J. Fd Hyg. Safety, 13(2), 171 187(1998)

Ol=(diallyl disulfide)?} H|E}3! A(retinol acetate)7}
Jl=Ew F0{ ME0| 0|X|= HEk

Rolchsin AR, BIIE BN AIIE 117, 449714

—

Effects of Garlic Oil (diallyl disulfide)/Vitamin A (retinol acetate)
on Heat Shock Protein Induction in Cadmium Treated Rats
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ABSTRACT — Garlic occupies a special position among the many foods of vegetable origin be-
cause it is the sole food for Koreans during the their lives. And vitamin A has been ingested by
forms of food or additives. Cadmium has been described as ‘one of the most dangerous trace ele-
ments in the food and environment of man and livestocks'. Since the de novo synthesis of stress
proteins can be detected early after exposure to some agents, analysis of cadmium-induced
changes in gene expression, ie. alterations in patterns of protein synthesis, may be useful to de-
velop as biomarkers of exposure and damage for food hygiene. The acute and chronic combined ef-
fects of cadmium (Cd, CdCl, 20 mg/kg), garlic oil (Dds : diallyl disulfide 50 mg/kg, 3 times a week)
and vitamin A (Ra : retinol acetate 50,000 IU/kg, 3 times a week) on Wistar male rats were evalu-
ated concerning cadmium contents, tissues enzyme activity, HSP expression, histopathological
and electron microscopical examinations. The results of the study are as follows : 1. Less cad-
mium was absorbed through the digestive tracts, but the ratio of contents in renal to hepatic cad-
mium was higher at 8 weeks after treatment. The cadmiun contents in tissue were not changed
by the simultaneous administration of diallyl disufide or retinol acetate. 2. ALT (alanine am-
inotransferase), AST (aspartate aminotransferase), glucose, BUN (blood urea nitrogen), creatinine,
the key indices of the clinical changes in hepatic and renal function were significantly changed by
the cadmium treatment after 1 week in liver, after 4 weeks in kidney. 3. Histopathological
changes in cadmium treated rats were appeared at 8 weeks after treatment in kidneys. Homo-
genous eosinophilic material was accumulated in cortical and collecting tubular lumens at 16
weeks. Degenerated or necrotized tubular cells were observed in cortex and medulla. Degenerated
seminiferous tubules and homogeneous eosinophilic material was seen in interstitial tissue of rat
treated with cadmium for 16 weeks. Calcium deposits were seen in degenerated seminiferous tu-
bules and the tubules showed severe calcification of rat treated with cadmium for 16 weeks. Elec-
tron microscopic changes in kidney were observed in rats treated with CdCl, 20 mg/kg. Proximal
convoluted tubule cells showed swelling of cytoplasm and narrow lumen. Capillary endothelial
cells showed cytoplasmic vacuoles and swelling. Degenerated epithelial cells were accumulated in
tubular Jumen of kidney. 4. Enhanced synthesis of 70 KDa relative molecular mass proteins were
detected in 2 hours after cadmium exposure, with maximum activity occurring at 8~48 hours. In-
duction of HSP 70 was evident at proximal tubules and glomeruli in kidney. Testicular cells pro-
duced enough HSP to be detected normally. From the above results, it could be concluded that
HSP,, induction by the cadmium treatment was a rapid reaction to indicate the exposure of xe-
nobiotics, and retinol acetate reduced the cadmium induced nephrotoxicity.
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Table 1. Experimental design for group allocation and chemical treatments (unit : number of rats)
Time Hour Day Week Total
Group 1 2 4 8 16 1 2 4 2 4 8 16
Control 10 10 10 10 10 10 9 6 6 6 6 6 6 105
Cd 10 10 10 10 10 10 10 11 11 8 9 8 9 126
Cd+Dds 10 10 10 10 10 10 10 11 10 8 9 9 9 126
Cd+Ra 10 10 10 10 10 10 10 10 11 8 9 9 9 126

CD: Cadmium chloride 20 mg/kg in distilled water
Dds: diallyl disulfide (50 mg/kg in corn oil p.o., times a week)

Ra: Retinol acetate (50,000 IU/kg in corn oil p.o., 3 times a week)

6-11 animals were sacrificed on each necropsy.
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Table 2. Cadmium contents in whole blood of rats treat-
ed with cadmium, diallyl disufide and retinol
acetate for 16 weeks (unit : pg/g w.w.)

Time\
Group

1T hour 0.003+0.005 0.004%+0.005 0.003+0.005 0.00310.005
2hour 0.004+0.005 0.059+£0.051 0.069+0.057 0.052+0.055
4 hour 0.004+0.005 1.256+0.338 1.254+0.293 1.096+0.212
8 hour  0.003+0.005 0.827+£0.211 0.747+0.376 0.884+0.210
16 hour 0.004+£0.005 0.579+0.141 0.485+0.151 0.513+0.118
lday 00040005 0.144+0.228 0.1284+0.036 0.123+0.032
2day  0.004+0.005 1.140£0.059 0.206+0.114 1.096+0.117
4day  0.005+0.005 1.2774£0.225 1.227+0.166 1.266+0.257
1 week 0.005+0.004 1.577+0.658 1.390+0.434 1.405+0.376
2week 0.008%+0.016 1.708+0.494 1.695+0.442 1.680+0.448
4 week 0.010£0.011 2.098£0.657 1.973+0.439 1.979+0.443
8 week 0.020+0.021 248010267 242940290 2.493+0.266
16 week 0.034+0.011 2.917+£0.219 2.881+0.269 2.897+0.228

Each value represents the mean+S.D.
Cd: CdCl, 20 mg/kg (6 times a week)
Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 IU/kg (3 times a week)

Control Cd Cd+Dds Cd+Ra
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Table 3. Cadmium contents in liver of rats treated with
cadmium, diallyl disufide and retinol acetate for
16 weeks (unit : pg/g w.w.)

