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Effect of Certain Benzimidazoles and Related Compounds Upon Azo Dye
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Benzimidazole. 2.5-dimethylbenzimidazole
and 2-ethyl-3-methylbenzimidazole inhibit
formation of liver tumors in rats when fed
with the carcinogenic azo dve, 3’-methyl-4-
dimethylaminoazobenzene(1). These benzi-
midazoles also inhibit incorporation of glycine
into heme by chicken erythrocytes(2.3). in-
hibit multiplication of influenza virus(4). and
certain benzimidazoles and chemically related
substances inhibit firefly luminescent reaction
(53). In an attempt to obtain information on
the mechanism of action of the benzimidazoles
on the azo dye carcinogenic process. the effect
of these compounds and certain chemically re-
lated compounds has been tested on azo dye
destruction by liver homogenates(6.7). Todo-
acetate, p-aminophenol. hydroxylamine. cy-
anide. azide and atabrine have previously
been reported to inhibit dve destruction when
added to the in vitro system(8). Of these.
atabrine has been shown to affect azo dve car-
cinogenesis(9). The present study indicates
that several compounds chemically related to
the benzimidazoles also inhibit the destruction
of an azo dye by liver homogenates. and this
inhibition can be overcome to some extent by
flavin adenine dinuclectide.

Methods. The method of measuring dye
destruction by liver homogenates was essen-
tially that described by Mueller and Miller
(6,7). Rat liver homogenates (5 to 10% )
were prepared in 0.01 M phosphate buffer pH
7.4 and were added last to the ice-cold reac-
tion mixture. The azo dye, 4-dimethylamino-
azobenzene, was dissolved in ethyl alcohol.
and 60 pg of the dye (0.1 ml of solution)
served as the substrate. Incubation was car-
ried out at 37°C for 30 minutes at which time
the reaction was stopped by the addition of
ethanol-acetone-trichloracetic acid solution,
and the red color due to remaining dye was
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measured (after proper dilution) in the Eve-
lvn photoelectric colorimeter with 515 mp fil-
ter. The benzimidazole derivatives and cer-
tain of the other compounds were dissolved in
the alcohol solution with the dye to give the
desired concentration. This was necessary
since it was found that over 0.1 ml of alcohol
in the reaction flask was inhibitory. Water
soluble materials were dissolved in the phos-
phate buffer. The final volume in all reaction
flasks at incubation was 3 ml. Flasks to
which no homogenate had been added served
as controls. It was found that the color in
these controls was the same as found if the
reaction were stopped at zero time.

Results. Of the various types of com-
pounds tested, it was found that certain of the
benzimidazole, benzothiazole, indole, and
guinoline derivatives were effective inhibitors
of azo dye destruction in vitro at a level of
| mg/3 ml in the reaction flask (Table I).
The 5,6-dimethyl, 2,5-dimethyl, and the 2-
ethyl-3-methylbenzimidazole were the most
effective inhibitors of the benzimidazoles. All
of the indole derivatives except tryptophan
were active inhibitors. Auramine at a level f)f
only 20 pg/reaction flask was very effective in
inhibiting the destruction of the dye. Since
2.5-dimethyl and 2-ethyl-S-methylbenzimida-
zole are very effective in inhibiting tumor for-
mation when fed in conjunction with a car-
cinogenic azo dye, further studies on the effect
of various concentrations and upon the re-
versal of the inhibition were done with these
compounds. At a concentration of 125 ;Lg/
flask, 2,5-dimethylbenzimidazole resulted in
very little inhibition while the 2-ethyl-.5-
methyl derivative at this concentration still
inhibited dye destruction about 20%. Only
slight inhibition was noted when the concen-
tration of the latter compound was reduced to
62 pg/flask.

Addition of 25 pg of riboflavin or 20 pg of
pyridoxal phosphate did not affect rate of dye
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TABLE I. Inhibition of Azo Dye Destruction by
Various Chemicals.* (1 mg of compound/3 ml of
reaction mixture.)

% inhi- % inhi-

Compound bition Compound bition
Benzimidazoles Misc.
unsubstituted 0 quinoline 12
2-methyl® 15 2-methylquinoline 60
5- 7 9 benzotriazole 0
5,6-dimethyl® 58 5-methylbenzotri- 0
25 7 0w 54 azole
2-ethyl-5-methyl® 61 benzoxazole 5
5-chloro® 0 2-methylbenzoxa- 0
2-methyl-5-chloro® 8 zole
2-ethyl-5-chloro® 4 2-amino-1,3,4-thia- 0
5-nitro® 11 diazole®

2-methyl-5-nitro® 17 2-acetamido-1,3,4-
2-ethyl-5-nitro®® 18 thiadiazole®
2-mereapto 4 2-ethylamino-1,3,
2-hydroxy® 0 4-thiadiazole®
dinitrophenol

Benzothiazoles metlylene blue

SoCoCOoOCoOoCcCe (= =]

unsubstituted 15 Na asecorbate
2-methyl 16 cysteine

2-amino 9 cystine

2-phenyl 14 adenine

2-chloro 80 azaguanine

Indole ii}-lmer.eaptopurine
unsubstituted 35 tol}uxgxlllé‘??) 1 dia-
2-methyl 83 mine

