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The beneficial effect of thyroid hormone
and thyroid active substances upon lactation
is well established (1), however, little is known
concerning the role of this hormone in influ-
encing growth of mammary gland. Lactation
studies have shown that if hormones influ-
encing lactation were administered in optimal
amounts, increased milk yields occurred with
marked reduction in variability of response
among members of the population(2,3). Simi-
larly, any hormone, if present in suboptimal
amounts, may also limit mammary gland
growth or, at least, contribute to variability
in growth which occurs during normal preg-
nancy or to that of glands developed experi-
mentally with optimal levels of estrogen and
progesterone(4). In the present study we de-
termined the effect of mild hyperthyroidism
upon experimental development of rat mam-
mary gland using desoxyribosenucleic acid
(DNA) as an index of growth.

Materials and methods. Groups of ovariec-
tomized rats of the Sprague-Dawley-Rolfs-
meyer strain with an initial weight of 225-275
g were used. Body weight was recorded daily.
Fifteen ovariectomized rats killed 34 days
post-castration served as controls. Remain-
ing ovariectomized rats received daily subc.
injections for 19 days commencing 14 day
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post-castration as follows: 1) 18 received
either 1 or 2 pg estradiol benzoate (EB); 2)
29 were injected with 1 pg EB and 3 or 6 mg
progesterone (P); 3) 13 received 2 ug EB and
6 mg P; 4) 31 were treated with 1 ug EB, 3
mg P and 3 or 6 ug l-thyroxine; and 5) 49
received 2 pg EB, 6 mg P and 3 or 6 pg thy-
roxine. Rats were killed one day after last
injection, skinned rapidly and abdominal-
inguinal glands removed and immediately
frozen for 4 days. Tissues were then thawed
and fat extracted in boiling 95% ethanol for
6 hours followed by ether extraction for an-
other 6 hours. DNA was extracted from 25
mg aliquots of finely ground, dry, fat-free tis-
sue (DFFT) by the method of Schneider(3)
with exclusion of the fat extraction and cold
trichloroacetic acid (TCA) extraction steps.
DNA was determined by the method of Webb
and Levy(6). The product of the quantity
DNA/mg DFFT and total DFFT, expressed
as unit body weight, was estimated as the to-
tal DNA/posterior 6 glands. Visual observa-
tions were made for presence of lobule-alveo-
lar development but no attempt was made to
visually quantitate extent of growth.

Results. Total DNA of glands of ovariec-
tomized rats receiving 2 pg EB for 19 days
did not differ significantly from those of ani-
mals receiving 1 pg EB (Table I). Injections
of 1 pg EB and 3 mg P increased mammary
gland DNA above that of rats receiving EB
alone, but upon increasing EB and P levels
to 2 pg and 6 mg, respectively, no significant
increase in growth occurred. Addition of 3 or
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TABLE I. Mammary Gland DNA of Adult Rat Ovariectomized for 14 Days Followed by Estra-
diol Benzoate (EB), Progesterone (P) and Thyroxine (T,) for 19 Days.

Mean

Body wt (g) Total DNA,

posterior 6

No. of Ter- DFPT* DNA/mg glands

Treatment (amt/day) rats Initial minal (mg) DFFT (ug) (ng/100 g)
Ovariectomized controlst 15 263.0 0 2737 359.2 23.20 + .54} 3.05 + .14*
1 ug EBYt B 239.6  246.8 1485.6 22,86 + 1.27 4.48 + 157
-+ 3 mg Pt 19 2500 269.0 590.1 35.65 + 1.09 7.72 & .25%

+6 7 10 253.6 2784 628.1 35.50 = 1.53 7.95 + .34

+ 3 + 3ug T, 10 268.2 270L0 558.6 39.77 + 2,52 8.03 +- .28

+3 7 46 7 2 238.5 2481 384.7 47.05 = .72 7.26 + .27

2 ug EB 13 269.8 2678 1462.9 24,35 + .94 4,11 + 20¢
+ 6mgP 12 27003 2720 502.6 36.63 &= 1.51 8.13 - 427

+ 7 4 3ug T, 35 251.6  233.0 662.9 38.47 + 1,18 9.87 + .27¢

+ 7 +6 14 253.8 7 592.1 44.46 + 3.01 9.95 = 417

* Dry, tat-free tissue.
t Datia from Moon ¢f al.(+)
T Stand. error of mean.

