
CHAPTER III
METHODOLOGY

1. Research design : The study w ill be d ivided  into tw o parts, analytical design  

(prospective study) and experim ental design in anim al m odels.

2. Design overview : T he design o f  study is important b ecau se it governs how  data 

are to be analyzed  (Rothm an and G reenland, 1998; W eisb erg, K rosnick and B ow en , 

1996). T he types o f  d esign  include characteristics;

2 .1 . C r o s s - s e c t io n a l .  A  random sam ple o f  ind iv iduals from  a population is 

taken at one point in tim e. Individual people included  in the sam ple are exam in ed  for 

the presence o f  d isease  and their status with regard to other risk factor type o f  study is 

useful for describ ing the situation at the tim e o f  data co llection  and it a llo w s determ ining  

prevalence. C ross-sectiona l design  is easy  to accom p lish , but do not establish  the 

tem poral seq u ence o f  even ts needed  for draw ing causal in ferences.

2 .2 .  R e tr o s p e c t iv e  (c a s e -  c o n tro l) . T his type o f  d esign  can be used  e ffec tiv e ly  

for the study o f  low  in ciden ce d iseases as w ell as o f  con d ition s d eve lop in g  over a long  

tim e, looked  back to determ ine past exposure and no in cid en ce  or prevalence. It 

a llow s an investigation  o f  prelim inary causal hyp oth eses. It is quick and has a

relatively low  cost.
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2.3. P ro sp ec t ive  (cohort). D isease-free persons are classified  on exposure at 

beginning o f fo llow -u p  period, then follow ed for som e period o f  tim e to ascertain the 

occurrence o f d isease in each group. Prospective (Cohort) are yield  for incidence rates 

and estim ates o f  risk (better evidence o f temporal sequence).

2.4. Experim en t. An intervention study is research design in which the 

investigator m anipulates a factor and measures the subsequent outcom e. It gives  

strongest evid ence for etiology.

3. Consideration of choice in study design.
3.1. Stage o f hypothesis developm ent

•  G eneration : case series, éco log ie , cross-sectional

•  H ypothesis testing and estim ation o f effect ะ case-control, cohort, 

experim ental studies.

3.2. Nature o f  d isease

If incidence is

•  High (com m on disease) : cohort or cross -  sectional

•  Low (rare disease) : case -  control

3.3. Nature o f  exposure

If occurrence is

•  Rare : cohort

•  Com m on ะ case -  control or cross -  sectional

If it requires measurement : cohort

3 . 4 .  N a t u r e  o f  s t u d y  p o p u la t io n
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•  High attrition rate (e.g., transient population , m obile population) ะ 

case -  control or cross -  sectional studies.

3.5. Context o f  research

(i) If financial resources are
•  High : cohort

•  Low : case -  control or cross -  sectional

(ii) Ethical constraints ะ case -  control or cross -  sectional studies
(iii) Time allowable
•  Short ะ cross -  sectional or case -  control studies

•  Long : cohort

In this study, w e w ill look for the factors causing tissue necrosis after N . 

kaou th ia  an d  c. rhodostom a  bites. It is a hypothesis generation since a system atic study 

to generate a hypothesis about the predictors o f  tissue necrosis has not been docum ented. 

Therefore, a prospective study o f all cases admitted to hospitals w ill be carried out. 

There are cases without necrosis at recruitment.

4. Prospective study .
The design is based on selecting two groups o f  non-diseased people, one  

exposed  to a factor postulated to cause a d isease and another on unexposed to the factor. 

They are fo llow ed  over tim e and their change in d isease status is recorded during the 

study period. The prospective study is the m ost effective  observational study for 

investigation o f  causal hypotheses with respect to d isease occurrence. It provides
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disease incidence estim ates (i.e., tissue necrosis incidence) which are more m eaningful 

than prevalence data for establishing cause-effect relationships. Advantages and 

disadvantages o f  prospective are more summarized below  (B ow ing, 1998).

Advantages Disadvantages
Determ ination causal direction

Less subject o f  recall and other bias

Easier to m easure and control for 

potential confounders 

M easurem ent o f  true prevalence and 

incidence o f  exposure and diseases or 

other outcom e

Take too long and /or expensive if  

outcom e is rare or has a long lag time 

betw een exposure and outcom e  

Hard to do if  non-exposure is rare or if  

m ost people have the exposure  

N ot as definite as interventional study, 

especia lly  random ized control trial 

Som e interventions are too expensive , 

too hard or just unethical to do

B ecause tissue necrosis will occur within a few  days after snakebites, the 

disadvantages o f  the prospective study summarized above do not apply here. In this 

study, all patients bitten by N. k a o u th ia  or c .  r h o d o s to m a  snakes w ill be fo llow ed  until 

his(her) discharge from the hospitals. A ll signs and sym ptom s o f  victim s w ill be 

observed at least three times; the first day o f  adm ission, the second or the day o f worst 

clinical conditions and finally on the day o f discharge from hospital. W hile staying in 

the hospital, patients will be frequently observed so that the day o f  worst clinical



63

conditions is determ ined. T w o investigators w ill docum ent o f  the m anifestations o f  

patients independently from standardized instrument and each assessm ent data as 

docum ented w ill be evaluated independently.

