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ABSTRACT. The present study was carried out to investigate the potential toxicity of dimethyl disul-
fide by a 2-week inhalation in F344 rats. The test article, dimethyl disulfide, was exposed by inhala-
tion to male and female rats at dose levels of 0, 33, 100, or 300 ppm/6 hrs/day for 2 weeks. At the
end of treatment period, all males and females were sacrificed. During the test period, clinical signs,
mortality, body weights, food consumption, hematology, serum biochemistry, and gross findings were
examined. The mean body weights of the male 300 ppm group and the female 33 ppm or higher
dose groups were significantly lower than those of the control group, respectively. The mean food
consumption at male 300 ppm and female 100 and 300 ppm were significantly decreased compared
with the controls. Some treatment-related serum biochemical changes, including decreased alkaline
phosphatase at male 300 ppm and female 100 and 300 ppm, reduced total bilirubin at male 300
ppm, and decreased alanine aminotransferase at female 300 ppm, were observed in a dose-depen-
dent manner, but these findings were considered to be of no toxicological significance. There were no
adverse effects on mortality, clinical signs, hematology, and necropsy findings in any treatment group.
Based on these results, it was concluded that the 2-week repeated dose of dimethyl disulfide by inha-
lation resulted in suppressed body weight gain and decreased food consumption at the dose of male
300 ppm and suppressed or reduced body weight gain and decreased food consumption at the dose
of female 33 ppm or higher. In the present experimental conditions, the no-observed-adverse-effect
level (NOAEL) was considered to be 100 ppm/6 hrs/day for male rats and below 33 ppm/6 hrs/day
for female rats.
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M £ o] k= AREE S 9L,

7 33250 297 9l

ABlelA] whe Fad Aue

[e]
73

7 stekede) i R ARSFE

T
=
At A 109E ol e set=E

ujd 8,000~10,00071¢] Al
ol g sEEAEL Ay
sh= B fefstetEz e

Correspondence to: Jong-Choon Kim, College of Veterinary
Medicine, Chonnam National University, Gwangju 500-757,
Korea

E-mail: toxkim @chonnam.ac.kr

273

Q7oA e At AF AREARl o] Fral
A ol A7 E oI s, R A
ekl Azbkek 2382 fU37|= i Colborn et al,
1996; A} ©l, 1996; 4 &, 1998). AP ANME %
Jol A& AEEHA 2 NE2E 77180 95 &

&



274 J.-C. Kim et al.

SEAS AGFORA ST BaA B AZE F
39 FEA1 7182 s Gl 41 P LG
]

i3k

l'i—"?’::_73%(amenorrhoea) L ‘ﬂ@(anemla =9 A
Asls A AFAR AMSHUE 2-bromopropane©]
AEded Aoz geld vk lolKim ef al. 1996,
2004; Park et al, 1997), @GN 4] =

o &gt 22219 eHAA EA7) ZU1E BAALR —‘T’—Z}E]
T Yt E3] ko] ZkstAY HAtE 7] 48 =48}

e FuAdel dig flsigol =i, B0 AFE
< 713 7ol 7] g2l ol& =2E dsiMe
AR B fafstetEd A olM M XH e
o Az, A, HE 2 Bl Wig #8e B3 9A9)
5 et

o]

o
AAAE T1ZAIEG s, He R oy
383, AEHE oA FE WA 53,
3}EA(H,S), WEH Z7EHCH,SH), %@}uﬂ‘ﬂ«CH 1S),
o]Zsh & ((CH,),S,) & WEAR HFH=HE f57t2
o] AEZ LA o] gi7] oz HH%% AA3]
A= HJappinen et a/, 1993; Pohle and Kliche,
1996; Wilkins, 1997; Chung ef a/, 2001).

