=] AR, A224d A4E(2012)
J Korean Soc Occup Environ Hyg, 2012: 22(4): 316-328

Ko
Y53

T £ 0|83 Methyl Acrylate® o137 (13F) a7

Subacute(13-week) Inhalation Toxicity Study of
Methyl Acrylate in Rats

ZHT - H8Y -

el upgg - P

Jeong Hee Han* - Sang Yong Park * Min Gu Kang - Yong Hyun Chung * Jung Sun Yang

HYPHRAATY BB UM

Chemical Safety and Health Research Center, Occupational Safety and Health Research Institute

ABSTRACT

Objectives: This study was designed to provide the information regarding chemicals classification and health hazard by
evaluating the toxicological effect through repeated inhalation exposure of methyl acrylate(MA) in Sprague-Dawley(SD) rat
for 13 weeks.

Methods: According to the notification with Ministry of Labor(No. 2009-68) and OECD Test Guideline 413, the rats were
exposed to MA at concentration of 0, 56, 168, 280 ppm via whole body inhalation for 6 hours per day, 5 days per week, for
13 weeks. All animals were observed for mortality, morbidity and the change of body weight and food consumption were
determined during the exposure period. Necropsy finding, organ weight, hematology, clinical biochemistry and histopatho-
logical examination following exposure were also performed.

Results: There were no death and abnormal clinical signs relate to exposure MA. However, At 160 ppm and 280 ppm
exposure groups, body weight and food consumption showed statistically significant decrease and histopathological changes
in lung, trachea, nasal cavity, larynx were observed.

Conclusions: MA was mainly affected respiratory tract. It is consequently provided to be classified as category 2(0.2 mg/L/
6h < category 2 =< 1.0 mg/L/6h) for specific target organ toxicity following repeated exposure according to Standard for
Classification and Labeling of Chemical Substance and Material Safety Data Sheet. The NOAEL(no observable adverse
effect level) of MA was also determined to be lower than 56 ppm.

Key words : MA, inhalation toxicity, rat, GHS, NOAEL
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Methyl acrylate(MA, CAS No. : 96-33-3)= 3 =
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Figure 1. Changes of concentration in inhalation chamber during
the experiment
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Figure 2. Changes of body weight in rats exposed to MA for 13

weeks

Significant differences as compared with control : * p < 0.05
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(Figure 3).
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Figure 3. Daily mean food consumption of rats exposed to MA for 13 weeks
Significant differences as compared with control : * p <0.05

Table 1. Hematological values of male rats exposed to MA for 13 weeks

Tests Units Groups
Control 56 ppm 168 ppm 280 ppm
WBC 10%/uL 362 + 084 4.01 1.16 401 = 077 431 + 146
NE % % 299 £+ 6.1 282 £ 8.1 350 £ 62 00 + 108
LYM % % 657 + 5.7 671 £ 176 60.6 £ 6.0 537 £ 112
MONO % % 19 + 04 21 + 04 21 £ 05 21 £ 05
EOS % % 19 + 07 18 + 05 18 = 07 12 + 03
BASO % % 02 £ 0.1 02 =+ 0.1 02 + 0.1 02 £ 0.1
RBC 10%/uL 938 + 026 932 + 048 950 + 035 979 £+ 046
HB g/dL 150 + 05 150 + 06 154 = 04 163 = 0.7
HCT % 463 + 14 466 + 24 474 + 09 495 + 24
MCV fL 494 + 1.8 500 + 14 499 = 12 505 + 1.3
MCH pg 160 + 05 161 + 05 163 + 07 166 + 04
MCHC g/dL 324 + 06 321 = 05 326 + 07 329 + 04
RDW % 134 + 09 133 + 05 125 + 06 118 + 06
PLT 10°/uL 1126 + 118 1090 + 89 1076 + 43 938 £ 104"
MPV fL 87 + L1 84 + 10 91 + 13 105 + 07
PT sec 148 =+ 04 147 + 06 149 =+ 04 159 = 07
APTT sec 193 + 12 193 =+ 1.0 193 + 08 196 + 07
N 10 10 10 9

All values are expressed as mean = SD.

Significant differences as compared with control : *p < 0.05.

