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การส ืกษาน ี้ม ีว ัตถ ุประสงค ์เพ ื่อทดสอบความเป ็นพ ิษของส ิงสก ัดด ้วยต ัวทำละลายชน ิดต ่างๆจากก ิ่งและใบ 
ของ Micromelum hirsutum ต่อ เชลล ์รามอลซ ึ่งเป ็น เซลล ์ล ืมโฟมาของมน ุษย ์ ม ีการนำส ิงสก ัดจากไดคลอโรม ีเทน เฮ 
กเชน และเมธานอล จากกิ่งและใบของ M  hirsutum มาทำการทดสอบเบ ื้องต ้นถ ึงความเป ็นพ ิษต ่อ เชลล ์รามอส พบว่า 
ส ิงสก ัดใดคลอโรม ีเทนและเอกเชนจากก ิ่งและใบของพ ืชม ีความเป ็นพ ิษต ่อรามอสเชลล ์มากกว ่าเชลล ์เม ็ดเล ือดขาวจาก 
คนปกติ นำสิงสกัดไดคลอโรมีเทนและเอกเซนจากกิ่งและใบของ M. hirsutum มาด ีกษาต ่อไปเก ี่ยวก ับการช ักนำให ้เซลล ์ 
รามอสตายแบบเอพอพโตซิส พบว่า ส ิงสกัดไดคลอโรมีเทนและเอกเซนจากกิ่งของ M. hirsutum ทำให ้เซลล ์รามอสตาย 
ในลักษณะเอพอพโตซิลเป ็นส ่วนใหญ่เม ื่อได ้ร ับส ิงสกัดนาน 12 ชัวโมง และการตายแบบเอพอพโตชิสฃ ึ้นก ับความเข ้มข ้น 
ของสิงสกัดที่ใข้ ส ่วนสิงสกัดใดคลอโรมีเทนและเฮกเชนจากใบของ M. hirsutum ทำให ้เซลล ์รามอสตายในล ักษณ ะเอ 
พอพโตชิสเป ็นส่วนใหญ่เม ื่อได้ร ับส ิงสกัดนาน 12 ชัวโมงโดยไม่ข ึ้นกับความเข้มข้นของสารที่ใช้ นำสิงสกัดไดคลอโรมีเทน 
และเอกเซนจากก ิ่งของ M. hirsutum มาด ีกษากลไกการออกถุทธ ี้ต ่อเชลล์รามอส พบว่า ส ิงสกัดท ั้งสองชน ิดทำให ้เซลล์ 
รามอสเก ิด เอพอพโตชิสโดยการกระตุ้นเอนไซม์คาสเปสเป็นหลัก สาร Z-VAD-FMK ท ี่ย ับย ั้งเอนไซม์คาสเปสได ้หลายต ัว 
สามารถยับย ั้งการออกฤทธี้ของส ิงสก ัดท ั้งสองได ้เก ือบสมบ ูรณ ์ ม ีโอกาสเป ็นไปได้ว ่าส ิงสกัดท ั้งสองทำให ้เชลล์รามอสเกิด 
เอพอพโตชิลผ่านทาง intrinsic p a thw ay  เน ื่องจากการใช ้แอนติบอดีต ่อ F as ligand เพ ื่อย ับย ั้งการจ ับก ันของ F as-F as  
ligand  ท ี่เป ็นการกระตุ้นแบบ extrinsic p a th w ay  ในเซลล์ล ืมโฟไชติไม ่ม ีผลต่อการออกถุทธของลี่งสกัดทั้งสอง แต ่พบว่า 
ส ิงสกัดทั้งสองมีผลต่อการแสดงออกในระดับ mRNA ของโปรตีนกลุ่ม BCL-2 ซ ึ่งควบคุมการเก ิดเอพอพโตซ ิสผ ่านทาง 
intrinsic p a th w ay  ส ิงสกัดไดคลอโรมีเทนยับยั้งการแสดงออกของ BCL-2, BCL-XL และเพ ิ่มการแสดงออกของ Bax 
อ ย ่างม ีน ัยส ำค ัญ ท างส ถ ิต ิ ขณะท ี่ส ิงสก ัดเฮกเซนม ีผลคล ้ายคล ึงก ับส ิงสก ัดไดคลอโรม ีเทนแต ่ไม ่ม ีความแตกต ่างอย ่างม ี 
น ัยสำค ัญ ทางส ถ ิต ิ การด ีกษาน ี้ได ้ด ีกษาผลของส ิงสก ัดท ั้งสองต ่อล ักษณะของว ัฎจ ักรเชลล ์ของเชลล์รามอส พบว่า สิง 
สก ัดเฮกเชนไม ่ม ีผลเปล ี่ยนแปลงล ักษณ ะของว ัฎจ ักรเซลล ์ ส ่วนสิงสกัดไดคลอโรมีเทนมีถ ุทธเปลี่ยนแปลงลักษณะของวัฎ 
จักรเชลล์ของเซลล์รามอส โดยทำให ้เชลล์สะสมอยู่ในระยะ ร  และ G2/M จากการด ีกษาผลในระด ับโมเลก ุลของส ิงสก ัด 
ไดคลอโรมีเทนต่อการแสดงออกของโปรตีนท ี่เก ี่ยวข ้องก ับการควบคุมว ัฎจ ักรเชลล์ พบว่า ส ิงสกัดลดการแสดงออกระดับ 
mRNA ของ cyclin D1 ลงได้มาก และลดการแสดงออกของ cyclin E ได ้เล ็กน ้อย แต ่พบว่าส ิงสก ัดน ี้ม ีผลลดการ 
แสดงออกของ p 5 3  และ p21 ท ี่ย ับย ั้งว ัฎจ ักรเซลล ์เช ่นก ัน ผลจากการด ีกษาครั้งน ี้สร ุปได ้ว ่า ส ิงสกัดเอกเชนและไดคลอโร 
ม ีเทนจากก ิ่งของ M  hirsutum ม ีสารสำค ัญ ท ี่ม ีถ ุทธทำลายเชลล์มะเร ็งให ้ตายแบบเอพอพโตช ิสเป ็นหล ัก
