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A hsfract
Ge/jerrt//)’ rOiliiUion yu lcn tuzotion, cenU ifu ^ed  latex i s f u ’s l in o d ia tc d  a m i the p revu lca u izcd  
latex thus o h k tin ed  is u sed  fo r  m aking  products. D uring  irradiation the la /ex p ro te in s undergo  
(lisintegt'otion w hich leaves a  h igh  soluble pro te ins in latex products. A s  rep o rted  recently these 
latex pro teins cause w idespread  life threatening latex a ssocia ted  allergies. In order to fo llo w  up  
the radiation effects o f  N R p ro te in s during  irradiation, f ie ld  hitex w as irrad ia ted  w ith y-rays a n d  
the pro tein  concen tra tion  in the rubber phase a n d  serum  p h a se  were analyzed. It is fo u n d  tha t 
ihe water so lub ility  o f  p ro te ins in the latex increases with increasing dose. The 27 kD  p ro te in  
which has lysozym e activity, is reported  to be the one causing  allergy^ in la tex products. S D S -  
PAGE analysis revea led  that, the 27 kD  pro te in  together w ith 14 kD  appears in the ra d ia tio n  
vulcanized la tex up to  n radia tion  dose o f  160 kGy, a n d  at 220 kG y it d isappears due to the  
disintegration hy radiation. B ased  on these results a  new  process f o r  the p rep a ra tio n  o f  p ro te in  
free latex has been developed. In the new  process the radia tion-prevu lcan ized  cen trifuged  la tex is 
subjected to d ilu tion  and  then centrifuged. In the case o f  f ie ld  latex, it is irrad ia ted  firs t and  then  
centrifuged a fter dilution. The new  proce.ss can resu lts in p revu lca n ized  la tex a lm ost fr e e  f r o m  
soluble proteins. Tensile s treng th  o f  sam ples p ro d u c e d  fr o m  the new  process  u rw  co m p a ra b le  
yyith that o f  the conventional radiation proce.'is

I. IN T K 0 D U C 1 1 0 N .

Latex from rubber trees (hevea 
brasiliensis) is llie source o f virtually all 
commercial natural rubber (cis-1,4- 
polyisoprene). Natural rubber latex is used in 
a wide variety of products that come in 
contact with human skin and other body 
surfaces. In the healtli care field, latex 
products include gloves, catheters, condoms 
jnd hundreds o f different medical devices. 
However, recent reports o f wide spread life 
jlireatening latex associated Type 1 allergies 

focused attention on latex proteins as 
^nous allergens'"'’. About 1%  o f the general 
^pulation is believed to be allergic to latex, 

ver 1000 allergic and anaphylactic 
anaphylactic deaths related 

use of latex derived medical devices 
j a  been reported. The most

Ujsnirestation o f laiex allergy is 
■ ^nologic irritant dermatitis o f the In

common 
non 

hand.

An  estimated 7 to 10%  o f heaill) care 
workers regularly exposed to latex and 25 to 
6 7 %  o f children with spina bifida have 
positive skin results for latex proteins’. It 
has been well established that residual protein 
from natural rubber latex in a finished 
product may cause allergic reactions o f  
immediate Type I hypersensitivity in some 
sensitized individuals. There are several 
proteins present in fresh field latex. 
Analytical studies have shown that the 
protein content o f  latex is about 1-2 %  by 
weight o f latex, part of which is adsorbed on 
the surface o f rubber particles while the 
remainder is distributed between the aqueous 
serum phase o f tlie latex and the hitoids’. 
Hevea latex allergens include both soluble 
and particle bound proteins*, it should be 
noted that while the total amount o f  
proteins present In natural rubber latex is 
relatively constant, the amount o f  
extractable protein in a latex product may be



h ig h ly  v a riab le . T h is  a r ise s  fro m  th e  fa c t  
th a t  o n ly  p a r t  o f  th e  n o n  rubbers, th e  m o s t  
im p o rta n t g ro u p  o f  w h ic h  is the  p ro te in s , in 
th e  aqueous serum  o f  th e  la te x  h a v e  been  
re m o v e d  du ring  p ro c e ss in g . T h e  f in a l 
q u a n tity  o f  e x tra c ta b le  p ro te in  m ay  depend  
u p o n  v a r ia tio n  in  p ro cess in g  and  
m a n u fa c tu r in g . V ario u s m e th o d s  a re  being 
e x a m in e d  to  reduce  th e  e x tra c ta b le  p ro te in  
c o n te n t in la tex  p ro d u c ts . T h e se  inc lude  th e  
u se  o f  a e n z y m e -d e p ro tie n ise d  n a tu ra l rubber 
la tex , leach in g  and  c h lo r in a tio n  o f  n a tu ra l 
ru b b e r la tex  p ro d u c ts  an d  an  o n -lin e  o r  o f f ­
lin e  enz> m e tre a tm e n t o f  g lo v e s ’ .

