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Acute Oral Toxicity of Atractylodes macrocepala KOIDZ.

Hye-Kyung Choi', Hang-Sik Roh', Ja-Young Jeong1 and Hun-Yong Ha’*
'"Toxicological Research Division, National Institute of Food and Drug Safety Evaluation, Ministry of Food and

Drug Safety, Osong 363-700, Korea
*Department of National Medicine Resources, Semyung University, Jecheon 390-711, Korea

Abstract - Atractylodes macrocepala KOIDZ. (AmK) is a herbal medicine and resources of functional food which has been
used for the treatment of indigestion, anorexia, diarrhea and digestive dysfunction. Recently AmK is frequently used as
resources of functional food and whitening cosmetics. In this study was carried out to evaluate the acute oral toxicity of Amk
in Sprague-Dawley(SD) rats. male and female rats were administered orally with Amk extract of 1,000 mg/kg (low dosage
group), 2,000 mg/kg (middle dosage group) and 4,000 mg/kg (high dosage group). We daily observed number of deaths,
clinical signs and gross findings for 7 days. No dead SD rats and no clinical signs were found during the experiment period.
Also other specific changes were not found between control and treated groups in hematology and serum biochemistry. But
we found out feeble histopathological changes in liver fat tissues. In addition no significant changes of gross bady and
individual organs weight. These results suggest that water soluble extract of AmK has not acute oral toxicity and oral LDsg
value was over 4,000 /mgkg in SD rats.
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LI, 1k, L, 2 plt S9] o] o 2 B-2lth(Ha, 2007; Hu
etal,, 1998). M&2] AL ()3l gk ﬂﬂ(ﬁﬁ)
v|Z} QAtof| 2 ARgslo] He|QQ|( ﬁgﬁ,ﬂ_
(BRI 3= 2R8o] glo] A&7, Hej gL
AL 5ol 2317 715AsHE A &dhe %i AHA Qlek
(Zhao et al, 2006), 9 oF|&A A O 2 atractylone,
& ekl glom,

235k, SiAey

P o

eudesmol, palmitic acid, hinesol 5=
&5, RS 9 o2, k]
59 fg50] ¥HA UtHHu et al, 1998).

