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Promotive Effects of Several Synthetic Hormones Using
Short-Term Carcinogen Screening Method

Yoon-Kyu Lim, Kyung-Sun Kang and Yong-Soon Lee
College of Veterinary Medicine, Seoul National University, 103, Seodun-Dong,
Suwon, 440-744

ABSTRACT-—This study was performed for assessing carcinogenicity of several synthetic hor-
mones; Diethylstilbesterol (DES), 17-ethinylestradiol (EE,) and Bovine somatotrophin (BST).

Six weeks old F344 rats were divided into five groups and given an intraperitoneally injec-
tion of 200 mg of diethylnitrosamine (DENA). At two week after beginnig of experiment, DES,
EE,, BST, Phenobarbital were administered to group 1, 2, 3 and 4 respectively, group 4 is posi-
tive control and group 5 is negative control. At the same time, all groups received a single i.p.
injection of D-galactosamine at a dose of 300 mg/kg and underwent 2/3 partial hepatectomy
at week 5. All rats were sacrificed at the end of week 8 for assessment of liver lesion develop-
ment. The liver was processed for immunohistochmical staining for GST-P and quantitatively

analyzed by image analyzer.

It was concluded that two synthetic estrogen hormones (DES, EE,) was different signifi-
cantly (p<0.01) but BST was not different as compared with control group. Therefore, we
thought that DES, EE, was promoting effects and BST was not in rat hepatocarcinogenesis.

Keywords ~“ DEN-Galactosamine-PH model, Fisher344, Bovine somatotrophin, Diethylstilbester-

ol, Ethinylestradiol.
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EAZo] Bol e, 2 F FEA AT whEFel A
H& 3 el agrt dAsn 7"14]”5‘— N7} ) Eel]
AAHeg A F F sl Hged, AL #A
FE el APEER ol F TES UL &
UAA o] 2 Apgo] FrREAlel Ut

ol2ig MAEA ETEF DES(Diethylstilbeste-
rol) 3} BST(Bovine somatotrophin)7} 1 thE4<]
odet & 4 Qlch

DES+ 19509 Y-l AAE3e 93 g2 4}
S=lo]x ghont 1938 Hghde] AE HuH o
2 ALE A7A Az, vpen, P2El Solld
ulatAdo] B v E| L %E(George H %, 1964: JA.
Mclachlanv‘; 1975 : Lan R. Wanless5, 1982 ¢ Jo-
nathan JL. %, 198 yasuo Himeno %, 1989),
237 %"“*1 DES®} #Hi7F ®asl s glo{(P.W.
Aschbachers-, 1974 ; William H. 5, 1974), 1973
wdel] o]n] wixt FDAo M= 49 AAZFAE $1%
DESe} Ah&-& FA)stedck(William H g, 1974).

g3, BST+ |3 v] FDAe] 49ldlie
AA g FE BE el o AHET) 9fsfod el
aha =sbe] EHu Uk el oledt =3
Aef Aol e BF3a of2{dF EETof o3t FHE
7o} AANANE us B FETE0) £ FAE
5ol oz A8¥ 4 driBaumang, 1986 ;
Hart%, 1979 Denamur, 1971).

mpeba] 2 37 DEN-Galactosamine-PH 2
FrEAE shelstn oS abEel AFsA QA
Aae £ 7 e AFEINEES ATFAdAR
AREEE ol AEE A 1’—%91 ety & o #F
717485 o) wa Homd IuIAGFAel 7%
b FAlel @Al T - el =ghe] HI e
BSTell gt E-Adoirg ubsle Ay Ut 3
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Fig. 1. Design of experiment
I DENA: Diethylnitrosamine 200 mg/kg body
weight, 1.P.
w PH: 2/3 Partial hepatectomy
v D-GS : D-Galactosamine 300 mg/kg 5 m!
saline. [.P.

