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Summary . The effect of sex hormone on the development of thyroid tumors in rats
treated with N-bis( 2 -hydroxypropyDnitrosamine (DHPN) was studied. In experiment 1,
the incidences of thyroid adenomas induced by DHPN (210 mg/100 g body weightX 2) at
the end of the experiment for 30 weeks were 35% in non-castrated rats, 1009 in non-
castrated rats treated with 500 ppm phenobarbital diet, 209 in castrated rats, 55% in
castrated rats treated with 300 ppm testosterone(T) diet and 36% in castrated rats treated
with 0.75 ppm estradiol diet. In experiment 2, the incidences of thyroid carcinomas induced
by DHPN (210 mg/100 g body weight X 4 ) at the end of the experiment for 30 weeks were
689 in non-castrated rats, 529 in castrated rats, 559 in castrated rats treated with 100 ppm
T diet, 66% in castrated rats treated with 300 ppm T diet, 729 in castrated rats treated with
600 ppm T diet, and 409 in castrated rats treated with 900 ppm T diet. Castration
decreased the incidence of thyroid tumors in rats treated with DHPN. T (300 ppm~600
ppm) increased and T (900 ppm) decreased the incidence of thyroid tumors in castrated rats
treated with DHPN, but estrogen did not. Serum TSH levels did not show the dose
response of T in rats treated with DHPN and castration.

Index Terms

thyroid tumors, castration, testosterone, TSH

LT B EEREAITEN TS,

i =7, BRECFRIRES SRERE, BEERLD

i

ERAOFRBESZOFRHIC oW TIL, E=2— FAD,
goitrogen?, HUNHRIRA?, FIRIRT R 1D e =
b e Y RFEEFPOZOBMEIIIELAELREICLL DT
ERREIR TS, ChHDOREA H =X a1k, BE
B B\ BRI TSH (thyroid stimulating hormone)
DEMEEHERTH LI VBRTH IO LEMBINT
WA I S — 2 i BT, S b D E T

CFHICE CTHL M EENRR bR B A0, [EED
Rt LR v v L OBIEM IO\ T OB RBR O
B19EZ L, # < 1%, Napalkov!?®# 4 L 72 meth-
ylthiouracil &L v EoEBRE X btk
Money'® b OHEFNR S 58, WIFhoHEd b P
BB ORLE Lt A= v & OMHEBNIH LA TR,
&, BHEITEERE TR b3 —ARHVT A A



N-bis( 2 -hydroxypropyl)nitrosaminef& 5 v +

FRIRES 31 5 M A1 € v O E

TRYBIO=A L e vRETHERLE YIS
FEYRTH, I, ThLOEBEREEND S -
EHEEN LS OB EBRR LD TEERN L S ITHiE
T 5.
MRELUFE

E1. PREEERECRETREREIGREO T v ¥
LA SN ON e Nl S SN S-7

(B X OR] EREW & LT SLCEMD 1 BREA
L7- Wistar 25 » b 100 PU(fKE 160~ 170 g) % i 8
L, ZEWHE & L TN-bis(2 - hydroxypropyl)
nitrosamine (Nakarai tesque, ®#, LT DHPN) %38
1E, FE100g %749 210mg EKERK 2 [EH 5 L
7o, FERYBR I DHPN #5474 7 B BicEfr Lic. &
nEVEIOF 5, 17-a methyl testosterone(Sigma,
USA). 300 ppm % 7z 17-8 estradiol (Sigma, USA) %
0.75 ppm D EIE 1 FEB A (Clea CE- 2 , KB CEEL,
Rt LTEHREBERS . M, BESRBRE LT
phenobarbital % 500 ppm D& & KA CES L 1.

(73] ERBIATHES v b 20 B35 TRO 5HT

» % (Fig. 1.

v A4

(21)

1% : 2 5 DHPN 3%
2% 2[E DHPN+500ppm 7 = 7 A4 E X — 1
3Bt . 2[E DHPN + %8
4% 2@ DHPN+E#-+300ppm 7 A F AT » ¥
5% : 2B DHPN+£%+0.75ppm =& } 5 24—
BN 30 B T, KA L2 TOEH» b
FRAR & A2 B EENEL, 10 %41~ ) v CE
E L7, BEIEEC b OMESILEYE Ok CHRREA Y
RS LRI R L 7. -
EE 2. WBEUKRT v OFREEERACRITTT
Y FryrvEEORESR.

