
to rise while its concentration in plasma 
was declining, suggests existence of a 
drug-concentrating mechanism in plas- 
modia or in parasitized red cells in con- 
trast to an exchange of CQ by free dif- 
fusion; only insignificant quantities of 
CQ were removed by washing para- 
sitized erythrocytes in 0.15M NaCl. 

A marked difference between con- 
centrations of CQ accumulated in red 
cells parasitized by either susceptible 
or resistant P. berghei is shown in Fig. 
3, in which these drug levels are repre- 
sented as a function of the quantities 
of drug administered. Depending upon 
these quantities, concentrations of CQ 
were two to three times higher in red 
cells containing sensitive plasmodia than 
in those containing CQ-resistant P. 
berghei. Difference in the content of 
CQ per parasite is even greater, since 
erythrocytes parasitized with resistant P. 
berghei contain an average of 1.6 para- 
sites to every erythrocytic CQ-sensitive 
parasite. Even at the nearly toxic dose 
of 40 mg/kg, the concentration of CQ 
attained with resistant P. berghei was 
no more than that attained with sensi- 
tive parasites upon administration of 
only 4 mg/kg. The greater accumula- 
tion of CQ in erythrocytes parasitized 
by sensitive P. berghei in comparison 
to lower levels attained in normal red 
cells, liver, and spleen explains the se- 
lective toxicity of CQ, upon which its 
usefulness as a chemotherapeutic drug 
is based. Furthermore, a linear relation 
exists between the degree of accumula- 
tion of CQ in tissues and normal red 
cells and the administered dose. In con- 
trast, the uptake response of parasitized 
erythrocytes to graded doses of the 
drug more nearly resembles a correla- 
tion in which the logarithms of doses 
are proportional to the probits of the 
CQ concentrations attained. Such a 
specific accumulation of the drug in 
the parasite-red cell system may be as- 
cribed to a mechanism that could be 
based upon the following conditions: 
(i) active transport of CQ, or (ii) free 
diffusion of CQ followed by reversible 
binding to intracellular sites. 

Our experiments do not distinguish 
between these two mechanistic explana- 
tions; they also do not distinguish 
whether such a mechanism is intrinsic 
to the plasmodia or to the whole para- 
sitized erythrocyte. The results do, how- 
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cells, and that plasmodial resistance to 
CQ is based on an impairment of the 
mechanism by which such drug levels 
are accumulated. 
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cortical steroids. 

The classical experiments of Huggins 
(1) and Dao (2) show that the 
administration of certain aromatic 
substances to rats prior to the feed- 
ing of 7,12-dimethylbenz(a)anthracene 
(DMBA) completely inhibits the in- 
duction of adrenal necrosis by DMBA 
and also gives some protection against 
the development of mammary cancer. 
Also the administration of a small dose 
of polycyclic hydrocarbon to rats in- 
duces a marked increase in hydroxy- 
lating enzymes in the liver (4). It has 
been shown that the gastrointestinal 
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tract, lungs, and kidneys are also sites 
where hydroxylating enzymes increase 
after injection of polycyclic hydrocar- 
bons (5). Boyland and Sims (6) have 
found that DMBA is metabolized in 
the rat mainly by oxidation of the 
methyl groups to the isomeric mono- 
hydroxymethyl derivatives, in contrast 
to phenanthrene, benz(a)anthracene, 
dibenz(a,h)anthracene and other un- 
substituted aromatic hydrocarbons 
which are oxidized at reactive double 
bonds in the nucleus. 

Several mechanisms have been pro- 
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Table 1. Effect of prior treatment with polycyclic hydrocarbons on the formation of '4C-DMBA 
metabolites by rat liver microsomes. The polycyclic hydrocarbon (10 mg) dissolved in oil was 
given orally to rats (50 to 60 days of age), and the animals were killed 2 days later. The 
microsomes (8000g supernatant) from 50 mg of liver were incubated under oxygen for 1 
hour at 37?C with DMBA-12-4C (1.5 X 105 count/min in 3 Atg), nicotinamide adenine di- 
nucleotide phosphate (0.3 mM) and glucose-6-phosphate (3 mM) in 4 ml of phosphate 
buffer (O.1M), pH 7.4. The amount of radioactivity remaining in the aqueous medium after 
extraction with ether at pH 1 was then determined. The ether-soluble metabolites were sep- 
arated by thin-layer chromatography and located by autoradiography. 