E':_'E] . DES 5

mg/kg, 1.G. Twice weekly

¥ W) (4] @ W)

: EE, 5 mglkg, 1.G. Twice weekly

mmmmm| : BST 400 mg/600 kg/day, LP.
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nate, 26X24X18cm, HAZ|A Azhol| 2rjeiy
Wl Abgsiedch ALR(AYEES A8, AldAt
B8} & 83 TFskart
ANEHER -4 AA&£2 £E4] BST(Bovine Soma-
totrophin), estrogen &<l DES(Diethylstilbeste-
rol), EE(17a-ethinylestradiol) &} #}&7 & 37}
2+ otedxl PB(Phenobabital)2 A1{EA 2 Al4-3
At}
AEHMA U AHEN FH-AEFESF T 10
nte]¥ 57 o2 Jre] wixske] om(Fig 1, 7
AR 25l AgsfA el 7kek f-2-EH (initia-
tor) <] Diethylnitrosamine(DENA, Sigma chemical
Co., USA)& Ael2 gl &A1 A AF kg 200
mg¥ E7PNE Fo3iech

A 1ol AHANA] Al 278E A 8F71%] 6F
Zol A|gE3lql DESE #AF kg 5mgs 15of
29 NE Fosigon, A 27 AlHAT Al 2

Y6 AdE5Y7HA 6553t EE.& AF kgwd
5mgs R Foisllch A 3Tl A|HNA] Al

: PB 0.05% in water

: Basal diet
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HEl AgEadra 6575 BSTE AF 600
kg 400 mgs B7HNE Foqich

A 4Tl XEARA A 254 AESA7A
6553 PBE S50l 0.05%5 Alste] Foistdom,
z2Fel Al S5Tele AlHNA 275E AlPERY
b2} 63%<} basal dietghs =Hich

AW AH(DENAS4) 250 D-Galactosamine-&
A5 kg 300mge E7UE Sz, 55
7 ste] 2Eg 9lste] BE HollA] 7H] 2/3(67
%, F$ FA9 2 AS999) 5 AA sk A1d
MNA) 8FFo BE Y=g HHdck
HE U MR &5 - A 5Hste] FolE o]
stah AR I o) F wiF 13 =9 MFE
2tk =9 AT kgwd 19 ARAHFS
A4rsl7] S8 AFSA HlsA o5 18] AlE
A3 A AR 38 39 AEE
e FAE FHG F FoAstn, chgd 2 A
Zroll Faokg FAHste] AaAHEE A
o
37l19| xz2|-Al¥Es 3}'?-1\_0“ REedY FES

Ao, AFE 5
3 IFAE & d‘}ml gl HFE ke F
AwlE Alitsledch
e #Hald -7 FEAEASF 32 3594
(right lateral lobe)% rl4ted(caudate lobe)oll4]
2~3mm FAZ 7t 23& AHstoq dFE 10%
phosphate buffered formalinol] T#3 F Yubxal
paraffind §-& 7+59] Hematoxylin % eosin %42
ghe] wiHE Faslgic) b A9 AN o}
A& (cold acetone) ol 1A 3to] 6 um 2| paraffin
4HE wtse], MY (preneoplastic lesions) 2
marker enzyme?] glutathione S-transferase place-
ntal form(GST-P)%}A foci®t nodulesell g =
odzA s18t4 4% sieir}. Color Video Image
Analyzer& o] &3l 274 2 mmeolAte] GST-P ofAd
focie} nodules®| ¢} WH-& A4st]ct
ey == st g7 =AW GST-PSA
foci®} nodules®] H-X & #<2l3}7] $s4 Avidin
Biotin Peroxidase Complex (ABC)¥& o) &-3})
o4& s}eich Rabbit-anti-GST-P antibody(1x}3}
A vhael Algdidn oudigte e FHF
uigtom, (.01 M Phophate Buffered Saline2 2 10

280
o~ 4 N
o 8 -
2 - A &
g o0 /ﬁ'/‘- ‘:\ - /,’G'
2 20 ATel TR
5 = o o
O .
£ 2001 [ e
.g‘ A " IS Y
2 1% o }w-_«,.__, . ) T
g~ s a
2 e 7 o —- Group 1 & Grouo 2 - 3~ Group 3
3 Y - Groupda A Group 5
§ gy

100 R e R 4 T o—— - v

1 2 3 4 [ ] L] 7

Weeks

Fig. 2. Mean body weight change of rats treated with
DENA

v] 3]4%+ ¥ Bovine Serum Albumine] 1%7} =
225 et YARPAAA ALg-sigc)
Xge| EAIMal-Ag A 2-Tailed t-test
o] g3t dzgtat v, FAstch A o of
ste] 8] 5%(p<0.05), 1%(p<C0.01) ¥ 0.1%(p<C
0.001) 9} F&ol A Fo4dE& AL

