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The Inhibitory Effect of Iron—overload on the Chemically-induced Hepatocarcinogenesis
in Rats.

Hiroto YamasHITA, Fusae Itpa, Miwako IsHri, Masachika SEnBa and Hideyo ITAKURA
(Department of Pathology, Institute for Tropical Medicine, Nagasaki University)

Abstract : Effects of iron-overload on the chemically-induced carcinogenesis of the rat
liver were studied. The rats were given 2% of ferric amonium citrate in drinking water
for 3 weeks, usual drinking water for 1 week and then 50 ppm diethylnitrosamine. The
rats of the control group were given usual drinking water for 4 weeks and then 50 ppm
diethylnitrosamine. Each paired group composed of treated rats and control rats given
diethylnitrosamine for the same period was sacrificed simultaneously at the different expe-
rimental periods. The hepatoma nodules and the size of each nodule were examined. Then
the histopathological study of the liver was done. The comparison of the development of
the hepatoma, estimated by the number and sizes of the nodules, were made in each
paired group. Although 16 paired groups were tested, the comparison could be made only
in 10 pairs. Nine pairs showed more developed hepatoma nodules in the control group
than in the treated group and one pair showed the reversed result. Sign test was done and
the calculated probability of the observed result was 0.0107. This result suggests that iron—
overload inhibits the carcinogenicity of diethylnitrosamine in rats.
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Number and size of cancer nodules observed in the rat treated with

No. of cancer Size of the each nodule

(mm in diameter)

a5

[S2 I SRR (CR )

DN
Do

10, 8, 5, 3, 2, 1

20, 15, 10, 5, 5

Table 1.
2% iron and 50 ppm DEN

Experimental  Duration of DEN

No. treatment (weeks) nodules
N-111 4 0
N-112 4 0
N-—-113 4 0
N-121 8 0
N-—122 8 0
N-—-123 8 0
N-—-131 12 0
N-132 12 0
N-133 12 0
N-141 16 0
N-—142 16 0
N-—143 16 0
N-—-151 18 0
N —152 18 0
N-—-153 18 1
N-—-161 20 2
N-—162 20 1
N—163 20 3
N-171 22 3
N-—-172 22 0
N-—181 18 0
N-182 18 0
N-191 19 0
N-—-192 19 0
N-1101 20 0
N-—-1102 20 0
N -—1111 21 0
N—1112 21 0
N-—1121 22 0
N-—1122 22 0
N~—1131 23 6
N—1132 died at 18 weeks of the DEN

treatment after begining

N —1141 24 0
N-—1142 24 0
N —1151 25 0
N-—1152 25 0
N —1161 26 5
N-—-1162 26 3

6, 1, 1
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Table 2. Number and size of cancer nodules observed in the rat liver treated
with 50 ppm DEN

Experimental  Duration of DEN No. of cancer Size of the each nodules
No. treatment (weeks) nodules (mm in diameter)

N-—-211 4 0

N-—-212 4 0

N —-213 4 0

N-—-221 8 0

N-—222 8 0

N-—-223 8 0

N-—-231 12 0

N -—-232 12 0

N —233 12 0

N —241 16 1 4

N —242 16 0

N —243 16 3 2,2, 2

N-—251 18 0

N —252 18 2 9, 9

N —253 18 1 3

N —261 20 1 13

N—262 20 3 3, 3, 3

N —263 20 1 2

N-—-271 22 1 5

N-—-272 22 7 3,3,3,3,3,2,2

N—281 18 0

N —282 18 0

N-—-201 19 0

N—292 19 0

N—-2101 20 0

N —2102 20 2 1, 1

N-2111 21 0

N —2112 21 0

N—2121 22 0

N —2122 22 1 15

N —2131 23 1 2

N-—-2132 23 0

N —2141 24 1 2

N —2142 24 1 3

N —2151 25 2 40, 20

N —2152 25 1 2

N -—2161 26 7 28, 20, 15, 10, 10, 10, 10

N -—-2162 26 4 5,5, 5,2
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Table 1 12 2 %#k +50ppm » DEN THE IR
TORBRBEO 5 b O UBERoR L4 D
ok X%, Table 2 ©50ppm DEN X
AT SHhIHBHES » P OTOBEHOR LM 2D
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Fig. 1~Fig. 4 1=, ¥@ifgs Fig. 5~Fig. 7
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DORECHR, MEOMRENRA LRI UL,

