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Abstract

Cytotoxicity testing (cell growth inhibition, LDH-assay) has shown that RVNRL materials are considerably less
cytotoxic than sulphur-vulcanised materials. Also the effect of applying different leaching times during the
production process was investigated and gave interesting results. Protein testing (BCA - comparable to a
Lowry assay ) has shown that some, but not all proteins are destroyed during irradiation. For the total protein
content of the materials as determined in this way, the effect of leaching proved to be very important. This was
also checked by; SDS-PAGE assays: After irradiation a smear is observed with SDS-PAGE; when the
irradiated material has been leached, most of the smear has disappeared. An important protein (14 kD) is still
present and seems hardly to be affected. The materials have also been evaluated clinically, using well
characterised patient sera (Western blotting) in order to determine whether the remaining proteins are
allergenic.

INTRODUCTION

In the mid eighties the use of medical gloves and condoms increased explosively to avoid the risk of being
infected by AIDS. Because of the fantastic mechanical properties of natural rubber latex (NRL) this unique
material was used to manufacture these products. After several years, however, a disadvantages of this way of
protection became obvious. An increasing number of people began to develop adverse reactions to latex
products. These reactions ranged from a simple rash or itchy feeling to more severe asthmatic and allergic
reactions.
The problems associated to use of NRL are caused mainly by three factors. The first one, which is currently
regarded as the most important one is a consequence of the fact that it is harvested from the rubber tree Hevea
Brasiliensis. Besides the rubber particles the raw latex also contains the tree's natural proteins. A lot of these
proteins are destroyed or removed during processing, but often a considerable amount is still present in the final
product. During the use of for example the latex medical glove the proteins, which tend to migrate to the
surface, can come into contact with human tissues both of the user and the patient and cause allergic reactions
(Levy et al.. 1992; Slater 1994).
The type of reaction caused by these protein is classified as a Type I or immediate-type, IgE-mediated allergic
reaction. The clinical symptoms related to this reaction are seen as local or generalised urticaria (hives) with
edema, hayfever-like symptoms, and/or difficulty in breathing. In extreme cases anaphylactic reactions can
occur which may even, although rarely, result in death.
The second problem is mainly caused by the chemicals that are added to the latex in order to start the
vulcanisation process (accelerators, mostly dithiocarbamates, thiurams and mercaptobenzothiazoles) and to
provide the final product with its unique properties. These chemicals may act as specific contact sensitizers,
which cause a Type IV or delayed-type, T-cell mediated allergic reaction which is sometimes refereed to as
allergic contact dermatitis. Clinical symptoms like redness, vesicles scratching, itching and a rough skin can
occur (Heese et al. 1991; Heese et al. 1991).
A third major problem, which is starting to be acknowledged more and more in the last few years, is connected
with the use of donning powder in the gloves (Thuscott 1995; Proceedings Symposium London 1996). Several
adverse effects are associated to glove powder. Adhesions after surgery in the abdominal area can sometimes
be attributed to glove powder particles. Also misdiagnosis of cancer and severe foreign body complications
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can be caused by the powder. Furthermore, most important, glove powder can enhance the risk of allergic
reactions.
Proteins and chemicals can be adsorbed and/or absorbed by the powder particles, which during the use of the
gloves can become airborne. Subsequently they can cause allergic reactions after inhalation or deposition on
human tissues (including inside a surgical wound).
National and international authorities and standardisation bodies like ISO (International Standardization
Organization) and CEN (European Committee for Standardisation) have recognised the problem. Under the
European legislation the Medical Device Directive (Council of the European Communities 1993) has been
issued in which essential requirements have been formulated to which medical devices have to comply.
Horizontal (for all products) and vertical (product-specific) standards have been developed to help
manufacturers of medical devices: if they comply with the standards, they also comply to the European
legislation. For latex gloves two series of standards are important. The first one is "Biological evaluation of
medical devices" (EN 30993 1996) is a horizontal standard including recommendations and protocols for
specific tests and other safety-related specifications. The second one is "Medical gloves for single use" (EN
455-1,2,3 1994), covering requirements for freedom from holes, physical properties and biocompatibility
aspects.
Also manufacturers are becoming more and more aware of the problems that may result from the use of NRL.
A lot of research has been done to identify possibilities of improving their products. This has resulted in the
development of different processing regimes, especially interdicting additional leaching stages in order to
remove as much of the extractable proteins and chemicals as possible.
Regarding the above mentioned problems associated to NRL, radiation vulcanized natural rubber latex
(RVNRL) seems to be a very interesting alternative material (Makuuchi and Yochii). Two major advantages
arise from the different way of processing NRL. At first, the accelerators necessary for sulphur vulcanization
need not to be added to the material. The absence of these chemicals will probably cause a major reduction of
Type IV allergic reactions. Secondly, gamma radiation can cause protein disintegration, which might cause a
reduction of Type I allergic reactions.

