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ABSTRACT — 4,4'-Oxybis(benzenesulfonohydrazide) (OBSH) is a blowing agent widely used in the
manufacture of porous plastics and rubber. OBSH was notified as an additive in the Japanese positive list
system for food utensils, containers and packaging. The in vitro mutagenicity of OBSH was shown exten-
sively in bacterial reverse mutation assays, a DNA repair test, and a chromosomal aberration test. Few
studies exist on in vivo genotoxic evaluation on OBSH apart from an in vivo micronuclei test. To clarify
in vivo mutagenicity, we conducted a transgenic rodent gene mutation (TGR) assay (OECD TG 488). We
dosed male Muta™ Mouse with OBSH by oral gavage at 0 (negative control), 25, 50, and 100 mg/kg/day
for 28 consecutive days, and evaluated mutant frequencies (MFs) of /acZ in the liver and glandular stom-
ach (5 mice/group). We observed two deaths and a reduction in body weight at 100 mg/kg/day. Although
we exposed Muta™ Mouse to OBSH orally for 28 days up to the maximum tolerated dose, we did not
detect in vivo mutagenicity in the liver and glandular stomach. In contrast, in the positive control we detect-
ed significantly increased MFs. The results of this study suggest that OBSH is not mutagenic in vivo.
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INTRODUCTION

4,4'-Oxybis(benzenesulfonohydrazide) (OBSH) (Fig. 1)
has been used as a blowing agent for plastic and rubber
in various industrial products. OBSH was notified as an
additive in the Japanese positive list (PL) system for food
utensils, containers and packaging (UCP). Both rule-based
and statistically based quantitative structure—activity rela-

tionship (QSAR) models predict that OBSH bears a struc-
tural alert to mutagenicity in the Ames test. We used
Derek Nexus (ver.6.0.1, Lhasa limited, UK) as rule-based
and CASE Ultra (ver.1.6.2.2, MultiCASE Inc., USA)
as statistically based QSAR models, and both mod-
els classified OBSH as able to release hydrazine (Fig. 1),
a known in vitro mutagen (De Flora, 1981; McMahon et
al., 1979; Parodi et al., 1981). In fact, an Ames test using
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Fig. 1. Chemical structure of 4,4°-oxybis (benzenesulfono-

hydrazide) (OBSH) (CASRN 80-51-3) and hydrazine
(CASRN 302-01-2).

Salmonella typhimurium TA1535, TA1537, TA98, TA100,
and Escherichia coli WP2 at a maximum concentration of
3,000 pg/plate with or without S9 mix showed positive
results for OBSH (NIER, 1999 cited by OECD, 2000).
Subsequently, another Ames test conducted using the
same strains of S. typhimurium and E. coli at a maximum
dose of 5,000 pg/plate with or without S9 also report-
ed positive results with TA100 and TA1535 (MHLW,
2003a). OBSH treatment also induced unscheduled DNA
synthesis in rat hepatocytes (Mori et al., 1988). A chro-
mosomal aberration test using Chinese hamster lung
(CHL/IU) cells at a maximum dose of 1,700 pg/mL
with or without S9 showed weak induction of structural
abnormalities (MHLW, 2003b). An in vivo micronucleus
test demonstrated that OBSH did not induce micronuclei
in mouse bone marrow after two doses ranging from 375
to 1,500 mg/kg/day, although the detailed dosing condi-
tion was not clear (NIER, 2000 cited by OECD, 2006).
Animal studies with mice, rats and hamsters have
shown the carcinogenicity of hydrazine or compounds
with a hydrazine structure by oral exposure (Biancifiori,
1970; Bosan et al., 1987; Matsumoto et al., 2016). Tumor
development has been also reported in the rat uterus and
the mouse lung (Steinhoff and Mohr, 1988; Toth, 1972).
The study conducted by Douglas et al. (1995) showed in
vivo non-mutagenicity of hydrazine in the liver, lung, and
bone marrow of lacZ transgenic mice. However, since the
study design allowed for a single oral dose up to toxic
concentrations, whether the compound was adequately
exposed to the target tissues remains questionable, and no
conclusions were reached regarding in vivo mutagenici-
ty. The carcinogenicity of hydrazine or compounds with
hydrazine structures raises health concerns due to long-
term exposure to OBSH, but no data was available on in
vivo mutagenicity or carcinogenicity, other than the result
of OBSH not inducing micronuclei in mouse bone mar-
row. Here we aimed to evaluate the in vivo mutagenici-
ty of OBSH using Muta™ Mouse. We selected the liver
and glandular stomach as target organs because the liver
is a major organ in chemical metabolism and is sensitive
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in the assay, and the glandular stomach is first exposed to
unchaged OBSH after oral administration.

