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Aromatic amines (or metabolic deriva- 
tives) bind to DNA, RNA, and proteins dur- 
ing induction of liver tumors in rats (1) .  
These interactions frequently were accom- 
panied by changes in the metabolism of these 
cellular components. For instance, the con- 
tent of rat liver nuclear RNA decreased dur- 
ing carcinogenesis with 3’methyl-4-dimethyl- 
aminoazobenzene (3’-Me-DAB) ( 2 ,  3 ) ,  or 
with n’-hydroxy-2-acetylaminoBuroene (3) ,  
but these depletions were absent when weakly 
carcinogenic or noncarcinogenic derivatives of 
DAB were administered ( 2 ,  3 ) .  The observa- 
tion of similar depletions with aflatoxin B1 
led Sporn and Dingman (3)  to suggest that 
this unique alteration of nuclear RNA me- 
tabolism might be a characteristic shared by 
diverse chemicals capable of inducing liver tu- 
mors. On the other hand, Kizer and Clouse 
(4) reported diverse patterns with 3’-PIIe- 
DAB, 4’-fluoro-DAB (4’-F-DAB) and thio- 
acetamide, and concluded that changes in nu- 
clear RN.4 metabolism were irrelevant to liver 
tumor induction. In their experiments (4),  
carcinogens were fed in a semisynthetic diet 
( 5 )  which contained moderate levels of ribo- 
flavin. Subsequently, it was shown (6) that 
induction of liver tumors was retarded when 
4’-F-DAB was fed in that diet (5) .  Tumors 
were readily induced (6)  if 4’-F-DAB was 
fed in a low riboflavin diet ( 7 ) .  Therefore, 
the purpose here was to determine whether 
patterns of nuclear RNA synthesis and con- 
tent during tumor induction in rat liver with 
4’-F-DAB differed from patterns seen when 
animals were protected from 4’-F-L)AB car- 
cinogenesis. Since tumors were readily induced 
with 3’-Me-DAB, whether fed in the moderate 
(5)  or low (7) riboflavin diets, patterns of 

hepatic nuclear RNA metabolism during 
3’-Me-D.4B feeding served as an internal 
control. 

Materials and Methods. Female Holtzman 
rats were fed 0.06% 4’-F-DAB or 3’-Me- 
DAB for 6 weeks in a semisynthetic diet 
described by Farber ( 5 )  or one described by 
Medes et al. (7). Liver tumor incidence after 
feeding 0.060/:, 4’-F-DAB for 12 weeks in 
these diets was reported (6)  as being: (a) 
“Farber’s diet,” 0/24; (b) “Medes’ diet,” 
loill. Similar regimes using 0.06% 3’Me- 
D-4B consistently resulted in essentially 
100% hepatic tumor incidence, irrespective of 
diet. 

Animals were injected with orotic acid- 
6-14C, 3.3 pCi/rat, or adenine-8-14C, 5 
pCi/rat, and the isotope was allowed to in- 
corporate 30 min. Animals were killed by 
cervical fracture and livers were quickly re- 
moved and perfused sequentially with ice- 
cold 0.9% saline and 0.25 M sucrose (8) ; and 
were homogenized in 0.25 M sucrose. Nuclei 
were separated by centrifugation at 1 2  5Og 
(9 )  and were purified by centrifugation in 
2.2 M sucrose (10). Nuclear RNA was 
subf rac tiona ted in to a non-nucleolar nuclear 
fraction (NNN) and a nucleolar fraction by 
a neutral salt extraction procedure (1 1). 
These subfractions had inadequacies when 
judged by cytologic criteria (12), but pos- 
sessed markedly different rates of precursor 
incorporation ( 13). Nucleoproteins from 
these 2 fractions were extracted by the meth- 
od of Steele et al. (8). Methods used for 
quantitative determinations were: RNA by 
reaction with orcinol (14) using yeast RNA 
as a standard; protein by reaction with phenol 
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TABLE I. Effect of Diet upon Incorporation of 
Orotic Acid-6J4C into Nuclear Ribonucleic Acid 
(RNA) Subf ractions during Carcinogenesis i n  the 

Liver.” 

(dpm/mg of protein) 

NNN* RNA Nucleolar RNA 

Additions to 
( Medes’ diet ’ ’ 

None ( 9 )  366 2 47“ ( 9 )  1627 &Ti22 
4’-F-DAR (8) 383 2 56 (9)  458 f fi7d 
3’-Me-DAB (8) 200 88 (8 )  260 +12gd 

Additions to 
Farber’s diet ’ ’ 
None (10)  755 + I 0 1  (10) 2948 e 2 1 4  

3’-Me-DAR (7) 384 5 ~ 1 2 1 ~  (7) 1621 &39Eid 
4’-F-DAB (12)  928 +I80 (12)  3219 2 3 8 8  

a Animals were fed 0.06Y0 4‘-F-DAB or 3’-Me- 
DAB in a low riboflavin diet (“Medes’ diet7’)(7) 
or i n  a high riboflavin diet (( ‘ Farber’s diet ’) ( 5 )  
for 6 weeks. Orotic a ~ i d - 6 - W ~  ca. 3.3 pCi/rat, was 
injected intra-abdominally and allowed to incor- 
porate 30 min. Nuclei were separated from liver 
homogenates by centrifugation (9) and purified by 
centrifugation through 2.2 M sucrose (10). Non- 
nucleolar nuclear (NNN) and nucleolar subf rac- 
tioiis were obtained essentially by neutral salt ex- 
traction procedure (11). Other experimental de- 
tails are given in  the (‘Matcrials and Methods’? 
srction. 