5. Retrospective study
In retrospective studies, also known as case-control studies, the investigator 

selects cases with a specific  disease, and appropriate controls without the disease, and 

obtains data regarding past exposure to possib le étio logie factors in both groups. The 

rates o f  exposure o f  the tw o groups are then compared. A  case-control approach is 

preferred when studying rare diseases, such as m ost cancers, because a very large 

number o f  individuals w ould be needed in order to draw con clusion s in a prospective 

study. Although it is possib le to detect the association o f  m ultiple exposures or factors 

with a particular d isease, retrospective studies are generally used to study diseases that 

have som e unique and specific cause, such as infectious agents, in order to avoid the 

problem o f  confounding étiologie factors Advantages and disadvantages o f

retrospective study are show n in table below  (B ow ing, 1998).
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Advantages Disadvantages
Less exp en sive than cohort because o f  

decreased number o f  subjects required 

Quicker results

Best for rare d iseases in the general 

population

P ossib le to obtain more detailed

information on exposure and

confounding factors

Records for identifying past exposure may 

be m issing or incom plete  

Bias can be introduced by an inappropriate 

control group

Responders may inaccurately recall events 

in the past

Recall Bias: C ases may recall events better 

than controls because o f  vested interest

N ot effective  for rare exposures that account 

for only a small proportion o f  cases 

Can not calculate relative risk (use odds 

ratio)

6 . E x p e r im e n ta l  s tu d y

The other design o f study is experim enal. An intervention and the basic 

principles are that it in volves deliberately changing population parameters and assessing  

the effect. The experim ent study has the fo llow in g  advantages and disadvantages

(B ow ing, 1998).
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Advantages Disadvantages
Prospective direction  

A bility to random ized subjects 

Appropriate temporal sequence o f  

cause and effect

A bility to control extraneous variables 

B est evid ence o f  causality

Contrived situation

Im possible to control animal behavior

Ethical constraints

External validity still uncertain 

E xpensive in terms o f  time, personnel, 

facilities and cost

The protocol w ill be worked in animal m odels for preliminary study o f  

searching drugs or reagents to protect and to lim it tissue necrosis occurrence from N. 

k a o u th ia  or c . r h o d o s to m a  bites. M ice w ill be supplied from National Laboratory 

Animal Center, M ahidol U niversity where controlled ethical o f  experim ental m ethods 

in animal m odels is controlled.

7. Population
T a r g e t p o p u la tio n  is the entire group a researcher is interested in; the group 

about w hich the researcher w ishes to draw conclusions (Tom a, 1999). The target 

population o f  this study is snakebite victim s from N . k a o u th ia  a n d  c. rh o d o s to m a  

bitten in Thailand o f  any age, gender , race and status o f  patients.

The accuracy records to determine the exact ep id em iology or even the number 

o f snake bite cases are also generally unavailable because the individuals bitten by 

snakes firstly consult traditional practitioners before visiting a m edical center. H ow ever,
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the incidence o f  herbal traditional treatments after snakebite in patients has declined  

resulting from urbanization in Thailand. M ost o f  snakebite patients have been in 

hospitals and health care centers around Thailand (Ponchanugool, Limthongkul and 

W ilde, 1997).

8. S a m p le

The s a m p le  p o p u la tio n  consists o f  snakebite patients bitten by cuprit snakes, 

and admitted to all hospitals and health care centers in Thailand. A  sa m p le  which is 

a subset o f  population selected  for the purpose o f  studying certain characteristics o f  an 

entire population o f  interest therefore must represents the population. The sam ple will 

be selected  from ten provincial hospitals which had a high prevalence o f  N. k a o u th ia  or

c. r h o d o s to m a  bites, such as N akom saw an, Prachaubkirikhan, Surathani, 

Nakomsrithammarat, Songkra, Trang, Ratchaburi, Lopburi, Nakom ratchasrim a and 

Lumpang provinces. The number o f  snakebite victim s o f  each provincial hospital 

from top ten areas are approximately 5-10 % o f total snakebites patients reported to 

D ivision  E pidem ilogy o f  M inistry o f  Public Health (D iv ision  o f  E pidem iology, 1999).

A decision  on the required sam ple size has to be based on different calculations 

depending on whether estim ates for a categorical/ or a continuous variable are to be 

calculated. The factors to take into consideration include the accuracy required, the 

sam pling m ethod to be used, the size o f  the sm allest subgroup and the actual variability 

o f  the variable o f  interest in the population.
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8.1. Sample size for prevalence
In this study 1 sam ple size will be calculated using prevalence formula (Z2 pq /  

L2), because the objective is to estim ate the incidence o f tissue necrosis in victim s 

bitten by N . k a o u th ia  or c. rh o d o s to m a .. The form ula is related to the fo llow ing  

variables.

z  = value o f  confidencial level. The z values to be used in the formula shown  

are 1.65 , 1.96 and 2 .58  for 90 %, 95 % and 99% confidence levels respectively. 

C onfidence intervals indicate the precision o f  evidence; where confidence intervals are 

w ide, they indicate less precise estim ates o f  effect. The larger the trial’s sam ple size, the 

larger the number o f  outcom e events and the greater b ecom es the confidence that the 

true incidence is c lo se  to the value stated. Thus the confidence intervals narrow and “ 

precision” is increased. In a “positive finding” study the low er boundary o f  the 

confidence interval, or low er confidence limit, should still remain important or clinical 

significant if  the results are to be accepted. In a “negative finding” study, the upper 

boundary o f  the confidence interval should not be clin ically  significant i f  you are to 

confidently accept this result.

p =  expected  prevalence. The value w ill be estim ated from the incidence o f  

severity o f  tissue necrosis in patients after cuprit snakebites.

q = 1 - p
L = precision level. The level o f  precision L  has to be decided. This parameter 

is the distance o f  the sam ple estim ate in either direction from the true population  

proportion considered acceptable by the investigator. It can be expressed either as a
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number o f  percentage points (absolute precision) or a percentage o f  the expected value 

(relative precision).

