RUERREREIE(1994) 3448 3
Korean ] Vet Res (1994) 34(3):609-617

ol Folpete] HiQbAdol] gt A+

ologe - AN - 74 - Zulgk - @Y1 - AR - BT - JRTFT - SRR
gt |9,
Az 5o
Fute ol
(19944 54 13¢ 3%

The carcinogenicity study of Folpet in rats

Yong-soon Lee, Jae-jin Cho, Kyung-sun Kang, Bae-hwan Kim, Ki-hoan Nam
Kwang-won Seo, Seong-keun Kang, Yun-kyu Lim”, Kang-jun Heo™*

College of Veterinary Medicine, Seoul National University,
Department of Veterinary Medicine, Cheju National University,”
College of Veterinary Medicine, Chungbuk National University**

(Received May 13.1994)

Abstract : This study was performed for assessing carcinogenicity of Folpet using medium-term carcinogenicity
bioassay.

Sprague-Dawley rats aged six weeks divided into four groups and were initially given an intraperitoneal injecton
of diethylnirosamine at 200mg/kg body weight.

Two weeks later, group 1{negative control) was treated with basal diet. A Folpet was given per oral administra-
tion to group 2(100 ppm) and group 3(1,000 ppm).

Group 4 was fed on water containing 0.05% phenobarbital sodium as a promtor for six weeks. At threc wecks
after beginning of the experiment, partial hepatectomy was performed in all rats.

The tumor-promoting effects were examined by the numbers and areas per cm’® of induced glutathion S-tran-
ferase placetal form(GST-P) positive foci in liver, and silver stained nucleolar organizer regions(AgNORs) which
have recently introduced as one of the indicators for the cell proliferative activity.

As the results, Folpet didn’t have tumor-promoting effects on GST-P positive foci developement and AgNORs
during promoting stage after initiation, whereas phenobarbital sodium treatment group showed promoting effect.

It was concluded that Folpet didn’t have promoting effect at 500, 1,000 ppm using this midium-term carcino-

genicity bioassay model.
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A FELUNE FEANANH o2 A FE
g wEsle Fo] Bol EolAa FxAo| ol A
Agell Wt $3 84 Q17ke] Aol Ao Pedt
Y& A5, B 2ol oigt 227 2olA
3t Qi o]9f3ho] g} A, B 2594
7 FNA7 QAE E 7 v BEAZAE 5. F
PolE, Fel5EE 585 & F e, 2A S di
SavEte] ZAR7E, 283 IR V|FeE § F
EAEC g A Hrbrt F4s] dasid. olF
Wk Hye oJobE, T2 EAA], HAAA ol
= FllellA oA E o] Rl 3 glor} Tkl tidt
Wb H ke mivld Holth

5% (fungicide)2 2 942 %, Folpet(N-(trichlorome-
thylthio) phthalimide)}2- ¥ ,37] & 5%-E-l del &4
£En0levdoz ugdd AFEHE v ¥
AgA, 71E8 AEE ALY TEAHNA 2 LD}
5,000mg/kg BWZ Biso] gict. o]of] ¥ d+& F
7] Wk 2aEgdy Bl o] 8sted ] Flopet
2] WiQhA& <doliy) A, A= 7oA g
A EHAQ  glutathion S-transferase placental form
(GST-P )& o]-83}o] S5, Color Video Image
Analyzerg o]-§3lod Hehwwiel o} Wiz g AL
F* Folpet o337} tlz2-g vl 2431 Folpet 9]
A ) ot HAg =g vlszs) Bkt

