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INTRODUCTION 

The role of dietary lipids in carcinogenesis, a sub

ject of great interest for many years, was reviewed by Rusch 

in 1944 (22), Tannebaum in 1947 (24), Tannebaum and Silver-

stone in 1953 (25), Haven and Bloor in 1956 (12), Carroll 

and Khor in 1975 (6), Wynder in 1976 (26), Alcantara and 

Speckman in 1976 (1), and Lowenfels and Anderson in 1977 

(18). Studies conducted in different laboratories have 

demonstrated that both the quantity and quality of dietary 

lipids influenced the development of spontaneous as well as 

chemically-induced neoplasms in laboratory animals. 

Lea (17) reported a linear relationship between the 

intake of dietary lipids and the mortality from cancer of 

the breast, pancreas, ovary, prostate, bladder, small intes

tine, rectum, and leukemia in humans in the age group over 

55. The mortality of these neoplasms was also positively 

correlated with the dietary intake of sugar and animal pro

teins. However, other groups of neoplasms including those 

of stomach, liver, and uterus showed a negative relation

ship with dietary intake of lipids. 

The dietary fat in the American diet has increased 

from 125 g in 1910 to 157 g per person per day in 1970, 

i.e., a net increase of 26% (11). The animal fat in the 

diet for the same period was decreased from 83.1 to 62.1%. 

The major change in dietary fat was due to the increased 



use of unsaturated vegetable oils which accounted for about 

a three-fold increase in consumption in the last 60 years. 

In a previous study conducted in this laboratory 

(8), the bacterial tester system of Ames et al. (2, 3) was 

modified and employed to qualify the effect of dietary 

modulation on the mutagenicity and carcinogenicity of 2-

acetylaminofluorene (AcAF) in rats. This compound is 

metabolized in the liver to a glucuronide intermediate of 

N-hydroxy-acetylaminofluorene (N(OH)AcAF) and appears in 

the urine. Some tissues, especially liver, possess the 

enzymes necessary to generate an ultimate carcinogen from 

N(OH)AcAF which is a mutagen for bacteria. Changes in the 

frequency of reverse mutation in Salmonella typhimurium 

hisDab3052, uvrB, rfa (TA1538) reflect the influence of 

dietary effect upon the metabolic activation of the mutagen/ 

carcinogen. In this paper, we wish to report the effects 

of type and level of dietary lipids on the chemical induc

tion of carcinogenesis in male weanling rats and parallel 

enzymatic activity of a microsomal-free supernatant fraction 

(S-150) from the liver. We will demonstrate that the modi

fied bacterial detection system can be employed to show 

important changes in liver enzymology which are directly 

associated with the animal's development of tumors. 

MATERIALS AND METHODS 

2-Acetylaminofluorene (AcAF) was purchased from 

Aldrich Chemical Co. Inc., (Milwaukee, WI) and N(OH)AcAF 



was a gift of Dr. F. F. Kadlubar (Pine Bluff, AR). Stock 

solutions of N(OH)AcAF were dissolved in spectrometric grade 

ethanol. Cerelose dextrose 2001 and coconut oil were kindly 

provided by Dr. D. M. Rathmann and Mr. C. F. Brown of Best 

Foods (Union, NJ) and tallow was a gift of Swift Company. 

Preservative-free corn oil was purchased from Anderson 

Clayton Foods (Dallas, TX). 

Male weanling rats of the Sprague-Dawley strain 

(Sprague-Dawley Inc., Madison, WI) weighing an average of 

85 g were fed an otherwise adequate but fat-free basal diet 

supplemented with 3% mixed fats [1% each of tallow (TA), 

corn oil (CO) and coconut oil (CNO)] or each singular fat 

at the 20% level. At the end of the second week, 24 rats 

from each dietary group had 0.03% AcAF supplemented their 

experimental diets, while the remaining 12 rats of each 

group were continued on the same AcAF-free diets as the 

controls. Four months later, all the AcAF-fed animals were 

returned to their respective carcinogen-free diets and con

tinued until the experiment was terminated six weeks later. 

The fat-free basal diet contained the following in weight 

percentages: cellulose dextrose, 77; vitamin-free casein 

(ICN Pharmaceuticals, Cleveland, OH), 18; Jones and Foster 

Salts (15), 4; and vitamin-starch mixture, (4), 1. The fat 

and AcAF were added to the basal diet at the expense of 

dextrose. Food and water were administered ad libitum. 



Animals selected randomly from all groups were 

sacrificed by decapitation prior to the initiation of the 

experiment and at 2, 4, 10, 14, 18 and 24 weeks thereafter. 

