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Abstract

Reliable methods by which to measure latex proteins are necessary if manufacturers
hope to reduce the levels of protein allergens in latex medical devices. Colorimetric
protein assays are plagued by problems with interfering substances and lack of
sensitivity. . lmmunological methods have the advantage ol increased sensitivity and
specificity for latex proteins. ln this study, the extraction of anligenic latex proteins
from latex films and products was investigated by using the latex ELtSn for antígenic
latex proteins (LEAPo). The following éxtractión parameters were evaluated with
respect to lhe levels of antigenic latex proteins in the resulting exlracls: pH, volume
and time of extraction. The extraction of latex proleins from films is enhanced at higher
pH levels (>7.0). Extraction of latex proteins from latex gloves, however did not show
the same pH dependency. This study yields data which is useful for establishing latex
protein extraction parameters prior to protein testing of end products with the E1tSn
method. In addition, a better underslanding of protein extraclion from latex films and
products should be useful to individuals involved with manufacturing leaching
processes.

Introduction LEAP (Latex ELISA for antigenic proteins)
With increased awareness of latex protein al lergy, The LEAP assay was performedL pr.uiously dóscribed.a
procedures for testing extractable latex proteins have been In brief, latex ieferenèe protein anà samples containing
d_e1el_oped.r'3 The latex ELISA for antigenic proteins latex proteins were absorbed onto the inner surface of 96
(LEAP-) has proven to be a very useful tool for quantifying well polystyrene ELISA plates (Corning #25805-96) by
the level of- antigenic- protein in latex extracts. '  fné incubating ùe plates four irours ai 37.C. Plates *ere ihen
extraction of proteins for this type of testing is normally washed one time with phosphare buffered saline (PBS) at
carried out in buffered solutions in order to increase protein pH 7 .2 containing O.Vi Twèen 20 (TPBS), afrer which'the
s tab i l i t y .  Th i s  s tudy  ex tends  an  ea r l i e r  s tudy  wh i ch  un reac ted  s i t es  we re  b locked  w i t h  5% bov ine  se rum
investigated extracJion -paramete_rs using total protein albumen (BSA) in TPBS for one hour. The plates were
analysis methods (Bradford and Lowry) with detection washed, incubated overnight at 37oC with rabbìt anti-latex
limits of approximately 4pg/ml.' By using the LEAP assay protein antiserum, washèd three times and then reacted
(detection l imit of approxìmately Sng/ml) to measure with peroxidase-label led goat anti-rabbit IgG (Sigma #A-
antigenic protein levels in the extracts, various extraction 0545i for I hour ar 37oC. After carefully wishingihe plate
parameters were evaluated. With the lower detection limits for the last time, a coloured reaction wai produceó Uy úsing
of the LEAP assay, analysis can be performed on latex orthophenylediamine (OPD, lmgiml) in HrO coniaining
gfoves containing lower levels of extractable protein. 0.17o H2O2. The reaction was stópped by tÉe addition oT

50pl of 4N sulphuric acid and the coloured product was
quantitated by reading the absorbance at 490nm using an

Materiars and methods H: i"H.fiL',i* 3lffiJ1o,l1.Í?ílXfflflT'Jlil,",fl;
P-reparation and extraction of latex f i lms and determined by comparing àbsorbance unirs of unknowns to
g loves the la tex próte in  ì tandard curve at  three consecut ive
Latex films were produced by spreading ammoniated latex dilutions. The lower part of the calibrated curve was used
evenly onto a clean glass. plate, and allowing it to air dry to avoid interference which may be noted when using less
ovemight. In some experiments,.the films were oven dried dilute samples.
for one hour at 70oC after air drying overnight. Both, latex
films and commercially obtained gloves were weighed, cut
into small pieces (2-5cm') and extracted with various test
so lu t ions in  po lypropy lene conta iners  us ing constant  Resul ts /Discuss ions
mixing. To avoid skewing the results, latex beads around Extraction buffer comparisons
the. glove opening were removed from the glove before To probe potential ly important parameters inf luencing
weighing and extraction. extractabi l i ty of antigeniè proteiàs from latex, air-dried
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Table
Film and glove extraction u'ith various bffirs, (Films and gloves v,ere extracted for tv'o hours at 37"C.)

