centage density increases resulting from
a 5°K temperature rise over a 10-km
layer. The computations have been
made by Kyle by adding 0.5°K/km to
the temperature gradients of the Jas-
trow-Kyle model atmosphere in the
three representative layers, 90 to 100
km, 100 to 110 km, and 110 to 120
km.

A first analysis of the density data
inferred from the satellite measurements
is consistent with the expected 5 to 8
percent density increases at 355 and
660 km during the major meteor show-
ers. However, more accurate data on
orbital decelerations will be required
to confirm this hypothesis.
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New York, New York
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Polynuclear Aromatic Hydrocarbons,

Steroids and Carcinogenesis

Abstract. In addition to the electronic
factors, there is a steric factor responsible
for the carcinogenicity of polynuclear
aromatic hydrocarbons. A carcinogenic
polynuclear aromatic hydrocarbon must
bear steric resemblance to steroids. One
possible implication to this requirement
for carcinogenicity is that these hydro-
carbons may act on the same sites as
steroid hormones.

Numerous attempts have been made
to correlate the carcinogenicity of
polynuclear aromatic hydrocarbons and
their structures by molecular orbital
calculations (7), fluorescence spectra
(2), absorption spectra (3), chemical
reactivities (4), and abilities in molec-
ular complex formation (5). All these
approaches were based primarily on
the electronic structure of the poly-
nuclear aromatic hydrocarbons, and
generally the carcinogenic hydrocar-
bons must possess low electronic ex-
citation barriers. However, the over-
all results of these correlations are not
satisfactory to account for the relative
carcinogenicity of various alkylated
polynuclear aromatic hydrocarbons (6).
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The carcinogenicity ot these com-
pounds was found to be dependent on
the size of the alkyl substituents as
well as on the position of the substi-
tuent. Usually carcinogenicity de-
creases as the size of the alkyl substit-
uent increases, for example, the higher
homologs of 3-alkylcholanthrenes (I)
(2)

and 8-alkylbenzanthracenes (7) are less
carcinogenic than the corresponding
methyl derivatives. There seems to be
no definite rule governing the relative
carcinogenicity of these hydrocarbons
with respect to the position of the
alkyl group; for example, among the
methylbenzanthracenes, 7-methylben-
zanthracene is strongly carcinogenic,
8-methyl followed by 12-methyl deriv-
ative is quite carcinogenic, whereas
other methyl derivatives are about as
ineffective as the parent compound
(8). The increase in carcinogenicity
of 7- and 12-methylbenzanthracene
may be interpreted by an increase in
electronic effect due to the introduction
of a methyl group into the meso posi-
tions (9), but the carcinogenicity of
the 8-methyl derivative cannot be ac-
counted for. It is well known that the
electronic effect of a methyl group sub-
stituted in an aromatic or unsaturated
system is very similar to that of an
ethyl group, while the latter is virtually
indistinguishable from its higher ho-
mologs (/0). Since all previous cor-
relations were based on the electronic
properties of the hydrocarbons, it is
not surprising that these attempts
failed in the case of alkylated poly-
nuclear aromatic hydrocarbons.

Most carcinogenic polynuclear aro-
matic hydrocarbons contain four to
five condensed aromatic nuclei, and
their structural similarity to steroids
has been noted (6). Steroids may be
converted under drastic conditions to
a number of polynuclear aromatic hy-
drocarbons, among which are the
noncarcinogenic Diel’s hydrocarbon
and the highly carcinogenic 3-methyl-
cholanthrene. Numerous efforts to ef-
fect such a conversion in vivo have
been unsuccessful.

By caretful examination of the
Stuart-Briegleb melocular model - (11)
of various carcinogenic hydrocarbons
and steroids, we observed a remarkable
resemblance between these two classes
of compounds. There is usually a di-
rect increase in carcinogenicity as the
hydrocarbons become sterically more
similar to steroids. Some of these re-
sults are illustrated in Figs. 1-4. In
Fig. 1 the molecular model of noran-
drostane (II)

I

is compared with that of benzanthra-
cene (III);

there is a discrepancy near the top
of the molecule which may be easily
compensated if the 17 position of
norandrostane is substituted by a hy-
droxyl or an acetyl group as in most
steroid hormones. In Fig. 2, the molec-
ular model of benzanthracene is com-
pared with that of norandrostane;
there is a discrepancy at the positions
equivalent to Ci and Ciws of steroids.
Introduction of a methyl group to
either 7 or 8 position of benzanthra-
cene will decrease this discrepancy.
7,8-Dimethylbenzanthracene and chol-
anthrene, which have the same molec-
ular dimension as that of steroids, are
among the most potent carcinogens
known. 7- or 8-Methylbenzanthracene,
which is sterically more similar to
steroids than the parent hydrocarbon,
is also much more carcinogenic. The
introduction of higher alkyl groups
into benzanthracene or cholanthrene
will cause the molecule to deviate
sterically from steroids; therefore, the
higher alkylated hydrocarbons are less
carcinogenic, as observed in the homo-
logs of 8-alkylbenzanthracene (7) and
3-alkylcholanthrene (2). In Fig 3, the
molecular model of 16-methyl-17-
acetylnorandrostane (IV),
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Figs. 1-4. Fig. 1 (top left). Norandrostane versus benzanthracene. Fig. 2 (top right).
Benzanthracene versus norandrostane. Fig. 3 (bottom left). 16-Methyl-17-acetylnoran-
drostane versus 1,2,5,6-dibenzanthracene. Fig. 4 (bottom right). 1-Methylnorandrostane
versus benzpyrene.

