
J. Rubb. Res., 8(2), 103–119

103

Relationship between in vitro Cell Culture 
Cytotoxicity and Sweat-extractable Dithiocarbamates 

in Natural Rubber Latex Gloves

ELIZABETH K. ABRAHAM*, P. RAMESH*#, ROY JOSEPH*, T.V. KUMARI*,
P.V. MOHANAN* AND V.M. REMAKUMARI*

Cytotoxicity of some of the commercially available natural rubber latex gloves was evaluated 
by in vitro cell culture test using L929 mouse fibroblast cell lines. The cytotoxic potential 
ranged from non-cytotoxic to severely cytotoxic for the different brands tested. Since the 
cytotoxicity of latex products could be related to the release of leachable and toxic residual 
chemicals, the different brands of gloves were extracted in a physiologically simulated 
medium, namely, artificial sweat. The results revealed that a rubber accelerator, zinc 
diethyldithiocarbamate (ZDEC), was present in the gloves as residues and released into the 
artificial sweat. The amount of ZDEC released into the artificial sweat (sweat-extractable 
ZDEC) was estimated using high performance liquid chromatography. It was observed that 
there existed a linear relationship between the amount of sweat-extractable ZDEC and the 
cytotoxic potential of gloves represented in grades ranging from 0 to 3 as per ISO 10993-5 
(1999) standard. This preliminary investigation showed that the amount of sweat-extractable 
ZDEC is a good indicator of the cytotoxicity potential of gloves and hence, the artificial sweat 
extraction may be further developed as a reliable test method to screen new latex medical 
products/formulations. 

Key words: artificial sweat; cytotoxicity; natural rubber; latex; surgical; gloves; HPLC;  
sweat-extractable ZDEC; in vitro; cell culture

Over the past two decades, exposure to 
natural rubber latex medical products caused a 
multitude of adverse allergic reactions among 
both the healthcare personnel and the general 
public1. The extensive research that followed 
attributed the cause of these allergic reactions 
to proteins and residual chemicals present in 
finished latex products. The synthetic latex 

products also pose a similar risk of allergy to 
residual chemicals2–3. Addition of chemicals 
such as vulcanising agents, accelerators, 
activators, stabilizers and antioxidants into 
the latex is indispensable as they impart good 
mechanical properties and shelf life required for 
finished latex goods. Some of these chemicals, 
if available in the biological system through 
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contact with skin or mucous membrane, may 
lead to the development of serious allergic 
and toxicity related reactions. The offending 
chemicals include thiurams, dithiocarbamates, 
thiazoles, antioxidants, and their decomposition 
products. The dithiocarbamates are reported to 
induce the highest cell toxicity and allergenicity 
among the different classes of compounds 
used in the latex industry4,5. Certain natural 
rubber formulations compounded with 
dithiocarbamates are even recommended as 
positive controls for cytotoxicity tests in some 
of the testing standards6,7. In fact, a wealth 
of literature is available on the incidence of 
contact dermatitis of rubber products containing 
these chemicals8–15. Other toxicological effects 
include goitrogenicity16,17, production of toxic 
by-products from mercaptobenzothiazole 
during ethylene oxide sterilisation18,19, and 
tumor promotion20. The presence of residual 
and leachable chemicals in urinary catheters is 
found to be responsible for urethritis and urethral 
strictures in patients21,22. Apart from these, the 
nitrosamines formed by the decomposition of 
dithiocarbamates and thiurams are carcinogenic 
to animals and possibly in humans23,24. 

Occupational exposure to gloves has 
caused an increase in the incidence of contact 
dermatitis25–28. The prevalence of contact 
dermatitis is much greater compared to Type 
I allergy caused by latex proteins. A recent 
study in an Italian hospital indicated that about 
93% of the health care workers had contact 
dermatitis to gloves26. Even though, the contact 
dermatitis is rarely severe compared to the latex 
protein allergy (Type I hypersensitivity), it is 
quite unpleasant to those who suffer from it. 
An accurate estimation of the sensitization and 
elicitation thresholds for many of the rubber 
chemicals are not known29. However, Knudsen 
and Menne reported a likely threshold level of 
less than 0.001 mg/cm2 for leachable thiurams 
in rubber gloves by patch test30.

As a result of the widespread complaints 
associated with the use of gloves, an in vitro cell 
culture test was carried out to assess the toxicity 
potential of some of the brands available in the 
local market. Since the cytotoxicity to latex 
gloves is mainly due to the presence of leachable 
and toxic chemicals, an attempt was made to 
estimate the amount of chemicals that released 
into the cell culture medium by extraction with 
dichloromethane. However, it was observed 
that an effective separation was not obtained 
between the two phases. In such situations, 
the estimation of leachable chemicals is better 
carried out using an extraction medium like 
artificial sweat that closely mimics the clinical 
use conditions of latex gloves. The use of 
artificial sweat as a medium to study the release 
and elicitation threshold of residual chemicals 
such as thiurams, mercaptobenzothiazole, 
carbamates etc. from rubber products has been 
reported earlier30–32.

In the present study, the cytotoxicity 
potential of some of the commercially available 
natural rubber latex gloves was evaluated by 
in vitro cell culture method according to ISO 
test methods. The gloves were then extracted 
in artificial sweat to evaluate the extent of 
release of residual chemicals into the sweat 
solution (sweat-extractable chemicals). The 
identification and estimation of the sweat 
extractable chemicals were performed using 
simple analytical techniques. In addition, 
this work was also aimed to find a possible 
relationship between the artificial sweat 
extractable dithiocarbamates and the cytotoxicity 
grade of latex gloves.