LEAP, Pelt
Films

pH Molarity f f i f f i
Gloves

Brand Brand Brand
A B C

Distilled
water

Acetate
buffer

Phosphate
buffered
saline

not
buffered

1727.2

not
buffered l l0 t748 262r

ffi1 M9

213

477O.lM 370 522

0.01M Po4
-  0 .15M
NaCI

9.6 0.0sM 6080 t2045 21176

825 l59r 1692

s59r 6966 13608

673 832 379

0.9

1 . 8

1500.7

1.2

367301

Carbonate
buffer

55s

229

l l t 0

a.
b.

Results are given as pg of antigenic protein per g of rubber.
Oven dried films were heated for I hour at 70oC.

latex films were made from ammoniated latex. The films
were  ex l r ac ted  f o r  two  hou rs  a t  37oC us ing  va r i ous
solut ions chosen for protein compatibi l i ty. Antigenic latex
protein levels in the extracts were quanti tated using the
LEAP assay. Levels of extractable protein are given in the
Table. This data indicates that high pH buffers (phosphate
buf fered sa l ine,  pH 7.2  and carbonate buf fer .  pH 9.6)
extracted the highest levels of antigenic protein, while the
low pH solution (acetate buffer, pH 5.5) was less efficient
at extract ing antigenic proteins from air-dried latex f i lms.
The  d i s t i l l ed  wa te r  ex t rac t  cou ld  no t  be  used  t o  d raw
conclusions on pH. since the pH would depend on the latex
film properries. Films that had been heated at 70oC showed
lower levels of extractable protein in almost every case. As
with the air dried f i lms, increasing the pH of the leaching
solution increased the levels of extractable protein.

The manufacîur ing o f  la tex g loves invo lves leach ing
steps. Leaching results in lower levels of extractable latex
proteins in the final products. To determine what effects
various solut ions have on the extraction of latex proteins
from end products, three dif ferent brands of gloves were
extracled using the same solut ions. As shown in the Table.
lower  leve ls  o f  pro te ins were ext racted f rom the g loves
than from f i lms. This was noî unexpected, since gloves are
leached during manufacturing. The amount of extractable
protein, however, varied signif icantly between the brands
tested. Interestingly, the glove experiments do not show a
dist inct advantage in using a higher pH (>7) buffers. This
is. however, consistent with studies by others which show
no signif icant dif ference between di lute base, di lute acid or
watei r insing of exam gloves.s The extraction dif ference
between air-dried f i lms and gloves, regarding pH, is most
l ikely due to solubi l i ty characterist ics of the latex proteins.
This difference is significant for manufacturers. For films,
the dif ference between extraction l€vels using water vs

carbonate buffer (pH 9.6), suggest that high pH buffered
solutions will greatly increase the efficiency of in-process
leaching and tÌierefore should result in lower protein levels
in the end products. Although extended leaching times and
low temperatures (compared to industrial glove processing)
we re  used  i n  t he  expe r imen ta l  cond i t i ons  t o  ensu re
maximal extractabi l i ty, high pH leaching appears to be
most effective if carried out prior to oven drying steps.

Effects of extract ion volume
The prev ious exper iments  were per formed in  order  to
define the optimal protein leaching conditions that may be
used  i n  manu fac tu r i ng  p rocesses .  De te rm in in -q  t he
ex t rac tab i l i t y  o f  p ro te i ns  f r om end  p roduc t s  i s  ve ry

important in light of reports of patients with extreme latex
prótein sensit ivi ty. To mimic physiological condit ions.
phosphate buffered saline at 37oC was used. Volume and
iime parameters were investigated using three glove brands.
known to have different levels of extractable proteins. To
test the effect of volume. each glove brand was extracted
overn ight  a t  37oC in  PBS,  us ing increas ing vo lumes of
extraction buf fer. Separate gloves were used for each data
point, therefore the experiment was repeated twice to assess
glove-to-glove variabi l i ty. As seen in Figure l .  extractable
prote in  leve ls  were most  cons is tent  wi th  the two g love
brands containing the highest protein levels. The relat ive
standard deviation betu'een the various extraction volumes
for glove brands A. B and C was 1337r (0. l4' lpgl$.34Vc
(  l 6 -4  I  pg /g )  and  35  c / c  ( 250 -800p  g /g ) .  r espec t i ve l y .
Although brand A showed the greatest relat ive standard
deviat ion, i t  also contained the lowest levels of extractable
an t i gen i c  l a tex  p ro te ins .  Cons ide r i ng  va r i ab i l i t y '  t o ta l
exîractable protein was independent of the volume used for
extraction.
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Figure I
Varving e-vroction yolume. Three seporate glot'e t-v^pes v,ere
extrar'ted ovrnight at 37oC rrsing PBS. Separate g,loves v,ere
used for each data point. The e.rperimental proîocol u,as
carried out ty'ice. The LEAP a.r.rc_ì'l.r'c-r used to quantitate
levels of e.rtracted proteins in ternís of 1tg of anti'genic proreirt

per gram of rubber.