The sam ple size o f  patients bitten by N. kaouthia  is estim ated to be 80 cases as 

shown below  by using the variations to be : 

z  = 1.96 for a 95 % confidence.

p = 30% = 0.3 . The prevalence o f tissue necrosis from N. kaouthia  bite were 

approxim ately 30 %.

q = 1 -  p = 1 -0 .3  =  0.7  

L = 10 % = 0.1

Sam ple size = { (1 .9 6 )2 X  0.3 X  0.7} /  (0 .1 )2

= 81 cases

The sam ple size  o f  victim s o f  c. rhodostom a  bites is calculated to be 81 cases as shown  

below  by letting.

z  = 1.96 for a 95 % confidence

p = 70 % = 0.7. Tissue necrosis are occurred 70 % of total patients in
c. rhodostom a  bites.

q = 1 —p = 1 — 0.7  =  0.3  

L =  10%  =  0.1

Sam ple size = {(1 .9 6 )2 X  0.7 X  0.3 } / ( 0 .1 ) 2

=  81 c a se s
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8.2 Sample size for Relative Risk (RR)
A n o th er  h y p o th e s is  w ill be lo o k ed  for is  the factors a ffe c t in g  on  tissu e  n ecro sis  

(or the p red ic tio n ) after N. kaouthia or c. rhodostoma in jec tio n . It is  u su a lly  ex p ressed  

as the R e la tiv e  R isk  (R R ) w h ich  is the ratio o f  the p rob ab ility  o f  d e v e lo p in g , in a 

sp e c if ie d  p er iod  o f  tim e, an o u tco m e  am on g  th o se  r e c e iv in g  the treatm en t o f  in terest or 

e x p o se d  to a risk  factor or predictor, com pared  w ith  the p rob ab ility  o f  d e v e lo p in g  the  

o u tco m e  i f  the risk  factor  or p red ictor or in terven tion  is n o t p resen t. R e la tiv e  R isk  is 

d eterm in ed  by  first e s ta b lish in g  a b ase lin e , an a cco u n tin g  o f  h o w  c o m m o n  a d ise a se  (or 

co n d itio n ) is  in the general p op u la tion . I f  R R  y ie ld s  a ratio  o f  1 .0 , there is n o  in creased  

risk at a ll. A n  in crea se  in risk  w o u ld  resu lt in a num ber larger than 1.0. A  d ecrease  in  

risk w o u ld  resu lt in a lo w e r  R R  (i.e ., le s s  than 1), and in d ica tes  a p ro tec tiv e  e ffe c t. A n  

R ela tiv e  R isk  o f  at lea st 2 .0  is  n ecessary  to  in d ica te  a ca u se  and e ffe c t  re la tion sh ip , and  

an R e la tiv e  R isk  o f  3 .0  is  preferred. T h e m agn itu d e  o f  e ffe c t  is  u su a lly  ex p ressed  as 

o n e o f  the fo llo w in g .

E xp erim en ta l e v e n t rate (E E R ), T h e p ercen tage  o f  in te r v e n tio n /e x p o se d  group  

w h o  e x p e r ie n c e d  o u tc o m e  in q u estion .

C on tro l e v e n t rate (C E R ), the p ercen tage o f  th e  c o n tr o l/n o n e x p o se d  group w h o  

ex p e r ie n c e d  o u tc o m e  in q u estion .

R e la tiv e  R isk  =  (E E R ) /  (C E R )

T h e  d ista n ce  b e tw een  fan g  m arks (p o ss ib ly  in d ica tin g  the s iz e  o f  the sn ak e), the 

factors a sso c ia tio n  w ith  tissu e  n ecrosis  o f  N. kaouthia b ite s  w ill be u sed  to  ca lcu la te  

R ela tiv e  R isk . T h e  average  d istan ce  b etw een  fan g  m arks w as 1.33 cm  w ill be used  as

a cut o f  po in t.
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In a p rev io u s  stu d y , the d ista n ce  b etw een  fan g  m arks m ore than 1.3 cm  w a s 23  

c a ses  in total 6 8  c a se s , w as 10 c a ses  le ss  than 1.3 cm  (P o c h a n u g o o l, L im th on gk u l and  

W ild e , 199 7 ).

T h e  d is ta n c e  b e tw e e n  fa n g  m a rk s T issu e  n ecro sis N o  t is su e  n ecro sis T o ta l

D ista n ce  b e tw een  fan g  m arks le s s  than 1.3 cm 13 22 35

D ista n ce  b e tw een  fan g  m arks m ore than 1.3 cm 8 2 10

D ista n ce  b e tw een  fan g  m ark 1 .3  cm  (cu t o f  point) 23

T otal 68

R ela tiv e  R isk  =  { ( 8 /1 0 )  /  ( 1 3 /3 5 )}  =  2 .1 6

S a m p le  s iz e  w ill b e  ca lcu la ted  in the n ex t step . T h e  sta tistica l o f  com p a riso n  tw o  

in d ep en d en t grou p s c o n s is ts  o f  the fo llo w in g ,

•  S ta te  the null h y p o th eses  and a ltern ative (Ho v s H A) .

•  Id en tify  the test statistic  , the va lu e w ith  the c h o ic e  o f  a ccep tin g  H A.

•  S p e c ify  the d ec is io n -m a k in g  rule. T h e null h y p o th es is  is  co n sid ered  to be  

true i f  the ca lcu la ted  p rob ab ility  (b ased  on the test sta tis tic )  is  greater than 

d esired  le v e l o f  s ig n ific a n c e  (a ) ,  and fa lse  i f  the ca lcu la ted  p rob ab ility  is  le s s  

than or eq u a l to  the s ig n if ic a n c e  le v e l. It is  c o m m o n ly  a ccep ted  that a resu lt is  

c o n sid ered  to  b e  s ig n ifica n t i f  the ca lcu la ted  p rob ab ility  is  le s s  than 0 .0 5 .
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Decision True situation
II0  is true II0  is false

Ho is  accep ted C orrect d ec is io n T y p e  II error ((3)

H a is rejected T yp e I error (a ) C orrect d ec is io n

•  P rob ab ility  o f  type I error eq u a ls to  the le v e l o f  s ig n if ic a n c e  (a ) .

