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STUDIES CONCERNING THE INDUCTION AND
MAINTENANCE OF LACTATION

II. The Normal Maintenance and Experimental Inhibition
and Augmentation of Lactation

Joseph Meites and C. W. Turner
INTRODUCTION

The previous bulletin dealt with the mechanism controlling the
initiation of lactation at parturition. This bulletin brings together data
on the factors influencing the secretion rate of pituitary lactogen as cor-
related with the rise and decline of milk production after parturition.

After maximum milk production has been attained, milk secre-
tion declines at variable rates in individual animals. A few dairy cows
continue to secrete milk at a high level for many months. Most cows,
however, declineata rather constant rate and go dry in 10 or 12 months
in spite of good feeding and manage ment.

In the light of the increasing knowledge of the hormones regula-
ting milk secretion, the question arises as to the possibility of prevent-
ing the decline in lactation after maximum production has been reached,
The stimulus of milking does not prevent the usual decline in production.

Administration of estrogen initiates lactation in virgin or sterile
cows and goats, but estrogens generally have been considered inhibitory
once lactation is established. As a result of the research reported here,
it seems probable that the action of large doses of estrogen in inhibiting
established lactation may be mediated through a depression of certain
metabolic processes, which overshadow the beneficial effects of estro-
gen onthe lactogenic hormone and the mammary gland. However, small
amounts of estrogen, particularly when given in combination with thyroid
preparation, offer possibilities for augmenting milk production. Com-
binations of these two kinds of hor mones were tested in goats with en-
couraging results.

For twenty years, the hormones influencing the growth of the ud-
der and the initiation and maintenance of lactation have been studied to
determine their role during each phase of this process. With the dis-
covery of cheap orally active hormones, the next decade may see the de-
velopment of methods by which these hormones can be introduced into
the ration of dairy animals to stimulate and maintain higher than normal
lactation levels for long periods.

I. FACTORS RESPONSIBLE FOR THE NORMAL POSTPARTUM
MAINTENANCE OF LACTATION

A. Review

The theory has been advanced that estrogen is the factor which
stimulates the secretion of lactogenic hormone by the pituitary at about
the time of parturition and thereby initiates milk secretion (Meites and
Turner, 1942a, 1947a ). Following the onset of lactation, estrogen appar -
ently is no longer necessary, since postpartum ovariectomy in the rat
(Kuramitsuand Loeb, 1921), guinea pig (Turner and Gomez, 1936), and
cow (Turner, 1933 ) does not interfere with lactation.

The normal postpartum lactation span is believed to be main-
tained by the suckling stimulus (Selye, Collip and Thomson, 1934; Selye
and McKeown, 1934a,b) and the withdrawal of milk from the mammary
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gland (Kuramitsu and Loeb, 1921; Hesselberg and Loeb, 1937). The
former suggested that suckling stimulated the secretion and discharge
of lactogenic hormone by the pituitary.

Reece and Turner (1937) and Holst and Turner (1939) demon-
strated that suckling caused a discharge of lactogen from the pituitaries
of rats, guinea pigs, and rabbits. Suckling also preserves the integrity
of the mammarytissue (Turner and Reineke, 1936; Williams, 1941), and
Hooker and Williams (1941) believe this is mediated through the action
of lactogenic hormone on lobule-alveolar cells,

How suckling influences the anterior pituitary to secrete and dis-
charge lactogenic hormone is not definitely known. It seems probable
that the effect of nursing is not exerted indirectly through other endo-
crine glands, It has been established that lactation can be maintained in
the absence of the ovaries and thyroids. The adrenals and the posterior
pituitary must be eliminated as possible intermediaries, since adrenal
cortical extracts and pituitrin have no effect on the pituitary lactogen
content. It seems most probable that the effect of nursing on the anter-
ior pituitary is mediated directly through the cerebro-spinal axis (In-
glebrecht, 1935).

B. Experimental

1. RELATION OF LITTER SIZE TO PITUITARY LACTOGEN
CONTENT OF NURSING RABBITS. - What effect does the extent or in-

tensity of nursing have on the lactogenic hormohe during the course of
lactation? Desclin (1945 )reportedareduction in litter size did not ap-
preciably affect the cytology of the pituitary. Cole (1933 ) noted that some
of the mammary glands. of the mouse often showed involutional changes
when a small litter was suckling. If the litters of parturient rabbits were
reducedtotwo young each, there would be present a number of mammary
glands in which milk stagnation, resorption, and involution would be in
progress, Would such a condition tend to suppress the lactogen secre-
tion of the pituitary?

Litters of ten New Zealand White rabbits were reduced to two
eachonthe fifthpostpartumday, while 11 control rabbits were permitted
tokeep their entire litters of 5 to 11 young. The mothers of both groups
were sacrificed on the 20th day after parturition,

Control rabbits contained an average of 0.9 Reece-Turner lac-
togen units per pituitary on a body weight basis whereas experimental
rabbits contained an average of 0.8 units (Table 1). The difference is

Table 1. Relation of Litter Size to Pituitary Lactogen Content of Nursing Rabbits

No. of | Av. Body | Av. Pit.
Group Rabbits Weight Weight Av. R-T. Lactogen Units
Per Pit. | Per mg. Per 100
gms, mgs. Pit. gms, B.W.
Controls 11 3360 42.20 30.1 0.7 0.9
Experi=-
mental 10 3617 41.03 27.1 0.7 0.8

(Meites, Bergman and Turner, 1941)

not significant. The size of the nursing litter, therefore, does not influ-
ence the lactogen content of the pituitaries of postpartum rabbits.
2. EFFECTS OF SUCKL A ON-SUCKL N PI-

YL N AND KS N. - Since some
lactationis usually initiated in most animals just before parturition, the
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suckling stimulus is unnecessary for the onset of secretory activity.
Reece and Turner (1937) found that the lactogen content of the pituitaries
of rats on the second postpartum day rose just as much in non-suckled as

-in suckledanimals. However, inrats the pituitary lactogen content reach-
es a peak by the second postpartum day, while in rabbits the peak is at-
tained on the fifth day.

The object of these experiments was to determine (1) whether
the act of nursing played a part in the postpartum rise of the lactogen
content of the pituitary and milk yield of rabbits, and (2) to what extent
the absence of nursing reduced the content of pituitary lactogen and milk
vield in postpartum rats and rabbits. How long would it take the post-
partum level of pituitary lactogen to return to the prepartum level in
the absence of suckling?

Six parturient control rats were permitted to keep their entire
litters, The litters of six other rats were permitted to drop through a
wire floor at the time of parturition and were never suckled. Both groups
of rats were sacrificed on the seventh postpartum day.

The rabbits which were not to be suckled were placed in sloping
wire-bottom cages, thus permitting the litters to drop out of the cages
at birth, The parturition date of each rabbit was recorded and at inter-
valsof 2, 5, 10, or 20 days after parturition both suckled and non-suck-
led rabbits werekilled. The litters of the suckled rabbits were removed
fromthe cages fifteen hours before killing the mothers to avoid the im-
mediate effect of nursing in causing a partial discharge of lactogenic
hormone from the pituitary.

The results show that on the seventh postpartum day the six suck-
led rats contained an average of 5.9 R.T, lactogen units per pituitary on
abody weight basis. Their mammary glands were widely distended with
milk (Table 2). In contrast, the six mother rats which were not suckled
for the seven days contained an average of only 2.3 units of lactogen.

Table 2. Effects of Suckling and Non-Suckling on the Pituitary Lactogen
Content of Postpartum Rats and Rabbits

Series |Species| No,of | Days | Av. | Av. |Av. R-T. Lactogen| Av. % Av.
lAnimals| Post- | Body| Pit. Units Dif~ Mammary
partum| Wt. | Wt. [per| Per [ Per 100 | ference | Secretion
pit. | mg. |gm. body| between
andNon-
_ gms. | mgs, Nursed
Suckled | Rat ] 7 182 | 14,08 [10.8( 0,8 5.9 +156 4+
Non-
Suckled| 0 ] 7 21710,13| 5.1) 0.5 2.3 -
Suckled | Rabbit 9 2 3487 40,18 |22.0 0,5 0.6 - 17 ++
Non-
Suckled] " 5 2 3133 138,73 |24.0] 0.6 0.8 +
Suckled | " 1 5 |3327|45.98(60.0/1.3 | 1.8 + 87 TR
Non-
Suckled] 1 5 5 3723 |37.60 |36.0] 1.0 1.0 i+
Suckled 5 10 2890 (43,92 |36.0| 0.8 1.2 + 55 -
Non-
Buckled] 1 5 10 2684 | 35,07 |21.6| 0.6 0.8 ++
: iuckled n 31 20 3605 42,41 128,1) 0.7 0.8 + 64 +++
m-
Suckled| " 5 | 20 |2963(31.8314.00.4 | 0.5 +

{ Meites and Turner, 1842b)
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This represents a decrease of about 50 per cent from the control level,
and ispractically as low as in nonparturient estrous rats. No milk was
vigible in the mammary glands of these rats.