MATERIALS AND METHODS

Eleven brands of surgical/examination gloves 
(pre-powdered and powder-free) made of natural 
rubber latex were collected from local sources 
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and were code named with English alphabets. 
For the in vitro cell culture cytotoxicity test, 
L929 mouse fibroblast cell lines procured 
from the National Centre for Cell Science 
(NCCS, Pune, India) was used. All the test 
samples were sterilised by ethylene oxide gas 
before cell culture cytotoxicity test. Samples 
were de-gassed as per a validated procedure, 
which ensure the complete removal of residual 
ethylene oxide. Silica gel 60 plates for thin 
layer chromatography were procured from 
Merck, Germany and used without activation. 
Chemicals such as dichloromethane, acetone, 
hexane, ether, sodium chloride and urea were 
obtained from local sources. Lactic acid was 
procured from Sigma Aldrich, U.S.A. Copper 
(II) sulphate pentahydrate was obtained from 
Merck, Germany. Zinc diethyldithiocarbamate 
(ZDEC) and zinc dibutyldithiocarbamate 
(ZDBC) were supplied by National Organic 
Chemical Industries Limited (NOCIL, Mumbai, 
India) and zinc dibenzyldithiocarbamate 
(ZBEC) was obtained from Bayer AG, Germany. 
The antioxidant, Wingstay L® (reaction product 
of Butylated p-cresol and Cyclopentadiene) 
was purchased from Plasti Chem Pvt India, 
India. 

In vitro Cell Culture Cytotoxicity Test

The gloves were tested by both direct 
contact and test on extract assays between 
L929 fibroblasts and either the materials or 
extracts from these materials. Both the tests 
were performed according to ISO 10993-5 
(1999) standard33. The L929 cell lines were 
maintained in RPMI-1640 culture medium 
(Hi Media, Pune, India) supplemented with 
10% fetal bovine serum (Sigma, U. S. A), 
100 IU/mL penicillin and 100 µg/mL medical 
grade streptomycin. The cells were seeded and 
incubated at 37 6 2ºC in 95% humid and 5% 
carbon dioxide atmosphere till 80% confluency 

was attained. The starting cell density was  
1 3 103 cells/mL for direct contact method and  
1 3 102  cells/100 µL for test on extract method. 

In the direct contact assay, round-shaped 
samples of the glove material of 4 mm diameter 
was placed in contact with the cells in a 
24-well dish and incubated at 37 6 2ºC for  
24 h. The material was glued to the bottom of 
the well with a silastic glue to prevent from 
floating. The test sample was placed at the 
centre of the well so that one-tenth of the cell 
layer surface was covered. Copper and tissue 
culture grade polystyrene (TCPS) discs were 
used as the positive and negative controls, 
respectively. The degree of cytotoxicity was 
determined qualitatively by viewing the cells 
around the material under an inverted phase 
contrast microscope (Leica, DMIL, Germany), 
and the material was graded according to a 
cytotoxicity scale ranging from 0–3 as per a 
validated test procedure based on ISO 10993-
5. If the confluency of healthy cells is greater 
than 80%, it is graded as ‘0’ (non-cytotoxic); 
if it is between 60%–80%, the grade given is 
‘1’ (mildly cytotoxic); if it is 40%–60%, the 
material is graded as ‘2’ (moderately cytotoxic) 
and if it is less than 40%, a grading of ‘3’ 
(severely cytotoxic) was given. Besides, the 
general morphology, vacuolisation, detachment 
of cells and cell lyses were also looked at. 
Three replicates were used for both the test 
material and the controls.

The test on extract assay assesses the toxicity 
of the glove extract. The glove extract was 
prepared at 37 6 2ºC by incubating 0.1 g 
of the glove in 1 mL of the culture medium 
supplemented with foetal bovine serum for 24 
h. A monolayer of cells grown in a 96 well dish 
containing the cell culture medium was taken 
and the medium was drained off completely. 
The glove extract was added carefully to the 
multi-well plate without disturbing the cell 
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monolayer. This was then incubated at 37 6 
2ºC for 24 h. The cell response was compared 
and graded in the cytotoxicity scale as described 
above. Diluted phenol (1.3 mg/mL) and  
extract of TCPS were used as the positive and 
negative controls, respectively. Six replicates 
were used for both the test material and the 
controls. 

Extraction of Gloves in Artificial Sweat

Artificial sweat was prepared according 
to the composition given in the European 
Standard EN1811:1998(E) (Table 1).

The pH of the artificial sweat solution was 
adjusted to 6.5 6 0.1 by adding 1% aqueous 
ammonia solution. The glove (2 g) was cut into 
pieces of approximately 2 3 0.5 cm2 size and 
added to 100 mL of artificial sweat solution. 
The extraction was carried out at 37 6 2ºC 
for a period of 24 h with constant mechanical 
shaking. After extraction, the sweat solution 
was extracted five times, each with 40 mL 
dichloromethane. The solvent fraction in each 
extraction was collected and distilled off using 
a flash evaporator at 60ºC to recover the residue. 
This was then re-dissolved in dichloromethane 
and subjected to ultraviolet-visible (UV-VIS) 
spectroscopy, thin layer chromatography (TLC) 
and high performance liquid chromatography 
(HPLC) for the identification and the estimation 
of sweat-extractable chemicals. 