W, Hagol 2Fold 3 Askio] ghE nu-
cleolar organizer regions(NORs)2] 9} A ¥EF2]5 A
olell W& ;A o] rkx Birxjo], AgNORso| A
Eo] FAFE Yok vl g §-88 A EZ I
;2 eb*. Nucleolar organizer regions(NORs)¥= ribo-
somal RNAE AJ4ksl= DNA 38| 24] A X&) &
sl E-dZ7) (metaphase)e] 4] EgjolA e}
oo g2 QI a2lueg F4jo] gk AE
|4 NORse| 47} EojuiAl 5|22 o] NORs9]
st Yele Yk og AEES] 45 vehid. ¥
5ol 244 9 FE4 Wy g 2odEE
NORs s2}2] 434 A7} ol ZAs=]o], AR
NORsE o] g3t dAyo] ol A#E o], s}
It whEn] gyAe] Qe H-8 e g FAN 5 9l
c}.

wela], e AgFes 453 fee 71 ugt
4 ®eloll A s2(fungicide)! Folpeto] b4 #3134
7t A=A Yoty Slste] B AFF A

Mz 3 Uy

AIHEE : Folpetd FdFiolA Friol WA
BaslyA Agsigict.

MEHEE : 65739 Sprague-Dawley HE=E 420l
2 AHFEAANA Eahdol 157 A& AAl
bz FEAANA AR e, 317 F AAT F
B Alfoll Agsigict. BEAY $#H2AL &5
23+3 T, AdlssE 60+10%, 37 34 10-12 3]/
hr, ZHA)7HA 7A-2.F 74]), 2% 150-200 LuxZ
A5 Agditta FolAdist FFERA% e 554
Aol A AAlsde). 3717 9 A§T) S g
£ Eeg7lEdlo]E  FAlo)X|(polycarbonate, 26X24X
18cm, X171 A A 2Hell 3v}eld] Yo ¢gslict.

ARE Q=G AFARIBAE TS 42
NHLH, S A E4E AFSBES th

HHAA R AIHER Fof - XAl 2A 2
(FPN=T, SAY=L) FodT (K&, 3183F)e
2 URdeh 388 Foide AA 4xEEq I,
000ppmE 7|F2.2 3o, 283 Fo7-2 X0.1
HlEL 100 ppm AGRA] 2532E] 8F74A] 657 s
ol Hol HFE F 53] Foal¥l o, 8 T
Folpet 1,000ppm-g- #| &%3} 722 wlylo g Eofslq]
o SAUNETE RARE Fofsisich.

PHUEEE R} PYFAZTAR AT Pheno-
barbital sodium(PB)g A|G/MA] 253E] 8F74A] 65
ZF 5ol 0.05% 558 4]o] Fodsigict

EE 78 AN Yol det-E 32 diethylni-
trosamine(DEN)E- B-7HH 2 AlF kgd 200mgS 5
sgw, Zhte] FE-g gslel AjANA] 3500 Zhe]
2/3(9-F4 W AF2Q)E AAlss 74 44
sloict.

HE, AR W BT 432 2H : AFHS FolE
L7198 A@ANALR o) F vl 13] H=o AFS
FA8%. A= AlF kg 1Y AsAHASE AN
317 sl AFSA WePeiA w13 As4dH g
+ ZA3%0. A8F 38 o] ABE MY F
Ag F3% F Foloha, ohgd 22 A 7ol G o
+ 24 6ted AsAHHE ARSI

7)ol M| : A1 F8 3FH BE 7 FES
AT AFE FHE F FHslod - A&k
7o) FAE ZA4ste] ATl gt 7] FAmNE Al
st

st Hojd 9 HYxXsiety atE 2k BEEA)
I vl 9-Z2ld(right lateral lobe)d |4t (caudate
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lobeoll 4 2-3mm $AZ 7+ Z4E Alete] ARE
10% phosphate buffered formalinel] 243 & UulH
2l paraffin A& 9+E0] hematoxylin 3 eosin 3445
sho] W g BT 2 28] Y WolHE
(cold acetone)ol] A s}od 4ume| paraffin AHE W&
o] A (preneoplastic lesion)2] marker enzyme?]
glutathione S-transferase placental form(GST-P) &4
foci®} nodulesel] that X E #olatr] 9Jall4] avidin-
biotin peroxidase complex(Vectastain Elite ABC kit,
PK 6101)4& A-83ste] A=A 3H8 A2 31
t}. Rabbit anti-GST-P antibody(12} 34y 0.01M
phoshate buffered saline2 2 108§ 2J43% ¥ bovine
serum albumine] 1%7} HE& Hrlsied WA RN
WA Aot

2|7 2mm o|4ke] GST-P A4 W9 ot HA2
Z+a} 3H-EA7](Color Image Analyzer, Q520, Cam-
brigey%- o]-8-3ted Alitatgiet.