CH

v

the basic carbon skeleton of a group
of biologically active steroids (12), is
compared with that of 1,2,5,6-diben-
zanthracene (V);

©
o

in Fig. 4, the molecular model of 1-
methylnorandrostane (VI),

CH3

VI

the basic carbon skeleton of another
group of active steroids (I3) is com-
pared with that of benzpyrene (VII).
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VII

In either case, remarkable similarity
is found. Similar comparisons between
all known carcinogenic polynuclear
aromatic hydrocarbons and steroids
were made.

Our observation suggests that, in
addition to the electronic factors, there
is a steric factor responsible for the
carcinogenicity of the polynuclear aro-
matic hydrocarbons. For a polynu-
clear aromatic hydrocarbon to be car-
cinogenic, it must bear steric resem-
blance to an active steroid. Among
polynuclear aromatic hydrocarbons of
similar electronic properties, the closer
the steric resemblance to a steroid, the
higher is the carcinogenicity.

Because polynuclear aromatic hy-
drocarbons are devoid of polar func-
tions, such as -OH or -NH: groups,
the only possible bonding of such
compounds to biological systems is
that of charge-transfer complex forma-
tion. Some interesting correlations
have been made between the ability
of charge-transfer complex formation
of these compounds and the carcino-
genicity (5). Since the steric factor

is a requirement for carcinogenicity,
one possible implication is that the
polynuclear aromatic hydrocarbons
may act at the same sites as steroid
hormones. Carcinogenesis by these
hydrocarbons may be the result of
their interference with normal steroid
functions. This hypothesis is in agree-
ment with several isolated biological
observations, among which are the
variation of carcinogenicity of these
hydrocarbons by concurrent adminis-
tration of steroid hormones with these
hydrocarbons (/4) and the induction
of identical morphological changes by
some of these hydrocarbons as by pro-
gesterone on breast tissue of experi-
mental animals (15, 16).

N. C. YanG,* A. J. CasTRO,

M. Lewis, TING-WA WONGt
Department of Chemistry,
University of Chicago,
Chicago, lllinois

References and Notes

1. A. Pullman and B. Pullman, Cancerisation
par les Subst. himiq et Structure
Moleculaire (Masson, Paris, 1955).

=+ W. F. Bruce, J. Am. Chem. Soc. 63, 304
(1941).

3. S. Iversen, A Possible Correlation between
Absorption  Spectra and  Carcinogenicity
(Munksgaard, Copenhagen, 1949).

4. L. F. Fieser, Am. J. Cancer 34, 37 (1938).

5. A. Szent-Gyorgyi, I. Isenberg, S. L. Baird,
Jr., Proc. Natl. Acad. Sci. U.S. 46, 1444
(196 =+ R. E. Kofahl and H. J. Lucas, J.
Am. Chem. Soc. 76, 3931 (1954).

6. For a review on the inadequacies of elec-
tronic properties in correlating the carcino-
genicity of alkylated polynuclear hydrocar-
bons, see H. H. Inhoffen, “The relationship
of natural steroids to carcinogenic aromatic
compounds,” in Progress in Organic Chem-
istry, J. W. Cook, Ed. (Academic Press,
New York, 1953), p. 136, and many refer-
ences therein.

7. G. M. Badger et al.,, Proc. Roy Soc. (Lon-

don) BI129, 439 (1940); ibid. B131, 170

(1942).

. J. W. Cook et al., Am. J. Cancer 29, 222

(1937); ibid. 33, 54 (1938).

9. Substitution by alkyl group in the meso po-
sitions (7 and 12) of benzanthracene causes
the largest bathochromic shift in the ultra-
violet absorption maxii=+* R. N. Jones, Chem.
Revs. 32, 12 (1943).

10. For the effect of alkyl substituents on elec-
tronic spectra and free energy of formation
in unsaturated systems, see Landolt-Bérnstein,
Zahlenwerte und Funktionen, vol. 1, No. 3,
p. 265; a=+J. B. Conant and G. Kistia-
kowsky, Chem. Revs. 20, 181 (1937).

11. H. A. Stuart, Die Struktur des freien Mole-
kiils (Springer, Heidelberg, 1952); G. Brieg-
leb, Die Methoden der Organischen Chemi
(Springer, Heidelberg, 1953), vol. 3, No. 1,
p. 545.

=4 E. P. Oliveto et al., J. Am. Chem. Soc. 80,
4428, 6687 (1958).

=% C. Dijerassi et al., J. Am. Chem. Soc. 72,
4540 (1950).

14. R. Baserga and P. Shubik, Cancer Research
14, 12 (1954); C. Huggins, L. C. Grand, F. P.
Brillantes, Proc. Natl. Acad. Sci. U.S. 45,
1294 (1959).

15. J. W. Jull, Acta Unio Intern. contra Cancrum
12, 653 (1956).

16. We wish to thank J. R. Platt, C. B. Huggins,
and R. W. Wissler for many valuable dis-
cussions. This work was supported in part by
a grant from the National Institutes of
Health, United States Public Health Service.

* Fellow of the Alfred P. Sloan Foundation.

i Department of Pathology.

23 February 1961

oo

387



	Cit r59_c78: 
	Cit r56_c73: 
	Cit r57_c75: 
	Cit r52_c67: 
	Cit r60_c79: 
	Cit r49_c63: 


