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Administration of polycyclic hydrocarbons 
to rats is followed by an increase in the 
activities of several of the mixed function 
oxidases present in the liver. Under certain 
conditions polycyclic hydrocarbons are metab- 
olized by these enzymes to metabolites of 
high carcinogenic potency ( 1) .  The develop- 
ment of tumors induced by chemical carcino- 
gens is subject to some elements of endocrine 
control (2-4), but the mechanisms by which 
endocrine factors affect chemical carcino- 
genesis are not understood. I t  remains a pos- 
sibility that during the early phases of car- 
cinogen-tissue interaction hormones modify 
the metabolic activity of liver and thus in- 
crease or decrease the extent of metabolic 
modification of administered polycyclic hy- 
drocarbons. The effective level of proximate 
carcinogens or the modification of the in- 
teraction between carcinogen and macromol- 
ecules of liver nuclei may be among the 
biochemical parameters which can be affected 
by hormones. In  the present investigation, 
we have studied some of the initial phases of 
the interaction of 7,12-dimethylbenz [a] anth- 
r a ~ e n e - ~ H  (DMBA) and of benz [ a ]  -anthra- 
~ e n e - ~ H  (1,2-BA) with hepatic DNA and 
histones from intact and gonadectomized 
male and female rats. 

MateriaZs and Methods. Intact and gon- 
adectomized male and female Sprague- 
Dawlrey rats (180 to 200 g) were used 
throughout the experiments. The time lapse 
between operation and killing was 2 1  days. 
The animals were guillotined, after which the 
livers were cannulated and perfused with 
ice-cold 0.9% NaCl. Slices were prepared by 
means of a Stadie-Riggs microtome. The 
slices (500 mg of wet wt) were placed in a 
25-ml Erlenmeyer flask and suspended in 5 
ml of 0.05 M sodium phosphate buffer, pH 

7.9, containing 2 pCi of 7,1%-dimethylbenz- 
[~Ianthracene-~H (G)  (sp act 750 pCiJ 
mmole), or 2 pCi of benz[~]anthracene-~H 
(G) (sp act 750 pCi/mmole) dissolved in 0.1 
ml of propylene glycol. Incubations were 
carried out a t  37" in a Dubnoff metabolic 
incubator in air. At the end of the incubation 
time the slices were removed from the in- 
cubation medium and washed 5 times in 4 ml 
of ice-cold 0.05 M sodium phosphate buffer, 
pH 7.9, containing the respective non- 
radioactive carcinogens (dissolved in propy- 
lene glycol) a t  a concentration of M .  
The slices were homogenized in 8 ml of 0.05 
M sodium phosphate buffer, pH 7.9, contain- 
ing 0.25 IM sucrose in a Potter-Elvehjem 
glass homogenizer. The nuclear fraction was 
isolated and purified by sedimentation 
through 2.3 M sucrose as described previous- 

For the isolation of the total histone frac- 
tion, nuclei were extracted for 6 hr with three 
5-ml portions of ice-cold 0.25 N HCl (6).  
The combined acid extract was clarified by 
centrifugation and contained the total acid- 
extractable histone fraction. DNA was ex- 
tracted from the purified nuclei by a modifi- 
cation of the Kirby procedure (7). DNA was 
determined with diphenylamine (8). Protein 
was determined by the method of Lowry et 
al. (9). For the determination of radioactivi- 
ty, the samples were dissolved in 2 ml of 
NCS solubilizer (NCS Tissue Solubilizer- 
Amersham/Searle, Chicago, Illinois) . After 
the addition of 15 ml of liquid scintillation 
solution (6 g of PPO, 250 mg of dimethyl- 
POPOP in 1 liter of toluene), the samples were 
counted in a liquid scintillation spectrometer. 