Identification and Estimation of  
Sweat-extractable Chemicals 

UV-VIS Spectroscopy. A preliminary 
idea about the nature of the extractables in 
sweat solution was obtained from UV-VIS 
spectroscopic analysis. The dichloromethane 
fraction after sweat extraction was scanned 

in the range 200 nm – 500 nm using a 
UV spectrophotometer (Model UV 1601, 
Shimadzu, Japan). The absorption spectra of 
the sweat extract of the gloves were then 
compared with the standard solutions of the 
commonly used zinc salts of dithiocarbamates 
namely, ZDEC, ZDBC and ZBEC and a 
phenolic antioxidant, Wingstay L®. These 
solutions were prepared as 0.1% solution in 
dichloromethane. The sweat extract of the 
gloves showed absorption peaks very close to 
the absorption wavelengths of dithiocarbamates. 
Hence, further analysis (TLC and HPLC) was 
performed to identify and estimate the sweat 
extractable dithiocarbamates. 

Thin Layer Chromatography
	

TLC was used to determine if the residues 
obtained after sweat extraction of gloves 
contained single or mixture of dithiocarbamates 
and, if present, to find the respective Rf 
values. Since the separation of zinc salts of 
dithiocarbamates was very poor on the TLC 
plate, they were converted into their respective 
copper complexes. The residue obtained after 
sweat extraction of gloves was re-dissolved 
in 10 mL of dichloromethane. From this 
solution, 5 mL was pipetted out and mixed  
with 1.7 mL of 0.01 M aqueous ammoniacal 
copper sulphate solution. The mixture was 
then vortexed for 2 min to obtain the copper-
dithiocarbamate complex quantitatively34,35.  
The dichloromethane layer was separated out 
and the copper-dithiocarbamate complex was 
recovered by evaporating the solvent out.  
This residue was re-dissolved in 5 mL of  
HPLC grade acetone for analysis by HPLC. 
This procedure was repeated for all the different 
brands of gloves. Known quantities of ZDEC, 
ZDBC and ZBEC were taken and converted 
them into respective copper complexes, which 
served as standards. 
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A solution of hexane and ether in the ratio 
90:10 (v/v) was used as the mobile phase for 
TLC analysis. Adequate time was given for 
the chamber to get saturated with solvent 
vapours. A 5 µL each of the above test samples 
and standards were applied on the TLC plate 
using a micro-syringe. The plate was dried and 
kept in the rectangular chamber containing 
the mobile phase. When the solvent front had 
moved about 13 cm above the application line, 
the plate was removed and dried. They were 
then kept in another chamber saturated with 
iodine vapours for colour development.  The 
distance moved by the sample spot and the 
solvent front from the application line was 
noted. The respective Rf values (i.e., the ratio 
of the distance moved by the sample spot to 
that of the solvent front) were determined and 
compared with the standard. 

High Performance Liquid Chromatography

Various chromatographic techniques 
have been used for the quantification of 
allergologically relevant accelerators present 
in rubber products14,30,32,36,37. Since the zinc 
salts of dithiocarbamates were reported to 
undergo substitution reaction with the metal 
parts of the HPLC column38, it was necessary 
to convert zinc dithiocarbamates into their 
copper complexes. The procedure used for this 
was already detailed in the previous section. 
The HPLC system consisted of a Waters 

510 pump, C18 column and 7725 Rheodyne 
injector (Waters Inc., U.S.A). The presence of 
copper-dithiocarbamates complex was detected 
using a variable-wavelength UV detector 486 
set at 435 nm. Separation was achieved in 
a column (4.6 3 75 mm) packed with C18 
material (3.5 µm). The mobile phase used was 
acetone-water (90:10, v/v). A flow rate of 1.0 
mL/min was used. Known quantity of ZDEC 
was converted into respective copper complex, 
which served as standard. The amount of 
sweat-extractable ZDEC from gloves was 
determined quantitatively by comparison with 
the standard.

Statistical Analysis

The cytotoxicity grade obtained in direct 
contact and test on extract assays was related 
to the amount of sweat-extractable ZDEC of 
some brands of gloves. Statistical analysis of 
the data was carried out using Spearman’s rank 
correlation test39. 

RESULTS AND DISCUSSION

In vitro Cell Culture Cytotoxicity Test

Of the eleven brands of gloves tested, 
eight were of surgical type and three were of 
examination type. The cell responses to the 
different brands of gloves are given in Table 2. 

TABLE 1. COMPOSITION OF ARTIFICIAL SWEAT

Constituent	 Weight (%)

Sodium chloride	 0.5

Lactic acid	 0.1

Urea	 0.1

Deionised water	 To make to 100
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The cell responses varied from non-cytotoxic 
(grade ‘0’) to severely cytotoxic (grade ‘3’) for 
the different brands of gloves. The direct contact 
test showed that nearly 55% of the gloves 
selected were cytotoxic to L929 cells. However, 
the test on extract assay showed that only about 
35% of the glove brands exhibited cytotoxicity. 
This may be due to the difference in the amount 
of residual chemicals in the gloves that is 
available to the cells in the two types of in vitro 
tests. Figure 1 shows typical cell responses to 
the natural rubber latex gloves. 