4 =

HEHS -2 E Follr] Tt ftE4dl DENAE
FALF AT St A9 BelR] g} 1%
FH dA% HAF F7H8 Lot D-GTE *
i3 25F %€} DESs} EE, & Fo4% 7 Al 1393}
2T AFF7E o8 33 HlE A3 Eslg
%13, BST2} PBFo] -8 sl =2 ul$ahA i’]%“’]
@43 F7hhe Bk 2y REFAA 2 H
FAAE HAIR 3 55758 AFZo) gasi
1 F%el o] F7bskdch(Fig. 2).

el FHU|-AFA A ko] FAule] gleia]
DESE & Al 133(5 mg/kg) 3} EE, & Fi% Al
2T(5 mgrkg) ol A 242t F4 2T Al 53+l ¥)
) £-214 (p<<0.00D UA E3teh EZ PBFAT
Al 5Tl wis) ko) FARZE #2143 (p<<0.001) A A
*okort BSTEFoid A 382 22 f-ol4do]
et olopz A3E £, DES, EE,, PBel|2j3t
A 4fr=(enzyme induction)”} s Uolntg
Ao ApgsoiAlch

et W e HojY 2471 {354 DENA
(200 mg/kg) & Fo4F A EEAUQ DES, EE,
BSTE Foidt & % dlz=3e A Axe 7+ 24
ol &oden offd FALAE WAL ¢
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Table 1. Liver Weight-to-Body Weight Ratios

Y.K. Lim, K.8. Kang and Y.S. Lee

Group & treatment __ No. of rats Final B.W Liver{B.W
(mg/kg) initial final ratios

Group 1

DENA- DES 10 8 190.0 +10.88*** 4.59+0.51***
Group2

DENA - EE, 10 8 184.14+14.86%** 4.51+0.36**
Group 3

DENA - BST 10 9 264.4+17.28 3.71+0.26
Group 4

DENA-PB 10 8 281.8+9.59* 4.84+0.25%**
Group 5

DENA — hasal diet 10 10 266.3+10.99 3.54+0.18

Each value is the Mean +S.D.

***: Significantly different (p<0.001) from group 5.

**: Significantly different (p<0.01) from group 5.
*: Significantly different (p<0.05) from group 5.

Table 2. Number and Total Area of Glutathione S-transferase Placental Form (GST-P) positive Foci and Nodules

in the Liver of Rats

Group & No. of rats No. of GST-P foci Total area of GST-P foci
treatment initial final nodules/cm? and nodules (mm2/cmZ2)

Group 1

DENA - DES 10 8 5.48+2.35* 0.93+0.51**

Group2

DENA- EE, 10 8 3.11+1.26 0.50+0.20**

Group 3

‘DENA - BST 10 9 2.29+1.03 0.28+0.14

Group 4

DENA - PB 10 8 3.36+1.59 0.86+0.44*>

Group 5

DENA - basal diet 10 10 2.75+1.86 0.21+0.12

Each value is the Mean +S.D.
*: Significantly different (p<0.05) from group 5.
**: Significantly different (p<0.01) from group 5.

Rolg 7o) WA FHA
E35]0] o= o) BAH L,

slov, PBE
Ho] tExHo T
M) zhe] WAy
ek

2)& Table 2¢}7ch

DENA §o4(200 mg/kg) & BSTE H23ilE F
& A 373} 34 =T Basal Dietihg Foijt
A 5ake] Wil WA ol glolA FojAo]

Q1A ¥l x| oigkor} DES, EE, PBE Foid 41,
2, 45-0) 2ol ulste] 24 (p<0.0D) UA =
epytei(Table 2).

olabe] A& Huj, BST7} DENAFoiof 2lgt
= 7ol Al o) initiation ZHEofl EThE L
v|2)z] Zsledeow, w3k BST zpale] promotion
Aar g o2 AlgEv DES, EE, PBE 71
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EE2 A WEeideld FAEF dodor

v|zlo] ojejg ] Ar|2 Hdso] vhofgt b
Aol &g wlR|7] wFol] ofshEeo} ¥alohz}
2] & atF-ofol A E L o] ol BAS FFAIA HA
25y Hate Hd2 T2 gAY 5 A
o} FAEE iyt o8] Fvkela ch o
YAEEZE 53] dAEZAEZ(estrogen hor-
mone) 3} A A-&-Z(somatotrophine) 8] &-&4do]
oj3t Wutolyu} o}, Habibiokell A 2 A4Ae)
de] F¥e] =