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This study aim ed to evaluate cytotoxic activity of Micromelum hirsutum solvent ex tracts on hum an B- 
lym phom a cells, R am os cells. The dichlorom ethane, hexane, and m ethanol ex tracts from b ran ch es  (BD, BH, and 
BM) and  leaves (LD, LH, and  LM) of M. hirsutum w ere primarily sc reen ed  for their cytotoxicities ag ainst Ramos 
cells. The d ichlorom ethane and  the hexane extracts from both b ran ch es  (BD and  BH) and  leaves (LD and LH) of 
the plant dem o n stra ted  cytotoxic effects on Ramos cells higher than on normal hum an peripheral blood 
m ononuclear cells (PBMCs). T hese ex tract w ere further evaluated for their apoptotic induction activities on Ramos 
cells. BD and  BH induced  Ramos cell death  mainly by apoptosis เท a concen tration  d e p e n d e n t m anner after 12 h 
exposure. LD and  LH also indu ced  Ram os cell death  mainly by ap op tosis  after 12 h exposure, but their effects 
w ere concen tration  indepen dent. BD and BH were further studied  for their m echan ism s of cytotoxic actions. They 
induced  Ram os cell ap op tosis  mainly by c a sp a se  activation. A pan c a s p a s e  inhibitor, Z-VAD-FMK, alm ost 
com pletely blocked the effects of BD and BH. It is possib le that th e se  ex tracts induce ap o p to sis  via the intrinsic 
pathway. Anti-Fas ligand antibody which blocks Fas-Fas ligand interaction of the extrinsic pathw ay in 
lym phocytes did not inhibit their apoptotic effects. BD and BH had effects on the expression  of Bcl-2 family 
proteins which involve เท the intrinsic pathw ay of apoptosis. BD significantly inhibited the mRNA expression of 
anti-apoptotic Bcl-2 family proteins, Bcl-2 and Bcl-xl and  significantly in c reased  the mRNA expression of pro- 
apoptotic protein, BAX. BH also had similar effects on the mRNA expression  of th e se  Bcl-2 family proteins but its 
effect w as statistically nonsignificant. The effects of BD and BH on the cell cycle of Ram os cells were also 
investigated. BH induced  cell dea th  without changing  the cell cycle pattern of R am os cell. BD ch an g e d  the cell 
cycle pattern of the c a n c e r  cells. It c a u se d  the cells accum ulation in the ร  and  G2-M p h a se s . The molecular 
effects of BD on several proteins involve in the cell cycle p rogression w ere also  ev aluated . BD profoundly 
inhibited the mRNA ex pression of the cyclin D1, slightly inhibited the cyclin E. Both cyclins play positive role in the 
cell cycle progression . However, BD also inhibited the mRNA ex pression of p53 and p21 which negatively 
regulated  the cell cycle. T hese results dem onstrate  that d ichlorom ethane and  hexane  ex tracts from b ran ch es of 
M. hirsutum (BD and  BH) contain active com pounds which potentially induce c a n c e r  cell death  mainly by 
apoptosis.

