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The majority of venomous snakebites in Thailand are caused by Naja kaouthia and
Calloselasma rhodostoma. The venom of these snakes induces systemic and local toxicities,
In severe cases of envenomation, these local effects may lead to permanent tissue loss,
disability or amputation. The local pathogenesis is mainly due to the concomitant actions
of myotoxic phospholipase A2 (PLA2), hemorrhagic metalloproteinase, hyaluronidase and
membrane active toxins,

The research work is divided into 2 parts. a) epidemiology study including
prospective and retrospective studies of victims of Calloselasma rhodostoma and Naja
kaouthia bites and b) experimental models carried out to find potent inhibitors of
metalloproteinase and PLA: with the aim of using them to reduce local tissue damage and
systemic symptoms caused by the venoms.

The results of epidemiology studies showed that the incidences of tissue necrosis at
bite sites from ¢. rhodostoma and N. kaouthia were 94.50 o and 91.11 o, respectively.
Most of the cases showed mild local clinical manifestation, especially at 12 hours after
hospitalization. Almost all patients needed wound care to prevent or control infection. Only
one case required amputation; the victim was bitten by N. kaouthia and required amputation
of a thumb.

The experimental models revealed that 2 mM Na.EDTA, 20 mM N-phenylglycine
completely inhibited metalloproteinase and PLA- activities, respectively, of both venoms.
In in vivo experiments, Na2EDTA (93.05 pg/mouse) or N-phenylglycine (37.80 pg/mouse)
when preincubated with each of the venoms, has been shown to significantly decrease local
toxicity (edema and myonecrosis). An ‘Inhibitor mixture’ containing N-phenylglycine
(37.80 pg/mouse), Na2 EDTA (93.05 pg/mouse) and an inhibitor of hyaluronidase sodium
aurothiomalate (195 pg/mouse) has been shown to significantly reduce tissue necrosis when
locally injected 1,3 or 10 min after venom injection. Most metalloproteinase and PLA:
inhibitors prolonged the survival time of mice injected with lethal doses of N. kaouthia or
C. rhodostoma venom. These results indicate that the ‘Inhibitor mixture’ was effective if
injected immediately at the bite site in reducing the local and systemic toxicities of
N. kaouthia or C. rhodostoma venom.

Field of study Health Systems Development Student’s Signature..............
Academic Year 2003 Advisor’s signature. (A : Al v
Co-adyvisor’s signatur¢| 1




ACKNOWLEDGEMENTS

| would like to express my deepest gratitude and appreciation to Prof. Kavi
Ratanabanangkoon. Prof. Chit Sitthi-Amom and Prof. Henrry Wilde, for their guidance,
advice and encouragement which have enabled me to carry out all my works
successfully throughout this study. All the kindness and help | have received will be
long remembered with gratefulness and respectfulness.

My thanks and appreciation to the members of my Thesis Committee:
Prof. Cham Pochanugool, Prof. Edgar Love and Assistance Prof. Sathirakom
Pongpanich.

Special appreciation is expressed to Prof. Pensri Pootrakul, Thalassaemia
Research Centre, Institute of Science and Technology for Research and Development,
Mahidol University for her kind gift of LI drug used in experiment, and to Assoc. Prof.
Samaisukh Sophasan and Asst. Prof. Surawat Jariyawat of the Department of
Physiology, Mahidol University for their advice in the animal experiments and to
Prof. Prasert  Sobhon of the Department of Anatomy for his kind help in slide
preparation. | thank the medical doctors and nurses from 10 provincial hospitals
including Lampang, Nakom Sawan, Ratcha Buri, Nakom Ratchasima, Lop Buri,
Prachup Khiri Khun, Nakom Si Thammarat, Surat Thani, Trang, Songkhla for the data
collection.

Special thanks must be extended to Miss Srisurat Bunyasrisawat and Miss
Angkana Philasopha and all members of Lab Pr. 601, Faculty of Science, Mahidol
University for their courteous assistance and technical advice.

Finally, great appreciation is especially expressed to my parent, my brother and
sisters for their love, understanding and encouragement throughout my study.



