate crude extract of Kaempferia galanga 

ation 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 

p  give compound 12, 13 and 14, respectiv

c

s e 3.4. 
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3.18 Purification and physical properties of isolated compounds from Kaempferia 

alanga 

mpound 12 

 on TLC plate using 20% EtOAc / Hex as 

the mobile phase.  

 

Compound 13 had m.p. 48-50 C and showed the Rf value of 0.52 on TLC plate using 

20% EtOAc / Hex as the mobile phase.  

 

3.18.3 Purifi nd 14 

Compound 14 was obtained fr hite 

needle crystal (total 67 mg, 0.13% wt. by wt. of the combined crude extract). 

C as eluted from s

g

3.18.1 Purification and physical properties of co

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 Rf value 0.69

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. 

°

cation and physical properties of compou

om ethyl acetate crude extract as a w

ompound 14 w ilica gel column chromatography with 25% EtOAc / 
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Hexane. Compound 14 had m.p.173-175 °C and showed the Rf value of 0.12 on TLC 

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

 

on inhibitory activity of α-glucosidase 

 α-glucosidase to study the structure and activity relationship. 

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

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
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CHAPTER IV 

 

4.1 Screening of methanol and aqueous crude extr

RESULTS AND DISCUSSION 

acts for inhibition of HIV-1 reverse 

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

 inhibitory effect of each extract was tested at a 

concentr

ble 

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. 

Methanol and aqueous crude extracts were prepared from 11 medicinal 

plants in the Zingiberaceae family. The

ation of 20 µg/ml and 200 µg/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 (Ta
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4.1.1 Inhibition of HIV-1

 The methanol crude extracts of examined plants were found to inhibit HIV-1 

reverse transcriptase less than 50% at a concentration of 200 g/ml. On studying 

hibition of reverse transcriptase by plant extracts an IC50 of 200 µg/ml or greater was 

Curcuma longa and Zingiber officinale showed an inhibitory activity more than 50% at 

high con

esenbergia pandurata Zingiber zerumbet, 

Zingiber officinale and Alpinia galanga were found to inhibit HCV protease activity by 

 reverse transcriptase 

µ

in

considered to be inactive.(71,81) But the aqueous extracts of Curcuma zedoaria, 

centration. (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 µg/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, Bo
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more tha A3). At a low concentration (20 

g/ml), 

ia, Curcuma longa, Kaempferia parviflora and 

oesenbergia pandurata showed more than 50% inhibition. 

4.1.4 Inhibition of HCMV protease 

 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 

n 70% at a concentration of 200 µg/ml (Table 

µ 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 µg/ml 

(Table A3). At a concentration of 20 µg/ml, the aqueous extracts of Curcuma 

aromatica, Curcuma zedoar

B

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 µg/ml) (Table A4). At low concentration (20 µg/ml), the 

methanol crude extracts of Curcuma longa and Alpinia galanga
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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 

combined crude extract. The UV spectrum of compound 1 exhibited absorption 

maxima at 268 and 330 nm. 

Compound 1 is a yellow needle crystal (76 mg) which obtained from the 

The IR spectrum (figure A1) of compound 1 showed a broad absorption band 

between ibration and a strong absorption band at 

1661 cm

 3600-3300 cm-1 of OH stretching v
-1 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 -CH3

1661 Strong C=O stretching vibration of carbonyl 
  Conjugated ketone 

1594, 1496 Strong, Weak C=C stretching vibration of aromatic 
1180, 1127 Medium, Medium C-O symmetry stretching 

  Vibration of  C-O-C 
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 The 1H-NMR spectrum pattern (Figure A2, A6, A10, A14, A18, A22, A26 

and A30) of compounds 1-8 exhibited the flavonoid nucleus identity (C6-C3-C6) that 

howed in figure 4.1. As previously observed the C-6 and C-8 protons of the A-ring of 

en the 

case, the he signals from the B-ring protons 

normally

 

Figure 4  Flavonoid nucleus 

) was integrated for 14 

protons, two singlets at δ 3.91 and 3.92 which exhibited methoxy protons at H-7 and 

H-3, Two singl  and

H-8. The hydroxyl group at C-5 appeared at δ 1  

the pr ree proto tons s

which f a flav  an unsub

s

flavonoids give rise to two signals usually between 6-6.5 ppm when, as is oft

 other positions of ring A are substituted. T

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

 

 

 

 

 

.1

The 1H-NMR spectrum (CDCl3, 400 MHz) (figure A2

respectively. ets 41 at δ 6.  6.50 were due to the protons at H-6 and 

2.56. The 1H-NMR spectrum indicated

esence of th ns and two pro ignals at  7.56 and 8.11, respectively, δ

 are typical o onoid nucleus with stituted B ring. (Table 4.2) 

O

O

36

9

3'

5'

A C

B1

2

45

7
8

10

1'

2' 4'

6'
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The 13C-NMR spectrum (CDCl3, 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 δ 55.8 and 60.4 ppm. One carbonyl carbon appeared at δ 178.9 

ppm (C-4). At A-ring, there were six aromatic carbons, δ 156.9 (C-5), δ 98.0 (C-6), δ 

165.6 (C-7), δ 92.2 (C-8), δ 155.9 (C-9) and δ 106.2 (C-10). At B-ring, there were four 

signals for six aromatic carbons, δ 130.4 (C-1’), δ 128.4 (C-2’, 6’), δ 128.6 (C-3’, 5’) 

and δ 130.9 (C-4’). The remaining two signals were at δ 162.0 and δ 139.7 which 

assigned to C-2 and C-3 respectivel

1 was exhibited 

+H] + at m/z 299.21, so the molecular weight of compound 1 was 298. 

The molecular formula of compound 1 was determined as C17H14O5 by MALDI-

OF, 1H and 13C-NMR spectral data. 

 

 
 

y. (Table 4.2) 

The MALDI-TOF mass spectrum (Figure A4) of compound 

[M

T

 

 

 
 
 
 

 
 
 



                                                                                                          
61                               

Table 4.2

 

 

 

 

According to all spectroscopic data and comparison of 1H-NMR spectral data 

etween compound 1 and 5-hydroxy-3,7-dimethoxyflavone (84)  was carried out in 

δ

dimethoxyflavone (84) 

δ

 1H and 13C-NMR spectral data of compound 1 (ppm) 

 

 

 

 
 

 

 

Position H

Compound 1 

δ

 

 

 

 

 

 

b

H  
5-hydroxy-3,7- C

Compound 1 

2 - - 162.0 
3 - - 139.7 
4 - - 178.9 
5 - - 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-OCH3 3.91 (3H, s) 3.87 (6H, s) 60.4 
7-OCH3 3.92 (3H, s) 3.87 (6H, s) 55.8 
5-OH 12.63 (1H, s) 12.53 (1H, s) - 
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4'2'

3'

B

5'

6'

3
6

5

8

7
A C

O

OH O

H3CO

H3

dimethoxyflavone. The 

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

         

 

Figure 4.2 The structure of compound 1   

 

 .2.2 ucture elu ation of compoun 2 

omp d 2 is a yellow plate crystal (37 mg) which obtained from the 

combine  cru extr  spec pound 2 exhibited absorption 

maxima at 270 nm.   

he IR ect 5) of c owed a b sorption band 

between 6 c retchin d a strong absorption band at 

1665 cm w s carbon  IR spectru compound 2 is 

summari d  4

 

 

 

OC

order to confirm compound 1 was assigned as 5-hydroxy-3,7-

s

  

 

 

 

4 Str cid d 

C oun

d de act. The UV trum of com

T  sp rum (Figure A ompound 2 sh road ab

00-3200 m  of OH st-1 g vibration an 3
-1 hich con istent with a yl group. The m of 

ze in table .3. 
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Table 4.3 The IR absorption band assignment of compound 2 

 

Table 4.3 The IR absorption band assignment of compound 2 

 
WaveWave number (cm-1) Intensity Vibration 
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 number (cm-1) Intensity Vibration 
3600 - 3200 Broad O-H stretching vibration of hydroxy 

group 
1665 Strong C=O 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 1H-NMR spectrum (Figure A6) and 13C-NMR (Figure A7) spectrum of 

compound 2 exhibited the flavonoid nucleus identity (C6-C3-C6) like compound 1 that 

showed in figure 4.1.  

t δ 6.71 was assigned to the H-3 proton and the hydroxyl 

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

δ 7.57 and 7.92 with integration for 3*H and 2*H, respectively.  

 

The 1H-NMR spectrum of compound 2 (CDCl3, 400 MHz) (Figure A6) was 

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

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

(J = 2 Hz). The singlet a
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The 13C-NMR spectrum (CDCl3, 100 MHz) (Figure A7) showed that compound 

 has 16 carbons in which a methoxy group appeared at δ 55.8 ppm and 15 carbons 

of flav . One carbony  appeared

there were six aromatic carbons, δ 162.1 (C-5), δ 98.2 (C-6), δ 165.6 (C-7), δ 92.6 (C-

8), δ 157.7 (C-9) and δ 105.7 (C-10). At B-ring, there were four signals for six aromatic 

carbo (C-1’), δ 1 129.

remaining two signals were at δ 163.9 and δ 105.8 which d C-3 

resp  4.4)   

he MALDI-TOF mass spectrum (Figure A8) of compound 2 was exhibited the 

[M+H] + a

. 

 

 

 

 

2

onoid moiety l carbon  at δ 182.5 ppm (C-4). At A-ring, 

ns, δ 131.2 26.3 (C-2’, 6’), δ 1 (C-3’, 5’) and δ 131.9 (C-4’). The 

 assigned to C-2 an

ectively. (Table

T

t m/z 269.45, so the molecular weight of compound 2 is 268. 