In the rabbits, the lactogen content of the pituitaries of both suck-
led and non-suckled rabbits rose to about the same level on the second
day after parturition (Fig. 1). Milk secretion had not become fully es-
tablished in either group.

LACTOGEN PER PITUITARY

PARTURITION o NURSED RABBITS

o—-——a NOMN-NURSED RABHITY
© DATA FROM HOUST AND TURNER,

POSTRARTUM —————————— =

MATURE F3EUDD-
B [+ 20 2012 5 o 20 =)

~ Fig. 1. Curve showing the effects of suckling and non-suck-
ling on the lactogen content of the rabbit pituitary after par-
turition. The superiority of the suckled rabbits in pituitary
lactogen is paralleled by the equal superiority in milk secre-
tion of these animals.



Research Bulletin 416 7

At five days postpartum, the lactogenic hormone reached a peak
in both groups, but the suckled rabbits had about 87 per cent more hor-
mone per pituitary on a body weight basis than the non-suckled, There
was definitely more milk in the mammary glands of the suckled rabbits,
showing that the suckling stimulus is necessary to bring the pituitary
lactogen content and milk secretion to the highest level in rabbits.

After the fifth day, the lactogenic hormone declined in both groups.
Non-suckled rabbits always had less hormone and less mammary secre-
tion. By the 20th day postpartum, the pituitary lactogen was reduced to
the prepartum level in the non-suckled rabbits, and milk was seen only

in the large ducts of the shrunken mammary glands.
The data of Hammond (1925) on the effects of suckling and non-

suckling on the weight of the mammary glands of postpartum rabbits
parallel theseresults. He found that the glands of suckled rabbits were
consistently heavier than in non-suckled rabbits.

It will be noted that the pituitaries of the suckled rats and rabbits,
with the possible exception of the two-day postpartum rabbits, were con-
sistently heavier than in the non-suckled animals.

: The importance of suckling for maintaining lactation is supported

by this study. In the rat, the absence of suckling for the first week after
parturitionresultedinafall of the lactogen content of the pituitarytothe
estrous leveland indisappearance of mammary secretion. In parturient
rabbits, the act of suckling plays a role in the initiation as well as the
maintenance of lactation, since in this species maximum lactogen in the
pitﬂitﬂ.l‘j" and maximum milk secretion cannot be attained without suck-

M Th.mura.cil administrauon tu yuung iema.le rats pr uducad a
reduction in the lactogen content of the pituitary (Meites and Turner,
1947b), Undernutrition or starvation decreases the secretion of several
pituitary hormones, a condition Mulinos and Pomerantz (1940) termed
“pseudo-hypophysectomy”®. Would thiouracil feeding or starvation re-
duce the pituitary lactogen content during lactation?

Twenty -four rats were divided into three groups of eight each on
the day of parturition. One group served as a control, another received
0.1 per cent thiouracil in the feed, and the third received water but no
feed from the 10th to the 14th postpartum day. The litters were uni-
formly reduced to six each on the third postpartum day. Both mothers
and litters were weighed on the 1st, 3rd, Tth, 10th and 14th day after
parturition. Onthe 14thday the litters were removed and after an elapse
of four hours to standardize the suckling influence, the mothers were
killed.

The average lactogen content in the pituitaries of the eight con-
trol rats was five R.T. units (Table 3). The mammary glands were
widely distended with milk, and the young made normal weight gains.
Thiouracil treated rats contained less lactogen in their pituitaries, 3.9
R.T. units, than the controls. Their mammary glands were not as full
of milk, and the young did not make the same body weight gains as the
young of the control rats (Fig, 2).

Body weight gains of the young from the thiouracil treated mother
rats may not be a true index of their milk consumption, since Hughes
(1944) and Monroe and Turner (1946) demonstrated that thiouracil fed
to mother rats is transmitted through the milk to the suckling litters.
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EFFECT OF STARVATION AND THIOURACIL
ON POST-PARTUM WEIGHT OF RATS

e e 4"’,—/‘\.

160F eo—e CONTROLS

- O0—O0 0% THIOURACIL N FEED

140F o—+ STARVATION BEGUN ON
I0OTH DAY POST PARTUM

AVERAGE WEIGHT OF MOTHERS

20}

’

16}

12+

ALL LITTERS REDUCED TO

ON THIRD DAY
T

AVERAGE WEIGHT PER PUP

f 55 v o oy e o
1 2 34 5 6 7 8 9 1011 1213 14

DAYS OF POST PARTUM LACTATION

Fig. 2, Effect of starvation and thiouracil on postpart-
um bnc? weights of mother rats and their young. Note the
radual decrease in growth rate of the young from thiouracil
reated mothers, and the decrease in b u¥ weight of the rats
starved between the 10th and l4th days after parturition.
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Table 3. Effects of Thiouracil and Starvation on the Pituitary Lactogen Content
and Milk Secretion of Parturient Rats

No, | Treatment Av. Body Wt. on Aw, Av. |Av. R-/T. Lactogen Av,
of | (14 days) | Postpartum Day, gms. | Pit. |Thyroid Units Mammary
Rats 113 7 1 10 | 14 | Wt. | Weight |Per |Per| Per 100 | SBecretion
mgs.| mgs. |pit. |mg.|gms. body
pit. | weight
Controls
8§ | Mothers |[207|208|207 |213 |209|11.1 19.4 |10.4(0.9 5.0 +3.7
Litters 5.3 |6.7 |11.7{16.4|21.6
0.1%
Thiouracil
§ | Mothers [193[191{196 |187 |191| 9.5 | 49.6 7.5|0.8 3.9 +2.8
Litters 5.9|7.6 {11,1|14.1|16.3
No Feed
on Days
10-14
8 |Mothers [199/190/196 (201 {149 | 7.4 | 12.4 5.110.7 3.4 -
Litters 4.9 16,0 9.8|14.5{13.0

The former worker showed that thiouracil can retard growth when ad-
ministered to newly born rats.

Monroe and Turner (1946) reported that thiouracilfed to lac-
tating mother rats did not reduce the growth rate of the litters for the
first 15days after parturition. However, in their experiment the mother
rats had their entire litters. There were more fatalities among the young
of the thiouracil treated rats, suggesting that the surviving young may
have obtained more milk.

The mother rats starved from the 10th to the 14th day postpart-
um contained considerably less lactogen in their pituitaries than the con-
trol rats, and no mammary secretion was evident. The starved rats lost
anaverage of 52 grams in body weight, and this was reflected in reduced
pituitary and thyroid weight. The young also lost weight during the four
days in contrast to the gain made by the young of the control rats during
this period. Only 5 young from the original total of 48 were dead on the
14th day.

It would appear from this study that the induction of hypothyroid-
ism in lactating rats by the administration of thiouracil results in a mod-
erate reduction in pituitary lactogen content and milk secretion. This
agrees with the reports of the effects of thyroidectomy on lactation in
rats by Folley (1938), Folley et al. (1943), Preheim (1940) and Kar-
nofsky (1942), Only Nelson et al. (1937, 1939) failed to find any signif -
jcantalteration in lactation following thyroidectomy in rats. In the goat
and cow, thyroidectomy causes a reduction in milk yield, and Schultze
and Turner (1945) reported that thiourea and thiouracil administration
exert a like effect in these animals.

Brody and his students (1945) demonstrated that starvation re-
sultsin a rapid decline inthe milk yield of rats, goats, and cows. They
found that within 10 hours after the food was removed from mother rats,
milk production dropped to an insignificant level. Most of the suckling
baby rats died of starvation within four days. Thus the failure in lac-
tation which occurs during starvation may be caused partly by a de-
crease in secretion of pituitary lactogen. The effects of starvation on
the pituitary lactogen content, milk secretion, body weight, and pituitary
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and thyroid weight appear in a remarkably short time. This illustrates
the profound interaction between food intake and hormone secretion levels,

II. THE EXPERIMENTAL INHIBITION OF ESTABLISHED LACTATION
A. Review

Estrogensare capable of exerting anomalous effects on lactation,
Administration of certain dosages of estrogen may initiate milk secre-
tion in virgin or parous, non-lactating animals, while higher dosages of
estrogen may depress established lactation. Similar results were re-
ported with certainandrogens (for review see Meites and Turner, 1942a;
Mixner, Meites and Turner, 1944; Folley, 1941, 1944),

The importance of the dosage of estrogen required to depress
lactation was emphasized by Mixner et al. (1944), They demonstrated
that while 0.25 milligrams of diethylstilbestrol was effective in initiating
lactation in goats, dosages varying from one to four milligrams were
progressively lactation-depressing in lactating goats. Four times as
much diethylstilbestrol was required to inhibit lactation as compared to
the optimal amount for initiating lactation.