•  T h e  p o w e r  o f  testin g  a statistica l h y p o th es is  is  the p rob ab ility  w h en  Ho 

is re jected  w h en  is o n e  m in u s the p rob ab ility  o f  the T y p e  II error ( l - p )

•  P rob ab ility  o f  type II error ((3) is the p rob ab ility  o f  n o t reject the null 

h y p o th es is  w h en  it is fa lse .

H o w e v e r , the re la tion sh ip  b e tw een  T yp e I error and T y p e  II error is  su ch  that 

d ecreasin g  the p rob ab ility  o f  T y p e  I error in creases the p rob ab ility  o f  T y p e  II error, and 

d ecreasin g  the p rob ab ility  o f  T y p e  II error in creases  the p rob ab ility  o f  T y p e  I error.

T h e  sa m p le  s iz e  , N , is  ca lcu la ted  as fo llo w s .

N  =  [Z«y2 V 2 P Q  + Z p  V p ,(1 + R -P !(1 + R 2)]2

(P .( I - R ) ) 2

Zo/2 =  1 .96  for a tw o -ta iled  test w ith  95%  s ig n if ic a n c e  le v e l,

Zp =  1 .28  w ith  the p o w er  o f  testin g  is ch o sen  to b e  l-(3 =  0 .8  

p  1 ะ T h e  prop ortion  o f  t issu e  n ecro sis  in con tro l 1 i f  there is  an in d ica tion  o f  

d ista n ce  b e tw e e n  fan g  m arks le s s  than 1.3 cm  : 1 3 /3 5  =  0 .3 7 1

R =  R e la tiv e  R isk  =  2 .1 6
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P =  ( P ,( l+ R ) )  /  2  =  (0 .1 9 1  (1 + 2 .1 6 ))  /  2  =  0 .3 0  

Q =  1-P  =  1 -0 .3 0  =  0 .7

S a m p le  s iz e  =  [ (1 .9 6  x V  2 X 0 .3 0 X 0 .7 0 )  + (1 .2 8  V [0 .3 7 1  X ( 1+-2.16-0 .371  ( 1 + 2 .1 6 ) ]2

(0 .3 7 1 X U -2 .1 6 ))"

=  3 3  c a se s

T hus, a sa m p le  s iz e  o f  33  sn ak eb ite  v ic tim s from  N. kaouthia is  required . For c . 

rhodostoma b ite s , n o  report about d istan ce b e tw een  fa n g  m arks on  tissu e  n ecro sis  are 

av iab le . A n oth er  factor, tourn iquets ap p lica tion , is  s e le c te d  for  sa m p le  ca lcu la tion . 

A fter  a p p lica tion  o f  the tourn iquet average 1.6 hours (cu t o f  p o in t), m ean  v en o m  le v e ls  

w ere d ifferen t b e fo re  and after re lea se  in 2 /6  c a se s  ( le s s  tan 1.6 h ou rs) (H o  et ah, 1986 ).

T ou rn iq u et a p p lica tion N u m b er o f  d iffere n ces  o f  

ven om  lev e l b efore  and after 

re lease  tourniquet

N o  d if fe r e n c e s  o f

v en om  le v e l b efo re  and  

after re lea se  tourn iquet

T otal

T ou rn iq u et ap p lica tio n  less  than 2 4 6

1.6 hours

T ou rn iq u et a p p lica tion  m ore 4 2 6

than 1 .6  hours

T ou rn iq u et a p p lica tio n  1.6 hours (cut o f  point) 1

T otal 13

R ela tiv e  R isk  =  (4 /6 )  /  (2 /6 )  =  2
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Pi : T h e  in c id e n c e  o f  d ifferen ces o f  v en o m  antigen  le v e l b efore  and after re lease  

in con tro l , a p p lica tio n  tourn iquet le ss  than 1.6 : 2 /6  =  0 .3 3 3

R ะ= R e la tiv e  R isk  =  2

P =  ( P l ( l + R ) )  / 2  =  (0 .1 5 3  (1 + 2 ))  /  2  =  0 .2 2 9  

Q  =  1 -P  =  1 -0 .2 2 9  =  0 .7 7 1

S a m p le  s iz e  =  [ (1 .9 6  X  V 2 X 0 .2 2 9 X  0 .7 7 1  + (1 .2 8  V ( 0 .3 3 3 ( l+ 2 - 0 .3 3 3 ( l+ 2 ) 2]2

(0 .3 3 3  X ( l - 2 ) ) 2

- 35  c a ses

T h e  n u m b er o f  v ic t im s  o f  c. rhodostoma in jec tio n  is  req u ried  to  be 35 c a se s  .

In su m m ary , 81 patien ts w ill b e  c o lle c te d  for  c. rhodostoma, 81 for N.
kaouthia b ites  re sp e c tiv e ly . A ll p atien ts w ill b e  se le c te d  from  10 p ro v in c ia l h o sp ita ls  

m en tio n ed . T h e  data w ill in c lu d ed  any age, gender, ed u ca tio n  and fu lfill the e lig ib ility  

criteria o f  the study.

