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tert-Butyl acetate is an organic solvent used for coatings, industrial cleaning, and surface treatment
applications. This study investigated the potential adverse effects of fert-butyl acetate on pregnant
dams and embryo-fetal development after maternal exposure on gestational days 6 through 19 in
rats. The test chemical was administered to pregnant rats by gavage at dose levels of 0, 500, 1,000,
1,500, and 2,000 mg/kg/day. All dams were subjected to a caesarean section on day 20 of gestation
and their fetuses were examined for any external, visceral, and skeletal abnormalities. At 2,000 mg/
kg, treatment-related clinical signs, including piloerection, abnormal gait, decreased locomotor activity,
loss of fur, reddish tear, anorexia, nasal discharge, vocalization and coma, were observed in a dose-
dependent manner. All dams died between the 2nd day and 5th day of treatment due to a severe
systemic toxicity. At 1,500 mg/kg, minimal maternal toxicity including an increase in the incidence of
decreased locomotor activity and loss of fur, and an increase in the weights of adrenal glands and
liver was observed. On the contrary, no significant adverse effect on the embryo-fetal development
was detected. There were no adverse effects on either pregnant dams or embryo-fetal development
at <1,000 mg/kg. These results show that a 14-day repeated oral dose of tert-butyl acetate in rats
caused a minimal maternal toxicity including increases in the incidence of clinical signs and the
weights of adrenal glands and liver, but no embryotoxicity and teratogenicity at 1,500 mg/kg/day.
Under these experimental conditions, the no-observed-adverse-effect level (NOAEL) of tert-butyl ace-
tate is estimated to be 1,000 mg/kg per day for dams and 1,500 mg/kg per day for embryo-fetal
deveiopment.
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Table 1. Clinical findings of pregnant rats treated with fert-
butyl acetate during gestational days 6 through 19

tert-Butyl acetate (mg/kg/day)

Parameters
0 500 1,000 1,500 2,000

No. of dams examined 10 9 9 10 10

No. of dams with clinical signs® 1 1 2 4 10
Piloerection 0 O 0 0 4
Abnormal gait 0 O 0 0 8
Decreased locomotor activity 0 0 0 2 7
Reddish tear 0 O 0 0 2
Loss of fur 1 1 1 2 4
Anorexia 0 O 1 1 8
Nasal hemorrhage 0 O 0 1 3
Vocalization 0 O 0 0 2
Coma 0 0 0 0 8
Found dead 0 O 0 0 10

A single dam may be represented more than once in listing
individual signs.
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Table 2. Body weight of the pregnant rats treated with terf-butyl acetate during gestational days 6 through 19

T.-H. Ahn et al.

Parameters

tert-Butyl acetate (mg/kg/day)

0 500 1,000 1,500 2,000

No. of pregnant rats 10 9 9 10 10
Gestational day 0 2493 +19.44° 2463+1776 2431+17.02 248511402 2477 +17.70
Gestational day 6 276.9+22.48 277.7+2163 272312015 280.2+14.13 278111525
Gestational day 9 286.0 +21.58 2859+20.02 2778+2158 . 281.9+12.05 260.2 £ 17.29*°
Gestational day 12 307.4 £26.31 311.0+£2281 295812354 298.1+12.39 -
Gestational day 15 327.8 £29.93 328.8+2392 3123+2394 316811245 -
Gestational day 20 399.9 + 34.71 400.5+30.05 377.1+39.84 383.1111.65 -

Body weight gain during treatment period 1229+ 13.35 1228+14.30 104.9+2424 1029+ 10.26 -

Corrected body weight” 3144 £ 25.05 3144+20.50 2998+30.17 298.8+10.08 -

Gravid uterine weight 855+ 11.08 86.1£18.15 77.4+23.59 8431221 -

*Values are presented as means + S.D. (g).
®Body weight on gestational day 20 - gravid uterine weight.
“Seven females were excluded due to deaths.

*Significant difference at p < 0.05 level when compared with the control group.

Table 3. Food consumption of the pregnant rats treated with tert-butyl acetate during gestational days 6 through 19

tert-Butyl acetate (mg/kg/day)