In the case of non-cytotoxic gloves, the 
L929 cells retained their morphology and were 
spindle shaped [Figure 1(a)]. On the other hand, 
exposure to the toxic gloves caused changes in 
the cell morphology and the damaged cells 
appeared nearly spherical in shape [Figure 
1(b)]. The cytotoxic potential was determined 
from the morphological change and cytopathic 

or cell death exhibited by the cell line in 
comparison with the negative and the positive 
control. The in vitro cell culture cytotoxicity 
of gloves indicated that the residual chemicals 
were released into the culture medium inducing 
toxicity to the surrounding cells.
	

Identification and Estimation of Sweat-
extractable Chemicals

Preliminary investigation using UV-VIS 
spectroscopy indicated that dithiocarbamates 
was present in the sweat extract.  Figure 2 gives 
a typical UV spectrum (brand ‘E’) obtained 
along with the control ZDEC sample. 

 
It was found that both the control and 

the brand ‘E’ showed an absorption band at 
274 nm characteristic of the dithiocarbamate 
entity. This observation indicated that the 

TABLE 2. CELL RESPONSES TO DIFFERENT BRANDS OF LATEX GLOVES

Sl. No.	 Sample codes	 Glove type	 Direct contact	 Test on extract

1	 A	 Surgical, pre-powdered	 1	 0

2	 B	 Surgical, pre-powdered	 3	 0

3	 C	 Surgical, pre-powdered	 1	 1

4	 D	 Surgical, pre-powdered	 2	 a

5	 E	 Surgical, pre-powdered	 0	 0

6	 F	 Surgical, pre-powdered	 0	 0

7	 G	 Surgical, pre-powdered	 0	 3

8	 H	 Surgical, pre-powdered	 3	 3

9	 I	 Examination, powder-free	 0	 0

10	 J	 Examination, powdered	 3	 3

11	 K	 Examination, powder-free	 0	 0

	 0: Non-cytotoxic; 1: Mildly cytotoxic; 2: Moderately cytotoxic; 3: Severely cytotoxic; a: Tests not  
conducted

108

Journal of Rubber Research, Volume 8(2), 2005



109

A B

C D

Figure 1. Cytotoxic responses of latex gloves. A: Non-cytotoxic; B: Mildly cytotoxic;  
C: Moderately cytotoxic; D: Severely cytotoxic.
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dithiocarbamates accelerators present in the 
gloves were released into the artificial sweat 
solution. However, as the UV spectrumof  
the commonly used dithiocarbamates gave  
an absorption maxima in the range 265 nm –  
270 nm, it was difficult to determine the presence 
of a single or a mixture of dithiocarbamates  
by UV spectroscopy. An additional peak at  
228 nm in the spectrum of brand ‘E’ was 
attributed to lactic acid. The lactic acid, owing 
to its solubility in dichloromethane, migrated 
from artificial sweat into dichloromethane 
fraction during the recovery of ZDEC from 
artificial sweat solution.

It was anticipated that the zinc salts of 
dithiocarbamates would show different Rf 
values in TLC analysis and hence can be used 
to identify different dithiocarbamates present 
in the glove brands. However, the commonly 
used zinc salts of dithiocarbamates, namely, 
ZDEC, ZDBC and ZBEC when subjected 
to TLC showed very poor separation on the 
TLC plate. On the contrary, their respective 
copper salts exhibited excellent separation on 
the TLC plate. The Rf values of the copper-
dithiocarbamate complexes obtained from 
standard ZDEC, ZDBC, ZBEC compounds 

and the sweat extracts of commercial gloves are 
given in Table 3. 

It was observed that except for brands 
‘I’ and ‘K’, the chromatograms of all other 
sweat extracts contained a common spot with 
an Rf value of 0.41 corresponding to ZDEC.  
It has already been established that ZDEC 
was the most cytotoxic compound among the 
commonly used dithiocarbamates (ZDEC, 
ZDBC and ZBEC) and antioxidants in the 
latex industry4. This indicated that the major 
contributing factor towards cell toxicity is the 
presence and availability of the residual ZDEC 
in the gloves. This is further supported by the 
observation that the brands ‘I’ and ‘K’ with no 
detectable ZDEC exhibited a non-cytotoxic 
response to L929 cell lines. Since the brands ‘I’ 
and ‘K’ did not contain any detectable ZDEC, 
they were excluded from further analysis.  
As all the remaining nine brands of gloves 
contained ZDEC, only five brands of  
gloves that differed in their cytotoxic response 
was selected for sweat extraction studies. 
Prior to the quantification of sweat-extractable 
ZDEC using HPLC, the UV spectrum of 
copper dithiocarbamate complex of standard 
ZDEC and the sweat extract of a commercial 
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Figure 2. UV spectrum of ZDEC (       ) and brand ‘E’ (       ).
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glove (brand ‘E’) was recorded and is given in 
Figure 3. 

The spectrum contained a characteristic 
absorption maximum at 435 nm for both the 
sample and the standard. Hence, this particular 
wavelength was selected as the detection 
wavelength in HPLC. A typical chromatogram 
of copper-dithiocarbamate complex of standard 
ZDEC and the sweat extract of a commercial 
glove (brand ‘E’) is given in Figure 4. 

The presence of ZDEC in the sweat extract 
was confirmed from the retention time of  
the copper complexes of the sweat extract. 
Figure 4 showed that the retention time of 

copper complex of both ZDEC and sweat 
extract of brand ‘E’ was 3.15 min, a value quite 
different from that of ZDBC (5.7 min) and 
ZBEC (4.5 min), indicating that the residual 
ZDEC was released into the artificial sweat 
solution from the gloves. Thus HPLC facilitated 
the identification of the type of dithiocarbamate 
present in glove brands using their respective 
retention times. Table 4 gives the amount of 
sweat-extractable ZDEC of the different brands 
of gloves.