The presence or absence of the ovaries seems to modify the lac-
tation-inhibiting effect of estrogens in rats. Anselmino and Hoffmann
(1936), Folley and Kon (1938), Edelman and Gaunt (1940) and Barsan-
tini et al. (1946 )reported that the suppression of lactation with estro-
gens was more effective in intact than in ovariectomized rats. The lat-
ter investigatorsalsofound that when estrogen was given in combination
withprogesterone to ovariectomized rats, lactation was more effectively
inhibited than with estrogen alone. Progesterone alone had no inhibiting
effect onestablished lactation even when administered in large amounts.
The validity of these ohservations for other species is not known. The
parturient rat and mouse are the only mammals known possessing cor-
pora lutea of lactation.

If estrogen does not suppress established lactation by inhibiting
the secretion of lactogenic hormone by the pituitary, through what other
mechanisms may this bepossible? Meitesand Turner (1942a) suggested
that estrogen may inhibit the secretion by the pituitary of hormones other
than lactogen, particularly those affecting metabholic processes. The in-
jection of increasing levels of estrone to male rabbits may depress the
thyrotrophin content of the pituitary (Meites and Turner, 1947a) result-
ingin a decreased secretion of thyroid hormone, which reduces general
body metabolism., Gessler (1936) and Sherwood (1938), showed that
estrogens can effecta considerable reduction in the basal metabolic rate
of guinea pigs and rats.

Mixner et al. (1944 ) suggested that the inhibiting effects of es-
trogen on lactation may involve the adrenal cortex, Estrogen can induce
enlargement and increased secretion by the adrenal cortex,an effect
which is mediated through the pituitary (Tepperman et al., 1943). An
augmented secretion of certainadrenal cortical hormones would increase
. the rate of protein catabolism, with the production of glucose. This

would have an unfavorable influence on milk production since the nitro-
genous precursors of milk protein would be reduced.

Certain lines of evidence indicate that some of the inhibitory ef-
fects of estrogen on metabolism may not be mediated through the pitui-
tary, Noble (1939%) and Reece and Leonard (1944) reported that the
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inhibitory effects of estrogen on body growth may be direct. The latter
noted that estrogen reduced growth or caused a loss in body weight of
hypophysectomized rats, and that estrogen could also inhibit the effect
of the growthhormone inthese animals. Various important enzyme sys-
tems in the body may also be adversely affected by estrogens. McShan
and Meyer (1946 ) found that diethylstilbestrol, hexestrol, and dienestrol
were effective inhibitors of the succinoxidase system,

Part of the lactation-inhibiting effect of estrogen may be medi-
ated throughthe nervous system. Turner (1939) states that the adminis-
tration of estrogen might produce an exceedingly nervous condition as-
sociated with the production of “heat”, Hain (1935) observed that after
the administration of estrogen to lactating mother rats for five or six
days, they deserted their nests and showed no further interest in their
young. Weichert et al. (1942) similarly noted the loss of maternal in-
stinct in mother rats injected with estrogens.

B. Experimental

1. EFFECT OF LARGE DOSAGES OF DIETHYLSTILBESTROL
AND TESTOSTERONE PROPIONATE ON THE PITUITARY LACTOGEN
CONTENT AND MILK SECRETION IN RATS. - Injection of large dos-
ages of diethylstilbestrol into male guinea pigs does not reduce, but
causes a small increase in the pituitary lactogen content (Meites and
Turner, 1947a). Would large dosages of diethylstilbestrol and testos-
terone propionate suppress the lactogenic hormone and lactation in the
postpartum rat?

Eighteen parturient rats were divided into three equal groups.
Sixrats servedas controls and received no treatment; six were injected
subcutaneously with two milligrams of dlethylstilhestrul daily (approxi-
mately equal to 100,000 I.U. of estrone) for the first six days postpart-
um; and the remaining six were injected with two milligrams of testos-
terone propionate daily for the first six postpartum days. All were killed
onthe seventhday. The size of each litter was determined on the day of
birth and on the seventh day, and their stomachs were examined for the
presence of milk,

The control rats contained an average of 5.9 R.T. lactogen units
per pituitary on a body weight basis (Table 4). Their mammary glands
were fully distended with milk, and all the young were alive. The di-
ethylstilbestrol treated rats contained an average of 8.0 R.T. lactogen
units per pituitary on a body weight basis, which represents an increase
of 35 per cent. The mammary glands of this group contained slightly
less milk than the control rats, and 38 per cent of the young were dead
by the seventh day. All the living young were found to have some milk
intheir stomachs. The pituitaries of the testosterone propionate treated
rats showed no change in lactogen content on a body weight basis, but a4
slight increase was indicated per milligram of pituitary tissue. Their
mammary glands were rated slightly below the control rats, and 11 per
cent of the young were dead by the seventh postpartum day.

These results show that large dosages of diethylstilbestrol or
testosterone propionate do not inhibit the production of lactogenic hor-
mone by the pituitary. Although mammary secretion was slightly less
than in the control rats, it is doubtful that this was responsible for the
death of the young.
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Table 4. Effect of Diethylstilbestrol and Testosterone Propionate on the Pituitary
Lactogen Content and Milk Secretion of Seven Day Postpartum Rats

Av. R:T, Lactogen| Av. %
No. of | Total Amt, of Av. Body | Av. Pit. Units of Av.
Rats | Hormone Inj. Weight | Weight |per | per | per 100 | Young | Mammary|
per Rat pit. | mg. |gms. body| Dead |Secretion
4 pit. | weight on Tth
gms, mgs. Day
6 Controls 182 14.08 10.7] 0.7 5.9 0 +H++
B Diethylstilbestrol 178 14.12 14.2| 1,0 8.0 38 ++
12 mgs,
6 Testosterone
Propionate, 12 mgs. 202 13.46 |12.2]|0.9 6.0 11 ++

{Meites and Turner, 1942a)

2. A COMPARISON OF THE POTENCY OF VARIOUS ORALLY
ADMINISTERED ESTROGENS IN INHIBITING LACTATION IN GOATS. -
Mixner, Meites and Turner (1944) investigated the inhibiting action of
injected and orally administered diethylstilbestrol in lactating goats,
They found the degree of inhibition was roughly proportional to the dos-
age of hormone given (Fig. 3). When administered orally, it required
approximately 100 times as much hormone to depress lactation as when
injected.

The purpose of this experiment was to determine which of the
several available synthetic estrogens were most effective orally in in-
hibiting established lactation in goats. This information would he of val-
ue in inducing milk secretion in virgin or nonparous goats and cows
through feeding the most potent hormones.

Six grade Toggenburg goats in the declining phase of lactation
were used. They were paired into three groups of two each, and were
injected during the summer and early fall of 1946, A mixed grain ra-
tion and alfalfa or lespedeza hay were fed, and the goats were milked
twice daily.

The following hormones were administered orally by capsule:
diethylstilbestrol (DES), dimethyl ether of diethylstilbestrol (DMEDES),
dipropionate of diethylstilbestrol (DPDES), hexestrol, benzestrol and
monomestrol. The hormones were given for either ten or five succes-
sivedaystotwo goats each, and the goats were then allowed ten days for
recuperation before they were treated again. The potency of each hor-
mone was determined by comparing the average daily milk production
ineachgoat for the three days prior to administering the capsules, with
the lowest daily milk yield attained during or a few days after the last
capsule had been given,

The relative effectiveness of each of these hormones in the indi-
vidual goats may be seen in Table 5, In goats 438 and 304, 50 mgs. of
DMEDES or 200 mgs. of monomestrol were completely without effect.
Hexestrol at a 200 mg. level proved to be more potent than 400 mgs. of
diethylstilbestrol. In goats 156 and 800, 100 mgs. of DMEDES caused a
26and 52 per centdrop in milk yield, while 200 mgs. of hexestrol brought
about the complete inhibition of milk secretion.