Field of Study : Medical Science.....................

Academic Year ะ..20.0.9.



VI

ACKNOWLEDGEMENTS

I wish to express my sincere gratitude to my advisor, Asst. Prof. Dr. Wacharee 
Limpanasithikul, whose encouraging guidance and open-mindedness to discuss 
anything at anytime during the long working process. This enable me to accomplish the 
thesis, I am grateful for her help, valuable suggestion and all of her dedications, all of 
which also provide the good direction for my future.

I would like to express my appreciation and grateful thanks to my co-advisor 
Prof. Dr. Tada Sueblinvong, Department of Biochemistry, Faculty of Medicine for her 
valuable suggestion and kindness. Assoc. Prof. Dr. Nijsiri Ruangrungsi, Department of 
Pharmacognosy, Faculty of Pharmaceutical Sciences, for his support and kindly 
providing many herb extracts in this study.

I would also express my sincere appreciation to the committee of this thesis 
examination; Assoc. Prof. Vilai Chentanez, Assoc. Prof. Dr. Poonlarp Cheepsunthorn, 
Department of Anatomy, Faculty of Medicine and Asst. Prof. Pathama Leewanich, 
Department of Pharmacology, Faculty of Medicine, Srinakharinwirot University for their 
constructive comments and suggestions.

I would like to thank the National Blood Bank, Thai Red Cross Society for 
providing samples of whole blood from healthy donors for this study.

I would like to give my special thanks to Mr. Chatikorn Bunkrai and Mr. Chaisak 
Chansriniyom for their help, guiding and data support.

I would like to give my special thanks to the staff members of Immunology Unit, 
Department of Microbiology, Faculty of Medicine for assisting of FACs analysis 
technique. I wish to thank all staff members of the Department of Pharmacology, Faculty 
of Medicine and also to all of my friends for their assistance and encouragement.

This project was partly supported by the 90th Anniversary of Chulalongkorn 
University fund (Ratchadaphiseksomphot Endowment Fund), Graduate School, 
Chulalongkorn University.

Above all, I would like to eternally thanks to my parents and my big family for
their encouragement, love, understanding and continued support during the long course
of my education.



CONTENTS

Abstract (Tha i)............................................................................................................................  IV
Abstract (English)........................................................................................................................ V

Acknowledgements.....................................................................................................................  vi
Contents.......................................................................................................................................  vii
List of Tables................................................................................................................................  X
List of Figures............................................................................................................................... xi
List of Abbreviations...................................................................................................................  xiii

Chapter
1 Introduction.............................................................................................................................  1

Background and Rationale.........................................................................  1
Objective....................................................................................................... 3
Hypothesis....................................................................................................  3
Expected benefits and applications..........................................................  3
Keywords......................................................................................................  3

2 Literatures Reviews.........................................................................................................  4
Programmed cell death by apoptosis....................................................... 5
Caspases....................................................................................................... 7
Caspase signaling in apoptosis.................................................................  10
Caspase activation pathways....................................................................  12
The extrinsic pathway of apoptosis........................................................... 13
Signaling by Fas/FasL.................................................................................  13
The mitochondrial/intrinsic pathway of apoptosis...................................  15
The proteins in the Bcl-2 family..................................................................  17
The granzyme B-mediated pathway of apoptosis...................................  19
The cell cycle................................................................................................  21
Key element of the cell cycle regulation................................................... 21

Page



Cell cycle progression...............................................................................  27
Micromelum hirsutum..................................................................................  29
Chemical constituents from plants เท

the genus Micromelum and their pharmacological properties......... 29
Coumarins....................................................................................................  30
Flavonoids (polyphenolic compound)....................................................... 31
Quinolone alkaloid.......................................................................................  31
Cabazole alkaloids.......................................................................................  32