'4C in Ether-soluble fraction after chromatography 
aqueous Pl 
medium Expts. Unchanged Hydroxymethyl Polar 

Hydrocarbon after (No.) DMBA -MBA region near origin extraction (10: count/ (1ne count/ near ountg with ether min) min) micount/) 
None (oil o%) m. ) 

None (oil only) 27.1 4.3 8 2.1 3.0 1.5 
3-Methylcholanthrene 56.9 ? 8.4 8 1.0 0.6 2.7 
Dibenz(a,h) anthracene 48.5 ? 9.0 5 1.3 .7 3.7 

Naphthalene* 3247 2 2.3 1.7 1.5 

* Does not protect against adrenal necrosis (2). 
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Protective Action of Polycyclic Hydrocarbons against 
Induction of Adrenal Necrosis by Dimethylbenzanthracene 

Abstract. Treatment of rats with certain polycyclic hydrocarbons shifts the 
hydroxylation of dimethylbenzanthracene (DMBA) by liver microsomes from 
the side-chain to the ring. Protection by these hydrocarbons against dimethyl- 
benzanthracene-induced adrenal necrosis is possibly achieved by decreasing the 
yield of the 7-hydroxyimethyl derivative of dimethylbenzanthracene. which may 
act as the necrotic agent by virtue of its structural resemblance to the adreno- 
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Fig. 1. Autoradiogram of ether-soluble 1C- 
DMBA metabolites formed by rat liver 
microsomes before and after treatment 
with 3-methylcholanthrene (MC). The 
metabolites were separated with a mixture 
of benzene and ethanol (19: 1) by thin- 
layer chromatography on silica gel (6). 
The incubation mixtures were extracted at 
different pH values as indicated, and 
the nonradioactive standards were located 
by their fluorescence. 12-OHM-7-MBA, 
12-hydroxymethyl-7-methylbenzanth racene; 
7-OHM-12-MBA, 7-hydroxymethyl-12- 
methylbenzanthracene; 7,12-DiOHM-BA- 
7,12-dihydroxymethylbenzanthracene. 

posed (7) to explain the protective 
action of polycyclic hydrocarbons 
against selective damage of the adre- 
nals by DMBA. One theory suggests 
that the markedly increased concentra- 
tion of hydroxylating enzymes in the 
liver and other sites after treatment 
with polycyclic hydrocarbons makes 
possible the destruction of DMBA be- 
fore it can reach the adrenal cortex 
in sufficient quantity to inflict damage 
upon the gland. 

Our results (Table 1) support this 
theory, and we should like to extend 
it by proposing that the main effect 
may be due to a shift from the for- 
mation of the hydroxymethyl deriva- 
tives by the liver to ring-hydroxylated 
metabolites (Fig. 1). These phenolic 
products are subsequently converted to 

action which may be analogous to the 
conversion of estrogens to water-solu- 
ble derivatives by rat liver prepara- 
tions (8). A decreas e in the yield 
of the hydroxymethyl derivatives of 

methyl benzanthracene; 7,12-DiOHM-BA-~~~~~~~~~~~~~.......... 
7,12-dihydroxymelhylbenzanthra.... . ... 
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(9), but no experimental data were 

given. 
7, 12-Dimethylbenz (a) anthracene 

causes a significant decrease in the cor- 
ticosterone content of the adrenals (1, 
10) and a correlation was also reported 
(11) between the susceptibility of the 
adrenal cortex to DMBA-induced ne- 
crosis and its content of this steroid. In 
addition, rats have been protected (12) 
against DMBA-induced necrosis with 
SU4885, an amphenone analog that is 
known to inhibit 11 -hydroxylation and 
corticosterone synthesis. It was there- 
fore postulated (1) that the cause of 

damage is related to the similarity in 
structure of DMBA and corticosterone. 