Results. The rate of uptake of radioactive 
DMBA and 1,2-BA by rat liver slices a t  time 
intervals from 1 to 30 hr is shown in Fig. 1. 
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FIG. 1. Time course of 7,12-dimethylbenz[alan- 
thracene-”H and ben~[a]anthracene-~H uptake by rat 
liver slices: Liver slices from normal male rats were 
incubated with labeled DMBA and 1,Z-BA. After in- 
cubation, the slices were homogenized and the homog- 
enate was assayed for protein content and radio- 
activity; see “Methods” for details. Each point rep- 
resents the mean value of 4 incubations. Standard 
error of mean was for all time points less than 10% 
(not plotted). 

The ini’tial rate of uptake of radioactivity was 
significantly higher in the incubations with 
DMBA than in similar incubations with 1, 
2-BA. The 1,2-BA was only slowly incorpo- 
rated into the incubating liver slices and 
maximum specific activities were not ob- 
tained until 20 to 25 hr after the start of the 
incubation. I n  the subsequent experiments in 
which the effects of sex differences and gon- 
adectomy on the uptake of labeled hydrocar- 
bons are compared, the length of the incu- 
bation time was chosen to obtain maximal 
uptake of radioactivity by the liver slices (3 
hr for incubations with DMBA; 20 hr for 
incubations with 1,2-BA). 

Liver nuclei from intact male rats showed 
a significantly lower specific activity than nu- 
clei from the liver of intact female rats after 
incubation of liver slices with DMBA (Table 
I) .  Ovariectomy had little or no effect on 
the uptake of DMBA by liver nuclei from 
female rats, whereas the uptake of DMBA by 
liver nuclei from male rats increased approx- 
imately 99% after gonadectomy. Table I fur- 
ther shows that incubation of liver slices with 

1,2-BA led to a relatively higher labeling of 
liver nuclei from intact male rats than those 
in intact female rats. Gonadectomy of the 
male did not affect the degree of uptake of 
radioactive 1,2-BA by liver nuclei, but nuclei 
from the liver of female rats exhibited a 
significant increase of specific activity after 
ovariectomy. 

Quantitatively, only small amounts of radi- 
oactivity were detected in the DNA fractions 
after incubation of liver slices with labeled 
DMBA and 1,2-BA (Table 11), and it is 
conceivable that the radioactivity was actual- 
ly bound to a protein contaminant in the 
DNA preparation. The lack of significant la- 
beling of hepatic DNA under these condi- 
tions seems to be characteristic of in vatro 
experiments, since a much higher degree of 
labeling of D N A  is observed after in vivo 
administration of radioactive DMBA and 1, 

The specific activities of the total histone 
fractions isolated from nuclei after incubatinn 
of liver slices with radioactive DMBA and 
1,2-BA are listed in Table 11. No significant 
differences are found in the specific activities 

2-BA (10, 11). 

TABLE I. The Effect of Sex Differences and 
Gonadectomy on the Uptake of 7,12-Dimcthylbenz- 
[a] a~i thraeene-~H and  Benz [a] a n t h r a ~ e n e - ~ H  by 

Isolated Nuclei from Ra t  Liver.” 

Polycyclic hydrocarbon 
incubated 

(dpm 3H x 10-3/mg of protein) 

Group DMBA 1,2-BA 

Male 
In tac t  16.8 k 1.P 48.7 2 3.3 
Gonsdectomized 31.6 2 2.8 49.3 +- 5.0 

In tac t  30.5 3- 3.2 18.9 4 2.5 
Ovariectomized 37.1 zk 3.5 36.1 & 2.7 

Female 

Ii Liver slices from intact  and  gonadectomized 
male and  female rats were incubated for 3 hr  with 
labeled DMBA and for 20 hr with labeled 1,2-BA. 
After incubation, nwlei were isolated from the 
homogenized liver slices and  assayed for protein 
content and radioactivity; see “Methods’) for  de- 
tails. 

Values represent the mean 2 standard error of 
four  experiments. 
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TABLE 11. The Effect of Sex Differenccs and Gonsdectomy on the Uptake of 7,le-Dirnethyl- 
ben~[a]anthracene-~H and Benz [a]anthracen~-~H by Nuclear DNA and Total Histone from 

Rat Liver.” 