WBC, white blood cell count; NE, neutrophil; LY, lymphocyte; MO, monocyte; EO; eosinophil; BA, basophil; RBC, red blood cell
count; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin, MCHC, mean
corpuscular hemoglobin concentration; PLT, platlet; MPV, Mean platelet volume; PT, prothrombin time; APTT, Activated Partial
Thromboplastin Time

J Korean Soc Occup Environ Hyg, 2012: 22(4): 316-328 http://www .ksoeh.org/
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Table 2. Hematological values of female rats exposed to MA for 13 weeks
. Groups
Tests Units Control 56 ppm 168 ppm 280 ppm
WBC 10°/pL 380 =+ 081 396 =+ 0.96 357 + 094 395 + 092
NE % % 204 + 29 243 £+ 8.6 222 £ 6.5 301 + 8.7
LY % % 752 £ 39 695 + 103 728 £+ 6.8 652 + 927
MO % % 1.7 + 0.6 20 + 07 1.6 + 05 23 + 06
EO % % 21 = 05 35 + 24 29 £ 07 19 = 05
BA % % 03 + 0.1 02 £+ 0.1 02 =+ 0.1 02 + 0.1
RBC 106/pL 8.66 + 0.30 878 + 0.33 874 + 0.22 925 + 036
HB g/dL 154 + 04 157 + 05 157 + 04 164 + 06
HCT % 459 + 14 468 + 13 466 + 1.0 497 + 21
MCV fL 530 + 1.3 537 + 038 534 + 07 537 + 038
MCH pg 177 + 05 180 =+ 02 179 + 04 178 + 03
MCHC g/dL 335 + 04 335 £+ 04 335 + 05 331 = 03
RDW % 112 + 04 111 £ 02 11.0 + 04 112 + 04
PLT lOs/pL 1252 £+ 154 1214 + 256 1183 + 134 1033 + 138
MPV fL 109 = 05 13 = 11 109 + 05 114 = 05
PT sec 147 = 05 151 = 05 156 + 05 158 = 05
APTT sec 173 £ 07 189 + 3.1 18.0 =+ 0.8 173 £+ 1.1
N 10 10 10 10

All values are expressed as mean + SD.

Significant differences as compared with control : *p < 0.05.

WBC, white blood cell count; NE, neutrophil; LY, lymphocyte; MO, monocyte; EO; eosinophil; BA, basophil; RBC, red blood cell
count; HGB, hemoglobin, HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; PLT, platlet; MPV, Mean platelet volume; PT, prothrombin time; APTT, Activated Partial
Thromboplastin Time

Table 3. Serum biochemical values of male rats exposed to MA for 13 weeks

Tests Units Groups
Control 56 ppm 168 ppm 280 ppm
TP mg/dL 6600 =+ 400 6700 + 400 6500 + 300 6100 =+ 200
ALB mg/dL 2700 + 100 2700 + 100 2700 + 100 2600 + 100
BUN mg/dL 129 + 21 139 + 15 135 + 12 146 + 2.1
CREA mg/dL 06 + 00 06 + 00 06 + 00 06 + 0.1
TBIL mg/dL 0.04 =+ 001 004 + 001 004 =+ 001 0.04 = 0.01
ALT IU/L 52 + 14 49 + 10 49 + 18 46 + 8
AST TU/L 101 + 28 95 + 18 97 + 28 93 + 14
ALP TU/L 41 + 94 395 + 73 397 + 85 445 + 84
GLU mg/L 138 + 13 142+ 15 131 + 9 131 + 12
TCHO mg/dL 75+ 20 72+ 16 65 + 9 62 + 13
TG mg/dL 61 + 16 67 + 17 58 + 17 41 = 18
CPK TU/L 551 + 311 456+ 212 460 + 164 398+ 227
Ca™ mg/dL 99 + 02 101 + 02 98 + 02 95 =+ 03
P mg/dL 57 + 06 60 =+ 07 60 =+ 08 6.1 = 08
Na' mmol/L 1437 + 1.0 1436 + 09 1433 + 08 1426 + 12
K' mmol/L 470 + 021 488 + 027 470 + 023 469 + 031
cr mmol/L 1082 + 14 1074 =+ 1.0 1081 + 1.1 107.8 + 25
N 10 10 10 9

All values are expressed as mean + SD.