Representative liver samples or tumorous sections were fixed 

in 10% formalin and later stained with hematoxylin-eosin for 

histological examination. The 9,000 x g liver homogenate 

fraction was prepared by the procedures of Ames et al. (3) 

using a Sorvall RC-2 centrifuge with an SS-34 head. Super-

natants (S-9) were collected in sterilized glass vials, 

quickly frozen in a dry ice cooling bath and stored at -70*^0. 

Microsomal-free fractions of the liver were prepared 

by the method of Matney et al. (20). The S-9 was thawed at 

room temperature and centrifuged in a Beckman L3-50 ultra-

centrifuge with a SW-41 rotor at 150,000 x g for 1 hour. 

The supernatant (S-150) was collected aseptically and stored 

at -70 C in a sterilized vial. 

The modified Salmonella tester system (2, 3) was 

used to quantify the effect of dietary fats on the 

mutagenicity/carcinogenicity of AcAF in rats. The S-150 

fractions were assayed for enzymatic activity responsible 

for converting N(OH)AcAF, an intermediate metabolite of 

AcAF, to N(OH)AF which is an ultimate mutagen. In the 

modified liquid tester system, 0.3 ml of S-150 was incu

bated at 37°C with 1 jjg of N(OH)AcAF, 0.7 ml of cofactors 

solution (3) containing glucose-6-phosphate, NAD, phosphate 

buffer (PH 7.4) and cation solution, and 2 ml of a log phase 



culture of TA1538 for 90 minutes. Fifty ̂ 1 of this mixture 

was added to 2.5 ml of molten top agar (45°C), thoroughly 

vortexed, poured onto a basal plate, and incubated at 37°C. 

After 48 hours the revertants caused by mutation were 

counted. To obtain the viable counts, 0.1 ml of the diluted 

incubation mixture (10~ ) was added to 2.5 ml of molten top 

agar supplemented with 2-fold concentrated nutrient broth, 

poured on minimal agar, and incubated at 37°C for 24 hours. 

RESULTS 

weight Gain 

The weight gains of the rats from each experimental 

group were periodically recorded and presented in Figure 1. 

During the first 4 weeks, there were no significant differ

ences in weight gain among the animals fed ad. libitum an 

otherwise adequate but fat-free basal diet supplemented with 

3% mixed fats (1% TA + 1% CO + 1% CNO) or 20% fat from TA, 

CO or CNO, and with or without 0.03% of AcAF mixed in the 

diet. After the fourth week and for the duration of the 

experiment, the weight gains of the animals receiving the 

AcAF-supplemented diets were lower than those of the animals 

fed the comparable AcAF-free diets. 

His"^ Revertants 

To demonstrate that the reversion of TA1538 to His"^ 

was responsive to the concentration of the enzyme(s), and 

to determine the responsive concentration range of the 
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enzyme (s) for the assay, 1 yg of N (OH) AcAF was used as the 

substrate (9) while the protein concentration of the S-150 

fraction was varied from 0 to 1.0 mg/ml. Fifty yil of the 

incubation mixture was added to the supplemented top agar 

as described in Methods and after incubation, the revertants 

per plate were determined for various concentrations of 

microsomal-free S-150 fraction. Figure 2 shows that re

vertants per plate increased essentially according to second 

order kinetics the concentration of enzyme(s), and that any 

concentration of enzyme(s) between 0.1 to 1.0 mg of protein/ 

ml will give a precise quantitation of mutagenesis. S-150 

preparations with 1.0 mg of protein/ml were chosen for the 

present studies because they could be expected to show 

variable activity within the linear response range. 

Enzymatic Activities 

The S-150 fractions from the livers of rats in the 

regimen described in Methods were tested for their abilities 

to convert N (OH) AcAF added iri vitro to N(OH)AF. This metabo

lite is an ultimate carcinogen which is also a mutagen (23). 

To establish baseline enzymatic activity, S-150 fractions 

were also prepared from representive rats sacrificed prior 

to the initiation of the experiment. Figure 3 shows the 

variable mutagenic response induced in Salmonella typhimurium 

TA1538 when different S-150 fractions were incubated with 

N(OH)AcAF. We interpret this to mean that the more active 
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S-150s enzymatically formed more of the mutagenic product, 

N(OH)AF per mg of protein. 

As shown in Table 1, the S-150 fractions from rats 

receiving the 20% CO diet supplemented with 0.03% AcAF had 

significantly higher enzymatic activity (P<0.01) at week 

4, and maintained higher enzymatic activity throughout the 

experimental period than the animals fed the comparable 

AcAF-supplemented diets containing 3% mixed fats or 20% fat 

from TA or CNO. The S-150 enzyme activity from the rats 

fed 20% CNO plus AcAF was significantly increased at week 10 

as compared to those in animals fed AcAF in either 3% mixed 

fats or 20% TA diets. 