TABLE OF CONTENTS

Page
ABSTRACT (THAID .oocovvcvvsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens v
ABSTRACT (ENGLISH).....ovvsvrsvmsismsssssssisssssssssssssssssssssssssssssssssssssssssssssses v
ACKNOWLEDGEMENT ...cococvvvvmssmmsssmssssssssssssssssssssssssssssssssssssssssssssssssnns v
TABLE OF CONTENTS .ccooovvmsssmssssssssssssssssssssssssssssssssssssssssssssssssssssssns Vil
LIST OF TABLES ..oooovrsssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssseons Xiv
LIST OF FIGURES ....cooovvvvsssssissssimsesssssssssssismssissssssssssssssssssssssssssssssssssssnes XiX
ABBREVIATION...ooooivviivnsissssissmssssstisssesssmssissssssssssssssssssssssssssssssssssssssses XXl
CHAPTER | INTRODUCTION 1
o Objectives 0fRESEAICN.....cccvvvccrivvvessssressinssessniens 5
o Expected resultsand DENEFitS.........coovvrcsrvvesssiinnns 5
CHAPTER Il LITERATURE REVIEW....cc.cocvmmsiimmmmmmmmsmssssssssssssinn 1
L GeneralBackgroUund...........ccocveuvvessmssesssnssssssisssssssmssssssssssssssssisen 7
2. Poisonous snakes of TRAIANG........vverrvvvsrmvrmsssmsmmssssssssmssssssssssssssns 8
2.1, Family EIAPIAAR........coocrrvesisresssssssessssssssssissssssnsssssssnsssesns 8
2.1.1. Genus Naja, the CoDras..........cccvveemmvvmsssissessssssssinsssesns 12
2.1.2. Genus Ophiophagus, the King CODIa........cvmmmmmmmsmsseninn 14

2.1.3. Genus Bungarus 17



viii

2.2, FaMIly VIDEIIAAL....cc.cvvesvvvesssissesssissssssssssssisssssssssssssssssssesns 19

2.2.1. Subfamily Crotalin..........cocvveeevvesssssssssissssssnsssssenss 19

2.2.2. Subfamily VIPENNAE........cccovmvvimvvrsssssmsssssesssnsssssssinns 2

2.3, Family ColuDIIUa. .....cccvvevvvrcssivresssssessissssssisssessnsssssssiines il

2.3.1. RhabAOPhis SUDMINISTUS ureressureeesssresssssssessssssmessssssesssssaneeees 22

2.4, Family Hydrophidag..........cvvemrmssnsessmssssnssssssmssssssnnssns 22

241, ENDydrina SChIStOSE..rerrmmesessmssssssssmsssssssssssssmsesssssssssssanees 22

3. Epidemiology of snakebite in Thailand.............ccocvveesivvessesinessiiinnnns 23

A, SNAKE VENOM .covvvvsvvrsssssssmssmsssssssssmsssssssssssssssssssssssssssssssssssssssssssens 25

4.1, VeNnom COMPOSIEION..oovcrcvvresiivvesssissssssnsssessissssssssssssssssssssssssenss 26

B1L TOXINS s s 21

4.1.1.1. POStSYNANLIC TOXINS..ooovvvvvssvivvvesssissmsssnssssssinssssssssssnes 28

4.1.1.2. Presynaptic NEUFOLOXINS........cuvvmsrsssmssmssessssssssssssnens 28

4.1.1.3. CardiotoXinS.....c.cvvvemssmssrssmmsssssmssssssssssssssssssssssssssseess 29

4.1.1.4. Pharmacological action of NeurtotoXins.........cc.euwnns 30

4.1.1.4.1. Systemic envenomMationS........uwvveesmmssesssnsen 30

4.1.1.4.2.  Local envenomation .............eeweeesrmsssssmssssssnssnns 30

A.1.2. ENZYMES..cccrriiirvrrrrnssssimsssssssssssssimssssssssssssssssssssssssssssssssssnsens 3

4,121, Metalloproteinase........ouuurvvmsmsvesssmssssssssssssssssssssssssens 32
4.1.2.1.1. Pharmacological actions of

