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Abstract O The structural similarity between the antileukemic alkaloid
coralyne and the carcinogenic and antineoplastic hydrocarbon 7,12-
dimethylbenz|a]anthracene, as well as the similarity between the anti-
leukemic alkaloid nitidine and the carcinogenic hydrocarbon 5-methyl-
chrysene, prompted a mutagenicity evaluation of coralyne sulfoacetate,
nitidine chloride, the 8-ethyl homolog of coralyne, nitidine methosulfate,
and the tetramethoxy analog of nitidine by the Ames method against the
histidine-auxotroph strains of Salmonella typhimurium TA-1537,
TA-1538, TA-98, and TA-100; 7,12-dimethylbenz|a Janthracene was used
as a reference standard. The mutagenicity of these antileukemic com-
pounds was either completely eliminated or drastically reduced, but the
mutagenic response was generally high for 7,12-dimethylbenz[a]an-
thracene. The results suggest that the presence of a quaternary nitrogen
atom and alkoxy groups could be important in alleviating the mutagen-
icity of the parent mutagenic and carcinogenic hydrocarbons.
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Among numerous polycyclic hydrocarbons studied, the
carcinogenic activity of benzo|a]pyrene (I) is well docu-
mented. While two structurally related hydrocarbons,
benz|a|anthracene (Ila) and chrysene (I1la), are relatively
noncarcinogenic, several of their methylated derivatives,
such as 7-methylbenz[a]anthracene (IIb), 7,12-dimeth-
ylbenz[a]anthracene (Ilc), 5-methylchrysene (I1115), and
5,6-dimethylchrysene (Illc), exhibited strong carcinoge-
nicity and some were no less potent than benzo[a|pyrene
(1-6).

DISCUSSION

Carcinogenesis of compounds of this type has been interpreted and
correlated by electronic and geometric structures of these polycyclic ring
systems (7-10), resulting in the postulation of K, L, and M regions at
different parts of polynuclear structures as areas possibly involved in
carcinogenic metabolism, noncarcinogenic metabolism, and metabolic
epoxidation—perhydroxylation, respectively (2, 11). These regional as-
signments are by no means decisive for the explanation and prediction
of carcinogenicity of polyeyclic hydrocarbons, and certain aspects of the
original postulation may be obsolete and may have to be modified or
correlated with other factors (12-17). Nevertheless, the concept is still
being used in structure-activity studies of carcinogenesis (18-23).

The antileukemic activity of coralyne (IV), nitidine (V), and related
structural and positional isomers against the P-388 lymphocytic leukemia
system in mice was reported (24-27). The basic structural skeleton of [V
bears a striking resemblance to that of II, and the ring structure of V is
similar to that of I11. Furthermore, the methyl group of IV and the 7-
methyl group of IT occupy the same position when one structure is su-
perimposed on the other. In a similar manner, it can be readily visualized

CH, v
v

that the methyl group of V matches the position of the methyl group of
the carcinogenic 111b.

Some carcinogenic agents also inhibit tumor growth (28, 34). (The
antitumor activity of the potent carcinogen Ilc, NSC-408823, is illustrated
in Table 1.) Conversely, many antineoplastic agents were reported to be
carcinogenic (35, 36). The remarkable structural similarity between the
aforementioned antileukemic alkaloids and the carcinogenic methylated
polycyclic hydrocarbons naturally led to a concern that these alkaloids
and related compounds may possess the undesired oncogenic action.

A comparison of the structures of IV and V with those of the methyl-
ated benzanthracenes Ila-Ilc and chrysenes Illa-Illc revealed that,
although both alkaloids contain the methyl groups at positions corre-
sponding to the polycyclic hydrocarbon sites that manifest carcinoge-
nicity, the presence of the quaternized nitrogen atom of coralyne and
nitidine close to the K and L regions of the corresponding polynuclear
ring systems may drastically modify the chemical reactivity of the original
molecule, which may alleviate the biological action toward carcinogenesis.
In addition, the alkoxy groups of both alkaloids are situated at the cor-
responding M region, which may also interfere with the oncogenic in vivo
epoxidation-perhydroxylation process.

Introduction of nitrogen atoms into carcinogenic polycyclic ring
compounds, depending upon the nature of ring systems and the position
of nitrogen atoms, may either produce compounds with increased car-
cinogenicity (37-42), decreased carcinogenicity (43), similar biological
activity (44), or carcinolytic activity (45). There is, as yet, little infor-
mation concerning the relationship between quaternized nitrogen het-
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Table I—Antitumor Activity of 7,12-Dimethylbenz[al-
anthracene #