o] &l g (dimethyl disulfide, DMDS)& Alf-slets
Ao A 4 Az Ak, BIAZF O]
v 287 A, FANEE Axsd, B A% §
oA A= F|WkA] A 24, OECD(organisation for
economic cooperation and developmentlA= )3
AxstetEZ (high production volume, HPV) 5,000%
F 134302 SAE] gloit 2003 12¢€7HA]
*8*}1‘5}3‘%1‘ el dH7Hscreening  information  data

set, SIDS) E&d= TaEo] YA &1 Utk 200343
= 1% NTP(national toxicology program)llAiE&

2 APERe] dig 2AEaeING e B4
g8 glont, FARIARL TP thE 544

o g A= vl AslFor HyEHo r}, Yo
] AT WEERARHLDg R 190 mgkgel™, A 4

24 AFBAE AF3L, HZ2 A H RS A
< FES}. ErelA HAHEA] wEERARES 2,000
mg/kg ol’dol™, AA F/1FENE Tolvt ol HE
A =W As A=54S Jehlla, I7E Salx
7} ®tHELF Atochem North America, 1985). &US
A4 A¥elHe gE B AbsE(median lethal con-
centration, LC)7t 805 ppm/4 hrs2X4, @EAHI 7]
A, A& 35, 4 5 2 H9 e ey, ©]

Chemicals, 2003). A7)3} u}s} 7o) o)Zalu|de) 3l

S48 FFe T3 ATHo UHiA As w, W

2 w2 9t 543 e

M= Byd vy Qo Jus| ez

] ko AA ot} Hde B EAo AAE D AR
AU o

:?{:/“
o
o
¥
H
X

S °6H*1t HPH—E Zof «18& BAGEH 548 A

3, }AZE=wEat —r?SHJ‘l%k(no observed- adverse-
effect level, NOAEL) ® #ZA7|(target organ}s 1%

sk A7 AlF3it

B 0F MEEY ZEANHL BAEAI7ATALY
(Korea National Toxicology Program, KNTP)e] ¥gto 2
o1 flEido] w2 o|FsuE ] A H AP A
o] &7 st 7]7‘41}§_§_ 31H 517, 5 oA
=AY LN aAZ B85 7%} S}

IHE ol ’idd
frmry oH

B /\]?5401]/\1‘_ ol EXHAA HA)(specific patho-
gen free, SPF) F344 YP=Z Charles River Japan©ll*|
Eofuol 157k w3l 2 AY9S AR H 74”6}‘3}4—
?ﬂr‘&% AL st g FAEATH 3 F 2%
A5E 712 sl 8 AF HAprF H4s) ﬂEﬁ s
o E’”"]E Rajatoict. ZpHAl 4 (barrier system) W2
220 AAE 4t FUAH (inhalation chamber}&
s Ag3E, FHFT 2 8T R 7
o ARSI, 54 ZEld HgA )] (220W x
750L x 180H mmjell /HAE2 Fgsioich AgEL
25 22 + 3°C, FHEE 50 = 20%(HF, AlFHEH Fo
AlE Ae), #7184 12~163]/A17F 29 160~300 Lux
=z 12}\]7].(0 %’-‘Z‘_Dé, o;q 8/\] O‘C‘T ] O F L}oﬂ ouq
Alge AFEE2 J7ALE LabDiet 5002(PMI Nutrition,

AT 2
/\]7] AT -]

USA}E, %% A2 frer AR A

l‘kfl

STETE
ZH-EA AFHES &
AEER

A EZl dimethyl disulfidex Merck AlollA ¢

3k AJ9F8 17 (Lot No. S36367344)2 72272 7]
3 A AFREon, tHREALS Hepa filter 2 25%



Two-Week Repeated Inhalation Toxicity Study of Dimethyl Disulfide 275

Fig. 1. Picture of inhalation chamber facility.