Hepatic Tumor Tissues 

S-150 fractions were prepared from the hepatic tumor 

tissues of the rats on the various diets which included AcAF. 

The tumor-derived fractions were compared with other frac

tions prepared from apparently "normal" liver tissues of 

the same rats for S-150 activity. Table 2 shows there was 

a decreased enzymatic activity in the tumor tissues as 

compared with the "normal" hepatic tissues. 

Hepatic Tumors 

Superficial hepatic tumors were counted and the size 

of the tumors were measured when the animals were sacrificed 

at the end of 24-week feeding period. The results are 

summarized in Table 3. The rats receiving the 20% CO diet 
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TABLE 1 

S-150 ENZYMATIC ACTIVITIES OF THE LIVERS FROM 
AcAF-FED RATS OF DIFFERENT DIETARY 

GROUP AT WEEK 4 AND 10 

Dietary Group 

Mutation Frequency (xlO )/mg Protein 

Week 4 Week 10 

3% mixed fats + AcAF 

20% tallow + AcAF 

20% corn oil + AcAF 

20% coconut oil + AcAF 

1.032 

1.035 

2.932 * • 

0.940 

2.357 

2.252 

2.237 

2.975 * * 

* • 
Highly significant difference (P<0.01). 

TABLE 2 

COMPARISON OF THE S-150 ENZYMATIC ACTIVITIES 
BETWEEN THE APPARENTLY "NORMAL" HEPATIC 

TISSUES AND TUMOR TISSUES 

Diets 

_5 
Mutation Frequency (xlO )/mg Protein 

"Normal" Tissues Tumor Tissues 

3% mixed fats + AcAF 4.12 

2.65 

3.04 

0.82 

20% tallow + AcAF 6.85 

3.76 

1.10 

1.33 

20% corn oil + AcAF 4.07 

4.03 

1.51 

0.88 

20% coconut oil + AcAF 5.97 

3.82 

1.95 

0.57 
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TABLE 3 

NUMBER OF HEPATIC TUMORS OBSERVED IN 
RATS AFTER 24 WEEKS 

Diet 
Rat No. of 
No. Tumors 

Size 
Range 
(mm) 

Carcinogenic 
Index 

3% mixed fats + AcAF 

2 0% tallow + AcAF 

20% corn oil + AcAF 1 

2 

3 

4 

5 

6 

7 

20% coconut oil + AcAF 1 

3 

4 

7 

3 

11 

21 

5 

14 

10 

15 

3 

13^ 

2 

1 

2 

2-5 

1-5 

1-8 

5-20 

1-4 

2-25 

1-27 

2-17 

1-15 

2-7 

1-13 

1-5 

1-10 

1&6 

5] 

11 

7 

7 

8 

+ 

4.5] 

2.5] 

4 ] 

1&1.5 

400 

425 

1128 

450 

* This is considered to be an exceptional animal for 
this group. 

+ Median size of tumor. 

++ % of animals with tumors x no. tumors per animal. 
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supplemented with AcAF had consistently higher numbers of 

hepatic tumors than those in other groups. One of the 

animals fed 20% CNO and AcAF had comparable number of 

hepatic tumors. 

Carcinogenic Index 

Carcinogenic Index (C. I.) is defined as percentage 

of animals with tumors multiplied by number of tumors per 

animal. In this experiment, animals from 20% CO-AcAF group 

had the highest C. I., and 20% CNO-AcAF group had the next 

highest C. I. (Table 3). 

Histological Examinations 

Absence of liver lobular architecture, racemose 

dilation and proliferation of the bile duct, nodular aggre

gates of varying size, enlarged liver cells and granularity 

in cytoplasm were noticed from the 8th week of AcAF treat

ment. Normal liver tissue of a rat at 18th week and tumor

ous liver tissue of a rat at 10th week are compared in 

Figure 4. 

DISCUSSION 

Animals in the CO group with or without AcAF supple

mentation had higher weight gains than the animals of other 

dietary groups. Animals in the CNO group were second highest 

(Figure 1). Digestibility may be one of the factors which 

influences the weight gain of the animals. Coefficiency of 
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apparent digestibilities of various lipids were tested by 

Carroll and Khor (5). m their study, both CNO and CO have 

higher coefficiencies of apparent digestibilities than TA. 

Weights of animals fed various lipids followed the same 

trend of lipid coefficiency of apparent digestibility. 

Therefore, the higher weights of CO group and CNO group are 

expected. 