ofo]] & QoA FOF 2 A A

L Slok ul =Ll

o} AL 3}

E

E_
=

2 ¥ TS, ln:qﬂ *1

FAUR 28 AASNTL Y

= o] AEHRR AR
=9 QP/dol| iRt weha] 2AE Sisty] ffel] AEojorE AASE
oA A ‘Bl AAIA BT 7| F(A e TA] AJ2012-61) o] whak 52 RS 7575 150~180 gA SD ( Sprague Dawley) Rat
S FEASARA S 3skGlh £ s =E ARSIt AR APAR) = ()
FrE|UARR (CAT NO, 38057)< /\F%F”‘ S Uﬂ %% et
A2 Y SR o] a0 lIAIE B AASE DL TN Y
43 7, e E H S Fot] A HEE A5
AEE A AA o} AReAFe] Ll 91,24, AHISE L 40~80%2 -5}
& Aol ARl WE(Atractylodes macrocepala KOIDZ,) a1, 12417t Sk o] HHRH 5 AR U HlS 2 sto]
& RIFAR ARG 7HESE 71 A A5 AR AC R ()50 ARSBEGom, QYY) 7Y F3t AlE IS st Table
0} =(Yongchoen, Korea) oA -390, tjgtelx 2 A4 1-1, 1-2),
SRR T2 FYOriI9lds] Tlokeat haslele)
Table 1-1. Body weight of male rats in stable period
day 0 1 2 3 4 5 6 7
117 124 133 143 158 166 176 185
116 124 132 142 156 164 173 184
117 125 135 145 158 166 176 185
118 126 137 146 158 168 178 186
118 125 137 148 158 168 177 187
130 140 150 162 174 186 196 207
Select group
118 126 137 147 157 169 179 187
128 138 147 159 170 181 193 205
130 139 149 159 172 184 196 208
137 146 156 164 175 186 198 209
119 127 138 148 157 169 179 188
127 136 147 162 171 183 192 202
138 146 156 164 176 187 199 210
Except 113 122 134 145 153 162 171 180
group 114 122 134 147 154 162 172 180
139 146 156 166 176 187 198 211
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Table 1-2. Body weight of female rats in stable period
day 0 1 2 3 4 5 6 7
119 125 131 138 146 153 161 169
105 108 114 118 122 128 136 145
108 111 116 123 130 137 144 151
114 118 124 130 138 146 153 159
111 114 118 125 132 138 145 153
114 117 121 129 137 145 152 159
Select group
112 115 120 128 136 143 150 157
113 116 120 127 136 144 151 157
105 108 113 117 122 128 135 142
106 109 113 118 124 130 137 145
114 119 123 131 140 147 153 160
105 107 113 118 122 129 136 143
103 105 108 113 118 123 128 135
Except 120 127 135 142 149 156 162 170
group 119 126 132 139 146 154 162 170
104 106 109 114 119 124 127 135
ARdZE 78 H R 43 Table 2. Configuration of the test group
Algzol 74
ANE 2L 2, ALeF 292 1880 47 202 U Group Sex Nun}ber of Volume Dose
o 7+ 2 ok 37| F45HICH Table 2). animals (ml/kg)  (mg/kg)
Control M/F 3/3 10 0
B0z MY Low dose M/ F 3/3 10 1,000
EAFL By e 7] (AR 1A AJ2012-61) & Middle dose M / F 3/3 10 2,000
HlERO 2 ARG ST, olof nt2w AAAT R A 7] Highdose M/F  3/3 10 4000
2702 Zolshe RS 1,000~2,000 ng/kgo]ut, ofe]0l
7d-F-oll= 5,000 mg/kg7hA] F2fo] 7hsaiet, oA 2| 74-5- o
ot} kA o e A el Angde  AIE B
2,000 mg/kge] ulj<=<l 4,000 mg/kg o 2 A3t 1, SoFA% D) EAFEES W A8 A AT Fsto] AFstar e
Ao 4,000 me/keS Z3SH], ABTHLO0NkeTt 5 DR, AFEAE Zo|E ol gte] 472 Fofsgi
8 2,000 ne/ke 0.2 AAte], & 3AY L Hfal] 2) AFBAE Fo] 2 AEL Z45)e] FolzH10 ml/k 2
2 39l FABlol, 19 1], B3] Fof F UFUF A
3) A=de Folgt BE F=of dsto] 19 23)(24
=22 ¥ MHSE X2 10:00 ©]H, ©.3-14:00 0]%) HIARSE W Aol 2 5101519
SO F AR AR BAE BRE AFS S5 1, AT ol W GUEY, ol AT wyelet 1 4w
T, BAF) /e FRES U A s ol duislel & RS
o Meid BEES oSt Aol ek AgRe) R RN 4) 2
A FET7E =S S o 2] & s e A AR A Tl skl FHsHe HARS AAsHY =
Atk & S AN T BB kA (Zoletil 50, ()L
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Table 3. Serum biochemical value test items

Items Unit

Aspartate aminotransferase, AST on

Alanine aminotransferase, ALT 1u/1
Lactate dyhydrogenase, LDH 1un
Alkaline phosphatase, ALP 11
Blood urea nitrogen, BUN mg/dl
Creatinine, CREA mg/dl
Table 4. Hematological value test items
Items Unit
White blood cell count, WBC x 10°/mm
Red blood cell count, RBC x 10%mm’
Hemoglobin concentration, HGB g/dl
Hematocrit, HCT %
Mean corpuscular volume, MCV fl
Mean corpuscular hemoglobin, MCH pg
Mean corpuscular hemoglobin concentration, o/dl
MCHC
Cellular hemoglobin concentration mean, o/dl
CHCM
Cellular hemoglobin, CH pg
Red cell distribution width, RDW %
Hemoglobin distribution width, HDW g/dl
Platelet, PLT x 10°/mm
Mean plasma volume, MPV fl

goto] o] S S5t tHTable 4).
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Table 5. Organ weights test items

Items
Brain Pituitary gland
Thyroid Seminal vesicle
Lung Prostate
Male Thymus Adrenal gland (L), Right
Heart Kidney (L), Right
Spleen Testis (L), Right
Liver Epididymis (L), Right
Brain Pituitary gland
Thyroid Liver
Lung Uterus
Female )
Thymus Adrenal gland (L), Right
Heart Kidney (L), Right
Spleen Ovary (L), Right
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Table 6-1. Body weight and absolute organ weights of male rats treated with Atracylodes macrocephala Koid