(B3 X OFRH] EBREM) & LT SLChbEA LT
Wistar REEZ » + 120 EEEAL, REHEEL TT
DHPN %58 1 [, & 100g 247 b 210 mg > EREAI
4 [E# 5 L7z, 17-a methyl testosterone O#51% 100
ppm 235 900 ppm % TH 4 |E L L CHEBRICESL
BHERXE. T, WRHEE L« DHPN BMaE &
DHPN +EBB#ER Lic. KREIIE X DHPN #54
TH 7 B BT L

[F¥R] - EBRBEL, TRRom< £ v b 20 L3
D 6 B sy iz (Fig. 2).

PB

: Castration

1 A 4

: 0.75ppm estradiol in diet

weeks 30

: I.P. injection of 210mg DHPN/100g B.W.

: 500ppm phenobarbital in diet
: 300ppm testosterone in diet

Fig. 1. Experiment 1.



(22) [ii] F I N
v v v V¥
1| |
v v v Vv
X
2 /I \\
[ x |
v v vV Vv
3| N 100ppm T |
Q N
v vV v VY
4| A 300ppm T J
«
v vV v VY
X
5 N 600ppm T
[ A ]
v vV v Vv
A
6 N 900ppm T
L 1 | 1
0 2 4 weeks 30
¥:I1I.P. injection of 210mgDHPN/100gB. W.
«:Castration
T: Testosterone

Fig. 2. Experiment 2.

1% 4@ DHPN Ejh

2% . 48 DHPN+£3

3% 4B DHPN+%%+100ppm 7 & F AF = v
43 . 4@ DHPN+E#+300ppm 7 2 F A5 r v
5% . 4[@ DHPN+£#4+600ppm 7 A F A5 v v
6% . 4[@ DHPN+ZE#+900ppm 7 A F AT »r v

BRI 30 B T, RKREF L& ToB 1D
MR & ERARER, BRI, R, TEE, LR X 0%
R A LERBRIER, 10 %A1 =<Y v CEEL .
D DI IEE O CHRREAR 2 FE UM
AR L e,

[Z v i TSH & X 08 T,0RIE]

TSH X O T,® I %E 1% radioimmunoassay ¥ T1T -
7. ¥, TSH HIZE D% DHUR K OHiik i Parlow 40
#FE 1 X b NIADDK (national institute of arthritis,
diabetes, digestive and kidney diseases) 7> AZF L.
@ TSH oz : S#HE & L rTSH-I- 8 (10 4g/10
uDZF RV, 21« Na(NEZ-033 A 20, NEN, 1 mCi/10
)% chloramine-T ¥ CTEEa%#%, sephadex G-75(9 X
15ecm) & Hizky, G-100 # 7 & (9 X60 cm) Tk L&
MiEE] « rTSH ZESLL 7.

@ TSH nJIEDEE : 7 v M v + TSH #1
RGETSH-S-5) 72 b O EEq TSH % RSk, 48 Rtk

rTSH (standard or sample)
Anti-rTSH
PBS buffer
1 (for 48h at 4°C)
12y TSH
1 (for 48h at 4°C)
Normal rabbit serum
Anti rabbit y-globulin
i (for 24h at 4°C)
Centrifuzation  (for 30 min at 3000 rpm)
1
Count of remaining radioactivity

Fig. 3. RIA method of rat TSH.

CE=HEELTCRR y-7 = 7Y vHIMEGE—7 o4
T AV b =7 I b O IEE R RIMEEE— 7 o+
74V b—=7HED RN, 24 h KE L, 3000 rpm, 30
SHEOELT B/F R 1T - fe. T 0%k, WOk
EE yeh v v 2 —TRIE L (Fig. 3). ¥, E#S v
b TSH & LT TSH-RP- 2 &\ i,

@ T, DOEE : F—F5 o+ 71V b — 74D spack T,
HAVEMREET T 2HE L.

