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Abstract:

An experiment in two parts has been conducted to study the artificial induction of lactation in sheep.
Part I was an exploratory trial during 1957 involving 15 dry, non-pregnant, three to six year old
females and one yearling castrate male. Treatments consisted of various levels of estrone and
diethylstilhestrol with and without progesterone. Prolactin was given alone or in combination with one
or both steroids in four treatments. Oxytocin treatment was given to one ewe. Secretion was produced
on ten treatments but was not collected.

Part II was an experiment in artificially inducing lactation conducted during 1958, involving 11 head of
dry, six to seven year old ewes. Treatment [ was a graded dose of estrone; Treatment I1 a 1:40 estradiol
to progesterone ratio. Treatments III, IV, and V were respectively: 1:40, 1:80, and 1:200 ratios of
diethylstilhestrol to progesterone. Treatments VI, VII, VIII, and IX were O.25 mg, 0.50 mg, 1.00 mg
and 5.00 mg of diethylstilhestrol respectively. Treatment X was 3 c.c. peanut oil injected every other
day, with Treatment XI being udder manipulation with no injections.

All injections were given intramuscularly, every other day, in a peanut oil carrier for 27 days.

Measurable secretion (more than 0.30 gm.) was obtained from the ewes on Treatments I, IV, V, VI,
VII, VIII, and IX, with peak daily productions being 29.90 gm., 306.81 gm., 29.70 gm., 5.50 gm.,
142.43 gm., 610.52 gm., and 406.69 gm. respectively. A small amount of honeylike secretion was
obtained from Treatment XI. This as well as the secretion obtained from Ewe Number V was present at
the start of the experiment and was not due to treatment. Secretion was collected from four normal
ewes that had just lambed for a colostrum sample and from ten normal ewes that had lambed earlier for
an advanced lactation sample. Chemical analyses for fat, protein, lactose, ash, and total solids on all
samples showed the secretion from the treated ewes to be lower than normal colostrum in all
components. As lactation proceeded the secretion rapidly assumed the composition of normal milk;
both chemically and physically.

Routine histological examinations were conducted on Ewes Number I, IV, IX, X, and XI. Ocular
micrometer measurements on alveoli and lumina revealed percent increase over the control average
alveoli diameter to be 24.23, 112.37, 156.19, and 246.39 percent for Treatments I, IV (right and left
half), and IX respectively* Percent increase over the control average lumina diameters were 117.16,
414.18, 502.24, and 728.38 percent for Treatments I, IV (right and left half), and IX respectively.
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ABSTRACT

An experiment in two parts has been conducted to study the arti-
ficial induction of lactation in sheep, Part I was an exploratory
trial during 1957 involving 15 dry, non=pregnant, three to six year
old females and one yearling castrate male. Treatments consisted of
various levels of estrone and diethylstilbestrol with and without
progesterone. Frolactin was given alone or in combination with one or
both steroids in four treatments, Oxytocin treatment was given to
one eweo. Secretion was produced on ten treatments but was not colleet-
ed.

Part II was an experiment in artificially inducing lactation con=-
ducted during 1958, involving 11 head of dry, six to seven year old
ewes, Treatment I was a graded dose of estrone§ Treatment II g 1:40
estradiol to progesterone ratio, Treatments IITI, IV, and V were re-
spectively: 1340, 1:80, and 15200 ratios of diethylstilbestrol to
progesterone, Treatments VI, VII, VIII, and IX were 0,25 mgey; 0050 mge,
1.00 mg, and 5,00 mg, of diethylstilbestrol respectively, Treatment X
was 3 coCo peanut oil injected every other day, with Treatment XI being
udder manipulation with no injections,

All ‘injections were given intramuscularly, every other day, in a
peanut oil carrier for 27 days.

Measurable secretion (mere than 0,30 gm.) was obtained from the
ewes on Treatments I, IV, V, VI, VII, VIII, and IZy, with peak daily
productions 'being' 29,90 Mo g 306081 gMo 5 29,70 Mo g 550 oy 142443
8oy 610,52 gmo, and 406,69 gm. respectively. A small amount of honey-—
like secretion was obtained from Treatment XT. Thig as well as the
secretion obtained from BEwe Number V was present at the start of the
experiment and was not due to treatment, Secretion was collected from
four normal ewes that had Jjust- lambed for a colostrum sample and from
ten normal ewes that had lambed earlier for an advanced lactation sampleo,
Chemical analyses for fat, protein, lactose, ash, and total solids on
all samples showed the secretion from the treated ewes to be lower than
normal colostrum in all components., As lactation proceeded the secre—
tion rapidly assumed the compesition of normal milks both chemically
and physically.

Routine histological examinations were conducted on Ewes Number
I, IV, IX, X, and XI, Ocular micrometer measurements on alveoli and
lumina revealed percent increase over the control average alveoli dia-
meter to be 34023, 112,37, 156,19, and 246,39 percent for Treatments
I, IV (right and left half), and IX respectively, Percent increase
over the control average lumina diameters were 117,16, 414,18, 502.24,
and 728,38 percent for Treatments I, IV (right and left half), and IX
respectively. -
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INDUCED LAGTATIGﬁ IN NON~PREGNANT EWES
INTRODUCTION

Lactation; as defined by Webster, is "the secretion and yielding
of milk by the maﬁmary gland,™M Tﬂe Process by which milk is snythesized
by the mammary gland has intrigued the mind of man for mény‘centuries .
and the ﬁossibility of inducing lactation in the non=pregnant or virgin
fémale‘is a field in_whioh-much experimental work has been done.

Udder development, and subsequentl& lactation, may be ihduqé&
through tﬁo general treatment regimess by estrogéng either natural
(estrone or estradibl) or synthetic (diethylstilbestrol), given aloney
or by estrogen and progesterone given separately with simultaneous
trea'brc;en't or in g synergistic ratio, |

Whether or not the female steroid hormones are directly respone—
sible for the initiation of lactation is the éubject of some conbrom
versyo. According ﬁo"EvgnsJ(l947)9 lactation is initiated by an anterior
pituitary hormone, pfolaofinq This hormone is also réspohsible for so
called maternal behavior patternsin rats (Hoskins '1956)°

An exploratory brial wés initiated on April 4, 19574 into the
possibility of artifiéially iﬁducing lactation in sheepo Experimental
brocedure and results are presented in Part I of this thesise

Results obtained from fhe preliminary sfudy‘made in 1957 and
study fields obtained through furtier literature review were uséd to
set up a second trial sbtarted on April 3, 1598, Tﬁe.procedure and

results obtained are presented in Part IT of this thesis,
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LITERATURE REVIEW

There is genersl agreemeqt that estrogen and progesterone are
needed in sufficient amounts to cause duet and alveolar development in
the mammary gland of the mammalian female (Petersen 1939)s  Harrow and
Mazur (1954) statg that after parturition the inhibitiné influence of
the placenta is removed, Iactogen (or prolactin) secretion from the
anterior pituitary is then initisted and milﬁ production is fostered,

Since discovery of the potent synthetic estrogen diethylstilbes=
trol (commonly called stilbestrol) in i938 by workers in England, it
has been tested on raﬁs, guines pigs, goats, cattle, fowls, and humans,
éccording to Marshall et ale (1948)0 Stilbestrol has generally been
found to cause proliferafion of mammary tissues, false heatg_and ovari-
an quiescence in many mammals, Reléxation of the broad ligaments and
distortion of the rump gnd tailhead are common overdosage symptoms in
cattleo '

Nany workers have used diethylstilbestrol to induce lactatione.
Other studies hafe been conducted to determine its effect on estab-—
lished lactation.

It is well known that the first secretion from the mammary glands

"is of a different consistency and composition than normal milk for theh
given specieso. The fterm "colostrum® has been given to this.initial
secretione It is higher in total solids, profein, faty and ash than
milk secreted later in the lactation period (Bspe and Smith 1952)o'

The appearance’éf a true pqlesfrum in mammals induced to-iactate

via hormonal treatment is net so clear cut. Extensive analyses con=
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ducted by Perrin (1955) with identi§a1 twin dairy heifers indicated
the first secretion is of a colostrum nafure in protein and ash content
only, ,Fat and lactose content was initially low and gradually @ncfeasm
ed to that of normal milk, Results similar to these were also found
by Folle& et al, (1941a)—to be the case in goats that were induced to
lactate,

The amounts of stilbestrol given and ihe mode of treatment has
varied greatly among experiments conducted. Tﬁe injection method
appears to be the most effioient and gives the mest rapid response;
The injections have usually been giveﬁ at least three times a week with
some workers reporting meore rapid response when given daily., There
seems to be little difference in the effect of subcutaneous injectibnso

Lambourne (1956) reports that the injection of-stilbestrol in
levels varying from 5 %o 80 milligrams (mg.) in 13'barreﬁ Romney ewes
resulted in marked udder development within 48 hours after injeetion.
Strong orphan lambs were placed with them and were allowed to suckle.
The lambs seemed to eat well and showed no adverse effects,; but the
ewes showed no interest in the lambs and had to be resﬁraiﬁed t0 allow
suckling. _

‘' Lewis and Turner (1942) found that 0,25 mgo of stilbestrol was
sufficient fdr lactation in goats while 5 mg, or 20 timeé this amount
was necessary when given orally., In the same experiment they found
that 4 mg. per day or 16 timesfthg injected amount was necessary to
.causé lactation when it was applied externally to the udder in a petro—

leum salve or alcohol medium,
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Mizner b als (1944) found that a daily dose of 0s25 mge of stil-
bestrol constitutes a lactation stimulating dese in non-parous goats
while dosages varying from 1 to 4 mge per day were progressively inhi-
bitor& to lactation in lactating goats. As judged by the lactation-
inhibiting effect, oral administration is only about i bercemt as effeg=
tive as subcutaneoﬁs administration. |

Wixmer further states that the lactation stimuléting effects of
smgll dosages are presumably due to its ability to stimulate the secre~
-tion of the lactogenic hormone by the anteriér pituitarys The lacta~
tion inhibiting effects are believed te be correlated with increased
adrenal cortical activity resulting in an increased rate of deaminizge-
tion of the precursors of milk protein, They also suggest +that the
hormones of the adrenal cortex.play a role in regulating the course of
the rising segment of the lactation curves