Time\
Group

1 hour 0.004+£0.005 0.006+0.005 0.004£0.005 0.004+0.005
2 hour  0.00740.005 0.093+0.048 0.090+0.049 0.10210.064
4 hour 0.00710.008 0.685+0.077 0.652+0.115 0.710+0.089
8 hour (0.007+0.008 1.108%+0.153 1.132+£0.336 1.162+0335
16 hour 0.007+0.008 1.995+0.228 1.917+0.257 1.950+0.207
lday  0.003£0.005 290010339 2.935+0.189 3.023+0.227
2day  0.007+0.008 4.247+0265 4.083+0.238 4.180+0.381
4day  0.007£0.008 7.607+0494 7.222+0.685 7.340+0.871
1 week 0012+£0.012 13.04+1.63 12334215 1236+2.15
2 week 00320015 24.84+451 2376564 24.60+4.80
4 week  0.1924+0.044 4640+540 44.61+£550 4588+7.23
8 week 0.27740.040 86.37419.02 83.75+16.07 8248+19.35
16 week 0.377+£0.088 17354194 1658+23.6 16894143

Each value represents the mean+S.D.
Cd: CdCl, 20 mg/kg (6 times a week)
Dds: diallyl disulfide S0 mg/kg (3 times a week)
Ra: retinol acetate 50,000 TU/kg (3 times a week)

Control Cd Cd+Dds Cd+Ra
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A Cdts} AR 7h= B 3718 Relth

Table 4ol Bl 7t=8& @S AA AT BHaTE B
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ou, AR A el whet B =8-S Shekich Cdi
< R % AR B StEEE &l SUksh] Al
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th. Cd+Dds, Cd+Raffoll M #8 1% 4A ]l 7fE R/ 5
o] 0.187, 0.208 ug/go & Z7}al7] AlREled, 1650
165.8, 1689 ug/g 07 CAE) $AMeH B 7= Bon
T7He Btk Cd+Raffe] &m S717F &8 1659) 195.7
ng/g o2 71 A Jebetsr, Cd+DdsiEe] BN 7158
TR T 2027 nglg o = 7P Feel AT

EHe] Fh=FZ 8 S Table 5o VTeR AT}, $iadte] %
H7lEEEES A A7 B2t 0.002~0.072 pg/gol 9l
o, A7t Aol et Frleke A B

Cdgol A= #&EL 1% 42]170el 0.037 pg/ge] 7h=Ho] 7
=% o)F EHO Ft=RFmol FFE3| Fhele] HH 16
FollE 6221 pg/gel 55 B3t Cd+Dds, Cd+Raffol
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Table 4. Cadmium contents in kidney of rats treated with
cadmium, diallyl disufide and retinol acetate for
16 weeks (unit : pug/g w.w.)

Time\
Group

1 hour  0.003+0.005 0.005+0.005 0.003+0.005 0.005+0.005
2hour  0.005+0.005 0.003+0.005 0.005+0.005 0.005+0.005
4hour 0.005+£0.005 0.197+0.069 0.187+0.072 0.208+0.057
8 hour  0.007:0.008 0.390+0.068 0.355+0.065 0.413-+0.065
16 hour 0.005+0.005 0.83010.096 0.765+0.075 0.772+0.112
Iday 00070008 1.432+0.212 1.422+0.201 1.44240.256
2day 001210016 2.828+0.308 2.763+0.326 2.967+0.359
4day  0.007£0.008 4.522+0.605 4.525+0.482 4.422+0.569
1 week 0.015+0.010 1098+096 10.58+0.59 1021+1.30
2week 0.035£0019 2198+1.66 22.03+264 20.53+2.09
4 week 0.153+0.032 4555+573 47.94+598 42.63+6.23
8 week 0.355+0.065 103.9+1822 109.8+17.00 98.0+18.90
16 week 046710101 200.9+165 202.7+144 195.7+£9.7

Each value represents the mean+S.D.
Cd: CdCl, 20 mg/kg (6 times a week)
Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 IU/kg (3 times a week)

Control Cd Cd+Dds Cd+Ra

Table 5. Cadmium contents in testis of rats treated with
cadmium, diallyl disufide and retino] acetate for
16 weeks (unit : ug/g w.w.)

Time\
Group

1 hour 000210004 0004+0.005 0.002+0.004 0.004+0.005
2 hour  0.00420.005 0.0063-0.005 0.004+0.005 0.006+0.005
4 hour  0.003£0.005 0.037£0.033 0.028+0.018 0.035+0.211
8 hour  0.005+0.008 0.083+0.030 0.067+0.022 0.077+0.037
16 hour 0.005+0.005 0.115+0.029 0.102+0.034 0.115+0.052
l1day  0.003£0.005 0.210£0.260 0.183+0.043 0.218+0.055
2day  0.00410.005 0.444+0.078 0.4261+0.082 0.446+0.073
4 day  0.005+0.005 0.805+0.088 0.682+0.137 0.790+0.145
1 week  0.007£0010 1.438+0.655 1.297+0381 1.570+0.386
2 week  0.0284+0.019 2.055+0.425 1.982+0297 2.187+0.354
4 week  0.038+0.015 2.747+0.479 2.827+0.635 3.072+0.280
8 week  0.052+0.019 3.846+0438 3.704+0376 3.827+0.359
16 week 0.072x0.032 6.221+0.591 5.842+0.545 6.055+0.517

Control Cd Cd+Dds Cd+Ra

Each value represents the mean+S.D.
Cd: CdCl, 20 mg/kg (6 times a week)
Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 IU/kg (3 times a week)

2balod, 16500 5.842, 6.055 pg/g o2 CdREe] Ewz7

Hstel AL A B
il e Bl e s e Wl 7 st
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] 7]

-
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e fPiEe] Fh=B R (24.84 pg/g)o] BEE TH21.98 pg/
g) ESEOL}, 450l B 46.40 g/, B 45.55 ug/go.
& H|setedA| oL, 8F FEIE g JI=EEE 86.37 pg/
g 2t} BlFol 1039 ug/go 2 t] ol A OR YEl:t
th M, Jt=E Rk 250 o] JIEEEES 6.221
ng/go® HAF JIEEZRE 1708 ng/g B} Fohyon
1659l 6.221 png/ge. AL Zr)sac.

sl B WL
Frigel 4TS Hdshe B47A ALTS ASTiFIE

EIHIEE A T2 9] $5ke] BUN3} creatin-
q

]

ALTIEWE S Table 60 JYERNUTEH ALTHEEE Y 55
ZHARC) A BEREES 347443 U/l -5 $A5kT 9
oL}, CAFES 4AAo] 45.0 U/ YeER) 1, 1535 HE
65.2 U/I2A] ¥tiagel] vls] 23t 2712 Ko (p<0.05),
RHL 2, 4, 8, 16570l & Al o] &tAl F713H th(p<0.05).
Cd+Dds, Cd+Raffol| A& CdiEy} AN 2718 Kol i
159 356 730, 60.3 UNZ #EEE) viste] o3l &7}

Table 6. Serum ALT activity in rats treated with cadmium,
diallyl disufide and retinol acetate for 16 weeks

7} Lhebeteh(p<0.05).