Compound 2 was assigned molecular formula C16H12O4 based on MALDI-TOF 

and NMR spectral data
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Table 4.4

 

Compound 2 

δ

Compound 2 methoxyflavone

 1H and 13C-NMR spectral data of compound 2 (ppm) 

Position δ

 

 

 

H
H

5-hydroxy-7-
methoxyflavone (85) 

δC

δC

5-hydroxy-7-
 

(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) 129.1 128.76 
6' 7.92 (2H, m) 7.89 (2H, m) 126.3 126.29 

7-OCH3 3.92 (3H, s) 3.87 (3H, s) 55.8 55.83 
5-OH 12.77 (1H, s) 12.73 (1H, s) - - 



                                                                                                          
66                               

4'

5'

6'

3'

8

7 A C

O

OH

H3C

O

ch 

agreed with the literature(85), compound 2 was assigned as 5-hydroxy-7-

vone and  structure of 5- thoxyflavon howed i

 

 

 

 

 

 

Figure 4.3 The structure of compound 2   

 

4.2.3 Structure elucidation of 
Comp ellow nee 184 mg) which obtained from the 

com ed cru he UV sp mpound ibited a n 

maxima at 270 and 346 nm.   

he IR igure A5) o  showed a broad absorption band 

etween 3600-3200 cm  of OH stretching vibration and a strong absorption band at 

onsistent with a carbonyl group. The IR spectrum of compound 2 is 

ummarized in table 4.5. 

 

 

  The result of 13C-NMR spectra correlated to result of 1H-NMR spectrum whi

2'

B

36

5

O

methoxyfla  the hydroxy-7-me e s n figure 4.3.  

compound 3 
ound 3 is a y dles crystal (

bin de extract. T ectrum of co  3 exh bsorptio

T  spectrum (F f compound 2
-1b

1665 cm-1 which c

s
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Table 4.5 The IR absorption band assignment of compound 3 

 
Wave number (cm ) Intensity Vibration -1

3500 - 3100 Broad O-H stretching vibration of hydroxy group 
3050, 3000, 2850 weak C - H stretching vibration of aromatic 

1661 C=O stretching vibration of carbonyl Medium 
  Conjugated ketone 

1587, 1500 tching vibration of aromatic Strong, Medium C=C stre
1172, 1090 C-O symmetry stretching Strong, Medium,  

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

 Medium of aromatic 
 

As same as the compound 1 and 2, 1H-NMR and 13C-NMR spectra showed 

that com .   The 1H-NMR spectrum (CDCl3, 

400 MHz

.91 and 3.94 (all singlets, each 3*H) were attributable to 

three me

3, 100 MHz) (Figure A11) showed that 

compound 3 has 18 carbons in which the methoxy groups appeared at δ 55.4, 55.8, 

pound 3 has the flavonoid nucleus identity

) (Figure A10) of compound 3 showed two singlets at δ 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 δ 3.89, 3

thoxy groups. The pattern of two doublets appeared at δ 7.06 (J = 9 Hz) and 

8.12 (J = 9 Hz), indicating the para-substituted at B ring. The singlet at δ 12.70 was 

assigned to the hydroxyl proton at A ring which had hydrogen bond with 4-C=O.  

The 13C-NMR spectrum (CDCl
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60.1 ppm and 15 carbons of flavonoid nucleus. One carbonyl carbon appeared at  δ 

78.8 (C-4). The aromatic region contained a total of 12 resonances. At A-ring, there 

were six aromatic carbons, δ 155.9 (C-5), δ 9

162 6.0 (C-10 -ring, the  

carbons, δ  δ 130.2 (C-2’, 6’), δ 11  

156.7 a ere as  C-3

I-TOF m gure A12 ibited 

the [M 9.48, ig

Compound 3 was assigned molecular formula C18H16  MALDI-TOF 

and NMR spectral data. 

 

 

 

 

 

1

2.1 (C-6), δ 165.4 (C-7),  97.8 (C-8), δ δ

.0 (C-9) and δ 10 ). At B re were four signals for six aromatic

 122.8 (C-1’), 4.1 (C-3 δ -4’). At δ’, 5’) and  161.7 (C

nd δ 138.8 w signed to C-2 and  respectively. (Table 4.6)   

The MALD ass spectrum (Fi ) of compound 3 was exh

+H] + at m/z 32  so the molecular we ht of compound 3 is 328. 

O6 based on

 

 

 

 

 



                                                                                                          
69                               

Table 4.6 1H and 13C-NMR spectral data of compound 3 (ppm) 

 

Position δH

Compound 3 

δ

Compound 3 

H

5-hydroxy-3,7,4'-
trimethoxyflavone (86) 

δC

2 - - 156.7 
3 - - 138.8 
4 - - 178.8 
5 - - 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 = 9 Hz) 8.07 (2H, d, J = 9 Hz) 130.2 
3' 7.06 (2H, d, J = 9 Hz) 7.02 (2H, d, J = 9 Hz) 114.1 
4' - - 161.7 
5' 7.06 (2H, d, J = 9 Hz) 7.02 (2H, d, J = 9 Hz) 114.1 
6' 8.12 (2H, d, J = 9 Hz) 8.07 (2H, d, J = 9 Hz) 130.2 

3-OCH3 3.89 (3H, s) 3.87 (6H, s) 60.1 
7-OCH3 3.94 (3H, s) 3.89 (6H, s) 55.8 
4'-OCH3 3.91 (3H, s) 3.87 (6H, s) 55.4 

5-OH 12.70 (1H, s) 12.70 (1H, s) - 
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4'

5'

6'

2'
3'

6

8

7 A

B

C

O

OH

H3CO

O

OCH 3

data compound 3 was 

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

4.4. T ular form  is C18H16O6 and molecular weight is 328. 

 

 

 

 

 

 

Figure he structure  compound 3   
 

2.4 f

mpound 4 is a greenish - yellow solid (56 mg) which obtained from the 

combine cr s  4 exhibited absorption 

maxi  and

R sp re A13) o 4 showed a broad absorption 

band n 35

band at 1665 cm-1 which consistent with a carbonyl group. The IR spectrum of 

compound 4 is summarized in table 4.7. 

 

3 OCH 3
5

According to the literature (86) and all spectroscopic 

in

he molec ula

4.4 T  of

 
4.  Structure elucidation o  compound 4 

Co

d ude extract. The UV pectrum of compound

ma at 250  322 nm.   

The I ectrum (Figu f compound 

 betwee 00-3200 cm  of OH stretching vibration and a strong absorption -1



                                                                                                          
71                               

Table 4.7

-1)

 The IR absorption band assignment of compound 4 

 
Wave number (cm  Intensity Vibration 

3500 - 3200 Broad O-H stretching vibration of hydroxy group 
1665 Medium C=O stretching vibration of carbonyl 

  Conjugated ketone 
1602, 1508 tching vibration of aromatic Strong, Medium C=C stre

1188, 1165, 1026  C-O symmetry stretching
 

Weak, Medium, 
Weak Vibration of  C-O-C 

883 Medium = C-H out of plane bending vibration 
  of aromatic 

 

trum of compound 4 showed that compound 

 has the flavonoid nucleus identity.   The1H-NMR spectrum (CDCl3, 400 MHz) (Figure 

A14) of c  and 3.93 which were assigned to 

the two m

Two doublets at δ 7.05 (J = 8 Hz) and 7.88 (J = 8 Hz) 

indicated

e methoxy groups appeared at δ 55.5, 55.8 

ppm and 15 carbons of flavonoid nucleus. One carbonyl carbon appeared at  δ 182.4 

From 1H-NMR and 13C-NMR spec

4

ompound 4 showed two singlets at δ 3.92

ethoxy groups. Two singlets at δ 6.40 and 6.52 were due to the protons on 

H-6 and H-8. The singlet at δ 6.62 was assigned to the H-3 proton. The hydroxyl group 

appeared at δ 12.86 (5-OH). 

 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 13C-NMR spectrum (CDCl3, 100 MHz) (Figure A15) showed that 

compound 4 has 17 carbons in which th
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(C-4). The aromatic region contained a total of 12 resonances. For A-ring, there were 

six aromatic carbons, δ 162.1 (C-5), δ 92.6 (C-6), δ 165.4 (C-7), δ 98.0 (C-8), δ 157.7 

(C-9) (C-10). At B ere we

123.5 (C- 128.0 (C-2’, 6’  (C-3’, 5  δ 

104.3 were assigned to C-2 and C-3 respectivel

OF (Figure A xhibited 

the [M+H] + /z 299.61, so ular we

Compound 4 was assigned molecular formula C17H on MALDI-TOF 

and NMR spectral data. 

 

 

 

 

and δ 105.5 -ring, th re four signals for six aromatic carbons, δ 

1’), δ ), δ 114.5 ’) and δ 164.0 (C-4’). At δ 162.6 and

y. (Table 4.8)   

The MALDI-T mass spectrum 16) of compound 4 was e

 at m  the molec ight of compound 4 is 298. 