Silver-binding nucleolar organizer regions
(AQNORs)o| 4 U &% : 2717} FAlol M 2
228 10% TEUdo] LAY ¥, 4um FA skt
A Eojzx PHE PEo) xyleneo.2 Yujeta A7)
I AT FHTE AX FFARE. STl =
silver colloid 8-8-& £¥3 ¥ W& Al 7
& dol AgollA 40 71F WA b, T2 F
3} Z5roll Al Grabd& AX glycerin jelly 2
E}dstgict.

o714 silver colloid £-H- 1% EEAF £8(formic
acid solution)ol] Ale}el(gelatin}S- 2% HE5 =9 &
N1} 509 AAS LoH(silver nitrate solution)S 1:24]
2 4lo] zAl|ste] Wasigich.

ZHAXIR Ol s 9 Wo : APATE two-tailed t-
et o) geto] hzgkh vl RN A §2ol
tisho] 28] 5%(p<0.05), 1%(p<0.01) B 0.1%(p<0.
001)8] 52l Ho14& PRt

d o

HEWS X AIEMEE - BE TN G e
A9l DENE Foidt F Zvbt A9 HolA gt
1355E] "Wxs) AFo] Frhsiart. 7 RRAAT
& F RETolA AA3 st 1535578 oA
3] B85 gIch(Table 2). A4FAH S F23t Xo| &
ez ekgteh(Table 1).

Table 1. Feed consumption changes in rats treated

with Folpet (unit:gm/rat)
Weeks  Control Low High PB
1 9.20 10.23 10.22 9.68
+030 +065 +086 +0.32
2 23.23 25.68 42.50 11.61
+627 086 508 375
3 18.31 10.62 11.79 13.55
+537 +443 +6.85  +4.82
4 19.21 25.51 16.75 6.04
+194 +379 +12.34 +094
5 30.20 16.43 26.33 24.45
+260 +7.88 +3.18 +1.08
6 33.15 32.58 33.36 34.75
+262 £970 551 +1.35
7 29.62 20.89 29.12 42.83
+0.38 +498 +201 +8.00
8 33.17 38.00 33.83 47.50
+033  +823 572  +6.83
PE, phenobarbital sodium

Table 2. Body weight changes of rats treated with Fol-

pet _(unit: gm,/rat)
Weeks  Control Low High PB

0 156.74 157.37  165.03 164.23
+34.12 +3043 £32.80 3058
1 189.40 170.70 163.05 167.32
+40.86 +3576 +3540 2955
2 207.71  231.17 217.16 24573
+37.00 +4792 +47.19 12940
3 250.24  223.08 240.36 234.07
+29.32 3919 +3583 12780
4 285.88 267.39 250.01 267.67
+24.26 +49.31 +£56.38 +£33.00
5 308.55 29744 29896  308.15
+21.04 +6099 +63.05 +3191
6 365.25 335.50 327.22 364.90
+2580 +6647 £63.60 +37.03
7 366.67 336.00 336.06 34492
+25.15 +58.60 +£68.11 +32.00

3 348.25 33422 31539 3477
+2375 +65.33 +54.76 +3243

PB, phenobarbital sodium

HZoll chet zro| s : AFol T 2] FA
HlE tizol uls AR FelZol o 37k
oub fO4e vEhiA ghek, PB FolFa} wlazeh
o] §Sl817] E3keh(p<0.05)(Table 3)
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Table 3. Final body weight and liver/body weight ratios treated with Folpet

Group Treatement No of rats f,::h:z;:r) vf:;lln](j;:) Livcr—rl;(t)ic(i))(/%\;/cight
1 DEN—BD 348.25+23.75 9.20+1.09 2.65+0.38
2 DEN—Folpet 7 3342242533 9.78+1.38 2.98+0.38
(Low)
3 DEN—Folpet 7 315.39+£54.76 9331148 298+0.31
(High)
4 DEN—PB 6 347.75+32.43 13.92+0.86

4.04+0.26"

Each value was mean+S D,

DEN, diethylnitrosamine; PB, phenobarbital sodium; BD, basal diets.