Table 7o ASTS] {&MES ERNRATE. AST iEikE o
Wk Ol A 2 BRI 2t 81.7~1138 U/ A%
o] £EE B o, CdEolM = 155 1447 U/l £-9
g Z7H BATHp<0.05). Cd+DdsHE CdBfn}t FAHSE
1S Bof & 3 155E 146.8 U/E -+ 35HA 271319
CHp<0.05). 2eju}, Cd+Raffoll A= T2 iR 15
o = R 2FHE] 2105 UlE folsh 2717 el
<0.05), retinol acetateo]] &3 ASTY] Z7}7} 137 EIER
Aot

Glucose 8] 5 & Table 8l A A|3-¢iTh. Glucose I
i B A & BRI < 104.2~120.8 mg/
digi o}, Cdigell Al #2825 F2E glucose =520] |3}
97 A A st 85 EREE 775 me/dlE S = 7
27} A HYr(p<0.05). Cd+DdsHio] %= f51 8 2E
72.8 mg/dlZ &2 A2 B9 0 LH(p<0.05), Cd+RafEe
165l 753 mg/dl2 213 s Hoj(p<0.05), 7l=§
o] 9J3} glucoses] HE 747} retinol acetatedl] )&l JEAE
WRE Y
FI=F°] ALT, ASTiEHEE ¥3g &= AL 71

155 ] &3l S g on, glucose a2 5
T FAaE BATHp<0.05). JtEFRE 159 o]
ol Qdske vzl 85 FRET IR 43k
vElE 7o 7 yepyttl Diallyl disulfide, retinol ace-

o 2 2 plo

Table 7. Serum ALT activity in rats treated with cadmium,
diallyl disufide and retinol acetate for 16 weeks
(unit : U/

Time\

Group Control Cd

Cd+Dds Cd+Ra

(unit : U/)
Time\
Control Cd Cd+Dds Cd+Ra
Group
1lhour 362+788 333+859 33.0+18.68 33.8+14.73
2 hour 37.0+1249 39.0+888  34.7+9.81 29.3+8.57
4 hour 383+946 3024880 382+1237 35542035
8 hour 40.5+920 363+833 3781833 353+7.37
16 hour 36.0+10.00 33.5+14.00 395+11.55 35.8+4.96
1day 4054950 350+11.38 447+204 352+13.14
2day 347+£799 395+777  382+9.60 35.04:10.08
4 day 40311058 450+11.76 37.0+9.40 38.8+10.82

1 week 442+893 652+1582* 730+11.44* 60.31L14.51*
2 week 41.7+1245 913+14.82* 852143062 842+33.14*
4 week 4431924 173.2424.25* 152.2+16.44* 150.8+15.80*
8 week 37.2+10.92 194.5+43.70* 166.2+37.81* 184.2+4741*
16 week 41.8410.13 198.3+50.71* 189.31+40.19* 187.54+-52.14*

1hour 93242218 795+25.59 82.0+£3394 80.7+18.06
2hour  81.7£1740 813£1450 885+19.10 87.5+18.56
4 hour 933+2387 93.0+£2026 905+£21.73 86.5+22.10
8hour 887+17.80 90342240 89.5+21.12 91.3%+20.03
16 hour 95.0+26.88 96.8+21.21 90.7+18.04 86.0+19.72
1day 1065+1871 987+2821 103.5£2835 100.5+18.69
2 day 90.3+16.82 9672341 95241977 995+19.09
4 day 94842036 99.8+4029 107.3+2098 95.8+13.51
1 week 105.0+-28.04 144.7+31.47* 146.8+44.36* 135.5+13.51
2 week 108.8+£25.31 184.7+33.22* 202.2+40.68* 182.5+45.37
4 week  99.8+16.80235.5+£70.15* 217.84+95.81* 210.5+88.41*
8 week 109.8+26.51246.3+101.0* 250.5£80.49* 243.8+106.9*
16 week 113.8417.59 307.3+91.84* 305.0+85.87* 296.3+88.02*

Each value represents the mean+S.D.

Cd: CdCl, 20 mg/kg (6 times a week)

Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 [U/kg (3 times a week)
*: statistically different from control group (p<0.05)

Each value represents the mean—+S.D.

Cd: CdCl, 20 mg/kg (6 times a week)

Dds: dially! disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 IU/kg (3 times a week)
*: statistically different from control group (p<0.05)
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Table 8. Serum glucose contents in rats treated with cad-
mium, diallyl disufide and retinol acetate for 16
weeks (unit : mg/dl)

Time\
Group

1 hour 109.0421.18 1083+ 15.81 109841496 112.24+16.69
2hour 1132+1624 124.8+1094 107.3+15.06 104.0+24.13
4 hour 104.2+16.76 110.7+24.90 114242586 114.7+24.89
8 hour 120.74+16.91 109.84£25.89 112.7+£23.76 102312399
16 hour 113.24+20.32 1063+1844 116.84+27.02 1152+35.70
1day 1083+20.26 108.5+3059 112242526 114.0+34.79
2day  1112£19.79 11224£2236 1152+26.59 105.5+32.05
4 day 113.0£19.48 108.5+3825 119.7+2585 100542291
1 week 118.3+13.14 123.7£15.65 102.2431.03 110.5+31.84
2week 114241713 103.7+£17.52 107.7£1279 106.2+19.48
4 week 115.2%+23.72 101.2+16.07 101.0+22.93 101.3%16.82
8 week 113.8+21.93 775+11.33% 728+2225*% 80.2+14.39
16 week 120843029 74.7+£9.69* 71.7+9.85* 753+13.40%

Control Cd Cd+Dds Cd+Ra

Each value represents the mean+S.D.

Cd: CdCl, 20 mg/kg (6 times a week)

Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 IU/kg (3 times a week)
*: statistically different from control group (p<0.05)

tate7} F1=F QA S ERHoR sl EspA|
retinol acetate & $&EL3H ol A ASTiHME« U2 fLHft
By} 15 =5 7‘-’,—4{5} F7HE K11 (p<0.05), glucose=
45 =4 F98 7148 R retinol acetateo]| ] 3} JBIERKL
RE BAL

Bigal EEe shuEAd ZAT FF BUNFREE
Table 9ol VRN RATE A A 7175t $HaEEl A 18.0~
20.3 mg/dle) F&8 B ¥ o1, Cd i i
S2E 21.8 mg/dlE 27}8l], 45 TEE] 24.8 mg/dli =
el EAH felado] AYEN O (p<0.05), 165747
332mgdiE A|%H 02 Z7H3H9Ith CdaDdstEe 45
25.8 mg/dis EEREl Blal o8 F7HE B ATHP<0.05).
Cd+Raffe frojdt S7h7F CdiE Bt 457 =4 JepdA
8% FHE) 247 mgdlz $o)3o] 017519 0.0 (p<0.05),
L 16550l = Cd#ES] 33.2 mg/dlol] H|5Fe] Cd+Rafo] 4
273 mg/dlE fro]akA] v AvE Byr). webA, retinol
acetateffili= FL=Holl o|gh BgE dol HEART A
oz ekttt

M creatininei&F =S Table 100 A A|3}GT). B
A A AE7]7E 0.68~0.78 my/dle] BEZ Hojon),
Cd Boll A 45 T 2E] 0.88 mg/dl2 Z7}8l7] A 2Hs)A] 85
FHEE 113 mg/dl2 Z719] f-2lado] Q1A= TH(p<0.05).
Cd+Dds, Cd+Rafif = 457 35€ 0.92, 0.83 mg/dl2 Z7}3}
o] 85 FHE] 1.20, 0.98 mg/diz Z7}e] goj o] o]