14O5 based 
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Table 4.8 1H and 13C-NMR spectral data of compound 4 (ppm) 

  

 

Position δ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 4 

δ

 

 

 

H
H

5-hydroxy-7,4'-
dimethoxyflavone (87) 

δC

Compound 4 

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 

2' 7.88 (2H, d, J = 8 
Hz) 

7.82 (2H) 128.0 

3' 7.05 (2H, d, J = 8 
Hz) 7.00 (2H) 114.5 

4' - - 164.0 

5' 7.05 (2H, d, J = 8 
Hz) 7.00 (2H) 114.5 

6' 7.88 (2H, d, J = 8 
Hz) 

7.82 (2H) 128.0 

7-OCH3 3.93 (3H, s) 3.88 (6H,s) 55.8 
4'-OCH3 3.92 (3H, s) 3.88 (6H,s) 55.5 

5-OH 12.86 (1H, s) 12.80 (1H, s) - 
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4'

5'

6

5

7

C

B
O

O

H3CO

OCH 3

ngly suggested that 

mpound 4 was 5-hydroxy-7,4'-dimethoxyflavone and the structure of 5-hydroxy-7,4'-

17H14O5 and 

olecular weight is 2

 

 

 

 

 

Figure 4.5  structure of mpound 4   

.2.5 Stru  compound 5 

ompound 5 is a yellow powder (4 mg) which obtained from the combined 

crude ex  The UV sp m of compou ited absorp xima at 260 

and 322 nm.   

h R spectrum ure A17) of 5 showed a broad absorption 

band be  35 H stre ation and a  absorption 

band at 1649 cm-1 tent with l group. The IR spectrum of 

compou mm e 4.9. 

The above evidence and the literature (87) stro

co

dimethoxyflavone was shown in figure 4.5. The molecular formula is C

m

6'

3

2'
3'

8

A

OH

98.  

The  co

 

4 cture elucidation of

C

tract. ectru nd 5 exhib tion ma

T e I  (Fig compound 

tween 00-3100 cm-1 of O tching vibr  strong

which consis  a carbony

nd 5 is su arized in tabl
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Table 4.9

-1

 The IR absorption band assignment of compound 5 

 
Wave number (cm ) 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=O stretching vibration of carbonyl  
  conjugated ketone 

1587, 1497 tching vibration of aromatic Strong, medium,  C=C stre
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 
 

The H-NMR spectrum (CDCl1 (figure A18) of compound 5 had 

four dou

 ring A (respectively). Signals at δ 7.03 and 7.77 showed meta coupling 

(J = 2 H

 at C-3, 7, 3’ and 4‘ , respectively. And the 

signal at δ 12.68 was integrated for –OH

3, 400 MHz) 

blets at δ 7.73, 7.03, 6.49 and 6.40, signals δ 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

z) and was assigned for protons at H-5’ and H-6’ in ring B, respectively. 

Doublet of doublet at δ 7.77 coupled with δ 7.73 with J = 2 Hz, so doublet at δ 7.73 

was assigned for a proton     at H-1’ in ring B. Singlets at δ 3.90, 3.92, 4.00 and 4.01  

were attributable to four methoxy groups

 at C-5. The 1H-NMR chemical shifts of 
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compound 5 and 5-hydroxy-3,7,3’,4’-tetramethoxyflavone were compared as shown in 

ble 4.4. 

R sp CDCl3  

co  of 19 c  in which 6.0 

and 55.9 and 15 carbo onoid nu n 

appeared at 178.8 ppm (C-4). The aromatic region contained a total of 12 resonances. 

For A-ring, there were six aromatic carbons, δ 156.7 5 (C-7), 

δ 92.2 (C-8), δ 162.0 (C-9) and δ 106.1 (C-10). At B-ring, there were six signals for 

aromatic carbons, δ 122.9  111.2 ( δ 

110.8 (C-5’) and δ 122.1 (C-6’). At δ 151.4 and δ 139.0 were assigned to C-2 and C-3 

respectiv

 

ta

 The 13C-NM ectrum ( , 100 MHz) (figure A19) showed that

mpound 5 consists arbons  four methoxy groups at 60.2, 56.1, 5

 ppm ns of flav cleus. One signal of the carbonyl carbo

 (C-5), δ 97.9 (C-6), δ 165.

 (C-1’), δ C-2’), δ 148. δ 155.9 (C-4’), 7 (C-3’),  

ely. (Table 4.10)   

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

[M+H]+ as follow, m/z 359.59. Therefore the molecular weight of compound 5 is 358.  
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Table 4.10 1H and 13C-NMR spectral data of compound 5 (ppm)  

 

Position δ
Compound 5 

δ

H 5-hydroxy-3,7,3’,4’- C 5-hydroxy-3,7,3’,4’-
one 

H

tetramethoxyflavone 

(88) 

δ
Compound 5 

δC

tetramethoxyflav
(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,  = 2 Hz) 6.44 (1H, br s) 92.2 92.1 J
9 - - 162.0 161.8 
10 - - 106.1 105.9 
1’ - - 122.9 122.8 
2' 7.73 (1H, d, J = 2 Hz) 7.69 (1H, br s) 111.2 111.1 
3' - - 148.7 148.6 
4' - - 155.9 155.6 
5' J = 8 Hz) 6.99 (1H, d, J = 8.4 Hz)7.03 (1H, s,  110.8 110.7 

6' J = 2, 8 
Hz) 

7.71 (1H, dd like) 122.1 120.0 7.77 (1H, dd, 

3-OCH3 4.00 (1H, s) 3.97 (3H, s) 60.2 60.2 
7-OCH3 3.92 (1H, s) 3.87 (3H, s) 55.9 55.8 
3’-OCH3 4.01 (1H, s) 3.97 (3H, s) 56.1 56.0 
4’-OCH3 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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4'

5'
6'

2'
3'

6

5

8

7
A C

B
OH

OCH3

OCH3

H3

ngly  suggested  that  

ompound 5  is 5-hydroxy-3,7,3’,4’-tetramethoxyflavone and the structure was shown 

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

 

 

 

 

 

Figure 4.6 Structure of compound 5   

 

4.2.6 Structure elucid

Compound is a colorless needle crystal (46 mg) which obtained from the 

combined crude extract. The UV spect  of compoun xhibited abs  

maxima a

The IR spectrum (Figure A21) of compound 6 showed a strong absorption 

1649  consisten rbonyl group. The IR spectrum of 

d 6 is summarized in table 4

 

 

3

OOH

3CO

OC

         According to the literature (88) and above  evidences  stro

c

19 18O7 

 

ation of compound 6  

 6 

rum d 6 e orption

t 262 and 322 nm.   

band at  cm  which-1 t with a ca

compoun .11. 
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Table 4.11 The IR absorption band assignment of compound 6 

 

Wave number (cm-1) Intensity Vibration 

Table 4.11 The IR absorption band assignment of compound 6 

 

Wave number (cm-1) Intensity Vibration 
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2993, 2931, 2839 All weak C - H stretching vibration of 
aromatic 

1637 C=O stretching vibration of carbonylStrong  
  conjugated ketone 

1618, 1461, 1427 C=C stretching vibration of aromaticStrong, medium, 
medium 

 

1165, 1111, 1010 C-O symmetry stretching  Medium, medium, weak 
  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 1H-NMR and 13C-NMR of 

compoun

isubstituted in ring A with meta coupling (J = 2 Hz), and 

was integ

g appeared as two multiplets at δ 7.52 (3*H) 

and δ 8.10 (2*H).  

d 6 showed that compound 6 was the flavonoid identity also. The 1H-NMR 

spectrum (CDCl3, 400 MHz) (Figure A22) of compound 6 had two doublets at δ 6.38 

and 6.55, each showed a 5,7-d

rated for proton at C-6 and C-8 in ring A, respectively. Signals at δ 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-rin

 



                                                                                                          
80                               

 The 13C-NMR spectrum (CDCl3, 100 MHz) (figure A23) showed that compound 

 consists of 18 carbons in which three methoxy groups at 55.8 (7-OCH3), 56.4 (5-

OC 3) 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 ix aroma

(C-6 δ δ 92.4 ( δ ) a δ

were four signals for six aromatic carbons, δ 141.8 (C-1’), δ 128.1 (C-2’, 6’), δ 128.5 

(C-3’, 5’), 30.3 (C-4’). At  161.0 and  130.8 were assigned to C-2 and C-3 

respe .12) 

The MALDI-TOF mass spectrum (Figure A24) of com owed the 

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

 

 

6

H3) and 60.1 (3-OCH

 were s tic carbons, δ 158.9 (C-5), δ 95.8 

),  163.9 (C-7), C-8),  152.6 (C-9 nd  109.5 (C-10). At B-ring, there 

δ 1 δ δ

ctively. (Table 4

pound 6 sh

[M
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Table 4.12 1H and 13C-NMR spectral data of compound 6 (ppm) 

 

 

 

 

 

 

 

 

Position δ
Compound 6 

δ
3,5,7-trimethoxyflavone (89)

 

 

 

 

 

 

 

According to the literature (89) and the above evidences strongly suggested 

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

cetate/hexane. The molecular formula is C18H16O5 and molecular weight is 312. The 

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

H H

th

a

s

 
δ

Compound 6 
C

2 - - 161.0 
3 - - 130.8 
4 - - 174.1 
5 - - 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-OCH3 3.93 (3H, s) 3.88 (3H, s) 60.1 
5-OCH3 4.00 (3H, s) 3.91 (3H, s) 56.4 
7-OCH3 3.92 (3H, s) 3.83 (3H, s) 55.8 
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4'

5'

2'

3
5

8

A

B
O

O

O 3

OCH3

H
 

 

 

Figure 4.7 tructure of com ound 6   

 

4 .7 S co

Compound 7 is a colorless needle crystal

combined crude extract. The UV spectrum of compound 7 exhibited absorption 

maxima a 2 and 3

T  IR spe  A25) of co owed a str sorption 

band at 1645 cm-1 stent with roup. The I trum of 

compoun  is summarized in table 4.13. 