M HOAER 13 223 X O t-test TALEE Lz,



N-bis( 2 ~hydroxypropyDnitrosamineF 5 v b

FRREE ST s v E Y ORE

R

£E 1 FRIBEERECRETREOREDO T v F
e VLN =A e VB Y RS

OFE, By X FEEOTL | BREOMKEL,
AR % 1T 75 o T B3 I Bl (P <0.05) % 52
Bz, FRBERE R DL OMFELY, DHPN R
EHRT7 27 AV EZ - BIOT A AT e vRER
TSN ERELZR LEML72(P<0.05). L,
BRSO =2 b 5o+ — A ERICIIH S 2
ENRbhnot. FEREY =/ AVE S - LY
FEOZIEMP<0.05) %D, BB, TA kAT e vikh
b =A b F 24 — VB ERE TR IR E OE T E
f% R iz (Table 1)
QFREEEORA | £BOBBRER, RAK A
oM R X OBIZRSEE 1 Table 2 12858 L. E5REY
FRIEES R LR ERO S 0% Bbh, B
1L (FLERR,  JEARIR) & FusR vEsamE 2/ B v R
U5 5. KERTHRELESZ, Napalkov® D45 EEIC
BECERRSE R IR, R X O SEL, RE
75D OIEE O KANIEE OBEAB WA & 5 i 1 1FES
HADBHEOFE, BREINELC I - CHEL.
REORETTRCOBCRALh, BBFEOREHE T

=1

(23)

H—FEA LI 35, 100, 20, 558 L 036 % TH -t
FEEOFAEFE IEK 5, 50, 10, 10 3 X 05 B
Dbt BHRBELTHWEZ = 2 A g —
ERCoRE, BELS BRI FORESE I
DHPN BB & Hh~BEE fnsgin 2 R 5 h i (P<0.01).
HEROWER HIMNEREFEED T T -5 - L LTD
WREETDZEIERIN. —T, EBEHTOEE
FERIIIZFLWERR DRV, BERCRWT,
B BRI R B A DVEEE S hie. BEYRE DT 2
FRAFRY BB VTR LT O d - ABERCOBEER
EADFHRIL, TAMRT e VRSBICEEREROH
m, TR OISR RS>, Lvl, =&+
I TA - VRERTRBERAR, BYRLCH L
TR bhieh o7, ¥, FBAELCEEOMBSEI,
JRE AR A% <, ¥ BB CRIATENNEMTH
o 7.

LR 2 REEYGRT v r OFRBRESRECRETT v
Ny vESEOBRESR

OHERLD A BROEREL | BRREOFKELL
13, EEB1 L RBCBRERIETR X T TR ENZE
(P<0.05) % 7R LHEMMIMEI 27R Lic. BRIRERE, 12
b 5B h IRKEERR RS D, FHeb O S.
DAEDRAE & 7o b HREFNCEA D RZE R RO B & LITH

Table 1. Mean final body, thyroid and liver weights

Group Trearment  No.of Body wt. Thyroid Liver Liver/body wt.
rast. () Absolute (mg) Relative? () (2
1 D 20 337+31 21.0£6.3 6.1£1.4 10.24+0.9 3.0+0.1
2 D+P 20 344£27¢ 55.7423.25¢ 16.1£6.2°¢ 12.24£1.3%¢ 3.440.3%¢
3 D+C 20 282+21° 27.2+8.3° 9.3+2.5° 6.8+0.6° 2.4%0.2°
4 D+C+T 20 294+11° 36.3+£29.4 12.3£10.4° 8.310.5¢ 2.8%0.1°¢
5 D+C+E 19 248116 23.6x5.6 9.4+1.9° 7.7+0.7°¢ 3.1£0.2°0¢

D,DHPN ; P, 500ppm phenobarbital ; C, castration ; T, 300ppm testosterone ; E, 0.75ppm estradiol ; a, thyroid/body wt. X

10*. Values are mean+S.D.

Analysis of significance by t-test: b, p<0.05 (compared with group 1) .
¢, p<0.05 (compared with group 3) .