() Control 1,000 mg/ke 2,000 mg/kg 4,000 mg/kg

Body Weight 230.47 + 17.78° 230.54 + 8.87 220.80 + 14.23 235.61 + 7.36
Pituitary gland 0.009 £ 0.002 0.008 + 0.001 0.009 £ 0.001 0.008 + 0.001
Brain 1.942 + 0.163 1.923 + 0.060 1.838 + 0.137 1.893 £ 0.047
Thyroid 0.014 £ 0.005 0.016 £ 0.006 0.021 £ 0.004 0.019 £ 0.002
Adrenal gland(L) 0.021 £+ 0.001 0.019 + 0.002 0.022 + 0.002 0.023 £ 0.001
Adrenal gland(R) 0.030 £+ 0.020 0.021 £+ 0.002 0.023 + 0.001 0.021 £ 0.001
Kidney(L) 1.079 + 0.147 1.085 + 0.033 1.084 + 0.143 1.063 = 0.116
Kidney(R) 1.080 £ 0.195 1.096 + 0.036 1.062 + 0.099 1.063 + 0.121
Lung 1.025 + 0.022 1.061 = 0.072 1.051 £+ 0.045 1.013 £ 0.079
Thymus 0.728 + 0.021 0.605 + 0.081 0.663 + 0.188 0.570 + 0.095
Heart 0.934 + 0.067 0.984 £ 0.070 0.884 + 0.126 0.980 = 0.108
Spleen 0.658 + 0.006 0.594 + 0.124 0.604 + 0.105 0.598 + 0.078
Liver 7.988 + 0.589 7.530 £ 0.614 7.615 £ 1.166 8.345 £ 0.198
Testis(L) 1.148 + 0.094 1.166 + 0.047 1.188 + 0.015 1.157 £ 0.030
Testis(R) 1.133 = 0.091 1.178 + 0.061 1.157 + 0.050 1.177 £ 0.018
Epididymis(L) 0.173 £ 0.006 0.186 + 0.004 0.164 £+ 0.032 0.185 + 0.019
Epididymis(R) 0.170 = 0.028 0.186 + 0.018 0.172 + 0.017 0.188 + 0.012
Seminal vesicle 0.329 £ 0.046 0.319 + 0.077 0.296 + 0.081 0.332 £ 0.164
Ventral Prostate 0.203 + 0.003 0.186 + 0.011 0.166 + 0.026 0.180 £ 0.020

*Values are presented as the means + standard deviations.
Table 6-2. Body weight and relative organ weights of male rats treated with Atracylodes macrocephala Koid

(g%) Control 1,000 mg/kg 2,000 mg/kg 4,000 mg/kg
Pituitary gland 0.004 + 0.001” 0.004 + 0.001 0.004 £ 0.001 0.003 + 0.001
Brain 0.783 + 0.136 0.836 + 0.054 0.832 + 0.023 0.804 £ 0.038
Thyroid 0.006 + 0.003 0.007 + 0.002 0.010 £+ 0.002 0.008 + 0.001
Adrenal gland(L) 0.008 £ 0.002 0.008 + 0.000 0.010 + 0.001 0.010 £ 0.001
Adrenal gland(R) 0.013 £ 0.010 0.009 £ 0.001 0.010 £ 0.000 0.009 £ 0.001
Kidney(L) 0.430 + 0.031 0.471 £+ 0.019 0.490 + 0.033 0.450 + 0.036
Kidney(R) 0.428 + 0.041 0.475 + 0.004 0.481 + 0.014 0.451 £ 0.039
Lung 0.413 + 0.064 0.461 + 0.036 0.476 £+ 0.012 0.430 £+ 0.022
Thymus 0.294 £ 0.049 0.263 £ 0.041 0.298 £ 0.065 0.242 £ 0.040
Heart 0.374 £+ 0.031 0.428 £ 0.045 0.399 £ 0.038 0.416 £+ 0.039
Spleen 0.265 + 0.041 0.257 + 0.049 0.272 £+ 0.030 0.253 + 0.027
Liver 3.197 £ 0.254 3.263 + 0.149 3.438 + 0.362 3.543 £+ 0.093
Testis(L) 0.465 + 0.092 0.507 + 0.040 0.539 + 0.027 0.491 £ 0.026
Testis(R) 0.459 £ 0.095 0.512 £ 0.046 0.524 £ 0.011 0.500 = 0.024
Epididymis(L) 0.070 + 0.012 0.081 £ 0.005 0.074 + 0.013 0.079 + 0.006
Epididymis(R) 0.069 £+ 0.018 0.081 + 0.008 0.078 + 0.005 0.080 + 0.003
Seminal vesicle 0.132 = 0.025 0.139 + 0.036 0.133 + 0.030 0.140 £ 0.066
Ventral Prostate 0.081 + 0.003 0.081 + 0.006 0.075 £ 0.007 0.076 £+ 0.006