Ingoats 279and 308, 200 mgs. of DMEDES effected a 31 and 77per
cent drop in milk yield, whereas the same amount of hexestrol elicited

et
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TABLE 5. THE RELATIVE POTENCIES OF VARIOUS ORALLY ADMINISTERED ESTRO-
GENS IN DEPRESSING LACTATION IN INDIVIDUAL GOATS

Goat | Trial Hormone Length of Daily Milk Yield
No. | No. Treatment | Av, 3 days| Lowest Yield |Percent
before During or Change
treatment | After Treat-
ment
days Ibs, lbs.

438 1 50 mgs. DMEDES 10 4.3 4.7 (10 day av.) + 8
n 2 LI n 10 4.3 4.1 (10dayav.)| -4
n 3 200 mgs, Monomestrol 10 3.7 4.1 (10 day av.) | +10
L 4 400 mgs. DES 5 3.6 2.2 -39
n 5 200 mgs, Hexestrol 5 2.8 1.4 -50

304 1 50 mgs. DMEDES 10 3.2 3.2 (10 day av.) 0
r 2 L L} n 10 3.3 3.5 (10 day av.) + T
n 3 | 200 mgs. Monomestrol 10 3.1 3.3 (10dayav.)| + 7
) 4 400 mgs, DES 5 3.1 2.4 =22
" 5 | 200 mgs, Hexestrol 5 2.5 1.1 =56

156 | 1 |100 mgs. DMEDES 10 4,4 2.1 -52
mlo2 | om0 " 10 3.0 2.2 -26
m 3 200 mgs. Hexestrol 10 2.4 0.0 =100

680 | 1 {100 mgs. DMEDES 10 3.4 1.6 -52
" 2 n n -n 10 2.6 1.5 -42
n 3 | 200 mgs. Hexestrol 10 2.3 0.0 =100

279 | 1 | 200 mgs. DMEDES 10 4.5 8.1 -31
n 2 LI n 10 3.6 1.9 -47
" 3 200 mgs, DPDES 10 2.5 2.5 0
n 4 200 mgs. Benzestrol 5 3.5 2.6 =25
" 5 | 400 mgs. DMEDES 5 2.6 1.1 =57
n 6 | 200 mgs. Hexestrol 5 2.5 0.8 -68

108 | 1 | 200 mgs. DMEDES 10 4.0 1.5 -62
n 2 L] n n 10 2.1 0.6 t =TT
n 3 200 mg=s. DPDES 10 1.7 1.2 -29
n 4 | 200 mgs. Benzestrol 5 2.7 1.8 =33
n 5 400 mgs, DMEDES 5 2.0 0.2 =90

a 68 per cent reduction, ThHe Wipropionate of diethylstilbestrol was rel-
atively ineffective at the 200 mg, level, and benzestrol was only moder-
ately effective at this level. Administration of 400 mgs. of DMEDES
daily for five days was no more effective than 200 mgs. of hexestrol given
for the same period.

In Table 6, the six synthetic hormones were rated for their ef-
fectiveness indepressinglactationasfollows: hexestrol, DMEDES, ben-
zestrol, dipropionate of diethylstilbestrol, diethylstilbestrol, monomes-
trol. Diethylstilbestrol was rated above monomestrol because Mixner
etal, (1944) showed that the oral administration by capsule of 160 mgs.
of this hormone was partially effective in inhibiting lactation, whereas
200 mgs. of monomestrol was totally ineffective,

3. THE INFLUENCE OF DIET ON THE ABILITY OF HEXES-
TROL TO DEPRESS LACTATION. - Since hexestrol was the most potent
of the various orally administered estrogens in depressing lactation, it
was used todetermine the possible effects of estrogen on some blood and
urine constituents.

Two goats, 304 and 438 were placed on specially built metabolism
cages. To prevent scattering of hay in the cages, the ration included
one-half “cerogras® (a dehydrated and finely ground cereal grass rich
in vitamins) in the regular grain mix, and freshly cut green grass in-
stead of hay.

Since a gradual depression of milk secretion was desired the
goats were startedat 50 mgs. of hexestrol daily by capsule for five days.
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TABLEG&. THE RELATIVE POTENCIES OF VARIOUS ORALLY ADMINISTERED ESTRO-
GENS IN DEPRESSING LACTATION IN GOATS

Goat | Trial Hormone Length of Daily Milk Yield Rating
No. | No. Treatment | % Change| Av. % of
Change of | Potency
days All Tr
438 1 50 mgs. DMEDES 10 + 8)
n 2 non " 10 - 4) +3
04 1 nm n 10 0)
" 2 LI | n 10 + T)
156 1 100 mgs., DMEDES 10 - 52)
n 2 n n n 10 - 26)
BBO 1 n n L 10 - 52) =43
n 2 n n 1 10 - 42)
279 | 1 | 200 mgs. DMEDES 10 - 31)
L 2 n n n 10 - 47T) -54
108 1 n n " 10 - 62) 2
108 2 noon n 10 =717
279 | 5 | 400 mgs. DMEDES 5 - 57 73
108 5 " L n 5 = 80
156 3 200 mgs. Hexestrol 10 =100} -100
830 3 "o L] 10 =100} 1
43| 5 | r n 5 -50) |
304 5 L n n 5 - 56)
438 3 200 mgs. Monomestrol 10 + 10) 8 §
304 | 3 noon n 10 + 1) *
279 3 200 mgs, DPDES 10 0 14 4
108 3 non n 10 - 29 -
279 | 4 | 200 mgs. Benzestrol 5 - 25 - 29 3
108 4 L " 5 - 33
438 | 4 | 400 mgs. DES 5 -39 - 30 5
304 4 LI n 5 - 22

No depression of milk occurred, and the level was increased to 100 mgs.
daily for the next five days. Surprisingly, there was still no lowering of
the milkyield. The dosage was increased to 200 mgs. daily for the fol-
lowing five days. Still there was no reduction in milk yield, although
in the previous experiment this amount of hexestrol in these same goats
causeda 50 and 56 per cent drop in milk production. An increase to 300
mgs. daily for five days had no.effect on lactation.

These two goats had been given hexestrol at increasing levels
for 20 successive days with no effect on their lactation. Since the only
important difference in their treatment on the metabolism cages was
the change in diet, this was suspected to be responsible for the ineffect-
iveness of the hexestrol. After the two goats had been on the regular
ration for approximately three weeks, they were again given 200 mg.
capsules of hexestrol daily for five da.ys. A prompt depression of ap-
proximately 50 per.cent in daily milk yield occurred.

Ten days after the ration was changed again. The regular grain
mixed with one -half part of “cerogras” and the regular dry hay was fed.
Hexestrol was given at the 200 mg. level for five days, and a 22 and 29
per cent reduction in milk yield was observed.

Whether the ineffectiveness of the hexestrol on lactation was due
toa greater vitamin content in the “cerogras” and fresh green grass, or
to the possibility that the goats ate more, is not definitely known. Many
studies have shown that the natural estrogens are inactivated in the liver,
and that the B vitamins are essential for this purpose (Biskind, 1946 ).
Apparently, the synthetic estrogens are also inactivated in the liver, al-
thoughtoa lesser degree than the natural estrogens (Zondek et al., 1943;
Lipschutz et al,, 1944; and Zimmerberg, 1946).
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It is believed that ruminants manufacture sufficient B vitamins
for their own ordinary needs (see Brody, 1945). However, it is possible
that a large amount of a foreign substance, such as hexestrol, repre-
sents an extraordinaryneed for B vitamins which the goat is not able to
supply. Hence the effectiveness of an additional source of B vitamins
from the “cerogras” and freshly cut green grass.

It ispossible that these goats may have eaten more because they
found the mixture of grain and “cerogras®, and fresh cut grass, more
palatable than the regular ration. An increased feed intake might serve
to offset some of the inhibitory effects of estrogen on lactation. Although
the feed intake of these goats was not measured, they showed no loss in
bhody weight during the 20 day trial with hexestrol.

4, EFFECT OF ESTROGEN ADMINISTRATION ON THE ME-
TABOLISM OF LACTATING GOATS. - When the two goats in the pre~-
vious experiment were placed on the metabolism cages and injected suh~-
cutaneously with four milligrams of diethylstilbestrol daily, this not only
resulted in a drastic reduction in milk yield, but also in a loss of appe -
tite and a reduction in feces and urine output. Although the food intake
wasnot measured, it was obvious by the third day of injection, that they
refused to eat or drink. They hoth lost seven pounds each during the
three day period. It therefore seemed possible that one of the mechan-
isms through which large dosages of estrogen exert their inhibitory ef-
fects onlactation might be by way of loss in appetite. A reduced food in-
take is known to cause a quick decline in daily milk production in rats,
goats, and cows (Brody, 1945).