9. Eligible Criteria
T h e sn ak eb ite  v ic tim s  from  N. kaouthia or c . rhodostoma b ite s  w ill b e  se le c te d  i f  

they  fu lfil the in c lu s io n  criteria . P o iso n o u s  sn ak es in c lu d in g  n eu ro to x ic  or h em a to x ic  

e ffe c ts  h ave  m an y  typ es o f  each  gen u s, therefore, d octo rs hard ly  d ia g n o se s  the type o f  

cuprit sn ak e i f  the criteria are not o b v io u s ly  sh o w n .
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The in c u ls io n  c r i te r ia  a re :

i) T h e  p a tien ts w h o  are adm itted  to h osp ita ls .

ii)  A ll v ic t im s  w h o  report N. k a o u th ia  or c. r h o d o s to m a  b ites  to  d octors at 

h o sp ita ls .

iii)  V ic t im s  w h o  bring N. k a ou th ia  or c. r h o d o s to m a  sn a k es to h osp ita ls  or 

prim ary health  care centers b eca u se  the sn ak e is  the supp ortab le  

e v id e n c e  to  presen t the snake type b e fo re  d octor  d ia g n o sis .

iv )  V ic t im s  w ith  s ig n s  and sym p tom s are c lea r ly  sh o w n  to  b e  N . k a o u th ia  or

c. rh o d o s to m a . In T hailand , m an y typ es o f  sn ak es are n eu ro to x ic , 

h o w e v e r  the sever ity  o f  s ig n s/sy m p to m s o f  N . k a o u th ia  is  le s s  n eu ro tox ic  

than k in g  cob ra  and B u n g a ru s  g en u s , and h e m a to to x ic ity  e ffe c ts  in c . 

r h o d o s to m a  are stronger than other sn ak es in the sa m e gen u s.

v ) P a tien ts w h o  agree to  participate by  s ig n in g  in fo rm ed  co n sen t.

E x clu sio n  c r ite r ia .  T h e co n d itio n s  w h ich  p rec lu d e  en tran ce o f  ca n d id a tes  in to  an 

in v estig a tio n  e v e n  i f  th ey  m eet the in c lu sio n  criteria , i f  sn ak eb ite  p a tien ts d ie  after the  

first day o f  a d m iss io n  in h o sp ita ls  or health  care cen ters. T h ey  w ill b e  e x c lu d e d  b eca u se  

the in v estig a to r  ca n n o t c la ss ify  t issu e  n ecro sis  and n o  p rogress o f  treatm ent.

10. Preparation for data collection
A ll sn ak eb ite  v ic tim s  w ill be adm itted  to M ed ica l w ards in h o sp ita ls  or health  

care cen ters . D o c to r s  and n u rses w ill exp la in  the stu d y p ro toco l to  the participants and 

secu re so m e  u n d erstan d in g  b efore  starting the project. In each  h osp ita l, o n ly  on e
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h osp ita l s ta ff  w ill be the d irect con tact p erson  w ith  the p r in c ip le  in vestiga tor . T h is  

con tact p erson  w ill w ork  w ith  a team  to en su re ad h eren ce to  p ro to co l, c o lle c t in g  

sp ec im en  for  q u a lity  con tro l o f  b io ch em ica l and h em a to lo g ica l p aram eter and co m p le te  

o f  data. P a tien ts w ill b e  record ed  for  c lin ica l m a n ifesta tio n s at le a st three tim es, the  

first day o f  a d m iss io n , the day w h en  c lin ica l co n d itio n s  g et w o rse  and the last day o f  

d isch arge from  h o sp ita ls  or health  care centers.

T h e  p ro gress o f  the s ig n s  and sym p tom s w ill b e  a s se sse d  on  a p er iod ic  b a sis  

in c lu d in g  p ro g ressio n  b ey o n d  the site  o f  b ite  and sy stem ic  m a n ife sta tio n s .

For c. rhodostoma b ite , the fo llo w in g  s ig n s  sh o u ld  b e d ocu m en ted ;

•  P ain , sw e llin g  , or e c h y m o sis  in v o lv in g  m ore than 7 .5  cm . from  the b ite  site .

•  C o a g u la tio n  param eter, e .g ., abnorm al ; P rothrob in  T im e  (P T ) <  2 0  ร to  55  

se c o n d s  , Partial T hrobin  T im  (P T T ) <  5 0  to  7 5  se c o n d s  ; p la te le ts  , 5 0 ,0 0 0  -  

100, o o o /m l ; V e n o u s  C lo ttin g  T im e (V C T ) > 3 0  m in .

N. kaouthia b ite  sh o u ld  b e a sse sse d  for;

•  P ain , s w e llin g  5 or e c h y m o sis  in v o lv in g  m ore  than 7 .5  cm . from  the b ite  site .

•  T ach ycard ia  2 6  to  4 0  breath s/m in u te ; a c c esso ry  m u sc le  u se  1 p oor  v is io n  or

p to s is , d ysp h ag ia .
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11. Data collection overview
Q u e s tio n n a ire s  are the m ain stay  for e p id e m io lo g is ts  though  the other m eth od s  

can b e ju st as u sefu l and each  has its strength and lim ita tio n s. T h ey  w ill be u sed  for  

fin d in g  so m e  c o n fo u n d in g  factors w h ich  pred ict the sev er ity  o f  t is su e  n ecro sis  after N. 

k a o u th ia  and c. r h o d o s to m a  b ites. Q u estion n a ires w ill be c o m p le te d  by nurses or 

d octors w h o  are the s ta ffs  o f  the project. T h ey  are c o m p o se d  o f  tw o  parts: general 

data and c lin ic a l in form ation . T h e c lin ic a l syn d rom e are d iv id e d  in to  6  ca teg o r ies  in 4  

scores. D ata  in c lu d ed  vita l s ig n s  (T em perature, P u lse , R esp iratory  R ate ) and b lo o d  

ch em istr ie s  (P rothrom bin  T im e , Partial T hrobin  T im e, F ib rin ogen , P la te let ).