Spielman et ale (1941) treated four lactating cows with 1@ o 100
mge diethylstilbgstrol in cottonseed oil at irregular intervals by |
-intramuscular injections. An increase of 1 1o 1.5 percent in butter—
fat and lactose was obtaineds Tﬁere wWas ho apfarent effect on total
wilk production, total protein, or total casein., Blood fat levels
rose 100 or more milligrams percent and there was a sigﬁificant ine=
crease in blood sugar. .The increase in butterfat began to decline about
48 hours'after termination of the injections énd had returned to normal
in five days. Blood sugar remained high for a 1ongef period of timeo
That amount of stilbestrol needed to give the preceding résmlts was

about 50 to 150 mg. per cow. The latent period was about three days,
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Eaton and Simmons (1953) studied the effect of stilbestrol induced
‘lactation in dairy goatéo Treatment was started in May on kids 13 4o
16 months old., Subcutaneous injections of 005 mgo stilbestrol in 1
milliliter (ml.) of oil were given three times a week for about 5@\daysc
Several Eegan.secreting milk affer the fourth or fifth injeetion. The
‘Peak producers gave 2,5 to 3.0 pound; per daye. Production then feil
gradually to less than one pound and milking was discontinuedo .Lacta=
tion curves resembled those For normal léctation except that the pfo«
duction was lower and did not éontinue as long. Prpduction ranged frpm
@ to 360 pounds of milk in 185 days. Afterwards the natural production
ranged from 3 to 1500 pounds of milk and lasted from 10 +o 419 days.
Untreated control production ranged from 127 to 1600 pounds and lasted
for 118 to 306 days. The animals were later bred and only three failed
to conceive. The authoré concluded that the injections and the result—
ing prebreeding lactation had no harmful effect on future est&us and.
breeding. _ '

The effect of diethylstilbestrol én the mammary élands of the
mousey rat, rabbit, and goa'i: was studied by Lewis and Turner (1941).
Subcutaneous injections of 6,167 to 0,500 ngo pér day caused extensive
duct preliferation in male mice, Mammary develgpment did not proceed
further in spayed, virgin female mice similarly trested. Oral admin-—
istration of the stilbestrol reqﬁired six times more to ébtain results
gimilar to these. Casirate male rats.required a higher dosage fhan did
micgo Subcuténeous injections of 0.4 gm. per day produced extensive

duet dévelopment in male rabbits, After 40 to 60 days of treatment,
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early lobule development was apparent. Percutaneous treatment was also
effectives Two male rabbits were implanted. They had well developed

lobule=glveolar systems and responded well to lactogén treatment in 90

‘dayso Normal females tended to lactate on stilbeétrol‘aloneo

Subcutaneous injection of stilbestrol into virgin goats caused
abundant and prolonged lactation from the 10bu1e=al§eolar glands,
Sﬁbcutaneous injections followed by implantation caused no mammary
gland development in castrate male goatss however, teats did enlarge.

The effect of diethylstilbestrol treatment on animals in estab=
lished lactation has been studied. Folley et ale (1941) conducted
experiments on the chemical enrichment of cow's milk by administering

stilbestrol and its dipropionate ester., A rise in neon=atty milk

" solids was obtained., Bubtterfat increased only slightly, Milk produc—

tioﬁ declined. in some and not in others. Thgse workers postulghed
that the threshold for inhibition of milk secretion was apparently
higher than that for enrichment,

'Bawkins and Autrey (1957) fed 15 lactating cows diethylstilbestrol
at levels of 0, 0,068, and 30466 microgfamS'(mcgo) per pound of feeds
These treatments did not significantly effect (a) the level of 4 per—

cent fat corrected milk, (b) perdent of non~fatty solids, (¢) gross

efflclency of milk production, (d) changes in body welght of cows, or

(e) efficiency of utilizmation of available total dlgestlble nutrients.
The levels of stilbestrol fed in this study provided estrogenic actiw=
ity that lie within the range of that Ffound in.forageso It was further

stated it is therefore unlikely that the increase in quality of milk in
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ndnwfatty solids when cows change from dry feeds to succulent young
forage, is due to estrogeniec activities,
The effeect of stiibestrol on lactating cows and noﬁ=laetating
heifers has also been studied by Matus (1952)° He treated 33 non-
lactating heifers with an 800 mg. stilbestrol implant at one time,
Symptoms of nymphomania, crepitatign in the pelvis, elevation of sacral
bone, and relaxatiqn of the sacfoiliac ligament developed; three preg—
nant cows aborted within a few days. After 118 to 271 days, he removed
the pellets and milk production increased to 2488,8 literso He calcu—
lafed the amount absorbed and found it to be about 200 to 450 grams
(gme) but there was no relation bo this amount and the amount of milk
produceds After implant removal the Aymphomania snd high tailhead disg-
appeared. In his second group, in which fhe pellets Were.not removed,
the total milk production was 110.1 liters per aﬁimalo

Subterranean clover (Trifolium subterpépeum) is a plant contain—

ing rather high levels of estrogenic substances. Clover infertility
disease, as reported:by Chgmberlain and Habel (1957) is characterized
by abnormal lactation in wethers and non-pregnant eweso, In wethers
Particularly there is considerable udder and teat development, with
the tegts sometimes resembling those of a ewe in fulllmilko Small
'quantities of a fluid similar fo ewe's milk can be drawn from them,

It isy; however, unwise to regard this sympiom alone as definite évim
dence of the disease, as it may occur on bastures with no subterranean
clover, |

Doan and Lyons (1954) studied the effect of 45 daily injections
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of estrogeg progesterone, and pituitary mammotropin on the mammary’
glands of 03H male mice thaf had been castrated at six weeks of ageo
No changes occurred aftéf.é.%gfél of 22,5 cubic cenﬁiﬁgﬁeés'(eoco) of
the sesame oil carrier9'45"ﬁéo pfogesteroneg or 45 ﬁg%-of‘bituitary
mammotropin had been given, Following treatment with 92,5 mege of
estrone alene or‘combinéd'witﬁza5 mge of pituitary maﬁmétfoping good
duct and fair alveolar gi%ow%}:;"’égéurred with the fortiation of a few small
lobules, The combination ﬁéé”glightly more effective thin estrone a-
lones BExtensive duct déveiopﬁéﬁt, abundant alveéolar growth énd a few
-1arge lobules were formed aftér 92,5 mego of estrone plps 45 mg. of
rrogesterone were given. Thése‘hofmones in combination with 45 mg. of
pi?uitq;y mammétropin cqu}@‘ﬂeyelop in the male, mamma?y_glands similar
to_#hose of females in ﬁidpréénaﬁeyo

There appears to bé & syqergistie ratio existiﬁg:between proges=
terone and estrogén for.énothéf tregtment regime t&:induce iéctationo
Yamamotp gnd Turner (1956) gave daily injections of 9 moge. of esmbradicl
.benzoate for 20 days and found that it induced extensive development of
the mammary duct system of male rabbits, but only negligible lobule
formation, With male rabbits prebtreated with estrogen %o develop the
ducf system, the daily injection of 15 meg. of estradiol benzoate com—
bined with 1 mg., of progesterone (synergistic ratio 1867) induced
extensive development of the lobule—=alveolar system as indicated by
the DNA contgnt and by visual inspection of whole mounts of the glandse
These observations were interpreted to indicate that the oﬁtimum Synere -

gistic ratio.of the ovarian hormone in the lobule~alveolar development
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in the rabbit differsnwidely from the ratio of 1:1000 or more seen in
the mouse, rat, and dog. |

Work done by Nellor and Reineke (1956) in inducing lactation in
goéts was Quite successful, Their work consisted of various levels of
hormone injections including stilbestrol alone (10750 mgo) or stilbes—
trol (1,750 0,875, or 0,070 mg.) in combination with 70 mg, progestéra
one injected as a erystalline suspension once Weekly‘for-nine weeks
into immature and adult ahestfous femgle goats., Each treatment was
terminated with two weekly injections of 1,75 mge stilbestrol. The

last three groups resulted in ratios of progesterone to stilbestrol of

- 4021, 80:1, and 100031 respectively, The milk production plateau was

reached within 30 days for the 4031 and 80:l hormonal ratiosy the

100631 raﬁio group did not plabteau until 60 days post=trestment, In

the stilbesirol éroupg lactation increased -very slowly and did not

reach g peak until six months pest=treatment; The most uniform response:
was obtained with the 8051-and 408l ratios where zll animgls responded
with a production peak average of 1,061 and 862 ml, daily, respeetively,
the range in production being 683 to 2,190 ml, daily. The highest
average production was reglized in three does in the 1000:1 group ‘
(1,683 mlo), but only three does.éf fivé responded at this ratice.

There were no detectible differences in the degree of response shown

by kids, yearlings or aged does in any of the treated groups., Retregt~

- ment of the two kids that failed to respond at the 10003l ratioc, with

nine weekly injeetions at the 80:1 ratio resulied in mammary growbh

and lag¢tation comparable o ﬁhat in animals treated initially at this
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level, There was a great latitude in the ratios that caﬁ induce mam-
mary development and lactation in goats, but it would seem that the
80:1 ratio was more effective in establishing peak production in the
shortest time, whereas all treated groups produced the same gverage
amount -of milk daily seven months post=treatment,

Tarner et als (1956) reported studies made with six Jerseys and
one Helstein ﬁhat had failed to conceives also one set of Jersey twins
(identical) and one freemartin Guernsey., To induce lobule—glveolar
mammary gland growbh in these animals, injections were made daily with
a mixture of 100 mg. of progesterone and 1®O'mcgo of estradiol benzogthe
for 180 days. During this period there were few external signs of
change of the udder except slight lengthening of the teats and hyper=
emla of the skin., Bstrual cycles were inhibited; mounting and pelvic
changes observed when estrégen alone was injected were not observed.

To induce milk secretion, 3 mg. of estradiol benzoate were injected
daily for a period of 15 days or more. A marked increase in milk

yield commenced from the third to sixth days in the Jerseys but was
delayed in the Holstein. The Guernsey freemartin failed to‘come into
copious lactation, Maximum milk yields were reached in 5 to 14 weeks
after the beginning of stimulatiano' On ‘the basis of varicus comparie—
sons, it waé concluded that the maximum prodﬁction of milk rather
closely approached the miik yield which‘might have been obtained had
they calved normally. The failuré of the Guernsey freemartin to reépond
t0 the treatment.could not, be explained, Although complete chemical

analyses of the milk secreted by these heifers were not made, evidence

Y
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for the‘normality of milk compoéition furnished by pairs of identical
twins under similar éxperimental treatment indicated that the milk
stimulated by this method would have been normal,

Work with these heifers was continued by Turner et al, (1957)‘in
which fhey fed 10 mgo'per day of diethylstilbestrol, followed by in-
Jjections of 004 mg. I=thyroxine per 100 pégnds body weight, ~This Was-
then followed by 50 mge per da& of growth hgrmoneo The treatment was
started after the heifers had bégun:to decline in milk yield, so this
study ﬁas made on established lactabtion. It was assumed that if the
hormone given either arrested the normal decline or increased the
intensity of milk secretion it would indicate the animal's secretion
of the hormone was limiting its milk secretion capééityo

Peeding of the stilbesffol for four weeks tended to arrest the

‘decline in milk yield during the period and in some animals caused a

slight increase in milk yield. In two cows in late lactatiqn, pPro= |,
longed feeding of this hormone caused the maintenance of the level for
periods of 9 to 10 Weeks; The guthors suggesited that low levels of
estrogen tend to prevent the decline in the secretion of the lactogenic
hormone of the pituitary.