 

 

 

 

 

 

3' 

6'C

6

7

CH

3CO

 

 S p

.2 tructure elucidation of mpound 7 

 (208 mg) which obtained from the 

t 26 02 nm.   

he ctrum (Figure mpound 7 sh ong ab

 which consi a carbonyl g R spec

d 6
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Table 4.13  

 

Wave number (cm-1 Vibration 

 The IR absorption band assignment of compound 7

) Intensity 
3070, 2931, 2862 tching vibration of aromatic All weak C - H stre

1645 C=O stretching vibration of carbonyl Strong 
  conjugated ketone 

1604, 1457 Strong, medium C=C stretching vibration of aromatic 
1157, 1118 Medium, medium C-O symmetry stretching 

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

  of aromatic 
             

The H-NMR spectru1 m (CDCl3, 400 MHz) (Figure A26) of compound 7 was 

integrate

ethoxy groups at C-7 and C-5, respectively. 

 singlet at δ 6.72 represented the C-3 aromatic proton. The aromatic protons 

ppeared as two multiplets at δ 7.53 (3*H) and 7.91 (2*H).  

The 13C-NMR spectrum (CDCl3, 100 MHz) (Figure A27) showed that 

ompound 7 has 17 carbons. Moreover, the data revealed two signals of methoxy 

roups at δ 55.8 and 56.4, and one signal of ketone at 177.7 ppm. For A-ring, there 

ere six aromatic carbons, δ 160.7 (C-5), δ 96.2 (C-6), δ 164.1 (C-7), δ 92.8 (C-8), δ 

59.9 (C-9) and δ 108.9 (C-10). At B-ring, there were four signals for six aromatic 

d for fourteen carbons that showed two singets at δ 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 m

A

a

c

g

w

1
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carbons, δ 131.4 (C-1’), δ 125.9 (C-2’, 6’), δ 128.9 (C-3’, 5’), δ 131.2 (C-4’). At δ 

60.9 and δ 109.2 were assigned to C-2 and C-3 respectively. The 13C-NMR chemical 

shif e shown .14.  

 

Table 4.14 1H and 13C-NMR spectral data of compound 7 (p

 

Position δH

pound 7 
δH

hoxyfl

1

ts of compound 7 wer  in table 4

pm) 

Com 5,7-dimet avone (84) Compound 7 
δC

2 - - 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 3

7-OCH3 3.95 (3H, s) 3.92 (3H, s) 55.8 
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4'

5'

36
5

8

A C

B
O

OCH

 with the above evidences strongly 

uggested that compound 7 was 5,7–dimethoxyflavone and structure of 5,7-

rmula and molecular 

eight were C17H14O4 and 282, respectively. 

 

 

 

 

 

 

Figure 4.8 Structure of compound 7

 

4.2.8 Structure elucidation of compound 8 

C oun  powder ch obtained from the combined 

crude extra  The  of com ited absorp xima at 266 

and 318 nm.   

The IR spectrum (Figure A29) of compound 8 showed a strong absorption 

band at 1645 cm sistent w yl group. The IR spectrum of 

 8 is summarized in table 4.15. 

6'

2'

3'

7

H3CO

3 O

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

s

dimethoxyflavone was shown in figure 4.8. The molecular fo

w

   

omp d 8 is a white  (306 mg) whi

ct.  UV spectrum pound 8 exhib tion ma

-1 which con ith a carbon

compound



                                                                                                          
86                               

Table 4.1

Wave

5 The IR absorption band assignment of compound 8 

 

 number (cm-1) Intensity Vibration 
3070, 2939 Weak, weak C - H stretching vibration of aromatic 

1658 Medium C=O stretching vibration of carbonyl  
conjugated ketone 

1596, 1504, 1435 Strong, medium, 
medium 

C=C stretching vibration of aromatic 

1165 Medium C-O symmetry stretching  
vibration of  C-O-C 

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

 

The 1H-NMR spectrum (CDCl3, 400 MHz) (Figure A30) of compound 8 

showed three singlets at δ 3.85, 3.88, and 3.92 due to nine methoxy protons. Two 

doublets at δ 6.40 (J = 2 Hz) and 6.59 (J = 2 Hz) were assigned to the protons at C-6 

and C-8. roton. Two doublets at δ 7.85 (J = 

9 Hz) an

the 13C-NMR spectrum (Figure A31), the signals at δ 55.5, 55.8, 56.4 

ppm wer

(C-10). At B-ring, there were four signals for 

 The singlet at δ 6.63 was due to the C-3 p

d 7.03 (J = 9 Hz) were assigned to the aromatic protons at C-2’, C-6’ and C-3’, 

5’, respectively. 

  From 

e signals of the three methoxy groups and δ 177.7 was the signal of ketone. 

For A-ring, there were six aromatic carbons, δ 160.8 (C-5), δ 96.1 (C-6), δ 164.0 (C-7), 

δ 92.8 (C-8), δ 159.8 (C-9) and δ 109.0 
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six aromatic carbons, δ 123.7 (C-1’), δ 127.6 (C-2’, 6’), δ 114.3 (C-3’, 5’), δ 160.8 (C-

’). At δ 162.1 and δ 107.5 were assigned to C-2 and C-3 respectively. The 13C-NMR 

che nd 7 were shown in table 4.16.  

 

Table 4.16 1H and 13C-NMR spectral data of compound 8 (p

Position δH

Compound 8 
H

'-trimethoxy
C

 

4

mical shifts of compou

pm) 

δ δ
5,7,4 flavone (84) Compound 8

2 - - 162.1 
3 6.63 (1H, s) 6.55 (1H, s) 107.5 
4 - - 177.7 
5 - - 160.8 
6 6.40 (1H, d, J = 2 Hz) 6.35 (1H, d, J = 2.5 Hz) 96.1 
7 - - 164.0 
8 6.59 (1H, d, J = 2 Hz) 6.55 (1H, d, J = 2.5 Hz) 92.8 
9 - - 159.8 
10 - - 109.0 
1’ - - 123.7 
2' 7.85 (2H, d, J = 9 Hz) 7.81 (2H, d, J = 9 Hz) 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 = 9 Hz) 127.6 

5-OCH3 3.99 (3H, s) 3.93 (3H, s) 56.4 
7-OCH3 3.94 (3H, s) 3.88 (3H, s) 55.8 
4'-OCH3 3.92 (3H, s) 3.85 (3H, s) 55.5 
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4'
3'

O

5'
6'

2'

8

7
A C

B
O

OCH3 O

H3CO

CH3

 evidence suggested that 

ompound 8 is 5,7,4'-trimethoxyflavone and the structure of this compound was shown 

pound 8 are C18H16O5 

and 312, respectively. 

 

 

 

 

 

 

Figure 4.9 ructure of com ound 8   
 

4.3 Struct  elu  co galanga 

4 1 S om

Compound e 

extract. T UV nd  maxima  nm.  

[α]D
20 H, c

36
5

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

c

in figure 4.9. The molecular formula and molecular weight of com

 St p

ure cidation of the isolated mpounds from Alpinia  

.3. tructure elucidation of c pound 9 

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

he  spectrum of compou  9 exhibited absorption  at 217

-60o (MeO  0.5).     
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The IR spectrum (Figure A33) of compound 9 showed a strong absorption 

band at 1758 cm-1 which consistent with a carbonyl group. The IR spectrum of 

compoun

 
l3, 400 MHz) (Figure A34) of compound 9 was 

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

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

with para

g with a proton at δ 6.02 (H-2’) with J = 10 and 17 Hz, 

respectively. The doublet at δ 6.29 (J = 6 Hz) was a proton in CH (H-1’) which 

d 9 is summarized in table 4.17. 

Table 4.17 The IR absorption band assignment of compound 9 

Wave number (cm-1) Intensity Vibration 
3069, 2976 Weak, weak C - H stretching vibration of aromatic 

1758 Strong C=O stretching vibration of carbonyl  
conjugated ketone 

1637, 1606 C=C stretching vibration of aromatic medium, medium 
1423, 1369 All medium C-H stretching vibration of -CH3 

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

906, 843 All weak = C-H out of plane bending vibration  
of aromatic 

The 1H-NMR spectrum (CDC

 disubstituents. Two singlets at δ 2.14 and 2.33, each were methyl protons in 

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

alkene protons which couplin
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coupling

3, 100 MHz) (Figure A35) showed that 

disubstituted aromatic 

sy  (C-1), δ -2, C-6), δ 128.5 (C-3, C-5) and δ 136.4 (C-

4). Two  ketone of ed at 

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

of compou ere showed in t   

The MALDI-TOF mass spectrum (Figure A36) o ed the 

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

 

 

 with a proton at δ 6.02 (H-2’). The 1H-NMR chemical shifts of compound 9 

were shown in table 4.25. 