MATERIALS AND METHODS

Testing institute

This study was conducted at the BioSafety Research
Center (BSRC; Shizuoka, Japan) in accordance with the
Organization for Economic Cooperation and Development
(OECD) guideline 488 (OECD, 2013). Animals were treat-
ed in accordance with the Act on Welfare and Management
of Animals (MOE, 2014), the Standards relating to the
Care and Keeping and Reducing Pain of Laboratory Ani-
mals (MOE, 2006), and the Act on the Conservation and
Sustainable Use of Biological Diversity through Regulations
on the Use of Living Modified Organisms (METI, 2003).

Test chemicals

We purchased the test chemical OBSH [lot no. 19HBL62J,
Chemical Abstracts Service Registry Number (CASRN)
80-51-3] from AK Scientific, Inc. (San Francisco, CA,
USA) with 94% purity, and a positive control, N-ethyl-
N-nitrosourea (ENU; CASRN 759-73-9), from Toronto
Research Chemicals Inc. (Toronto, ON, Canada). We pur-
chased corn oil from NACALAI TESQUE, INC. (Kyoto,
Japan). OBSH was suspended in corn oil and dosing for-
mulations were stored at room temperature until use and
used for treatment within 8 or 10 days after preparation.
Stability and uniformity during storage were verified. The
positive control ENU was dissolved in phosphate buffer
(pH: 5) prior to administration.

Animals and treatment

We purchased both male and female CD2F1, and male
Muta™ Mouse (CD2-LacZ80/HazfBR) aged 8 weeks from
Japan SLC, Inc. (Shizuoka, Japan) and Trans Genic Inc.
(Fukuoka, Japan), respectively, and acclimatized them for
8 days before treatments. Food (CRF-1, Oriental Yeast,
Japan) and water were provided ad libitum. Animals were
maintained at a room temperature of 20°C—26°C, a rela-
tive humidity of 35%-70%, a 12 hr light/dark cycle, and
12 air changes per hour. After an acclimatization peri-
od, we randomly assigned CD2F1 and Muta™ Mouse to
groups including 3 and 6 or 8 mice per group, respective-
ly. We also assigned 6 Muta™ Mouse to each of the posi-
tive and negative control groups.

We set the highest dose based on a range-finding 14-day
study in both male and female CD2F1 mice testing dose
levels of 0, 30, 100, 300, and 1,000 mg/kg/day by oral
gavage. In the range-finding study, we observed exces-
sive toxicity—that is, mortality and moribundity—within
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8 days in male and female mice at a dose of 300 mg/kg/day
and above. Based on the results of the study, we consid-
ered doses of 25, 50, and 100 mg/kg/day to be appropriate
for 28-day repeated administrations. Animals were moni-
tored daily for general condition and regularly for body
weight until the dissection day. We administered the dos-
ing formulations of OBSH (25, 50, and 100 mg/kg/day)
or corn oil (negative control) by oral gavage at a dos-
ing volume of 10 mL/kg once daily for 28 consecutive
days. We treated the positive control animals with ENU at
100 mg/kg/day by intraperitoneal injection once daily for
2 days. Animal experiments were conducted in accord-
ance with the regulations of the Animal Care and Use
Committees of the National Institute of Health Sciences
and the BioSafety Research Center Inc..

