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Effect of Graded Levels of Lactogenic Hormone upon Mammary
Gland Growth and Lactation in Rats.* (31547)

PeriaANNA KuMarEsaN, R. R. AnNpErsoN, anp C. W. TurnEerf
Dairy Husbandry Department, University of Missouri, Columbia, Missouri

It is generally accepted that milk secretion
is initiated and maintained by the lactogenic
hormone. However, a number of other hor-
mones may influence the intensity of milk
secretion. Oxytocin can influence the com-
pleteness of milk removal at the time of
milking or nursing. It has been suggested that
the great variation in milk yield of mammals
is due, in part, to variation in the secretion
rate of those hormones which influence the
intensity of milk secretion. If one or more
hormones is secreted in less than optimal
amounts, the milk yield would be limited by
the extent of the deficiency. An increase in
milk yield resulting from administration of
a hormone suggests suboptimal secretion of
that hormone.

In an early study, 1 mg lactogenic hormone
(LGH) had no effect on lactation from day
7 to day 14(1). The present study is an
extension concerning the effect of graded levels
of LGH upon the secretion of milk by the rat
through days 14 to 20.

Materials and methods. Lactating rats of
the Sprague-Dawley-Rolfsmeyer strain were
housed in individual cages, fed Purina Lab
Chow and water ad libitum. The animals
were kept under standardized conditions of
temperature and light (78 + 1°F; 14 hours
light and 10 hours darkness). On day 1 of
lactation, litters were adjusted to 8 young
and on day 4 reduced to 6 young. Ovine
lactogenic hormone (LGH)! was diluted in
normal physiological saline. From days 7 to
19 of lactation, the dams were injected sub-
cutaneously every 12 hours as follows: 1) 18
controls were injected with physiological
saline, 2) 18 rats were injected with 1 mg of
LGH/day, 3) 17 rats were injected with 2

* Contribution from Missouri Agri. Exp. Sta.
Journal Series No. 4038. Approved by the Director.

t Aided in part by a grant from USPHS.

{ Lactogenic hormone, ovine, NIH-P-S7, mean
potency 243 I1.U./mg. Kindly supplied by NIH,
Bethesda, Md.

mg of LGH/day, and 4) 18 rats were in-
jected with 3 mg of LGH/day. On days 14,
16, 18 and 20 of lactation, milk yields were
estimated from the increases of litter weights
during a 30-minute nursing period following
10 hours of isolation from the mother. One
USP unit of oxytocin$ was injected subcu-
taneously into the dams (both experimental
and control groups) immediately before nurs-
ing and a second unit after 15 minutes of
nursing to aid in complete milk removal. On
day 20 of lactation the dams were killed after
nursing; 6 posterior mammary glands were
removed and DNA was determined by the
Webb and Levy method(2). Ribonucleic acid
(RNA) was determined by measuring the
total nucleic acids (TNA) and obtaining the
difference between TNA and DNA. The
method for measuring TNA was to boil the
dried, fat-free tissue (DFFT) in 5% trichloro-
acetic acid according to Schneider(3). Quan-
titation of TNA in the supernatant was then
obtained by comparing the optical density at
268.5 mu for maximum RNA and DNA ab-
sorption with appropriate standards of 40
to 200 pg(4). In this way, an estimate of
TNA was obtained by assuming a ratio of
1:1 between RNA and DNA. The RNA was
then calculated by subtracting DNA estima-
tions obtained by color reaction procedure
previously described(2) from the TNA esti-
mations. The values of RNA obtained in this
way were similar to those obtained by sepa-
rate digestion of the tissue with 1 N KOH
for 5 hours and measurements of the RNA in
5% perchloric acid solution at 260 mp wave-
length. The amount of DNA/100 g bw is
used as an index of extent of mammary gland
growth and the amount of RNA/100 g bw or
RNA/DNA ratio was used as an index of
mammary gland protein synthetic activity
during lactation.

Results. Lactating rats injected with 1 mg

§ Oxytocin was kindly supplied by Armour-Bald-
win Laboratories, Omaha, Nebr.
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LGH failed to respond to the hormone on
days 14 and 16 of lactation but significantly
increased milk yield on days 18 and 20
(Table I). Two mg LGH stimulated a sig-
nificant increase in milk yield except on day
14 of lactation. The administration of 3 mg
LGH stimulated a highly significant increase
in milk yield in comparison with the controls
from days 14 to 20.

At 1 mg level, lactogenic hormone in-
creased milk yield 14% on day 18 and 49%
on day 20; at 2 mg level milk yield increased
15% on day 16, 29% on day 18 and 88%
on day 20; at the 3 mg level milk yield in-
creased 33% on day 14, 26% on day 16,
47% on day 18 and 82% on day 20 in com-
parison with the control group.

The mean litter weights of the rats treated
with 1 mg were slightly lower than the con-
trols. At 2 mg level mean litter weights were
significantly increased on days 14, 18 and
20 compared with the control. At 3 mg level
the mean litter weights were slightly higher
than control values.

The mean DNA and RNA of the control
group on day 20 were 10.19 =+ 0.31 mg
and 16.17 = 0.95 mg/100 g bw. The mean
DNA and RNA increased in animals treated
with I mg LGH 1 and 21%; 2 mg LGH 10
and 19%; 3 mg LGH 9 and 43%, respec-
tively (Table II).