To investigate the extent of these possible advantages, several tests series were carried out on RVNRL samples.
These include cytotoxicity assays, which are very sensitive to a lot of chemicals (sulphur-vulcanised NRL is a
known highly cytotoxicity assays, which are very sensitive to a lot of chemicals (sulphur-vulcanised NRL is a
known highly cytotoxic material) and protein assays. The latter include a total protein assay and gel
electrophoresis (SDS-PAGE), with the help of which proteins of different molecular weight can be separated.
Finally immunoblotting with patient sera was performed in order to determine whether residual proteins that
are found on the material have allergenic properties.

PROCEDURE

General

A biological evaluation was made of RVNRL materials. It was considered very important to identify the
influence of different processing steps. Therefore samples of all stages in the production process were
investigated regarding several biocompatibility aspects of the material in comparison to conventionally
produced (making use of sulphur containing accelerators for vulcanisation) latex products. The applied
methods were performed in conformity with the international standards for biological evaluation of medical
devices (EN 30993, 1996). A description of the investigated samples is put down in Table I.

Materials and Methods

Extraction procedure

For cytotoxicity testing the materials were sterilised using ethylene oxide or steam. From the sterile flat
materials, 120 cm2 was aseptically cut. The samples were extracted in sterile vial for 24 hours at 37°C. The
extraction fluid was 20 ml Dulbecco's medium, supplemented with antibiotics penicillin (lOOU/ml) and
streptomycin (100 mg/ml).. The extracts were filtered through a 0.22 \un filter to remove debris and glove
power.
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Extraction of latex gloves or film for protein testing was performed with a slightly different protocol. 120 cm2

was extracted for 18 hours at 37°C in 20ml PBS supplemented with 0.01% w/v sodium azide to prevent
microbial growth, and concentrated with a Microcon 10 (Amicon, USA) microconcentrator by centrifugation
for40minat 10,000g.
Protein content

Protein determinations were performed with the BCA (Bi Cinchoninic Acid) protein assay reagent (Pierce,
USA) according to the manufacturer's instructions. Principle fo the test is the reduction of an alkaline Cu(II)
solution by proteins, yielding Cu(I) ions which form a coloured complex with BCA (Smith et al. 1985).
Concentration can then be determined spectrophotometrically at 562 nm. Calibration was done using several
known concentrations of Bovine Serum Albumine (BSA). The method is comparable to the widespread Lowry
method (Lowry et al. 1951). using a slightly simpler procedure.

SDS-PAGE analysis

Liquid latex samples were diluted 1:2 in distilled water and then added 1:1 to sample buffer Tris-HCl,
0.125mM; pH 6.8, 4% (w/v) SDS, 0.2% (w/v) bromophenol blue. Dithiotreitol (DTT) 0.1M, was added
(1:10) when reduction of the samples was needed. The samples were heated at 100°C for 2 min. The amount
of sample used was 3 ml. For fresh latex supernatant the protein concentration per lane was 2 mg. SDS-
PAGE analysis of extracts was performed on a 8-18% precasted polyacrylamide gel (Excelgel, Pharmacia,
Sweden). High and low molecular weight markers (Biorad, California, USA) were included. Electrophoresis
was performed at 450V till the marker dye reached the bottom of the gel. The gel was used for silverstaining or
for immunoblotting.