*Values are presented as the means + S.D.
Relative weight; Ratio to body weight x 100 (%).
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Table 7-1. Body weight and absolute organ weights of female rats treated with Atracylodes macrocephala Koid

(2

Control

1,000 mg/kg

2,000 mg/kg

4,000 mg/kg

Body Weight
Pituitary gland
Brain
Thyroid
Adrenal gland(L)
Adrenal gland(R)
Kidney(L)
Kidney(R)
Lung
Thymus
Heart
Spleen
Liver
Uterus
Ovary(L)
Ovary(R)

168.90 + 20.51”
0.0356 + 0.0472
1.7645 + 0.0982
0.0232 + 0.0018
0.0250 + 0.0035
0.0276 + 0.0005
0.7396 + 0.0362
0.7422 + 0.0705
0.8355 + 0.0660
0.5019 + 0.1762
0.6849 + 0.1105
0.3724 + 0.0409
5.7180 + 0.6455
0.3390 + 0.1357
0.0423 + 0.0088
0.0395 + 0.0059

165.56 £ 7.95

0.0091 + 0.0037
1.8513 + 0.2256
0.0147 £ 0.0051
0.0259 £ 0.0016
0.0249 + 0.0012
0.7602 + 0.0587
0.7066 + 0.0487
0.8604 + 0.0982
0.5627 + 0.0790
0.7763 + 0.0270
0.4183 + 0.0093
5.8617 + 0.3045
0.4478 + 0.0447
0.0297 + 0.0085
0.0374 + 0.0051

159.00 + 4.24

0.0099 + 0.0025
1.7925 + 0.0284
0.0413 £ 0.0441
0.0226 + 0.0015
0.0240 + 0.0028
0.7027 + 0.0168
0.7121 + 0.0305
0.8799 + 0.0582
0.5420 + 0.0861
0.6746 + 0.0484
0.3609 + 0.0217
5.2984 + (.0880
0.2708 + 0.0487
0.0282 + 0.0062
0.0256 + 0.0044

168.00 £ 6.30

0.0081 + 0.0021
1.7151 + 0.0522
0.0136 + 0.0040
0.0207 + 0.0032
0.0266 + 0.0058
0.7890 + 0.0676
0.7322 + 0.0560
0.8863 + 0.0794
0.5356 + 0.1483
0.6984 + 0.0527
0.4179 + 0.0200
5.4202 + 0.1323
0.2495 + 0.0321
0.0326 + 0.0054
0.0305 + 0.0070

“Values are presented as the means = standard deviations.
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Table 7-2. Body weight and relative organ weights of female rats treated with Atracylodes macrocephala Koid