The 13C-NMR spectrum (CDCl

compound 9 consists of 13 carbons. Six carbons in para 

stem were at δ 150.4  121.7 (C

 signal of the acetyl appear 170.0 and 169.5 ppm. Two signals of 

 (C-3’). The 13C-NMR chemical shifts 

nd 9 w able 4.18.

f compound 9 show

 234. 
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Table 4.18 1H and 13C-NMR spectral data of compound 9  

 

P Hosition δ
Compound 9 

δH

 (1’S)-1’-Acetoxychavicol 
acetate (90) 

δ
Compound 9 

δ

C

l 
 

C

 (1’S)-1’-
Acetoxychavico

acetate (90)
1 - - 150.4 150.6 
2 7.10 (2H, d, J = 8 Hz) 7.06 (2H, d, J = 8.6 Hz) 121.7 121.6 
3 7.40 (2H, d, J = 8 Hz) 7.36 (2H, d, J = 8.6 Hz) 128.5 128.4 
4 - - 136.4 136.5 
5 7.40 (2H, d, J = 8 Hz) 7.36 (2H, d, J = 8.6 Hz) 128.5 128.4 
6 7.10 (2H, d, J = 8 Hz) 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 

3’ a 5.33 (1H, d, J = 17 Hz) 5.27 (1H, d, J = 16.3 Hz) 
3’ b 5.29 (1H, d, J = 10 Hz) 5.23 (1H, d, J = 9.6 Hz) 

117.0 117.1 

1-OAc 
(C=O) 

- - 169.5 169.1 

1-OAc 
(CH3) 

2.33 (3H, s) 2.28 (3H, s) 21.2 21.2 

1’-OAc 
(C=O) 

- - 170.0 169.7 

1’-OAc 
(CH3) 

2.14 (3H, s) 2.09 (3H, s) 21.3 21.2 
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O

O 1

2'

idences strongly suggested 

at compound 9 is chavicol acetate. The molecular formula is C13H14O4 and molecular 

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

 

 

 

 

Fi e 4

 

Compoun 10 is a white needle crystal (15 mg) which obtained from the 

ed crude extract. The UV spectrum of compound 10 exhibited absorption 

 at 21 .     

The IR spectrum (Figure A33) of compound 10 showed a broad absorption 

etwee  cm-1 of OH stretching vibration and a strong absorption 

t 1758 cm-1 which consistent with a carbonyl group. The IR spectrum of 

compound 10 is summarized in table 4.19. 

 
 
 

O

O

 

2

3

4

5

6 1'
3'

According to the literature (90) and the above ev

th

 sho  

 

gur .11 Structure of compound 9   

4.3.2 Structure elucidation of compound 10 

d 

combin

maxima 1, 234, 322nm

band b

band a

n 3500-3100
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Table 4.1

-1 ation 

9 The IR absorption band assignment of compound 10 

 
Wave number (cm ) Intensity Vibr

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=O stretching vibration of carbonyl  

conjugated ketone 
1579 Medium C=C stretching vibration of aromatic 
1093 

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

 

, 400 MHz) (Figure A38) of compound 10 had 

δ 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 δ 7.67 ppm (multiplet) was 

attributable to one proton in double bond system with trans position.  At δ 6.68 ppm 

showed one proton which coupling with the proton at δ

δ

13  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 

The 1H-NMR spectrum (DMSO

two doublets at 

 7.67 ppm with J = 14.5 Hz, 

and coupling with the aldehyde proton at  9.60 ppm with J = 7.7 Hz, respectively. 

Signal at δ 10.25 ppm (singlet) suggested the presence of phenolic proton.  

The C-NMR spectrum (DMSO,
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signals. These were δ 125.7, C-1;  δ 131.5, C-2, C-6; δ 116.5, C-3, C-5; δ 161.1, C-4. 

he remaining two signals were two methine carbon (δ 154.3, C-1’; δ 125.9, C-2’). The 
13C-NMR chemical shifts of compound 10 we

T LDI-TOF mass um (Figu

[M+H]+ 6. Therefo olecular

 

Table 4.20 d 13C-NMR sp ta of co

 

Position δH
δH

cinnamaldehyde (91) 

δC

T

re shown in table 4.26. (Table 4.20)   

he MA  spectr re A40) of compound 10 showed 

 at 49.0m/z 1 re, the m  weight of compound 10 was 148. 

 1H an ectral da mpound 10  

Compound 10 p-hydroxy Compound 10 

δC

 
cinnamaldehyde (91) 

p-hydroxy

1 - - 125.7 126.98 
2 7.62 (2H, d, J = 5 Hz ) 7.50 (2H, d, J = 8.5 Hz) 131.5 130.60 
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 = 5 Hz) 7.50 (2H, d, J = 8.5 Hz) 131.5 130.60 

1’ 7.67 (1H, m) 7.42 (1H, d, J = 15.9 
Hz) 

154.3 152.72 

2’ 6.68 (1H, dd, J = 14.5, 
7.7 Hz) 

6.62 (1H, dd, J = 15.9, 
7.7 Hz) 

125.9 126.56 

3’  9.60 (1H, d, J = 7.7 
Hz) 9.67 (1H, d, J = 7.7 Hz) 194.6 193.82 

4-OH 10.25 (1H,s)  - - 
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O

HO 2
3

4

5

6 1'

n in 

figure 4.1

 

 

 

Figure 4.10 S ound

 

4

Compound 1 is white solid (150 g) which obta om the com

cru extr

The IR spectrum (Figure 1 showed a broad absorption 

band at 3377 cm  of OH stretching vibration of carboxylic acid and a strong 

absorption band at 1688 cm  which cons h a carbony . The IR sp

of c pou in

 

 

H
1 2'

3' 

According to the literature (91) and the above evidences strongly suggested 

that compound 10 is p-hydroxy cinnamaldehyde. The molecular formula is C9H8O2 and 

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

2. 

 

tructure of comp  10   

.3.3 Structure elucidation of compound 11 

1  m ined fr bined 

de act. [α] 25 – 3.1 (H O, cD 2  0.5).      

A41) of compound 1
-1

-1 istent wit l group ectrum 

om nd 11 is summarized  table 4.21. 
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Table 4.2

-1

1 The IR absorption band assignment of compound 11 

 
Wave number (cm ) Intensity Vibration 

3500-2500 Medium -OH stretching vibration of carboxylic acid 
2922 Medium C-H stretching vibration of aliphatic 
1688 Medium C=O stretching vibration 
1221 C-O stretching vibration Medium 

 

The 1 O, 400 MHz) (Figure A42) had 

gned for the protons in 

H

H-NMR spectrum of compound 11 (D2

only two signals, two multiplets at δ 2.75 and 3.84 which assi

C 2 and CH-O, respectively. 

00 MHz) (Figure A43) showed that compound 

1 consists of 3 types of carbons. One signal of the carbonyl of carboxylic acid 

appeare attached to oxygen exhibited the 

chemical shi

M c ound 11 were showed in table 4.22.  

The 13C-NMR spectrum (D2O, 1

1

d at 174.3 ppm. One signal of carbon which 

ft at 51.1 ppm. And the last signal of methine carbon appeared at 34.3 

ppm. The 13C-N R hemical shifts of comp

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 1H and 13C-NMR spectral data of compound 11 

Position δH

Compound 11 
δC

 11 Compound
1 - 174.3 
2 2.75, 4H, (m) 51.1 
3 3.84, 2H, (m) 34.3 
4 3.84, 2H, (m) 34.3 
5 2.75, 4H, (m) 51.1 
6 - 174.3 

 

carboxylic acid functional group (COOH) and hydroxyl group (OH). These results 

suggested that molecular formula of compound 3H5 3 n

spectrum confirmed that compound 

6 10 6

confirmed that compound 11 was 3,4-dihydroxy adipic acid and the structure of this 

 

 

 

 

 Figure 4.12 Structure of compound 11   

The above evidences strongly suggested that the compound 11 had the 

11 is (C O ) . From the mass 

11 has 178 of molecular weight. So the molecular 

formula of compound 11 was C H O . Result of 13C-NMR and 1H-NMR spectrum 

compound shown in figure 4.12. 

 

HO

O

OH

OH

OOH
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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

maxima at 217, 257 nm.     

The IR spectrum (Figure A45) of compound 12 showed a strong absorption 

band at 1630 cm-1 which consistent with a carbonyl group. The IR spectrum of 

compound 12 is summarized in table 4.23. 

 

-1

 exhibited absorption 

Table 4.23 The IR absorption band assignment of compound 12 

 
Wave number (cm ) Intensity Vibration 

2972, 2828 Weak, weak C - H stretching vibration of aromatic 
1704 Strong C=O stretching vibration of carbonyl  

conjugated ketone 
1630, 1599 medium C=C stretching vibration of aromatic 
1419, 1361 All medium C-H stretching vibration of -CH3 

1170 Strong C-O unsymmetry stretching  
vibration of  C-O-C 

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

All weak 
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The 1H-NMR spectrum (CDCl3, 400 MHz) (Figure A46) of compound 12 was 

integrate  7.55 were five aromatic protons 

with met

δ 4.30 and 1.37 ppm was integrated for CH2 and CH3, 

respectiv

3

of the ketone appeared at 167.0 ppm 

60.5 and 14.3 ppm, 

spectively. Six carbons of aromatic were at δ 134.4 (C-1), δ 128.2 (C-2, C-6), δ 

12  130.3 (C-4). Two signals of methine carbons exhibited the 

chemic 44.6 (C-1’) (C-2’) f 

compound 12 were shown in table 4.24.  

I-TOF ma  (Fig d 

[M+H]+ at 7.19. So the m weight of co

 

 

d for twelve protons. Signals at δ 7.41 and

a coupling J = 2 Hz that exhibited a monosustituted aromatic system. At δ 

6.47 and 7.72 ppm, each showed a proton on C=C with trans coupling which exhibited 

coupling constant of 16 Hz. The 

ely. The 1H-NMR chemical shifts of compound 12 were shown in table 4.34. 

The 13C-NMR spectrum (CDCl , 100 MHz) (Figure A47) showed that 

compound 12 consists of 11 carbons. One signal 

(C-3’). The signals of CH2 and CH3 of ethyl ester were at 

re

8.9 (C-3, C-5) and δ

al t 1shift a  a 2 nd 118.  ppm. The C-NMR chemical shifts o13

The MALD ss spectrum u ere A48) of compound 12 show

m/z 17 olecular mpound 12 was 176. 