Immunoblotting

After electophoresis the gel was removed from its support by a filmremover (Pharmacia, Sweden). The
proteins were transferred by electroblotting (Multiphor, Pharmacia, Sweden) to a nitrocellulose membrane
(Pharmacia, Sweden.). After transfer, the membrane was saturated for two hours in blocking solution
containing lOmM Tris-HCl pH 7.4, 65mM, NaCl and 0.05% non-fat dried milk powder (Protifar, Nutricia,
The Netherlands). Patient sera from latex allergic patients were used. IgE antibodies were detected by a
monoclonal mouse antihuman IgE (CLB, The Netherlands) and next visualised by a peroxides-labelled rat
antimouse antibody (CLB, The Netherlands).

Cel growth inhibition test (CGI)

This assay was basically performed according to the assay described by Pelletier (Pelletier 1988), with some
small modifications. 10|j.l containing approximately 4,000 L929 fibroblast cells grown in Basal Medium Eagle
(BME) were seeded in a 96 wells round bottom microtiter plate (Corning). The cells were incubated for 24
hours. Subsequently, 100(0.1 extract in Dulbecco's medium (without fenolred) was added to the wells. The
cells were incubated for another 24 hours and then fixed with 100(J.l 10% (v/v) formalin in PBS for 10 min.
The wells were washed twice with 100(il 10 mM borate, pH 8.4 A 1% (w/v) methylene blue solution (lOOjul)
was added and incubated for 10 minutes. Following the incubation the wells were again washed twice with the
borate solution. 100(il 0.15M HC1 was added to the cells and incubated with agitation for 10 minutes. The
extinction of the solution was measured at 650 nm with a photospectrometer (Bio-Tek Instruments). Cell
growth inhibition was determined by calculating the change in extinction of cells incubated with extract (Eb),
both compared to the extinction at t=0(Eo).

In the form of an equation this is: %CGI=1 - (Ej.E0)/(Eb - Eo). Of all samples 12 separate measurements were
performed. The average and mean deviation (SD) were culculated. Positive and negative reference materials
were included to assess the validity of the test.

Lactate dehvdrogenase leakage assay (LDH)

This method was adapted from a test originally described in 1983 (Korzenieuwski and Callewaert 1983).
Theassay is used measure leakage of the cytoplasmatic enzyme lactate dehydrogenase (LDH). Leakage is a
funtion of membrane permeabilisation caused by chemical present in extracts of medical devices. The ratio of
leakage of LDH in the presence of extracts and the total amount of LDH in the cells corrected for spontaneous
leakage gives the cytotoxicity percentage. A cell suspension of 2*105 cells/ml in complete Dulbecco's medium
(without fenolred, supplemented with 10% FBS and antibiotics) was used to seed a 96 wells microtiter plate
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(Costar). Following incubation for 24 hours, the medium was refreshed (FBS was omitted) and the extracts
were added 1:1. The plate were incubated for 24 hours, subsequenly the plate were centrifuged (5min.
1500rpm, 302K Sigma) at room temperature. Control cells were lysed with 20|Ul 1% (v/v) Triton X-100. From
all wells 8O|ol was transferred to a new microtiter plate and 80 |il of a substrate solution containing lactate,
NAD and complex (INT) was added. LDH activity could then be determined because it initiated a two step
reaction resulting in a colour change of the complex which could be measured during 15 minutes at 490 nm ian
a Biokinetics reader. Eight samples per extract were tested. The average and the mean deviation were
calculated. Positive and negative reference materials were included to assess the validity of the test.

RESULTS

Cytotoxicity testing

Cytotoxicity tests were performed only on the final product (latex gloves and films), because it was practically
not feasible to perform the tests on the liquid samples. Futhermore, the cytotoxic properties of the materials are
likely to change most dramatically in the final processing step in which vulcanisation takes place.