MEtalloProteiNASE........cccvvvvrrsivrenssisssssssrsssssenns 36



4.1.2.1.2. PROSPNONPASE A2 ..ocoovvvesvesissssssssssssssssssssons 40

4.1.2.2.2.1. Pharmacological actions of
PhOSPNOLIPASE A2 ..o 45
5. Antivenom treatment and Problems. ... 49
5.1. Problems of antivenom treatment.........rvmsmmmsmmmmmmsmssssmssnnsn 51
D11 HYPOISENTIVILY .ooovecvvessressssessssesssssssissssssssssssssssssssnisns 51
5.1.2. Limitation of effectiveness ofantivenom ............mmmsmernn 53
5.2. Contributing Factors to the severity of tissue NECrOSIS.....uuuvveirurns 54
D.2.L. MiISAIAQNOSIS...ocvirvvsrsmsismssismssssmssssssssssssssssissssissssssssssssees b4
5.2.2. Delayed treatment. ... 54
5.2.3. Inadequate antiVeNOMS..........cc..vusmmmmmmsmmmssmsmssmsssssssssssssssssess 55
5.2.4. Tourniquets application.........vmmmmmmmmmmsmmsssssssssssnnns 55
5.3. Consequences of severity 0f tiSSUE NECTOSIS...ummmmmmmmmmrmssmsmssssssirsens 56
5.3.L. Skin graft and ampUEALION ....ccccceuvvvvsivessismsssssssissessissessinns 57
CHAPTER 1l METHODOLOGY oo 59
EDTABMIOIO0Y .evsesbi bbbt bbb bessm s bbb ssssssssssssessesenns 59
L RESEACN DBSIGN .ooovvvcvvvsssvessssessssssissssssssssssssssssssssssssssssssssssisssnines 59
2. DESIGN OVEIVIBW .oocvvvsvvssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssenn 59
3. Consideration of choice in StUdy deSIGN .vuvvvrvvmsmrmssmvmsssssissssmssssssssnins 60
A, PrOSPECLIVE STUTY coooivvvscsvssssvssssssssssssssssssisssssisssssmsssssssssssssssssssssssssssens 61
D, RErOSPECHIVE STUAY .ovvvrvvsrvvssvnssvssssssssssssssssssssssssssssssssssssssssssssssssnes 63
6. EXPEriMENtal StUY .oooovvvsvrsvssssnssssssssssssssssssssssssssssssssssssssssssssssssees 64



7. Population 65

B, SAMPIE.crrrrrr s ———————— 66
8.1, Sample Size for PrevalenCe .. 67
8.2. Sample size for RElAtIVE RISK......vvvrvvrsvvmsmsnsssmssssnssssssssssnsssssnnnn 69

N L0 1 13

10. Preparation for data COBCTION...cvvvvvvvvvsvnssssissssssssssssssssssssssssnins 14

11, Data COlBCTION QVEIVIEW .ovvvvvvvrvsssrmsssmssssssssssssssssssssssssssnsssssssssssnnns 16

12. Baseline data on possible CONFOUNDEL ... 76

L T e oS 1

14, FRASIDITY oot ssssisssssssssssssssssssssssssssssssssssnsns 18

LabOratory EXPErIMENTS....cccovsmmmivmsiiissssssmsssssssssssssssssssssssssssssssssssssssssns 79

L Chemicals and DIOCNEMICAIS......c.cwivmsrvvrrsivssmmsmsmmsssmsssmsssssssssssrssne 19

2. Assay of phospholipase Az and metalloproteinase activities............ 79
2.1 PhOSPNOIPASE AZ.....oocvciiinscisississsmssmmsssssssssssssssssssssssssssssssens 19
2.2, PrOtEASE ACTIVILY .ovvvvvvcsvvcsisssssssssssrssssssmsssssssssssssssssssssssssssssssons 79
2.3, Metalloprteinase aCtIVILY ... 80

3. Inhibition of venom phospholipase Az and
metalloproteinase by various enzyme INRIDItOrS........cccvvecvssvssssssnn 80

4, Determination of survival time of mice injected
with NK or CR venom in the presence and
absence of various enzyme INNIDITOIS......o.vvevvvssrvrssrmrssmmsssresssrssssssssnnen 8l

5. Determination of local tissue damage

induced by snake venoms 82



5.1, Determination  0f BUEMA . ... eeeeeeeeeseesessessssssssssssssssssssssssssssssssssssssssssnns 82