 

 

 



                                                                                                          
100                               

Table 4.2

δ δ
 a id 

92) 

4 1H and 13C-NMR spectral data of compound 12  

 

Position δH

Compound 12 

H

cinnamic acid ethyl 
ester  (92) 

δC

Compound 12 

C

cinnamic c
ethyl ester  (

1 - - 134.4 134.3 
2 7.55 (2H, d, J = 2 Hz) 7.50 (2H, m) 128.2 127.9  
3 7.41 (3H, d, J = 2 Hz) 7.35 (3H, m) 128.9 128.8 
4 7.41 (3H, d, J = 2 Hz) 7.35 (3H, m) 130.3 130.1 
5 7.41 (3H, d, J = 2 Hz) 7.35 (3H, m) 128.9 128.8 
6 7.55 (2H, d, J = 2 Hz) 7.50 (2H, m) 128.2 127.9 

1’ 7.72 (1H, d, J = 16 Hz) 7.69 (1H, d, J = 16.2 144.6 144.5 
Hz) 

2’ 6.47 (1H, d, J = 16 Hz) 6.44 (1H, d, J = 16.2 
Hz) 118.2 118.1 

3’ - - 167.0 166.9 
3’ 

OCH2CH3 
4.30 (2H, q, J = 7 Hz) 4.26 (2H, q, J = 7.1 Hz) 60.5 60.4 

3’ 
OCH2CH3 

1.37 (3H, t, J = 7 Hz) 1.33 (3H, t, J = 7.1 Hz) 14.3 14.2 

 

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 C11H12 2 and molecular weight is 176. The structure of compound 12 was shown in 

figure 4.13. 

 

O
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O
 

OCH2CH31

3

5

6 1'

3'
 

 

Figure 4.13 Structure of compound 12   

 

4.4  of co

Co less n (6080 mg  obtaine

the combined crude extract. The UV spectrum of compound 1 ited abso

maxima at 211, 275 nm.     

The IR spectrum (Figure A49) of compound 13 showe rong abso

band at 1708 cm-1 which consistent with a carbonyl group IR spectr

 

 

24

2'

 

.2 Structure elucidation mpound 13 

mpound 13 is a color eedle crystal ) which d from 

3 exhib rption 

d a st rption 

. The um 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-1) Vibration 
 

 Intensity 
2976, 2852 ng vibration of aromatic Strong C - H stretchi

1708 C=O stretching vibration of carbonyl  
conjugated ketone 

Strong 

1633, 1571 C=C stretching vibration of aromatic Strong, weak 
1459, 1365 medium C-H stretching vibration of -CH3 

1034 Medium C-O symmetry stretching  
vibration of  C-O-C 

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

 

The 1H-NMR spectrum (CDCl , 400 MHz) (Figure A50) of compound 13 was 

δ

J = 

8 Hz), that exhibited a 1,4-disubstituted in aromatic system. At δ 6.34 and 7.67 ppm 

(all doublets), each showed a proton on C=C with trans coupling which exhibited J = 

16 Hz. The δ 4.27 and 1.37 ppm was integrated for CH2 and CH3, respectively. Singlet 

at δ 3.87 was interpreted for methoxy protons (4-OCH3). The 1H-NMR chemical shifts 

of compound 13 were shown in table 4.37. 

he 13C-NMR spectrum (CDCl3, 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 CH2 and CH3 of ethyl ester group were at 60.3 and 

3

integrated for fourteen protons. Signals at  7.51 and 6.93 (all doublets) were the 

aromatic protons, each signals were integrated for two protons with meta coupling (

T
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14.4 ppm, respectively. Four signals of six aromatic carbons were at δ 127.1 (C-1), δ 

29.7 (C-2, C-6), δ 114.3 (C-3, C-5) and δ 161.3 (C-4). Two signals of methine 

carbon he chemica 144.2 ( st 

one single 55.3 was a me rbon (4 f 

compo shown in

I-TOF mas  (Figure 

[M+H]+ at 07.12. Therefor lecular weigh .  

 

 

 

 

 

 

 

 

 

1

s exhibited t l shift at C-1’) and 115.7 (C-2’) ppm. And the la

t at δ thoxy ca -OCH3). The 13C-NMR chemical shifts o

und 12 were  table 4.26.  

The MALD s spectrum A52) of compound 13 showed 

m/z 2 e, the mo t o 206f compound 13 was 
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Table 4.26 1H and 13C-NMR spectral data of compound 13  

 

Position δH

Compound 13 

δH

4-methoxy cinnamic 
acid ethyl ester (93) 

δC

Compound 13 

δ
ic

C

4-methoxy cinnam  
acid ethyl ester (93) 

1 - - 127.1 127.3 
2 7.51 (2H, d, J = 8 Hz) 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 
5 6.93 (2H, d, J = 8 Hz) 6.88 (2H, d, J = 8 Hz) 114.3 114.4 
6 7.51 (2H, d, J = 8 Hz) 7.46 (2H, d, J = 8 Hz) 129.7 129.7 

1’ 7.67 (1H, d, J = 16 
Hz) 

7.63 (1H, d, J = 16 
Hz) 

144.2 144.2 

2’ 6.34 (1H, d, J =16 
Hz) 

6.29 (1H, d, J =16 
Hz) 115.7 115.9 

3’ - - 167.3 163.3 
3’-

OCH2CH
4.27 (2H, q, J = 7 Hz)

3
 4.24  (2H, q, J = 7 

Hz) 
60.3 60.3 

3’-
OCH2CH3 

1.37 (3H, t, J = 7 Hz) 1.32 (3H, t, J = 7 Hz) 14.4 14.4  

4-OCH3 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 C12H14O3 and molecular weight is 206. The structure of compound 

13 was shown in figure 4.14. 
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O
 

OCH2 31

3

5
6 1'

2'
3'

 

 

 

Figure 4.14

 

4.

Co rle

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 

w f OH s ing vibration a strong ab on 

ba at 1 l group. The IR spectrum of 

compound 14 is  in table 2

 

 

CH

H3CO 4 2

 

 Structure of compound 13   

4.3 Structure elucidation of compound 14 

mpound 14 is a colo ss needle crystal (67 mg) which obtained from the 

band bet een 3300-2400 cm-1 o tretch  and sorpti

nd 676 cm-1 which consistent with a carbony

 summarized 7. 
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Table 4.27 The IR absorption band assignment of compound 14 

 

Wave number (cm Vibration -1) Intensity 
3300-2400 Medium OH stretching vibration of carboxylic acid 

1676 Strong C=O stretching vibration of carbonyl  
conjugated carboxylic acid 

1590 Strong C=C stretching vibration of aromatic 
1435, 1315 Strong C-H stretching vibration of -CH3 

1170 Strong C-O unsymmetry stretching  
vibration of  C-O-C 

 

The 1H-NMR spectrum (CDCl3, 400 MHz) (Figure A54) of compound 14 had 

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

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

disubstit

l3, 100 MHz) (Figure A55) showed that 

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

3 was at 55.8 ppm (4-OCH3). Six aromatic protons were at δ 

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

arbons exhibited chemical shift at 144.2 (C-1’) and 116.9 (C-2’). Result of 13C-NMR 

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

coupling which exhibited J = 16 Hz. The δ 3.81 ppm was integrated for OCH3 (4-

OCH3). The 1H-NMR chemical shifts of compound 14 were shown in table 4.40. 

The 13C-NMR spectrum (CDC

c

(C-3’). The signal of OCH

c



                                                                                                          
107                               

spectrum data of compound 14 were confirmed with 4-methoxy cinnamic acid that 

hown in table 4.28.  

I-TOF mass  (Figu

[M+H]+ at 9.08.         

 
Table 4 C-NMR spe a of compo

 

Position δH

Compound 14 

δH

4-methoxy cinnamic C

Compound 14 

δC

4-methoxy 
)

s

The MALD  spectrum re A56) of compound 14 showed the  

m/z 17

.28 H and 131 ctral dat und 14 

acid (94) cinnamic acid (94

δ

 
1 - - 127.3 128.4 

2 7.66 (2H, d, J = 8 Hz) 7.53 (2H, d, J = 6.77 
Hz) 130.4 130.9 

3 6.99 (2H, d, J = 8 Hz) 6.94 (2H, d, J = 6.76 
Hz) 

114.8 115.4 

4 - - 161.4 163.1 

5 6.99 (2H, d, J = 8 Hz) 6.94 (2H, d, J = 6.76 
Hz) 

114.8 115.4  

6  J
 

7.66 (2H, d, J = 8 Hz) 7.53 (2H, d,  = 6.77 
Hz)

130.4 130.9 

1’ 7.56 (1H, d, J = 16 
Hz) 

7.61 (1H, d, J = 16.01 
Hz) 144.2 146.2 

2’ 6.39 (1H, d, J = 16 
Hz) 

6.32 (1H, d, J = 16.01 
Hz) 

116.9 116.6 

3’ - - 168.3 170.8 
4-OCH  3.81 (3H, s) 3.72 (3H, s) 55.8 55.8 3
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O

6 1' 
OH

H3CO

1

4

5
2'

3'

thoxy cinnamic acid. Compound 14 was crystallized from ethyl 

acetate / 3 

he structure of compound 14 was shown in figure 4.15. 

 

 

 

Figure 4.15 Structure of compound 14   

 

4.5 The inhibitory activity of isolated com ds on HIV-1 p , HCV pro

and CMV proteas

xtracts o mpferia parv nd Alpinia galanga 

we ou than t a concen of 

200 µg/m o  from the methanol extract of 

Kaempferia parvif and the results of itory activity against HIV-1 protease, HCV 

protease and HCMV protease shown in table 4.29.  