The injection of the I=~thyroxine for periods of 4 o 9 weeks in

. some heifers produced a marked rise in milk yield whereas in others the

‘effect was smalles These data are believed to indicate the degree to
which the endogenous rate of secretion of thyroxine was limiting the
milk producing capacity of the individual heifer, When the injections

were stopped suddenly, the yiéld of milk declined. rapidly for about two

|l faamd T ™ { Yt = e
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Weeks then.increased to the levei which might have been expected at
ﬁhat stage of lactation., During the periods of exogeneus thyrexine
admlnlstratlon, the secretion of endogenous thyroxine is prevented,
but returns rapidly to the normal rate when thyrox1ne 1n3ectlons are
stoppedo
Daily injection of 50 mg. of growth hormone foranperioé of one

week stimulated a marked inerease in milk yield in 5 to 8 cows injecteds
this increase was sustained for Periods of 2 to 8lweeks; Three cows
showed no reeponse. Veriation in response‘to growth horﬁqﬁe was inter-—
preted as indicating the degree to which the intensity of milk secrew-
tion was 1imited‘5y the rate of endogenous secretion of the growth
hqrmoneo

| On the basis of the responsiveness of each animal to’‘the three
hormones given, an analysis of the geneﬁicueneoerine causes of their
variability ip milk'production was suggested. Possible matingrof
animals on the basis of the adequaey of the rate of secretion of the
hormones that make possible high milk production rather than total
production,

The relationship existing between-the ovarian hormones and pro-—

“lactin has also been studied. Meitis and Sgouris (1952) injected 960

International UhitS(Ian) of esfrone and 1 TI.U. of progesterone
daily for 25 days‘to induce optimal mammary development in 63 glbino
rabbits of both sexes, intact and castrate. From the 25th to 35th
da&s, all but three rabbits Were.injected Wifh_4® to 50 I.Ue of pro-

lactin daily, with or without one or both of the steroid hormones, At
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. the end of the 35th day, the rabbits were killed and the mammary glands

exposed and rated for intensity of lactation. The extent of Mammary
growth induced was determined'by injecting radioactive phosphorus (P32)
four hours prior to slaughter, apd %hen making radiocautographs of the
mammary glands., The rabbits given prolactin and both steroids during
the last ten déys of the:experiment had practically no milk in their
mammary glands. Those injected with prolactin aglone had mammary glahds
filled with milk, éhose receiving‘prdlactin and progesterone showed no
inhibition in lactational response and only slight inhibition was
noticed in those receiving prolactin and estrone, Radioautographs.
indicated the presence of intensive mammary growth in the rabbits
treated with both stereids throughout the 35=day period but not in
those given both steroids for the first 25 days only. It was co@cluded
that in the doses employed, estrone and progesterone together can effece
tively inhibit the milk stimulating action of prolactin in fhe rabbits
Whéreas progesteroné alone is ineffective and estrone is only slightly
effective in this respect, Meites and Séouris (1954) studied the
effects of'altefing thelbalance between prolactin and ovarian‘hormonés

on initiation of lactation in rabbits. They ovariectomized 36 young

‘rabbits and after 10 to 14 days injecjed/them with 0,096 mg, of estrone

and 1 mg. progesterone for 25 days to induce optimgl ﬁammary.developa
ment, From the 25th to 35th déys, three groups of six rabbits each

were conbinued on the same doses of steroid hormones together with 2,
4, and 8 mg; of prolactin daily, respectively., Three other groups of

six each were injected with 2 mg. prolactin daily with 0, 0+25, or
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®o50‘mgn of the twp steroid hérmoneé used p:reviousl_ye On the 36th
day the rébbits'were killed and their mammary glands were exposed and
rated visually for lactational response. In the first three groups,
lactation was practially inhibited when only 2 mg. of prolactin were
injected daily in theApresence of the two steroid hormones, while 4 or
8 mg. daily eli;ited good lactational responses, In the second three
groups the greatest amount of milk was secreted when 2 mg, of prolactin ‘
were given daily without the steroid hormones, whereas the same dose of
prolactin in the pmeéence of either 0,25 or 0.50 mg., of the steroid
hormones producé@ a smaller milk flowe It was concluded that the antag=
onism between mammary growth and 1ac£ation is relative, depending on
the balance between the levels of prolactin and the two ovarian hore
mones in the body, When tﬂe megmmary growbh stimulus exerted by the
two ovarian hormones is greater than the lactational stimulus of pro—
lacting milk flow will be inhibited and vice versao

Work has.been done by COonde and Barsantini (1954) on the mechanism
of the inhibition of lactation during Pregnancy. They produced pseudo—
pregnancy in rats by treating them for 15 days with esitradiol benzoate,

and then divided them info four groups., The controls received the

estradiol for three more days and the other animals were castrated.

In group II the estradiél treatmenf was continued for 15 days moreo
Progesterone was given to group TIT, and estradiol benzeate plug pro-
gesterone to group IV. Another group of rats was treated with chorioniec
gonadotropin'during 18 days and a last group treated in the éame way was

castrated and treated with progesterone dﬁiing three days. The conclue
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sion of the guthors is that the suppression of one or both of +the ,
hormones of the ovary allows the action of prolactin on the mammary
gland énd the beginning of the secretory period.

Sgouris and Méites.(1953) removed the inguinal mammary glagds
from 17 rats on the 12th té 15th day of gestation and from 19 rats on
the 4th day postpartum. The glands were homogenized and 100 ng.
samples were, incubated with 0,2 mge of Squibb prolactin (20 ton25 I.U,
per mg.) at 38 jpol°‘co for one hour, The tissues ﬁere then removed
and assayed in White Carneau pigeons for brolactin activity. The
mammary homogenates from the lactating rats inactivated 6506 percent
of the prolactiﬁ compared with 19,5 percent for the tissue from the
pregnant rats., When corrected for milk content the former tissue

showed eight times as much capacity te remove prolactin as the latter.

These_data suggest that the mammary glands of pregnant rats cannot

utilize prolactinlto any marked extent, and this contributes to the
absence of copious lactation during gestation in the‘rat¢

The specificity of the 1aétogenic hormone in the initiation of
lactation has been demonsirated by'Bergman énd Turner (1946)0 Their
results indicate that the primary function is to initiaste and maintain
established lactation, They féund that antefior pituitary exiracts,
rich in the thyrotropic and other hormones, but containing only traces
of the lactogenic hormohe, do not possess the ability to initiate lac=

tation in doses as high as could be tolerated, This fraction does,

however, have a supplementing effechon established lactation.

Some interesting findingsiare the effects of stilbestrol and Proe
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laotin on chickens, Godfrey and Jaap (1950) tested 15 mge, of diethyl—
stilbest;ol in 1 mls, of sesame o0il injected subcutaneously in 37
"broody" hens. The "broodiness" was inierrupted‘in 28 cases, They
also tried doubling the dose (30 mg.) and found that the "broodiness™"
was‘interrupted in 113 out of 115 birds. The Birds were put on adeqguate
rations and-started to lay again. The authors state that the mode of .
éction may be that of surpressing lactogen from ‘the anterior pifuitaryo_

Nalbandov and Card (1942) induced complete "froodiness" in Cornish,
White Rock, and Brown Leghorn males with purified lactogenic hormone, .
.They brought ouf the faet that it took five times as much of -the hop=
mone o0 bring about "broodiness" in Leghorns as it did in the Cornish
male, The White Rocks were intermediate in their response. The
authors state that it might be possible to differentiate between
genetically broody and nonmbroody.males by . the amount of hormone Tem
Quiredq

According to Carlisle (1954) the effect of mammalian lactogenic
hormone on lower chordates, such as the dogflsh, is that of a gonado~
tropine.. He states that this activity resides in the hormone itself
and not in any impurity, |

A rather interestiﬁg article has been written by Elliot and Turner
(1954) dealing with what they term the "mammary spreading factorM.
Their investigations in rats, mice, guinea pigs, and rabbits have

shown that the inecreases and the periods at which peak agmounts of the

spreading factor were observed to be present in the mammary glands’

during pregnancy closely parallel the growth phase -of mammary gland )
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developmept, reaching a maximum between mid and two=thirds of gestations.
During the last one-third of Pregnancy, when the célls of the mammary
glands begin secretion, amounts of +the spreading factor decline, They
state that it éppears that the elaboiation or éctivatiqn of the spread-
ing factor practically ceases as secretbry activity begins,

Wallace (1953) made someé interesting observations on mammary devel—
opment in calves gnd lambs, ‘He found that mammary development in sheep
from two months of fetal age to four months after ﬁirth was similar to
that in dairy cattle. Castration at birth had little effect on mam—
mary growth., - Treatment of maies with estrogen gave rise to enlarged
teats, dilated cisterns and ducts, and some secretion, In sheep, re—
moval of the ovaries at birth had no apparent'effeét on mamnmary devel=
opment whereas invheifers it nearly caused cessation. BEstrogen stimu-
lated gland formation in all the female lambs and restricted the normal
épreading of mammary tissue into the udder. In heiférsp in ad&itipn 1o
inducing gland formation, it prometed spreading of tissue into the udder
padse This might possibly indicate a different hormone source in
sheepo