Figure 2
Varying exlractíon time. Three separate glot'e Npes u.ere
exÍrocted x'ith PBS at 37oC for yorious lengths of tinte (5,30,
60, 120 and 360 núnutes). The LEAP dsray x'ds uscd to
quantitate levels of e.rtracted proteins in terms of ! S of
antigenic protein per gram of rubher. Sr.r grarns of glove n,as
extracted u'ith 20ml of PBS. At each time point, t00yt of
e-\tract *,as remoyed, centrifuged and then tested by LEAp
assd). Open squares indicate less than values.
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Kinetics of extraction
Testing of extraction time was carried out by extracting the
same three glove brands for different lengths of timés at
36oC. As seen in Figure 2, the latex proteins were rapidly
extracted from the gloves. A steady increase in pròtein
level was noted in the extract up to 120 minutei,  after
which t ime l i tr le addit ional prorein was extracted. This
data is in agreement with total protein results from other
studies.a'5

Effi ciency of extraction
E f f i c i ency  o f  ex t rac t i on  was  t es ted  by  pe r fo rm ing
sequential extractions. Glove brand C, which contained thé
highest level of extractable latex proteins, was used for this
set of expe riments. The experimental protocol involved the
extraction of three separate gloves for 24 hours using three
different extract ion volumes (10,20 and 30ml). The init ial
extraction was then followed up with three sequential one
hour extractions using fresh PBS for each extraction, with a
water rinse between extraction steps. Figure 3 shows the
measured latex protein levels in the different extractions.
Calculations indicate that the first extraction step yields a
farge percent of the total extractable text proteins; 92, g3
and  86Vo  fo r  10 ,  20  and  30m l  ex t rac t i on  vo lumes .
respectively. Conclusions from this data include: a) the
initial 24 hour extracrion produced comparable yields to rhe
two hour  ext ract ions us ing the same g love brands (see
F igu res  I  and  2 )  and  b )  a l t hough  a  s i ng le  ex t rac r i on
removes >80Vo of the protein, addit ional protein can be
recove red  i n  subsequen t  ex t rac t i ons .  Th i s  da ta  a l so
indicates that gloves from brand C may vary ten fold in
extractable protein levels, even within the same lot.
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Conclusions
We have examined various parameters influencing protein
ex t rac t i oh  f r om bo th  l a tex  f i lms  and  g loves .  

-Tes t s

conducted on extractability of antigenic protein with air-
dried latex films showed maximum protein extraction with
high pH solutions. However, latex glove end products did
not  show th is  same pH dependency.  As observed by
others,s this dif ferenòe may be relaied to the t ime anó
temperature of the drying steps used during the production
of  the g loves.  In  addi t ion,  vu lcan izat ion,  presence of
calcium nitrate, process leaching steps and latex protein
solubility characteristics may be involved. Above all, the
extraction of latex proteins from gloves occurs quickly at
37 'C .  Add i t i ona l  po in t s  rega rd ing  t he  ex t ràc t i on  o f
proteins from gloves include: a) extracted protein level was
constant  when the ext ract ion vo lume was var ied f rom
l-lOml per gram of latex Figure l) ;  b) two hour exrracrion
time showed l i t t le advantage over a 24 hour extract ion
per iod (F igures 2  and 3)  and c)  s ing le  exr racr ion srep
recovers greater than 807o of the extractable latex protein
(F igu re  3 ) .  A l t hough  no t  t es ted ,_ tho rough  m i i i ng  i s
important in any extraction system.s Others have shòwn
greater than l0 fold differences in protein levels berween
inner and outer surfaces of the same glove,s'6 thus, cutting
the  who le  g l ove  i n to  sma l l e r  p i eces  i s  cons ide red  an
integral step in the extraction procedure.