Two goats, 348 and 123, which kidded in the same week of March,
1947, and were producing about the same quantity of milk, were put on
metabolism cages about a month later. The feeding troughs in front of
the cages were so arranged that it was possible to keep the grain and
hay in separate compartments. After determining the optimal amounts
necessary to maintain production, the goats were regularly given 3 pounds
of mixed grain and 3 pounds of cut hay per day. Separate buckets for
each goat were filled with 10 liters of water daily. At the end of each
24 hour period the unused portions of the grain, hay, and water were
measured, as well as the-feces and urine output.

Diethylstilbestrol was injected at a dosage level of 0.25 mgs.
daily for five days, and was then increased to 0.50 mgs. daily for the
followingfive days. These levels of diethylstilbestrol had no significant
effect either on milk yield or the metabholism of the goats (Fig. 4). Mix-
ner etal, (1944) also found these dosages too small to depress lactation
in goats.

When the injection level of diethylstilbestrol was raised to one
milligram daily, the effects became noticeable within 24 to 48 hours.
The rapid decline in milk yield was paralleled by a similar decline in
feed and water intake, and feces and urine output (Fig, 4). Goat 123
was much more severely affected by the estrogen treatment than goat
348. Although it was intended to inject these animals for a 10 day peri-
od, the drastic effects of the treatment on goat 123 made it seem ad-
visable to stop injections after 8 days. This goat had ceased to eat and
drink, and had lost 21 pounds in hody weight.

After the injections were stopped, the food intake and milk yield
gradually increased. After a week, the goats regained their appetites
completely, but the milk production did not quite regain its original level.
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Fig, 4. Effect of diethylstilbestrol, ond of diethylstilbes-
trol plus thyroxine, on lactation ond metabolism of fwo parous
goats., Note the quick dE]ﬁession in milk yield and food and water

intake which occurred following the administration of 1.0 mg. of
diethylstilbestrol daily, startingon April 30, In both trials the
effects were more drastic in %oat 123 than in goat 348. Note the
differences in responses of the two goats caused by the combina-
tion of diethylstilbestroland thyroxine.
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TABLE 7. EFFECT OF DIETEYLSTILBESTROL ON METABOLISM
OF LACTATING GOATS
(One mg, diethylstilbestrol daily for eight dags)

Daily Milk Feces Hay Grain Urine Water Body

Values 1bs. Ibs. Ibsa, Iba, per Intake Weight
100 ml. |per 100 ml, 1bs.
348 123|345 123| 348 123|348 123|348 123 | 348 123 348 123

Before 54 5.4 |28 2.8 2.0 1.6 |24 2.6 |15.7 25.0| 58.0 65.4 &4 99
After 3.0 04|20 01|Nosig- 00|10 0.0| 6.2 3,0 294 0.0 | 88 78
nificant
change

Decrease| 2,4 5.0 | 0.8 2.7 1.6 | 1.4 2.6 | 8.5 22.0) 2B.6 65.4 6 21

(One mg. diethylstilbestrol plus flve mgs. thyroxine daily for elght days)
Before 5.1 4840 2,8 23 26|28 2,714,686 14,6 60,6 62.6 | 85 &7

After 4,2 05|25 0.1 1.1 0.0 0.8 0.0 |No sig- 7.2 0.0 82 &89
nificant
change

Decrease | 0.9 4.3 |15 2.8 1.2 26120 2.7 53.3 62.6 | 13 28

Some of the significant values of each component of the energy
intake and outgo are presented in Table 7. These represent the values
which were taken just before the first injection of diethylstilbestrol was
begun and the lowest values which were reached during or soon after the
last injection.

After a 16 day recuperation permd the two goats were injected
with five milligrams of thyroxine daily in addition to one milligram of
diethylstilbestrol. Itwas consideredpossible that this dosage of thyrox-
ine might overcome some of the inhibitory effects of estrogen on milk
production and food intake.

Ingoat 123 the effects of this combination of hormones on metab-
olism appeared to be more drastic in most respects than when diethyl-
stilbestrol alone was given. Each goat lost seven pounds more in body
weight at the end of the experiment. The urine output of both goats was
not appreciably reduced during this treatment, probably due to the di-
uretic action of thyroxine. The milk yield of goat 348 was reduced by
only 0.9 pounds compared to 2.4 pounds when diethylstilbestrol alone
was given. Apparently she was able to maintain milk production at the
expense of body weight, since she lost 13 pounds compared to only 6 in
the previous trial. It will be shown that 10 milligrams of thyroxine daily
can completely override the inhibitory effects of one milligram of di-
ethylstilbestrol on lactation in goats.

A lactation-inhibiting dose of estrogen usually results in a loss
of body weight in goats. For example, goats 437 and 826 were given 200
mgs, each of the dimethyl ether of diethylstilbestrol daily by capsule for
10 days. The milk yield in goat 437 was reduced from 7 pounds daily to
9 pounds, and she lost 9 pounds in body weight. The milk yield of goat
826 was reduced from 5.1 pounds daily to 1.2 pounds, and she lost 26
pounds in body weight.

There are two items Wﬂl‘thj" of mention in connection with this
experiment. Oneis that these two goats came into heat a few days after
the injection of the 0.5 milligram level of diethylstilbestrol. The other
is that the loss in appetite may be selective in nature and not extend
equally toall types of food. For example, when a handful of fresh green
grass was occasionally offered to these goats when their appetites were
most severely depressed by the estrogen treatment, they ate the grass
with relish.
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A large part of the ability of estrogens to depress lactation, in
goats at least, is mediated through a loss of appetite., The relation of
food and water intake to milk production is of obvious importance. Al-
though administration of estrogens can increase the lactogen secretion
of the pituitary to some degree even in starving animals (Meites and
Turner, 1947a), this is of little value when there is a deficiency of nu~
trients with which to manufacture milk.

0. CONCLUSIONS. - The inhibitory action which large dosages
of estrogen are capable of exerting on body growth, gonad function, and
lactation have been appreciated generally. The influence which estrogens
may exerton appetite has heen largely overlooked in considering these
inhibitory effects. There are only a few reports in which reduction in
food intake were noted following estrogen administration,

Korenchevsky and Dennison (1934) injected either 20, 60 or 180
LU. of estrogen daily to rats, and observed that the latter two dosages
caused a decrease in food consumption of 11 per cent, However, on a
body weight basis, the food intake was unchanged. Blanchard et al, (1945)
reported that the implantation of 60 milligram tablets of benzestrol into
rats reduced the food intake to an average of only 9 grams daily com-
pared to 12-14 grams consumed by the control rats. Cameron et al,
(1946) likewise observed that rats fed estradiol appeared to eat less
food. Noble (1939b) noted that estrogen causes a decrease in the fluid
intake of rats.

Through what channels large dosages of estrogen may induce a
decrease in appetite is not definitely known. A reduction in the secre-
tion of certain metabolic hormones by the pituitary, a direct inhibitory
effect of important enzyme systems, anunfavorable influence on the nerv-
ous system--all could effect a reduction in appetite. In connection with
the latter possibility (Brobeck et al., 1947) studied the energy exchange
in rats during the normal estrous cycle, and observed that food intake
and body weight were reduced during estrus, while the opposite was
true during diestrus and pseudo-pregnancy. They stated that these ef-
fects were probably mediated throughthe hypothalamus, which is believed
to exert a regulative effect on metaholic functions in the body.

Although a decrease in appetite appears to be an important part
of the lactation-inhibiting action of large dosages of estrogen in goats,
and probably other animals as well, it is not helieved to be the sole cause
of the reduction in milk secretion, It does not explain the greater ef-
fectiveness of estrogen in intact as compared to ovariectomized rats.
Italso may not apply to the lactation-inhibiting action reported for cer-
tain androgens, although McEuen et al. (1937) and Selye (1941) have
demonstrated that large dosages of testosterone can reduce growth in rats.

III. THE EXPERIMENTAL AUGMENTATION OF LACTATION
A. Review

The declining phase of the lactation curve is associated with a
gradual involution of mammary secretory tissue and a decrease in se-
cretion of lactogenic hormone by the pituitary. Thyroid secretion rate
alsodeclines during the course of lactation (Schultze and Turner, 1945).
Apparently the suckling stimulus alone is insufficient to maintain lactation
at a high level.