Wrenn and Sykes (1953) induéed six month old dairy heifers to lac-—
tate by ihjecting 2 mge of stilbestrel in olive.oil three times a week
for 20 weeks, This was designaﬁed.as Group I, Group II were heifers,
seven months old, that were injected three times a week with 2 mgo of
stilbestrol plus 8 mg, progesterone in +the olive oil carfiera Two
weeks after the last injection of estrogen and progesterone bthe admin—

istration of pituitary hormones was began.in the following sequence:
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(a) proléctin, growth hormone, followed by crude extracts (b) growth
hormone, then growbh hormone plus prolactin followed by crﬁde extracts
(c) thy;otropin then growth hormone followed by prude extracts These
were aqueous solutions injected inmtramuscularly over a period of about
six weeks, Milk preduction was found to be much greater in heifers in
which the udder was developed with stilbestrol than in heifers in which
a combination‘of stilbestrol and progesterone was used, Prolacfin haa
only a slight, if any, stimulatory effect upon the induced lactations,
Thyrotropic hormones stimulated lactation markedly, The greatgst stim=
ulation was oblained by'administxation of a growth horione Ppreparatione
These effecté were stated by the author§ to be partly a result of thye
rotropic hormone cbntamination of this preparation, but the experiments
indicate that growth hormone has-galactopoiétic effectso

There is a large accumulation of literature regarding this so=

called "growth hormone” with many tending o indicate +that growih may

be only oné of the funections of this hormones Bremby and Hancock

(1955) gave daily subcutaneous injections of growth hormone to identi-

eal twin cattle durings-(a) a 12 week thérapy period over the peak

' phase of lachtatiens (b) a four week therapy period at the latter end

-of lactabione In both trials a marked inerease in milk gnd butterfét

production resulted, There was no change in either milk or blood coms
position due to growth hormone‘therapy'as such in the treated animals,
Along with the increased milk and fat yields, theré was an apparent
increase in the efficiency of pfoductiono

Mitchell et ale. (1954) gave varying doses of partially purified
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somatotropin'ﬁo.intact and hypoph&sectomized guinea pigs. He obtained
no somatic growth or change in various organ weights. This hormone
was proven highly active in ratse.

Jordan and Shaffhausen (1954) studied the effect of éomatotropin.
on milk yield in ewes by injecting 25 mg. of somatotropin in 5 coce of
nermal saline solulion intramuscularl&; In trial one, ewes gave 40 per—
cent more milk féllowﬁng the tiregtment periéd than the controls, There

was a sSignificant increase in fat percent and a'non=significant‘de=

crease in non=fat solidss In trial two, milk yield was up 22 percent

and a 203 percent increase in fat tesit during the 21 days of treatment.
After the tréatment was stopped; milk yield and fat test retarded to
near pretreatment levels within 3 to 10 days. Feed aonéumption was Upe
To obtain all +he milk 16 wnits of oxybocin were injechede

Besides estz?one9 progesterone, prolactin, and somabotropin there
are many other compounds +that will effect lactation, Johnson and
Meites (1956) studied the effects of cortisone on lactation in.ratse
The rats were divied into three groups with ene group receiving injece
tions of saline only, the second received 1 mgo of cortisene daily, and
the third receited 005 mg. of cortisone daily. Throughout the experie
mental period the controls showed no significant change - gither in
weight gaiﬁ of the young or in weight loss of the damse The lo% Tem
cei&ing 1 mg, of cortisone daily had a significant weight loss in the
dams but maintained the young at nearly the samé rafe of gain as the
controls, On the §ﬁher handy the damé receiving 005 ﬁgo of eortisone
daily had a slight Weighﬁ less, but the weights of the young were

{
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greatly increased over those of the:controls ana the 1 mgo'lotso The
authors state thét these data stipport the view that the glucocorticoids
Play an active role in lactéti?no | .

Again working with the corticoids, Cowie and Tindal (1955) ob-
tained virtually complete mgintenance of lactation in the rat followe
ing adrenalectomyvon the fourth day of lactation, by injéoting 160 meg.
daily of 9 alpha=chlorohydro~cortisone acetates ?artial mgintenance
was observed with 9 alpha=flurohydro=cortisone acetate, (100 nmego
daily), aldosterone (50 mego. daily) or hydrocortisone (1 mg. daily)o

Smith (1954) studied relaxin extracts in combingtion with estra-
diel or a combination of estradiol gnd progesteroﬁe which had not pre-—
viously given any lobule~-alveolar growth of the maﬁmary gland of im=
mature, ovariectomized rats, The glands of mature rats were considere
ably less responsive fo relaxin than those of immature rats. Mammary
glands of hypophysectomized rats showed ﬁegative duectal=lobular re-

sponse to relaxin—sieroid combinations, while those of adrenslectomized

. rats showed only a reduction in total area. An intenéely pogitive

response was noted in thyroidectomized rats injected wﬁth relaxing pro-
gestérone9 and est:adiole He stated that this effect caﬁ be accounted
for almost entirely by an increased response %o estrogen gloneo The
alveolar siructures developed . .by the ster&idareléxin combingtions
showed evidence of secretion after_a single injection of prolactin.

The drug reserpine has been observed to influence the function of

geveral endecrine glands, MNeites (1957) was able to confirm thaj

reserpine can initiate lactation in rabbits by injecting 1 mg. reserpine
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per kilogram of body weight inte pseudopregnant rabbits, .One week
later milk could be expressed from the nipples of the reserpine treated
rabbits, but not the controls. In no instance was +he lactation re=
sponse induced by reserpine eqﬁal to that seen after parturition. The
mechanism by which it initiates miik Secretion in rabbits is unknown
bqt it may stimulate secretion and/or release of prolactin from the
anterior pituitary.

Soykova=Pachuerovs, et alo (1954) administered dried placenta orgle-
ly and increased milk secretion in 86,2 percenﬁ of 210 lactating
mothers. Beef placenta preparations were also active., The active prin-
eiple ‘seemed to bé a non~protein, |

It is quite well accepted that the suckling stimulus can beoth ine.
duce and maintain lactation. Some work dene by Cotes and Cross (1954)
on the influence of suckling on food intake and growth of some adult
female rats was interestingo’ Ohangeé in bedy weight and food intake
were studied for 14 days postparitum in primiparous rats. The growﬁﬂ

increments in suckled rats with galactophores cut to prevent milk withe—

drawal in normally lactating rais were greater than those in unsuckled

[
\

controls, The growth inerements in rats with gaia;tophores cut were
accompanied by parallel iﬁcreases in food intake, Injection of 3.IL.V.
of prolactin daily did not produce these changes in body weight énd
food intaké in nonesﬁckled rats. The main faector in the extra growhh
of lactating rats is an increase in food intake in eﬁcess of the metg—
bolic needs for milk secretion, induced by bthe stimulus of suckling,.

After studying ail these compounds, one wonders just where they

~




)y Ly oy

£

| L. I )

LS

Lo

. =27 -
function, Work done by Willigms and Turﬁer (1954) with the loealigzgm
tion of I 131 ~ tagged prolactin in rabhit mammary glands is applicable
to this question. The lactogenic I 131 tagged hormone was injected
1ntraductally into the mammary glands at the end of pseudopregnancyo

After 45 to 95 minutes the glands were removed snd the cell componenits

' separateds The radioactive hormone was localized, to a great extent,

in the particulate fractions of the mammary eelléo The nuclei énd
supernatent portions of the cell contained little hormbne. . Qhese data

suggest that the site of activity of the hormone is Primarily associ-

. ated with the mitochondria and microsomes andy therefore; the particu—~

lates of the mammary gland cells play important roles in their synthe=

tic activity,

]
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PROCEDURE
Part I

An exploratory trial was .initisted +o study the artifical indue-
tion of lactation on April 4, 1957, -

This experiment involved 15 head of dry, three fo six year old
ewes and one yearling castrate male sheep, All animals were of
Rambouillet, Oolumb:[a,’9 or Targhee breeding., The ewes had produced
lambs and lactated normally in previous ye;rso

All animgls Were‘kept in one pen in the north wing of +the
" Montana State College sheep barn. BEach animal had an aluminum ear
tag for individual identification.

Hay of averagé to poor quality alfalfa or mixed grass hay was
fedlggtlibitum in a common feed bunk in the center of the Pen, Saltb
and water were readily available to the animals at all timese

A vasectomized ram equipped with a marking harness was placed
in the pen to determine if any of the ewes were in heat,

Palpations were made on the mammary gland of each ewe to detect
any gross abnormality, such as masbitis infection or large connective
tissue areas due to previous mastitis infections. All animals
assigned a treatment appéared normal throughout the experimental
peried,

The experimental treatments for 1957 are shown in Table I,

The estrone source was a commercial préparation of the crystal-
line compound in aqueogs suspension, 5 mg. per CoCo Two commercigl

preparatigns of dieﬁhylstilbestrpl were used, One being an oil
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Ewe and Treatment Number ' Treatment
I 12,50 mg. Estrone
II 25,00 mgo Bstrone
IIT (Wether) 12,50 mgo Bstrone
IV 50000 mg. Diethylstilbestrol (o0il)
Vi 50000 mge Diethylstilbestrol (agueous)
VI 25,00 mg, Diethylstilbestrol (oil)
VI 25,00 mg. Diethylstilbestrol (agueous)
VIII 25000 mg. Diethylstilbestrol (oil)
15,00 mg, Diethylstilbestrol,implant
IX 5000 mg, Diethylstilbestrol (o0il)
X 50,00 mg, Estronéo Mive days. .
5000 mg. Progesterone. Five days.
400 I.U. Prolactin
XI 000 mg. Estrone. Ten dayse
5.00 mg. Progesterone. Five days,
10,00 mg. Progesterone., Four days.
XII 5,00 mg. Bstrone. Ten days.
5.00 mg. Progesterone. Six days.
10,00 mg. Progesterone.  Four days.
XTIT Graded dose estrone 1 mg. first days, 2 mgo
second day to 5 nig. fifth day.
b mg. Progesterone., Five days.
4@0 I oUa Prolactin,
XIv Graded dose estrone as in XIII
5 mg. Progesterone plus 3 mgo estrone., Five
days.
400 I U.. Prolactine.
v 600 I.U. Prolactine
XVI 0o75 coco Oxytocine. One daye

20,00 mg. Estrone, One day.
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suspension, 25 mge Per CeGo, and the other beilng a suspension in

isotonic sodium chloride solution, 15 mg. per ce.ce. The progesteréne

Wwas a commercial preparation in a sesame oil carrier, 25 mg. per coCo-

Prolactin was obtained in crystalline form and was mixed with the
supplied aqueous ‘diluent aﬁ %ime of use. The resulting.solﬁ#ion
contained 200'IoUg‘peiféoco

411 treatments were given as intramuééﬁlaf”injectiens, except
the diethylstilbestrol implant. This was 'a 15 mg; pellet implanted
subcutaneously near the base of the left eare \

The ewes wére miikéd and udder size 6bServed each time an injec-
tion was given. ThHe $8cretion was removed from the udder bub was not
collected. All data regarding the secretion color, amount, and cone

sistency were obtained by visual observations.

