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The Effect of Copper on 3'-Methyl-4-dimethylaminoazobenzene
Induced hepatic Carcinogenesis

Jung Sook Moon, M.D, Young Nyun Park, M.D. and Chanil Park, M.L.
Depariment of Pathology, Yonsei University College of Medicine

To elucidate the effect of copper on the 3-methyl-4-dimethvlaminoazobenzene(3 MeDAB) in-
duced hepatic carcinogenesis, Sprague-Dawley rats were divided into 4 groups according to 3-
MeDAB and copper administration: I normal control, [I. copper only, IIL 3-MeDAB only, IV, 3-
MeDAB plus copper. The animals of groups 11l and IV were fed experimental diet containing 0.06
% - MeDAB. Copper was administrated intraperitoneally in a dose of 0.5 mg, twice a week. Ani-
mals were sacrificed at different intervals. Liver weight, hepatic copper content and gross and
microscopical changes of the liver were examined and the cell kinetics of various lesions in the i
hepatic carcinogenesis was studied by applyving the immunohistochemical method for
bromodeoxyuridine!Brd ).

The hepatic copper content was significantly increased in animals given copper but returned
to the normal value after cessation of adminstration. 3’-MeDAB administration caused oval cell
proliferation and produced hyperplastic nodules, cholangiofibrosis and carcinoma of the liver. Si-
multaneous administration of copper did not alter the incidence of 3-MeDAB induced lesions,
except for carcinoma. The liver weight and the size of hepatic nodules and masses were smaller
in group IV than in group II. The liver weight as well as the nodularity and the mass formation
continued to increase after cessation of 3-MeDAEB administration. Copper did not affect the
BrdU labelling indices of the hepatic lesions induced by 3-MeDAB. The oval cell proliferation
and the BrdU labelling indices of the oval cell and the hyperplastic nodule were decreased, but
the incidence of cholangiofibrosis and its BrdU labelling index were still elevated after cessation
of 3 MeDAB administration.

These findings indicate that copper could delay the developement of 3-MeDABE induced
hepatec lesions, but not suppress, since copper does not stay long enough to accumulate in the
rat liver, and that copper could not affect the proliferation of 3'-MeDAB induced hepatic lesions
once developed.({Korean J Pathol 1992; 26 : 360~371)

Key Words: Hepatic carcinogenesis, 3-Methyl-4-dimethylaminoazobenzene, Copper, Carcino-
genesis.
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Table 1. The composition of diets (per kg)

Diet group

Constituent

control  3-MeDAB
Casein(g) 180 180
Corn oil(g) 50 50
Glucose monohvdrate(g) 770 770
Salt mixture®(g) 40 40
Riboflavin(g) 0.001 0.001
Vitamin mixture®*(mg) 5 5
F-MeDAB(g) — 0.6

¥ Contains cupric sulfate 3 mg

* Contains vitamin A 20,000 units, vitamin D 2,
000 units, choline chloride 1.5g, pteroyl glutamic
acid 0.6 mg, biotin 1.5 mg, thiamine-HCI 20 mg, pvr-
idoxine-HCI 20 mg, menadione 50 mg, nicotinamide
50 mg, potassium parabenzoic acid 50 mg, calcium

pantothenate 60 mg, inositol 100 mg, and cyanoco-
balamin 40 ug.
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Table 2. Death rate of animals in each group

Experimental No of animals Mo, of animals Mo, of animals

group used died survived Death rate(%)
| 4 0 4 0

I1 22 5 17 22.7
ImI-A 36 21 15 K83
II-B 18 7 11 389
IV-A 38 23 15 60,5
IV-B 18 7 11 3849
Total 136 63 73 463
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Table 3. Changes in liver weight{g/100 g body weight) of rats according to experimental groups

I

e — e - e

Duration of copper and/or 3'-MeDAB administration

Experimental group

4 wks Bwks 13 wks 16 wks
| 3.20 +£0.05(4)
I 2.53+0.06(4) 3.08+0.07(4) 2.78£0.21(5) 2.73+0.12(4)
III-A 4.66=008(2) 9.09+2.91(5) 13.91 £6.71(4) 18.34 £ 4 65(4)
III-B 3.23£0.59(3) 3.38+0.24(3) 3.68 £0.25(5) -
[V-A® 3.77£0.14(6) 6.26£0.71(2) 745+ 1.56(3) 15.90£5.01(4)
[V-B 245+ 0.05(4) 3.02x050(3) 3.70+022(4) -

Values are mean £standard error,
{ ) No, of animals in each group

# Statistically significant difference compared to III-A(p=0.08)

Table 4. Hepatic copper content(ug/g wet liver weight) of experimental animals

Dwration of copper and/or 3 MeDAB administration
Experimental group
4 wks Bwks 13 wks 16 whs

I 6.56+0.78(4)

Il G.05+ 1.57(4) 4.88 £0.51(4) 10.28+1.73(5) T.14£1.52(4)
[I-A 4.03 (1) TB2£1.67(5) 3.48+0.44(4) 566+£037(4)
III-B 484 £1.01(3) 4.30+£0.22(3) 4.68 £0.42(5) -

[WV-A 5.46 £ 1.64(6) 6.86+2.57(2) 4.75+0.66(3) 2722+ 367(4)
IvV-B* 15,93 +3.69(4) 10,75 +2.32(3) 14.72+3.96(4) -

Values are mean +standard error.
{ ) No.of animals in each group

* Statistically significant difference compared to control{p<0.05)
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Table 5. Gross morphology of rat liver in each experimental group

Mo. of
animals

Experimental
Eroup

Granules or nodules on liver surface® Mass in liver®

<2 mm

3~5mm 6~9 mm =1lcm =3cm

lHl-A 4
8
13
16
1l-B 4
8
13
IV-A 4
8
13
16
IV-B 4
8
13
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#* Mo, of animals showing varyving sizes of granules or nodules on liver surface, and showing masses of

3 cm of more in diameter.
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Fig. 1. Macroscopic features
of the liver following admini-
stration of (A) 3'-MeDAB plus
copper and (B) 3-MeDAB
only, for 13 weeks. MNote the
nodules seen on the cut sur-
face that are smaller in A
than B.

aESorl €y 39 F =449 JI-B % IV-BF
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Fig. 2. Microscopic feature of
the proliferated owval cells{A),
B: Immunohistochemical sta-
ining for BrdU showing nu-
merous positive cells on the
3rd day following 3-MeDAB
administration{ Avidin-biotin
peroxidase complex).

