
viii 
 

 TABLE OF CONTENT 

 

Page 

ACKNOWLEDGEMENT        iii 

ENGLISH ABSTRACT        iv 

THAI ABSTRACT         vi 

LIST OF TABLES         xii 

LIST OF FIGURES         xiii 

ABBREVIATIONS         xv 

CHAPTER I INTRODUCTION 

1.1       Statement of the problem       1 

1.2 Literature reviews        2 

1.2.1  Influenza type A H1N1 pandemic      2 

1.2.2 Biology of influenza virus      4 

1.2.3    The mechanism of influenza type A virus    6 

1.2.4 Drugs used in treatment of influenza virus    11 

1.2.5 Phytochemicals        14 

1.2.6 Xanthone        15 

1.2.7 Sesamin        17 

1.2.8 Andrographis paniculata      20 

1.2.9 Moringa oleifera       23 

1.2.10 Houttuynia cordata       26 

1.2.11 Hericium erinaceus       27 



ix 
 

1.2.12 p-hydroxycinnamaldehyde from Alpinia galanga extract  29 

1.2.13 Objective        31 

 

CHAPTER II MATERIALS AND METHODS 

2.1 Materials 

 2.1.1 Reagents used in this study and their sources    32 

2.1.2 Xanthone        34 

2.1.3 Sesamin        35 

2.1.4 Andrographis paniculata      37 

2.1.5 Moringa oleifera       38 

2.1.6   Houttuynia cordata       39 

2.1.7   Hericium erinaceus       40 

2.1.8   p-hydroxycinnamaldehyde from Alpinia galanga extract  41 

2.2  Method  

 2.2.1 PBMC isolation and culture      43

 2.2.2 Phytochemicals preparation      43 

 2.2.3  Influenza type A H1N1 induced PBMC treatment   44 

2.3  Analytical methods 

2.3.1 Cell viability by alamarBlue® assay     45 

2.3.2 A double sandwich based Enzyme-linked     46 

           immunosorbent assay for cytokine markers 

 2.3.3 Reverse transcriptase-polymerase chain reaction               47 

 2.3.4 Real-time quantitative polymerase chain reaction    47 



x 
 

 2.3.5 Statical method       48 

 

CHAPTER III RESULTS 

3.1 Characterization of phytochemicals  

 3.1.1  Characterization of xanthone                 49

 3.1.2  Characterization of sesamin                 50

 3.1.2  Characterization of Andrographis paniculata              51

 3.1.2  Characterization of Moringa oleifera                52 

 3.1.2  Characterization of Houttuynia cordata               54 

 3.1.2  Characterization of Hericium erinaceus               56 

 3.1.2  Characterization of acetone extract of Alpinia galanga             57 

3.2 Screening phase of the effects of phytochemicals on cytokine   

markers release from influenza type A H1N1 induced PBMC 

3.2.1 Study on the cytotoxicity of phytochemicals    58 

3.2.2 Study on activity of cytokine markers by ELISA   60 

3.3      Confirming phase of the effects of phytochemicals on cytokine   

markers release from influenza type A H1N1 induced PBMC 

3.2.1 Study on activity of cytokine markers by ELISA   63 

3.2.2 Study on cytokines marker gene expression by real-time qPCR 65

    

CHAPTER IV DISCUSSIONS        68 

CONCLUSIONS                     72 

REFERENCES                     73 



xi 
 

APPENDIX            82 

CURRICULUM VITAE          87

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

LIST OF TABLES 

 

Table                                Page 

1 Primers used for real-time qPCR      84 

2  Effective dose at IC50 of xanthone, sesamin and     85 

Andrographis paniculata extract on IL-1β, TNF-α and IL-2 mRNA level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

LIST OF FIGURES 

 

