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Inhibition of aminoazo dye binding to rat liver protein by anthraquinone derivatives 

(Received 12 May 1966; accepted 26 July 1966) 

THE BINDING of the carcinogenic aminoazodye 3’-methyl+dimethylaminoazobenzene (3’-MeDAB) 
to rat liver protein in uiuo was found to be partially inhibited by intraperitoneal injections of sodium 
salicylate or of another ortho-hydroxybenzoate, a1uminon.l It seemed possible that the metal chelating 
properties of the orthohydroxybenzoic acid grouping might play some part in the suppression of 
aminoazodye binding. Therefore it was of interest to examine the effect of other chelating agents on 
dye binding. 

Among compounds chosen for study were l-hydroxyanthraquinone and 1-hydroxy-2-methyl- 
anthraquinone in which the I-hydroxy-9-oxo configuration has chelating potentiality. These com- 
pounds caused some reduction in the amount of bound dye produced by 3’-MeDAB in rat liver. 
However, the parent substance anthraquinone was just as effective and all of these anthraquinones 
were less effective than 2-methylanthraquinone and I-amino-2-methylanthraquinone which reduced 
dye binding by more than 50 per cent. 

Anthraquinone also suppressed the increase in rat liver GSH content due to 3’-MeDAB. Control 
experiments revealed that all the anthraquinone derivatives with one exception tended to increase the 
glutathione (GSH) content of male rat liver, the most effecf’ve being 1,2_benzanthraquinone. 

For comparison, the effect of 2-methylnaphthoquinone on male rat liver bound dye (B.D.) and 
GSH content was examined and a brief study was made of the effect of two polycyclic aromatic 
hydrocarbons on the same parameters. 

EXPERIMENTAL 

Adult stock male albino rats (250-350 g body wt.) were maintained on water and Oxoid Diet 86 
(made by the Oxoid Division of 0x0 Ltd., London). From 10 to 11 a.m., pairs of rats were injected 
intraperitoneally with 3’-MeDAB in arachis oil (8.25 mg of 3’-MeDAB/O.G ml per 100 g body wt.) or 
with arachis oil only (0.6 ml/l00 g body wt.). Other rats received the same injections incorporating the 
test anthraquinone derivative as a fine suspension or solution in the oil. The anthraquinones as well 
as 2-methylnaphthoquinone and the polycyclic aromatic hydrocarbons were all given at a dose 
equivalent on a mole for mole basis to the standard dose of 8.25 mg of 3’-MeDAB/lOO g body wt. 

Anthraquinone and 1-hydroxyanthraquinone (Koch-Light Laboratories, Ltd.) were recrystallized 
from ethanol. 1,2_Benzanthraquinone was a commercial sample which was not recrystallized. 
l-hydroxy-2-methylanthraquinone (m.p. 182-183”) was prepared by the method of Marschalk et ~1.~ 

2-methylanthraquinone (m.p. 171”) was prepared according to Fieser.3 1-Nitro-2-methylanthraquinonc 
was prepared by nitration of 2-methylanthraquinone and was reduced to I-amino-2-methylanthra- 
quinone (red needles, m.p. 199-200”).4 2-Methylnaphthaquinone was obtained from British Drug 
Houses, Ltd, 20-methylcholanthrene from Roche Products and 9,10-dimethyl-1,2-benzanthracene 
from Koch-Light Laboratories. 

In each experiment, one pair of 3’-MeDAB-injected rats and one pair of arachis oil-injected control 
rats were included. Each anthraquinone derivative and 2-methylnaphthoquinone was tested in two 
pairs of rats. Only one pair of rats was used for each of the hydrocarbons examined. 

The rats were killed with ether about 24 hr after injection and the livers were perfused with ice-cold 
normal saline and stored immediately in solid carbon dioxide. B.D. and GSH estimations were 
carried out as already described1 on liver powders and trichloracetic acid extracts derived from 
pooled 1 g samples of frozen liver from each of a pair of identically-treated rats. 

RESULTS 

B.D. and GSH estimations are given in the accompanying Table which was compiled from the 
results of eight separate experiments. 

Each anthraquinone derivative partially inhibited 3’-MeDAB dye binding in the order of increasing 
activity: 1,2_benzanthraquinone, 1-hydroxyanthraquinone, anthraquinone, I-amino-Zmethyl- 
anthraquinone and 2-methylanthraquinone. Only anthraquinone exerted a definite suppression of the 
GSH content of livers of rats injected with 3’-MeDAB. 
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With the exception of l-amino-2-methylanthraq~ino~~ the other antbraqu~one derivatives showed 
some activity in increasing the GSH content of normal rat liver, 1,2-ben~th~q~none being most 
active in this respect. 

2-MethyIn~h#oquinone appeared to be quite toxic. There was much ascites fluid and the livers 
were shrunken after injections of this quinone. The organs were stiff and there were strong adhesions 
of stomach and kidney to liver. The compound inhibited dye binding and also decreased considerably 
the GSH content of both normal and 3’-MeDAB-treated rat livers. GSH is known to unite through 
its thiol group at the 3-position of 2-methylnaphthoquinone in vitw5 It seems possible that the 
marked decline in liver GSH content may be attributed in part to this reaction. 

Of the two polycyclic hydrocarbons examined, 2~matbyicbolanthrene inhibited dye binding in 
agreement with the findings of Miller et a1.8 9,l~dimethyl-1,2-~n~nthra~ne affected neither the 
B.D. nor the GSH content of the livers of 3’-MeDAB-injected rats. Injection of the hydrocarbons by 
themselves had no effect on the GSH content of normal rat liver. 

DISCUSSION 

Although i~fo~ation is lacking on the metabolic transfo~at~ons of the an~~quinone derivatives 
which we have studied, it would appear that the presence of the I-hydroxy-Q-oxo grouping is not 
essential for the inhibition of 3’-MeDAB dye binding by these compounds. In unpublished work it 
was found that other chelating agents such as &hydroxyquinoline and 2,9-dimethyI-l,lO-phenanthro- 
line had no effect on the amount of B.D. or liver GSH increase due to 3’-MeDAB. 

It is of interest that some of the anthraquinone derivatives have the ability to increase the liver 
GSH content of normal male rats. This effect has been observed following the injection of a number 
of hepatocarcinogenic agents including aminoazo dyes, 7 2-acetylaminofluor~e and DL-ethionine.* 
It might be worth examining anthraquinone derivatives for bepat~rcinogenic activity particularly 
as there is some evidence already that l,g,Q-anthmtriol has cocarcinogenic activity,” that anthra- 
quinone has weak carcinogenic activity10 and that certain anthraquinonoid metabolites of Pe~~ci~~~urn 
si~d~cum (e.g. luteoskyrin, a compound cont~ning two hydroxylafed l-hydroxy-2-methylanthra- 
quinone residues) may be the active hepat~rcinogenic agents in yellow mouldy rice.]1 

SUMMARY 

Anthraq~ino~e derivatives partially inhibited the binding of 3~“methyl~dimethylamjnoazo~~zene 
to rat Iiver protein. Some of these derivatives increased the glutathione content of normal male rat 
liver. 

Cancer Research Unit, 
The University, 
Western Bar&, 
She~efd 10 

W. J. P. NEISH 
LKNDA KEY 
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