6 pg thyroxine to the hormone regime has no
beneficial effect upon mammary gland growth
at the 1 pug EB and 3 mg P level, whereas
thyroxine administered concomitantly with 2
»#g EB and 6 mg P results in a significant in-
crease in mammary gland DNA. Body weight
increased in all groups except those injected
with 2 pg EB alone. Animals receiving 2 pg
EB concomitantly with the other hormones
maintained their body weight throughout the
experimental period. Visual examination of
mammary glands of rats treated with EB
alone revealed a well developed duct system
with endbuds and side branch formation. Ani-
mals receiving EB and P and ‘or thyroxine
exhibited excellent lobule-alveolar develop-
ment.

Discussion. It has been suggested that the
observed variability in normal and experi-
mental mammary gland growth may be due.
in part, to endogenous secretion of sub-opti-
mal amounts of thyroid hormone(4). If this
is true, an increase in mean growth response
might be expected upon administration of thy-
roid active substances. However, as thyroid
hormones are general metabolic stimulants. it
is important that the levels administered do
not cause stress to the animal. In the present
study, daily administration of thyroxine at
levels slightly above the highest TSR (2.5 pg,’
100 g) previously observed in our rats(7) did
not adversely affect body weight indicating

Students ‘“t’’  Probability

2 001
2-8 ”
3-6,7 '
a6 005

that the levels employed did not produce se-
vere hyperthyroidism. Concomitant adminis-
tration of 3 or 6 pg/100 g thyroxine with 1
pg EB and 3 mg P had little beneficial effect
upon mammary growth, although it had been
shown these levels of ovarian steroids produce
growth comparable to that of rats pregnant
18-20 days(4). Upon doubling the steroid
levels, thyroxine resulted in a significant in-
crease in total DNA which did not occur when
the higher levels of EB and P were adminis-
tered alone. The failure to observe enhanced
growth at the low dosage of EB and P may
be due to increased metabolic removal (half-
life) of these steroids. It is known that re-
moval rate of cortisol is markedly elevated in
hyperthyroidism. The increased removal rate
of cortisol has been attributed to an increase
in metabolic activity of hepatic cells(8). Since
the liver is also the principal site of estrogen
(E) and P metabolism, it is likely that re-
moval rates of these steroids are also elevated.
Increased metabolic removal of E and P,
which normally exhibit a very short half-life
(9), would tend to reduce the effective circu-
lating level of these steroids below that which
is necessary for additional growth. The sig-
nificant increase in total DNA resulting from
injection of thyroxine and the higher level of
ovarian steroids suggests that sufficient quan-
tities of the hormones were available to meet
the increased metabolic requirements of mam-
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mary tissue. Griffith and Turner (unpub-
lished results) have recently observed an in-
crease in total DNA of pregnant rats injected
daily with 2.5 or 3.5 pg/100 g thyroxine., It
has been shown also that pregnant rats fed
desiccated thyroid exhibit precocious mam-
mary gland development(10). These data in-
dicate that during pregnancy endogenous se-
cretion of E and P may be sufficient to over-
come the increased metabolic removal of the
steroids during hyperthyroidism and as a re-
sult, mammary gland growth may be in-
creased. Although the thyroid hormone is not
essential for mammary gland growth(11), the
present data suggest that variability in total
mammary gland growth may be due to a de-
ficiency in TSR or of E and P, or both. When
the TSR is high, it is fully effective in stimu-
lating the greatest mammary gland growth
only when endogenous E and P secretion is
adequate.

Summary. 1) The effect of mild hyperthy-
roidism upon mammary gland growth has
been studied in adult ovariectomized rats
treated with estradiol benzoate (EB) and pro-
gesterone (P) for 19 days. 2) Using total
DNA as index of mammary growth, glands

of animals receiving daily injections of | ug
EB, 3 mg P and 3 or 6 ung/100 g thyroxine did
not differ from that of controls. Upon doub-
ling EB and P levels, a significant increase in
total DNA was observed. 3) It is suggested
that thyroid hormone may be a limiting fac-
tor in mammary gland growth when E and P
secretions are adequate, but when TSR is op-
timal, E and P secretion may limit growth.
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The intradermal route for administration of
Asian strain Type A influenza vaccine was
employed widely by practicing physicians in
the fall of 1957 when the demand for vaccine
exceeded the supply. In view of widespread
use of this method of vaccination, this study
was undertaken to determine the relative effi-
ciency of various doses of vaccine in produc-
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ing measurable immune responses. In Sept.
1957 when the program was started, no clini-
cal influenza had been reported in the study
area. The vaccine used throughout was a
single lot of commercially prepared mono-
valent Type A Asian strain influenza vaccine
which contained 1000 chicken cell agglutina-
tion (CCA) units/ml. To administer differ-
ent amounts of vaccine in the same volume the
vaccine was diluted with pyrogen-free saline
to make 4 concentrations containing 12.5, 25,
50, and 100 CCA units in 0.1 ml. Two hun-
dred and forty-two civilian employees from



