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are in contrast to results of earlier studies on
whole livers, which showed that under similar
conditions, the percentage of stearic acid
decreases. There were no changes in fatty acid
percentage composition in RBC ghost cells
after 5-9 weeks of exposure. These studies
also indicate that there were striking differ-
ences in the fatty acid composition of mem-
branes of various organelles in the cell.

The authors wish to acknowledge the technical
assistance of Miss Peggy Platner and Miss Judy
Clark.

1. Fawcett, D. and Lyman C,, J. Physiol. 126, 235
(1954).

2. Kodama, A. and Pace, N., Federation Proc. 22,
761 (1963).

3. Williams, D. D. and Platner, W. S, Am. J.
Physiol. 212, 167 (1967).

4. Chaffee, R. R. J., Hoch, F. L, and Lyman,
C. P, Am. J. Physiol. 201, 29 (1961).

5. Reynafarje, B. and Chaffee, R. R. J., Proc. Soc.
Exptl. Biol. Med. 103, 225 (1960).

Rar MamMMmary GLAND FarTYy AcIDS

6. Brock, M. A, Ann. Acad. Sci. Finnicae, Ser. A.
IV 71(4), 53 (1964).

7. Hogeboom, G. H. and Schneider, W. C., J. Biol.
Chem. 186, 417 (1950).

8. Hoch, F. L. and Lipmann, F., Proc. Natl. Acad.
Sci. U. S. 40, 909 (1954).

9. Reynafarje, B. and Potter, V. R., Cancer Res.
17, 1112 (1957).

10. Lasker, R. and Theilacker, G., J. Lipid Res.
3, 60 (1962).

11. Metcalfe, L. and Schmitz, A., Anal. Chem. 33,
363 (1961).

12. Woodford, F. and van Gent, C., J. Lipid Res.
1, 188 (1960).

13. Fritz, 1. B., Physiol. Rev. 41, 52 (1961).

14. Fritz, 1. B. and McEwen, B., Science 129, 334
(1959).

15. Fritz, I. B. and Kaplan, E,, in “Protides of the
Biological Fluids,” Peeters, H., ed. p. 252. Elsevier,
Amsterdam, 1960.

16. Reshef, L. and Shapiro, B., Biochim. Biophys.
Acta 64, 578 (1962).

17. Komn, E. D., Science 153, 1491 (1966).

Received July 11, 1967. P.S.E.B.M.,, 1968, Vol. 127.

Mammary Gland Fatty Acids in Rats of Different Susceptibility to
Mammary Carcinoma Induction* (32632)
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Shay et al. first demonstrated that oral
(intragastric) administration of 3-methyl-
cholanthrene to Wistar rats induced mammary
carcinomas (1). Huggins and associates (2)
later showed the exquisite and invariable sen-
sitivity of the young female Sprague-Dawley
rat to mammary carcinoma induction by
optimum doses of either 3-methylcholanthrene
ot 7,12-dimethylbenz (@) anthracene; and
Sydnor et al. (3) subsequently demonstrated
the relative resistance of the female Long-
Evans rat.

Since the bulk of rat mammary gland is
adipose tissue and since the polycyclic hy-
drocarbon carcinogens are strongly lipophilic
and hydrophobic, the lipid composition of

* This research was supported by Grant P-291
from the American Cancer Society and Grant FR-
00158 from the National Institute of Health.

mammary gland may be important in mam-
mary carcinogenesis. The lipid composition of
the induced carcinomas and of the mammary
tissue of the Sprague-Dawley (Holtzman) rat
has been published (4). Data on the mam-
mary fat composition of some additional
strains of rats are presented below.

Methods. All rats, except those of the
Sprague-Dawley strain, used in these ex-
periments were bred in this institution by
brother—sister mating, and were maintained
under identical environmental conditions.
Osborne-Mendel, Fischer, and Marshall
strains can be considered to be genetically
homogeneous. The Long-Evans strain was
derived from a single male and two females
obtained from the Diablo farms. The Sprague-
Dawley rats were purchased from the Holtz-
man Co., Madison, Wisconsin. The animals re-
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ceived a diet of standard Chow pellets (Purina
Chow Mills, Davenport, Towa) supplemented
by lettuce twice and pork liver once each
week. The animals were not fasted. Imme-
diately after decapitation the abdominal and
inguinal mammary glands were removed and
the lipid was extracted by the method of
Bligh and Dyer (5). The preparation of
methyl esters and gas-liquid chromatography
was carried out exactly as before (4) in-
cluding use of (a) a 10 foot X % inch stain-
less steel column of 129% DEGS polyester on
60-70 mesh Anakrom A, (b) hydrogen flame
ionization detector, and (c) a disk integrator
for area measurements under each peak.
Chromatographic peaks were identified by
comparison of retention times with standards
and from graphs relating log of retention time
to carbon number and degree of unsaturation.
The degree of unsaturation of Cg and Co»
fatty acids was not determined. Quantitative
results were checked with National Heart In-
stitute reference mixtures B, C, and D and
the results agreed with the stated composition
with a relative error less than + 2% for
major components and less than + 5% for
minor components, Mammary tissue from two
males and two females of each strain was
analyzed and in each case at least three
chromatograms were prepared. The data
presented below (Table I) represent the
mean values obtained. Phospholipid levels
were estimated by digesting dried aliquots of
the lipid extracts and analyzing for phos-
phorous (4): a conversion factor of 840 mg
of phospholipid per mmole of lipid phos-
phorous was used.