The results of both the cell growth inhibition assay (%CGI) and the LDH leakage (%LDH) are summarised in
the Table 2. It was found that all the RVNRL films (both gamma and beta irradiated) and gloves score low to
very low values of cytotoxicity, whereas the SVNRL films can be considered highly cytotoxic. Materials that are
not cytotoxic induce less than 10% CGI and slightly negative values in the LDH assay. Unleached gamma-
vulcanised RVNRL (sample 5a) was moderately cytoloxic. The leached samples (1, 5b-5f) showed low
cytotoxicity. Of the Beta-vulcanised films (samples 17-19) also the unleached sample had a low cytotoxity.
Both samples with and without antioxidant (11 and 12) resulted in low levels of cytotoxicity.

Protein testing

BCA assay (total protein content)

The results of BCA testing on liquid samples and on films or gloves be compared direcly. because of the liquid
samples a total protein content is determined, while of the films and glovcstotal amount of extractable protein is
measured, the results for both series if samples are summarised in Tables 3 and 4.

In Table 3, it shows that different batches of raw latex can differ markedly in the concentration of protein, (see
also Figure 5). Compared to the intemallaboratory reference material and concentrationin the latexes obtained
from MINT and JAERI seem rather high.
In samples 7-9 a very strange phenomenon is observed after formulation the protein concentration dropped
significantly, while after irradiation a high protein content could be determined again.

The results in table 4 (see also figure 4) show that uneachedRVNRL film contain high amounts of extractable
protein (samples5a and 17). After leaching for one hour the amount of extractablc protein is greatly reduced
(sample 5b and 18). Prolonged leaching times up to 24 hours reduce the extractable protein content only
slightly more (samples 4, 5c-5f and 19). SVNRL films show the same relative pattern and also the absolute
values are comparable to those found for the RVNRL films (samples 6a-6f). Both the commercial gloves that
were tested contained high amounts of extractable proteins (sampled 21 and 22).

SDS-PAGE and immuno-assav (western blotting) of liquid samples

An SDS-PAGE assay was made of all the liquid. The result are shown in Figure 5. The numberss printed in
bold refer to the sample nrs. as listed in Table 1. The marker used was a board range marker (Biorad; bottom to
top: 6.5-14.4-21.5-31-45-66-97-116-200 kD).
Lanes 2-4 are the Malaysian samples. The raw latex yielded a smear in which only proteins in the 14 kD range
may be identified. Strangely enough, formulating the latex seems to have an effect on proteins, it was not
possible to explain this in a satisfactory way. There was no distinctive effect of irradiation.
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Lanes 6-8 and 10 are the Japanese samples from the gamma-irradiated series. Again, the raw latex yielded a
smear. This time the formulated latex shows cosiderably less smearing. The reason for this change is not clear.
After irradiation substantially more smearing is observed. This can be explained by the destructive effect
irradiation has on proteins (smearing is caused by denatured proteins). Addition of antioxidant does not change
the protein pattern.

Lanes 11,12 and 14 are the Japanese samples from the E-Beam-irradiated series. The same effects as in the
gamma-irradiated series are observed: a lot of smear in the latex, considerably less in the formulated latex and
again a lot of smear after irradiation.

The Laboratory reference material in lane 15 shows a distinct pattern of discreate bands. If the raw materials
that were used in the irradiation experiments would have shown similar patterns instead of the smear, it would
have been possible to indentify the proteins that were destroyed by irradiation.
Immunoblotting of the liquid samples was performed with seventeen pateint sera. However, probably eight of
thesesera were too weak. Only nine of the sera reacted with the laboratory reference raw latex (sample 20) and
therefore only these nine were included in the evaluation. The combined sera results showed reaction to over
twenty proteins in the range from 12 to 97 kD.
The raw latex used from the production of RVNRL (samples 1 and 7) produced reactions only with there of the
sera. All three showed a distinct smear over the entire lane. Discrete bands were visible only at 12-14 kD; 20-
22 kD and 26-28 kD. Formulated latex (sample 2) produced considerably less smearing and discrete bands at
12-14 kD, 20-22kD, 26-28kD and 66 kD with the same tree sera. Iradiated latex from sample 9 showed no
detectable reaction, but also the control reacted relatively weakly. Preliminary tests performed earlier with an
older serum did show some smearing also in this sample