* NNN, non-nucleolar nuclear. 
Values are averages 2 SE; nuiiibcr of aiiimals 

Values different from corresponding ‘ none ’ ’ 

Data froin this dietary regimen were depicted 

givcn in parentheses. 

values at a probability level of 0.1 or greater. 

i1i:igrnmiriaticnlly in  a previous publication (4). 

reagent ( 15) using crystalline bovine al- 
bumin as a standard; and isotope by liquid 
scintillation counting in a xylene-dioxane- 
cellosolve counting cocktail ( 16) with quen- 
ching corrected by the channels ratio method 

Results and Discussion. Incorporation of 
orotic acid-6-14C into nuclear RNA subfrac- 
tions after 6 weeks on diets containing either 
4’-F-DAB or 3’-Me-DAB is recorded in Ta- 
ble I. When the 2 dyes were fed in “Me- 
des’ diet,” the only appreciable change was a 
decrease in the deposition of label in the 
nucleolar fraction. When both dyes were fed 

(17).  

in “Farber’s diet ,” appreciable changes were 
observed only among animals fed 3‘-Me- 
DAB. Here, deposition of label into both 
nucleolar and N N N  RNA were decreased. 
Tumor induction would have been expected 
from 3’-Me-DAB when fed in either diet, but 
from 4’-F-DAB only when fed in “Medes’ 
diet” ( 6) .  Therefore, decreased incorporation 
of labeled orotic acid into nucleolar RNA 
appeared to be correlated with the onset of 
cancer induced in rat liver by azo dyes. Since 
decreased incorporation of labeled orotic 
acid into NNN RNA was seen only among; 
animals fed 3’-Me-DAB in “Farber’s diet,” 
this lesion apparently was associated with 
dietary influences, not with the onset of 
cancer. Thus, this experiment suggested that 
decreased synthesis of nucleolar RNA was 
symptomatically associated with the onset of 
liver cancer induced by azo dyes. 

Since changes in precursor pools and pre- 
cursor interconversions influence incorpora- 
tion patterns into cellular components, ade- 
nine-8-14C also was used as a precursor of 
nuclear RNA, and the data are summarized 
in Table 11. Here, both 3’-Me-DAB and 
4’-F-DAB , irrespective of diet, stimulated in- 
corporation of labeled adenine into NNN 
RNA. Incorporation of adenine-8-14C into nu- 
cleolar RNA was not appreciably affected by 
either dye or either diet. Thus, this experi- 
ment suggested that both azo dyes stimulated 
NNN RNA synthesis, but this stimulation 
was not symptomatically associated with the 
onset of liver cancer. 

The content of RNA in the 2 nuclear 
subfractions was determined and the data are 
recorded in Table 111. Except for the group 
fed 3’-Me-DAB in “Medes’ diet,” neither 
diet nor azo dye addition caused appreciable 
change in the RNA content. Thus, this exper- 
iment suggested that the amount of RNA in 
the 2 nuclear subfractions was unrelated to 
the onset of liver cancer induced by either of 
these dyes. 

We reported previously that a common 
pattern of nuclear RNA synthesis and con- 
tent was not seen among animals fed 3’-Me- 
DAB and 4’-F-DAB, but this conclusion was 
compromised by the use of “Farber’s diet,” 
which retarded tumor induction with 4’-F- 
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TABLE 11. Effect of Diet upon Incorporation of 
Ade11ine-8-~~C into RNA Subfractions during Car- 

cinogenesis in the Liver.” 

determined here. But it was interesting that 
deposition of labeled erotic acid into nucleo- 
lar RNA was correlated with the cancer risk 

(dpm/mg of protein) 

NNNb RNA Nucleolar RNA 

Additions t o  
( ( Medes’ diet ) ) 

None (10) 212 2 28” (10) 678 4 80 
4’-F-DAB (9) 424 ? 41d (13) 656 93 
3’-Me-DAB (13) 412 & 47d (9) 529 4 94 

Additions t o  
((Farber’s diet”“ 

None (10) 185 & 16 (10) 801 k 1 5 7  

3’-Me-DAB (10) 313 2 64d (11) 868 k 1 6 5  
4’-F-DAB (10) 253 e 30d (12) 924 4 1 2 1  

” Adenine-8-14C, ca. 5 FCi/rat, was injected intra- 
abdominally 30 min before the rats were killed. 
Other experimental details were as described in  
Table I. 