In r e tr o s p e c tiv e  stu d y , a ll r e c o r d s  f r o m  e x is tin g  d a ta b a s e  o f  c lin ic a l  

m a n ife s ta tio n s  6  a r e a s  w ill  b e  r e v ie w e d  b y  n u rse  (c o n ta c tin g  p e r s o n ) in p r o v in c ia l  

h o sp ita ls . T he a l l  o f  c a te g o r ie s  w ill  b e  u se d  to  a b s tr a c t  d a ta  a b o u t tis su e  n e c ro s is ,  

c lin ic a l sy n d ro m e  a n d  a s s o c ia te d  f a c to r s  f r o m  th e  h o s p ita l  re c o rd .

12. Baseline data on possible confounder.
C o n fo u n d in g  variab le  or C on fou n d er  is  a variab le  that can  m o d ify  the o u tco m e  

o f  in terest, is  n ot an in term ed iate  variab le, and is a sso c ia te d  w ith  the factor  under 

in v estig a tio n . A  c o n fo u n d in g  variab le m ay b e d u e  ch a n ce  or b ia s . U n le s s  it is  p o ss ib le  

to  adjust for  c o n fo u n d in g  variab les, their e ffe c ts  can n ot b e  d istin g u ish ed  from  th o se  o f  

fa ctor(s) b e in g  stu d ied . C o n fo u n d e r  in th is  s tu d y  in c lu d e  d e m o g r a p h ic  d a ta ,  

g e o g r a p h ic  d a ta  , f a c to r  r e la te d  to  sn a k e b ite s  a n d  f a c to r s  r e la te d  to  trea tm en t. T h ere  

a r e  f a c to r s  e ffec tin g  on  s e v e r i ty  o f  tis su e  n e c ro s is  a f te r  N . k a o u th ia  o r  c. rh o d o s to m a  

b i te s  w ith in  th e  f r a m e w o r k  o f  th e c u rre n t re se a rc h  p r o p o s a l .
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12.1 Baseline data
1 2 .1 .1  D e m o r g r a p h ic  d a ta  in c lu d e  gender, age, ed u ca tio n  salary and  

o ccu p ation .

1 2 .1 .2 . G e o g r a p h ic  d a ta  c o v ers  p rov in ce  , urban, rural area and p la ce  o f  b ite  

(in d oor , ou td oor).

1 2 .1 .3 . F a c to r s  r e la te d  to  sn a k e b ite s  are d iv id ed  in to

□  S ea so n  , s ite  o f  b ite  and tim e o f  b ite

□  P red isp o sin g  factors in c lu d in g  b arefoo t or d arkness

□  D ista n ce  b e tw een  fan g  m arks

1 2 .1 .4 . F a c to r s  r e la te d  to  tre a tm e n t o f  sn a k e b ite .

3  D uration  b etw een  b ite  and se e k in g  m ed ica l d e v ic e

□  H osp ita liza tio n

□  T reatm ent w ith  an tiv en o m s(th e  n um ber o f  v ia ls  o f  an tiv en o m s)

□  P ro g n o sis  (d ressin g , d e b r id g e m e n t, am p u tation )

□  F irst aid  treatm ent (tourn iquet u s in g )

13. Bias
B ia s  is  the sy s te m ic  error, d ev ia tion  o f  resu lts or in feren ces  from  the truth , or 

p r o c e sse s  lea d in g  to  su ch  d ev ia tion . In th is exp er im en t, b ia s  w i l l  b e  m in im ize d  

re su ltin g ;

•  C lear  in c lu s io n  criteria to screen  sn ak eb ite  v ic tim s.

In d ep en d en t co m p arision  o f  c lin ica l data record ed  by tw o  in v estiga tors.
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•  D o u b le  c h e c k  o f  laboratory (b lo o d  ch em istry ) resu lts , by p erform in g  so m e  

d u p lica ted  b lo o d  sam p le  at a referen ce laboratory at C h u la lo n g k o m  H osp ita l, 

F acu lty  o f  M e d ic in e . I f  there is a s ig n ific a n t d iscrep a n cy  b e tw een  loca l and 

referen ce  v a lu e , the issu e  w ill b e  d isc u sse d  w ith  p e o p le  in v o lv e d  to  so lv e  the  

d iscrep a n c ies .

14. Feasibility
F e a s ib ility  is  ca p a b le  o f  b e in g  d on e or p racticab ility . T h e  sn ak eb ite  sever ity  

score  (S S S )  c o u ld  b e  d o n e  in v ic tim s either c. rhodostom or N. kaouthia, b eca u se  it 

had b een  se t up b y  the p h y sic ia n  exp ert o f  sn ak eb ite  and te sted  in m an y sn ak e typ es. 

T h e S S S  c o v e r s  m o st  hum an sy stem s and the c lin ic a l m a n ife sta tio n s  o f  each  sy stem  are 

c lear ly  to  d eterm in e . T h erefore , the S S S  ev a lu a tio n  is  a g o o d  q u estion n a ire  for  

ev a lu a tio n  o f  the sev er ity  o f  t issu e  n ecro sis  and p rogressio n  o f  s ig n s /sy m p to m s o f

v ic tim s.
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1. Chemicals and biochemicals
Chemicals. Chemicals were of reagent grade and were purchased from Sigma 

Chemical Company., St. Louis, Missouri, บ.S.A. excepted as indicated.
Venoms. Crude venoms of N aja  kaou th ia  (NK) and C a llo se la sm a  rh odostom a  

(CR) in fresh form were purchased from Queen Saovabha Memorial Institute, 
Bangkok. The venoms were kept at -20 c  until used.