SDS-PAGE and immuno-assv (Western Blotting) of latex film extracts

The SDS-PAGE results were consistant with the BCA total protein determinations. Unfortunately the result
were not duplicated, yet. Electrophoresis of extracts from the unleached RVNRL and SVNRL samples (5a and
6a) showed a smear over the lane, with several more discrete bands at 6.5, 14, 42, 60 and 66 kD visible.
Especially the 14 kD protein band was very prominent. Extracts of the leached samples showed practically no
more smearing. Only slightly visible bands at 14, 42, 60 and 66 kD could be determined in samples 1 (24 hours
leached RVNRL glove), 5b (1 hour leached RVNRL film), 6b and 6f (1, resp. 24 hours leached SVNRL films).
Sample 5f (24 hours leached RVNRL films) showed no proteins at all.
Only preliminary immunoblotting assays were performed with an older serum. This showed a clearly positive
response to unleached samples and no reaction with any of the leached samples.
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Table 1: Sample description

Sample Supplier- Description
Nr. Rad. Type

1.

2.

3.

4.

MINT - y

MINT - y

MINT - y

MINT - Y

5.

6.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

MINT -

MINT -

raw latex, HA (0.7%), DRC 60.34%

formulated latex : 1 + 5 phr nBA + 0.02 phr potassium lauric asid + DRC 50%

irradiated latex : 2, y-irradiated with ± 13kGy, DRC 53.0%

gloves : from manual dipping with 3, leached 24 h in dist. water 25° C, dried in
air 25° C, dried in air 70° C until transparent

films: from dipping with 3, aunleached - bfleached in dist. water - blh, C3h, d5h,
e7h, f24h - dried in air

films: from dipping with sulphur-vulcan. latex (using S, ZnO, TMTD), prep. +
treatment identical to 5

raw latex, HA, diluted with 1% ammonia to TSC 50%

formulated latex: 7, + 0.2 phr KOH + 5 phr nBA

irradiated latex: 8, y-irradiated with ± 22kGy, dose rate 11 kGy/h

irrd. latex + antiox.: 9, + 1 phr 16 (TNPP)

films: cast from 9, dried in air-25° C, leached 24h with 1% ammonia, washed
with deionized water, treated with 30 mg/1 CaCO3-sol.-20° C-20 min, air dried-
25° C, airdried-80°C-lh.

films: cast from 10, dried in air-25° C, leached 24h with 1% ammonia, washed
with deionized water, treated with 30 mg/1 CaCO3-sol.-20° C-20 min, air dried-
25° C, air dried-80° C-lh.

7.

8.

9.

10.

11.

JAERI - y

JAERI - y

JAERI-y

JAERI-y

JAERI - y

JAERI - y

JAERI - p raw latex, DRC 60%

JAERI - (3 formulated latex: 13, diluted with 1% ammonia to DRC 50% + 0.25 phr BYK-022

JAERI - p irradiated latex: 14, irrd. with low energy E-beam-300kV-40 mA-15 min.

JAERI - p TNPP: 50% emulsion by mixing sodium dodecyl sulphate polyvinylpyrrolidone
with Tris (Nonylated Phenyl) Phosphite (antioxidant)

JAERI - P films: 15, mixed with TNPP, air dried-25° C until transparent, air dried-80° C-lh

JAERI - p films: 15, mixed with TNPP, dried in air-25° C until transparent, leached lh with
1% ammonia, air dried treated with 30 mg/1 CaCO3-sol.-50° C-20min, air dried-
25° C, air dried-80° C-lh