NNN, non-nucleolar nuclear. 
Values are averages 2 SE; number of animals 

Values different from corresponding “none ” 

Data from this dietary regimen were depicted 

given in  parentheses. 

values a t  a probability level of 0.1 or greater. 

diagrammatically in a previous publication (4). 

DAB. In present experiments, tumor inci- 
dence with 4’-F-DAB was deliberately re- 
tarded or enhanced by dietary means, but the 
tumor incidence with 3’-Me-DA4B wits not 
affected. Under these conditions, when orotic 
acid was the labeled precursor, nucleolar 
RNA synthesis was inhibited in correlation 
with expected tumor incidence; when labeled 
adenine was the precursor, NNN RNA syn- 
thesis was stimulated, irrespective of tumor 
incidence; and the amount of RNA in either 
fraction was not appreciably changed, irre- 
spective of expected tumor incidence. Thus, 
there appeared to be no consistent relation- 
ship between liver tumor induction with these 
2 azo dyes and changes in nuclear RNA 
metabolism during the onset of cancer. 

Incorporation patterns in Tables I and I1 
were appreciably altered by factors apart 
from those assoicated with the synthesis of 
nuclear RNA. Whether these differences 

of the animals. Although studies on the inter- 
conversion of orotate, viz., reaction with py- 
rophosphorylase, decarboxylase, and kinase 
(18), in precancerous rat liver have been 
reported (19), further studies seem appropri- 
ate. 

If treatments which potentiated or retard- 
ed the incidence of liver tumors also potenti- 
ated or retarded biochemical effects exerted 
by the inducing agents during carcinogenesis, 
then Reid (20) considered that the bio- 
chemical effects were likely to be key changes 
in oncogenesis. By this criterion, changes in 
the synthesis and content of nuclear RNA 
would not appear to be key changes. Since 
both transfer RNA ( 2 1 )  and ribosomal RNA 
( 2 2 )  interact with aromatic amines, failure 
to detect correlations here may be associated 

TABLE 111. Effect of Diet upon the Concentration 
of RNA in Nuclear Subfractions during Carcino- 

genesis in the Liver.” 

(pg/mg of protein) 
~~ 

NNNb RNA Nucleolar RNA 
~ 

Additions t o  
Medes’ diet ) 

None (18) 32 2 2” (20) 42 k 3 
4-F-DAB (22) 30 2 3 (25) 38 f 2 
3’-Me-DAB (15) 41  & 2d (16) 42 2 

Additions t o  
( ( Farber’s diet ’ ’ 

None (10) 28 2 4 (10) 38 -1- 3 
4‘-F-DAB (11) 33 k 2 (12) 40 2 3 
3’-Me-DAB (7)  2.0 * 3 (7 )  32 2 

“RNA was determined by reaction with orcinol 
(14) using yeast RNA as a standard. Protein was 
determined by reaction with phenol reagent (15) 
and crystalline bovine albumin was the standard. 
Other experimental details were as described in  
Table I. 

NNN, non-nucleolar nuclear. 
Values are averagcs r+ SE; number of animals 

Values different from corresponding ‘(none” 
given in parentheses. 

values a t  a probability level of 0.1 or greater. 
arose from differences in pool sizes or differ- 
ences in in terconversion rates, can not be di~gr:rmni:iticnIly in a previous publication (4). 

“ D a t a  from this dietary regimen were depicted 
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with heterogeneity of RNA fractions isolated. 
Summary. The purpose was to determine 

whether changes in hepatic nuclear RNA 
synthesis and content were correlated with 
tumor incidence in rats fed 4’-F-DAB or 
3’-Me-DAB. Rats were fed 4’-F-DAB for 6 
weeks in diets that potentiated (“Medes’ 
diet”) or retarded (“Farber’s diet”) hepatic 
cancer induction. Other rats were fed 3’-Me- 
DAB in “Medes’ diet” or “Farber’s diet,” 
but, risks for hepatic cancer induction were 
essentially identical. RNA synthesis was ad- 
judged by incorporation of orotic acid-6-14C 
or adenine-8-14C into 2 nuclear RNA subfrac- 
tions obtained by neutral salt extraction. Re- 
sults were: (a) incorporation of labeled orot- 
ic acid into nucleolar RNA was inhibited by 
both azo dyes in correlation with expected 
tumor incidence, incorporation into non- 
nucleolar nuclear (NNN) RNA was inhi- 
bited by 3’-Me-DAB in one diet, but not by 
4’-F-DAB ; (b) incorporation of labeled 
adenine into NNN RNA was stimulated by 
both azo dyes but not in correlation with 
expected tumor incidence, incorporation into 
nucleolar RNA was not changed; and (c) 
RNA content of both fractions was not ap- 
preciably changed. It was concluded that no 
consistent relationship appeared to exist be- 
tween liver tumor induction with these 2 azo 
dyes and changes in these aspects of nuclear 
RNA metabolism during carcinogenesis. 
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