The gross wdder develepment was '"measured" by visual appraisals.
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RESULTS AND DISCUSSION

Part I

Before experimental tréatment was begun, each ewe was "milked%, -

This was done to fin@ if the ewes were really dry in the sense that
no secretion of any kind could be obtained from the teats. Tﬁe ewe
on Treatment V (5@ 00 mg. stilbestrol in agueous susPenslon) gave
approx1mately 10 coco -0f a thin, whitish fluid which was present
throughout the experimental period but gradually diminished until
on April 19, 1957, after 15 days of treatment, there were only a
few drops obtained.

Similar results were obtained with the ewe on Treatment XIT
(5,00 mg. estrone for ten days; 5.00 mge progeé%erone for six days
followed by 10,00 mg., pregesterone for four days)e This ewe had s
very small udder but when the left half was milked a brownish fluid:
wag obtained for five days in succession, On the fifth day, the
secretion was more clear than that obtained at any previous time.

No secretion was obtained on the sixth d;y but on the seventh day
following initiation\of £he trial, a few drops of the brownish fluid
were again obtained.

No initial secretion was obtained from any of the othe¥ ewes or
from the wether on Treatment FII,(12,50 mg. of estrone),

Detailed accounts of the treitments and the observations at time
of injection are given in the Appendix, pages 73 to 84.

| In referring to these tables, the reader will nofe'thaﬁ the

ewes producing a milk=like secretion (Treatments I, IT, X, XI, and
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XIV) showed a lapse of from 48 to 96 hours from beginning of treat-
ment to the appearance of the milk-like secretion.

The secretion obtained Ffrom the variously treated ewes ranged
from a fluid that was clear and watery 1o secretion that was rather
thnck and brown. The milkmlike secretion was white, but was not of g
true milk consistency; it was somewhat thick and SIightiy sticky,

The secretion designated as "colostrum=like" was yellow to yellowigh=

white in color, rather thick, and gquite sticky.

The udder size was observed each time after the secretion was
removed, It was difficult to determine if the udder had actually

enlarged or was distended with unremoved secretion. A more itrue

indication of udder development was the firm glandular tissue lying

embedded.in the more flabby udder tissue. Palpation of this tissue
appeared to give a more valid picture of udder change.

The ewe on Treatment I (12,50 mg. estrone) was marked by the
vasectomized ram on April 15, 1957 Whether theeewe was "actually in
heat or whether the rem mounted ﬁer by reasens of se&ual rrowess only
is not known., |

The results reported in this experimeet tend to indieate that
the injected prolactin's effect waslmasked'by the animals® own pro—
lactin secretion that was stimulated by ‘the estrogen treatment. In
Bwe Number X (5 mg. estrone for five deys followed by 5 mg. proges-—
terone for five days followed by a total of 400 I.U. of prolactin)
the mammary secretion was quite clear. when the first 200 I.Us of

prolactin injection was given. The next daj when the second injection
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was gifeng the secretion was mi;knlikeo On the day following the
second injection, the secretion was milk-like but of a much smaller
amount, .

Treatment XIIT (graded dose of estroné for five dayss 5 mg. pro-
gesterone for five days folloﬁed by 400 I.U. of prolactih) shows no
effect from the 400 I.U. of prolactin but as will be noted by refer—
ring to the Appendix, page 82, no secretion was présénto As the
udder showed very little development, this result could be in agree=

ment with work done by Mizano et al., (1955). Their work dealt with

“the effect of prolactin, injected intraductally on the mammary gland

growth, mainly on alveolus formation. They found that in glands

having Well.developed Quct systems with some alveoli, prolactin may
promote alveolus growth and inducé secretion. Ip glands with modérately
developed duct systéms Wifhout alveoli, prolactin first induces alved=
lus formation and subsequently may cause seéretiopo In glands'with
slightly develeped or rudimentary dﬁct systems without alveoli,

growth of ducts ié promoted. From this one would have reason to conclude
that the udder development present in the trial reported herein had .

not progressed to the state where the prolactin could initiate the

milk secretion.

The ewe on Treatment XIV (gradéd dose of estrone for five days;
5 mg. progesterone Plus 3 mg. estrone for five days followed by 400
I.U. prolactint,‘see Appendix page 83) stopped secretihg after the
irijection of 200 I.U. prolactine Whéther or not this amount was

enough to upset the delicate lactation hormonal balance or if the
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animal would have stopped sécreting at this peint without the ﬁreat—
ment is not known.

It would appear that an estrogen was capable of inducing lacta-

tion in these trial sheep, even without the udder development associ-

ated with normal laectation.
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PROCEDURE
Part IT

A continuation of the project.of indueing lactation in non-
pregnant ewes was initiated on April 3, 1958, |

This experiment involved eleven head of dry, six to seven year
0ld ewese These ewes had produced lambs and lactated ﬁormally in pre=
vious years.

The ewes were examined carefully at the beginning of the experi-
ment for the presence of any gross udder abnormalities. The ewes were
then randomly assigned a treatment number from one to eleven, with the
numbers and the corresponding treatment shown in Table IT,

The hormones used in all injections were purchased in crystalline
form, The desired amount of the crystalline compound Was carefully
weighed into test tubes énd.dissolvéd in 2 CoCo Of diethyl ether.
Commercial ﬁeanut 0il was then added to- this solution and mixed.thofw
oughly. The ethér was evaporated out of the oil by plading the test
tubes in a water bath heated by a éteam,pléteo The temperature of the
preparations 4id not exceed 60° 0s at any time. The solutions were
then\cooleé and the tubes were sealed tightly until needede

All treatments were given as intramuscular injections. The ratio
treatments were devised so as'to give the animal the desired amount of
estrogen plus the 70 mg. of progesterone every sixth daye. The diethyl-
stilbestrol treated eweé received the indicated amount of hormone every
second dayo.

The ewe on Treatment X was the control on the peanut oil carrier,

L
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with a 3 ceco intramuscular injection being given every other day.

Treatment XI was also a control treatment. The ewe was set up

" and the udder "milked" in the same manner for approximately the same

length of time as were -the hormone tréated ewes.

Ewe and
Treatment Number ' Treatment_
I Graded dose estrone; 1 mg. on first'day to 5 mg. the
Tifth day '
II 1240 estradiol to progesterone ratio. (1675 mge
estradiol + 70 mg. progesﬁerone)
IIT - 1340 diethylstilbestrol to progesterone ratio (1.75
mg. diethylstilbestrol + 70 mg, progesterone)
Iv 1380 diethylstilbestrol to progesterone ratio (0.875
mge diethylstilbestrol + 70 mg. progesterone)
v 15200 diethylstilbestrol to progesterone rabtio (0.35 .
: nge diethylstilbestrol + 70 mg. progesterone)
VI 0,25 mgo diethylstilbestrol
VII 0050 mgo diethylstilbestrol
VIII 1,00 mgo diethylstilbestrol
IX 5000 mges diethylstilbestrol
X Controle 3 coce peanut oil injected every other day
XI Control, Manipulation of fhe udder every day with no

injections,

All ewes were milked every‘other day, once a day, or twice a day
depending on the amount of secretion produced. All secretion of suffi-

oient amount was collected, observed as te color and consistency, and

weighed, The samples were then stored in a refrigerator at a temperg= '
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ture that was sufficient to freeze many of the samples,
In addition to milk obtained from treated ewes, colostrum was
collected from four normal ewes.for the 'bolostrum sample?. Milk was
also collected from ten normal ewes that had lambed from four to sixz

weeks previously for the "advanqéﬁ‘laetation sample", These samples

‘were used as controls on chemical analyses.

Fat and total solids content were determlned by the Mbgonnler
Method (Mbjonnler and Troy 1925), Proteln content was determihed
colormetrically (afterAWhmIQZB,_modified by Folin and Giocalteu 1927,
and Greenberg 1929), Ash content was determined by first evaporating
the milk to g total.solids basis on é steam’plateo The samples were
then placed in an electric oven and ashed at 600° 4o 650° 6, until all
traces of carbon residue were removed. Composite ash samples from
normal colostrum, normal advanced lactation, and TTeatments I, IV, and
IX were analygzed separatelyo Galclum, Phosphorus, potassium, and 1ron
content for these samples was determined by appropriate chemical
analyseso

ﬁdder_grbwth or change was determiﬁea in much the same manner'as
in 1957. Glandular tissue diaﬁeter and change in sife was fecorded to
the nearest one=fourth incﬁo Colored slidés (35 mamo) were taken of
each ewe at the start and termination of the experimental period.
Weekly picturés were takeﬁ of ewes showing marked udder devélopmento

| Bwes on Treatments I, IV, IX, X, and XI were slaughtered. at what
was as close to production peak as possible, The udders were removed,

the secretory tissue measured, and fixed in Bouin's Solution. Routine
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histblogical examination was then made to determine the extent of the
alveolar development, Alveoli and lumen measurements were made with
an ocular micrometer,
| At time of slaughter the reproductive tracts and adrenal glands
Weré collected. External appearance was observed in an effort to de~
tect the presence of any gross abnormality.

Udder infusions were made into udders reméved from two non-
treated, ﬁormal, iactating ewes,

The infusions were made with liquid ILatex 571 plus Aguarex WAQ

stabilizer. The pigments were the rubber Pigments made especially for

this type of latex, specifically, Rubber Red 2BL, Rubber Blue CPL, and
Toluidine Yellow WDol/

The infusion liquid was compounded as follows:

Neoprone from Type 571 Latex 50% solids 200 parts
Aquarex WAQ, 33% in 67% distilled H.O 9 parts
Color, pigments mixed to give desiréd color
Prepared in a 1% solution of NaOH or KOH 4 parts
(suggested)

This mixture was infused intb the veins, arteries, and ductal-
alveolar systems of the ﬁdderq The pressure needed to obtain +the de=
sired penetration was sufficient to reach the smaller portions of the

lumen network. The colors of the infused lztex were: veins, blues

" arteries, redj and the duct—alveolar system, yellow,

N
b

;/ These cdmpéunds were obtained from the Eo Io Du Pont De Nemours
and Cos, Blastomers Department, 2930 East 44th Street, ILos
Angeles 58, Californiac
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Corrosion was completed by suspending the udder in a solution of

concentrated hydrochloric acid,
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RESULTS AND DISCUSSION -

Pa:t IT

Secretion was obtained from eight of the treated ewes and one of -

the controls. Seven of these produced measurable amounts (more than
0030 gms).