Parameters
0 500 1,000 1,500 2,000
No. of pregnant rats 10 9 9 10 10
Gestational day 0 14.8 + 5.01° 15.1 £4.21 145+ 3.36 13.9+3.14 13.8+4.04
Gestational day 6 18.7+5.16 19.4+520 18.0+6.32 17.2+4.59 16.5+4.23
Gestational day 9 21.3+5.21 23.2+5.37 174+ 3.06 16.6 £ 3.02 82 +6.02***
Gestational day 12 245+5.33 25.8+3.07 236+6.13 23.8+8.88 -
Gestational day 15 23.5+7.08 258 £3.07 246 + 3.51 243 +3.93 -
Gestational day 19 23.2+6.78 25.0+3.05 249+570 266+214 -
*Values are presented as means + S.D. (g).
*Seven females were excluded due to deaths.
**Significant difference at p <0.01 level when compared with the control group.
Table 4. Organ weights of dams treated with ferf-butyl acetate during gestational days 6 through 19
tert-Butyl acetate (mg/kg/day)
Parameter
0 500 1,000 1,500
No. of female rats 10 9 9 10
Body weight (g) 399.9 +34.71° 400.5 + 30.05 378.7 +39.93 383.1  11.65*
Lung (9) 1.32+0.115 1.33+£0.185 1.31£0.157 1.34£0.129
per body weight (%) 0.33+0.035 0.33£0.047 0.35+0.039 0.35+0.028
Adrenal glands (g) 0.068 + 0.0115 0.068 + 0.0104 0.074 £ 0.0116 0.086 + 0.0158*
per body weight (%) 0.017 £ 0.0021 0.017 £0.0023 0.020 + 0.0035 0.022 £ 0.0042**
Liver (g} 16.54 + 1.91 16.34 + 1.592 16.43+2.109 18.25 £ 1.576™
per body weight (%) 4.14£0.311 4.08 +0.307 4.34 +0.439 4.76 £ 0.296**
Spleen (g) 0.66 +0.109 071 +0.101 0.62+0.105 0.62 +0.083
per body weight (%) 0.17 £+ 0.023 0.18+0.018 0.16 + 0.024 0.16 £ 0.019
Kidneys (g) 2.02£0.285 2.00 +0.237 2.07£0.223 2.23+£0.300
per body weight (%) 0.51 £ 0.057 0.50 + 0.061 0.55+0.087 0.58 +0.069
Thymus (g) 0.345+0.1129 0.392+0.1015 0.317 £ 0.0555 0.322 £ 0.1430
per body weight (%) 0.086 + 0.0254 0.098 + 0.0230 0.084 +0.0134 0.084 + 0.0377
Heart (g) 0.97 +0.160 1.03+0.119 0.97 £ 0.087 0.94 +0.075
per body weight (%) 0.24 +0.029 026 +0.027 0.26 £ 0.027 0.25+£0.015
Ovaries (g) 0.110 £ 0.0276 0.111 £ 0.0185 0.114 £ 0.0167 0.119 £ 0.0251
per body weight (%) 0.028 + 0.0068 0.028 + 0.0054 0.030 £ 0.0029 0.031 £ 0.0065

®Values are presented as means + S.D.
*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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EFo| thzzol vlg] A s Fo4 UA St
L, FAle] A g Aol tlR2Id His) ZHzt
sAgH R fo4d A SR

MEEH 2. LA 204A ] BAE AFENEA
A& AAF= Table 50l eIt 2 23 107}
o] WHlEE = 500} 1,000 mg/kg FowtollAE 9nte,
BEANZZH 1500, 2,000 mgkg FodZoldE 107
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24; 4, dijole] 2} d - $ A E(pre- and post
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Table 6. Visceral alterations in fetuses from the pregnan:
rats treated with terf-butyl acetate during gestational days €
through 19

tert-Butyl acetate (mg/kg/day)

Parameters :
0 500 1,000 1,500
Fetuses examined 66 63 59 71
Litters examined 10 9 9 10
Fetuses with malformations 0 0 0 0
Litters affected 0 0 0 0
Fetuses with variations (%)* 7(10.6) 11(17.5) 6(10.2) 8(11.3)
Litters affected (%)° 5(50) 7(77.8) 5(55.6) 6(60)
Misshapen thymus 2 6 2 3
Dilated renal pelvis 3 5 3 4
Dilated ureter 0 2 0 2

?A single fetus may be represented more than once in listing
individual defects.

®Includes litters with one or more affected fetuses.
**Significant difference at p <0.01 level compared with the
control group.

o2 foA Ae zole AFHA Gourt AEH o
A QA 2z APkl SAEE Aol QA EH
] gkorort 1,500 mgkg FAT-E] BlokAlES x|
vl ohd ZRA(GFAE oF 8%, AL oF 13%)§ HE

gAY T
o] JAHHAT}.

Efof LHREZ) 274 AFE Ejote] WRA7] 7194 ¥
ol& #&3 AHTable 6), Wi7d7] 71F-L ofd AP

Table 5. Caesarean section data of the pregnant rats treated with tert-butyl acetate during gestational days 6 through 19

tert-Butyl acetate (mg/kg/day)

Parameters
0 500 1,000 1,500
No. of mated females 10 10 10 10
No. of pregnant females 10 9 9 10
No. of dead females 0 0 0 0
No. of females totally resorbed 0 0 0 0
No. of corpora lutea 155+ 1.72° 16.3+£1.08 155+£213 16.1 £ 1.60
No. of implantation sites 146+ 2.12 15.2+3.27 13.814.27 155+1.18
Pre-implantation loss (%)° 59+842 7.2+15.09 13.7£20.02 341523
Fetal deaths 0.9+0.57 0.8+0.83 04+0.73 081+1.23
Resorption: Early 0.8+0.63 0.7+£0.71 04073 08+123
Late 0.1+0.32 0 0 0
Dead fetuses 0 0.1+0.33 0 0
Post-implantation loss (%)° 6.4+4.03 55+567 2.81+4.36 49+7.26
Litter size 13.7+£2.31 14.4+3.36 13.3+4.03 14.7 £ 1.06
Male/female 78/59 60/70 59/61 71/75
Sex ratio 1.32 0.86 0.97 0.95
External anomalies 0 0 0 0
Fetal weight: Male 4.0+063 3.9+0.38 381062 371041
Female 401065 3.7+0.35 371070 351034
Placental weight (g) 0.53+0.119 0.49 + 0.090 0.49 £ 0.080 0.50 £0.107

#Values are presented as means + S.D. (g).