In  v iew  o f  th is , th e  p ro d u c tio n  o f  la te x  
a r tic le s  w ith  low  so lu b le  p ro te in  c o n te n t is 
h ig h ly  d esirab le . S u itab le  m e th o d s  fo r  
q u a n tify in g  to ta l so lu b le  p ro te in  in N R  la te x  
p ro d u c ts  a re  th e re fo re  o f  g re a t in te re s t t o  
th e  ru b b er in d u stry . T h is  p a p e r  re p o rts  th e  
re su lts  o f  a  re c e n t s tu d y  to  reduce  th e  
e x tra c ta b le  p ro te in  c o n te n t  o f  ra d ia tio n  
v u lcan ized  n a tu ra l ru b b e r la tex . W e fo llow ed  
th e  ra d ia tio n  c h an g es  o f  la tex  p ro te in s  and 
d escribed  a m e th o d  fo r  th e  p re p a ra tio n  o f  
p ro te in  free  N R  la tex  by ra d ia tio n  
v u lc a n iz a tio n .

2 . M A T E R IA L S  A N D  M E T H O D S

R ad ia tio n  v u lc a n iz e d  film s w ere 
p rep a red  from  c e n tr ifu g e d  la tex  sup p lied  by 
D u n lo p , M alay sia . T h e  la tex  is f irs t dilu ted  
to  50%  to ta l so lid s  w ith  1% a m m o n ia  
so lu tio n  fo llo w ed  b y  0 .2 p h r  o f  10%  K O H  
so lu tio n . T h e  se n s itise r  n -b u ty l a c ry la te  was 
th e n  added w ith  c o n s ta n t  s tirrin g . T h e  
irrad ia tio n  w as ca rrie d  o u t by  y  ray s  fro m  
a  so u rc e  o f  C o-60  a t a  d o se  ra te  o f  10 k G y /h  
fo r 1.5 h. T h e  film s w e re  th en  c a s t on  raised 
g lass p la te s . It is th en  a ir  d ried  till 
tra n sp a re n t. T h e  f ilm s  w ere  leached  
w h e re v e r  ap p lic a b le , in 1% a m m o n ia  
so lu tio n  fo r 24h , w a sh e d  w ith  w a te r  and  dried 
in a ir  till tra n s p a re n t  and  ag a in  d ried  in 
o v e n  at 80°C  fo r Ih . P ro te in  m e a su re m e n t 
w as carried  ou t as p e r  A S T M  D 5 7 1 2 . O n e  
g ram  o f  la tex  sp e c im e n  w as e x tra c te d  w ith  
10 m l o f  d is tilled  w a te r  a t ro o m  te m p e ra tu re  
fo r  tw o  hou rs. In te r fe r in g  su b stan ces w ere 
rem o v ed  from  th e  te s t  p ro te in  e x tra c t by 
p ro te in  p re c ip ita tio n . T h e  p re c ip ita te d

p ro te in  w as red isso lv ed  in m in im u m  volum e 
o f  O .IN  N aO H  and  then  a n a ly z e d  u s in g  BCA 
m ethod . L iq u id  la tex  p ro te in s , red isso lv ed  in
O .IN  N aO H  w ere  d ilu ted  1:2 in distilled 
w a te r  and  th e n  added  to  1:1 sa m p le  buffer 
T ris -  H C l, 0 .1 2 5  m M ; pH  6 .8 , 4 %  (w/y) 
b ro m o p h e n o l b lue . D ith io tre i to l  (D T T )
0.1 M , w as added  w h en  re d u c tio n  o f  the  
sam p le  w as n eed ed . T h e  p ro te in  
c o n cen tra tio n  p e r  lan e  w a s  2 m g . SDS-PAGE 
a n a ly s is  o f  e x tra c ts  w as p e rfo rm e d  on a 
8-18  %  p recas ted  p o ly a c ry la m id e  gel. High 
and  low  m o le c u la r  w e ig h t m a rk e rs  ( Biorad 
C a lifo rn ia , U S A ) w e re  included. 
E le c tro p h o re s is  w as p e rfo rm e d  a t 450V  till 
the  m a rk e r d y e  reach ed  th e  b o tto m  o f  the 
g e l. A  lab o ra to ry  m o d e l c e n tr ifu g in g  m achine 
ob ta in ed  from  S a ito  L td . Ja p a n , m o d e l SPL- 
100 w ith  a  c a p a c ity  o f  5 lite rs  w as used for 
co n c e n tra tin g  th e  la tex . E ach  tim e  2  liters of 
fie ld  latex  w ere  u sed  fo r cen tr ifu g in g .