5.2, Determination  0f heMOITNAge. .o 83
5.3, Determination  0f MYONECIOSIS.....vvvvmmrmvmsssmrmmsmsmsssssssssmssssssssnnns 84
s.4. Determination of creatine phosphokinase activity ... 85
5.5, Histol0gical ANAIYSIS....vvurvmsremsmrmsmmsmsmmrssmssssmssssmsssssssssmssssssssnnns 86
CHAPTER IV MEASUREMENT .ccoorvrmssssmssnsssssssmssssssssssssssnssns 87
L Measurement aSSeSSMENTS.......corvvvemmmvvmmsmmevsssmesmssssmsssssssssssssssssssseees 87
2. The assessment of clinicalsnake envenomation
AN LISSUE NECTOSIS covovrvvivssintsmrssnsvssnsssssssssessssssessssssesssssssssssssessns 94
3. Sensitivity and SPECIFICIEY i 95
B, VANUILY coovvvrvversvsssssinsissssissssssssisssssssss s 96
T S 0 s 97
O €101 Tt s s 98
[ - T L ON \/eeremmemmmmmmmmmmemresse. 1/ SR 98
8. Classification level of treatment........uvmmmmmsmmmmmmmmmmmmsmmsrmsn 99
CHAPTER V DATA ANALYSIS ooovrsssssssssssssssmsssssssssssssssssssnnns 101
L Questions and design StUAY ... 101
2. Missing data and QULLIET .....vvvvvvesrvesrvnsrvsssvsssssssssssmsssssssssssssssssssrssens 103
3. DA SUMMAIY cooovvvvsrvrsssesssesssssessssssssssssssssesssssssssssssssssssssssssssssees 104
L 1 11 N (-E ] S Y 114
T 101101 L] RO 114



T (0101 I 2 Y 115
CHAPTER VI g U R I 116
Epidemiology STUAY ..oovvvvvvcsvssssssssissssssssisssssssssssssssisssssissssssssssisssnnss 116
L C. rNOUOSEOMA DILES.covvvrrvsvrrvsrsrmmsenmssmssmsssssssssssssssssssssssssnes 116
2. N, KAOUENIA DILES. oo 134
Laboratory EXPEIIMENTS....c.vvvcvmvmsmsssssmssssssssssssssssssssssssssssssssssssees 151
L N VIErO XPEIMENTS . .ooovvcvvvsvvsssssssssssssssssssssssssssssssssssssssssssssssssssssssens 151

1.1, Determination of inhibitory effects of metalloproteinase
and phsopholipase Az inhibitors on proteolytic and
metalloproteinase activities INNK and CR VENOMS......ccvcvesiivnes 151
1.2. Determination of inhibitory effects of metalloproteinase and
phospholipase A? on Phospholipase A: activity in NK and
CRVENOM cooeevssiiesmssionisissssssssssnesssssesssssssssssessssssssssssssssssssnees 156
2. INVIVO EXPEIIMENES...ooocvvivvrsivsssrsssnsssssssssssiissssssssssssssssssssssssssssssssens 161
2.1. Effects of phospholipase Az and metalloproteinase

inhibitors on edema, hemorrhage and myonecrosis

Induced by CR VENOM ..ccocvvvvcsrsssisssssssssssssssssssssssssssssssssssssnes 161
2.1.1. Pre-incubation type eXperiments........vummmmsmmmsmssssnnns 162
2.1.2. Independent inoculationeXperiments.......vmmmmmmsmssssinn 174

2.2, Effects of phospholipase Az and metalloproteinase
inhibitors on edema and myonecrosis induced by

NK venom

Xi



2.2.1. Pre-incubation type eXperimentS....mmmmmsmmmmmssmsmssssisssns 180
2.2.2.  Independent inoculationeXeperiments........uvveuvvsmssssssnsen 188
2.3. The effects of N. kaouthia and c. rhodostoma venoms
at various doses on the survivaltime of MiCe......vmvmermrsmmssensnnn 191
2.3.1. Effects of inhibitors of phospholipase Atand
metalloprtemase on the survival time of mice
injected with N. kaouthia or c. rhodostoma venom ......... 194
2.4, Pathological changes of the thigh muscle induced by

C. rNOOSIOMA VENOM oo 204

CHAPTER VII' CONCLUSION ot 209
L EPIdemilogy SEUAY .ov.cvvivvcisssssssssmesssnsssssssssssissssssssssssssssssssssssssssssns 209

11 C. rhodoStoma Dites. ... 209

1.2, N KQOUENIA DITES ..o 211

2. EXPErimentS StUAY...c.covvcivriimsmsssssssssssssssssssssssssssssssssssssssssssssess 212
CHAPTER VI DISCUSSION oo 218
REFERENCES ..o 231
APPENDICES oo 253