Figure                       Page 

1 The influenza type A H1N1 cases in 2009 pandemic    3 

2 The structure of influenza viruses      5  

3 The transcription and replication of influenza type A   7 

4 The mechanism of cytokine storm evoked by influenza virus  10 

5 The mechanism of antiviral drugs to inhibit influenza virus   13 

6 Mangosteen, Garcinia mangostana L.     16 

7 The chemical strucuture of xanthones     16 

8 Sesamum indicum L. and sesamine seeds     18 

9 The chemical strucuture of sesamin      18 

10 Andrographis paniculata Wall ex. Nees     21 

11 The chemical strucuture of andrographolide,which    21 

mainly major active compound found in Andrographis paniculata   

12 Moringa oleifera Lam leaves       23 

13 The structures of phytochemicals from Moringa oleifera   24 

14 Houttuynia cordata Thunb       26 

15 Hericium erinaceus (Bull. Ex Fr.) Pers (lion’s mane)   28 

16 Alpinia galanga Linn. (B.L. Burtt)      30 

17 The chemical structure of p-hydroxycinnamaldehyde   30 

1, 3-(4-hydroxy-phenyl)-propenal, the active compound of the acetone  

fraction of Alpinia galanga 



xiv 
 

18 HPLC chromatogram of extracted xanthone  and standard α-mangostin 49 

19 HPLC chromatogram of extracted sesamin and standard sesamin  50  

20 HPLC chromatogram of extracted Andrographis paniculata   51 

21 HPLC chromatogram of extracted Moringa oleifera    53 

22 HPLC chromatogram of extracted Houttuynia cordata   55 

23  HPLC chromatogram of extracted Hericium erinaceus   56 

24 HPLC chromatogram of acetone extract of Alpinia galanga   57 

25 The effects of phytochemicals on the growth of PBMC   59 

 by the alamarBlue® assay    

26 The effects of phytochemicals which is dissolved in DMSO   61 

 on screening activity of cytokine markers 

27 The effects of phytochemicals which is dissolved in     62 

 deionized water on screening activity of cytokine markers  

28 The effects of phytochemicals; xanthone, sesamin and    64 

 Andrographis paniculat compare with oseltamivir (Tamiflu®)  

 on activity of cytokine markers  

29 The effects of phytochemicals; xanthone, sesamin and    66 

 Andrographis paniculat compare with oseltamivir (Tamiflu®)  

 on cytokine markers gene expression 

30 Optimization of influenza type A H1N1 dilution    86 

 

 

 



xv 
 

ABBREVIATIONS 

 

AA       arachidonic acid 

bp       base pair 

cDNA complementary deoxyrinonucleic 

acid 

CO2      carbon dioxide 

COX      cyclooxygenase 

DGLA      dihomo-γ-linoleic acid 

DMSO      dimethyl sulfoxide 

DOCA      deoxycorticosterone acetate 

ELISA      enzyme-linked immunosorbent  

assay 

g       gram 

GAPDH glyceraldehydes-3-phosphate 

dehydrogenase 

HA       hemagglutinin 

HMG-CoA 3-hydroxy-3-methylglutaryl 

coenzyme A 

HPLC high performance liquid 

chromatography 

hr       hours 

IFN-α      interferon-alpha 



xvi 
 

IL-1β      interleukine-1 beta 

IL-2      interleukine-2 

IL-6      interleukine-6 

IL-8      interleukine-8 

JNK      Jun N-terminal kinase 

kg       kilogram 

kDa      kilodalton 

L       liter 

LDH      lactate dehydrogenase 

M       molar 

M2       matrix protein-2 

MAPK      mitogen-activated protein kinase 

MCP-1      monocyte chemotactic protein-1 

mg       milligram 

min      minute 

ml       milliliter 

mm      millimeter 

MMP-2     matrix metalloproteinase-2 

MS       mass spectrometry 

MW      molecular weight 

NA       neuraminidase 

NEP      nuclear export protein 

nm       nanometer  



xvii 
 

NMR      nuclear magnetic resonance 

O2
-        superoxide    

PA       polymerase subunit A 

PB1      polymerase subunit B1 

PB2      polymerase subunit B2 

PBMC peripheral blood mononuclear 

cell 

PBS      phosphate buffer saline 

PGE2      prostagrandin E2 

real-time qPCR    real-time quantitative polymerase  

chain reaction 

RNA      ribonucleic acid 

ROS      reactive oxygen species 

RT-PCR     reverse transcriptase-polymerase  

chain reaction 

SD       standard deviation 

s-GAG      sulfated glycosaminoglycan 

TLC      thin layer chromatography 

TNF-α      tumor necrosis factor alpha 

V       voltage 

vRNA      viral ribonucleic acid 

vRNP viral ribonucleoprotein 

%       percentage 



xviii 
 

O C       degree Celcius 

µg       microgram 

µM       micromolar 

µl       microliter    

   

 

 

 

 