3. R E S U L T S  A N D  D IS C U S S IO N

It is fou n d  th a t  d u rin g  irra d ia tio n  with 
Y-rays, th e  so lu b ility  o f  p ro te in s  in natural 
ru b b e r la tex  in c reases  (f ig u re  1).

Dose (K.Gy)

Figure 1. Variation of soluble protein content with 
radiation dose In Field latex

T h is  can  be ex p la in ed  by th e  d e s t r u c t i v e  

e ffec t irrad ia tio n  h as  on  la te x  p ro te in s  • .- 
A fte r  irra d ia tio n , su b s ta n tia lly  
sm earin g  is o b se rv ed  in th e  SD S-PA G ^' 
U sua lly  the  sm e a r is due  to  th e  disintegrat'® *' 
o r  d en a tu rin g  o f  th e  h ig h e r  p ro te in s .

i o n



cans th a t y r a d ia t io n  can  cause  p ro te in  
il's in tegration, w h ich  m igh t c au sc  a  redu c tio n  

f  T ype  ̂ a lle rg ic  reac tio n s . In  o rd e r to  
onform  th is  da ta  th e  ru b b er phase  o f  

irradiated la tex  w as rem o v ed  by  cen trifu g in g  
and the  p ro te in  c o n c e n tra tio n s  in the  scrum

increases, suggesting  th e  d en a tu rin g  o r  
d is in te g ra tio n  o f h ig h c r  p ro te in s .

phase and  rubber p h ase  w ere  d e te rm in ed
separately (f ig u re  2).

Dose (kGy)

Figure 2. VariaSon of soluble protein content wtfi ratfta&m 
dose in the ssrvm and rvbder phases of field 
latex.

The d r a s tc  in crease  o f  p ro te in s  w ith  
radiation in th e  se ru m  p h a se  su g g est th a t, as 
the rad ia tion  d o se  in creases  m o re  p ro te in s  
undergo d is in te g ra tio n . T h ese  low  m o lecu la r 
'veight p ro te in  cause  a sm e a r in th e  b o tto m  
portion o f  th e  SD S -P A G E . C o n tra ry  to  th e  
radiation ch a n g e  o f  la tex  serum  p ro te in s , th e  
rubber p h ase  show s a d ec rease  o f  soluble 
^ o te in  c o n te n t. T h e  m a jo r la tex  a llergens 
w u n d  to  th e  ru b b er p a rtic le  a re  3 0 , 35 and 
**6 kD  p r o t e i n s . T h e s e  h ig h  m o lecu la r 
"weight p ro te in s  u n d e rg o  d is in teg ra tio n  by 
radiation w h ich  re su lt in low  m o lecu la r 
'J'fiight o n es , th e  m ig ra tio n  o f  th e  sam e to  

e serum  p h ase  m ay  be the  re a so n  fo r th e  
Dh'^ c o n c e n tra tio n  in th e  rubber
P ase fo llow ed  by a c o rre sp o n d in g  increase

serum  ph ase .
fu r th e r  co n firm ed  by  th e  SDS-

3 ) It serxjm p ro te in s  (figure
o f  5 0 ^^”  ^ ra d ia tio n  dose
the p ro te in  bands a re  a lm o s t

sam e bu t th e  sm ea r a t th e  b o tto m

>>
s
o

-7 0  kD a

4 0 K D a

Figure 3. SOS-PAGE of tatex seivm proteins wtfi radiaVon 
after prvdpitation

T h e  m ajo r la tex  a lle rg en s  such  as 14 k D , 2 7  
k D  and  29  kD  rem ain  in tac t up  to  a  rad ia tion  
d o se  o f  50 kG y. A t a  d o se  ra te  o f  160 kG y 
th e  a llergens s ta r t d isap p earin g . A t h ig h e r 
d o ses  th ese  a lle rg en s a re  found  to  d isa p p e a r 
from  th e  SDS band fo llow ed  by th e  
ap p e a ra n ce  o f  a  sm e a r a t th e  bo ttom .