*, Significantly different(p{0.05) from control.

|2 % HE#o|E 24 % HEEYU DENS
Folgt F salined FoI3k A=, A1PEAQ Folpet
AL, DL BT K102 oY/ FALHS B
8 T glglovt, PBE Foi¥t 2 A2 7he] W
87} Seebn Fdislol itk RE Foldl Hag
GST-P SRR (GST-P positive leson)e] 38Hsin| A
o A7, F99 B4=A3 FEel sJAHFg 1),
@AI7E HEalA] obL AE e WaFol ghag] AAlell
EEA Al Qe Zo) sl on(Fig 2) M¥EA
o] A9 glo] FEF At AN, ¥ Pl
el 5o} URUch(Fig 3). =4, PB Fof o] ¥
2 234 A (AgNOR, Agnucleolar organiazer region)

ol ofeiNY WA ot(Fig 4) & 9 Folpet

Foidoll A e A A=A kgkel(Fig 5). 234 A
B2 YAz EAEIAG AIXES] ploidy7t F71Eo]
FAAIF7E F7HE wigh AAse) 7 W) 7t S)
S 5o, SPPRARNAE 1 57} F7HoRe Ao
£ 5]of gle}.

Avidin-biotin peroxidase complex 7]E(ABC kit)&
o] g% GST-Poll oft =234 4 A,
DEN £of ¥ Folpet A- 837, 287 ©F =2
7} vlszste) Frbshe A2 HAUAE, o3 Hike
TR okt a2y, FPdETR] PBRATS
ezl vjste] GST-P FAdHae] ook R4 §
Js1A] Z7bskgl el (Table 4)(p<0.01).

Table 4. Number and total area of glutathione s-transferase placental form(GST-P) positive lesions in the liver of

rats treated with Folpet

No of Rats No of GST-P foci  Total area of GST-P foci
Treatment
initial final nodules/cm® and nodules(mm?’/cm?)
DEN—Saline 10 6 9.70+2.50 0.32+0.05
DEN—Folpet(Low) 10 7 8.18+4.90 0.384+0.22
DEN—Folpet(High) 10 6 10.18+4.30 0.61+0.39
DEN—PB 10 7 14.31+3.64™* 0.694+0.24*"

Each value was mean+S D.
DEN, diethylnitrosamie, PB, phenobarbital sodium.
**, Significantly different(p{0.01) from control.
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B AgeAe £, B7] 5 38l del ALs
3 9l 59%F Folpeto] ARPFTE(RAE )oll Ut2Al0)

SA Gotiy] f3le, S A4S o] &3]
of AAlskict. WekEToi ¥ A=) 7ol Wb
W ol A FH A9 GST-PE o] g} 2|, A3t
4RAsl2 APEE ATELY GSTP FolF,
PB $oiF7 SAUZTE ¥ EANSIt. o=
27091 PBE] Fol& ZhollA o BANA e S5}
ZEA 2] vld(hepatocyte hypertrophy), DNA §&43 2]
Z7}, smooth endothelial reticulume] Z41°%-8 gu}
Ak B35 wp Qlck. 23k ghlghA], Q1A A,
cytochrome P-450 isoenzyme’, glutathion conjuga-
tion Y i Fo| Fydicty Gl 9 Ruge B
Aol PBFoFo] ez} vlasA] MGl Nt
Zrgero]l FAA Al #A Jehrds o157 & 5 9
ot GST-P= A4 =9 Zellde AL &8 5 9
<ol 3H5hA UgRE A 2 foi= 7he] Ao
A Boldog 1 X7t Zuisln], 3t wiet
AL FodlE A S YIRS AL 1
TR7} F7HE A oot A g SolAHQl AR
A2 HriE s et