N(OH)AF is an ultimate carcinogen and a mutagen 

identified by Stout et al. (23). S-150 is responsible for 

the conversion of N(OH)AcAF, an intermediate metabolite of 

AcAF to N(OH)AF which causes the mutations in the bacterial 

test strain (8). The higher the enzyme activity, the more 

N(OH)AF produced and the more reversion of Ŝ. typhimurium 

TA1538 to His . Therefore, the mutation frequency produced 

in bacteria per mg protein of S-150 is a good assay for 

enzyme activity. The non-saturating concentration of enzyme 

used in this experiment gives more precise quantitation of 

enzyme activity because it is in the linear response range 

for 1 jag of substrate (9). Under this condition, countable 

colony numbers are obtained with reproducible values for a 

given preparation. 

It should be noted from Figure 3 that the S-150 

enzymatic activity of all animals increased after 2 weeks 

on the experimental diets. Whether this phenomenon is age 

related or is a response to the dietary shift is presently 

untested. In most of the experimental groups, this activity 
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increase was followed by a sharp decline. However, the 

enzyme activity in the animals fed 20% CO plus AcAF was 

still elevated at the end of the fourth week and remained 

essentially constant throughout the experiment. All these 

animals had consistently high numbers of liver tumors at 

the last sacrifice interval (Table 3). Enzymatic activity 

in the animals fed 20% CNO plus AcAF increased between weeks 

4 and 10, reaching a level about equal to that of rats on 

the CO-AcAF regimen. The animals from this group were 

second in average number of tumors to the CO-AcAF group. 

One animal on the CNO-AcAF regimen had as many tumors as 

the median from the CO-AcAF group. 

Dietary lipids are known to participate in the 

induction of drug-metabolizing enzymes (7, 10, 19, 21) which 

are also responsible for the conversion of procarcinogen to 

a proximate carcinogen (8). In the study of Marshall and 

McLean (19), cytochrome P-450 was more induced when animals 

were fed CNO and linoleic acid together than CNO alone was 

administered. Joly and H^tu (14) reported when linoleic 

acid and other lipids were given together to the animals as 

energy source, the more linoleic acid the higher enzyme 

activity and inducibility. In this experiment, calorie 

supplied from linoleic acid in CNO group is 0.71% and that 

in TA group is 0.60% (Table 4). Possibly the higher S-150 

enzymatic activity observed in the CNO group than that in 

TA group is caused by the higher linoleic acid content in 
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TABLE 4 

FATTY ACID COMPOSITION OF COCONUT OIL, 
CORN OIL AND TALLOW 

Coconut Oil Corn Oil Tallow 

Free Fatty Acids, % 

Fatty Acid Composition, % 

^8 

^10 

Cl2 

Ci4 

Cl6 

^16:1 

Cl8 

*^18:1 

^18:2 

<^18:3 

C22 

Unknown 

0.03 0.09 0.04 

0 . 5 

7 . 9 

6 . 5 

4 8 . 8 

1 7 . 5 

8 -4 

2 . 4 

6 . 1 

1.9 

T r a c e 

0 . 1 

0 . 1 

1 2 . 2 

T r a c e 

2 . 0 

2 9 . 3 

5 5 . 1 

1 .1 

0 . 1 

0 . 1 

0 . 1 

0 . 1 

2 5 . 3 

2 . 1 

1 6 . 5 

4 8 . 3 

1 .5 

0 . 7 

N i l 

Trace 1.8 

Organo-Chloride Pesticide 
Residue, ppm 

Lindane 

DDE 

Dieldrin 

0 . 0 0 4 

0 . 0 0 6 

0 . 0 1 2 
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addition to the high amount of total fat in the CNO. 

Carroll and Khor (5) used tumor incidence as the parameter 

of carcinogenesis study and concluded that unsaturated fats 

produce higher tumor incidence. The linoleic acid content 

in their CNO was lower than that in TA. This is probably 

the reason for the difference between their results and ours. 

In the previous experiment conducted in this labo

ratory after tumorigenesis was well established, there was 

a decrease in S-150 enzyme activity (9). In this experi

ment, enzymatic activity of S-150 from tumor was measured, 

there was a decrease enzymatic activity in tumor tissue. 

Presumably, transformed liver cells lack the ability to 

convert N(OH)AcAF to mutagen, therefore, the S-150 activity 

in transformed cells decreases. 

From our results, we conclude that there is a good 

correlation between elevation of the S-150 enzyme activity 

by the dietary lipids and carcinogenesis. This makes it 

possible to form more ultimate carcinogen through metabolism 

of the procarcinogen, AcAF and proximate carcinogen 

N(OH)AcAF. The ultimate carcinogen, N(OH)AF, is probably 

formed by deacetylation or transacetylation of N(OH)AcAF, 

and the enzyme catalyzing this reaction is present in the 

liver S-150 (13, 16). As more N(OH)AF is formed, the proba

bility for a chemically induced transformation is of course 

increased. Furthermore, physical properties, such as melt

ing point and digestibility, as well as chemical property. 
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such as degree of saturation are important in carcinogenesis 

of experimental animals. 
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