®Pre-implantation loss (%) = [(No. of corpora lutea - No. of implantation sites)/ No. of corpora lutea] x 100.
‘Post-implantation loss (%) = [(No. of implantation sites - No. of live embryos)/ No. of implantation sites] x 100.
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Table 7. Skeletal alterations and ossification degree in fetuses from the pregnant rats treated with fert-butyl acetate during
gestational days 6 through 19

tert-Butyl acetate (mg/kg/day)

Parameters
0 500 1,000 1,500
Fetuses examined 71 67 61 75
Litters examined 10 9 9 10
Fetuses with malformations (%)* 0 0 1(1.6) 0
Litters affected (%)° 0 0 1(11.1) 0
Thoracic hemivertebra 0 0 1 0
Scoliosis 0 0 1 0
Fetuses with variation (%)° 36(50.7) 43(64.2) 48(78.7) 55(73.3)
Litters affected (%)° 10(100) 9(100) 8(88.9) 10(100)
Short supernumerary rib 7 6 13 17
Supernumerary lumbar vertebra 0 1 0 0
Misshapen sternebra 0 1 0 2
Misaligned sternebra 0 0 0 2
Bipartite ossification of thoracic centrum 0 1 0 2
Enlarged fontanel 0 0 1 0
Incomplete ossification of supraoccipital 0 0 1 1
Dumbbell ossification of thoracic centrum 32 42 43 46
No. of ossification centers
Sternebra 53+0.86° 5.1+0.96 49+0.78 5.0+0.88
Metacarpals in both limbs 741091 7.3+096 6.911.00 71+£1.00
First phalanges in both forelimbs 06+1.46 0.11049 041£1.20 0
Metatarsals in both hindlimbs 8.1+0.52 8.0+0.24 8.0+ 0.00 8.0+ 0.00
First phalanges in both hindlimbs 0.2+0.65 0 0 0
Sacral and caudal vertebra 85075 8.0+048 77+1.16 7.8+0.67

®A single fetus may be represented more than once in listing individual defects.
®Includes litters with one or more affected fetuses.
“Values are presented as means + S.D.

olME AR ot WYY WHolAAdoE = FA A= A it Bjole] F8 FAHRSY] F3HH
Fejol K misshapen thymus)t 21-$-8-4Hdilated renal TFE TES A3, BE F3RYAM 22 Tt
pelvis) 3 2@ (dilated ureterjo] e R FoAZ of TAFHORE FoA A= Abole AHFA L.
Ar g FRAFHAO AFED Fo48 Ae Aole
A=A U ) &t

Efofel £Z 2. ®Hot=Ae] 718 Wol {FE & A A3FEY 7P E Hrs] Y8l AzedA o
23 A7HTable 7), 1,000 mg/kg FolwollA 24 F A BdolA 19Y97EK] 1497 WHE 7R s A,
23 (thoracic  hemivertebra)?} &3 (scoliosis)?] 1,500 mg/kgel &3 7|t REAS fasht o) - 8
72y 18 BEEAL, 2 99 Al e ZH 7o) ofe]] WAYEAHL Fkslx] gon, 2,000 mg/kg &HF

HRER] Ut FARol LA O ZAE 1,500 mgkg & PAFE] APE 23l AoF E1EATH
]

oM &2 =T Frhshort supemumerary ribje} U FREA] AEER FojolM B2E OIFd d
F5A ol ¥ FsHdumbbell ossification of thoracic HSae Fojgake] Syl ulet f3EF o2 =718k
centrum7t &zl Hl3) tha S71et vt SA 84 o2 Hol AIFEH] Tt FHPHA Alolge A
o2 A=A stk g aFArHsupernumer- & UERATH Tl AAE Fo dusde 29t A
ary lumbar vertebra)?l 284 e o] misshapen AT, BE, 254 #Ax, Byold, 849, vEY,
sternebra), FZ& wWgolHmisaligned sternebra), ol I EFHINLT, o AHe F2 2] F
F5A4 olE-Z8}H bipartite ossification of thoracic cen- 7|7, B3] T & 2~3A)7F Aolo] AEAHoR F
trum), A2 enlarged fontanel) 2 4352 B9 At 24 A3RYL IPoT sl A=}
Z3Hincomplete ossification of supraoccipital7} <3 oFpdE AN LS A FE IA}, Mg S8 X7
oA AFEHJY o WARETL ve Uy, iz s Ae® <A em(HSDB, 2006), & AlFolA
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al, 2001), 38 <¢=E= i} ZAE A3RE 9A] 2
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