Significant differences as compared with control : *p < 0.05.

TP, total protein; ALB, albumin; BUN, urea nitrogen in blood; CREA, Creatinine; TBIL, total bilirubin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phophatase; GLU, glucose; TCHO, total
cholesterol; TG, Triglyceride; CPK, Creatine phophokinase; IP, Inorganic phosphorus.
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%A1 168 ppm % Oﬂ/ﬂ H o] ARy E=eko] A
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Tests Units Groups
Control 56 ppm 168 ppm 280 ppm
TP mg/dL 7000 + 300 6900 + 200 6500 + 300* 6100 + 300*
ALB mg/dL 3100 += 200 3000 + 100 2800 + 200* 2600 + 100*
BUN mg/dL 156 + 23 19.2 £+ 3.4% 172 + 23 157 + 19
CREA mg/dL 07 £ 0.1 07 = 0.1 06 =+ 0.1 06 = 0.0
TBIL mg/dL 0.07 £ 0.03 0.06 =+ 0.01 0.05 £ 0.01* 0.05 £ 0.01*
ALT IU/L 61 =+ 31 103+ 149 46 + 14 47 £ 19
AST TU/L 133 + 53 208 + 197 115 + 24 110 + 36
ALP TU/L 213 = 67 233 + 43 245 + 78 296 + 70%
GLU mg/L 219 + 275 122 + 11 127 + 15 114 = 11
TCHO mg/dL 114 + 35 112+ 18 101+ 11 86 =+ 19%
TG mg/dL 22 £+ 8 25 + 8 23 + 5 18 + 5
CPK TU/L 551 + 251 707 £ 336 609 + 326 412 £+ 162
Ca™ mg/dL 98 + 02 99 + 02 95 £+ 0.3* 92 £ 0.4%*
P mg/dL 51 £ 05 50 + 05 48 + 08 55 + 05
Na' mmol/L 1413 + 13 1414 =+ 1.2 1415 + 09 1413 + 14
K' mmol/L 496 + 044 484 £ 020 485 £ 033 477 £ 046
Cl’ mmol/L 1075 =+ 1.6 1079 =+ 1.0 1075 = 14 1062 =+ 1.7
N 10 10 10 10

All values are expressed as mean + SD.

Significant differences as compared with control :
TP, total protein; ALB,

albumin; BUN,

* p < 0.05.
urea nitrogen in blood; CREA, Creatinine;

TBIL,

total bilirubin; ALT,

alanine

aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phophatase; GLU, glucose; TCHO,

total cholesterol; TG, Triglyceride; CPK, Creatine phophokinase; IP, Inorganic phosphorus.
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Table 5. Relative organ weights of male rats exposed to MA for 13 weeks