3 Materials and Methods.......................................................................................................... 33
1. Materials................................................................................................................  33

1.1 Extracts of Micromelum hirsutum....................................................... 33
1.2 Cells.......................................................................................................  34
1.3 Equipments and Instruments..............................................................  34
1.4 Reagents................................................................................................ 35

2. Methods.............................................................................................................. 36
2.1 Preparation of the stock solutions of M. hirsutum extracts............  36
2.2 Preparation of human peripheral blood-

mononuclear cells (PBMCs)...............................................................  36
2.3 Determination of cytotoxicity activity

of the M. hirsutum extracts.................................................................. 37
2.3.1 Preliminary determination

of cytotoxicity activities of the extracts................................... 37
2.3.2 Determination of cytotoxic activities at IC50’s

of the extracts...........................................................................  37
2.4 Determination of apoptotic induction................................................  38
2.5 Determination of apoptotic induction mechanism..........................  39

2.5.1 Determination of the effect of the solvent extracts
through caspase activation...................................................... 39

viii

Chapter Page



2.5.2 Determination of effect of the solvent extracts
through Fas-Fas ligand interaction............................................ 39

2.5.3 Determination of the expression of proteins involving
in mitochondrial dependent pathway........................................  39

2.6 Determination of the effect of the solvent extracts
on Ramos cell cycle...............................................................................  42

2.7. Determination of the effect of solvent extracts 
on the ทาRNA expression of regulatory proteins
in the cell cycle........................................................................................ 43

2.8 Statistical analysis.................................................................................. 44
4 Results.......................................................................................................................................  45
5 Discussions and Conclusion..................................................................................................  67
References...................................................................................................................................  73
Appendices.................................................................................................................................. 84

Appendix A ...........................................................................................................  85
Appendix B...........................................................................................................  88
Appendix c ...........................................................................................................  90

Biography..................................................................................................................................... 111

ix

Chapter Page



X

Table Page
1. Primers for RT-PCR and their annealing temperatures....................................  42
2. Primers for RT-PCR and their annealing temperatures...................................  44
3. The effect of the dichloromethane extract from branches

of M. hirsutum (BD) on Ramos cells death.........................................................  52
4. The effect of the hexane extract from branches

of M. hirsutum (BH) on Ramos cells death.........................................................  5 3

5. The effect of the dichloromethane extract from leaves
of M. hirsutum (LD) on Ramos cells death.......................................................... 54

6. The effect of the hexane extract from leaves
of M. hirsutum (LH) on Ramos cells death.......................................................... 5 5

LIST OF TABLES



xi

Page
6

8

9

11

1 2

15
17
19
2 0

2 1

2 2

23
24
26
30
31
32

46

47

48

LIST OF FIGURES

Characteristics of cell death by apoptosis.................................................
A schematic representation of structural features

of mammalian caspases...........................................................................
Three major groups of mammalian caspases..........................................
Effector caspases function in demolition of

several cellular structures and organelles.............................................
Caspase activation pathways......................................................................
The Fas-FasL signaling pathway of apoptosis.........................................
The intrinsic pathway of apoptosis.............................................................
The Bcl-2 family of proteins.........................................................................
Granzyme B-mediated apoptosis pathway...............................................
The stages of the cell cycle and checkpoints...........................................
Activity of mammalian cyclin-CDK complexes through the cell cycle ...
Concentration changes in cyclins during the cell cyc le ..........................
Processes influencing cyclin concentration..............................................
The cell cycle inhibitory proteins (C K I).....................................................
Chemical structure of coumarin..................................................................
Chemical structure of flavonoid.................................................................
Chemical structure of carbazole alkaloid...................................................
The cytotoxic effects of solvent extracts

from branches and leaves of M. hirsutum on Ramos cells...................
The cytotoxic effects of A) BD, B) BH1 C) LD and อ) LH

on Ramos cells and human PBMCs........................................................
The cytotoxic effects of A) BD, B) BH, C) LD and อ) LH 

on Ramos cells and human PBMCs........................................................



21 The comparison of cytotoxicities of A) BD, B) BH, c) LD, and อ) LH 49
on Ramos cells between 24 and 48 h of exposure................................