drezd T2 194030 Holx Aug4rs
Z7HARele Ao] wWAds]le, olejdt EEF &iial
2] Diethylstilbesterol( DES)& o]@lgtel#] o]
Mgt g 719 AE WA= AE R,
olels 47t th2A ulf e slolAe wEE F
A5 AARAEE Fole A AR AT Jukes
&, 1974). ojgfiole] slojMx 197891 7=
DES+= 7153l d73A N, 3= #3 o2E
24 AHA AEE A, AFF A5 A 3l
o] fubete] ARE Yl AHLHAL, L2 22
FFH9] o~EZA TE4) 170-ethinylestradiol (EE
DL AT HAe) 528 estrogenidHo 8 o] &
H+ A EEo|ci(Champens,1987).

ey 1971 Herbst5-2 ofzlojo] & lAlstm
U= AER7E DES A& wohgw], 1 oJajeto] s}
ot F @-2rteld] A9l AorE(vaginal adenoca-
rcinoma) o] HAs 8caseE B uale], DES7} o
2l-obel| 4] ] o] 4= 1 gl 2 FAlel] Al
FEAe] =alen, 2 o]F oleldt uiqtde B}
A5 o] v 8-& $138) DESY] A& FAs)okgie}
€ 877F F718k A, o] Ho] vbEpold kuyd 2
How ot wide) gt wigFelvin} 7hw)
2 A7l Ao AA widEA] g AR
o= W 77} 9loJ(Ashbacher 5, 1974) °]v] 1973
1 "3 FDACA= ¥l&& 9sf DESY »14%
Ay FA A FHch(Jukes 5, 1974). 02’ AHolx
E7eta, a3 ALHoR AFH AL H
eto g Al Abg-Eeigich

1975 Malachlan 5& <7 o}l$-25 o]&3
A4 ejoi}r]H DESo| =EHg-2d 447

[

2 1

ol qeigdio] wAsiH i B w8} 7 (Mclach-
lan &, 1975), A& 32 Aol DES7} o2
wetEAlnte) Ad4at8(synergism) 2 74y, {4
wakE o] stel whael ¥ 3=l Chiyo S5 19
80). =3} Yager ¢ Yagere AM3Ix] ¢e =iz
oA AAEZA EFe] wetEA A9l A
+ B3 olgl2 o 2EZ A TEo] Y=o} P
Eboll A Wt A A7} 9l-So] ¥ ek (Yasuo 5,
1989 ; Jonathan 5, 1984 : Wanless =, 1982).

¢4, 193092 23 A 22858 A
3718 FEol F94A] AAFe] 27} 2(Evans®
Simpson, 1931), u]f-7]e] Sl EEd 9lojxie
FHAAHE Z7HA70ck(Asdell, 1932) & X1 E 3
RIL, L olF olFE A7 oA F2EF
T+ 4 &, #el= &Fal prolactin® somatotro-
phinee} wlfroll F8%-& s W oni(Ashimove}
Krouze, 1937:; Cotes 5, 1949), 1964*d Cowie
Zoll o8 FE WErE 0)8-g A prolac-
tine] $l& 717159} somatotrophinec) ¥) %2 ¢4
daaglel #Hy=E ) olsigt A Ao} Ho
fr-F38H el whel DNA Alzgde Az
stod 2ol A wlf B B SEA1L 9ste] LAAEER
(bovine somatotrophine(BST)) ¢] ZFuji= &
A dHFYA & 5 A Hw, 1986 v F
FDA7} 2jslelj 4] BST7} atdslz] wjfof BSTS
A &7 Pl g srRiche FAYAS 19
T ol vlFol Mz el M vlF F v &1L 94
A ct}zf A3t 2dch(Robert Reotutar, 1990).
o)) ol YA el 1988'd ECHIIES