. Groups
Organ weights (%)
Control 56 ppm 168 ppm 280 ppm
Thymus 0.07 0.01 0.08 =+ 0.01 0.07 <+ 0.01 006 = 001
Heart 031 + 0.04 030 + 0.03 031 + 0.03 037 =+ 0.03
Adrenal gland L 0.0066 + 0.0011 0.0066 + 0.0013 0.0074 + 0.0012 0.0101 = 0.0020
Adrenal gland R 0.0060 + 0.0013 0.0059 =+ 0.0007 0.0076 + 0.0013" 0.0097 + 0.0018"
Testis L 040 =+ 0.04 040 =+ 0.02 048 = 004" 059 =+ 004"
Testis R 040 = 0.03 040 + 0.03 046 =+ 003 059 + 0.04"
Lung 032 =+ 0.03 032 + 0.01 036 + 0.05 052 = 009
Kidney L 029 =+ 0.2 030 = 0.02 033 = 002 037 =+ 002"
Kidney R 029 =+ 0.01 031 =+ 0.01 035 + 002 038 =+ 003
Spleen 0.17 + 0.01 0.16 + 0.01 0.15 + 0.01 0.14 + 0.03
Liver 245 £ 0.14 243 £ 0.14 250 + 0.14 245 + 0.08
Brain 044 + 0.04 045 + 0.06 054 =+ 003 063 =+ 0.08
N 10 10 10 9
All values are expressed as mean = SD.
Significant differences as compared with control : * p < 0.05
Table 6. Absolute organ weights of female rats exposed to MA for 13 weeks
. Groups
Organ weights (%)
Control 56 ppm 168 ppm 280 ppm
Thymus 0.27 0.04 027 <+ 0.03 022 + 0.03 0.19 = 006
Heart 091 + 0.06 0.89 + 0.07 081 + 0.05 083 =+ 007
Adrenal gland L 0.034 =+ 0.003 0.032 + 0.004 0.035 <+ 0.003 0.034 =+ 0.006
Adrenal gland R 0.034 =+ 0.006 0.034 + 0.006 0.033 £+ 0.003 0.032 + 0.005
Testis L 0.039 + 0.010 0.038 + 0.005 0.033 £+ 0.008 0.033 + 0.010
Testis R 0.040 =+ 0.005 0.040 £+ 0.006 0.035 =+ 0.006 0.029 =+ 0.008"
Lung .13 + 0.07 1.19 £+ 0.14 096 + 0.13 1.17 + 0.18
Kidney L 084 =+ 0.06 0.80 =+ 0.06 077 =+ 003" 073 = 007
Kidney R 0.83 + 0.06 082 =+ 005 0.76 + 0.05 074 + 007
Spleen 048 = 0.05 048 =+ 0.06 040 = 0.04" 037 =+ 004"
Liver 629 + 053 623 + 0.54 524 + 027 494 + 039
Brain 194 + 0.13 193 + 0.12 193 + 0.06 1.85 + 0.06
N 10 10 10 10
All values are expressed as mean + SD.
Significant differences as compared with control : * p < 0.05
aFo] 271814 a1, 280 ppm =22 W9} A7) A F9 ZZ 2|t 478 Table 72} Table 80f 2 9F
7150l 75 tHTable 6). At 7| S50l A sko] ek Ak §F - 4= 280 ppm 1=Z<29] H|(lung)©]l
w7150l Sh Jﬂzah’l 7k A%, 9, A A 2t} B ste] [-0]5HA Tk FE RS V)
F29 AlFol ATl HaE ol YIS vl A A2 A (hyperplasia) 2t Al 7] 2] 4] A =
2 Z7he Anpeta deEch S48 0] 3l & (Figure 4), 771 0| A F-5-= Y (metapla-
sia)o] 18] TEE Ith =7 280 ppm =Ztof| A £
7. ZEIHB|sHE HAL A 713 A] (terminal bronchiol)?} ] 3ETHalveolar ducts)

http://www.ksoeh.org/

J Korean Soc Occup Environ Hyg, 2012: 22(4): 316-328



324 @A, wFE, AT, A8E, FEA

Table 7. Histopathological findings of male rats exposed to MA for 13 weeks

Groups
Organs Histopathological findings
Control 56 ppm 168 ppm 280 ppm
Lung Bronchus epithelium- hyperplasia 8 (89)
Bronchiolar epithelium hyperplasia 5 (56)
Subpleural cholesterol cleft granuloma 3. (33)
Trachea Epithelial hyperplasia 9 (100)
Squamous metaplasia 9 (100)
Nasal Airway-necrotic cellular debris 5 (56)
cavity Olfactory epithelium
- atrophy 4 (40) 10 (100) 8 (89)
- nerve fiber atrophy 2 (20) 10 (100) 9 (100)
- Bowman's gland atrophy 1 (10) 10 (100) 9 (100)
- eosinophilic inclusion 9 (90)
- inflammation 9 (100)
Respiratory epithelium
- hyperplasia 9 (100)
- inflammation 9 (100)
- eosinophilic inclusion 9 (90)
- squamous metaplasia 8 (89)
Transitional epithelium
- squamous metaplasia 9 (90) 9 (100)
- inflammation 9 (90) 9 (100)
- hyperplasia 3 (30) 9 (90) 7 (78)
Nasolacrimal duct-epithelial hyperplasia 9 (90) 9 (100)
Larynx Epithelial hyperplasia 9 (100)
Squamous metaplasia 8 (89)
N 10 10 10 9

Number of animals with the histopathological findings / Number of animals examined (%)