22 A representative pattern of Ramos cell death induced
by the extracts of M. hirsutum.................................................................. 51

23 Effect of the dichloromethane and the hexane extracts from branches
and leaves of M. hirsutum on Ramos cell death after 12 h exposure 56

24 The effect of BD on the ทาRNA expression
of p53 and BCL-2 family proteins............................................................. 59

25 The effect of BH on the กาRNA expression
of p53 and BCL-2 family proteins............................................................ 60

26 The involvement of Fas-FasL interaction
on M. hirsutum extracts induced Ramos cells apoptosis....................  61

27 The involvement of caspase activation
on M. hirsutum extracts induced Ramos cells apoptosis.................... 62

28 Representative cell cycle patterns of Ramos ceils treated with BD......  64
29 Representative cell cycle patterns of Ramos cells treated with BH......  65
30 A representative of the ทาRNA expression

of p211 p53 and cyclins in BD-treated Ramos cells............................... 66

xii

Figure Page



LIST OF ABBREVIATIONS

AIF apoptosis-inducing factor
Apaf-1 apoptosis protease-activating factor 1
APC anaphase promoting complex
ATCC American Type Cell Culture
ATP adenosine triphosphate
BAD BCL-2 antagonist of cell death
BAK BCL-2-antagonist/killer-1
BAX BCL-2 associated X protein
BCL-2 B-cell CLL/Lymphoma 2
BCL-XL BCL-2 related gene, long isoform
BH BCL-2 homology domain
BH3 BCL-2 homology 3 domain
BID BH3 interacting domain death agonist
BIK BCL-2-interacting killer
BIM BCL-2-like-11
BIR baculovirus IAP repeat
BMF BCL-2 modifying factor
CAD caspase-activated DNase
CARD caspase recruitment domains
Cdc cell-division-cycle gene
CDK cyclin-dependent kinases
Cip/Kip CDK inhibitory Protein/Kinase Inhibitor protein
CKI CDK inhibitors

CNJ

8 carbon dioxide
CR complement receptor
CRD cysteine-rich domain
CTL cytotoxic T lymphocytes
DAMP danger-associated molecular pattern
DD death domain



DED death effector domain
DEPC diethyl pyrocarbonate
DISC death inducing signaling complex
DNA deoxyribonucleic acid
DRs death receptors
elF eukaryotic initiation factor
EndoG endonuclease G
ER endoplasmic reticulum
FADD Fas associated death domain
FasL Fas ligand
FBS fetal bovine serum
FLIP FLICE-inhibitory protein
FLIPL FLICE-inhibitory protein long form
FLIPS FLICE-inhibitory protein short form
h hour
HCI hydrochloric acid
HMGB1 high mobility group protein B1
Htra2 high temperature requirement A2
lAPs inhibitors of apoptosis protein
I CAD inhibitor of caspase-activated DNase
INK4 inhibitors of CDK4
mg milligram(s)
ml กาilliliter(s)
M molar (mole per liter)
MAPK mitogen-activated protein kinase
MCL-1 Myeloid cell leukemia 1
MFG-E8 milk fat globule-EGF factor-8 protein
MMP mitochondrial membrane permeabilization
MPF mitosis promoting factor
MPT mitochondrial permeability transition
ng nanogram(s)
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NaCI sodium chloride
NAIP neuronal apoptosis inhibitory protein
NF-KB nuclear factor KB
NK Natural killer cells
NO nitric oxide
OX-LDL oxidized low-density lipoprotein
PBS phosphate buffer saline solution
PBMCs peripheral blood mononuclear cells
PCNA proliferating cell nuclear antigen
PS phosphatidylserine
PUMA p53-upregulated modulator of apoptosis
pH the negative logarithm of hydrogen ion concentration
Rb retinoblastoma protein
rpm revolution per minute
SCF Skp11 cullin, F-box protein
S.E. standard error
Smac second mitochondria-derived activator of caspases
SR-A scavenger receptor A
TGF-P transforming growth factor p
TM transmembrane domain
TNFR tumor necrosis factor receptor
TRAIL TNF-related apoptosis-inducing ligand
XIAP X-linked mammalian inhibitor of apoptosis protein
°c degree Celsius
M9 microgram(s)
A lp  ทา mitochondrial membrane potential
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