20 Missouri Agricultural Experiment Station

In attempting toaugment or prolong milk secretion, it seems im-~
portant that the original stimuli present during pregnancy and at partur-
ition be restored. During pregnancy optimal growth of the mammary
glands occurs under the influence of estrogen and progestin, and at about
the time of parturition sufficient estrogen is available to enhance greatly
the secretion of pituitary lactogen. Other favorable influences in prepar-
ation for lactation may be exerted. Can these stimuli be duplicated as
lactation proceeds?

Various pituitary extracts have been used successfully for in-
creasing lactation in cows and goats (Turner, 1939); Folley, Malpress
and Young, 1945). Whole pituitary extracts contain thyrotrophin, which
stimulates the thyroids. They also contain gonadotrophic and adreno-
trophic hormones, which stimulate the gonads and adrenals to secrete
various steroid hormones, which in turn may stimulate the growth of the
mammary tissue. Not least important, whole pituitary extracts contain
lactogenic hormone --the specific factor which stimulates milk secretion
in the mammary gland.

Although whole pituitary extracts would seem ideal from the above
viewpoints, there are valid objections to their use. The extracts must
be injected, must be preserved at a low temperature, and are expensive.

Thyroprotein, a thyroid like synthetic substance, offers greater
practical possibilities for increasing lactation, since it can be fed to an-
imals. Its favorable effect on lactation is generally attributed to its
stimulation of certain metabolic activities, i.e. increase in food con-
sumption, assimilation, blood circulation, and in the availability of milk
precursors, etc. (Ralstonetal. 1940), Itdoesnot appear to induce mam-
mary growth or stimulate the secretion of lactogenic hormone by the pi-
tuitary.

Estrogen has been used successfully for initiating lactation, but
has generally been considered inhibitory or ineffective for use in es-
tablished lactation. It stimulates the secretion of lactogenic hormone
by the pituitary and induces a variable degree of mammary growth. Po-
tent preparations can be given orally to animals. The feasibility of ad-
ministering small amounts of estrogen throughout the lactation cycle
has not yet been investigated. Since estrogen can increase the secretion
of lactogenic hormone by the pituitary and induce some growth of the
mammary gland, while thyroid preparations can speed up metabolic pro-
cesses favorable to lactation, the two together should be superior to
either alone.

Weichertand Boyd (1934) observed that in pregnant rats, exper-
imental hyperthyroidism induced earlier mammary development and
secretionthan in controlrats. Mixner and Turner, (1943 ) observed that
thyroxine in suitable amounts increased the efficiency of progesterone
andestrone in stimulating lobule-alveolar mammary growth in mice, It
isnot known whether thyroid and estrogen can act synergistically in in-
creasing pituitary lactogen secretion.

B. Experimental

1. EFFECTOFA SMALL DOSAGE OF DIETHYLSTILBESTROL
ON THE PITUITARY LACTOGEN CONTENT AND BODY WEIGHT OF
PARTURIENT RATS. - Injection of large dosages of diethylstilbestrol
torats for the first six postpartum days induced a small increase, rather




Research Bulletin 416 21

than a decrease in pituitary lactogen content, Would small amounts of
estrogen, injected daily during the normal span of lactation in the rat,
maintain a high pituitary lactogen content without depressing lactation?
If this were possible, it might afford a means of augmenting and main-
taining established lactation,

Fifty-four parturient rats divided into four pairs of control and
injectedanimals, were killed on the 3rd, Tth, 14th, and 21st day after par-
turition. On the third postpartum day the litter of each was reduced to
six. Atotaldosage of 0.2 mg. of diethylstilbestrol by daily injection was
given every mother rat during its respective postpartum period before
sacrifice. The ratstobe killed on the third postpartum day received the
hormone in a single injection on the day of parturition,

Results can be seen in Table 8 and Figure 5, In the group sac-
rificed on the third postpartum day, the pituitary lactogen content was
increased 36 per cent on a body weight basis, In the rats killed on the
Tth, 14th and 2l1st days after parturition, the pituitary lactogen content
was increased 52, 25 and 68 per cent, respectively. On the 14th and 21st
days after parturition, the injected groups contained as much pituitary
lactogenas in the control rats on the 3rd day, when the pituitary lactogen
content was at its peak level.

Evaluation of the effects of the diethylstilbestrol on lactation is
more difficult. Insofar as could be judged by macroscopic appearance,
the mammary glands of the injected rats were as full of milk as the con-
trol rats. There was no loss of maternal instinct, as the mother rats
were seen to be with their litters in the nests on almost all oceasions.

The young of the injected groups, withthe exception of those killed
onthe third postpartum day, made smaller weight gains than the control
litters. The ingestion of estrogen in the milk may have accounted in
part for this growth difference. Also it is possible that the dosage of
diethylstilbestrol (0.2 mg.) was above an optimal level, since most of
the injected mother rats lost slightly in body weight whereas the control
mother rats showed small gains.

This experiment demonstrates the possibility of maintaining a
level of pituitary lactogen after parturition by the administration of rel-
atively small dosages of estrogen.

2. EFFECT OF THYROXINE AND ESTROGEN-THYROXINE
COMBINATIONS ON ESTABLISHED LACTATION IN GOATS. - When one
milligram of diethylstilbestrol was injected daily into lactating goats,
milk yield decreased. Addition of 5 milligrams of thyroxine to the es-
trogen was found to counteract partially the effect of the latter on the
lactation of one of two goats. Would 10 milligrams of thyroxine com-
pletely overcome the effect of the estrogen on lactation?

Three goats, numbers 447, 304 and 438, were used. Having fresh-
ened inthe spring of 1946, they were approaching the end of their lacta-
tion period, when injections were begun December 13, Milk production
was between 1.1 and 2.2 pounds daily at the start of the experiments
(Table 9).

The goats were injected for 10 days and then left a month with-
out treatment. This schedule was repeated four times, starting on De-
cember 13, 1946, and ending May 16, 1947,

In the firsttrial they were injected as follows: number 447 re-
ceived 1 mg. of diethylstilbestrol daily, and numbers 304 and 438 were
given 1 mg,. of diethylstilbestrol plus 10 mgs. of thyroxine daily. The
trend of the results can be seen in Figure 6(a),
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EFFECT OF DIETHYLSTILBESTROL ON
PITUITARY LACTOGEN CONTENT AND
BODY WEIGHT OF PARTURIENT
LACTATING RATS.
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Fig. 5. Effect of a small dosage of diethylstilbes-
trol injected during_ the lactation cycle of rats. Note
that the pituitary lactogen content of the injected rats
was always greater than in the controls, However, the
litters ‘of "the controls grew more rapidly than those of
the injected rats.
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Asexpected, the daily milk yield of goat 447 was depressed dur-
ing the 10 day injection period, from 2.2 to 1.2 pounds. The two goats
receiving both hormones began to show a remarkable and unexpected
rise in milk yield, after four days treatment. Ten mgs. of thyroxine was
more than sufficient to offset the depressing effect of one mg. of diethyl-
stilbestrol.

After the injections were stopped, the daily milk yield continued
to rise for four days. It had increased from 1.1 to 2.7 pounds daily in
goat 304, or by 145 per cent; and from 1.8 to 4.4 pounds daily in goat 438,
or by 144 per cent. Milk productionfrom goat 447 returned to the normal
level after the diethylstilbestrol injections were stopped. After a month,
the daily milk production of goats 304 and 438 still was more than 60
per cent above the pre-injection levels.

The effect of the injections on the body weights of these three
goats is shown in Table 9. Number 447, which received diethylstilbes-
trol only, lost 7 pounds in body weight, whereas the two goats which re-
ceived both hormones lost 18 pounds each, Previously, when two goats
were given 1 milligram of diethylstilbestrol plus 5 mgs. of thyroxine, the
loss in body weight also was greater than when the goats were given the
estrogen alone.