Table 2. Histological findings of thyroids in each group

Group Treatment No.of Incidence of No. of tumor in each histological type Incidence
rats. tumor (%) Follicular Papillary Solid Total of focal
A. C. A. C. A. C. A. C. A. C. hyperplasia
1 D 20 7 (35) 1(5 12 1 .2 0 0 0 14, 1 12 ( 60)
2 D+P 20 20 (100) & 10 (50) e 81 1 2 7 0 3 83 11 20 (100) &c
3 D+C 20 4 C20) 2 Qo 2 0 2 2 0 0 4 2 6 (300
4 D+C+T 20 11 (55)° 2 10 9 1 1 2 1 0 11 3 13 (65) °
5 D+C-+E 19 7 (C 36) 1(5 9 1 1 0 0 0 10 1 8 (42)

D, DHPN; P, 500ppm phenobarbital ; C, castration; T, 300ppm testosterone; E, 0.75ppm estradiol ; A., adenoma ; C.,
carcinoma. Analysis of significance of x"-test: a, P<0.01 (compared with group 1) .
b, P<0.05; ¢, P<0.01 (compared with group 3) .
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Table 3. Mean final body, thyroid, prostate, seminal vesicle weights

Group Treatment No.of  Body wt. Thyroid Liver Prostate Seminal
rats. (g)  Absolute (mg)  Relative? (& (€] vesicle (g)
1 D 16 311+18 50.4+48.8 15.74+13.8 9.04+0.8 0.31£0.05 0.51+0.05
2 D+C 19 289+21° 49.3+£55.2 17.6+20.5 T.40.8° e e
3  D+C+100ppmT 18 296+13°>  32.9+24.3 11.0+8.1 8.1£0.5¢ 0.12+0.36 0.1940.04°
4 D+C+300ppmT 18 280+29° 47.7+50.8 17.1+18.5 8.340.8> 0.32+0.80 0.55+0.14
5 D+C+600ppmT 18 2844170 33.6+26.5 11.8+9.2 8.6+0.8° 0.43%0.10° 0.69£0.09°
6 D+C+900ppmT 20 261+18> 25.3+12.4 9.5+3.9 7.84+0.5° 0.53+0.16° 0.80+0.11°
D, DHPN ; C, castration ; T, testosterone ; a, thyroid/body wt. X10% Values are mean+S.D.
Analysis of significance by t-test: b, P<0.05 (compared with group 1) .
¢, P<0.05 (compared with group 2) .
Table 4. Histological findings of thyroids in each group
Group Treatment No.of Incidence of No. of tumor in each histological type Incidence
rats. tumors(%) Total Follicular  Papillary Solid of focal
A. C. A. C. A C. A C. A C. hyperplasia(%)
1 D 16 10 (62) 11 (68 21 17 14 2 7 14 0 1 14 (8D
2 D+C 19 13 (68) 10 (52) 22 21 12 10 9 3 1 8 18 (94
3 D+C+100ppmT 18 11 (61) 10 (55) 23 24 19 13 3 8 1 3 15 ( 83)
4 D+C+300ppmT 18 13 (72) 12 (66) 26 34 22 11 3 19 1 4 18 (100D
5 D+C+600ppmT 18 13 (72) 13 (72) 3B 23 26 6 8 8 1 9 16 ( 83)
6 D+C+900ppmT 20 9 (45) 8 (40) 14 15 9 2 3 9 2 4 17 ( 85)
D, DHPN ; C, castration; T, testosterone ; A., adenoma ; C., carcinoma.

Table 5. Mean value of serum TSH in each group

Table 6. Mean value of serum T, in each group

Group Treatment Case TSH (ng/ml) Group Treatment Case T, (ug/dD
1 D 12 2.95+1.81 1 D 16 3.9540.66
2 D+C 18 3.74+1.77 2 D+C 19 3.42+0.27*
3 D+C+100ppm 14 2.06+1.59* 3 D+C+100ppm 16 3.25+0.54*
4 D+C+300ppm 13 2.83%1.62 4 D+C+300ppm 17 3.17+0.517
5 D+C+600ppm 12 2.52+1.128 5 D+C+600ppm 16 3.03+0.36%°
6 D+C+900ppm - 15 2.76t1.64 6 D+C+900ppm 16 2.91£0.74%>

D, DHPN ; C, castration; T, testosterone.
Values are mean +=S.D.
Analysis of significance by t-test :
a, P<0.05 (compared with group 2) .

D, DHPN ; C, castration; T, testosterone.

Values are mean +S.D.

Analysis of significance by t-test:
a, P<0.05 (compared with group 1) .
b, P<0.05 (compared with group 2) .
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