()
Figure 4. Brochial and bronchiolar epithelial hyperplasia in the lung. A, control; B, 280 ppm exposure to MA(H&E stain, x100).
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Table 8. Histopathological findings of female rats exposed to MA for 13 weeks
Groups
Organs Histopathological findings
Control 56 ppm 168 ppm 280 ppm
Lung Bronchus epithelium-hyperplasia 5 (50)
Bronchiolar epithelium-hyperplasia 3 (30)
Trachea Epithelial hyperplasia 10 (100)
Squamous metaplasia 10 (100)
Nasal Airway-necrotic cellular debris 4 (40)
cavity Olfactory epithelium
- atrophy 10 (100) 10 (100)
- nerve fiber atrophy 10 (100) 10 (100)
- Bowman's gland atrophy 10 (100) 10 (100)
- inflammation 10 (100)
Respiratory epithelium
- hyperplasia 10 (100)
- eosinophilic inclusion 5 (50)
- squamous metaplasia 10 (100)
Transitional epithelium
- squamous metaplasia 10 (100)
- inflammation 1 (10) 9 (100)
- hyperplasia 9 (90) 10 (100)
Nasolacrimal duct-epithelial hyperplasia 10 (100)
Larynx Epithelial hyperplasia 8 (80)
Squamous metaplasia 10 (100)
N 10 10 10 10

Number of animals with the histopathological findings / Number of animals examined (%)

?5{1
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oA 4

T8 B A4 197 B
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oA #H AT A FAYo] meFstA 18] T
%70 168 ppm = Z 20 A HZ o] u]oFsi]

dor H 1o
Ku) r4o

e}
iilFJ.JH-—fHJo{N

=
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pm
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A
g BEE ek 42 56 ppm St o A H 2 o]
n|ekshA| 18 BabE Q) fefo)2A] W noFkEks
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272 Atste] Egk At 9] 49 47 56 ppm
LeEt QIO A Al dFo] mefstA 18] ¥
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A A3 A H Af T 51 AY (squamous metaplasia)©o| =
u|oFsl AL oA 2EE7kA] B2 Q) T (Figure 5), AF
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A ARV} OFsALE nl o] aE o, $2)
Aol A g 52 A 915, FEERE A% AR
7S] AN 915 FEERE i AR

Aol ulo] o 4ot HEz B
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(€Y

(b)

Figure 5. Epithelial hyperplasia and squamous metaplasia in the trachea. A, control; B, 280 ppm exposure to MA(H&E stain, x100).

()
Figure 6. Airway necrotic cellular debris in the nasal cavity A, control; B, 280 ppm exposure to MA(H&E stain, x100).

ZE ith F+=ETH(nasolacrimal duct) A3 9] ZAY 0|
n|oFgt A= e ofgt A E=7kA] W E QI o] 5 vt
o e TR Aol Lot Ao A B ARt
oo W o g2 Mg EEg
|FEY d FIFEEE s #I8ke] 56 ppm
&7t 168 ppm =E 0 HIS F7FR A4St
=3 Ay 23T = 42719 56 ppm leE kol Al 9
o] n|efstAL ofstA 44|, A1FAHF f150] v|ers)
Al 28], kA 950l mlofsiA 18] = . 168
ppm Z=ETol A= TG 8] flFo] F5= 34, 4
e 74, AR fIFel S5 = 38, AT E 74,
Hewkd 9150] T5% 39, A= 74 BE= A,
DAY FAATE vlefstA 8e, oFstA 18 BEESL
th E3F A 56 ppm =ETLoll A WA A o] wlefst
Al 28 BEE AT FH2 168 ppm =Etof A TE 1
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ol M SAMY FAATE v]eFetA 82, oFstA 13
ZE| L Y50 SR 18 T oAl B¢
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=2 19 Uk o3 u= A9 %9 56 ppm
Eaol A S48 0] 3¢, 168 ppm leE<tof| A HF /ST
sPo] T2 97, S0l vt 93, S48l
ofstA 14, T2 8o 7F WA= AT, A ) A
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4 o do

http://www ksoeh.org/



=S o] &3 Methyl Acrylate®] oFFA(135) ¥US5AH A+ 327

oFstA S, R 487F WHEHUT e
5= 5512) 29 168 ppm = E2olA] Sl vleksp
9|7} WA 9L, A ) 79- v o] TAE|A] gFokrk
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