z74% 9l AshE 393718 ALgsad
NE8E =& % S#E=UEY
AGEAL w2 e AGeIe] Fa =3 U

22 9o, WEgd 1 m' 27‘”%ﬂlﬂ%(S|bata Co..
Japanjsh FUAIFAIE S ol 8-atd AilmEel AT FY
&2 SINTHFg. 1). AlEEZ-E gas generator (Sibata
Co., Japan}E ol-&3ted 71€(40°C) 71stAz] & U8

o A% Bl @zgm: 288 5 FYA

W2 F38le] A3EE A =300 APER =
£ F 2 E FUA e 2, &, 9, S
Auhfel) H2 Ar el BA013R)(Sibata Co., Japan)

2 0|83l 30 1358 FAUL, AFELY] FEE
P& sampling 471 B2kg 7124837} (gas chromato-
graphy, Shimadzu, Japan)s ol&3k =& 7)1ZHBNTY
1) 3 1680 134 gRleidch A@71z 5 S4E 23
E AR = 5% opM(AE¥, 33.0 + 1.03 ppm; T2
B8t 100.7 = 3.29 ppm; 283, 2995 + 9.46 ppm)
o] M olx] AFFE BAHIZE VR

NEizel 7Y % 8B 27
AP ozt A4 33 ppm), F7HEHE(100
ppm) ¥ 328-FH300 ppm)°] 4 NEZo B TAE]
[

T o 717t suld, & Aoelelg Al AMSsigT).
Fsirde] g §9 vEERAREEE 805 ppm/A hrs
2 deld oy, wiEnEe i S4¥EE o4y
Aol gith. 8 AlHEdT fAFEES] vidn=7eke vk
FAAREETY 675 ppmelZ, 135774 ol FU=E
Al 2 2 17 ppmolME o EALAE A EX] or
skev} 57 ppmelld fe4E ATt B
37 3HTansy et af, 1981). A7 d3xZAde] 71z38)

2

o

%t 300 ppme TEFOZ W, F9 3% 48
o 100 B 33 ppmel F7 % A§HS FrHHAT
UBEA U Aol Ta

A% B a7zl Y 184 B FEO o B
eI, NBE =Bl Y Fol 17 Fol 1
54wy L Alge) f7e wele] BESSIC ,
ol Fo] WU F4e] BF, WAL %S4 4

ASMHE 53

AR AR F 134 2o, 33 WHe AT
2ol AR AFE FostL dYdel S &
A dA B HAF 2 glat/day)o2 ARSI

54

14947be] WhE E9les & BE 4eses CO, 4vt
HslollM B8l RE F8 47 B 220 ol A{FE
Fero g #dsiint

Eosty] Z4AL

DE JosEd disi ANEEZY =288 F 3%
ure- A7) a, oY e CO, Arkastelr] 7iEst
o ZygwosRE APt dAGA= E S
WAAZ EDTA2K7F E01le CBC A8 Asiad
on, A58T7 A7){Hemavet 850, CDC Technol-
ogy, USA)E o}gsled wigdtar(white blood cell or
leukocyte count, WBC), 28+4*red blood cell or
erythrocyte count, RBC), 84 4% % (hemoglobin con-
centration, HGB), ¥ &4 (hematocrit, HCT), B
2922 (mean corpuscular volume, MCV), B %
g s 2 mean corpuscular hemoglobin, MCH),
Ui AY3gAAaST{mean corpuscular hemoglobin
concentration, MCHC), E24:F<7(platelet or thrombo-
cyte count, PLT), B8+ EX|(RBC distribution width,
ROW) % =g g49g2(mean platelet volume,
MPVFE Z4stdct.

HUSSIE ZA
BN Foguomyy AE Bole ARRelw



276

J.-C. Kim et al.