Fig. 1. Macroscopic appearance of livers of
one experimental—group—rats. In this
group only one nodule seen in Fig. 3
was counted as the cancer nodule.

b DREIE T o TERICART WL
W F MRS TR DB T L
WHEE D 55 0 THIRIIKIL - ¥ 0 & LckiETR T
R USSR L FER S e b 0O R A HL Y B
Fo.o EEBOMERLY, MREEL D LB
FEoEzaf L. BEESRIC RS s ok
LE#Ecir DEN £5BtAtk 18BH TH v 3
D=Lz &b bis O Lt it DENE
SBAAHELI6EE TH b 3 PEth 2 PRt A & D B FR
BOFNBRLRE LTS, DX R—Rhc B
JHIcHEREE L WNBHO Z 5 F TREOETEY
Lic. ST b0 EERKRE SO ERE
PEIEFT LTS L0 E Lz, Table 3 1w % i
BaRd. 16Mloxto 5 b 6 HITHETET Ho
7o. HEARETH -7 B 1040 5 5 9 I
FEOB D BOMETENF L, O LR FofHR
R LTe. OB ESOCTCRHBEEXTTY &
Pu(S10=29) =Pu(Si,=1) =0.0107k7ch, LB
LB OB, BOETECRS W THEEOEMN

Fig. 2. Macroscopic appearance of the rat
liver of the control group paired with
the group seen in Fig. 1. In this
group, 3 nodules were counted as the
cancer nodules.




Fig. 3. Cross section of the liver lobe having Fig. 4. Cross section of the liver lobe having
the largest nodules in this experimental the largest nodules in this control
group. group.

Microscopic appearance of the cancer nodules seen in Fig. 3.
Hepatocellular carcinoma is seen in the right side of this picture.
Slightly unclear distinction between carcinoma tissue and normal
tissue. x200, H. E. stain.
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Fig. 6. Microscopic appearance of the cancer nodule in Fig. 4. Hepato-
celluar carcinoma occupies right side of this picture. Clear
distinction between carcinoma tissue and normal tissue.

x100. H. E. stain.

Fig. 7. Reticulin stain reveal clear—cut distinction between carcinoma
tissue and normal tissue. x200, Reticulin stain.

By, ERFEOCHFIEOETIHENTED, L
o THARAREC IR ERT 230 EEL S
iz,

% E S

$ki2 tissue culture o k\ T HEfAEEMD 5 5
Z & (Richmond, 1961) , %o {EHIL chemical
carcinogen [Z 8l LT \5% Z & (Vasiliev and
Guelstein, 1963), 7 » MO E T ICBELZHK TS
G I TV 5. (Richmond, 1959). 7=

ReFACTOERTHROABRRMB G L > TAD
~NEZ R b= VAN LR E YA X L
DL L BB (Lisboa, 1971). Jacobs (1977) it
BEl ORI CE KB AT Shic BB IR
B UBENLOCEBN, Flo~nErm< b —YR
DBENDHRECE - THYHER-TYH, FFED
FARL, REBEOBEOIERER L FEOEN
7c < (Powell, 1970), ¥7cixts LAE\ (Bomford
and Williams, 1966). Zh bz EnBEFD R
OWIIFRIEREI N EE2 DR S.