Udder and secretion observations

The complete record of the injections and observations of all
treatments are shown in the Appendix, pages 85 to 104, Daily produc—
tion data are shown in Table III,

At the start of the experiment, 0.77 gme of secretion was ‘removed
from the udder of BEwe Number I (graded dose of estrone)s This was a
white fluid with g slightly yellowish tint., Its consistency was that
of thick cream, Two days later when the 2 mg, injection of estrone
was giveny; the secretion was of similar consistency but somewhat more
white in color. By the third day the secretion was of a definife milk
color. The consistency was fluid in nature but was s$ill more viscous
than normal milk, The viscosity appeared %o be caused by cell debrise.

No secretion was obtained from the ewe on Treatment IT (1840

estradiol to progesterone ratio) at any time. On the fourth day after

the start of the treatment a small amount of firm tissue seemed to be

appearing iﬁ the udder. Whether or not this was glandular tissue is
not known. Neither the udder nor the firm tissue appeared to change
for the remaining 20 days of treatment.

A small améunt of secfétion was obtained from the ewe on Treat-

ment IIT (1340 diethylstilbestrol to progesterone ratio) at the be-
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Ewe LIt Itz .'I o Y _'IV V IX
Date \ Gmo" Gm, ) Gme CGm. Gm, G’mo Gmo
4/3/58 oTT 3.14 29,70 Not colle. None 704 Not coll.
C4/5 2,84 . 036 17.97 3e55 None 3617 30,10 :
4/6 29,90 Not colle Not colle Not colle Not colle. Not coll, Not coll,
4/7 22,00 32 - 8,70 3.88 2020 29,02 45,18
4/8 11,56 1.10 5.00 3.94 5652 26,92 50058
4/9  Slaughtered 4/9 1,27 . 2,98 2633 - 12,05 30630 50.80
4/10 ' .82 2072 2028 11.88 20,90 62,72
4/11 1.93 094 o« 78 16,08 57652 710045
4/12 1.04 1,16 23,36 T1.48 105.43
4/13 1.32 lo24 26,94 93.71 101.63
4/14 3.66 2,60 37.39. 151,02 157020
4/15 8044 3043 35.83 . 17042 178,451
4/16 15.42 1,62 36,16 209,16 27750
4/17 25,82 1.94 62,64 246,72 236,28
4/18 44496 Not colle 5438 278,45 228,59
4/19 52003 472 55011 30845 406,69
4/20 94,45 Not colle 72 8 399.22 200,06
4/21 ~ 81,16 5050 67634 348,92 124,06
4/22. 114,90 Not coll, 7854 419053 Slaughtered
4/23 124423 4¢73 87,07 468,16 4/21
4/24 126.80 Not coll. 85066 456,90
4/25 210,90 3490 104074 514044
4/26 306,81 Not colle  142.43 610,52
4/27 256491 3e14 98048 538,22
4/28 249 .09 _ . 505042
4/29 Slaughtered 4/28 Not coll,
4/30 f 724019

- IV -
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ginniﬂg of the experiment. This fluid was thin? sticky, and honey-
eolored, There was not enough secretion obtained throughout the
experimental period to give an accurate weighto, Secretion was obe
tained for the first sixz days of treatment. The fluid became slight-
ly less yellow and more cloudy with the amount obtained becoming
smaller each time the ewe was milked, No secretion was obtained'from
April 11 until April 25, 1958, At this time, and on April 27, 1958,

a few drops of secretion were obtained éimilar in appearance to that
obtained at the beginning of the experiment,

On April T, 1958, and April 10, 1958, a sfring of white material
was obtained from the right teat, It Wag soft but rather bough and was
similar to flesh in consistency., No tests were thducted to deter—
mine the composition or origin of this material.

Four days after Ewes Number>II and III were removed from their
respective treatment regimes, they were given an injection of 5 mge
‘diethylstilbeétrola Two days later, a few drops of rather clear secre-
tion were obtained from the teats of both animals. At this time they
were given another 5 mg. injection of diethylstilbestrol, On May 5,
’or two days following the second injectiony; milk=like secretion coqld
be expressed from the teats of both animals. The animals were again
observed on May 9. The udders at this time were enlarging and the
milk=-like secretion was still present. The secretion was not collect
edo .
| At the beginning of the experiment the ewe on Treatment IV-(138©

diethylstilbestrol to progesterone ratio) had g small but firm uddere
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A small amount (30,14 gﬁo) of secretion was obtained from the left half,
This secretion was a thin cloudy fluid but not a milk-~like secretion. -
For the following 12 days the secretion amount remgined quite small,
The’appearance of the secretion changed on April 19, 1958, 16 days
after treatment start, to a more viscous Pluid, yellowishwﬁhite in
éoloro From this sample throughout the experimental period a definite
cream layer would form when thé tube containing the secretion was placed
in a refrigeragtor over night,. |

The glandular tissue in the right half of the udder appeared to
enlarge more rapidly than that in the left for approximaﬁely 15 dayse
From that time, the left half enlarged markedly and began secreting
profusely., On April 21, 1958, or 18 days after treatment gtart, the
glandular tissue in the right half was slightly smaller and on April 22;
1958, thé tissue had regressed to the size similar to that at the be~
ginning of the experiment. The right half produced not more than 26
esCo Secreblon total amounts all other secretion was obtained from the
left ﬁélfo |

At the beginning of the experiment the ewe on Treatment V (1820@
diethylstilbestrol to progestgrone ratio) had an udder that was flabby
but exhibited some initial development, When éhe was milked, 29070
gmo of secretion wereobtained. This secretion was a thinglslightly
cloudy, honey-colored fluid, As the treatment Waé continued the secre~
tion became slightly more cloudy., The amount decreased to only a few
drops and was not collected after April i1, i958¢ This secretion was

not felt to be due to the hormonal treatment but was similar in appear—

B
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ance to the udder secretions described by Hammond (1927)0 '

Some éhange was noted in the glandular tissue from time %o time.
There was a slight enlargement for 14 days. Thereafter the udder re-—
gressed slightly and remained so throughoﬁt the experiment,

Initial udder development of Ewe Number VI (0,25 mge diethyl
stilbestrol every other day) was small and flabby with the glandular
tissue being firm ip both halveso A small amount of cloudy gsecretion
was present but was not collected, The ewe was milked.once a day
from April T, 1958 until April 17, 1958, The remainder of the period
secretion was removed every other day.

The secretion obtained was similar to normal colostrum in color
and consistency throughout the trisl. When Placed in the refrigerator
over night, a white “cream" layer would form at the top of the tube and
a thin, yellow fluﬁd would appear below,

Glandular tissue enlarged slightly for 11 dayse Thereafter en-
largement ceased and the udder decreased in size throughout the re=
mainder of the experiment,.

The ewe on Trestment VII (0@50 mge diethylstilbestrol every other
day) exhibited no initial udder developments * A small amount of giandu»
lar tissue was present in bo%h'halves, but. no secretion was obtaihed
at this time, The first secretion was obtained on Apfil Ts 1958
(2;2§ gme)e It was vyellowish~white in color and was slightly lumpy.
Secretion was removed every other day until April'l?s 1958, ThereT
after the seeretion was collected once a daye Secretion color was

slightly yellow for the first four dayse It then assumed normal
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m%lkalike appearance in color znd congistency and remained so f;r 16
dayse The last day secretion was obtained it was becoming slightly
yellowish, The consistency, however, was still similar to normal milk,

The udder appeared to enlarge for 16 days, - Thereafter, until
Aprll 26, 1958, no definite change could be noticeds Peak production
was reached on April 26, when 142043 gme were obtained,

The ewe on Treagtment VIII (1,00 mgodiethylstilbestrol every other
day)‘exhibited 8 verj small udder at the beginning of +the experiment,
Glanduiar tissue could be detected in both halves bﬁt this too was
very small, Secretion was obtained (7,04 gmo) at the onset of treat-—
ment., This was a thin, sticky fluid, and slighf cloudy.

' Secretion was removed everj other day until April 7, 1958, Once

a day milking was conbinued for ten days until April 17, 1958°A Becre=
tion was then removed twice g day until April 27, 1958, At this time
it was decided to terminate the experiment and secretion removed
thereafter Was obtained once on Aprll 28, 1958, not removed on the 29th,
and once on the 3®tho_ The last milking yielqed 124619 gms of milke

like secretion. This was done to give some indication of the maximum

capacity of this eweé's udder.

Initial secretion color has beén described. For four days it
rapidly became more cloudy and slightly yellowish, Théreafter it wa§
milk=like in coler and consistency and remgined so throughout the
trial,

| The udder developed markedly, After 17 days of treatment the

udder and glandular tissue ares was very similar in size and appearance
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ﬁo that of g normal 1actafing ewe, The mammary veins were well devel-
oped and clearly visible, When milk flow became auite profuse the ewe
would stand and wait to be milked,

" The udder of the ewe on Treatment IX (5.00 mg, diethylstilbestrol
every o%ﬂer day) was very flabby at the beginningof the experiment.
Glandular tissue was present in both halves, but was small and pliable,
A small gmount of clear fluid was obtained from the left half, This
was not collected. No seeretion was present in the.right half,

The udder began developing quite rapidly after injections were
startedo The right half appeared to enlarge more quickly than the
left halfes After treatment for ten déysg the udder was approaching
the size and appearance .of a normal lactating eweo At this Hime a

secondary bulge could be seen at the base of the teatss this was mosi

: /
likely the gland cistern distended with milk, The udder seemed to

régress slightly from this time until slaughter and did nof-at aﬁy

time attain the development reéched in the eﬁe on Treatment VIII,
Secretion was removed every other day until April 7s 1958, Once

a day milking was continued until April 17, 1958, FTom’this time -un=

til slaughter on April 21, 1958, secretion was remove@ltwice daily,
Secretioﬁ colof was initially clears became honey colored on the

third day, and Waé milk-like in appearance and comsistency by the fifth

daye A generasl increase in productibn occurred untii April 19, 1958,

when 406069 gm, of milk~like secretion were obitained, From this time

until slaughter on April 21; 1958, the rroductidn decreased,

The udder of Ewe Number X (3o000q peanub o0il every other day)
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was small ahd flabby at the beginning of treatment, Glandular tissue .
was present but smallo The largest amount was present in the right
half. No secretion was present at this time,

From the fourth to ‘the seventh day of treatment the glandular
tissue in both halves became quite firm and appeared to enlarge slighte
ly. However no secretion was obtainede Thereafter until slaughter on
April 28, 1958, the udder and glandular tissue regressed and became
increasingly more pliable.