Results and Discussion. With respect to the
fatty acid compositions of the mammary
glands (Table I), an analysis of variance
was used to determine whether there was evi-
dence of significant strain, sex, or sex-strain
differences (Table II). No strain difference
at the 5% level of significance was noted
but there was a significant sex difference for
the 16:1 and 18:2 fatty acids with male rats
of the Sprague-Dawley, Long-Evans and
Fischer strains having a somewhat greater
proportion of 18:2 and a lower proportion of
16:1 fatty acids than did the females. A
sex-strain interaction effect approached sig-
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nificance at the 5% level for the 18:2, 18:1,
and 16:1 fatty acids. Intragastric instillation
of a single dose of dimethylbenz(a)anthracene
(100 mg/kg body weight) induces carcinomas
in the mammary glands of 90-100% of female
Sprague-Dawley and Osborne-Mendel rats but
in only about 10% of Long-Evans, Fischer,
and Marshall rats (Dr. Katherine Sydnor,
personal communication). A further analysis
testing explicitly for a difference between the
highly susceptible strains (Sprague-Dawley
and Osborne-Mendel) and the relatively re-
sistant strains (Long-Evans, Fischer, and
Marshall) was carried out and there was no
indication of a significant difference in the
proportions of the major groups of fatty acids.

A rat mammary gland can be considered
to be a branching tube of epithelium (aris-
ing from a main excretory duct) sheathed by
connective tissue and extending into a large
pad of adipose tissue. Approximately 95%
of the mammary and adipose lipid is tri-
glyceride (4), thus mammary fatty acids are
predominately of triglyceride origin. The
phospholipid levels of mammary glands from
rats of all five strains are quite low (Table I);
the phospholipid levels increase with the pro-
liferation of epithelium during pregnancy and
lactation (4). Although the polycyclic hydro-
carbon carcinogens (depending on route and
manner of administration) can induce various
types of neoplasms in various organs, it is
remarkable that an oily solution of these car-
cinogens administered intragastrically pro-
duces almost exclusively mammary cancers in
rats of susceptible strains. One would expect
that the lipophilic polycyclic hydrocarbons
would be concentrated in the fat depots and
this has been demonstrated by spectrofluoro-
metric (6) and by radioisotope methods (7).
On theoretical grounds the composition of
lipid and mammary fat could influence the
carcinogen solubility in the tissue as well as
the formation of reactive lipid peroxides from
polyunsaturated fatty acids. Since the fatty
acid compositions of mammary fat from all
five strains are so similar, it seems unlikely
that carcinogen solubility in mammary gland
could account for strain differences in mam-
mary cancer induction. The question of lipid
peroxide formation is more difficult. High
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TABLE 1. Proportions of Fatty Acids in the Mammary Glands of Male and Female Rats of Different

Strains.
Individual fatty acids (%) mg PL/
100 mg
Strain 10:0 12:0 14:0 14:1 16:0 16:1 s 18:0 18:1 18:2 20 umns® 22 uns® TL®
Male

Holtzman 03 08 33 067 181 62 0.7 80 301 269 4.2 0.3 1.5

04 08 32 07 189 56 06 7.6 31.0 27.6 3.3 0.7 1.0

Long-Evans 0.6 20 35 08 214 68 08 43 32.1 26.8 1.8 2.5
02 02 24 04 194 42 83 342 304 0.4

Fischer 02 02 22 03 216 48 03 6.5 346 27.1 1.7 1.7
02 03 21 05 221 45 04 65 338 276 1.7

Marshall 0.2 2.3 04 211 74 05 8.4 34.0 230 2.3 0.9

0.3 0.5 3.2 0.8 204 6.2 0.6 75 313 26.6 2.9 0.9

Osborne-Mendel 1.1 2.7 50 1.5 i85 6.0 08 55 315 25.7 1.8 1.5
0.2 0.4 24 0.7 19.2 7.1 0.9 6.8 33.7 25.9 3.0

Female

Holtzman 03 08 32 04 209 6.7 05 6.1 33.5 254 2.4 0.1 1.0

03 06 30 03 209 81 05 54 333 243 3.3 1.6

Long-Evans 04 11 32 09 227 87 05 53 323 225 2.4 0.8
06 29 60 04 182 78 05 4.8 331 24.7 0.8

