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Allergenicity evaluation of Bioban CS-1135 in
experimental animals
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An industrial preservative, Bioban CS-1135, was evaluated for its contact allergenicity by means of
multiple-dose guinea-pig maximization test and non-radioactive murine local lymph node assay. In
the guinea-pig test, an induction dose of 0.5% Bioban CS-1135 sensitized all animals of the group.
The dose-response study of the elicitation phase determined a minimum elicitation dose of 5% for
positive skin reactions. In the murine assay, Bioban CS-1135 at doses of 10% and more exerted
significant effects on lymphoid cell proliferation. Although the data clearly designated Bioban CS-
1135 as a skin sensitizer, its relative potency was ranked lowest among skin-sensitizing biocides

previously evaluated in this laboratory.
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Bioban CS-1135 is a broad-spectrum bactericide
based on oxazolidine (4,4-dimethyloxazolidine)
chemistry. It has been widely used as a preserva-
tive in products and applications such as metal-
working fluids, oilfield water systems and mineral
slurries. Most biocides exert their toxic effects on
microorganisms through reactivity with proteins,
and this, in turn, suggests a higher risk of biocides
as skin sensitizers, because a low molecular
weight chemical has to bind with endogenous
proteins/peptides to be recognized as an immuno-
gen. In fact, numerous cases of allergic contact
dermatitis from various kinds of biocides have
been reported (1, 2). Among them, positive skin
reactions to a series of Biobans are not rare,
especially in metalworkers, with 3.4% of 408
workers being positive to some kinds of Biobans
(3). However, the skin reactions are often weak
and not reproducible. Furthermore, in many
cases, the clinical relevance of skin reactions
with the use of Biobans is not ascertained. These
data suggest that, although Biobans have intrinsic
potencies for skin sensitization, the potencies are
relatively weak compared with other biocides.
Thus, in this study, we decided to evaluate the
sensitization potency of Bioban CS-1135 using 2
different animal tests: multiple-dose guinea-pig

maximization test (GPMT) and non-radioactive
local lymph node assay (LLNA).

Materials and Methods

Chemicals

Bioban CS-1135 (active ingredient: 78% 4.,4-
dimethyl-1,3-oxazolidine) was obtained from
Nagase & Co., Ltd. (Tokyo, Japan). All other
reagents used were of superior grade.

Guinea-pig maximization test

5- to 6-week-old female Hartley guinea pigs from
Japan SLC, Inc. (Shizuoka, Japan) were used.
The GPMT (4) was performed with some mod-
ifications in that dose-response profiles were
evaluated for both induction and elicitation
phases, and challenge test was done openly (5). 5
or 10 animals were used for each sensitization
group. The concentrations for the first (intrader-
mal) and the second (topical) inductions are sum-
marized in Tables 1 and 2. 2 weeks after topical
induction, 0.1 ml aliquots of various concentra-
tions of Bioban CS-1135 in acetone or an undi-
luted solution were applied all at once to a shaved
area of the flank for challenge. 48h after the
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Table 1. Results of first guinea-pig maximization test for Bioban CS-1135

Induction (%)

Intradermal Topical Elicitation (%)* SR (%) n
0 0 100 0 5
0 10 100 60 5
0.5 10 100 100 5

SR =sensitization rate.

* Animals were challenged 2 weeks after 2nd induction with 100% Bioban CS-1135, and skin reactions were evaluated 48 h thereafter.

challenge, each site was scored for erythema (0-4)
and oedema (0-3) according to the criteria of Sato
et al. (6). For each challenge concentration group,
the percentage of animals showing a positive reac-
tion was taken as the sensitization rate.

Non-radioactive murine LLNA

6- to 8-week-old female BALB/c mice from
CLEA Japan, Inc. (Tokyo, Japan) were used.
The assay was performed according to the
method of Takeyoshi et al. (7) with some modifi-
cations (8). Briefly, groups of mice (n=4) were
exposed to 25 ul of various concentrations of Bio-
ban CS-1135 in vehicle (acetone/olive oil, 4:1) or
as an undiluted solution, through application to
the dorsum of both ears on 3 consecutive days
(days 0-2). On day 4, 5-bromo-2’-deoxyuridine
(BrdU, 150 mg/kg/15ml saline) was administered
intraperitoneally to each mouse. The next day, a
pair of auricular lymph nodes from each mouse
was excised, and single-cell suspensions were pre-
pared by gentle mechanical disaggregation in sal-
ine. The total cell count in each suspension was
measured, and the suspensions were then diluted
with saline to a concentration of 4 x 10° cells/ml
and dispensed (50 ul) into the wells of a flat-
bottom microplate. BrdU concentrations in the
wells were measured by enzyme-linked immuno-
sorbent assay (ELISA). Total lymph node cell

count in a chemical-treated animal divided by
mean lymph node cell count in control group
was designated as a cellularity index, whereas
BrdU incorporation (OD) per well of cells from
a chemical-treated animal divided by mean BrdU
incorporation (OD) per well of cells from a con-
trol group was used as a BrdU incorporation
index. A stimulation index (SI) was calculated
by multiplying the cellularity index by the BrdU
incorporation index.

Statistical analysis

In the LLNA, index values for each chemical-
treated group and vehicle-treated control group
were compared via Dunnett’s or Steel’s multiple
comparison method using a StatLight software
package (Yukms Co., Ltd, Tokyo, Japan).