The ewe was milked every other day until April 7, 1958, daily
until April 17, 1958, then again every other day until‘slaughter on
April 28, 1958, Mo secretion was obtained th?oughout the experimental
period,

The udder of Ewe Number XTI (daily manipulation) was small and
flabby at the beginning of the experimental periodo' Glandular tissue
was present in bo%h.halves and was pliable; The right half was the
laréesto A small amount of thick, slightly cioudyg honey=colored
secretion was obtained at this +ime, The udder size remained the
same throughout the experiment, Glandular tissue ares incressed
slightly for eight dayss thereafter no change was recorded,

Becretion was removed every other day until April 7, 1958, daily
Cuntil A.p:cjil‘l?9 1958, and again every other day until slaughtered on
April 28;-19589 A few drops of secretion Were'obtained at each milke-
ing throughouf the experimental pefiodo The color change was slight
but was becoming more cloundy by April 14, 1958, There was not a

sufficient_amouht obtained at any time to be accurately Weighed_or
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Work éoﬁduotéd by Butcher and Van Horn (1954) showed total milk
produc%ion over a 24=hour period by ewes with_single or twin lambs; to
range from . 648 gme to 1,244 gm. with 946 gm. being the averaée; It
canbbﬁde%erﬁined from these data that Ewe Nﬁmber VQI was somewhat lower
in her peak daily production (142,43 gms) than the normal animgls,
Bwes Number IV and IX at peak production (306.81 gm. and 406.69 gm. .
respectively) were approximately.one third the average of that in the
normal ewess Bwe Number VIII at the peak (610.52 gm.). was approxi-
mately two fhirds the average for the normals. The largest amount

obtained was 724,19 gm. but this was a 36 hour dgccumulation in the

udders

Frequency of milking is a factor to be consideréd also in the
total preduction., Research reviewed by Bspe and Smith (1952) indim
cates increased milk production in dairy cows that were milked three
times'dailya It would be interqsﬁing to know just how much miik
would ha%ejbeen produced by the ewe on Treatmeht VIII if she had been
milked four or five times a day. | |
| Many positive results have been reported in inducing'lacfatiom in
virgin goats. In work published by Folley et als (1941) a statement
is made as followss "lactation in virgin goats is quite common, papd -~
ticularly in high milking strains.” The question immediately arises

in one's mind, if this is the case is there a Possibility that some of

the "positive results% are caused by the animal’s own endocrine system?
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Milk composition

Comﬁosife samples were ahalyzed specifically for fat, protein,
ash, and total solids, Lacfose was then obtained by difference,
Results are presented in Table IV,

The first analyses figures were obtained from approximately a
nine~day sample. Thereaftér analyses were conducted on samples rang= -
ing from dai%y to six. day composite samples;

After studying Table IV it will be noticed +that the Ffat contept
shows a general rise from the.first sample, This rise continued
throughout the analyfical reriod in Treatments VI and VII, but'a slight
drop is noticed in the last sample in Treatments IV, VIII, and IX.
When these figures are compared with "normal colostrum® and "normai
advanced lactation" samples, it will be noticed fhaﬁ the secretion
from the treated éwés is consistently lower in fate Only once in
Treatments VIII.and IX does it exceed 8 percent;

According to Espe and Smith (1952)9 short intervals between milke
ings is a factor that tends to give & higher fat test in fhe milk than
would normally existe The "normal advanced lactabion® samplé was
taken from ewes that had lambs at side and obviously the interval be-
tween milkings would ﬁherefdré be short, This could ﬁartially explain .
the fat content of this sample being somewhat higher than #hat reportm'
ed by Bspe and Smith-. (1952) and Morrison (1956),

By the same token, with the treated ewes being milked only once
or twice a day the fat content may be slightly lower than it would if

the secretion had been removed more frequently.
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Treatment Number Fat Protein Lactose Ash Solids

(%) (%) (%) (%) (%)
I 1 50,1848 8050 2,3690 27536 16,8074
IV 41 40,6707 11,00 261160 06484 18,4351
4=2 72800 8,68 3,4486 07728 20,1814
4=3 7.0260 8,72 2,8097 8727 19,4284
4=4 T.7108 7060 3,6055 08255 19,7418
C4=5 7.5640 8,00 3.2748 08148 19,6536
v 51 0.1753 4645 ~1,3891 .6824 3.9186
VI 6-1 3.7276  11.82 0.7342  .7216 17.0034
6=2 404106 16,50 1,7299 o TT35 2304140
VII . 7=1 40,4241 8..40 3,3482 o T278 16,9001
' T=2 503703 8,25 3.4832 06358 17,7393
T=3 5.8738 8,95 33,0407 06639 18,5284
T=4 509592 T.50 309324 07406 18,1322
VIII 8-1 502338 6,90 1,9731 07059 14,8128
82 6,4096 6,70 3,6513 07589 17,5198
8=3 604062 6050 304865 «8155 17,2082
8=4 6.8165 740 267352 8312 17,7829
8=5 71,0015 7010 2.9940 o T799 17,8754
8-6 T.2537 740 2.4941 8294 17,9772
8=7 7.6132 7.10 3,4528 08762 19,0422
8=8 7.0784 6070 30,9612 9572 18,6968
8-9 8,0219 8,10 206499 09506  19.7224
8-10 T.0514 6,90 ° 3.,2878 1.,0156 18,2548
IX 9=1 56394 8,60 3.0187 08651 18,1232
92 800994 7620 3,9630 08616 20,1240
" 9=3 17753 . 6440 4.6634 29043 19,7430
9=4 706596 6655 403891 09676 19,5663
9=5 704139 6,70 402486 9577 1963202
Normal :
(4 Sheep) -~ Colostrum 10,3720 14,70 4,0288 09640 30,0648
Normal Advanced ‘

(10 Sheep) Tlactation 9.3764 5,10 - 402906 08748 19,6418

m-—-u—:-:—-—;-g-—.--:—u-a—.-—.a—a-g-c;—-q-:“—‘“—.—g-—n-——-:—.—'—a-an-a—-n—n—u

Morrison (1956) 669 665 4.9 - o9 1902
Brody (1945) 602 504 463 o9 17,1
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Protein content appears to.be somewhat variaﬁle in'all treat=
ments. When comparison is made with the normal samples it is evident
that the protein content generally varied slightly lower than "normal
colostrum" and somewhat higher than the "ﬁormal advanced lactation®
s%mpleo Treatment VI, saﬁple two, exceeded the colostrum sample in
protein contents

The lactose value is a relative difference factor and may or may

" not represent the true lactose content of the milk., The negative

lactose value for Tregtment V is difficult to explain other than this
sample was sour when the protein content was determined. This value
could also be an indication as to the precision of the anglytical
techniques employed. Whefe such small amounts in chemical constitu~
ents obviously exist the analytical procedure may not be sufficienfly
critical to facilitate exact separations The figures obbained, as
would be expected, are variablee lNo definite trends are evidenced
but there does seem to be a tendency toward a gradual rise from the
first to last sample. When compared to "normal colestrum® and "normal
advanced lactatioﬁ" samples the lachtose content of the milk from the
treated ewes was generally lower but did agpproach and exceed them in
Treatment IX.

The total solids analysis value is also initially lower than
"mormal advanced léctation"o The content would gradually riée and
become eomparasble to the "normal_advanch lactation® values At no
time did the eontent feach that found in the hnormal colos%ruﬁ".sampleo

The second sample from Bwe Number VI did exceed 23 percent which was
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the hiéhest,total solids content obtained from the treated animalso

All chgmical analyses conducted on both treated and nermal
animals fall well Within the ranges reported for sheep milk‘by Turner
(1952) .

Ash content indicates a trend in all samples to be initially low
bu% gradually increases and reaches or exceeds that of +the *hormal
colostrum’ and "normal gdvanced lactation" samples. Ash samples from
nermal colostrum, advanced lactation and TreatmentsI, IV, and IX were

composited and analyzed for Phosphorus, ealcium, votassium, gnd iron

contento, Results from the samples obtained in this trial plus ash

analysis of cow's milk (modifjication of Bspe and Smith 1952) are

presented on the elemental basis in Table Ve

Tobde Ve ASh analyeds
Semple . P (# G (A K@ Pe (opme)
Treatment I 18,8 13,6 i°8 334
Treatment TV 19,6 23,6 9.3 115
Treatment IX ' 1906 1203. 204 154

Normal colestrum . 18.8 19,8 463 230

Normal advanced lgétafion 18,5 23,8 560 220

Cow’s milk (Bspe and Smith)  10.6 1463 20,77 175

Slaughter and body weight observations

Bwe Number I was slaughtered on April 8, 1958, The secretory
tissue of the udder was 205 inches in diameter and 6 inches in length
in both halvess A large cyst was present on one ovarys It is no¥b

known if this was present at the start of the trial or was s result of
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t@e estrone tréatmento The other ovary appeared normal but was highly
vascular. No cofpopa lutea were present. The uteriné body and horns |
were enlarged and %urgid, appegring to be in the estrai states Adrenals
were removed. The right one was small with a large medulls and thiﬁ
cortex buf the left one appeared normsl. This ewe weight 175.pounds
at the beginning of the experiment and 167 pounds at the end.
. Bwe Number II was not slaughtered; Her initiél body weight was'
157 poundss final body weight, 170 pounds.
Bwe Number III was not slaughtered, Initial body weight was 150
pounds g finél9 167 poundse
Bwe Number IV was slaughtered on April 28, 1958, -Measuremenﬁ of |
the mammary secretory tissue gave the following: left half, 3 inches
in diameter and 5 1/4 inches. in lengths right half glandular tissue,
1 1/2 inches in diameter and 4 1/2 inches in length., The entire re=
rroductive tract appeared nermsl. No corpora lutes Wefe presenteo
Both adrenals appeared normal. Initial body weight was 135 poundss
final, 135 poundso. |
Bwe Number V was not slaughtérédo Initial body weight was 176
pounds; fina1;-172 pounds o
Ewe Number VI was net slaughtered, Initiél weight was 146 poundss
final, 141 pounds,
Ewe Number VII was not slaughtered. Initial weight was 157
pounds§ finaly, 160 pounds.
Ewe Number VIII was not slaughferedo Initial weight was 150

pounds§ final, 131 pounds,
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Bwe Number IX was slaughtered on April 21, 1958, Secretory
tissue measurements were as followss right hglf; 3 1/2 inches in
diameter and 5 1/2 inches in lengthi left half, 3 inches in digmeter
and 6 inches in lengths. The'entire reproductive tract appeared
normals however, both ovariés were smgll, - No.corpora luteg were
presenﬁe. Adrenals were normali one had a thick cortexe Initial body
weight was 170 poundss final, 160 pounds.