The artificial sweat extraction of the gloves 
showed that the amount of sweat-extractable 
ZDEC varied from brand to brand. The  
amount of sweat-extractable ZDEC ranged 
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TABLE 3. Rf VALUES OF COPPER-DITHIOCARBAMATE COMPLEXES OF STANDARD 
DITHIOCARBAMATES AND DITHIOCARBAMATES RELEASED FROM COMMERCIAL GLOVES

Type
	 Sample	 Rf value of standard	 Rf value of sweat extractable 

	 codes	 dithiocarbamates	 dithiocarbamates

Control	 CDEC	 0.41	 –

	 CDBC	 0.86	 –

	 CBEC	 0.70	 –

Test samples	 A*	 –	 0.40

	 B*	 –	 0.41

	 C*	 –	 0.41

	 D*	 –	 0.41

	 E*	 –	 0.41

	 F*	 –	 0.41

	 G*	 –	 0.41

	 H*	 –	 0.41	

	 I*	 –	 –

	 J*	 –	 0.42

	 K*	 –	 –

	 CDEC: Copper diethyldithiocarbamate; CDBC: Copper dibutyldithiocarbamate; CBEC: Copper dibenzyl-
dithiocarbamate

	 *Copper-Dithiocarbamate complex of the sweat extract.
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Figure 3. UV spectrum of copper complex of ZDEC (       ) and brand ‘E’ (       ).

10

Figure 4. Chromatogram of copper complex of ZDEC (       ) and brand ‘E’ (       ).
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from 39 µg/g (brand ‘F’) to as high as 173 
µg/g (brand ‘J’). Knudsen et al. found that 
gloves releasing higher amounts of thiurams 
and/or dithiocarbamates in synthetic sweat 
elicited more number of positive reactions 
during patch testing of gloves31. This follows 
that the allergenicity of brand ‘J’ would be 
more compared to that of brand ‘F’. 

Relationship between Cytotoxicity Grade 
and Sweat-extractable Dithiocarbamates

The occurrence of strictures associated with 
the use of urinary catheters in patients is found 
to be related to the leachable chemicals and a 
good agreement between in vitro cell culture 
and rabbit implantation test of catheters has 
been obtained21. This prompted the authors to 
explore the possibility of a relationship between 
the sweat-extractable ZDEC and the cytotoxicity 
response. The rationale for this study was based 
on the fact that the residual dithiocarbamates 
in gloves contribute to the cell toxicities rather 
than antioxidants4. The colony assay using 
V79 cells showed that the dithiocarbamates 
are highly toxic and ZDEC was the second 
highest cytotoxic chemical40. Apart from this, 
it was also shown that among ZDEC, ZDBC 
and ZBEC accelerators, ZDEC was the highest 
migrating accelerator into artificial sweat41. 
The above mentioned factors indicated that the 
major contributing factor towards cell toxicity 

is the presence and availability of the residual 
ZDEC in the gloves. 

Figures 5a and 5b give the relationship 
between the sweat-extractable ZDEC and 
cytotoxicity response of latex gloves in the 
direct contact assay and test on extract assay, 
respectively. 

Figures 5a and 5b indicated a linear 
relationship existing between the sweat 
extractable ZDEC and the cytotoxicity grade in 
the two types of in vitro cell culture methods. 
This follows that the cytotoxic potential of the 
gloves increased with an increase in the amount 
of sweat-extractable ZDEC. The Spearman’s 
rank correlation coefficients between the sweat 
extractable ZDEC and cytotoxicity grade were 
0.95 and 0.67 for direct contact assay and test 
on extract assay, respectively. The effect of 
the amount of leachable and toxic ZDEC on 
the cytotoxic potential of the latex gloves was 
statistically significant (p = 0.01) in the case 
of direct contact assay in contrast to test on 
extract assay (p = 0.21). Figure 5a showed that 
a non-cytotoxic response was evident in gloves 
having extractable dithiocarbamates equal to or 
less than 61 µg/g of glove. A mildly cytotoxic 
behaviour was observed when the amount 
of sweat-extractable ZDEC was in the range 
78 µg/g – 94 µg/g of glove. The material was 
severely cytotoxic when the sweat-extractable 
ZDEC rose to about 173 µg/g of glove. 
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TABLE 4. AMOUNT OF SWEAT-EXTRACTABLE ZDEC IN COMMERCIAL GLOVES

Sample codes	 Sweat-extractable ZDEC (µg/g)

A	 94

F	 39

C	 78

E	 61

J	 173
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Figure 5a. Plot of cytotoxicity grade vs. sweat-extractable ZDEC.

Figure 5b. Plot of cytotoxicity grade vs. sweat-extractable ZDEC.
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In an earlier study by Ikarashi et al. it was 
showed that the thickness of the inflammatory 
layer in rabbit implantation test could be 
correlated with the amount of leachable 
chemicals from rubber gloves40. Their study 
indicated that the degree of inflammatory 
response is attributed to the amount and toxic 
potential of residual chemicals as well as 
their rate of leaching into the tissue and the 
correlation coefficient obtained was 0.87. 