Table 1. Body weight changes in male and female rats treated with dimethyl disulfide for 2 weeks (n=5)

Dimethyl disulfide (ppm)

Parameters
0 33 100 300

Male
Day 1 105.2 +1.91% 103.0 £2.86 103.8 £4.28 1046 +1.64
Day 4 129.7 £ 6.24 131.2+3.87 129.6 + 3.87 1221 £2.36
Day 7 140.9+£7.63 139.6 £3.02 1374 +4.30 123.5+2.33**
Day 11 157.2+9.08 159.3 £3.00 155.3+4.31 140.6 £ 2.31**
Day 14 163.3£9.75 164.7 £ 2.39 160.7 £4.15 1443 £ 2.16*

Female
Day 1 78.8+1.26 777 £1.59 78.3£0.92 789 +1.48
Day 4 101.6 £2.20 97.8 £ 141 96.8 +1.00** 91.2 £1.57*
Day 7 107.3x2.65 102.4 £ 1.01™ 99.6 + 1.24* 89.7 £1.77*
Day 11 117.1 £2.60 1121 £ 2.47* 108.6 + 1.18* 99.6 + 1.53"
Day 14 12141292 115.4 +2.23** 110.3 £ 1.01** 99.9 +1.14*

#Values are presented as means = SD (g).

**Significant difference at P<0.01 level compared with the control group.
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Table 2. Food consumption in male and female rats treated
with dimethyl disulfide for 2 weeks (n=5)

Dimethyl disulfide (ppm)

Parameters
33 100 300

Male

Day 7 1561 £2.6® 142207 130+11 11.7+1.3*

Day 14 16421 162x11 148+12 134+06"
Female

Day 7 120+09 105+07 104+10 8.6=15"

Day 14 12712 11.9x10 100x08"™ 92x0.6*

AValues are presented as means = SD (g).

*Significant difference at P<0.05 level compared with the con-
trol group.

**Significant difference at P<0.01 level compared with the
control group.
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Table 3. Hematological findings in male rats treated with dimethyl disuifide for 2 weeks (n=5)
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Dimethyl disulfide (ppm)

Parameters
0 33 100 300

WBC (x10%) 6.00 + 1.328% 6.80+£0.812 6.70 £ 0.576 6.76 + 0.809
RBC (x10'/) 7.43 = 0.291 7.34 £ 0.431 7.40 £0.615 7.00 £0.242
Hemoglobin (g/dl) 14.42 + 0.540 14.90 + 0.636 14.90 + 0.518 14.32 £ 0.773
Hematocrit (%) 36.48 + 1,139 36.26 + 2.230 35.9+3.173 33.84 + 1.305
MCV (fl) 49.10 £ 0.731 49.40 £ 0.354 48.80 + 0.891 48.34 + 0.586
MCH (pg) 19.42 + 0.597 20.30 + 1.061 20.40 +1.483 20.50 = 1.690
MCHC (g/dl) 39.56 + 1.479 41,18 +2.156 41.80 + 3.168 42.42 + 3.459
RDW (%) 16.42 + 0.602 16.14 £ 0.720 16.20 +£ 0.438 16.04 £ 0.270
Platelet (x10°1) 697.6 + 206.26 810.2+87.35 782.2 +29.15 727.8 +20.68
MPV (fl) 5.44 £ 0.592 5.44 1+ 0.230 5.60+0.217 5.68 £0.217

Note: WBC, white blood cells; RBC, red blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; MPV, mean platelet volume.
*Nalues are presented as means =+ SD.

Table 4. Hematological findings in female rats treated with dimethy! disulfide for 2 weeks (n=5)

Dimethy! disulfide (ppm)

Parameters
0 33 100 300

WBC (x10%) 5.78 + 0.556% 6.55 £0.989 5.90 £ 0.623 6.11 £ 0.565
RBC (x10"/) 7.21 £0.723 7.37 £0.513 7.40 £0.659 7.25+0.894
Hemoglobin (g/dl) 15.92 + 0.554 15.50 £ 0.274 15.60 + 0.991 14.88 + 0.396
Hematocrit (%) 37.66 +4.128 38.24 + 2.557 36.9+3.178 36.06 +4.706
MCV (fl) 52.20 £1.007 51.92 =+ 0.691 50.30 £ 0.770** 49.70 + 0.693**
MCH (pg) 22.22 +1.642 21.12+£1.228 21.20+1.072 20.74 £ 2.115
MCHC (g/dl) 42.58 + 3.545 40.62 +2.384 4220 +1.888 41.72 + 4 457
RDW (%) 17.12 £ 0.286 17.54 £ 0.643 17.20 £ 0.573 17.24 £ 0.439
Platelet (x10%/) 746.8 £57.12 778.4 £ 93.23 701.2+87.79 785.0 £ 80.25
MPV (fl) 5.86+0.185 5.72 +0.110 5.80+0.217 5.86 +0.219