Table 9. Serum BUN contents in rats treated with cad-
mium, diallyl disufide and retinol acetate for 16
weeks (unit : mg/d/)

Time\
Group

1 hour 1804341 187+£339 1824471 185+3.27
2 hour 19.7+2.16 188%£440 19.0+2.00 185+1.87
4 hour 187%327 188+286 183%3.61 19.0+352
8 hour 185+187 1824306 188%3.19 20.0+8.25
16 hour 1924331 187+3.27 19.0+3.63 19.2+3.97
1 day 18.5+226 1871216 1884248 20.5+2.66
2 day 19.0+2.53 22.0+358 19.5£3.08 20.8+3.31
4 day 18.8+5.80 194+297 192+232 19.0+3.39
1 week 203+294 2081397 1924223 205+295
2week 1934186 21.8£343 2224471 2154394
4 week 193+1.97 24.84-4.54* 25.84-4.02*% 23.5+6.22
8 week 1974339 285+4.64* 31.242.86* 24.7+5.61*
16 week 19.7+2.16 33.243.66* 35.5+6.75* 27.3+£3.56%*#

Each value represents the mean +S.D.

Cd: CdCl, 20 mg/kg (6 times a week)

Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 1U/kg (3 times a week)
*: statistically different from control group (p<0.05)
#: statistically different from Cd group (p<0.05)

Control Cd Cd+Dds Cd+Ra

Table 10. Serum creatinine contents in rats treated with
cadmium, diallyl disufide and retinol acetate
for 16 weeks (unit : mg/d/)

Time\
Group

1 hour 0.78+0.15 0.73+0.12 0.76+£0.16 0.80+0.18
2 hour 0.68+0.15 0.77+0.16 0.73+0.15 0.75+0.23
4 hour 0.70+0.14 0.80+0.14 0.74+0.13 0.80+0.18
8 hour 0.77+0.08 0.75+0.19 0.70+0.13 0.77+0.18
16 hour 0.68+0.12 0.72+0.21 0.73+0.23 0.70+0.21
1 day 0.73+0.21 0.80%=0.14 0.76%=0.15 0.80%+0.18
2 day 0.73+£0.19 0.75+021 0.72x0.12 0.77+0.20
4 day 0.73+0.08 0.77+£0.22 0.75+023 0.73+0.23
1 week 0.77+0.19 0.75+023 0.73+0.18 0.77+0.22
2 week 0.73+0.19 0.77+0.18 0.82%+0.12 0.78+0.19
4 week 072022 0.88+0.23 0924021 0.83+0.19
8 week 0.77+0.14 1.13x£0.22* 1.20+£0.41* 0.98+0.13*
16 week 0.78+0.17 1.27+0.36* 1.38-+0.15* 1.02+0.16*#

Each value represents the mean=+ S.D.

Cd: CdCl, 20 mg/kg (6 times a week)

Dds: diallyl disulfide 50 mg/kg (3 times a week)
Ra: retinol acetate 50,000 IU/kg (3 times a week)
*: statistically different from control group (p<0.05)
#: statistically different from Cd group (p<0.05)

Control Cd Cd+Dds Cd+Ra

ATH(p<0.05). ThE A| &2 fefol H]s] Cd+RaBE 4%
Bl 1650) 1.02 mg/dlZ CdES] 1.27 mg/dish Howale] &
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oJeiA @& dHE Ho(p<0.05), 7b=F Foo tie B
fgt8fFo] retinol acetate #tfilol] of 2 EERTT S B
At

FI= ol 9Js) BUN, creatinine®] 2]t #sls} ot
Elvd= A7) = $REL 1% 8791 2.1, retinol acetateo]] 2|3} 7}
E59 Hlgsatol HigE = EotE JERTH

FRIBAEMARAY L

Agel o8 BE Aol K, TR MIMOZ B
24 A3, IR EEE RE HRAIA R
| Babul R ekokh. BRRT) BRES ARl G B B
g 7M1 gQen, 2 3719 B R HlEe) Wrhe
sl BaEA gtk $A8] 35, ChDdshE 859}
16% Sof Qo)A 74 Iukel7h FlIEC. R s R, 4
re g IREEAG O, g7} gastEot, 1 99
SHERE W SRR M o gazio] )4 olwh
WelzAohs EAAT WEHEE Table 110 e

uj, 27ie] Azl e PM 160 AT i
BW RS aEREe) FMEOIAE Sold mERMUEY FT
Fol T Wsith BIEE W AIS R 47 B
W) FOEE, B S B 6o A HRE S AR
a7zio] P4 ekolvh. CABE 8745 Aol N Bl
of Faol HFsEYEARRTO| L FRIEIEEZ L B39l om, B b
HANE Q% EAEIC) Slov), HEkE 0 EAEOIA S
Hrhe Wabh BAHA Wk 165 Hte) B 8F 5

o

N

R A7t g Azdo] #EE . Cd+DdsiEe o
E A5l vishe) MRE brRAiRe) B 2 It T
Telx, ML REMERS AV ZERE R o] MRE
Ehgo] Folx] St HFLE MIRRE Ml Mg el
fglEo] Tret 2, S BiEE ol o, e 2
F-E getso] BiE(nephrosis) A7AS Holm llod,
165 Y Ao 85 MR A3 BEHRS
Holx QIlr). Cd+Raffe] -, CAET} A g 22814
Aol TAF o, IFREHRT BHFRE S Mol =
S FaE Y. ElA M Eoldl W - A8
s7do] BEE A gfgkond, & 1% 85 o By dk Cdf
¥t (seminiferous tubule) Alole] MVEARME-S SR
s (amorphic eosinophilic fluid)ol] 23] EAtr|o] gl o
), 79 HiE ] AstAl SEo] AT KB W
il A0k (spermatogonia), ¥ETHMNE(spermatocyte) 2 F5T-HH
fae HEHiE o) el 2] th2 J o] i 4 w5t} 22
= At $EEel vl fEE o web A5 iz 2 Al
2 E2lfilt(Sertoli cell)Rt A2l A% QI on, AlkilA
o] FiffE FHHEE BEHJTE Cd+DdsFE YubaQl =
2 EA AL CAffEr) vl on) FHEE #E 2 339F A
T CdifRrt mefeigirt. Cd+Raffol e FElE o A
Cd##, Cd+Dds#fol| vl 3l v) ekt #FIzpcitiae] 2 13
Fe7t BEE o, fEE o] Figd 245 AU
FHEH 20 mg/kg $efitol] o) s FRELEAYQ Wt el
W7 A = BT BAOA 2T 8577 A8 F e, HiE

fo & Y ke

Table 11. Pathological findings in liver, kidney, testis of rats treated with cadmium, diallyl disulfide and retinol acetate for