It is interesting to note that the glove brand 
‘A’ showed a difference in cytotoxicity response 
in the two types of in vitro tests conducted. In 
the direct contact test, brand ‘A’ showed a mild 
cytotoxicity response while in test on extract 
assay a non-toxic response was observed. This 
may be due to the different rate of contribution 
of ZDEC to the cytotoxicity in the two types 
of in vitro tests. As a result, a lower correlation 
was observed between the sweat-extractable 
ZDEC and the cytotoxicity grade in the test on 
extract assay (Figure 5b). An earlier study by 
Nakamura et al. indicated that a different rate 
of contribution of dithiocarbamates towards 
cytotoxicity was found between colony assay 
which uses material extract and agar diffusion 
assay and the cause was attributed to solubility 
of dithiocarbamates and hydrophobicity of the 
cell culture medium4. 

It may be also noted that the sweat 
extractable ZDEC of brand ‘C’ (78 µg/g) is 
lower than that of brand ‘A’ but its cytotoxicity 
grade is ‘1’. The cytotoxicity response in the 
test on extract is dependant on the nature of 
leachable chemicals. Manufacturers adopted 
different ingredients as stabilizers, vulcanising 
agents and antioxidants as well as different 
online processing techniques for the production 
of gloves. This means that the gloves may 
contain residual chemicals that differ in their 
extractability into the cell culture medium. As 
a result, the exact cause of this discrepancy in 

the cytotoxic response of brands ‘C’ and ‘A’ is 
not known. 

The present study demonstrated that the 
residual dithiocarbamates from the latex gloves 
was released into the artificial sweat. Graham 
et al. had successfully related latex catheter 
toxicity to the tissue damage occurred in a 
sheep model with the cytotoxicity ranking in an 
in vitro cell culture test42. They also suggested 
that the cell culture test could be employed 
as a routine safety tests for urinary catheters, 
however, is expensive. It was found that the 
cytotoxic potential of the gloves increased 
with an increase in the amount of the sweat 
extractable ZDEC. As a preliminary study, it 
is of potential to screen the new latex products 
containing dithiocarbamates using artificial 
sweat-extraction before subjecting them to 
expensive in vitro and in vivo biological tests. 
However, further studies with significantly 
higher number of latex gloves/latex formulations 
are needed to establish a threshold limit for 
sweat-extractable ZDEC that exhibit toxicity in 
in vitro cell culture evaluation.  

CONCLUSIONS

The primary cause of the cytotoxicity was the 
chemicals, which were added into the latex to 
improve the mechanical performance of the 
gloves. The in vitro cell culture test indicated 
that the residual chemicals present in the 
finished latex gloves released into the culture 
medium and caused cell injury. The release of 
residual chemicals from the gloves was further 
established by extracting them in artificial 
sweat. The TLC analysis indicated that the 
three copper-dithiocarbamate complexes 
differed significantly in their respective Rf 
values, which in turn could effectively be used 
as an identification test for their presence in 
natural rubber or synthetic latex dipped goods. 
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Alternatively, HPLC could also be used for 
the identification of the dithiocarbamates in 
gloves from their retention times. The amount 
of sweat-extractable ZDEC showed a linear 
relationship with cytotoxicity grade indicating 
that the cytotoxic potential of gloves increased 
with an increase in the amount of sweat-
extractable ZDEC. 

ACKNOWLEDGEMENTS

The authors wish to thank the Department of 
Science and Technology, Government of India, 
for providing the financial support to carry out 
this project.
 

Date of receipt: October 2004  
Date of acceptance: May 2005 

REFERENCES

	 1.	 FDA MEDICAL GLOVE POWDER REPORT-
E (1997) International Medical Device 
Regulatory Monitor, Lanham, Maryland, 
USA.

	 2.	 Matthieu, L., Godoi, A.F., Lambert,  
J. and Van Grieken, R. (2003) 
Occupational Allergic Contact Dermatitis 
from Bisphenol A in Vinyl Gloves. Contact 
Dermatitis, 49, 281–283.

	 3.	 Horn, H.M. and Aldridge, R.D. (2003) 
Contact Urticaria Due to Nitrile Gloves. 
Contact Dermatitis, 9, 163–164. 

	 4.	 NAKAMURA, A., IKARASHI, Y., TSU-
CHIYA, T., KANIWA, M.-A., SATO, M., 
TOYODA, K. AND TAKAHASHI, M. (1990) 
Correlations among Chemical Constituents, 
Cytotoxicities and Tissue Responses: In the 
Case of Natural Rubber Latex Materials. 
Biomaterials, 11, 92–94.

	 5.	 DE JONG, W.H., VAN OCH, F.M.M., DEN 
HARTOG JAGER, C.F., SPIEKSTRA, 
S.W., SLOB, W., VANDEBRIEL, R.J. AND 
VAN LOVEREN, H. (2002) Ranking of 
Allergenicity Potency of Rubber Chemicals 
in a Modified Local Lymph Node Assay. 
Toxicological Sciences, 66, 226–232.

	 6.	 FRENCH STANDARDS (1988) Medico-
Surgical Equipment Evaluation of in vitro 
Cytotoxicity of Medical Materials and 
Devices, NF S 90-702.

	 7.	 THE AMERICAN SOCIETY FOR TESTING 
MATERIALS (1984) Standard Test Method 
for Agar Diffusion Cell Culture Screening 
for Cytotoxicity, ASTM F 895-84.

	 8.	 ESTLANDER, T., JOLANKI, R. AND 
KANERVA, L. (1986) Dermatitis and 
Urticaria from Rubber and Plastic Gloves. 
Contact Dermatitis, 14(1), 20–25.