TABLE 8. EFFECT OF A SMALL DOSAGE OF DIETHEYLSTILBESTROL ON PITUITARY
LACTOGEN CONTENT AND BODY WEIGHT OF PARTURIENT LACTATING RATS

Day of Average Body Weight Av. | AV.RaT. |Average
No. Sacrifice|  On 3rd On Day of | Pit. | Lactogen %
of | Treatment| Post- Day Sacrifice | Wt. [per |per | per | increase
rats partum Mother Young |Mother YO‘I.I.'[.'IE pit, mg. 100 | in lacto-
pit. |gms.| gen of
body | injected
gms, | gms, | gms. | gms, | mgs, wt. | Eroups
8 | Controls 3 194 6.9 184 6.4 8,87(12,2|11.3 | 6.3
8 | 0.2 mgs,
Diethylstil. 3 196 6.8 196 6.8 |11.37]16.8]1.5| 8.8 36
6 | Controls T 203 6.7 208 13.0 |10,00(11.0j1.1| 5.3
6 | 0.2 mgs.
Diethylstil, i 186 6.3 183 11,0 (11.61(14.8/1.3] 8.1 52
6 | Controls 14 199 7.6 203 21,0 9.69(10.3) 1.1 5.1
6 | 0.2 mgs.
Dlﬂt‘lljlsﬁl. 14 221 8.1 218 17.4 114.74/14.1/1.0] 6.4 25
T | Controls 21 185 7.3 196 26.2 942| 7.4)0.8| 3.8
7 | 0.2 mgs.
Diethylstil, 21 184 T.4 179 17.0 |10.61)11.6/1.1| 6.4 68

TABLE 9. EFFECT OF ESTROGEN, THYROXINE, AND ESTROGEN-THYROXINE
COMBINATIONS ON LACTATION IN GOATS

Goat |Trial Daily Treatment Body Weight | M Tlexd (bs.)
No. | No. (10 day period) Ibs. Dit.
Before |After| Diff| Before | After |lbs.| %

447 | 1 | 1 mg, Stilb, 114 | 107 |- 7| 2.2 | 1.2 |-1.0|- 45
438 | 1 1 mg, Stilb, + 10 mgs. Thyrox., 113 95 |-18 | 1.8 4.4 [+2.6|+144
304| 1 | 1 mg Stilb. + 10 mgs, Thyrox. | 110 | 92 [-18 | 1.1 | 2.7 |+1.6/+145
438 | 2 |10 mgs. Thyrox. 107 | 97 [-10] 2.9 |45 [+1.6[+ 55
304 | 2 |10 mgs. Thyrox, +1 mg, Stilb. 105 | 96 |- 9| 2.0 |3.4 [+1.4/+ 70
438 | 3 |10 mgs. Thyrox. + 1 mg. Stilb, 107 [103 [-4] 2.7 | 4.7 [+2.00+ 74
404 | 3 |10 mgs. Thyrox. 107|105 |-2]| 1.9 | 3.7 |+1.8/+ 99
438 | 4 3 mgs, Thyrox, 115 | 116 |+ 1| 3.9 | 4.6 [+0.7|+ 18
304 | 4 3 mgs, Thyrox, + 0.25 mgs, Stilb] 113 | 116 |+ 3| 2.7 4.2 [+1.5|+ 55
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__ Fig. 6 (Section a), - Effect of thyroxine, and of estrogen-thyroxine
injections, on established lactation in goats.

One m

+ daily of diethylstilbestrol reduced the daily milk yield of
goat 477 J' 45 per cent. The same amount of estrogen plus ten mgs, of
thyroxine daily increased the daily milk production in goats 438 and 304

by 144 and 145 per cent,respectively, Note that milk production contin-
ued to rise in these two goats for several days after the injections were
stopped, and then gruduutil fell, On January 22, the milk yield of these

two goats still was more than 60 per cent ve the original level.
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Fige 6 (Section b). - Effect of thyroxine, and of estrogen-thyroxine '
injections, on established lactation_in goatss . -
Goat_438 was given thyroxine only, and goat 304 received both hor-
moness Daily prodiction in goat 438 rose to within 0.l pound of the
peak in the ﬁreviou:s trial, whereas in goat 304 it rose 0.7 pounds high-
er than in the previous trial, Note the better persistence in goat 304,
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Fig. 6 (Section ¢). - Effect of thyroxine, and of estrogen-thyroxine
injections, on established lactation in goats.

Treatment of the two goats was reversed. Un a percentmge basis,
milk production rose somewhat more in goat 304, which received thyrox-
ine only, than in ﬁ{mt 438 but this difference does not seem signifi-
cant in the chart. Note the higher level of persistence in goat 438.

DAILY MILK YIELD IN LBS.

o——s 3 WG THYROXINE DALY

oomms I MG THYRDYINE DALY
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16 30 14
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Fig, 6 (Section d). - Effect of thyroxine, and of estrogen-thyroxine
injections, on established lactation in geats. .

Snaller amounts of the two hormones were used, The superiority of
the two hormones over estrogen alone is clearly indicated in goat 304
during the injection period., The goats were turned out to pasture I'-'lc,¥
3, Compare the present milk production with that at the beginning o
the experiment.
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To determine how much of the increase in milk yield of the two
goats was due to thyroxine alone, and how much to the estrogen-thyrox-
ine combination, number 438 was given 10 mgs. of thyroxine daily and
number 304 was given 10 mgs, of thyroxine plus 1 mg. of diethylstilbes-
trol, beginning Jan. 22, 1947,

The daily milkyield of goat 438 rose from 2.9 to 4.5 pounds (Fig-
ure 6(b)) or to the same peak as in the previous trial, representing a
55 per cent increase in milk production. In goat 304, the daily milk yield
rosefrom 2,0 to 3.4 pounds, which is 0.7 pounds higher than the peak in
the previous trial, representing an increase of 70 per cent,

A week after the injections were stopped the daily milk produc-
tion of goat 438 returned to the pre-injection level. The milk production
of goat 304 fell more gradually, and did not reach its pre-injection level
until the end of the month. The two goats lost only 9 to 10 pounds in body
weight during this trial compared to 18 pounds before. However, they
weighed 5 to 6 pounds less at the beginning of this trial. This experi-
ment suggests that the estrogen-thyroxine combination is superior to
thyroxine alone,

In the third trial, the hormone treatment of the two goats was
reversed. Thistime, goat 304 was given 10 mgs. of thyroxine daily, and
goat 438 was given the same amount of thyroxine plus 1 mg. of diethyl-
stilbestrol. As seen in Figure 6(c), the daily milk yield rose again in
both goats, but on a percentage basis the increase was greater in 304,

After the injections were stopped, the milk yield of 438 persisted
atthe highlevel of approximately four pounds daily for the entire month.
The daily milkyield of number 304 also persisted better in this trial, It
appears that number 438, whichreceived both hormones, made the better
record.

These goats lost only a few pounds body weight each in this third
trial, although they started at about the same weight as in the previous
trial. Either the goats had developed a certain resistance to the weight
depressing effects of either or both hormones, or else they ate more.
The latter seems more probable, since they were fed about 3 pounds of
mixed grain daily with an unlimited supply of lespedeza and alfalfa hay,

On the fourth trial, smaller amounts of the two hormones were
adiministered. Goat438 was injected with 3 mgs. of thyroxine daily, and
goat304 with the same amount of thyroxine plus 0,25 mg, of diethylstil-
bestrol. This amount of diethylstilbestrol previously had been found to
be optimal for initiating lactation in virgin or non-parous goats, but had
no effect in parturient lactating goats (Mixner et al, 1944),

Figure 6(d) shows the rise in daily milk production was much
more marked in number 304, which received both hermones. In this
goat, the daily production rose from 2.7 to 4.2 pounds, representing an
increase of 55 per cent, while in 438 it rose from 3.9 to 4.6 pounds, an
increase of only 18 per cent. Neither lost in body weight as a result of
these injections.

After the injections milk production dropped more drastically in
goat 304 than in 438, This probably is due to the fact that number 304,
which had been infested with demodectic mange for several weeks pre~
vious, became much worse after the injections. She was treated on May
3 for this condition and turned out to pasture., Number 438 was also
turned out and the milk yields increased to about 4 pounds each,

As a result of the four 10~-day treatments, these two goats were
giving as much milk in June 1947 (approximately 4 pounds each) as in



Research Bulletin 416 27

June 1946, This represents over 100 per cent more milk than these goats
were producing on December 13, 1946, when the experiment was begun.

3. THE EXPERIMENTAL INDUCTION AND MAINTENANCE OF
LACTATION IN GOATS BY THE INCLUSION OF ESTROGENAND THY-
ROPROTEIN IN THE FEED. - DeFremery (1936 ) reported that the in-
duction of the udders of virgin female goats with estradiol benzoate e~
licited mammary growth, An abundant lactation was then induced by in-
jecting lactogenic hormone. Folley, Scott-Watson and Bottomley (1840)
and Lewis and Turner (1940, 1942) demonstrated that the administra-
tion of estrogenalone was capable of initiating lactation in goats. Walk~
er and Stanley (1941), Reece (1943 ), Hammond and Day (1844), Folley,
Malpress and Young (1945) and others, extended these observations to
cattle,

In view of the promising results obtained with estrogen and thy-
roxine in augmenting and prolonging lactation in the two goats reported
previously, it seemed worthwhile to try these two hormones for the in-
duction of lactation. These hormones were available in potent form for
oral use, and could easily be put into the ration of goats.