Detection of gene mutations

All treated mice except the positive control were
sacrificed by carbon dioxide asphyxiation 3 days after the
last treatment. The positive control mice were sacrificed
10 days after the last treatment in the same manner. For
each dose group, we subjected five mice to mutation anal-
ysis. Liver and stomach tissues were collected, stom-
ach tissues were divided into forestomach and glandu-
lar stomach, and genomic DNA was extracted from liver
and glandular stomach samples according to previously
reported methods (Matsumoto et al., 2014).

DNA packaging was performed according to the instruc-
tion manual of Transpack (Agilent Technologies, Santa
Clara, CA, USA). In brief, DNA solutions (100-600 pg/
mL) were gently mixed with the Transpack packaging
extract and were incubated 2 times at 30°C, for 1.5 hr;
SM buffer containing NaCl, MgS04-7H,0, Tris—HCl
(pH: 7.5), and gelatin was then added. Packaged phag-
es were absorbed into E. coli cells at room temperature
for 20—30 min. An appropriately diluted E. coli cell sus-
pension was mixed with LB top agar for titer plates, and
selection plates were produced by mixing the remain-
ing cell suspension with LB top agar containing P-gal
(phenyl-B-D-galactoside). Selection plates were then
incubated overnight at 37°C, and packaging was repeat-
ed to reach a total number of 300,000 plaques. MFs were
calculated as follows: MFs = total numbers of plaques on
selection plates/total numbers of plaques on titer plates (x
dilution factor).

Statistical analysis

Homogeneity of variance of MFs in treated groups were
analyzed with Bartlett’s test. For homogeneity of var-
iance, significant differences between the control and
treated groups were determined using Dunnett’s multi-
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Fig. 2. Body weights of Muta™ Mouse through the 28-day

administration period of 4,4’-oxybis(benzenesulfonohy
drazide) (OBSH) to the date of organ collection. Values
are Mean + SD (n = 5). Positive control: treated with
ENU at 100 mg/kg/day by intraperitoneal injection
once daily for 2 days.

ple comparison test and in case of homogeneity of vari-
ance is not met, non-parametric Steel test was used. MFs
between the negative and positive controls were com-
pared by the Student’s t-test or Aspin—Welch’s t-test after
F test. Five percent levels of probability were used as the
criterion for significance.

RESULTS

Body weights and general condition examination

One death was observed on day 26 during treatment,
and another death was occurred 3 days after the last treat-
ment at a dose of 100 mg/kg/day. We analyzed MFs on
five mice alive at the organ collection 3 days after the
final administration. In Fig. 2, we show the changes in
body weight of the animals subjected to mutation analy-
sis. We recorded body weight loss on day 22 and day 29
at a dose of 100 mg/kg/day, with no clinical signs of tox-
icity observed in all treatment groups. No gross patho-
logical abnormalities in the liver or glandular stomach at
necropsy were found (data not shown).

Analysis of MFs

MFs of lacZ in the liver and glandular stomach of ani-
mals treated with OBSH were not significantly higher than
those in the respective negative controls (Tables 1-2).
In contrast, the positive control ENU significantly increased
MFs in the liver and glandular stomach (p < 0.05).
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Table 1. Mutant frequencies in liver of Muta™ Mouse treated with 4,4'-oxybis(benzenesulfonohydrazide) (OBSH).

Dose

Mutant frequency ~ Mean + S.D.

Substance (mg/kg/day, p.o.) Animal ID  No. of total plaques No. of mutants (x 10°) (x 10°)
Corn oil 0 3001 597,600 18 30.1
3002 425,700 11 25.8
3003 681,300 20 29.4 31.2+11.7
3004 806,400 16 19.8
3005 531,900 27 50.8
OBSH 25 3101 650,700 13 20.0
3102 451,800 19 42.1
3103 735,300 14 19.0 30.1+10.3
3104 779,400 25 32.1
3105 855,000 32 37.4
50 3201 742,500 19 25.6
3202 504,900 16 31.7
3203 516,600 15 29.0 32.1+72
3204 585,000 26 44.4
3205 767,700 23 30.0
100 3301 716,400 16 22.3
3302 1,041,300 32 30.7
3304 697,500 20 28.7 30.8+5.8
3305 591,300 22 37.2
3306 486,900 17 349
ENU 100 3401 527,400 48 91.0
3402 436,500 45 103.1
3403 350,100 33 943 98.7 £ 9.6*
3404 642,600 73 113.6
3405 513,000 47 91.6

Corn oil: Negative control (10 mL/kg).