In the control group, the RNA/DNA ratio
was 1.60 = 0.10. The protein synthetic ac-
tivity per cell (RNA/DNA) increased in rats
treated with 1, 2 and 3 mg LGH, 1.91 =+ 0.10,
1.73 + 0.14 and 2.10 =+ 0.15, respectively.

Discussion. In a series of studies from this
laboratory the effect of a number of hormones
on milk secretion has been determined. Tt
was shown first that exogenous oxytocin ad-
ministered at the time of nursing increased
milk removal(5). In subsequent studies, oxy-
tocin was injected to insure complete milk
removal, then growth hormone (GH)/(5),
L-thyroxine (L-Ty)(6), lactogenic hormone
(LGH) (7), parathyroid hormone (PTH) (8),
insulin(9), corticosterone and aldosterone
(10), separately, and a combination of GH
+ L-T, + LGH + PTH(11) were adminis-
tered. All except LGH(7) stimulated in-
creased milk yields.
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In the present study it was observed that
the injection of 1 mg LGH from days 7 to
19 of lactation did not increase milk yield
on days 14 and 16 but significantly increased
the yield on days 18 and 20. Injection of
2 mg LGH increased milk yield significantly
on days 16, 18 and 20. Treatment with 3 mg
LGH increased milk yield highly significantly
at all test periods. At 2 mg LGH level the
rats secreted 20.6 g of milk on day 20, which
is the highest level ever attained in our labora-
tory with a single hormone treatment.

The mean litter weight did not increase
proportionately according to increases in milk
yield. Litter weight gain is not a good index
of intense milk yield in rats(12).

The DNA at the end of the lactation period
was not significantly altered. This indicates
that LGH did not stimulate cell multiplica-
tion during lactation. The increased yield of
milk was thus due to increased secretion of
milk per cell. RNA, which is a measure of
protein synthesis, was significantly increased
in the treated rats. It thus provides further
evidence for the increase in milk yield
observed.

Summary. Lactogenic hormone was ad-
ministered subcutaneously at 1, 2 or 3 mg
to lactating rats each day during days 7 to
19. Milk yields were obtained after a 10-hour
isolation period of dam from pups on days
14, 16, 18 and 20 of lactation. One mg of
lactogenic hormone significantly increased
yield on days 18 and 20; 2 mg on days 16,
18 and 20; and 3 mg on days 14, 16, 18 and
20. Maximum stimulation occurred on day
20 with 2 mg and 3 mg of hormone, with
88 and 829% increase over controls, respec-
tively. Determination of deoxyribo- and ribo-
nucleic acids of mammary glands from lac-
tators sacrificed on day 20 revealed no sig-
nificant increase in DNA but significant in-
creases in RNA after hormone treatment. The
data strongly suggest that maximal levels of
litter weight size and mammary gland size
are limiting in ability to estimate milk secre-
tion potential, while milk yields and RNA
values reflect secretory status beyond these
limits. Lactogenic hormone at 2 or 3 mg
per day stimulates increased lactation more
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than any other single hormone treatment
attempted to date.
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Most of the proteins in synovial fluid have
been identified with those of serum(1,2). Be-
cause of this, as well as similarities in the
distribution of electrolytes and other constitu-
ents, synovial fluid is often considered to be
an ultrafiltrate of serum(3). The passage of
serum proteins into the synovial cavity is,
however, a selective process which excludes
such proteins as macroglobulins and blood
clotting factors(2,4). It is doubtful that all
synovial fluid proteins are derived from
serum. For example, the observation that the
specific activity of alkaline phosphatase in
bovine synovial fluid is often 100 times higher
than in serum(3) would lead one to conclude
that the synovial fluid enzyme is not derived
from serum. Histological evidence supports
the view that the phosphatase is a product of
the surrounding connective tissues(5).

Electrophoresis (6-9), sucrose density gradi-
ent ultracentrifugation(10) and protein frac-
tionation techniques(11) were used in an
effort to establish a relationship of bovine
synovial fluid phosphatase with a comparable
serum or connective tissue enzyme. The in-
vestigations reported here illustrate the use

Mich.

of agar-gel electrophoresis and sucrose density
gradient centrifugation for the separation of
alkaline phosphatases. Complications result-
ing from isolation procedures and the break-
down of enzyme and tissue extracts are dis-
cussed because of their importance to the
general problem of enzyme technology.

Methods. Samples of synovial fluid, free
of contamination with blood, were obtained
from the astragalotibial joints of yearling
heifers or steers.+ After clarifying the fluid
by centrifugation at 1000 X g for 45 minutes,
hyaluronidase$ (2 mg per 10 ml of fluid) was
added to depolymerize the hyaluronic acid.
The depolymerized solution was used for sub-
sequent experiments.

The alkaline phosphatase of synovial fluid
was purified by a combination of (NH,)2SO4
fractionation and ion-exchange chromatogra-
phy on DEAE- and TEAE-celluloses|(11).
This scheme could not be successfully applied
to serum probably because it is a more com-
plex mixture of proteins and contains phos-
phatases derived from a number of tissues
(12).

Because of the low specific activity of alka-

* These studies were supported by a USPHS
Grant AM-06705.

t Present address: Dept. of Biochemistry, Univ.
of South Dakota School of Med., Vermillion.

$ Standard Beef Co., Detroit, Mich.

§ Nutritional Biochemicals Corp., Cleveland, Ohio
(approx. 300 US.P. U/mg).

|l Bio-rad Laboratories, New York.