Table 3. Comparison of the development of
cancer nodules in each group
between controls (DEN only) and
treated (iron and DEN)

Paired groups Direction of

treated. control®!  difference#? Sign
N—11 and N—-21 N-11 =N-21 0
N—-12 and N—22 N-—-12 =N-22 0
N—-13 and N—23 N-—13 =N-23 0
N~—-14 and N—24 N-—14 <N-24 +
N—15 and N—25 N-—-15 <N -25 +
N—~16 and N—26 N-~—16 <<N—26 +
N—-17 and N—27 N-17 <N-27 +
N—-18 and N—28 N-—-18 =N-28 0
N—-19 and N—-29 N-—-19 =N-29 0
N—-110 and N—210 N—110<N-—-210 +
N—-111 and N—211 N-—-111=N-211 0
N—-112 and N—212 N-—-112<N-—-212 +
N-113 and N~213 N—-113>N-213 -
N-—114 and N—214 N—-114<N-—-214 -+
N-—-115 and N—-215 N—115<N-215 +

N —-116 and N—216 N-—-116<{N—216 +

#1 Rats of paired groups were treate with DEN
for the same period and sacrificed at the
same day.

#2 Comparison of cancer development was based
on the number and size of cancer nodules
observed in each group.

Willson (1977) 13.8k4% free-radical JJ5 % filis
L, ZoBRIEHEEEYE L IERLT % Ll
co-carcinogen & UC{EfT % nlgeiha mg L.
Dunn (1967) % ethionine & $:ATMH BFREE &
ethionine Bif¥r &8¢ - oo i B CIFE 0 RE
RICHEDOEN fe\ W Hik #id L7z, Yamamoto

Q971) ixfFic B BRI A RE 2 2T 8-Hydroxy-
quinoline % N-2-fluorenylacetamide » #fF#%5-
T 5 & o F4E . N-2-fluorenylacetamide
HOEERE L b L8 725 & La ity LERAM AT
PRI E < LR NTe s KERTL 2
= VT v E = v AR5, Hlildnsoic s .
S ESSE LTV B LR L TR D
PER AR IIHR R LW s LE 2 B
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ND. ZORRII~T I r~ b — v ATIBOIH
H Lo L REED S (Warren and Drake, 1950,
Shikata et al, 1977) L\ 9 REE FJE LTV 5 X
SwBbhs . Loy LIEEBID & Zofo FFZEE Tek
FHEPERF 2L (Purtilo et al, 1973) 2T 4T
# (Shikata et al., 1977) ® Jj 25, ~% 7 r <
P A X b gD S0FRAE . MacSween
Q974) 1T R b~V ADBEEOIT LA EN
$¥:©H 5 (MacDonald and Mallory, 1960) & =
Ainb, HEEBEDEROHFEERLL~T 7R
=Y ADBEONIHERER L PR LLLDA
MFBLCHEDOE IR LD st WA LT
5. At L~s 2 e~ b — o R BEOEG
41y Warren and Drake (1950) X iul, &
HEH T, WA ETION, F65.5% TH b
HACoOlE R G0 LR B E O HBES 7340
FEPBOFTHC T T E—-2rcETS (2T,
1970) L LR L &, ~EI R b= VAT
DREEVPMIVERDIDEEZELONS. bk
WEDNFECIHOCERT 25 THs L Bbh s
PAT R A T A R TR T H S . L
2L, BFERRETE & WP o G OMAcr s sk
WIEEO BT bivs 08, BEREHITL S ONCH
BB i e HE Rl S EA B T W5
(Williams and Yamamoto, 1972). # 7-fFEis
ikl ferritin (B#EHEM) 2T 52 & 4
HbRTW5 (GBS, 1976) . FFREMias gk i
DAt i T #E LT 5 (Yamashita,
1979), Uiei» T Ew M iz
MBS Shafifasn~& t+s b0k FExbh
5. guriilaA Tz Fet® ol ciFIEL Fet? o
THlEA A~ X5 (Underwood, 1975). #4648
BF 4 2T - T Mg~ BHEhs &
FlEo Pl EBARA BH DD Hd Hid 7eus (Szent=
Gyorgyi, 1979). F % 1 k» BIERSETIC R T 3
DEINLNZ &b, ZORBEITHTH LA,
oA R IHT 2 D EE LT 5.
T bk At e flasmbT s Az, %
FHa MRS 5 2 BB TH D, Lok
5T, ZRRTRBEIBLRAD TRV EE L
T 5.
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