?,: " (skatole) gg auramine (20 ug) 62
tryptophan 0

* Inhibition varied somewhat with different ho-
mogenates. The % inhibition indicated is repre-
sentative, but small differences between different
chemicals may not be significant.
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destruction whether or not an inhibitor was
added. However, addition of 9 ug of flavin
adenine dinucleotide (FAD), or 10 ug of ribo-
flavin phosphate (RP), was effective in par-
tially counteracting the inhibition. Of the
above 2 benzimidazoles, this effect was more
noticeable with the less active 2,5-dimethyl
derivative, and the effect was more _pro-
nounced at lower levels of the inhibitors (Fig.
1). Increased amounts of either riboflavin
cofactor had no additional effect. A similar
effect of FAD and RP was noted with the
other compounds which were active inhibitors.

Discussion. 1t has been postulated that at
least part of the protective effect of dietary
riboflavin against carcinogenic azo dyes may
be due to its participation in reductive cleav-
age of the dye forming non-carcinogenic
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amines(7). The present experiments add ad-
ditional evidence that FAD is involved in the
destruction of dye by liver homogenates.
However, contrary to the finding of Mueller
and Miller with their system(7), we did find
that riboflavin phosphate also was somewhat
effective. Our results would indicate that on
a molar basis, FAD was approximately twice
as active as the mononucleotide.

The rate of dye destruction by liver homo-
genates or slices can be altered by dietary
level of riboflavin(10), methylcholanthrene
(11), or iodinated casein(12). These also
have an effect upon the incidence of liver tu-
mors resulting from feeding an azo dye(11,12,
13). On the other hand, auramine does not
affect development of liver tumors when fed
with the dye(9), yet it was found that addi-
tion of this compound in small amounts mark-
edly inhibited dye destruction in the present
experiments.

The inhibitory effect of certain benzimida-
zoles on carcinogenesis(1) would not seem to
be related to increased dye destruction, since
these compounds tend to preserve the intact
dye in liver homogenate systems. On the
other hand, the process of dye destruction
would seem to be associated in some way with
carcinogenesis. Of the benzimidazoles studied
to date(1), there is good correlation between
anti-azo dye carcinogenenic ability and in-
hibition of azo dye destruction; 7.e., the 2-
ethyl-5-methyl benzimidazole is more effec-
tive than the 2,5-dimethyl-derivative, which
is more active than the unsubstituted benzimi-

“% DYE DESTROYED

100, i-20 LIVER HOMOGENATE
FAD

0.50 MG 0.2% uav- :

CONTROL 2,5-DIMETHYL-BENZIMIDAZOLE 2-ETHYL 5-METHYL-BEN2IMIDAZOLE

FIG. 1. Effect of flavin adenine dinucleotide

(FAD) and riboflavin phosphate (RP) upon de-

struetion of azo dye in the presence of benzimida-
zoles.

0.50 MG 0.25 MG
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dazole. This same order of activity also exists
for inhibition of heme synthesis from glycine
by chicken erythrocytes(2,3). The correla-
tion between effect upon heme synthesis and
dye destruction, however, is not as good with
some of the other benzimidazoles. Certain of
the S-nitro and S-chloro derivatives are in-
hibitory in the erythrocyte system(14) while
they had little effect upon azo dye destruction.
Additional experiments are needed to deter-
mine whether anti-cancer properties may be
correlated with inhibition of dve destruction
or with inhibition in the chicken erythrocyte
system. Studies on metabolism of azo dves
with relation to the genesis of liver neoplasia
as yet have not revealed the mechanism of the
process. Further studies of possible interre-
lationships between azo dye carcinogenesis.
the mechanism of dye destruction in liver
homogenates and glycine incorporation in nu-
cleated erythrocytes. might provide some
basic information.

Summary. Certain benzimidazole. benzo-
thiazole, indole. and quinoline derivatives.
and auramine. inhibit destruction of the azo
dye. 4-dimethylaminoazobenzene. by liver
homogenates. This inhibition can be partially
overcome by addition of riboflavin adenine
dinucleotide and to a lesser extent by ribo-
flavin phosphate. Correlation of inhibition of
in vitro dye destruction and of heme synthesis
by avian erythrocytes with the anti-azo dve

RENAL FUNCTION IN PREGNANCY

carcinogenic effect of certain benzimidazoles
is discussed.

The technical assistance of Mr. W. Friend is grate-
fully acknowledged.
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The reports on the effects of pregnancy on
renal functions have been controversial.
Earlier investigators(1.2.3) have asserted
that pregnancy does not alter renal functions
while more recent studies(4.5) have shown a
progressive increase in renal plasma flow
(RPF) and glomerular filtration rate (GFR)

* This investigation was supported by grants from
Nat. Heart Inst.,, N.I.LH, Public Health Service.

which reaches a maximum around the eighth
month of gestation and returns to near nor-
mal non-pregnant values after gestation. This
divergency of opinion is probably due to the
fact that the data reported by various authors
were obtained from different groups of pa-
tients studied at different periods of gestation
and were compared to still another group of
non-pregnant individuals.