Results

GPMT results for Bioban CS-1135 are summar-
ized in Tables 1 and 2. An intradermal induction
concentration of 0.5% and a topical induction
dose of 10% were selected as the maximum toler-
able doses for each step of the GPMT. All of 5
guinea pigs sensitized with maximum induction
doses exhibited positive skin reactions when
challenged with 100% Bioban CS-1135. Notably,
Bioban CS-1135 could sensitize animals by the

Table 2. Results of second guinea-pig maximization test for Bioban CS-1135

Induction dose*

SR (%)t
Challenge dose (%) 0% 0.005% 0.05% 0.5%
0.05 0 0 0 0
0.5 0 0 0 0
5 0 0 0 70
25 0 0 0 100
50 0 0 0 100
100 0 0 0 100

SR =sensitization rate. Number of animals was 5 for 0% induction-dose group and 10 for the other 3 induction-dose groups.
*Each group of animals was sensitized using the same dose of Bioban CS-1135 for both intradermal and topical induction procedures.

1Skin reactions were evaluated 48 h after challenge.

tAnimals were treated with vehicle in both intradermal and topical induction procedures.
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topical induction procedure alone, although the
sensitization rate of the group was lower than
that of the maximally sensitized group (Table 1).
Because the topical induction procedure alone
sensitized the animals, in the subsequent dose—
response study, the topical induction concen-
trations were varied in line with intradermal
induction concentrations. As summarized in Table 2,
positive skin reactions were observed only at the
highest induction dose of 0.5%. The minimum
challenge dose of Bioban CS-1135 that elicited
positive skin reaction in this group was 5%.

A dose-response profile for the allergenicity of
Bioban CS-1135 in the induction phase was
further evaluated by another animal test, the
non-radioactive LLNA (Table 3). Statistically sig-
nificant increases in the cellularity index, the
BrdU index and SI, which is obtained by multi-
plying the cellularity and BrdU indices, were
observed at doses of 10% and more of Bioban
CS-1135.

We have thus far evaluated dose—response pro-
files for both induction and elicitation phases of
allergic contact dermatitis with 20 different bio-
cides using multiple-dose GPMT, and 15 of them
have been designated as positive skin sensitizers.
As summarized in Table4, both the minimum
induction dose and minimum elicitation dose of
Bioban CS-1135 in the guinea-pig test ranked last
place among the designated sensitizers.

Discussion

This study clearly designated Bioban CS-1135 as
a contact sensitizer using 2 representative animal
tests, GPMT and LLNA. Recently, Brinkmeier
et al. (3) reported the patch test results on expo-
sure to a series of Biobans among metalworkers, a
high-risk group for this group of preservatives.
The test showed that 3.4% out of 408 workers

Table 3. Results of local lymph node assay for Bioban CS-1135

reacted to at least 1 of the Biobans (2.2% P-1487,
2.0% CS-1246 and 1.5% CS-1135). Previous mul-
ticentre patch test data provided by the Informa-
tion Network of Departments of Dermatology in
Germany and Austria (2) showed a 1.1% positive
reaction rate to Bioban CS-1135 in 1760 patients.
In both reports, skin reaction was weak and most
reactions were not reproducible during retesting.

In order to improve occupational hygiene and
protect consumers from the risk of skin sensitiza-
tion, it is essential to elucidate the relative sensi-
tizing potencies of individual sensitizers. There
have been several animal studies evaluating
dose—response profiles of skin-sensitizing biocides
(9-11). In our database of biocide-sensitizing
potencies evaluated using multiple-dose GPMT,
Bioban CS-1135 ranked last place in the list,
especially for the minimum elicitation dose.
Although the minimum induction dose of 0.5%
Bioban CS-1135 in the multiple-dose GPMT also
ranked last, this dose was within the range of
those for other biocides. The minimum induction
dose of 10% Bioban CS-1135 in the mouse test
also seemed in the range of those for other che-
mical allergens. In our recent studies using non-
radioactive LLNA, the minimum induction doses
for 2 preservatives, p-chloro-m-cresol (PCMCQC)
and p-chloro-m-xylenol (PCMX), were 10% and
25%, respectively (8). The results may suggest
that the potency of Bioban CS-1135 to induce
specific T-cell proliferation is comparable to
other biocides, but that its intrinsic potency to
cause positive skin reaction is relatively weak.
This is in line with the weak skin reactions
observed in patch testing in clinical studies,
because it is the elicitation reaction that is
observed in the patch test.

In addition to evaluating relative potencies,
cross-reactivity is another important factor in
risk assessment for skin sensitizers. With respect

Induction dose (%) Cellularity index

BrdU incorporation index Stimulation index

0 1.0+£0.2
1 1.04+0.2

3 1.0+£0.2

10 1.740.3*
25 3.0+0.3t
50 24404t
100 2.7+0.5t

1.0£0.2 1.0£0.0
1.0+0.2 1.0+0.3
1.0£0.2 1.14£0.4
1.5+0.31 2.74+0.6*
1.8+0.21 5.441.0%
1.8+0.21 4.44+1.0%
1.8+0.31 4.8+0.9%

Values are means + SD.

Cellularity index =

total lymph node cell count in a chemical — treated animal

BrdU incorporation index =

mean lymph node cell count in control group
BrdU incorporation (OD) per well of cells from a chemical - treated animal

*Significantly different from control, P <0.05.
TSignificantly different from control, P <0.01.

mean BrdU incorporation (OD) per well of cells from control group
Stimulation index = Cellularity index x BrdU incorporation index.
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to the 3 sensitizing Biobans, P-1487, CS-1135 and
CS-1246, some patients reacted to 2 or 3 of them
(3). Although both CS-1135 and CS-1246 have
the structure to release a formaldehyde molecule,
it is difficult to elucidate whether the cross-
reaction was due to structural analogy or simply
due to concomitant exposure to them. In this
respect, the GPMT has an advantage in that
it can precisely evaluate cross-reactivity among
sensitizers under strictly controlled conditions.
Further information including animal study data
would appear to be necessary to assess the risk of
a wide range of preservatives such as Biobans.
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