BIOGRAPHY 258

Xii



Table

3a
3b

10
n
12

LIST OF TABLES

Page
Classification of four snake families and SOUCES........vvuumrmsmmrmsmmrmsmmsssrsssnens 9
Classification of older names used in the literature for the
population 0f ASIALIC CONTA.....mmmmmrmrmmimrmmsrssmsssissmsmsssssssssmsssssssssssses 16
Phospholipase A2groups utilizing a catalytic NIStIdINe.......vvvvevvvssvvrssrinns 43
Phsospholipase A2 groups utilizing a catalytic SEriNe......vmrmvvmsssssssnnn 44
The classification methods for evaluating of snakebite by Russell (1983) ...88
The classification methods for evaluating of snakebite by
VaN MIBIOP (L976)cvvvvcrvvsivrssnvsssmmssssssssissssssssssssssssssssssssssssssssssssssssssssssees 89
§SS BVAIURLION ..vvvvrvvsrvvsssstiinssmssssssssssssmsssssssssssssssssssssssssssssssssssssssnns 91
Distribution of snakebite victims among the 10 provincial hospital,
PrOSPECLIVE STUAY covvvvvvssiermsivmmssssssssssssssssssssissmssisssssssssssssssssssssssssssssssssssss 118
Victims bitten by C. rhodostoma during April 2002 - June 2003,
SRASONAl PrEVAIBNCE. ..ovvvvvvrsrvrssvrmssrsssrsssssssssssssssssss s 119
Epidemiological data in the prospective and retrospective studies................ 120
The various factors related t0 SNAKEDILES....vvvvvervrsrvssmmmsmsssmsssrssssrsssnens 122
The various factors related t0 treatment.........vvvmemmmmsmmsssmssniss 123
Various factors effecting tissue necrosis ; C. rhodostoma bite

(score 0 : no tissue necrosis ; score 1-3 > having tissue NECrosis).........wum. 125



13

14

15

16

17

18

19

20

21

22

23

23b

Various factors effecting tissue necrosis; ¢. rhodostoma hite

(score 0-1 :no tissue necrosis ; score 2-3 :having tissue Necrosis)............. 126
Various factors effecting tissue necrosis ; ¢. rhodostoma bite

(score 0-2 :no tissue necrosis ; score 3 : having tissue NECroSIS)....vwvereee 127

The distribution of cobra hite victims among the 10 provincial hospitals

N PrOSPECHIVE STUTY covvvvvvvvvsrvvnssrvssmssssssssssssssssssssssssssssssssssssssssssssssssssssssees 136
The seasonal prevalence of cobra bites during April to June 2003

in prospective study and 1997-2000 in retrospective StUdY ......vsmrvmsrnens 137
The epidemiological data in the prospectiveand retrospective studies........138
Factors related to N. KQOUtNIA DIES. ... 139
Factors related to cobra Dite treatment..........ccommmmmmmmmmmmmmsmmsmsmmsssnns 140

Various factors effecting on tissue necrosis; N. kaouthia bite

(score 0 : no tissue necrosis ;score 1-3 : having tissue NECroSiS). ... 142
Various factors effecting on tissue necrosis ; N. kaouthia bite

(score 0-1 :no tissue necrosis ; score 2-3 ; having tissue NECroSis). ... 143
Various factors effecting on tissue necrosis; N. kaouthia bite

(score 0-2 : no tissue necrosis ; score 3 : having tissue NECrOSIS)...vmurvreren 144
Effects of metalloproteinase inhibitors at various concentrations

and preincubation time on the proteolytic and metalloproteinase

activities of Naja kaouthia (NK) VENOM ... 153
Effects of metalloproteinase inhibitors at various concentration

and preincubation time on the proteolytic amd metalloproteinase

activities of Calloselasma rhodostoma (CR) venom 154



243

24b

25a

250

262

260

21

28

Effects of phospholipase A2inhibitors at various concentrations

and 5 min preincubation time on the proteolytic and

metalloproteinase activities of Naja kaouthia (NK) venom ... 155
Effects of phospholipase Az inhibitors at various concentrations