ENU: Positive control (N -ethyl-N -nitrosourea, 10 mL/kg, i.p., dose once a day, for 2 days, expression period; 10 days).
*: p <0.05, Significant difference from negative control by Student's 7 test.

DISCUSSION

OBSH was notified as an additive in the Japanese PL
system for UCP. OBSH is added as a foaming agent in
the manufacturing process to create bubbles in plas-
tic and provide lightness, thermal insulation, and buffer-
ing. OBSH decomposes to nitrogen gas, water vapor and
4,4'-oxydibenzenesulfinic acid by heat, and the generat-
ed gas expands plastics to obtain foamed plastics (Kondo,
2001). Consumers are unlikely to be exposed to OBSH
in plastics (OECD, 2006), but the residual OBSH in
UCP currently remains unknown. No data are availa-
ble on absorption and distribution of OBSH, but due to
the physico-chemical properties of OBSH—the molec-
ular weight is 358.4 and the estimated log Kow is 0.08
(OECD, 2006)—OBSH is considered orally absorbable,
and the duration of exposure for consumers is expected to
be lifelong. Since OBSH is mutagenic in vitro and lacks
long-term exposure toxicity information, it is necessary to
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clarify in vivo mutagenicity from the aspect of risk man-
agement of OBSH. In the present study, we conducted the
TGR assay in the liver and glandular stomach to system-
atically assess in vivo mutagenicity; the result was neg-
ative in both organs following 28-day gavage treatment.
In the TGR assay, body weight loss was observed at a
maximum dose of 100 mg/kg/day, but no other effect was
found. We set the administration dosages from the range-
finding study and observed excessive toxicity, such as
emaciation or moribundity, above 300 mg/kg/day, indicat-
ing a maximum tolerated dose of 300 mg/kg/day. Hence,
the liver and glandular stomach were adequately exposed
to OBSH under test conditions. Since the results of the
present TGR assay conducted in the liver and glandular
stomach were negative, we concluded that the mutagen-
icity exhibited in in vitro studies did not occur in the liv-
ing body. Although the health effects of long-term expo-
sure to OBSH currently remain unclear, the results of this
study suggest that OBSH is not mutagenic in vivo.
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Table 2. Mutant frequencies in glandular stomach of Muta™ Mouse treated with 4,4'-oxybis(benzenesulfonohydrazi

de) (OBSH)
Substance (mg /ng/SZ; p.0.) Animal ID  No. of total plaques No. of mutants Muta(nxt tirgg‘glency M?inlios)'D'
Corn oil 0 3001 635,400 18 28.3
3002 470,700 15 31.9
3003 660,600 24 36.3 348 +7.8
3004 566,100 27 47.7
3005 569,700 17 29.8
OBSH 25 3101 326,700 9 27.5
3102 654,300 28 42.8
3103 748,800 19 25.4 35.0+10.7
3104 803,700 40 49.8
3105 675,000 20 29.6
50 3201 606,600 19 31.3
3202 903,600 15 16.6
3203 1,000,800 22 22.0 29.6£11.3
3204 842,400 39 46.3
3205 664,200 21 31.6
100 3301 513,000 21 40.9
3302 432,900 11 25.4
3304 514,800 16 31.1 29.9+6.8
3305 525,600 15 28.5
3306 847,800 20 23.6
ENU 100 3401 612,000 238 388.9
3402 499,500 237 474.5
3403 539,100 208 385.8 394.2 £ 62.2%
3404 855,000 358 418.7
3405 623,700 189 303.0

Corn oil: Negative control (10 mL/kg).

ENU: Positive control (N -ethyl-N -nitrosourea, 10 mL/kg, i.p., dose once a day, for 2 days, expression period; 10 days).
*: p <0.05, Significant difference from negative control by Aspin-Welch’s ¢ test.
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