(g%) Control 1,000 mg/kg 2,000 mg/kg 4,000 mg/kg
Pituitary gland 0.022 + 0.031* 0.005 + 0.002 0.006 + 0.001 0.005 £ 0.001
Brain 1.009 + 0.063 1.117 £ 0.112 1.137 + 0.034 1.021 + 0.023
Thyroid 0.009 + 0.008 0.006 + 0.006 0.027 + 0.029 0.008 = 0.002
Adrenal gland(L) 0.014 + 0.003 0.016 + 0.002 0.014 + 0.001 0.012 + 0.002
Adrenal gland(R) 0.016 + 0.002 0.015 + 0.001 0.015 + 0.002 0.016 + 0.004
Kidney(L) 0.425 + 0.058 0.460 + 0.042 0.446 + 0.013 0.469 + 0.024
Kidney(R) 0.426 + 0.064 0.427 + 0.022 0.452 + 0.019 0.435 + 0.019
Lung 0.478 + 0.038 0.519 + 0.034 0.558 + 0.041 0.527 + 0.029
Thymus 0.285 + 0.090 0.339 + 0.032 0.345 + 0.061 0.321 £ 0.095
Heart 0.391 + 0.057 0.470 £ 0.025 0.428 + 0.038 0.416 + 0.026
Spleen 0.214 + 0.037 0.253 + 0.015 0.229 + 0.016 0.249 £ 0.012
Liver 3.265 + 0.312 3.541 + 0.067 3.362 + 0.127 3.227 + 0.045
Uterus 0.192 + 0.069 0.270 = 0.014 0.171 + 0.026 0.149 + 0.020
Ovary(L) 0.024 + 0.003 0.018 + 0.005 0.018 + 0.004 0.019 + 0.003
Ovary(R) 0.022 + 0.002 0.023 + 0.003 0.016 + 0.002 0.018 + 0.004
“Values are presented as the means + S.D.
Relative weight; Ratio to body weight x 100 (%).
Table 8. Hematological values of male rats treated with Atracylodes macrocephala Koid
Control 1,000 mg/ke 2,000 mg/kg 4,000 mg/kg
WBC(x10°mr) 7.67 £ 1.13° 8.89 + 2.82 8.75 + 0.02 7.15 + 1.24
RBC(X106/H1H13) 6.66 = 0.33 7.24 £ 2.50 6.94 + 0.15 6.95 + 0.23
HGB(g/dl) 13.60 + 0.26 14.13 + 5.27 14.10 + 0.46 13.50 + 0.62
HCT(%) 4353 £ 1.27 46.10 + 16.64 46.13 £ 0.90 4533 £ 2.85
MCV({l) 6543 + 1.48 63.67 £+ 24.65 66.50 + 0.89 65.17 £ 2.84
MCH(pg) 20.47 + 0.59 19.53 + 7.45 20.33 + 0.29 19.47 + 0.80
MCHC(g/dl) 31.27 + 0.46 30.73 + 11.43 30.57 + 0.38 29.83 + 0.64
CHCM(g/dl) 3447 +£ 0.21 3437 £ 12.85 3430 = 0.26 33.90 + 0.61
CH(pg) 22.40 + 0.40 21.77 + 8.30 22.67 + 045 21.97 + 0.85
RDW(%) 13.77 = 0.70 13.67 £ 5.05 13.53 £ 0.84 13.80 + 0.46
HDW(g/dl) 2.02 +0.12 1.98 £ 0.73 1.99 £+ 0.01 2.06 = 0.04
PLT(X103/mm3) 1423.33 + 88.52 1345.67 + 457.20 1280.33 £ 29.16 1495.33 + 131.20
MPV(fl) 7.30 + 0.44 9.33 + 3.01 9.93 £ 0.15 10.13 + 0.23

“Values are presented as the means + standard deviations.

WBC; White blood cell count, RBC; Red blood cell count, HGB; hmoglobin concentration, HCT; Hematocrit, MCV; Mean corpuscular
hemoglobin, MCH; Mean corpuscular hemoglobin concentration, CHCM; Cellular hemoglobin concentration mean, CH; Cellular
hemoglobin, RDW; Red cell distribution width, HDW; Hemoglobin distribution width, PLT; Platelet, MPV; Mean plasma volume.
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Table 9. Hematological values of female rats treated with Atracylodes macrocephala Koid

Control 1,000 mg/kg 2,000 mg/kg 4,000 mg/kg
WBC(x10°/mr) 421 + 1.93° 489 + 1.15 6.03 + 0.26 638 + 0.48
RBC(x10%mi) 6.12 + 1.55 7.00 + 0.54 7.04 £ 0.35 7.01 £ 0.20
HGB(g/dl) 14.47 + 0.47 14.17 £ 0.35 1420 + 1.04 14.33 + 0.40
HCT(%) 38.83 + 9.56 44.57 £ 1.08 44.77 £ 2.48 43.53 + 0.83
MCV(fl) 63.63 + 0.76 63.90 + 3.42 63.57 + 0.32 62.13 +£ 2.73
MCH(pg) 24.80 + 6.76 20.27 £ 1.01 20.17 £ 0.76 20.43 + 0.83
MCHC(g/dl) 38.93 + 10.21 31.73 + 0.61 31.73 £ 1.12 32.90 + 0.75
CHCM(g/dI) 3520 + 0.44 34.93 + 0.75 34.83 + 0.12 34.13 + 0.32
CH(pg) 2233 + 032 2220 + 0.72 22.07 + 0.23 21.13 + 0.67
RDW(%) 12.93 + 0.58 12.77 + 0.40 13.37 + 0.32 12.73 + 0.67
HDW(g/dl) 1.92 + 0.10 1.89 + 0.10 1.85 + 0.15 1.81 + 0.05
PLT(x10*/mir) 1054.33 + 173.64 1379.33 + 92.46 1102.67 + 562.86 1099.33 + 247.11
MPV(fl) 7.63 £ 0.15 8.77 £ 0.51 10.03 + 1.38 9.17 + 0.55

“Values are presented as the means = standard deviations.