2. Assay of phospholipase A 2 and metalloproteinase activities
2.1. Phospholipase Al activity was determined by a method described by Gul, 

Khara and Smith, 1974. Crude venom (13 pg/ml of NK venom or 100 pg/ml of CR 
venom) was added to a mixture of 0.2 ml 5 % packed sheep red cells and 1 ml of egg 
yolk solution (dilution 1:60) into a glass tubes. The reaction was allowed to proceed for 
15 min at 37 c , at the end of which time 5 ml of ice cold 0.9% NaCl containing 2 mM 
EDTA was added to stop the reaction and ghost red blood cells were removed by 
centrifugation at 5000 xg for 5 min. The release of hemoglobin was measured at 540 
nm and expressed as percent of total hemoglobin contained in 0.2 ml of red cells when 
totally hemolysed with water.

2.2. Protease activity was determined by a modified method of Kunitz (1946) 
using casein as the substrate. The reaction mixture contained 0.1 ml of 0.1% casein 
solution in 0.15 M. PBS buffer, 8 mM CaCl2 , pH 7.3. into which snake venom (5 
mg/ml of NK or 50 pg/ml of CR ) was added in 0.2 ml of 0.15 M PBS. After 30 min 
incubation at 37°c 1 300 |il of 5 % ice-cold trichloroacetic acid was added to the
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mixture and the precipitate was removed by centrifugation at 10,000 xg for 5 min. 
The amount of acid soluble peptide was measured in 1 ml of the supernatant by the 
method of Lowry et al (1951).

2.3. Metalloproteinase activity was determined as the EDTA-inhibitable protease 
activity of the venom. In preliminary experiments, it was found that inhibition of 
protease activity of NK venom reached plateau at 2 mM EDTA while for CR 
venom, 5 mM EDTA was needed. Thus, the 100 % MP activities in NK and CR 
venoms were the protease activity inhibited by 2 mM and 5 mM EDTA 
respectively. The inhibition by each MP inhibitor was compared with that by 
EDTA.

3. Inhibition of venom phospholipase A2 and metalloproteinase by various 
enzyme inhibitors
3.1. Enzyme inhibitors were divided into 2 groups : water soluble and water- 

insoluble inhibitors. The water-soluble inhibitors (EDTA, TEPA, DFO and 
Deferiprone) were prepared in 0.15 M. PBS, pH 7.3. The water insoluble inhibitors 
(quinine, mefloquine hydrochloride, para-bromophenacyl bromide and N-phenylglycine) 
were dissolved in dimethylsulfoxide (DMSO) before adding to the enzyme reaction 
mixture in which the final concentration of DMSO was 10% or less.

• Phospholipase A2 inhibitors studied were : EDTA ( 0 .1 -5  mM), quinine 
(ImM -  lOmM), mefloquine (0.125 mM- 0.50 mM) and para- 
bromophenacyl bromide (0.125 mM -  0.50 mM )
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• Metalloproteinase inhibitors studied were: Desferrioxamine (lmM-20 mM ), 
Deferiprone (1 mM -  10 mM), Tetraethylenepentamine (1 mM -  20 mM) 
and N-phenylglycine (1 mM -  20 mM).

• Hyaluronidase inhibitor studied was 10 mM Sodium aurothiomalate.

3.1.1. Assay of phospholipase A2 inhibitors. The inhibitions of phospholipase A2 

of NK or CR venom by various inhibitors were studied by preincubation of 
each enzyme inhibitor with the crude venom for 0, 5, 10 min at room 
temperature prior to assay of the phopsholipase A2 activity.

3.1.2. Assay of metalloproteinase inhibitors. The inhibitions of metalloproteinase 
of NK or CR venom by various inhibitors were studied by preincubation of each 
enzyme inhibitor with the crude venom for 0 , 5, 10 min at room temperature 
prior to assay of the metalloproteinase activity.

4. Determination of survival time of mice injected with NK or CR venom in the 
presence and absence of various enzyme inhibitors

Swiss albino mice weighing 20+2 gm supplied by the National Laboratory 
Animal Center, Mahidol University, were used.

The effect of PLA2 or metalloproteinases inhibitors on the survival time of 
mice receiving snake venom was determined according to the modified method of 
Kuppusamy and Das (1991). The venom was prepared in sterile normal saline solution 
(NSS) at doses ranging from 0.3 -  0.7 pg/gm mouse for NK venom or 40-80 pg/gm 
mouse for CR venom. The venom solution (50 pi) was mixed with the inhibitor solution
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(50 )il) at room temperature for 5 min. For water insoluble inhibitors, the final 
concentration of DMSO in the mixture was 2.5% (v/v). The mixture was injected 
subcutaneously (s.c.) into groups of 5 mice. The volume of injection was kept constant 
at 100 pi/ 20 gm mouse and all injections were done using a 250 pi Flamilton syringe. 
Control mice were injected with venom in NSS and 2.5%(v/v) DMSO. The survival 
time (time between injection and death) was then monitored. Results are expressed as 
mean survival time + standard error (S.E).

5. Determination of local tissue damage induced by snake venoms
5.1. Determination of edema

Edema induced by NK or CR venom injection was determined according to the 
method of Chaves et al (1995). The venom was prepared in sterile NSS at a final 
concentration of 2.5 pg/20 gm mouse for NK venom and 2 pg/20 gm mouse for CR 
venom. Two types of experiments were carried out.