JAERI - P films: 15, Mixed with TNPP, dried in air-25° C until transparent leached 24h with
1% ammonia, air dried treated with 30 mg/1 CaCO3-sol.-50° C-20min, air dried-
25° C, air dried-80° C-lh

reference Raw latex supernatant (Internal laboratory ref. 17793b)

reference Triflex Baxter (commercial glove)

reference Ansell Gammex (commercial glove)
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Table 2 ; BCA assay of latex film extracts

nr. description %CGI.±md 5LDH. ±md

1 RVNRL glove 20.1 ± 16.0 ~
5a RVNRL film y-unleached 40.5 ± 12.8 3.5 ±2.6
5b RVNRL filmy- leached lh 21.7 ±7.7 -0.9 ±0.7
5c RVNRL filmy-leached 3h 23.3 ±9.3 -0.6 ±1.2
5d RVNRL filmy-leached5h 23.1 ±9.5 -1.8 ±0.8
5e RVNRL filmy- leached 7h 24.9 ±7.0 -1.6 ±0.8
5f RVNRL filmy-leached24h 23.1111.3 -2.1 ±2.4
6a SVNRL film - unleached 163.7 ±19.1 11.1128.0
6b SVNRL film - leached lh 169.2 ±17.8 26.6130.4
6c SVNRL film - leached 3h 170.218.0 25.8 + 29.8
6d SVNRL film - leached 5h 170.4 ±19.8 31.6 ±31.6
6e SVNRL film - leached 7h 166.7 ± 17.7 35.1 ±30.6
6f SVNRL film - leached 24h 151.5 ±22.0 42.8132.7
11 RVNRL filmy-no antioxidant 12.5 14.6 -0.311.1
12 RVNRL filmy-with antioxidant 24.815.5 -0.5 10.9
17 RVNRL film P - unleached 19.113.6 -2.612.4
18 RVNRL film P - leached lh 22.617.9 -1.2 ±0.9
19 RVNRL film P - leached 24h 13.7 ±5.1 -0.6 ±1.0
21 SVNRL glove (commercial) 170.0 ±3.6 85.1134.4

A graphical representation is made in Figure 1 and 2

Table 3 : BCA assay of liquid samples

nr.

1
2
3
7
8
9
10
13
14
15
20

description

raw latex MINT
formulated latex MINT
y- irradiated latex MINT
raw latex JAERI
formulated latex JAERI
y- irradiated latex JAERI
y- irradiated latex JAERI + antiox.
raw latex JAERI
formulated latex JAERI
P - irradiated JAERI
raw latex lab. reference

mg/ml. 1 sd

11.911.3
13.011.6
12.5 11.1
8.010.5
2.810.8

10.612.9
8.511.1

10.210.7
8.512.1
9.411.4
3.010.7
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Table 4 : BCA assay of latex film extracts

nr.

4
5a
5b
5c
5d
5e
5f
6a
6b
6c
6d
6e
6f
11
12
17
18
19
21
22

description

RVNRL glove
RVNRL film y- unleached
RVNRL film y- leached lh
RVNRL film y- leached 3h
RVNRL film y - leached 5h
RVNRL film y- leached 7h
RVNRL film y - leached 24h
SVNRL film - unleached
SVNRL film - leached lh
SVNRL film - leached 3h
SVNRL film - leached 5h
SVNRL film - leached 7h
SVNRL film - leached 24h
RVNRL film y - no antioxidant
RVNRL film y - with antioxidant
RVNRL film p - unleached
RVNRL film p - leached lh
RVNRL film p - leached 24h
SVNRL glove (commercial)
SVNRL glove (commercial)

(xg/g latex. ±sd

8.9 ±0.9
109.0 ±6.3

9.3 ±0.7
9.6 ±0.7
6.3 ±0.4
6.5 ± 0.6
4.4 ± 0.4

117.7 ±7.4
12.5 ±0.6
9.2 ±0.5
7.3 ±0.2
5.8 ±0.1
7.4 ±0.1
8.6+0.4
5.9 ±1.3

40.2 ±3.5
5.6 ±0.2
5.9 ±0.1

60.4 ±18.4
140.3 ±11.0

DISCUSSION

From the cytotoxicity tests it is obvious that the absence of the chemicals in the products is of great influence.
Although the clinical relevance of cytotocity testing is not clearly established, the low values found in the two
tests for the RVNRL materials in contrast to the high values for SVNRL materials provide a good indication
that also clinically problems caused by chemicals, like Type IV allergies, will be greatly reduced in RVNRL
materials in comparison to SVNRL materials.