16 weeks
Advent of pathologic changes Pathologic findings Degree
Liver  Kidney Testis  Liver Kidney Testis Kidney Testis
Control - - - - - - -
Cd - 8 wks 8 wks — acidic globule or cast O accumulation of eosinophilic fluid in ++ +++
— in the tubule interstitum of seminiferous tubule
- O severe atrophy of seminiferous tubule
O rarity of mature sperm
O calcification
Cd+Dds - 8 wks 8 wks tubule epithelium necrosis less severe than Cd group +++ ++
Cd+Ra and degeneration

- 8 wks 8 wks
in the tubule

acidic globule or cast

less severe than Dds group on + +
degeneration necrosis/tubule atrophy

+++: very severe pathological chanes

++: severe pathological changes

+: moderate pathological changes

+/—: mild pathological changes

Cd: Cadmium chloride 20 mg/kg in distilled water

Dds: Diallyl disulfide (50 mg/kg in cron oil p.o., 3 times a week)
Ra: Retinol acetate 950,000 Iu/kg in corn oil p.o., 3 times a week)
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PM 1. Homogenous eosinophilic material is accumulated in cortical tubular lumens of rat treated with CdCl, 20 mg/kg for

16 weeks (arrows). Bar : 97 um

PM 2. Homogenous eosinophilic material is seen in lumens of collecting tubules of medulla in rat treated with CdCl, 20 mg/

kg for 16 weeks (arrows). Bar : 97 pm.

PM 3. Degenerated or necrotized tubular cells are observed in cortex in rat treated with CdCl, 20 mg/kg and diallyl

disufide 50 mg/kg for 16 weeks. Bar : 38.8 um.

PM 4. Normal structure of seminiferous tubules in control animals. Bar : 38.8 pm.
PM 5. Degenerated seminiferous tubules. Homogenous eosinophilic material is seen in interstitial tissue of rat treated with

CdCl, 20 mg/kg for 16weeks (arrow). Bar : 38.8 pm.

PM 6. Calcium deposits are seen in degenerated seminiferous tubules of rat treated with CdCl, 20 mg/kg for 16 weeks

(arrows). Bar : 38.8 um.

PM 7. The tubules show severe atrophy and calcification in rat treated with CdCl, 20 mg/kg for 16 weeks. Bar : 38.8 pm.

NMe= Fol 165702 Ftito] TR 2okt Diallyl
disulfide, retinol acetate f8ol] oJair] 1] JREEL HEh
B2 EREEIl o, BiEe] S diallyl disulfide 8o
ol ah Y] Kao] WA= o vhEbdr)

AR En 7 A4S BliES SHoR #2sqt. A=y
25 fiigt Bl M MIRE R Mol A MifluE ol I
IR=o] o]l Fold v 7ol BEEALEM 8), 1]
EZrglolrl o7t e 71 HES &EHE ke
ZA7E b Azdo] AAEFATHEM 9). 9A F=FS

27 ek BRES] SRATEIMIRR O A o) <k7) hEE
o} A EHE ATV HolHAM IR Fxe] Fo)

g AEe] Wyl BAEATHEM 10). = FS 457}
feaist = Bl A BB L MER) ok EIER o
i Aol BEE S (EM 11), MBE WMol Zehuiimk
of WAL, MIRF R el EY AR o] F7}gle]
2}z M 12). =S 877 283 de Bl
B A A A MRS Bl A= Ao B
A S AV A, 8RR SR E A
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EM 8. Proximal convoluted tubule of rat treated with EM 10. Proximal convoluted tubule of rat dosed with

CdCl, 20 mg/kg for 2 weeks. The cells of the tu- CaCl, 20 mg/kg for 2 weeks. Tubular architec-
bule show swelling of cytoplasm and the lumen is ture is not well preserved. The cytoplasm show
narrowed (X 5120). mild swelling with some protein globules (X 5120).
MV: microvilli, M: mitochondria, N: nucleus, Bar: (0.2 MV: microvilli, N: nucleus, Bar: 0.2 pm.

pm.

”?J 5 .
: ; : T . EM 11. Capillary endothelial cell in kidney of rat dosed
EM 9. Proximal convoluted tubular cells in rat treated with CdCl, 20 mg/kg for 4 weeks. Capillary en-
with CdCl, 20 mg/kg for 2 weeks. The number of dothelial cell (arrow) is swollen with electron lu-
slightly degenerated mitochondria and homogene- cent cytoplasm (X 5120).
ous protein globules are increased (X 51200. N: nucleus of capillary endothelial cell, F: fibrocyte
Bar : 0.2 um. with collagen fiber, Bar: 0.2 pm.

Journal of Food Hygiene and Safety, Vol. 13, No. 2, 1998



Effects of Garlic Oilf Vitamin A on Heat Shock Protein Induction 181

EM 12. Capillary endothelial cell of kidney in rat dosed
with CdCl, 20 mg/kg for 4 weeks. The endothelium
is showing electron lucent cytoplasmic vacuoles
(empty arrows). The filamentous components of tu-
bular epithelium are increased (arrows) (X< 6880).
N: nucleus of endothelium, Bar: 0.285 pm.

of Al 2L Bolstlw, AR I, WM
/o] 2o 2k BESo| BAHUTE. MR 18
fife] ©EZEelo} fiET HIlE B
(EM 13).
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HSP,, ¥5E9| i
FF= Rk o) §t HSP,.2| AR Fig. 1ol vpEbiich
FRE Y] A e FtEg R F 4rRY
HSP; ol 3888 57171 16A1 7] A% =L, o] - okt ¢
g AR T2ARA] Al A AT FEel A=
HL 2A]7boll HSP,,9] Ed#fHo] Z=7}5}ed 4/\]7]-01] Enig s
O F ZhAdhit 24rRbAlE HEERE RO #
7Fe A3 BAATh EHoAE Bl A < 7L°1
L 5 2x|7kel| HSP,©] E@EEEOI F7bE T, 48A1E 4] F
e eI o, 72A17E o] Folli= A E) FEoR SiE
A}

Cd+DdsB# Aol A= %8 1% 2A)13b5E) HSP,o] %84
o hnate] 16A177HA] Al F7hshar, o] ofztk 7hAs}
L #HEEE SR JE S B} Bl A
UL 3 4A[7HRE HSP7H HA] Tk o] 48A13HHA]
F7FHAAUTE BALAME 8 & 2

oo M
2 gy ooy M -{o«u
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AZHE] HSPoo B

EM 13. Distal tubules of rat dosed with CdCl, 20 mg/kg
for 8 weeks. Degenerated epithelial cells are ac-
cumulated in lumen (arrows). Electron lucency
of cytoplasm dilated nuclear outer membrane, di-
lated ER and small vacuole are observed. Mi-
tochondria of tubular epithelium are slightly
swollen (X 5120).