Animal
Weight
Test Dose?, Difference,

System  mg/kg  Survivors® T -Cd T/C¢, %

Ca-755 38 58/60 -0.2 32

19 18/20 0.2 32

9 9/10 0.3 44

S-180 94 18/24 -1.1 37

71 4/6 -0.9 69

50 6/6 -0.2 37

L-1210 200 6/6 —5.2 165

100 6/6 -4.2 143

50 6/6 —-4.6 147

37.5 6/6 -14 145

25 12/12 -1.8 139

16.5 6/6 —-1.7 141

12,5 6/6 -1.2 126

6.25 6/6 0.1 123

P-388 13 6/6 ~2.4 172

12.5 6/6 -3.0 175

6.25 6/6 —-2.2 180

6 6/6 -1.5 168

4 12/12 -2.7 170

2.6 6/6 -1.7 163

1.7 6/6 —-2.0 172

& For general screening procedure and data interpretation, see R. I. Geran, N.
H. Greenberg, M. M. MacDonald, A. M. Schumacher, and B. J. Abbott, Cancer
Chemother: Rep., 3 (2), 1 (1972), and Instruction Booklet 14, “Screening Data
Summary Interpretation and Outline of Current Screen,” Drug Evaluation Branch,
Drug Research and Development, Division of Drug Treatment, National Cancer
Institute, Bethesda, Md., 1974. ? Single dose daily. ¢ Ratio of number of animals
alive on day of eyaluation to number of animals used at the beginning of the eval-
uation. ¢ Average weight change of test group minus average weight change of
control animals in grams measured at the end of the evaluation. ¢ Ratio of test
evaluation to control evaluation. For Ca-755 and S-180 (tumor inhibition systems),
the criterion for minimum activity is T/C < 42%. For L-1210 and P-388 (survival
tumor systems), the criterion for minimum activity is T/C = 125%.

erocycles and carcinogenicity. As an initial step to test the postulation
that quaternized nitrogen atoms close to the known “oncogenic area” may
alleviate carcinogenicity, coralyne sulfoacetate (IV, X = CoH3SOs,
NSC-154890), nitidine chloride (V, X = Cl, NSC-146397), nitidine
methosulfate (V, X = CH3804, NSC-160842), the 8-ethyl homolog of
coralyne (VI, homocoralyne, NSC-156625), and the tetramethoxy analog
of nitidine (VII, O-methylfagaronine, NSC-166720), together with Ilc
as a standard, were subjected to the Ames method for mutagenicity
evaluation (46-49). The relationship of mutagenicity and carcinogenicity
was discussed previously (46-55). »

Mutagenicity tests were carried out according to the specific procedure
developed by Ames et al. (47) using the histidine—auxotroph strains of
Salmonella typhimurium TA-1537, TA-1538, TA-98, and TA-100. In
this system, petri dishes containing minimal agar were overlayed with
a soft agar containing 9000Xg liver supernate from phenobarbital-in-
duced rats, an NADPH-generating system, bacteria, and various con-
centrations of test chemical or reference standard. The cultures were
incubated at 37° for 72 hr, after which the number of histidine-revertant
colonies per plate was determined.

Table 11 shows the mutagenic effect of II¢ and the five test compounds
on the Salmonella indicator organisms. Compound Ilc was mutagenic
in all strains. The mutagenic response was high for Ilc in TA-1537, TA-
1538, TA-98, and TA-100, averaging a three- to 10-fold increase in the
number of revertants. With the exception of TA-100, a very sensitive
strain, the mutagenic response was absent with all five coralyne and ni-
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Figure 1 —Mutagenic dose-response relationship of Ilc, coralyne, ni-
tidine, and related compounds versus S. typhimurium TA-100. Key: A,
II¢; @, nitidine chloride; - - - O - - -, nitidine methosulfate; —QO—,
coralyne sulfoacetate; m, O-methyifagaronine; and O, homocoralyne
sulfopropionate.

tidine compounds tested. Even with TA-100, O-methylfagaronine
methosulfate and coralyne sulfoacetate were nonmutagenic. The dose~
response curve for Strain TA-100 is shown in Fig. 1. Similar curves were
obtained for all positive strains.

These results indicate that the presence of a quaternary nitrogen atom
and alkoxy groups at strategic positions may be important in alleviating
mutagenicity of the parent mutagenic and carcinogenic hydrocarbons.

Table II—Mutagenicity Evaluation of 7,12-Dimethylbenz[ a]anthracene, Coralyne, Nitidine, and Related Compounds

Number of Histidine Revertants

Compounds Tested (Histidine Revertants per Nanomole)®

(40 pg/plate) TA-1537 TA-1538 TA-98 TA-100
e 30 (0.18°) 22 (0.10°) 94 (0.47¢) 425 (2.13¢)
Nitidine chloride® 5(0.03) 10 (0.04) 30 (0.10) 117 (0.25¢)
O-Methylfagaronine 6 (0.04) 4 (0) 25 (0.06) 95 (0.02)
Homocoralyne sulfopropionate 2(0) 4(0) 20 (0) 103 (0.14¢.9)
Coralyne sulfoacetate 4(0.02) 8(0.02) 20 (0) 94 (0.01)
Nitidine methosulfate 3 (0.01) 6 (0) 22 (0.02) 117 (0.29¢)
Control 2 6 20 93

_@ Number of revertants (R) per nanomole = (R, — R.)/(C/mw), where R, is the number of revertants in the treated dish, R, is the number of revertants in the control
dish, C is the concentration of test compound in nanograms, and muw is the molecular weight of the test compound. ® Due to the insolubility of this compound, only 20
ug was used. < Classified to be mutagenic by Ames’ criteria (48), i.e., > 0.1 revertant/nmole. 4 Not significantly different from the control value. The reproducibility of

the test is £15%.
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While the relationship between mutagenicity and carcinogenicity of bi-
ologically active compounds cannot be fully correlated, its closeness has
been recognized. Therefore, the results can be regarded as suggestive of
the absence of carcinogenicity of coralyne and related antileukemic
agents.
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