Fischer 0.3 2.3 06 205 5.8 0.9 8.5 33.3 24.6 3.2 1.4
02 28 07 199 72 0.6 6.7 33.7 253 2.3

Marshall 0.2 04 33 0.8 19.5 5.9 0.9 7.5 315 256 3.7 0.9 1.1

02 04 2.3 0.8 18.5 6.2 0.7 8.6 31.3 26.2 3.1 0.6 0.7

Osborne-Mendel 1.0 34 52 09 181 6.1 0.7 58 311 258 2.0 1.0
05 15 36 08 189 72 09 6.0 322 253 3.4

% Unidentified: retention time between those of 16:1 and 18:0.
® Degree of unsaturation of the Cy and C, fatty acids was not determined.

° PL signifies phospholipid and TL total lipid.

levels of linoleic acid (18:2) were found in
the breast triglyceride fractions of animals
of all five strains and this is one of the
fatty acids susceptible to peroxidation (8).
However, more highly unsaturated fatty acids

TABLE II. Results of Analysis of Variance.

Mean squares for major
fatty acid components

Source of Degrees

variance freedom 16:0 16:1 18:0 18:1 18:2

Strain 4 3.08 1.01 3.33 2.61 0.47

Sex 1 34 5.94* 111 .05 16.03"

Strain-sex 4 2.83 196 149 281 544

Error 10 1406 .79 1.19 1.00 1.69
*p <.025.

bp <.01 by F test,

present in low concentrations might be even
more important in this regard. This point
has yet to be tested by direct analytical de-
terminations of the products of lipid peroxida-
tion in mammary gland following administra-
tion of polycyclic hydrocarbon carcinogens,
but the data above do not suggest that mam-
mary fatty acids are an important determi-
nant in the oncogenic response of breast
tissue to these substances.

Sex differences in the proportions of some
fatty acids in the various lipid fractions of
rat serum and tissues have been frequently
observed (9). The sex difference observed
above for the 18:2 and 16:1 fatty acids is
another example of this sort.

Summary. Although young female rats of
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the Sprague-Dawley and Osborne-Mendel
strains are quite vulnerable to the induction
of mammary cancer by intragastric instillation
of 7,12-dimethylbenz(a)anthracene and rats
of Fischer, Marshall, and Long-Evans strains
are relatively resistant, the fatty acid com-
position of mammary glands from rats of
these five strains were comparable. A sex dif-
ference was noted in three strains with males
having a somewhat greater proportion of 18:2
(linoleic acid) and a lower proportion 16:1
(palmitoleic acid) than females. The phos-
pholipid levels of the breasts tissue of both
male and females in all five strains were quite
low relative to the total lipid.

We express our thanks to Dr. Katherine Sydnor
who not only generously supplied the inbred rats
but also provided us with data on the tumor suscepti-
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bilities of the different rat strains.
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Mithramycin is an antibotic derived from
a culture of Streptomyces tanashiensis (1)
In the treatment of neoplastic diseases, clinical
improvement has been observed in embryonal
cell carcinoma of the testis, glioblastoma mul-
tiforme, and hypernephroma (2,3). These
antitumor effects were associated with severe
clinical toxicity including hepatocellular and
renal disturbances. Hepatic injury was charac-
terized by a marked increase in serum en-

* This investijgation was supported in part by Pub-
lic Health Service Research Grants No. CA-3143,
CA-05862, and CA-08832 from the National Cancer
Institute, No. A-2731 from the National Institute of
Arthritis and Metabolic Diseases, and by Public
Health Service Training Grant No. T4 CA-5158 from
the National Cancer Institute.

t Mithramycin was made available by Charles
Pfizer and Co., Inc., under contract No. PH 43-64-50
with the Cancer Chemotherapy National Service
Center, National Cancer Institute, Public Health
Service.

zymes. Renal injury was evidenced by pro-
teinuria, blood cells in the urine, and uremia.
Acute tubular cell damage in patients dying
of drug toxicity and atrophy of tubules in
long surviving patients have been observed.
Initial treatment studies were associated with
a high mortality (2).

In the investigation of the mechanism of
action of mithramycin, it was found to inhibit
the synthesis of RNA in a mouse ascites tumor
with little or no immediate effect on that of
DNA (4). A similar inhibitory phenomenon
occurred in tissue cultures of HeLa cells
treated with mithramycin.! In a study of
the differential effect of this agent on various
organs of the mouse, there was a profound
inhibition of the capacity for RNA synthesis
in the organs studied (5). Measurement of
the distribution of tritium-labeled mithramy-

1 Sandberg-Wollheim, M. Yarbro, J. W, and
Kennedy, B. J., Cancer 21, 22 (1968).