Fig. 3. Hyperplstic noedule
compressing  the adjacent
liver tissue (arrows)(A). B
Many BrdU positive cells are
seen on the 3rd day following
F-MeDAB administration{ Avi-
din-bintin peroxidase complex).

e gelem, Felfe] 27kl o ale| 2 glglo)

I-MeDABE 55 =+ 729 Wy S5 IIIF
o IVTolAs 84 xe F4], HE4zde o
4, A4 2354 5o W g 4Fe e &
Helglvd 4¥Fed weld o ddade = e 3}
o] § Each sl HHdxre F42 Fof 430 7
ol 4] ] A|Fegon] Fekr)zle] Frle o
g Agule migalddch olefqh whlalMEe] F4
(Fig. 2A)2 %%« F H4dAEs A% [1I-A
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wlAE HEE woded oled v Y wisle 5o
2 & Mgz A ARI-A 9 IV-A) o
413 A akg woelFig 4A).
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gt ghe] 24 gL o) Fe HALE 1E2E UYFgle
o HEazdalel A5 409 104kl 5
olubo 2 Hatsl= H{4E AE Zkdd Ads AT
AAdE g=g HA4E 22 o FI Y4 E FFE

Fig. 4. Microscopic feature of
cholangiofibrosis with some
atypical changes{arrow)(A). B:
BrdU positive cells are still nu-
merous long after the cessation
of 3-MeDABE administration
(Avidin-biotin peroxidase com-
plex).
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1) ZhdlZ: TFeEst5 54 F(11F) atlEe BrdU
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gith. 3 MeDAB % =+ 8 WgSodF 2057
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Table 6. Histologic changes of the liver

- No. of Orval cell . . . Occurence

Group  Weelk animals proliferation tiN(atypia) CFiatypia) of carcinoma
I 4 - - - —
[ 4-16 17 — - -
IIT- A 4 2 + P +(+) -
8 5 + + + +{=) ++(+++) 2/5
13 4 + + +{+) F [+ ++) 4/4
16 4 +++ ++{+) +++(+++) 4/4
1I-B 4 3 +++ —(=) +(=) -
8 3 +++ o+ 4] ++4+{+++) 1/3
13 5 +++ +++(+++) ++(+++) 5/5
IV-A 4 6 ++ +{—) + +{++) —
8 2 sl ++(—) ++(++) 1/2
13 3 + + +++(+) ++(+++) 2/3
16 4 +++ +{+) +++(+++) 4/4
IV-B 4 4 + (=) +(=) -
8 3 o+ + +++{++) ++(+) 1/3
13 4 + + 4+ +4++({+++) ++(+++) 3/4

*: Duration of drug administration, HN: Hyperplastic nodule, CF: Cholangiofibrosis
+:Mild, ++:Moderate, + ++: Severe

Table 7. BrdU labelling indices of various hepatic lesions developed following copper and/or 3'-MeDAB
administration

Group Week' No. Hepatocyte Cval cell HN CF Carcinoma
| 4 1.25+0.43 — - - -
I 4 4 0.88+£0.33 - - - —
8 4 1.00+0.50 - — -~ -
13 5 LI0£0.70 - - - -
16 4 0.83+0.69 - — - -
1I-A 4 1 1.50+0.50 200071 1.75£0.43 895+ 3.44 -
8 o 340+ 338 275+1.09 4.75+4.20 21.25f& 438 46.25+15.75
13 4 1.83+£1.95 3251129 475+192 3088+ 571 74.86+ 591
16 4 1.50+0.76 5.50+350 4.60+2.06 J4.504+£11.40 64, TR+ 16,78
l1I-B 4 3 11.71 £3 44* 883+ 3.02* - 1250+ 2.50 —
8 3 - 717+ 3.24F 13.13+ 861* 3450+£13.50 6950£13.50
13 B - 30.80+31.35*% 2060+18.29% 53.T71+15.45 100.20+17.81
IV-A 4 6 1.25£043 200071 1.60%£1.35 241011358 -
8 2 256045 2.00 =083 586+3.45 2098+ 543 47.04 &£ 9.64
13 3 3.40+1.85 2.25+043 BISEZ2TT 2050+ B.56 6540+ 7.84
16 4 320+1.94 2.75+0.43 6.43+1.50 3350+17.03 B2.08+17.34
[V-B 4 4 7.00+3.70% 1T3BL12.10* — 1033+ 449 -
8 3 — 433+ 5549* 13.18£10.32% 17.00+ 6.20 129.00+25.30
13 4 - 36.00+22.11* 2660+ 17.68% 5333+ 7.39 92.75%+ B.90

t: Duration of drug administration, No.. Number of animals
HN: Hyperplastic nodule CF: Cholangiofibrosis
Values are mean standard error.
*: Statistically significant difference compared to respective lesions of 11I-A and I1V-A
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