and 5 min preincubation time on the proteolytic and

metalloproteinase activities of Calloselasma rhodostoma

(CR) VENOM oorvvvvvvssvvnssnssssnssssssssssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssnes 155
Effects of various phospholipase Az inhibitors at various

concentrations and preincubation time on the phospholipase A2

aCtIVItY OF NK VENOM ..oocooc i rssssssssssssssssssissssssssssssssssssssssssssens 157
Effects of various phospholipase A2inhibitors at various

concentration and preincubation time on phospholipase A2 activity

on CR venom
Effects of various metalloproteinase inhibitors at various

concentrations and preincubation time on the phospholipase A2

aCtIVILY OF NK VENOM ..coococvvvsvrssssssssssssssssssssssssssssssssssssssssssssssssssssssens 159
Effects of various metalloproteinase inhibitors at various

concentrations and preincubation time on the phospholipase A2

aCtIVIty OF CR VENOM o.ococvvvvccvrnssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 160
Effects of various metalloproteinase inhibitors on edema induced

by CR venom in a pre-incuabtion type eXperiment.......mmmmmmmmmmsmsmssrsen 164
Effects of various phsopholipase A2inhibitors on edema induced

by CR venom in a pre-incubation type eXperiment.....ovmmmmmmmmmmssnnns 166



29

30

31

32

33

34

35

36

37

38

il

Effects of metalloproteinase inhibitors, phospholipase Az inhibitors

and ‘inhibitor mixture’ on the myonecrosis induced by CR venom

IN & Pre-incubation EXPEIIMENT. ... 168
Effects of various metalloproteinase inhibitors and ‘inhibitor

mixture’ on hemorrhage induced by CR venom in a pre-incubation

LYPE EXPEIIMENT ..o s 170
Effects of various phospholipase Al inhibitors on the hemorrhage

induced by CR venom in a pre-incubation type experiment........vvmnnn 172
Effects of various enzyme inhibitors on edema induced by CR

venom in an independent inoculation eXperiment........wrmmmrmmmsmsissens 176
Effects of various enzyme inhibitors on myonecrosis induced by

CR venom in an independent inoculation eXperiment.........vmmmrmssssenn 177
Effects of various enzyme inhibitors on hemorrhage induced by

CR venom in an independent inoculation eXperiment........mmvrmninns 178

Effects of various metalloproteinase inhibitors on edema induced

by NK venom in a pre-incubation type eXperiment........ummmmmsmnnnnn 182

Effects of various phospholipase Az inhibitors on edema induced

by NK venom in a pre-incubation type eXperiment.....vmmmmmsrssns 184

Effects of metalloproteinase inhibitors, phospholipase Az inhibitors

and ‘inhibitor mixture’ on the myonecrosis induced by NK venom

N @ Pre-INCUDALION eXPEIMENT...o.vvvcsvrssvessisnsssssssssssssssssssssssssssssssssenes 186
Effects of various enzyme inhibitors on edema induced by

Naja kaouthia venom in an independent inoculation experiment............... 189



39

40

41

42

43

44

Effects of various enzyme inhibitors on myonecrosis induced by

Naja kaouthia venom in an independent inoculation experiment...........

The survival time of mice injected with various doses of

Calloselasma rhodostoma (CR) and Naja kaouthia venoms.............

Survival time of mice injected with Calloselasma rhodostoma (CR)

venom in the presence and absence of various metalloproteinase

LT AL oYL (0 T

Survival time of mice injected with Calloselasma rhodostoma (CR)

venom in the presence and absence of various PLA: inhibitors..............

Survival time of mice injected with Naja kaouthia (NK) venom in

the presence and absence of various metalloproteinase inhibitors...........