N: nucleus of epithelium, empty arrow: basement
membrane, Bar: 0.2 um.

ol F7kated 164170742 S7hE| A3, 244]7F Frol = B
HrTor 3 R8E

Cd+Raffte] fHEN A= $28 241 7F S-5-E] HSP,2] 3E8A
o] Z7tslo] 48X FbE Sl o, T2A1 7R E 4tE]
2 3 5EACh A= 8 4A]7 TRE] HSP, 9 3
#o] F7tx]o] 24X F7hE o, o] FR-E] )
2 3EHE o 5 vk @Al s g 22 3R E
HSP,,o] o] S7tE|o] 24A|13713] A4 Bhol3 i, 484
F3HE AAH oz 3Bl

HSP, o] BEEN7E LehuE A7l 71ad BT i
ol Al A 4] 7h, BT EANA ZAPO R FEEEG
EE Aol A] HSP ghg-o] Al&atA) YElytTh &,
Bl M= Th g fRsLel]l o] 241 3bel] HSPO] HEfo] Z7}
3ol o, diallyl disufide & retinol acetate {Z8to] <Jaf
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1. Cd 2. Cd+Dds
12345678

12345617289

K — YD W o -~ -
T s —— - - T w..,—--.-w
3. Cd+Ra

1234567288

T o . S P s,

Fig. 1. Immunoblots analysis of HSP,, induction in rat's
organs treated with cadmium, diallyl disulfide and
retinol acetate.

L: liver, K: kidney, T: testis.
Lane 1: control, 2: 1 hour, 3: 2 hours, 4: 4 hours, 5: 8 hours,
6: 16 hours, 7: 24 hours, 8: 48 hours, 9: 72 hours after.

HSP;, #{§8Z |43 @iifkibEny A rd o 7l ik
Lol o] 3l FRigol Al Bt S LrElLR] kokon, B el
= fiEkasel AN MRE LAkl Fgukeg B
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Xé.LMOUFL Fegao) o)) ANFA FEEE AL OM%
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& WEEsRmAe JICEAE
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8 855 Jt=BaEe] IR BiEold o Bt =
3 BB A FES) =B ERE 1657 0.377 pg/s, B
0.467 ug/gs) A3-E Vel o) BEafES) M BB
TG FFL foA] HHE tE =50 Bk
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2ol REL JIEF BEIRES 2~10% =
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7} Z7hada Baso] 9ok e, B A ALg
g k) g2 AT A A9 5 EES Riles
2, ol5 &l o3 MR 93 9IS AR AR
A=)

FIE B BT 27)olE Mt IR EET =2
o|Fof MmEkE o]Fstd XL ‘%*O}X]J—l dye] =7}
Z71stbn B3 EQdg"” Friberg %7€ CdCL, 0.5 mg/kg
S 14F Bt FHapAhdsd e Jl=ErFe] 10,
14550l Sofskeler, of Al717t K, FhEe] ﬂC“
o] vrolx|u] EHIR/F LR A7) 9k YR85 %“o
9] FTEZ7he B 256 metallothionein(MT) #&%
7h=go] FElH 7] wiolebil B sl

dicdl 7F =g /8 B o2 o] F3tar, ¥
o2 A& ®o] HEoE vl AHAET &7 Eo R
R 7} B BEoRY HAaf dodth A1 =F 5
ALALE o] &5t Ao &3] HlRy 2755 HiEol
m=ohouh NEA 7 7)o FE7F Zoton, o ¥4
v B TErt HES sERY Eobx|7] Azl
SHONAM = 13] Lokl o s muksle &L ¢ HA
o BaEH A mEh, 2 Ao B Jl=E
T2t g sERTH EolAe Al7)7F YR BT
H 8F o3l AL, KigikH] o3l HrkEe] w57t =&
TER AE FAEHN7] Wil Ao Yz

Nordberg 5%& CANOs& #=o] 0.75mg CdkeFZ
3 5~67)9)e MEIEEATSI 370 T HiEel Fte
F@ol Ha 350 mgkgold o, HigS 4 Foll 250
mg/kgo] Hothn R udz gt E7] CdCl, 0.25 mg/
kgQ T 5U Bob 11297 T ES e, 175

T Y BREY 7tEE BT 400~450 mg/kgoll o
o, 175 o] 9] HFEAME 9 ol S7hshA] #sken &
38 ZAstgrty o vt 9 o1}, Nomiyama 578 ¥
wolo B e Ttew hﬂ?ﬁz&&t 210 pg/goletar 1
13kt E38, Condron 7€ 100 ppm CdCLE £iAAK
2 3977 hHE S HhEel =4 %ol 102 pg/geldrh
o Bk HARN sk 7h=8o) £ iRt
FrE 7, B8 173001900, £ PRl RS0l
BolAd ¢ goprtn Buk i Utk bl A glof A
AAQl MBoMe RBFEE Bigd =7} 40~504],
A 30410 vER e, 50419 BEE FEE FE 10~
308) THE e Aow Bagcht”

3td, B AFolA] diallyl disulfide -2 retinol acetate &

:E
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e BRiol] QbA) RS A}, 2, I, B R S0
M) Ft=g Gl #eE st ex Baant. £ 57
& nhs9] FhE Rl tidt BiSTMARE Al Ak
A ke g AlE O Aol A st AlEE vhed
[AJE o] TNEMHEES A8kl IKE ET =M TR,
BT 2 B|he StEEERe] AAsHTa Baustka 9l
t}. 12y, diallyl disulfide MRIKE o] MEHHREST B
PRS- SHEA BRI A Fh=Ea fSaskl den
220 2t A7)Fe ol & A% FA 4 e
23w, I E A E00 GAE Y retinol ace-
tate = R AINE, RAIES] P4k, sMbol Boiste g slE R
o] IRl - PRt e 2 TS vXA G Aer o
Zth.
iR B¥SEC| 4L

B A= CACLEA 20 mgkeS 16577 R 19%H
stSu miFEEe] ALT, ASTiEMEE k8 15 F1
23k 2718 ¥ 16590+ ALT 198.3~187.5 U/l, AST
307.3~296.3 U/le] 7742 Z7hshdrh. ALT, ASTE4]
T = diallyl disulfide $-& retinol acetateol] 2j3) &S 2
] ¢ro1l, retinol acetateol] 9J&|A] ASTEME S Folsh
Z77F 139 =4 JERd AdE RAtH(p<0.05). Glu-
coser 8F FHE] Fo3 ZAAE By oy, 1650 70.2
~753 mg/dije] 55 .99} Glucose gk diallyl disul-
fide 2-& retinol acetateol] &Ja oJ¥kg wEX] o}, re-
tinol acetatedl] 2|3} -2 7+ A7) 8F A el Ax)
2w

Nordberg 592 CdCl, 0.25 mg/kgS E7|o) & 53 38}
FAVEIS W 175 M ASTHEME 7 dostalam,
oluf FiEel Ft=F F7t 450 pg/goiitia B sk,
AdolA FH ASTEAH®Y F7H7F vebd Al7]e] Bl
246.3 ng/g¥t 2bolE HATE KK2,1702 2

I=E v%

183

mghkgel FHEES F 63] 2573k AokFAEtG &l duk
ASTiEME7Y BRIk A Basksich

B AlE o) A= CdCLEA] 20 mgkgS 1657 #8107 #ri
&+91-% o) mFFe] BUNS #8 455 5E, creatinine-2 85
e fo3k wslyl el o, retinol acetateo] 2} 3
BUN, creatinine @55 7} 8 165 Hrilffol v]ste]
FolEtAl A Ft=R] wkel #dE = 2A3E Ve
Wrh(p<0.05).