wY B ATOINE HE AXEA5Y AEe 2
W3 Qi AgNORsE AHgstel Wt 20 ig oo}
Hokr}. Nucleolar organizer regions(NORs}= #]4=a)
(nucleolus)oll a8l of@} o YAl|(chromosome)ol]
A F-el=lol A Fctt DNA loopset o 7)ol 4] AL
o172 ribosomal RNA gene®] Holel7} Q= H-91& %
gheh. NORse A} iAol & AEe] Ed%7)
(metaphase)el] 13, 14, 15, 21, 2291 FA4A)Q] short
armol] $]x|s}e, AEEAe] 7H7](interphase)ol] Fx}
o)A o2 Paelyd A A{FE(dense fibril-
lar component)i} 4-4-4FA 2 (fibrillar center)& 33
ol 21e .

AT GAAES o] NORsoll 28 o] &2 when
2R 1 DA A Metel TS Adsa Sol
Q] d o] a3l WAHAA Pl 2R Ag-
NORs?| #Ae¢] 7H53siA] tHEUt}. o] NORse] g4
ol 4= DNAZL A5l Zlo] ofJar, RNA AAg4
¢} BARo] ribosome FFAol| HojHTS HFE=
RNA-binding protein 3 small ribonucleoprotein par-
ticles7} JAME]= AQldl, o] ¥kl carboxyl”],
disulfide7] ¥ sulthydryl7)7} 23} 2S5kl A= RS
o] g-gt uholct. oj2H F7HH NORsE 7Hd ez

23 8 4 A = A A NORse} == A4 oluliA)
(diploid) A|EellA 207] oAk, =2l & F4Z
31 AAgtd] RodA Yehlo2 1-27) Aeg #
. e AESA o] i A Wit B4
=AY, AE ploidy7t F7tEle] dAAle} 71 Ft
2 ), B3 A A5(transcriptional activity)e] 714 o,
- 4% NORs(AgNORs) 7}t Z7lsHAl (et A=
oA Foko] MENAE= Eo1A e NORsS) =7} A4
Y} 7kl sl Zlelch. AgNORs9] == £ 449
A, 22 8R e FAll, 2N F7 9 A we
A& s 7] sl Agvkch £2)of glolA] 4
oldt AE g 4 QGoll Foello} k. o} &
E AdollA AXxFo] ket 72 AgNORs2| 47t
A4 Hoh FrtEvhs AL UX3. ael3 o] Ag
NORs 42 bromodeoxyuridine(BrDU) v % <d A4z}
DNA flow cytometry® 5-¢] A9} vlsasle] £ of £
AAE Yebie] S0} gtk A o] AgNORse
MEZAG Qol4 £ AF7 2 5 glozlet A4ud
c}.

Folpet-2 Salmonella typhimurium(His), E coli(mouse
lymph(L5178Y)), recombination assay ‘g o2]7}4] ¥io| Y
A Aol A okAd-&- JElgi 2L}, hepatic  homogenate
(39) EAlslolldl wolfAdo] A=, Folperd
CD-1 B6C3F1 v}g-~ollA] duodenal tumors §isl
captano|k EA# F=A o F FAR ), in viroAl Hell
4] human blood Zalsloll4] 414:3] degradation Xt}
o]l degradation producty= thiophosgene 21¥l] o}3= cap-
tan?] metabolite o]c}”.