According to the literature (94) and the above evidences suggested that 

compound 14 is 4-me

 hexane to yield colorless needle crystal.  The molecular formula is C10H10O

and molecular weight is 178. T

2
3 

poun rotease tease 

 H e 

The methanol crude e f Kae iflora a

re f nd to inhibit HIV-1 protease activity by more  80% a tration 

l (Table A2). Comp

lora, 

unds 1-8 were isolated

inhib
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O

OR2

R1

R
H3CO

R3

4

Table 4

   

 

 

 

IC50 (µM) 

.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 

Compounds R1 R2 R3 R4 HIV-1  HCV HCMV 
protease protease protease 

1 
 

2 
OCH

H 
OH H H 66.1 ±  3.2 192.9 ±  9.9 248.6 ±

 

3 
 

4 
 

6 

 

3

OCH

OCH3

OH 
OH 

OCH3

H 
OCH

H 

H 
H 

H 

19.0 ±   3.1 
101.1 ± 10.0 

81.3 ± 7.1 

  

>450 
- 

- 

  4.0 
349.1 ±  3.8 

- 

- 
5 

 

 

7 
8 

3

H 
OCH3

H 
H 

OH 
OCH3

OCH3

OCH3

3

OCH3

OCH3

H 
OCH3

H 
OCH3

H 
H 

77.9 ± 9.1 
160.1 ± 5.4 

19.5 ± 1.2 
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 (IC50 less than 100 µM). 
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Compound 7 had very potent inhibitory activity (IC50 = 19.5 ± 1.2 µM). 

Compound 2 was the most active compound with IC50 value of 19.0 ± 3.1 µM. 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 

ubstitution of m 1 and 6) 

were less potent (IC µM, respectively). The 

substitution of methoxy group  and 8) also reduced the 

hibitory effect (IC50 = 77.9 ± 9.1 µM and IC50 = 109.9 ± 10.9 µM, respectively). 

Include of disubstitution at 3- and 4’ (compounds 3 and 5) showed the lowest inhibitory 

activity (IC  = 101.1 ± 9.9 µM and IC50 = 160.1 ± 5.4 µM, respectively). These results 

suggested that the methoxy at position 3 or/and 4’ reduce the inhibitory effect.

The  s de stra  tha a -1

inhibition of compound d und were a competitive inhibitor with Ki value of 

23.5  and 32 M, respectively. 

 Moreover, compound had d in tivity on HCV and H V 

protease with IC alu 2 .9 an 48. respect ly.  

 

s ethoxy group at 3-position of flavonoid moiety (compounds 

50 = 66.1 ±  3.2 µM and IC50 = 81.3 ± 7.1 

 at 4’- position (compounds 4

in

50

 

kinetic tudy mon ted t the mech nism of HIV  protease 

2 an compo  7 

µM .2 µ

1 mil hibitory ac  CM

50 v e of 19 .9 ±  9 d 2 6   ± 4.0 µM, ive
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 C

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 

IC  (µM) 

ompounds 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. 

 

50Compounds 
HIV-1 protease HCV protease HCMV protease 

9 

11 

244.3 ±  21.6 

- 

405.0 ± 23.8 

- 

316.5 ± 4.9 

- 
10 133.4 ± 5.1 500.5 ± 34.6 97.8 ± 5.3 

 
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 µM, 

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 µM and 

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

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

IC50 more than 400 µM. Moreover, compound 10 showed potent inhibition against 

50 value of 97.8 ± 5.3 µM while compound 9 had mild inhibition 

on this protease enzyme. From the kinetic study of compound 10 on HCMV protease, 

50 

i 

i 

HCMV protease with IC
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the result showed that compound 10 was an uncompetitive inhibitor with Ki value of 3.2 

µM. 

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

r 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 archi lytic m

4.6 The itory activity pounds eria galan

cinnamic d derivatives on α (95) 

 T

o

tectures and cata echanisms.  

inhib o te mf isola d co  from Kaempf ga and 

 aci -glucosidase 

hree isolated compounds from Kaempferia galanga were tested against α-

glucosidase with the trans-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 α-glucosidase in dose-dependent manner. The results showed that the 

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

than that of 1-deoxynojirimycin, which was used as the positive inhibitor. While trans-
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O

OX4

X

X2

X

Table 4.31 IC  values of trans-cinnamic acid and its derivatives for inhibition of α-
glucosidase 

 

 

 
3 1

ve. 

50

Compounds X1 X2 X3 X4 IC50 (mM) 

cinnamic acid, its ethyl ester and the 2-hydroxy-trans-cinnamic acid were found to be 

inacti

12 
13 

H 
H 

H 
H 

H 
OC

C

14 

16 

19 

22 

24 

27 

H 

OH 

OCH3

H 

H 

H 

H 

H 

H 

H 

H3

OCH3

H 

H 

OCH2Ph 

OC6H13

C2H5

H 

H 

H 

H 
H 
H 

0.05 ± 0.03 
0.04 ± 0.01 

>5 

4.34  0.78 

>5 
>5 
>5 

±

15 

17 
18 

20 
21 

23 

H 

H 
H 

H 
H 

H 

H 

OH 
H 

OCH

25 
26 

28 
1-deoxynojirimycin 

H 
H 
H 
H 

H 
H 
H 
H 
 

NO

3

H 

H 

H 

H 
OH 

H 
OPh 

OC4H9

2

F 
Cl 
Br 

H 
H 
H 
H 
 

>5 
0.27 ± 0.06 
0.39 ± 0.14 

>5 
5.60  0.42 

2H5

H 

H 
H 

H 
H 

>5 

1.27 ± 0.51 
0.20 ± 0.06 

±

0.58 ± 0.15 
0.44 ± 0.37 

>5 
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4-methoxy-trans-cinnamic acid (14) was the most active compound among 

tested compounds, while 2-, 3-dimethoxy-trans-cinnamic acid (19 and 20) were less 

potent. These results suggested that the presence of hydroxy or methoxy group at        

 trans α-glucosidase 

hibitory activity. When the α-glucosidase inhibitory activities of compounds 14, 15 

nd 18 were compared, it was found that the potency increased in the order of 

4>18>15. The observation revealed that replacement of the 4-hydroxy substituted in 

the t  acid by  metho residue crease -glucosidase inhibitory 

activity by 10-fold. Introduction of a methoxy group at para ion on ate 

acid ethyl ester (13), the IC50 lues wa .05 ±

to that of   4-methoxy-trans rted the previous result 

(12 and 1 at neither the d grou  the ethyl ester played any important role on 

α-glucosidase inhibition.  

Th troduction of 4 henoxy idue s-cinn ic acid sed 

the α-glu dase inhibitory tivity (I  = 0 7mM The compo  having 

larger alkoxy substituent (2 24) were found to have no effect on α

inhibition  > 5 mM). These results suggested that increasing of the bulkiness, or 

the chain gth of the a xy sub α-

glucosidase inhibitory activity.  

4-position on -cinnamic acid moiety is necessary to enhance 

in

a

1

rans-cinnamic  a xy  in d α

-posit  trans-cinnam

 va s 0  0.03 mM, which was in the same order 

-cinnamic acid. The evidence suppo

5), th aci p r no

e in -p res to tran am  (21) decrea

cosi  ac C50 .44 ± 0.3 ). unds

2– -glucosidase 

(IC50

 len lko stituent at 4-position may decrease the 
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While the presence of NO2 group at 4-position of trans-cinnamic acid (25) 

showed no activity (IC50 >5 mM), the trans-cinnamic acid derivatives having F (26) and 

Cl (27) substituent at 4-position gave moderate activity (the IC50 values of 0.27 ± 0.06, 

0.39 ± 0.14 mM, respectively). This observation supported the notion that a decrease 

in electron diversity of trans-cinnamic acid moiety would result in the decrease of α-

glucosidase inhibitory activity. On the other hand, 4-bromo-trans-cinnamic acid (28) 

had no effect on α-glucosidase inhibiting activity.  

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

of 4-methoxy-trans-cinnamic acid ethyl ester (13) was a competitive inhibitor with Ki 

value of 0.02 ± 0.01mM. In contrast, compound 14 was noncompetitive with Ki value of 

0.06 ± 0.01 mM. At this point, the values of Kmax obtained at 0 and 48.1 µM for 

compound 13, and Ki value was calculated using the values of Vmax obtained at 0 and 

55.6 µM for compound 14, respectively. To date, the microbial α-glucosidase is 

known 

low inhibitory activity on microbial α-glucosidase, 

suggesting that ongoing experiments should be focused on the inhibitory activity of 

to be structurally different to those of mammalial origins. The microbial α-

glucosidase inhibitors are not necessarily the mammalial α-glucosidase inhibitors. For 

example, (+)-catechin, a natural inhibitor of yeast α-glucosidase does not show any 

inhibitory activity on mammalial α-glucosidase. On the other hand, acarbose and 

voglibose show very high inhibitory activity on porcine small intestine α-glucosidase, 

but both of them show very 
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these c

 

 

 

ompounds against mammalian intestinal α-glucosidases. Nevertheless, the 

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

interesting structural activity relationship of this group of inhibitors. 
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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 vira s 

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 ma plementary 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 usin 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.  

l proteases. For all of the studied enzyme

y be useful as com

g 
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(1’S)-1’-Acetoxychavicol y-cinnamaldehye (10) and 3,4-

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

cinnamaldehye (10) had significant inhibitory activ

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

class of 

isolated from Kaempferia galanga showed the highest activity against -glucosidase 

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

 

 

 

 

 

 

 

 

 

 

 

 acetate (9), p-hydrox

 Alpinia galanga

ity of HIV-1 protease and HCMV 

p

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

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

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

α



                                                                                                          
119                               

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. 

or the further studies on α-glucosidase inhibitory effects of trans-cinnamic 

acid derivatives, α-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. 