Future work with extract ion buffers prior to protein
determination should focus on the stability of latex proteins
in the extracts. This may be an important facrór since
repeat  tes t ing o f  ex t racts  is  o f ten requi red.  F ina l ly ,  a
standardized protein extract would be useful for inter- and
in t ra- laboratory  compar isons of  la tex prote in  tes t ing
methods.
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Figure 3
Efficiency of e-rtractiott u,ith PBS. Three scparole brand C
gloves v'ere e.rîracted v'ith 10,20 or 30ml of PBS for 24 hours
ot 37oC,. The initial 24 hour extract v'as retnored and ft'esh
PBS (sonte yolunte as originally used) u,as incubated at 37oC
u,ith the latex for one hour. The rentoval of extract, addition of
fi'esh PBS and one hour incubotion u,as repeatedfor a total of
úree rimes. The LEAP assay vras used to quantiîate levels of
extracled proteins in lerms of yg of antigenic protein per gram
of rubber.
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New MRPRA Literature

Frict ion on ice (4. Roberts)
Laboratory measurements show that the average temperature
rise produced on an ice surface by the passage of a rubber
s l i d e  i s  l i m i t e d  b y  r u b b e r  h a r d n e s s .  T e m p e r a t u r e  r i s e
m e a s u r e m e n t s  a n d  o b s e r v a t i o n s  m a d e  d u r i n g  s l i d i n g
experimenls help to explain this in terms of the rubber-ice
micro contact area. The results are relevant to the grip of tyres
on icy roads.

Temperalure rise produced on an ice surlace by a rubber slider, Roberts, A.,
Journal of Nalural Rubber Research,1993,8, 163-75.
Publication 1496

Prevulcanization (R. Davies/K. Gazeley)
A  p e r o x i d e  p r e v u l c a n i z a t i o n  m e t h o d  i n v o l v i n g  t - b u t y l
hyd rope rox ide  ( rBHP)  u , i t h  f r uc tose  as  an  ac t i va to r  was
assessed for i ts suitabi l i ty for commercial appl icat ions. The
ef fects  o f  prevu lcan izat ion lemperature,  concent ra t ion o f
tBHP. fructose/tBHP rat io and intr insic iron content on the
r a t e  a n d  e x t e n t  o f  p r e v u l c a n i z a t i o n  w e r e  i n v e s t i g a t e d .
A d d i t i o n  o f  t h e  t B H P  i n  s e v e r a l  s t a g e s  t h r o u g h o u t  t h e
prevulcanization. instead of one al iquot at the stat, improves
the overal l  crossl inkin-e eff iciency. Peroxide prevulcanized
la tex can be used in  convent iona l  coagulant  d ipp ing and

Excnr u'hcre othenrise indicated, copies of the popers notcd belov' are availahle fi'om the MRPRA librarian.
A {5.00 hardlirtg charge (su(ace mail)u'ill be nnde per reprint. Invoices v'i// noî be issuedfor reprints.

heat-sensi t ive dipping processes to produce f i lms wi th s imi lar
unaged propert ies to those f i lms made f rom a low modulus
sulphur prevu lcanizate.

Peroxide prevulcanizalion of nalural rubber lalex with a t-butyl hydroperoxide,
Davies,  R. ,  and Gazeley,  K. ,  Journal  o l  Nalural  Rubber Research,  1993,8,
1 76-89.
Publication 1497

Noise control  (H. Ahmadi/4.  Muhr)
Structure-borne vibrat ions are converted to airborne noise
u'hen they excile vibration of a surface, such as a metal plate.
The surface may form the path of the vibrational waves, or it
may be set in resonance by passage of the waves through a
structure to r.r 'hich it is attached. Some results are reponed for
damp ing  t rea tmen ts .  based  on  unvu lcan ized  epox id i zed  NR
app l ied  to  a  f ree l l ,  suspended  s tee l  beam.  The  techn ique
i n v o l v e s  r e s o n a n c e  r a t h e r  t h a n  t r a v e l l i n g  u ' a v e s ,  b u t  t h e
incorporation of danrping reduces both t1'pes of problem.

Use of rubber to suppress ringing of metal components, Ahmadi, H., and Muhr,
A., Instilule of Malerials Conference '0uieter transporl with rubber. Shock,
vibration and noise conlrol lor the benefil of user and environment', University of
lhe Wesl of England, Brislol, April 1994.
Publication 1498
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