Note: WBC, white blood cells; RBC, red blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; MPV, mean platelet volume.

AValues are presented as means + SD.

**Significant difference at P<0.01 level compared with the control group.

Table 5. Serum biochemical findings in male rats treated with dimethyl disulfide for 2 weeks (n=5)

Dimethyl disulfide (ppm)

Parameters

0 33 100 300
Aspartate aminotransferase (IU/l) 128.0 + 16.787 110.4 £ 12.58 113.8 +10.31 106.4 + 11.06
Alanine aminotransferase (IU/) 37.2+3.27 35.0 £ 1.41 32.8+2.39 402 +£7.79
Alkaline phosphatase (mg/l} 587 +32.4 613 +59.1 569 +31.7 496 + 33.2*
Blood urea nitrogen (mg/dl) 17.8+1.87 17.5+0.86 16.7 +1.06 16.7 £ 0.66
Creatinine (mg/di) 0.56 + 0.055 0.56 + 0.055 0.56 + 0.055 0.58 +0.045
Glucose (mg/dl) 117.0 £ 22.66 116.6 £ 20.56 108.6 +5.13 127.2 £12.62
Total cholesterol (mg/dl) 496134 484 £2.51 48.2 +4.87 49.0+2.92
Total bilirubin (mg/dl) 0.50 +0.190 0.33+0.100 0.31 £0.061 0.29 +0.023*
Total protein (g/dl) 6.27 £ 0.107 5.84 £ 0.647 6.12 £ 0.254 6.27 £0.124
Lactic dehydrogenase (1U/dl) 2819 £649.2 2131 £550.0 2486 + 483.6 1991 + 165.2

AValues are presented as means + SD.
*Significant difference at P<0.05 level compared with the control group.
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Table 6. Serum biochemical findings in female rats treated with dimethy! disulfide for 2 weeks (n=>5)

Dimethyl disulfide (ppm)

Parameters
0 33 100 300

Aspartate aminotransferase (1U/]) 105.4 +3.91? 103.4+4.10 1024 +4.67 96.6 +6.43
Alanine aminotransferase (1U/]) 35.6+2.30 32.4+2.88 320224 28.6 £1.82*
Alkaline phosphatase (mg/l) 557 +14.7 531 +31.1 511 +18.4* 434 £ 21.9™
Blood urea nitrogen (mg/dl) 21.0+1.04 212+230 19.2+£1.33 19.3+0.67
Creatinine (mg/dl) 0.60 £ 0.00 0.60 £ 0.00 0.58 £ 0.045 0.56 + 0.055
Glucose (mg/dl) 124.4 +11.08 106.6 + 8.12 113.6 £ 15.79 116.4 +9.89
Total cholesterol (mg/dl) 80.0+1.87 79.6+7.13 74.6 +3.65 75.2+9.42
Total bilirubin (mg/dl) 0.53+0.136 043+0.112 0.45 +0.079 0.46 +0.050
Total protein (g/dl) 6.34 £ 0.281 6.11 +0.254 5.97 +0.430 5.93+0.196
Lactic dehydrogenase (1U/dl) 1588 £ 216.2 1698 £ 221.4 1517 £ 301.7 1559 + 2441

“Values are presented as means + SD.

*Significant difference at P<0.05 level compared with the control group.
**Significant difference at P<0.01 level compared with the control group.
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