 

 

 

 

F
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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 µg/ml, values are means ± S.D., n = 3 

% HIV-1 RT inhibition 
Methanol extracts Aqueous extracts Name  

   
Used part 

20 µg/ml 200 µg/ml 20 µg/ml 200 µg/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 15.1±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   25.2±2.1 7.7±2.3 19.9±3.5 
Boesenbergia pandurata Fresh rhizome 3.5±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 35.6±5.3 
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   28.1±2.3 29.6±2.8 69.3±5.8 
Alpinia galanga Fresh rhizome 3.9±1.5   19.5±2.4 14.8±2.9 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 µg/ml, values are means ± S.D., n = 3 

% HIV-1 protease inhibition 
Methanol extracts Aqueous extracts Name  

   
Used part 

20 µg/ml 200 µg/ml 20 µg/ml 200 µg/ml 
Curcuma aromatica Fresh rhizome 2.4 ± 0.7 43.2 ± 1.2 0.7 ± 0.1 3.9 ± 3.3 
Curcuma sp. (En leung) Dried rhizome 19.3 ± 0.3 47.7 ± 1.3 19.7 ± 2.3 40.0 ± 5.8 
Kaempferia galanga Dried rhizome 1.5 ± 0.8 4.9 ± 1.4 0.7 ± 0.7 22.1 ± 1.2 
Curcuma zedoaria Fresh rhizome 18.6 ± 2.7 97.8 ± 1.5 26.5 ± 3.4 89.8 ± 1.2 
Curcuma longa Fresh rhizome 67.8 ± 5.6 92.9 ± 0.9 35.3 ± 3.5 97.0 ± 1.9 
Kaempferia parviflora  Fresh rhizome 37.1 ± 0.4 81.5 ± 0.8 15.2 ± 0.6 48.3 ± 7.8 
Boesenbergia pandurata Fresh rhizome 22.1 ± 2.1 64.6 ± 2.0 35.7 ± 1.7 57.9 ± 2.0 
Curcuma sp. (Kamin Dum) Fresh rhizome 6.6 ± 3.3 14.5 ± 3.2 0.4 ± 0.1 6.1 ± 2.9 
Zingiber zerumbet Fresh rhizome 9.9 ± 2.8 17.8 ± 1.4 5.0 ± 0.6 8.5 ± 0.5 
Zingiber officinale Fresh rhizome 14.8 ± 2.7 46.0 ± 8.6 17.6 ± 0.6 26.8 ± 0.7 
Alpinia galanga Fresh rhizome 97.5 ± 0.4 98.2 ± 1.0 16.5 ± 0.1 37.9 ± 1.0 
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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 µg/ml, values are means ± S.D., n = 3 

% HCV protease inhibition 
Methanol extracts Aqueous extracts Name  

   
Used part 

20 µg/ml 200 µg/ml 20 µg/ml 200 µg/ml 
Curcuma aromatica Fresh rhizome 3.5 ± 2.7 44.1 ± 6.1 68.0 ± 1.8 80.9 ± 0.5 
Curcuma sp. (En leung) Dried rhizome 53.1 ± 3.8 83.4 ± 1.9 38.2 ± 1.7 78.3 ± 1.4 
Kaempferia galanga Dried rhizome 3.5 ± 2.7 20.9 ± 6.4 8.3 ± 0.1 29.4 ± 3.9 
Curcuma zedoaria Fresh rhizome 68.9 ± 2.4 84.7 ± 6.2 50.6 ± 9.9 81.3 ± 1.3 
Curcuma longa Fresh rhizome 44.6 ± 6.1 84.9 ± 2.8 65.1 ± 5.8 84.5 ± 5.9 
Kaempferia parviflora  Fresh rhizome 17.7 ± 2.8 71.9 ± 2.3 56.7 ± 2.3 87.2 ± 2.6 
Boesenbergia pandurata Fresh rhizome 33.9 ± 3.5 82.0 ± 1.2 54.0 ± 0.9 84.8 ± 2.1 
Curcuma sp. (Kamin Dum) Fresh rhizome 3.6 ± 0.6 45.8 ± 3.3 26.2 ± 1.6 95.6 ± 1.0 
Zingiber zerumbet Fresh rhizome 47.2 ± 3.5 85.4 ± 5.5 7.9 ± 4.4 71.8 ± 5.5 
Zingiber officinale Fresh rhizome 53.6 ± 0.8 96.0 ± 1.4 43.0 ± 9.7 93.1 ± 2.2 
Alpinia galanga Fresh rhizome 58.7 ± 1.8 82.8 ± 0.9 12.3 ± 0.8 75.7 ± 5.2 
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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 µg/ml, values are means ± S.D., n = 3 

% HCMV protease inhibition 
Methanol extracts Aqueous extracts Name  

   
Used part 

20 µg/ml 200 µg/ml 20 µg/ml 200 µg/ml 
Curcuma aromatica Fresh rhizome 30.0 ± 6.4 77.7 ± 1.3 5.5 ± 4.3 51.0 ± 0.9 
Curcuma sp. (En leung) Dried rhizome 44.5 ± 0.5 94.7 ± 4.4 4.3 ± 0.9 2.1 ± 0.4 
Kaempferia galanga Dried rhizome 22.3 ± 0.8 45.6 ± 1.7 6.7 ± 1.7 22.9 ± 0.4 
Curcuma zedoaria Fresh rhizome 32.1 ± 1.6 94.8 ± 2.8 13.1 ± 4.7 57.5 ± 0.2 
Curcuma longa Fresh rhizome 68.6 ± 1.2 97.3 ± 2.4 1.8 ± 0.9 54.1 ± 3.2 
Kaempferia parviflora  Fresh rhizome 29.6 ± 4.0 74.7 ± 3.5 11.3 ± 6.5 33.8 ± 7.3 
Boesenbergia pandurata Fresh rhizome 47.9 ± 3.6 96.2 ± 0.6 13.1 ± 3.0 19.2 ± 3.9 
Curcuma sp. (Kamin Dum) Fresh rhizome 5.2 ± 1.7 65.5 ± 5.6 6.1 ± 4.3 12.5 ± 1.3 
Zingiber zerumbet Fresh rhizome 20.5 ± 2.4 39.0 ± 0.3 0.9 ± 0.4 5.5 ± 4.3 
Zingiber officinale Fresh rhizome 4.0 ± 1.5 57.2 ± 5.8 5.8 ± 0.4  11.9 ± 8.2  
Alpinia galanga Fresh rhizome 77.1 ± 0.3 96.6 ± 0.3 5.2 ± 3.0 10.7 ± 3.9 
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Figure A1 The IR spectrum of compound 1  
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Figure A2 The 1H-NMR spectrum of compound 1 
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Figure A3 The 13C-NMR spectrum of compound 1 
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Figure A4 The  mass spectrum of compound 1 
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Figure A5 The IR spectrum of compound 2  
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Figure A6 The 1H-NMR spectrum of compound 2 
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Figure A7 The 13C-NMR spectrum of compound 2 
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Figure A8 The mass spectrum of compound 2 
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Figure A9 The IR spectrum of compound 3  
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Figure A10 The 1H-NMR spectrum of compound 3 
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Figure A11 The 13C-NMR spectrum of compound 3 

 



 

152

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A12 The  mass spectrum of compound 3 
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Figure A13 The IR spectrum of compound 4  
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Figure A14 The 1H-NMR spectrum of compound 4 
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Figure A15 The 13C-NMR spectrum of compound 4 
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Figure A16 The mass spectrum of compound 4 
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Figure A17 The IR spectrum of compound 5  
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Figure A18 The 1H-NMR spectrum of compound 5 
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Figure A19 The 13C-NMR spectrum of compound 5 
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Figure A20 The  mass spectrum of compound 5 
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Figure A21 The IR spectrum of compound 6  
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Figure A22 The 1H-NMR spectrum of compound 6 
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Figure A23 The 13C-NMR spectrum of compound 6 
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Figure A24 The mass spectrum of compound 6 
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Figure A25 The IR spectrum of compound 7  



 

166

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A26 The 1H-NMR spectrum of compound 7 
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Figure A27 The 13C-NMR spectrum of compound 7 
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Figure A28 The mass spectrum of compound 7 
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Figure A29 The IR spectrum of compound 8  
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Figure A30 The 1H-NMR spectrum of compound 8 
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Figure A31 The 13C-NMR spectrum of compound 8 
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Figure A32 The mass spectrum of compound 8 
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Figure A33 The IR spectrum of compound 9  
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Figure A34 The 1H-NMR spectrum of compound 9 
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Figure A35 The 13C-NMR spectrum of compound 9 
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Figure A36 The mass spectrum of compound 9 
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Figure A37 The IR spectrum of compound 10  
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Figure A38 The 1H-NMR spectrum of compound 10 
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Figure A39 The 13C-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 1H-NMR spectrum of compound 11 
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Figure A43 The 13C-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 1H-NMR spectrum of compound 12 
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Figure A47 The 13C-NMR spectrum of compound 12 
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Figure A48 The mass spectrum of compound 12 
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Figure A49 The IR spectrum of compound 13  
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Figure A50 The 1H-NMR spectrum of compound 13 
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Figure A51 The 13C-NMR spectrum of compound 13 
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Figure A52 The mass spectrum of compound 13 
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Figure A53 The IR spectrum of compound 14  
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Figure A54 The 1H-NMR spectrum of compound 14 
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Figure A55 The 13C-NMR spectrum of compound 14 
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Figure A56 The mass spectrum of compound 14 
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