In the light of the findings that 
DMBA, unlike other carcinogenic hy- 
drocarbons, is oxidized preferentially in 
the side chain, it seems reasonable to 
suggest that it is a hydroxymethyl de- 
rivative, rather than the unchanged 
carcinogen, that interferes with corti- 
costeroid metabolism. It is the presence 
of the hydroxymethyl group, char- 
acteristic of the adrenocortical steroids, 
which should make 7-hydroxymethyl- 
12-methylbenzanthracene into a more 
potent and selective inhibitor of corti- 
costerone synthesis than its parent hy- 
drocarbon. On the other hand, 12- 
hydroxymethyl -7- methylbenzanthracene 
which shows less structural similar- 
ity to the corticosteroids than the 
7-hydroxymethyl analog should be less 
active as an adrenal necrotic agent. 
This, in fact, has been found (9) in 
that 5 mg of 7-hydroxymethyl-12- 
methylbenzanthracene caused about 
the same amount of adrenal damage 
as 30 mg of DMBA, and 12-hydroxy- 
methyl-7-methylbenzanthracene was in- 
active even in 60-mg doses. It should 
also be possible to test this theory by 
studying the effect of DMBA and its 
metabolites on the biosynthesis of corti- 
costerone in the rat. 

The role of steroid hormones in the 
growth and differentiation of hor- 
mone-dependent tissues such as the 
uterus, breast, and prostate is now well 
established and there is also a close 
correlation between the induction of 
tumors by polycyclic hydrocarbons and 
the hormonal environment. Possibly, 
these carcinogenic hydrocarbons exert 
their effect on such tissues by mecha- 
nisms not too unrelated to the action 
of DMBA on the adrenal glands. 

(9), but no experimental data were 

given. 
7, 12-Dimethylbenz (a) anthracene 

causes a significant decrease in the cor- 
ticosterone content of the adrenals (1, 
10) and a correlation was also reported 
(11) between the susceptibility of the 
adrenal cortex to DMBA-induced ne- 
crosis and its content of this steroid. In 
addition, rats have been protected (12) 
against DMBA-induced necrosis with 
SU4885, an amphenone analog that is 
known to inhibit 11 -hydroxylation and 
corticosterone synthesis. It was there- 
fore postulated (1) that the cause of 

damage is related to the similarity in 
structure of DMBA and corticosterone. 

In the light of the findings that 
DMBA, unlike other carcinogenic hy- 
drocarbons, is oxidized preferentially in 
the side chain, it seems reasonable to 
suggest that it is a hydroxymethyl de- 
rivative, rather than the unchanged 
carcinogen, that interferes with corti- 
costeroid metabolism. It is the presence 
of the hydroxymethyl group, char- 
acteristic of the adrenocortical steroids, 
which should make 7-hydroxymethyl- 
12-methylbenzanthracene into a more 
potent and selective inhibitor of corti- 
costerone synthesis than its parent hy- 
drocarbon. On the other hand, 12- 
hydroxymethyl -7- methylbenzanthracene 
which shows less structural similar- 
ity to the corticosteroids than the 
7-hydroxymethyl analog should be less 
active as an adrenal necrotic agent. 
This, in fact, has been found (9) in 
that 5 mg of 7-hydroxymethyl-12- 
methylbenzanthracene caused about 
the same amount of adrenal damage 
as 30 mg of DMBA, and 12-hydroxy- 
methyl-7-methylbenzanthracene was in- 
active even in 60-mg doses. It should 
also be possible to test this theory by 
studying the effect of DMBA and its 
metabolites on the biosynthesis of corti- 
costerone in the rat. 

The role of steroid hormones in the 
growth and differentiation of hor- 
mone-dependent tissues such as the 
uterus, breast, and prostate is now well 
established and there is also a close 
correlation between the induction of 
tumors by polycyclic hydrocarbons and 
the hormonal environment. Possibly, 
these carcinogenic hydrocarbons exert 
their effect on such tissues by mecha- 
nisms not too unrelated to the action 
of DMBA on the adrenal glands. 