Polycyclic hydrocarbon incubated 

Group 

(dpm 3H/mg of DNA) (dpm 3H/mg of histone) 

DMBA 1,2-BA DMBA 1,Z-BA 

Male 
Control 23 2 0.3b 4 +- 0.02 1237-1- 80 1291 & 160 
Gonadectomized 29 & 0.3 2 & 0.02 1114 +- 111 2435 4 210 

Control 49 L- 0.4 5 2 0.08 1500 2 160 915-1- 31 
Ovariectomized 12 2 0.1 2 2 0.04 2922 -1- 250 2709 91 

Female 

“Liver slices from intact and gonadectomized male and female rats were incubated for 3 
hr with labeled DMBA and for 20 hr with labeled 1,Z-BA. After incubation, nuclei were is@- 
lated from the homogenized liver slices. The total acid-soluble histone fraction and DNA 
were extracted and their specific activity was determined; see “Methods” fo,r details. 

Values represent the mean -t. standard error of four experiments. 

of histones from the liver of intact male or 
female rats, and radioactive DMBA as well 
as 1,2-BA were bound to histones to the same 
extent. Gonadectomy had no effect on the 
uptake of DMBA by total liver histones of 
male rats but i t  led to an increased uptake of 
radioactivity by liver histones in all other 
experiments listed. 

Discussion. The binding of polycyclic hy- 
drocarbons to DNA, RNA, and cytoplasmic 
proteins has been demonstrated previously by 
Brookes and Heidelberger (12) and other 
investigators ( 10, 11). In  a preliminary com- 
munication we have demonstrated the binding 
of DMBA and p-dimethylaminoazobenzene- 
14C to rat liver histone fractions in vivo 
(13). I t  is evident from the present study 
that the uptake in vitro of DMBA and 1, 
2-BA by rat liver nuclear components can be 
influenced by sex differences and by gonadec- 
tomy. It would appear, in general, that the 
uptake of DMBA and 1,2-BA by rat liver 
nuclear histones is greatly enhanced after go- 
nadectomy. The binding of DMBA to histone 
was responsive to gonadectomy only in the 
female rat. 

The biological significance of these findings 
remains ubscure. However, there is a distinct 
possibility that interaction of adsministered 
polycyclic hydrocarbons with DNA and nu- 
clear proteins may alter the genetic expres- 

sion and information release in a cell. The 
presence or the lack olf male or female hor- 
mone could play a permissive or promoting 
role in this process. 

Summary. The effects of sex difference and 
of gonadectomy on the uptake of 7, 
12-dimethylbenz [a] anthra~ene-~H and benz- 
[a] anthra~ene-~H by rat liver slices, hepa- 
tic DNA, and histones were studied. Liver 
slices from the intact male rat incorporated 
7,12-dimethylbenz [aIanthra~ene-~H at a 
higher rate than benz [ a ]  anthra~ene-~H. The 
uptake of 7,12-dimethylbenz [ a] anthracene- 
3H by intact isolated liver nuclei increased 
after gonadectomy of the male rat, whereas 
the uptake of benz [ a ]  anthraceneaH in- 
creased in liver nuclei from female rats after 
ovariectomy. Relatively small amounts of ra- 
dioactive hydrocarbons were bound to DNA 
under the in vitro experimental conditions. 
Liver histones were found to bind radioactivi- 
ty after incubation of liver slices with 7, 
12-dimethylbenz [a] anthra~ene-~H and benz- 
[a] anthra~ene-~H. Gonadectomy led to an 
increase in the extent of binding of benz- 
[a] anthra~ene-~H to liver histones from 
both male and female rats. Uptake of 7, 
12-dimethylbenz [a] anthra~ene-~H by his- 
tones was increased only in liver of ovariecto- 
mlized female rats. 
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