(A) Pre-incubation experiments. The venom solution was preincubated 
with various concentrations of enzyme inhibitor(s) for 5 min at room temperature. 
Then, 50 pi of each mixture was injected subcutaneously into the right footpads of 
groups of four mice. The left footpads were injected with 50 pi of NSS. Control mice 
were injected with venom alone in the right footpads. After 1 hr, the mice were killed by 
ether inhalation. Edema-forming activity was estimated according to Yamakawa et al 
(1976). Edema was expressed as the increment in weight of the right footpad comparing
with the left footpad.



83

(B) Independent inoculation experiments. Groups of four mice were injected 
subcutaneously in the right footpads with 25 (Lxl of venom solution. Then, enzyme 
inhibitor(s) in 25 pi was injected at the same site after 1,3 or 10 min. The left footpad 
was injected with 50 pi of NSS. After 1 hr, the mice were killed by ether inhalation. 
Edema-forming activity was estimated as described above.

5.2. Determination of hemorrhage
Hemorrhage induced by NK or CR venom was determined according to the 

method of Gutierrez et al (1985). Two types of experiments were carried out.
(A) Pre-incubation experiments. A constant amount of CR venom 

(10 pg/mouse) was prepared (50 pi) in NSS and preincubated with 50 p] of enzyme 
inhibitor(s) or for 5 min at room temperature. Then, 100 pi of each mixture was 
injected intradermally (i.d.) in the abdominal region of groups of four mice. Control 
mice were injected with venom alone or NSS alone. Mice were sacrificed by ether 
inhalation 2 hr after injection. The skin was removed and the diameters of hemorrhagic 
spots were measured and compared to those of control mice. Result was expressed as 
mean hemorrhagic diameter (mm) + standard error (S.E).

(B) Independent inoculation experiments. The venom solution (50 pi) was 
injected intradermally (i.d.) in the abdominal region of groups of four mice. After 
venom injection, a 50 pi solution of the enzyme inhibitor(s) was injected at the same site 
at different time intervals (1, 3, or 10 min). The total volume of injection was kept 
constant at 100 pi. The mice were killed by ether inhalation after 2 hr. The skin was
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removed and the diameter of hemorrhagic spot was measured and compared to those of 
control mice. Result was expressed as mean hemorrhagic diameter (mm) + standard 
error (S.E.).

5.3. Determination of myonecrosis
Myonecrosis induced by NK or CR venom was determined according to 

the method described by Leon et ah, (2000) with some modifications.
(A) Pre-incubation experiments. The venom was prepared in sterile normal 

saline solution at a final concentration of 5 pg/mouse for NK venom and 25 pg 
/mouse for CR venom. The venom solution (25 pi) was preincubated with 25 pi of 
enzyme inhibitor(s) for 5 min at room temperature. Then, 50 pi of each mixture was 
injected intramuscularly in the right gastrocnemius of groups of four mice. Control mice 
were injected with either venom alone or NSS alone. Mice were sacrificed by ether 
inhalation 3 hr after injection. A blood sample was collected from the heart and 
centrifuged at 8,000 xg for 2 min using Backman Microfuge B, USA. Plasma was 
collected and assayed for creatine phosphokinase (CPK) activity using the Sigma CPK 
kit no.520.

(B) Independent inoculation experiments. Groups of four mice were injected 
intramuscularly in the right gastrocnemius with venom (5 pg of NK or 25 pg of CR), 
dissolved in 50 pi NSS. The enzyme inhibitor(s) was injected at the same site after 1, 3 
or 10 min. In the case of inhibitor mixture, equal volume of 5 mM EDTA , 5 mM N- 
phenylglycine and 10 mM were mixed before injection into mice. The total volume of 
injection was kept constant at 50 pi. After 3 hr, the mice were sacrificed by ether
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inhalation. A blood sample was collected from the heart and then centrifuged at 10,000 
xg for 2 min using Backman Microfuge B, USA. Plasma was collected and assayed for 
creatine phosphokinase (CPK) activity using the Sigma kit no.520.

5.4. Determination of creatine phosphokinase activity
The creatine phosphokinase activity was determined according to the 

procedure described in Sigma Diagnostics Kit Manual (1999) using creatine standard 
(no.520-60) as reference. The reaction was carried out in polyvinyl microtiter plate 
(Polyvinyl ELISA plate, Costar, Cambridge). An aliquot of 2 pi plasma (from #5.3) 
was added to 10 pi of phosphocreatine solution used as substrate. The reaction was 
started by adding 4 pi of ADP-glutathione solution and the mixture was incubated at 
37°c for 30 min. Following incubation, 4 pi of p-hydroxymercuribenzoate solution was 
added to stop the reaction. Then to each well was added 20 pi of a-napthol solution, 20 
pi of 0.05% diacetyl solution and 140 pi of distilled water. The contents of the tubes 
were mixed immediately after each reagent addition. The pink color developed after 15 
min at 37°c. The optical density was read against appropriate blanks at 540 nm using 
Multiskan MCC/340 MK II (Flow Laboratories, Irvine, Ayshire, Scotland). All assays 
were performed in triplicates. The creatine phosphokinase activity was calculated and 
expressed in term of Sigma units/ml.

One Sigma unit of creatine phosphokinase activity was defined as enzyme that 
can transfer 1 nmol of phosphate from phosphocreatine to ADP per min at 25°c.
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5.5. Histological analysis
C a llo se la sm a  rh o d o sto m a  venom (25 pg) was preincubated with a mixture 

of various inhibitors ( EDTA 5 mM , TEPA 5 mM , N-phenylglycine 5 mM ) for 5 min 
before injection into the thigh muscle of a mouse. After 3 hr the mouse was killed by 
ether inhalation , and thigh muscle was dissected, fixed in 10 % formalin and embedded 
in paraffin. Sections were stained with hematoxylin/eosin stain. Myotoxic activity were 
studied under light microscope (Mebs, 1986).
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