	 9.	 CONDE-SALAZAR, L., GUIMARAENS, 
D., DEL-RIO, E. AND GONZALEZ 
DOMINGO, A. (1993) Type IV Allergy to 
Rubber Additives: A 10-year Study of 686  
Cases. Journal of American Academy of 
Dermatology, 29(2 pt. 1), 176–180.

	10.	 VON HINTZENSTERN, J., HEESE, A., 
KOCH, H.U., PETERS, K.P. AND 
HORNSTEIN, O.P. (1991) Frequency, 
Spectrum and Occupational Relevance of 
Type-IV Allergies to Rubber Chemicals. 
Contact Dermatitis, 24(4), 244–252.

	11.	 GEIER, J., LESSMANN, H., UTER, W. AND 
SCHNUCH, A. (2003) Occupational Rubber 
Glove Allergy: Results of the Information 
Network of Departments of Dermatology 
(ivdk), 1995–2001. Contact Dermatitis, 
48(1), 39–44.

	12.	 VAN OCH, F.M., VANDEBRIEL, R.J.,  
PRINSEN, M.K., DE JONG, W.H., 
SLOB, W. AND VAN LOVEREN, H. 
(2001) Comparison of Dose-responses of 

116

Journal of Rubber Research, Volume 8(2), 2005



Contact Allergens Using the Guinea Pig 
Maximization Test and the Local Lymph 
Node Assay. Toxicology, 167(3), 207–215.

	13.	 IKARASHI, Y., OHNO, K., MOMMA, J., 
TSUCHIYA, T. AND NAKAMURA, A. 
(1994) Assessment of Contact Sensitivity 
of Two Thiourea Rubber Accelerators: 
Comparison of Two Mouse Lymph Node 
Assays with the Guinea Pig Maximization 
Test. Food and Chemical Toxicology, 32(11), 
1067–1072.

	14.	 KANIWA, M.-A., ISAMA, K., NAKAMURA, 
A., KANTOH, H., ITOH, M., ICHIKAWA, 
M. AND HAYAKAWA, R. (1994) 
Identification of Causative Chemicals  
of Allergic Contact Dermatitis Using a 
Combination of Patch Testing in Patients 
and Chemical Analysis. Application to Cases 
from Industrial Rubber Products. Contact 
Dermatitis, 30(1), 20–25.

	15.	 WILSNACK R.E. (1976) Quantitative Cell 
Culture Biocompatibility Testing of Medical 
Devices and Correlation to Animal Tests. 
Biomaterials Medical Devices and Artificial 
Organs, 4(3–4), 235–261.

	16.	 LARSSON, K.S., ARNANDER, C., CEKA-
NOVA, E. AND KJELLBERG, M. (1976) 
Studies of Teratogenic Effects of the 
Dithiocarbamates Maneb, Mancozeb, and 
Propineb. Teratology, 14(2), 171–183.

	17.	 PASTORELLI, R., ALLEVI, R., ROMAG-
NANO, S., MELI, G., FANELLI, R. AND 
AIROLDI, L. (1995) Gas Chromatography-
mass Spectrometry Determination of 
Ethylenethiourea Hemoglobin Adducts: A 
Possible Indicator of Exposure to Ethylene 
Bisdithiocarbamate Pesticides. Archives of 
Toxicology, 69(5), 306–311.

	18.	 PETERSEN, M.C., VINE, J., ASHLEY, J.J. 
AND NATION, R.L. (1981) Leaching of 
2-(2-hydroxyethylmercapto) benzothiazole 
into Contents of Disposable Syringes.  

J. Pharmaceutical Sciences, 70(10), 1139–
1143.

	19.	 SALMONA, G., ASSAF, A., GAYTE- 
SORBIER, A. AND AIRAUDO, C.B. 
(1984) Mass Spectral Identification of 
Benzothiazole Derivatives Leached into 
Injections by Disposable Syringes. Biomedical 
Mass Spectrometry, 11(9), 450–454.

	20.	 TSUCHIYA, T., IKARASHI, Y. AND 
NAKAMURA, A. (1995) Studies on the 
Tumor-promoting Activities of Additives 
in Biomaterials: Inhibition of Metabolic  
Co-operation by Additives Such as Pigments 
and Phenolic Antioxidants. Journal of  
Long-term Effects of Medical Implants, 5(4), 
243–252.

	21.	 GRAHAM, D.T., MARK, G.E. AND 
POMEROY, A.R. (1983) Cellular Toxicity 
of Urinary Catheters. Medical Journal of 
Australia, 1, 456–459.

	22.	 WILKSCH, J., VERNON-ROBERTS, B., 
GARRETT, R. AND SMITH, K. (1983) 
The Role of Catheter Surface Morphology 
and Extractable Cytotoxic Material in Tissue 
Reactions to Urethral Catheters. British 
Journal of Urology, 55(1), 48–52.

	23.	 MIRVISH, S.S. (1975) Formation of N-nitroso 
Compounds: Chemistry, Kinetics, and in 
vivo Occurrence. Toxicology and Applied 
Pharmacology, 31(3), 325–351. 

	24.	 CASTEGNARO, M., EISENBRAND, G., 
ELLEN, G., KEEFER, L., KLEIN, D., 
SANSONE, E.B., SPINCER, D., TELLING, 
G., WEBB, K. AND DAVIS, W. (1982) 
Laboratory Decontamination and Destruction 
of Carcinogens in Laboratory Wastes:  
Some N-nitrosamines. IARC Scientific 
Publications, 43, 1–73.