WBC; White blood cell count, RBC; Red blood cell count, HGB; hmoglobin concentration, HCT; Hematocrit, MCV; Mean
corpuscular hemoglobin, MCH; Mean corpuscular hemoglobin concentration, CHCM; Cellular hemoglobin concentration mean, CH;
Cellular hemoglobin, RDW; Red cell distribution width, HDW; Hemoglobin distribution width, PLT; Platelet, MPV; Mean plasma
volume.

Table 10. Serum biochemical values of male rats treated with Atracylodes macrocephala Koid

Control 1,000 mg/kg 2,000 mg/kg 4,000 mg/kg
AST(IU/N) 128.00 + 8.49" 201.50 £ 17.68 148.50 + 2.12 133.00 £ 15.56
ALTIUN) 27.50 + 3.54 28.00 + 5.66 26.50 + 13.44 28.00 = 7.55
LDHIU/M) 1946.50 + 120.92 1955.50 + 132.23 1958.50 + 55.86 1913.67 + 174.27
ALPIU/N) 349.00 + 28.28 283.50 + 27.58 316.50 + 96.87 291.00 + 26.06
BUN(mg/dl) 15.60 + 2.26 1420 £ 1.84 13.25 £ 2.05 14.43 £ 1.96
CREA(mg/dl) 0.68 = 0.06 0.96 = 0.29 0.81 £ 0.23 0.83 + 0.17

“Values are presented as the means + standard deviations.
AST; Aspartate aminotransferase, ALT; Alanine aminotransferase, LDH; Lactate dehydrogenase, ALP; Alkaline phosphatase, BUN;
Blood urea nitrogen, CREA; Creatinine.

Table 11. Serum biochemical values of female rats treated with Atracylodes macrocephala Koid

Control 1,000 mg/ks 2,000 mg/kg 4,000 mg/kg
AST(IU/N) 117.33 + 25.72° 264.00 + 50.69 189.00 + 53.25 167.67 + 18.93
ALTIUN) 31.67 + 2.52 18.33 + 6.03 26.67 + 12.50 21.67 + 2.62
LDHIU/) 1589.33 + 495.02 1652.67 + 276.58 1911.00 + 105.67 2012.67 = 14.82
ALP(IU/N) 240.33 £ 27.30 184.00 + 48.14 210.00 £ 10.15 231.33 £ 40.37
BUN(mg/dl) 18.47 + 1.56 1437 + 1.42 18.73 £ 1.51 19.30 + 0.86
CREA(mg/dl) 0.80 + 0.01 0.86 + 0.39 0.86 + 0.15 0.96 + 0.20

“Values are presented as the means + standard deviations.
AST; Aspartate aminotransferase, ALT; Alanine aminotransferase, LDH; Lactate dehydrogenase, ALP; Alkaline phosphatase, BUN;
Blood urea nitrogen, CREA; Creatinine.
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Fig. 1. Histopathological change of female and male rats treated with Atracylodes macrocephala Koid. (A, B: control; C, D: female
4,000 g/kg; E, F: male 4 g/kg) [A.C, E(50X), B, D, F(200X)]
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oL}, UuHA2l Rat o] Tl A= & YA ohe SA4e| 2=
FlaT Bas AoR A,

o} 5L gore oAl Byl ofleh R 1A
Qo2 1 sleh v} A 27k ek B8] Fujel
oloRE0 2 Pl 5% HOH) 3 Tiok} A E 480w
B 58 11730 U5 (Kim, 1999; Kweon, 2012), £
A lo] Lrtoll Al Stufje ARgo] 7hggt A olct, ey
A7 782 AR -Gl ofEsto] gk R, o5 A
ofo]| thsto] HFekA]Ql LAE AAISHA] SstaL ik, whebA] A
A= e Aok A ghofo] ebd ol thet x| 2 0] aL A A 4] 2l
A7} o] FoAok & A o' AR THKang ef al, 2013).
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of tfg-o.= ARGl 7] whizoll A&7 ol thet &gt op]
S 4= Qlar, 1R QI3 08 T3 9 E= Aol lth(Lee

et al,, 2002), thit HZofl= MET AFE FHESH] ofe
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2L} ©3] Lol S/ dA Rt R HAE Aokl tigh
54 f7E Bl QAR Aok omw, G744
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