Two grams of the dimethyl ether of diethylstilbestrol (DMEDES)
were mixed with 100 pounds of grain. These goats were fed between 2.0
to 2.5 pounds of grain daily, and therefore consumed approximately 40
to 50 mgs. of DMEDES per day. This was about half of the amount (100
mgs. ) shown to depress lactation in goats.

The feeding of the DMEDES to three mature, multiparous, non-
pregnant goats was begun on December 28, 1946. These three goats
weighed approximately 120 pounds each and were in good health. On
February 24, 1947, 50 grams of thyroprotein were added per 100 pounds
of grain. This meant they would consume a little more than 1 gram of
this substance daily,

In two of the goats, numbers 880 and 156, the udders became
visibly enlarged by the middle of March, while in goat 279 the udder re-
mained small, loose, andapparently unstimulated. Milking was first be-
gun on April 7. After a week, only 100 to 200 milliliters could be ex-
pressed from goats 880 and 156, and none from goat 279.

Milking was then suspended for a two-week period and resumed
on April 26. The udders of 880 and 156 were swollen with accumulated
milk, and more thah a pound was removed from each goat. These two
goats started an upward trend in milk production for more than 8 weeks
(Figure 7), and production persisted at peak levels for an additional 6
weeks.

After a week of failure to obtain milk from goat 279, she was
dropped from the experiment, Her udder remained small and unstimu-~
lated, A great variability in the lactational response of goats and cows
to estrogen stimulation had been noted previously by Lewis and Turner
(1942), Hammond and Day (1944 )and Folley, Malpress and Young (1945).

The DMEDES was increased from 2 to 3 grams per 100 pounds of
grain on April 30, and on May 24 the thyroprotein was increased from
50 to 75 grams. This provided these goats with approximately 60 to 75
milligrams of DMEDES, and 1.5 to 1.75 grams of thyroprotein daily.
The goats continued to increase in production and maintained their body
weights,

On June 18 the thyroprotein was increased further, to 100 grams
per 100pounds of grain. This proved detrimental to body weight, as the
goats lost 11 and 14 pounds respectively, in 10 days. The daily milk
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yield continued to increase. On June 28 the thyroprotein was reduced to
the 75 gram level, and the goats quickly regained their original body
weight,

Apparently, 3 grams of DMEDES and 75 grams of thyroprotein
per 100pounds of grainare optimal for lactation in mature goats. These
amounts have been fed to five other lactating goats in an effort to main-
tain milk production, and no detrimental effects have been noted on body
weight after seven weeks.

DISCUSSION

Estrogen-thyroid combinations in goats may be superior to es-
trogen alone in initiating lactation, and to thyroid alone in augmenting
lactation, Certain considerations, however, indicate that the relative
dosages of the two hormones administered may be very important in de-
termining their combined effectiveness,

Some dosages of estrogen may decrease the thyrotrophic hor-
mone of the pituitary, (Meites and Turner, 1947) thereby redacing the
output of thyroid hormone. Danforth, Greene and Ivy (1937) and Ma-
haux (1944) claimed that large dosages of estrogen may counteract in
part the metabolic effect of thyroid when the two hormones were given
simultaneously.

Thyroid hormone is capable likewise of counteracting certain
effects of estrogen., Van Horn (1933 ) reported that castrate rats, made
hyperthyroid by the feeding of desiccated thyroid, required three times
as muchestrogento eliminate castration changes in thevagina compared
toratswhich were not fed thyroid. Meyer and Wertz (1938) also stated
that the demand for estrogen rises when thyroid hormone is administered,
while Smelser (1939) came to similar conclusions regarding the effect
of thyroxine on androgen requirements,

Fleischmann (1946) noted that thyroxine, when administered
simultaneously withestradiol dipropionate in immature chicks, neutral-
ized the ability of the estrogen to effect certain typical changes in the
blood chemistry, but did not inhibit growth of the oviduct. He concluded
that the inhibitory effect of thyroxine on estrogen was confined to meta-
bolic and not to structural changes.

Korenchevsky and Hall (1941) showed that either estrogen or
thyroxine can cause hypertrophy of the adrenal cortex in castrate rats.
When both hormones were given, a greater hypertrophy of the adrenal
cortex occurred than produced by either alone. Similarly, both hormones
produceda greater loss of body weight than when either was given alone.

Estrogen and thyroid preparations apparently produce opposite
effects on appetite. Administration of estrogen causes a decrease in
food and water intake of goats. Koger, Hurst and Turner (1942) and Ko-
ger and Turner (1943) found that thyroid substances caused an increase
in the food consumption of mice,

Fromthe reports cited and fromthe results obtained in the goats,
the following conclusions relative to lactation may be drawn: Thyroid
preparations should be administered in amounts adequate to overcome
any unfavorable effect of estrogen on metabolism, such as reduction in
food intake, while permitting estrogen to exert its stimulating effects on
pituitary lactogen secretion and mammary growth, The amount of es-
trogenadministered should not counteract the effects of thyroid prepar-
ations on metabolic process favorable to lactation. Optimal levels of
the two hormones should be established for different species.
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SUMMARY

1. Whenrabbit litters were uniformly reduced to two each on the .
fifth postpartum day and the mothers killed 15 days later, the pituitary
lactogen content of the mothers was the same as that of rabbits with their
entire litters. The extent and intensity of nursing did not influence the
lactogen content of the pituitaries of postpartum rabbits. -

.2. In rats, the absence of suckling for the first week after par-
turition resultedin a decrease of pituitary lactogen to.the estrous level,
and the disappearance of mammary secretion.

3. Rabbits suckled for the first 20 days after parturition con-
tained more pituitary lactogen and more mammary secretion than non-
suckled rabbits. Maximum pituitary lactogen content and maximum
mammary secretion possible in a parturient rabbit were not attained in
non-suckled animals.

4. The induction of hypothyroidism in lactating rats, by the ad-
ministration of thiouracil for the first 14 days after parturition, resulted
in a moderate decrease in pituitary lactogen content and mammary se-
cretion. The young also weighed less than those of the control rats,

5. Starvationof mother rats from the 10th to the 14th days after
parturitionresultedin a marked decrease in pituitary lactogen and ces-
sation of milk secretion. The mother rats lost one-fourth of their body
weight, and the body weight of the young was also reduced.

6. Administration of large doses of diethylstilbestrol and test-
tosierone propionate to parturient rats for the first six postpartum days
did not reduce the lactogen content of the pituitary. Only a small de-
crease in mammary secretion was evident, although 38 and 11 per cent
of the young died, respectively.

7. Six synthetic estrogens were administered orally and com-
pared for their ability to depress established lactation in goats. They
were rated in the following order of potency; hexestrol, dimethyl ether
of diethylstilbestrol, benzestrol, dipropionate of diethylstilbestrol, di-
ethylstilbestrol, and mennmestrol

8. Diet apparently influences the lactation-inhibiting action of
estrogen in goats. When “cerogras® (a dehydrated and finely ground
cereal grass rich in vitamins) and freshly cut green grass were added
to the regular ration of two goats, large doses of hexestrol were com-
pletely ineffective in depressing lactation.

9. The lactation-depressing effect of large dosages of estrogen
was showntobeassociated with a loss of appetite in goats. In two goats,
the reduction in food and water intake and loss in body weight incident
to the injection of 1 mg. of diethylstilbestrol daily, paralleled the de-
crease in milk yield. This may explain in part how large doses of es-
trogen can depress lactation without decreasing pituitary lactogen secre-
tion.

10. Daily injections of small doses of diethylstilbestrol for the
first 21 days postpartum in rats was found to maintain a higher pitui-
tary lactogen content than in untreated rats. However, the young of the
estrogen treated rats weighed less than those of the untreated rats.

11. The lactation-depressing effect produced by injecting 1 mg.
of diethylstilbestrol daily into two goats was completely counteracted by
the simultaneous injection of 10 mgs. of thyroxine. The two hormones
increased the milk yield of the goats about 145 per cent. As a result of
four 10-day injections with the two hormones, milk production after six



Research Bulletin 416 31

months was still over 100 per cent above that at the beginning of the ex-
periment.

12. Two dry, mature, multiparous goats were fed the dimethyl
ether of diethylstilbestrol and thyroprotein in the grain ration. Afier
four months, milking was begun. Daily milk production rose steadily for
over eight weeks to peaks of 3 to 4 pounds, and persisted at these levels
for six more weeks. It is believed that the treatment with the two hor-
mones may be superior to estrogen alone in initiating lactation, and to
thyroprotein alone in augmenting lactation.
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