T his suggests th a t v u lcan iza tio n  o f  
la tex  a t h ig h er d o ses  can  resu lt in p ro te in  
free  la tex . H o w ev er, th e  p h y sica l p ro p e r tie s  
a re  found  to  be a ffec ted  ad v erse ly  due to  
b reak in g  dow n o f  p o ly m e r ch a in s . Based o n  
th e  rad ia tio n  induced  so lu b ility  o f  la te x  
p ro te in s  a new  p ro cess  (f ig u re  4 ) fo r th e  
p re p a ra tio n  o f  p ro te in  free  la tex  has been  
d ev e lo p ed  and  th e  lab o ra to ry  resu lts  w ere 
p e rfo rm ed  on a p ilo t p lan t sca le  w ith  a 
cen tr ifu g in g  m ach in e  fo r th e  p ro d u c tio n  o f  
so lub le  p ro te in  f r e e  la tex . In  the  n e w  
p ro c e s s  f ie ld  la tex  is  irra d ia te d  first and  th e  
p rev u lcan ized  la tex  is th en  d ilu ted  to  a  d ry  
ru b b e r c o n te n t o f  2 0 , w h ich  is th e n  
cen trifu g ed . In  th e  case  o f  c o n c e n tra te d  
la tex , it is f irs t v u lcan ized  an d  then  sub jec ted  
to  a  d ilu tio n  o f  30  d ry  ru b b er c o n te n t w h ich  
is th e n  cen trifu g ed . L a ttic e s  fro m  M alay sia  
an d  In d o n esia  w ere  ra d ia tio n  p ro cessed  as 
p e r  th e  new  m eth o d  and  th e  re su lts  a re  g iven  
in  T ab le  I . A s w e h av e  se e n , rad ia tion  can
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Figure d. Schematic representation of radiation processing of natural rubber latex

T A B L E  1. V A R IA T IO N  O F  P R O T E IN  C O N T E N T  A N D  T E N S IL E  S T R E N G T H  W ITH
D IF F E R E N T  P R O C E S S IN G  ST E PS

S am ple
(P ro c e s s )

P ro te in  c o n te n t (n ic /u )
T b

fM p a)

R ubber Serum
F ield  latex 1 .20 1 0 .9 2 8 .2 6

(a f te r  c e n tr ifu g in g ) ( ! .2 0 ) ( 1 1 .3 0 ) (8 .1 6 )
C o n c e n tra te d  la tex 3 .2 0 - - 3 4 .6 3
(a f te r  ir ra d ia tio n ) ( 4 .4 0 ) - - (3 3 .0 9 )

F ie ld  latex 0 .4 0 1 3 .0 2 3 i .2 6
(a f te r  irra d ia tio n  &  c en tr ifu g in g ) ( 0 .6 0 ) (1 3 .8 6 ) (3 1 .4 3 )

F ield  la tex no t d e tec ted 1 3 .8 5 2 9 .8 6

(a f te r  ir ra d ia tio n , d ilu tio n  &  centrifuuini*) (n o t d e te c te d ) (1 4 .0 1 ) f 2 9 . 9 i i J

ngurea in brackets show the values for Indonesian latex



se an increase o f  so lub le  protein, tlie 
^^ducts m ade from  the above  said proccss  

P ^ ta in s  appreciab le  am oiiiU  o f  soluble 

tein. T o  avo id  th is here we irradiated 

fhe centrifuged it. T h is

urocess w ashes aw ay  the soluble prote in
r e d u c e d  during irrad iation, from  the rubber 

hase to the serum  phase w h ich  m akes the 
products a lm ost free from  soluble proteins, 

yhe tensile strength o f  R V N R L  film s 
p r o d u c e d  from  the new process are 

com parable w ith  those o f  the co n ve n tio n a l 

process.

4. CONCLUSIONS

A s  radiation dose  increases, the soluble 

protein content in the serum phase increases 

where as that in the rubber phase decreases. 

S D S - P A G E  an a ly s is  revealed that, the 27 k D  

protein together w ith  14 k D  appears in the 

radiation vu lcan ized  latex up to a radiation  

dose o f  160 , k G y  and at 320 k G y , it 

disappears due to the d isin tegration  by 

radiation. Based  on  these results a new  

process fo r preparation o f  protein free latex  

has been developed. In  the new  process the  

radiation -prevu lcan ized  centrifuged latex is 

subjected to d ilu tion  and then centrifuged. In  

the case o f  fie ld  latex, it is irradiated first and 

then centrifuged after d ilution. The  new  

process can results in prevulcanized latex  

alm ost free from  soluble  proteins. T e n sile  
strength o f  sam p le s produced from  the new  

process w as com parab le  w ith that o f  the  

conventional rad iation  process.
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