	25.	 DE GROOT, H., DE JONG, N.W., DUIJSTER, 
E., GERTH VAN WIJK, R., VERMEULEN, 
A., VAN TOORENENBERGEN, A.W., 

117117

E.K. Abraham et al.: In vitro Cell Culture Cytotoxicity and Sweat-extractable Dithiocarbamates



118

GEURSEN, L. AND VAN JOOST, T. (1998) 
Prevalence of Natural Rubber Latex Allergy 
(Type I and Type IV) in Laboratory Workers 
in The Netherlands. Contact Dermatitis, 
38(3), 159–163.

	26.	 NETTIS, E., ASSENNATO, G., FERRANNINI, 
A. AND TURSI, A. (2002) Type I Allergy to 
Natural Rubber Latex and Type IV Allergy 
to Rubber Chemicals in Healthcare Workers 
with Glove-related Skin Symptoms. Clinical 
and Experimental Allergy, 32(3), 441–447.

	27.	 GOTTLOBER, P., GALL, H. AND PETER, 
R.U. (2001) Allergic Contact Dermatitis 
from Natural Latex. American Journal of 
Contact Dermatology, 12(3), 135–138.

	28.	 WILKINSON, S.M. AND BURD, R. (1998)  
Latex: A Cause of Allergic Contact Eczema 
in Users of Natural Rubber Gloves. American 
Journal of Contact Dermatology, 39(1),  
36–42.

	29.	 EU’s scientific committee draft 
opinion on natural rubber latex 
allergy (2000) International Medical 
Device Regulatory Monitor, 8(7), 5–6.

	30.	 KNUDSEN, B.B. AND MENNE, T. (1996) 
Elicitation Thresholds for Thiuram Mix 
Using Petrolatum and Ethanol/Sweat as 
Vehicles. Contact Dermatitis, 34, 410–413.

	31.	 KNUDSEN, B.B., LARSEN, E., EGSAGAARD, 
H. AND MENNE, T. (1993) Release of 
Thiurams and Carbamates from Rubber 
Gloves. Contact Dermatitis, 28, 63–69.

	32.	 EMMET, E.A., RISBY, T.H., TAYLOR, J., CHEN, 
C.L., JIANG, L. AND FEINMAN, S.E. (1994) 
Skin Elicitation Threshold of Ethylbutyl 
Thiourea and Mercaptobenzothiazole with 
Relative Leaching from Sensitizing Products. 
Contact Dermatitis, 30, 85–90.

	33.	 ISO 10993-5 (1999) Tests for Cytotoxicity: In 
vitro Methods.

	34.	 BLACKLEY, D.C. (1997) High Polymer 
Latices: Science and Technology, 2nd Ed., 
Vol. I. London: Chapman & Hall.

	35.	 BOND, A.M. AND WALLACE, G.G. (1981) 
Determination of Copper as a Dithiocar-
bamate Complex by Reversed Phase Liquid 
Chromatography with Electrochemical 
Detection. Analytical Chemistry, 53, 1209–
1213.

	36.	 DEPREE, G.J., BLEDSOE, T.A. AND 
SIEGEL, P.D. (2004) Determination of Zinc 
Dialkyldithiocarbamates in Latex Condoms. 
Journal of Chromatographic Science, 42(2), 
80–84. 

	37.	 MATHIEU, C., HERBRETEAU, B., LAFOSSE, 
M., MORIN, P.H., RENAUD, M.,  
CARDINET, C. AND DREUX, M. (2000) 
Liquid Chromatography of Unstable Zinc 
Dithiocarbamates. Application to Rubber 
Gloves Analysis. Journal of High Resolution 
Chromatography, 23(9), 565–566.

	38.	 HUTCHINS, S.R., HADDAD, P.R. AND 
DILLI, S. (1982) Reversed Phase High 
Performance Liquid Chromatography of 
Diethyldithiocarbamate Complexes Using 
Radial Compression Columns. Journal of 
Chromatography, 252, 185–192.

	39.	 HOLLANDER, M. AND WOLFE, D.A. (1999) 
Non-parametric Statistical Methods, 2nd Ed. 
New York: Wiley-Interscience, 394.

	40.	 IKARASHI, Y., TOYODA, K., OHSAWA, N., 
UCHIMA, T., TSUCHIYA, T., KANIWA, 
M.-A., SATO, M., TAKAHASHI, M. AND 
NAKAMURA, A. (1992) Comparative 
Studies by Cell Culture and in vivo 
Implantation Test on the Toxicity of Natural 
Rubber Latex Materials. Journal of 
Biomedical Materials Research, 26, 339–
356.

	41.	 ABRAHAM, E.K., RAMESH, P., JOSEPH, 
R., KUMARI, T.V., MOHANAN, P.V. AND 

118

Journal of Rubber Research, Volume 8(2), 2005



REMAKUMARY, V.M. (2003) Migration  
of Dithiocarbamate Accelerators into 
Artificial Sweat from Natural Rubber  
Latex Vulcanizates. Sixth International 
Latex Conference, Akron, USA, July  
29–30.

	42.	 GRAHAM, D.T, MARK, G.E, POMEROY, 
A.R. AND MACARTHUR, E.B. (1984)  
In vivo Validation of a Cell Culture Test  
for Biocompatibility Testing of Urinary 
Catheters. Journal of Biomedical Materials 
Research, 18, 1125–1135. 

119119

E.K. Abraham et al.: In vitro Cell Culture Cytotoxicity and Sweat-extractable Dithiocarbamates