Al ghA Wik Aol e A8EES & 4, F
AFE, Fo7| 7ol wel dutsle AFAE bl
vk B FR2) vkt l=ell4 0, 1,000, 5,000,
12,000ppmg AFE F3le] 112-113 F7F Foidt At
female2] duodenumol}#] adenocarcinomaz} 5,000 ppm
(p<0.05)# 12,000 ppm(p<0.01) FE7ol4 vjepyte.
W, BEC3F] upkS-2o0ll 1,000, 3,800, 7,600ppm S5,
Fold Ay 2 E ol duodenum?] carcinomar} v:
Asel’. 2# B6C3Fluk$-Zof] 18 /HY7 603
ppmE 5o 515 21}, tumor BEA8e] control2} 243 o)
A Elgehs B} ok w3 CD, SD Sl=(60/
sex/group)ell 0, 200, 800, 3,200 ppm §-8F 5192 104
F7r Fodald=dl, 52 F FARA] stomach umors= W7
2] & ¢k9kil, stomach@] hyperkeratosis/acanthosis G5
Leh-g Wolde}. Thyroid®} testis2) interstitial cell tu-
mor7} WA %) 91 3=6], compound-related tumorg] 2] 3= %
A ghoha Borslde}’. B @A n Folpere] 29
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W) S0t WAL SHRZTH vlzoigle ) HESE
4 TEFZ 25 Fhigort $AH H94E bl
A ghska, oby H=FQ) PRI o] GST-P 4
£9) #49UE 3748 HerHp<0.05). ANORs 4]
PB SeiZoldt T BAsIgoh, HEF W Folpet
FolFoAE A WA Ysleh. & AT A
3 Folpet MEFFS A 5oF AEA HAuIE 1,
000 ppm& 71202 sigtl, =T o184 WA %
Y AT ol Yol Wk FUE FIE Hgle
o, EARh Ao B ATOIA A8 Zhut
ANE 37 U 22 e AP 37 3
g MAE P FAH F4E YEhIAE gt

9] A%z wlFo] FokoE AFHE Folper 7
PIEAEA} P Ro2 AEAAT, Hol¥4 A
o 9 371 WY AYAT 1,000 ppm o142 SEol
A4 B Bl ol gL A7) By AUE B
27} @177 a7t

a4 &

B AYlAE ZE, @7 5 54Eo 9 A4
2 gk BoFF Folpeto] AYEE (S )0l WtEHo]
Qx| Golr7 Feted, S7IuIHY AU L o] g3t
o ARSI UAEARE H=e) Pelld Ay
o) A EHAQ GST-PE o] fale] Zelshyiia )z
Akiuie) fo} WAE AW F Folpet FolZ, PB
Soia SANRPS V)2 BAjstel e 2e A
2g gt

DEN-PH %7| b 2e€ o|g3to] skl Fol-
petol] i3t wIQFEA Aloll e ol Az} GST-P &
4 5l AgNORs Z4olld 31 1,000ppm Foi7-g of
275 v 2AE W AePEuo] Frlehe AgT B
Ae B BAH fol4e JehiA gstewmz 1,
000ppm XML RIS A} Y Aoz A
2519 21}, Folpetol] Tt Wo| 914 1 wiekael o)
& edto] Bowa A}y Wy A1WE £, 1,000
ppm 014H] FE Kol 7ol thit 27} A7} @7k

Legends for figures

Fig 1. Preneoplastic lesion of the rat liver induced by diethylnitrosamine(DEN) as an initiator and promoted with

phenobarbital sodium, GST-P positive nodules are discerned with surrounding tissues.(GST-P immunohisto-

chemical staining, X 200).

Fig 2. Preneoplastic lesion of the rat liver induced by dicthylnitrosamine(DEN) as an initiator and promoted with
phenobarbital sodium, GST-P positive foci are scattered.(GST-I' immunohistochemical staining, X 100).
Fig 3. Hyperplastic nodule of the rat liver promoted with phenobarbiral sodium after DEN-initiation.(H & E staining,

X 100).

Fig 4. Hepatocytes of the preneoplastic Jesion stained for AgNORs promoted with phenobarbital sodium after DEN-ini-

tiaion.( X 200). Many hepatocytes have an increased numbers of AgNORs.
Fig 5. Normal control liver stained for AgNORs( X 200). Most nuclei possess only one or two AgNORs dots.
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