Nomiyama "% E7o] 1.5 mgkge] 7t=82 4547}
A2 9atFALER S u) 9Uol) i ofulaeats)l g AST
Hrifrgo] Z715k9 2, 300 ug/g FFEHS 54577 e
uj 1659 =& oluw=At, ALP, AST, ALT #ftt&o] 27}
stdrta Bastsich elnrh vehue dee] B E e
I} E BERFURE S 220~260 pg/g, Wl EHA Wsls} Jelh

FHES) 7B DAEEE 56~400 ug/gol ATl B
ek kA, B Agea] wealdhd wab) vEhde
Bl I H 55 103.9 pg/g © & Nomiyama 52} 27t
o} 7+ W 9lo)| 438} th(Table 12, 13).

[e]

-

-

L

RIBARS Y ML

HoAslojA] CdClL 20 mgkes 165%
855 HlE MIRE LA BItE
B, ol M fH 8FH-E] S o) ko] el
o} ETHENGE A0S R 8TNE MR WERE BN,
EOE/NRE] F7t, vl EZEejole] B, THUME R AR
fae] MiErh Zeruzace] vhebyL

FYE R o] 218 AW A ST HEI AT 7=
B RIE T A5 BEe S farflvr v, B
A FLEFoO] 8, PEiE, FRIKE = Aol LAl she
STATMEPRE [ filae] &4l 7HE Fa8 wigo 2 o
A Qlom i e BtAane] Rax ok

Condron 577 2 mg/kegd] V=8-S 53] 31)8}5EAL81A

Table 12. Time duration of appearance in serological indices change, light microscopic lesion and HSP induction in liver,

kidney and testis of treated rats

(unit : time)

Organ Liver Kidney Testis
Group SIC LML HSPI SIC LML HSPI1 LML HSPI
Cd 1 wk - 4 hrs 4 wks 8 wks 2 hrs 8 wks 2 hrs
Cd+Dds 1 wk - 2 hrs 4 wks 8 wks 4 hrs 8 wks 2 hrs
Cd+Ra 1 wk - 2 hrs 8 wks 8 wks 4 hrs 8 wks 2 hrs

SIC: Serological index changes

LML: Light microscopic lesion

HSPI: Heat shock protein induction

Cd: Cadmium chloride 20 mg/kg in distilled water

Dds: diallyl disulfide (50 mg/kg in cron oil p.o., 3 times a week)

Ra: Retinol acetate (50,000 IU/kg in comn oil p.o., 3 times a week)
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Table 13. Cadmium contents at the time of serological indices change, light microscopic lesion and HSP induction in liver,

kidney and testis of treated rats (unit : pg/g w.w.)
Organ Liver Kidney Testis
Group SIC LML HSPI SIC LML HSPI LML HSPI
Cd 13.04 - 0.685 455 103.9 0.003 3.846 0.006
Cd+Dds 12.33 - 0.090 47.94 109.8 0.187 3.704 0.004
Cd+Ra 12.36 - 0.102 98.0 98.0 0.208 3.872 0.006

SIC: Serological index changes

LML: Light microscopic lesion

HSPI: Heat shock protein induction

Cd: Cadmium chloride 20 mg/kg in distilled water

Dds: diallyl disulfide (S0 mg/kg in cron oil p.o., 3 times a week)
Ra: Retinol acetate (50,000 IU/kg in com oil p.o., 3 times a week)

AR 100 pgimis] AEES 3050 BRAGSW, & FURAE $H7] wEel, Folguel thE ASE
B TEARE ] DS Bebd 3 g, vE  WEAel Y11k Aoz gz,

zedote] me|aesl RHUSAE #iol et Lindquist ' HSP700] #ifs fyol ») Bft/2 5ol
GuET BelFel whue Wyol et mumstedl o BIESAG FERI BEES AAIE 98 5
ool B Ageld mEZSelole] @ik, EAE A8k Wetku sol sl fel MIBHIMES ML f e