The great difference in cytotoxic potency of the two types of vulcanised NRL was visible in both tests, although
it was more distinct in the CGI assay. This can be explained by the fact, that in the LDH assay the cytotoxic
effect is measured only by the parameter membrane damage. With the CGI assay a total effect is determined,
which means also influences on the cell metabolism are measured.

The kind of radiation that was used to vulcanise the RVNRL materials (y or B) does not seem to have a
considerable influence with regard to the cytotoxicity characteristics of the materials, except for the fact that the
latter were already low cytotoxic before leaching. The same values of cytotoxity were found with both types of
radiation.

From the series of gamma-vulcanised films with different leaching times (samples 5a-5f) it becomes clear that
leaching is very important, but the effect is already completely reached after a 1 hour leaching time.

With regard to the protein testing the two types of vulcanised materials scored similar results. Both total
protein determinations and SDS-PAGE assays show very distinctly that in order to obtain lower levels of
protein content the most important factor is the leaching of the final products. Both the RVNRL and the
SVNRL materials contained a considerable amount of extractable proteins before leaching, while after leaching
only a low level of extractable proteins was left. The levels had the same order of magnitude for both types of
material.
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As was found for the cytotoxic potency, the biggest part of the leaching effect on extractable protein contents
was also reached in the first hour of leaching. However, results from the SDS-PAGE assays indicate that the
leaching process is not always equally effective. Even in 24 hours leached gloves, as well as in one hour
leached films, protein bands could be determined.

The two commercial gloves that were included in the protein assays, which both had high amounts of
extractable proteins, cannot be considered representative for the commercial SVNRL gloves that are currently
available. Manufacturers have adjusted the processing of their gloves considerably over the last few years,
which has resulted in reports of many glove types that contain low levels of extractable proteins. Recent testing
at the RIVM showed that gloves of the same brand and type are now much better in this respect than three
years ago (unpublished results).

The results of the immunoassays on the liquid samples are very interesting since after radiation no allergenic
reaction was measured. However, given the fact that in this (unduplicated) test series the controls reacted
relatively weakly, and the fact that, although only in preliminary testing with one older serum, allergenic
reactions were found in extracts from products made from this irradiated latex, as well as in the irradiated latex
itself, this result should not be overestimated.

CONCLUSION

The absence of the accelerators that are necessary for sulphur vulcanisation RVNRL products results in a great
reduction of the cytotoxicity if the products are compared with SVNRL products that were processed in the
same way. This is an indication that RVNRL products will also cause less Type IV allergy. It is, however,
important that the products are leached after the final processing stage.

Irradiation does have a destructive effect on NRL proteins. However, not all proteins are destroyed and the
remaining ones are probably still able to provoke Type I allergic reactions. When compared with the SVNRL
products, no significant difference in extractable protein contents could be established. It was clearly shown
that, to an even greater extent than with regard to cytotoxicity, effective leaching of the producrs is essential.
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Figure i : Cell Growth Inhibition
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Ffgurre 3 : BCA assay of liquid samples
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Figure 4: BCA assay of latex film extracts
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F i g u r e 5 : S P S - P A G E analysis - I. marker; 2 raw lalex 1. .1. foinuilaled l;i(cx 2: 4. gaiiim;i-in;idi;i(c(.l lalcx

3; 5. niiirker: 6. raw lalcx 7. 7. ronuulnlcd lalcx H: 8. gamma- inndia lcd latex 9. 9. maikci 10

gamma- inad ia lcd lalcx willi aiilioxidaul Id; I 1. law hilex li: 12. lonnu.latcd lalcx M. P maikci

14. E-bcam-irradialed lalcx J5 ; 15. hiboratoiy icfeicnce. raw lalcx 21)