P. H. JELLINCK 
BARBARA GOUDY 

Cancer Research Centre, University of 
British Columbia, Vancouver, Canada 

P. H. JELLINCK 
BARBARA GOUDY 

Cancer Research Centre, University of 
British Columbia, Vancouver, Canada 

1376 1376 

References and Notes 

1. C. Huggins, T. F. Beuel, R. Fukunishi, Bio- 
chem. Z. 338, 106 (1963); C. Huggins, L. 
Grand, R. Fukunishi, Proc. Nat. Acad. Sci. 
U.S. 51, 737 (1964); C. Huggins and R. 
Fukunishi, J. Exp. Med. 119, 923 (1964). 

2. T. L. Dao and Y. Tanaka, Proc. Soc. Exp. 
Biol. Med. 113, 78 (1963); T. L. Dao, Cancer 
Res. 24, 1238 (1964). 

3. C. Huggins and S. Morii, J. Exp. Med. 114, 
741 (1961). 

4. A. H. Conney, E. C. Miller, J. A. Miller, J. 
Biol. Chem. 228, 753 (1957). 

5. L. W. Wattenberg, J. L. Leong, P. J. Strand, 
Cancer Res. 22, 1120 (1962); H. V. Gelboin 
and N. R. Blackburn, ibid. 24, 356 (1964). 

6. E. Boyland and P. Sims, Biochem. J. 95, 780 
(1965). 

7. T. L. Dao, Progr. Exp. Tumor Res. 5, 157 
(1961). 

8. P. H. Jellinck, C. Lazier, M. L. Copp, Can. 
J. Biocheim. 43, 281 (1965). 

9. E. Boyland, P. Sims, C. Huggins, Nature 
207, 816 (1965). 

10. T. L. Dao, B. Flaxman, P. Lonergan, Proc. 
Soc. Exp. Biol. Med. 112, 1008 (1963). 

11. S. Morii and C. Huggins, Endocrinology 71, 
972 (1962). 

12. A. R. Currie, J. E. Helfenstein, S. Young, 
Lancet 1962-II, 1199 (1962). 

13. We thank Drs. R. L. Noble and J. W. Jull 
for valuable discussions and the National 
Cancer Institute of Canada for support. 

17 March 1966 

Mammary Tumor Inhibition and 

Lung Adenoma Induction by 
Isonicotinic Acid Hydrazide 

Abstract. The occttrrence of mam- 
mary adenocarcino1mas in C3H mice is 
largely inhibited by prolonged admin- 
istration of 0.1 percent isonicotinic acid 
hydrazide in drinking water. At the 
same time that this compound pro- 
duced the inhibitory action, it also in- 
creased the incidence of pulmonary 
adenomas. 

Isonicotinic acid hydrazide (INH) in- 
duces pulmonary adenomas in a va- 
riety of mouse strains (1, 2); it is also 
reported to cause an increased inci- 
dence of lymphomas and leukemias 
(1). 

A recent study in this laboratory (3) 
confirmed the enhancement of the in- 
cidence of lung adenomas in Swiss 
mice that had been given a 0.1-percent 
solution of INH. In contrast, the ap- 
pearance of mammary tumors and ma- 
lignant lymphomas seemed to have 
been diminished in these animals. This 
last result could not be considered con- 
clusive because too few tumors were 
involved, although in treated groups 
several developing mammary tumors re- 
gressed. We therefore studied this ef- 
fect in a strain of mice with high inci- 
dence of mammary cancers. When the 
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lignant lymphomas seemed to have 
been diminished in these animals. This 
last result could not be considered con- 
clusive because too few tumors were 
involved, although in treated groups 
several developing mammary tumors re- 
gressed. We therefore studied this ef- 
fect in a strain of mice with high inci- 
dence of mammary cancers. When the 
mice were treated with INH, develop- 
ment of mammary tumors in C3H fe- 
male mice was inhibited and the inci- 
dence of lung adenomas was increased. 
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