of 3 MiRE el MR, BREMLE M iee) EiR) EREER B9 BILERS 7HsdE AT

#iE BoARS FEA RES e 90 A% 2 Hiranuma 5°"& HSP,©] 7F=§ #2H 6A17F 43} & b4
AE 2ATh &2k, metallothionein& 6A]7F 73 olF o= A& §X
g Ao g Bkt
HSP,2| 888 B AgeA] et Bt b kol <Jshd HSP
FIERAREEE gl IR 1% 4RITH, Bl A R w2l Bl A o] BEREMT S B Akl MRE LM
¥ 2AZF, B A $REL 1% 2A] ko) HSP,o #80] S71s) Bz A, e 7h=Fo] IEl - FiRE A S48 A
Ao, Cd+Dds, Cd+Rafifol| M= I 2~4A3), B 44 e F9ek dAIskdct. bk, HSPE] 3EIE 7h=Hol
7h AL 2~4A17F ol HSP,O] 388 g 22lskdt. o A HEE= Alaele] wkgol o3 wisolAe &
Kato 59& CdCLS} NaAsO.o €&+ HSP,¢] s A #A7 = AR A7t}
golslg o Ohtsuko 5778 EiBEFE £ 6~9&12 Yo B ¥l A] diallyl disulfide, retinol acetatei= HSP,2]
HSP,o] RBAEINE B 315191, Heikkila 5" #fitiEe) BEol = AEE TR e ALE UEpton, diallyl
53 wdste] IRfrAEleol A HSP,o] BEAS 215t disulfide, retinol acetate7} HSP,2] #5259t #d o] vk
o} Li 5792 fifsid: 150} HSP,o) A7 S Es Bz 704 glAch.
WA, HSP,o] REE #fET AAHRE 7217744 A& HIEFT A el A A=) 60% =71 stellate cello]
Yty 23t Goering 528 BBl CdCL olE3le] R#E™ 10~30% H%7} retinyl esters FEfZ
2 mgkgS BRIt 447 o, 70, 90, 110 KDa2) %o} RBP(retinol binding protein)¥} ##&3dle] EFo 2 H
de novo BH'YE ARUEMNE Bistded 857 &R Wzich vletgl A9l 555 fTollA] stellate cello] B.3%
E_‘ HSP-, HSPy, HSP,, 0= ’7;:%5]' 1 ffﬂﬂﬁ (ioﬂ EH _3]‘1\3 OC}Q—E }—@8}04 T[q, 62372}?0“ f‘fgé}"i‘ holo-RBP
3 $BREE A Hotelalon, ojue} B Nt =grRE 4~ o} FEAT retinol e ¢F 80%7F UhA] HFE golLuh ™Y
S ug/go 2 ¥ 3k} Karen 522 g9 stellate cello] 743 71 =& fAHieH<
webA], 2 A¥el A& Ohtsuka T, Li 5, Goering 5 Bt Haste], el Ao 7l=gEite] woba Zol
o] HSPm«] WEAS RS A7 YA O}'/\}w——tq ojuj e} ¥ = F55 A7)8HHA, retinolol] o) & B FRz o] FE -
1= F T% 0.685 ng/g, B 7=+ &< 0.003~0.208 SEES R 7t EaEe] MRS U & =S
ug/go = Goenng 5700l Bt 9.92 ng/g, B 0.95 st
pg/ge) Aot SHA Ve tH(Table 15). ol 22 zpol, 2 AR e, EinrEn EEEe] falaed o
=g Ehke] 2 dgcAM e KOS Goering 5 Uz2A Flege] 28 A& T s ARy
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SIS A HSPLS) MAHTTHENES $TalRlon, FhsFol SHAITE. HSPy /b WEaHs] 2| maa olubshs] 7] 7hal iy
A% 4L o T LAY 1% Htow S 4 I sensitivity)S} 5 (specificity)] 8-S £, A
WA WA 87 W vhsa) vlERl Al QES ol & o] [EAHES S stolol @ ot}

=2Q0}

&+ A7 AmrEd B Fe AEN Y il Ft=gd diste] AEo R HHsvt ge
= Az B ol gyt Brleta, e B e dilikie] KEo 2
A1 HSP(Heat Shock Protein, 28 E (1R & ~Eo ~EITH)C] HEFFS)} BUfs S Bastax) 24469
o AP FERE Wistard] SPF 71 JlT 483n}e] & ALe-81%] ov], B{IRREE, 7LE B ELEE(C, CdCT, 20 mg/kg),
FIEE7 wbEf (diallyl disulfide) £2EEH(Cd+Dds, diallyl disulfide 50 mg/kg), 7= 53 w)Ep7 A(retinol
acetate) fXBLFE(Cd+Ra, retinol acetate 50,000 LU/kg)C. 2 PR A8 B2 S A7t 7 ulgd 1, 2, 4, 8,
16, 24712k, 2, 4, 7%, 2, 4, 8, 1650f] $kdisi o, A28 Au= ohea 2o, 1. 7S84 % 44 7)) e
ZFEREEOl 0.972~ 1.256 pg/g © 2 BHIEES] 0.004 pg/gel Hlslo] ol ony, fti 25742 = IS Flo B
o) 23.76~24.84 ug/g o HigS 20.53~22.03 pg/gith Hekont, 8% THEIE AT TH=E S HNS82.
48~86.37 pg/g) Hot Bl 7H= 83 (98.0~109.8 pg/glel ol ek mhaba], SP= B8 ik 1% 44 7o) ")
ol A JEh D, A g2 o) Esh A g A SiEe 2 o) B3 2 M, 85 o] Fd= FrigET)
el Ft=g o] Woldle Ao r Jelych 2. 7t Fikilol ol mihae] M# #{tol 4] ALT(Alanine
Aminotransferase), AST(Aspartate Aminotransferase) {FHEE M % 157426 2472} 60.3~73.0 U/l 135.5~
149.8 U/l= S7F8ARY I HES Yovle 5t olden, glucoses £2HL 85 ol $AAE(113.8 mg/dhel]
vgted Cd+RaffS A e BE ffollA] 72.8~77.5 mg/die] @& AntE Ho} fz2ga) Foieile] EA84 £
FME(p<0.05)2 Bt} BUN(blood urea nitrogen)- #kiit 450)) $51MEC] 19.3 mg/dlol v)3led Cd, Cd+DdsEEol]
A 24.8~258 mg/dI= HEE F71E B onf, Cd+Rafioll A& #18 1650), Cd#ES) 33.2 mg/diel] Blalad 27.3
mg/d/ 2.2 F 3 A(p<0.05) RAT}. Creatinine-> 2 iBalroll Al JE8l 850 ¥HAEES) 0.77 mg/dld)] v)8led 0.
98~1.38 mg/dl2 ¥& Z71E B o0 (p<0.05), 165 Cdfte] 1.20 mg/dio] Blsled Cd+Raft-2 1.02 mg/d/
= HESH S AoE Bvh(p<0.05). 3. AR fatr 2T CdEERH Cd+Raffell e Hbm 822 &
Wb ) el IRRYERERICIE PRIENE (urinary cast)7} FHEE|Q 0, Cd+DAsRES i JEAmARE |- H 4
ool daE gt BIHEIEL Jebh BALe RS B 8 E KEII (seminiferous tubule) Afole} fiEHko]
IR Rte] Brmel oa) shgulol el Kol Akl ksl 59 £7L ¥Arh Cd+DdsfE} Cd+
Rafffoll M= CAffE T} i) sl t). 71 =88 2559 M3l sl A Bhgel W Taaissnyg wisle i
MRS Aol Aiae M, ol B2 elote] M, B kel 27}, MM Ak e MIbE i}
TR Sl TEE 7] A Aere] om, St 8o e BRAIRY Ao BV ki gety s |
Ml 2oz ARIEIATE 4. HSP& FF=BHEHL 1 21 7H5E] 38A0] Z71E]o, 48A17H7HA] HHEE ], o] o)
FRRER fkis = A o2 vebgct. 9ebehe HSP,2] B diallyl disulfide$} retinol acetate $¥8io)] o8 <
e A astrh. Hiol A o] HSP,, BEALS frelatel MR L dln A F2 5Es s Ao g Jehgtt o
o] AAUZFE, Qo SEFE {E8I-S w HSP,, YIS M # 2~ 44 7F ol vEhub s ke RS
= o 7 AL, vhsR(diallyl disulfide) e Fl=go 2 BHHUSS REATY, vER] Aretinol
acetate) fxBie= FhEgof o9 HEHGS MG 7= Z2He Bk 7be ol theh % 84S ubs S(diallyl
disulfide) 2-2 HJE}Y] A(retinol acetate}s $2H18F0 24 H8(E H 08 E Bo)
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