T 7FEARSS] EEA AHES FA AA =%
FHAME el ] FAAEEY A4S FAE R
FUEFFAE 2 414 FAEl Aok 2}
FoHAZ o], VA F FEAe FHEEA A}
€3 2 iAol e S - 2o v yEetT 2
Aol A =) JtdEm ik o)zigk AbghlA)
olziqt Bl UYALT wlE Al A shs}s)
AA% ¢ e we] Fasich IR olzg
P EE U S AYshedls 205 o)Aty 7
717Ft T Ao FEolA wetAS gayg £
sisdeH(Yasuo Himeno %, 1989). z2v} 19804
Ito 52 Solt®} Farber-& 4 Hshsled Lol
HE vEESed o178 DEN-PH 7] weiA A
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aolzba gk of byl o8 TEL EE ¥
A EA 0] wetdE 71(8F) e AT = U3,
A71PA APAAN Y Ee HFES ebld
(Ogiso 5, 1985), A& A U AL fslA
de) o]4E% gIE WE Wi wpgeg ol S
G| I glo] YL RS S Fo &L 717l
AA & 4 ke AEE A ot o) Mg
e 243712 sAge B4 A4S HA
= urEgn xjgch. A o] uhHE £ - B
A 7HHe 2HAr| L 8 gt 4-E A (non-
liver carcinogen)& ZAshe uhe] sNu¢=Ech
o)2igt EAL ¢la4 7fisl DEN-Galatosamine-
PH era Aol D-Galactosamine®] 3|+
DA 4L Fol MESZAE FLste] UdE
2271 24S skx, o] A4S e X
72 s werE Aoy g EHATIR A
e 24 AYsted & HF5EE ehid]
ojWEA ) Wrde Al M f43 W
o2 QAHI Yeiito 5, 1988).

GST-P Wi dol 9% Mgwwiony FAL
(foci) 9] o} HAL A8 £ Az, AgEHA
DES, EE, PBE Fo% A1, 2, 475 dz=Fal
A5 F2rt ehgenz(p<ool) °lF
Z-ale] ulel&al(promotion) A7t Qe AR
A7 sy mEel $EAHEF]  estrogenFF2)
ZRo] YEAE HAS HAY F2Adol Aot

1, estrogenETEo| el A% wEFolA ulg
7 pg2A EFHE Mol BSTE Fo3I¥ Al 3&3%
z2zae Aghgwel WA} 59 vlselA #-2
Jo] ¢lgdth. 2R BST7F 2m7)olA 25

>

Al AN SR0] A7 - HlelA Eele]
Wil Sx YA, B AP ATE Bl we
Ko A=olA S Ao AR

4 £

Z7] wetd 23y 2dE o83t PS
AEZo| AFE F 9+ estrogen EEQ DES
(Diethystilbesterol) 9} BST(Bovine somatotro-
phin) z2lx A7 AYAZ A4-=E EE(o-ethy-
nylestrodiol) ¢] #tetAl S atolwr] &, 3
ubolE- Ao ofs) Wb, A=9] ZhellA] HebHH 9
A F & A Q glutathion S-transferase placental form
(GST-P)< o]&38le Zw3}l1, Color Video Image
Analyzerg o]§-ste] Mshwwie] o} AHE A
T F ol T2 FATH dETE HEEAE
e 22 ARE Ak

1. esrogen &2q DES®} EE, & 5% A1, 2
79 Agruwe] o WA 2T wste
$o A E=toHp<<0.01).

2. BSTo] Ashel fof AAL zFal A5
3 wlzs Boke o felAbh Uk

oJAte) ATE F3e) wd, APEAQ BSTE
shabd wgtEAE fEg A=) T odkd =Y
o 4] shirAle] Promotiono|i} Initiationel] o1&
gt 22570} AAEY) gl Ao AREo.
a2t DESs EE & 249 A £31 &
7} e Aeg AEHY FUFAEFH olF
ERo] o] XY ARE HAI FIY Y8
Aol <lrt

Z280t

N

o] AT 4ol ZAAEZF BHMA Aol HE 25 AL o) YAEFT WIS WYohus] Aste) FPY

el

673o] F344 A=F 5302 1}yl U HE 24l diethylnitrosamine(DENA) & M3 kg 3 200 mgd H7hH
Bodatx, AYAA] A 25l AHEEAAX AL 2 37 A4z diethylstilbesterol(DES), ethynylestradiol(EEz), bo-
vine somatotrophin(BST) & $o33tz, # 4Tl wd&ale] & 22 phenobabital® Feiztglod, A 5T =z

Foz slzaRe &

stgich. EAlo $EFe gt D-galactosamined #% kg3 300 mgs 2 13 F

st o, 7aste) 25 9Asted /3 THE AT AYAA A 57 AA) sheick AYFEA FAF =) AR
GST-Pol oiet WeizAseta g AAsel dtde FAstsch
e 94 dlAE2A FE(EE, DES) tzzsh wmstaed Bdiel e A2 7=l BSTE ¥

stdde] gl 7oz Az
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