Survival time of mice injected with Naja kaouthia (NK) venom in

the presence and absence of various PLA2 INNIDItOTS......vevvvvsrvrssrirnn

il



Figure

12
13
14

LIST OF FIGURES

Page
Action mechanisms of snake venom factors affecting blood
coagulation and platelet fUNCEION......vvvvcvvmsivmsssssssssssssssssssssssssssssssssinns 35
Summary of the multiple roles played by snake venom
metalloproteinases in the pathogenesis of local tissue damage.........vun 39
Mode and mechanism of action of PLAtenzyme, dependent of on
on the enzymatic activity in the folloWing Way .....cvmmmmsmmsmssssnns 42
Model for the anticoagulant effect 0f PLA2ENZYME......ccrvvsrmssssnssssnsnn 46
Mapof Thailand showing the ten provincial 10Cations.......veerveevvsssisesns 117
The level of VCT in 6 days of hospitalization (C. rhodostoma )................ 128
Thelevel 0f CPK ( JLIII®) vt 128
The degree of snake clinical envenomation (C. rhodostoma).............wew. 129
The severity scale of envenomation evaluated by modified S $S ..ovrvvvrvnn 132
Theincidence of tissue necrosis in victims after ¢. rhodostoma
bites in prospective and retroSpective SEUIES ....uwvwmvmsmmmsmmmsmssssrsssrsssnnens 133
The CPK level in VICtims (UNItS/LIEIe)......vmmvvmmmmssssssmssssssssmssssssssson 145
The degree of snake clinical eNVENOMALION ...ccccvvvvvvcvvmsssvmsssssmssssssssrsssnens 148
The severity scale of envenomation evaluatedby modified SSS vvmervrrenen 149

Tissue necrosis after Naja kaouthia bites in prospective and

FELTOSPECEIVE  STUTIES evvvvsrvvrssrvmsssrssssrsssssssmsssssssssssssssssssssssssssssssssssssssssssrsses 150



15

16

17

18

19

20

21

22

23

24

Effects of various metalloproteinase inhibitors on edema induced

DY CR VEBNOM.ooiveriivnsssssssissssissssssssssssssssssssissssssssssssssssssssssssssssssssssssssssees 165
Effects of various phospholipase A: inhibitors on edema induced

DY CR VENOM .coovrvcvnsvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 167
The effect of EDTA, TEPA, N-phenylglycine, p-BPB, mefloquine,

quinine and ‘Inhibitor mixture’ on CPK activity induced by

CRVENOM coortvvevvsivsssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssees 169
Effects of various metalloproteinase inhibitors on hemorrhage

INAUCEd DY CR VENOM cvvocvcissssssssssisssssissssssssssssssssssssssssssssssssssssssens 171
Effects of various phospholipase A2inhibitors on hemorrhage

Induced by CR VENOM ..ot 173
Effects of various metalloproteinase inhibitors on edema induced

DY NK VENOM ot s sesisnsssssssssssssssssssssssssssssssssssssssssssssnss 183
Effects of various phospholipase Az inhibitors on edema induced

DY NK VENOM vt ssssssssssssstsssstssssssssssssisssssssssssissssises 185
The effect of EDTA, TEPA, N-phenylglycine, p-BPB, mefloquine,

quinine and ‘Inhibitor mixture’ on CPK activity induced by

Survival time of mice injected with varying doses on Naja kaouthia
(NK) (a) and Calloselasma rhodostoma (b) VENOMS............ceeeemessossnens 193
The effects of various metalloproteinse inhibitors on the survival

time of mice injected With CR VENOM ...ccccovvvvvcrmsrmsssmsssssssssssssssssssssssnns 197



25

26

21

28a

280

28¢

28

28e

The effects of various phospholipase Az inhibitors on the survival

time of mice injected With CR VENOM.......cccvvvuvvmsvssmmsssmssssssssssssssssnen

The effects of various metalloproteinase inhibitors on the survival

time of mice injected With NK VENOM ..ovccvvvcvvsssvsssssssnsssssssssssssssnns

The effects of various phospholipase Az inhibitors on the survival

time of mice injected With NK VENOM ..occcovvmvsrnmsmvmsssssnssssssssssssssnnn

Normal muscle cell

Destruction of muscle celloy CR VENOM ..cc..vcvvvcvmsvmssssssssssssssssssnnn

The effects of inhibitors on the pathological changes of the muscle
for EDTA

The effects of inhibitors on the pathological changes of the muscle
for TEPA

The effects of inhibitors on the pathological changes of the muscle

for N-phenyIgIYCINg. ...



ABBREVIATION

NK Naja kouthia

CR Calloselasma rhodostoma
pla? Phospholipase A2

$SS Snake Severity Score

VCT Venous Clotting Time

CPK Creatine Phosphokinase

L1 Desferiprone

DFO Desferrioxamine

TEPA Tetraethylenepentamine

EDTA Ethylenediamine tetraacetic acid

p-BPB para-bromophenacyl bromide



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents


	Abbreviations