Bwe Number X was slaughtéred.on April 28,'19589 The secretory
tissue of this udder was embedded in a large émount of fatty timsue
gnd it was difficult to obtain an acéurate measurement, The gland was
approximgtely 2 3/4 inches in diameter and 4 inches in length in both
halves. The reproductive tract, as well as the édrenals_appeared

normal in gll respects; Inifial body weight was 184 poundsg final,

. 182 pounds.

Ewe Number XI was slaughtered on April 28,.19580 -The_udder was
very fatty. No definite glandular area could be determined, therefore
no megsurements were obtaineéo Teats were thick and firm but hollow.
The reproductive tract and the adrenals were normal, Inmitial body
weight was 179 poundsi £inal, 177 poundse

Histological studies

Histological examination was conducted on the-udders‘of Bwes
Number I, IV, IX, X, and XI,

Observation of slides fmom Treatment I revealed secretion present
in. the gland cistern, This secretion was highly vacuolated, probably

the result of dissolution of fatty material ‘during slide processing.
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In addition theré were numerous'nuclea.'bed9 vacuolated "colostrum
corpuscles®, Directly beneath the_epithelium of the gland cistern
were ducts which contéined secretion similar to that previously deg= .
cribedo The alveoli in the gland cistern region were few and scatter= -
ed, lying in definite.areas or "pockets', Approximgtely 90 percent of
the tissﬁe érea was connective tissue, T pércent alveoli, and 3 percent
fatty tissue,

Sections from well within thé secretory portion of the gland re-
vealed a much smaller connective tissue area., That present ﬁas in
bands running through the tissue afeab Fatty tissuwe was present but
in very small amounts. Alveoli occupied approximately 85 to 90 pere
cent of the tissue area, "Colostrum corpuscles™ Weré‘present in the
seefetion'with Iymphecytes, monocytes, and neubrophiles visible,

Many vacuoles were present in the secretion. Iumen cells were columnar

. in the alveoli that were not secreting and cuboidal where secrebion

_was presente. At the base of the epithelium myo=epithelial_ce11s were

evident, No mitetic activity was hoticedo

The udder from the ewe on Treatment IV was sectioned aﬁd slides
prepared from the alveolar region of both the right and left halves,
Examination of the alveoli from the left half revealed alveoli in
approximately 85 to 90 percent of the total area. Mosh alveoll were
cqmprised of cuboidal cells, Some (bhi noﬁ-all) of ‘the lﬁminavcon=
ﬁained a nofmal appearihg secretion, The epithelium lining these was
of a more sqQuameous nature. The glveoli in some aress had a wall com—

prised of two or three layers of cuboidal epitheliume, Whether or not
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this was developing or regressing tissue is not known. The secretion
in the luming of these alveoli agppeared more Fiborus %Ean that found
in the lumina of alveoli having one layer of epithelium., The epithelium
lining the ducts formed many finger-likeé projections giving g villi-
like appearance. Myo-epithelial cells were visible at the base of the
alveolar epithelium, OConnective tissue was present in bands that
appeared to surround alveolar lobules. No fatty tissue was found and no
mitotic activity could be noticed.

The alveolar cells in the right half occupied épproximately 70 to
80 percent of the tissue area, The epithelial cells were low cuboidai
with some appreoaching a squameous appearance., The cells were definite—
iy stimulated to the secretory condition but for some reason the secre—
tion héd remained in the lumina of the alveoli., The secretion was
highly vacuolated but not nucleated. These are, however, désignated

"colostrum corpuscles', . Many vacuoles were present within the alveo-

lus cells. Myo=epithelial cells were visible at the base of the epi-

thelium, Connective tissue area was larger than that found in the left

half; No fatty tissue was found and no mitotic activity was noticed.
Microscopic examination of slides prepared from the udder.of Ewe

Number IX revealed alveoli present in approximately 95 te 97 percent

of the tissue area. The alveoli were very large with most of the

lumen cells being of the low cuboidal to thick squameous type. The

epithelial lining of the ducts contained many finger-like projections

giving a villi~like appearance., The seeretion state of the epithelial

cells of some alveoli was interesting. The cells ranged from those
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Just ready to rupture into the lumen, being vacuolated at the apical
end ; to those of a-low cuboidal type having previously ruptured.
Mye=epithelial cells were plainly visible, Connective tissue was
rresent in very thin bands traversing the slide areao The connective
tissue did not appear as dense as that found in the udders of thé
other treated ewes, No fatty tissue or mitotic activity was found,

Histological examination of the udder of Ewe Number X fevealed

actual-secreﬁory tissue area occupying approximstely 50 percent of. the
tissue area. Alveoli were comprised of a single layer of tall cuboif
dal epithelium. Ducts were lined with a ;ingle layer of epithelium
of the same type, Alveoli showed some homogenous, vacuolated secro=
tion within the luming., This was agqin foeund in the ducts., Connee~
tive tissuve was present in large clumps and bands throughout the slide.

Large vacuolated areas indicating fabty tissue were present. Mo

epithelial cells were found at base of alveolus epithelium. No mito-

~ tic activity was founde.

Microscopic examinations of the slides prepared from the udder
of Ewe Number XI shoﬁed alveoli in not over 20 to 25 percent of the
tissue area. Alveolli appeared to have two layers of cuboidal épithe=
lium comprising the wall, ‘Small amounts of homogeneous secre%ion pro=
ducts were found in the lumina of some alveoli and a few of +the ductse
The secrebtion was not vacuolated, Very large cﬁnnective tissue areas
were present as well as some falty bissue, This udder was not as

fatty as that of Bwe Xo Myo—epithelial cells were present at the

basal end of the alveolar epithelium, WNo mitotic activity was found.
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Alveolus and lumen measurements plus the percent increase over
control averages for both are shown in Table Vi,

fable V1. Alveolus and Deasurements,

T R — 3 P e At iR
(3

e f i ey

ercent 1ncreage

- Alveolus diameter - Lumen diameter contr8¥egverage
Treatment ‘ (s ) (mm. ) Alveolus Iumen

Control ewes:

X 00382 +0098
XI . 00395 .0170
avge. 0388 avge 0134

Treated ewes:

I | 00482 20291 24023 117,16 .
IV Right half  ,0824 +0689 112,37 414,18

 Left half 20994 -0807 156,19 502,24
1X 01344 | .1110 246,39 728,36

Some excellent'histologiéal work has been conducted on the mam~
mary gland of the cow and is reviewed and quoted by Turner (1952),

"Kwong (194@) traced the development of the gland on a
series of 18 animals pregnant from one to nine months, He
concluded that the first three months of Pregnancy come—
prised the period of duct proliferation. During the fourth
to the seventh month of pregnancy the secretory or alveolar
tissue forms. -Secretion is observed in the later part of -
this periode In the last two months of* pregnancy alveoli
are much distended by secretion.

"Hammond (1927) found that in the second month of pregnancy.,
the main ducts are sprouted out to form the minor or alveo-
lar ducts, but the lobules themselves are not properly
formed, and their outline was shadowy. The alveolar ducts
are lined by a double layer of epithelial cells, By 4he
fourth month the outline of the lobules has become more ,
definite, and the connective tissue in this region increases
in denseness by the multiplication of cells of the Plasma
and lamellar type. In most.of the alveolar ducts which

are now increasing in length rather than thickness, the
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epithelium is of two layers, but here and there only one
layer is seen, probably the beginning of increase in
thicknesse, In the lumen a little secretion can be seen.

"At the fifth month the .lobules have become definitely
formed, although they are still small; they now stand out
from the thick connective tissue bands in which they were
at first produced. The granular connective tissue of the
lobule has become more dense, and containsg numerous blood
capillaries. The growth of the nutritive plasma cells of
the connective tissue and blood vessels is necessary for
the proper nutrition of the developing gland. At this
stage the gland has formed true alveoli, which are seen to
have a single celled epithelium of rather columnar shape,
while some of the cells appear clear and globular. A
moderate amount of secretion is present in the lumen.

"At the sixth month the lobules have increased in size
greatly, so that they are densely packed together, and

are now separated more by thick bands of connective tissue
than by fat cells, The proportion of alveoli to dense
connective tissue in the lobule has increased by swelling
of the alveoli which have now become distended with sz homo-—
geneous secretion and their single layer of epithelial cells
is flattened. At this stage the honey-like secretion was
being produced in large quantities,

"At the seventh month only thin strands of connective tissue
separated the lobules, and in these the proportion of alveo=
lar tissue was still further increased by swelling of the’
alveoli with the secretory products; the secretion was not
homogeneous in all places as before, but was flaky and
granular in many of the alveoli., The epithelial cells were
one-layer thick, and were very flattened by the distention
of the alveolus with fluids; in some parts a few fairly
large clear cells could be seen.

"The appearance of the gland at the eighth month in the
heifer from which no fluid had been drawn off from the
udder previously, was very much like that at the sizth-
month, but there were only thin strands of connective tig-
sue between the lobules, and the alveoli themselves were
slightly largere.

"From the preceding description it will be seen that up to
the fourth or fifth months, growth of the connéctive tige-
sue, vascular basis and alveolar duct elements of the
lobules is taking place. About the fifth month, the char—
acter of the alveoli which have completed their growth in
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length now begin to develop in thickness, or rather, dig-

meter; the cavity produced is filled with the honey=like

secretion. Removal of this secretion apparently initiates

true glandular activity and the formation of milks when

the honey=like secretion is not removed the secretory

activity of the gland does not commence, but only further

- growth of the alveoli occurs."

In literature reviewed, no reference was found to studies of this
type having been conducted on the sheep mammary gland, Therefore no
statementsas to the comparison of a naturally developed udder and the
induced development will be made but it is evident from the histologi-

cal examinatiens made, that sheep mammary tissue follows the same

general patterne.

L/
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) SUMMARY
Part I of this experiment was an éxploratory trial started on
April 4, 1957 with some animals being treated and observed until
May 23, 1957 The experiment involved 15 non~pregnant females that had
1ambed and lactated normally in previous years and one castrate male
sheepo Age range for the ewes was from three to six years. The wether
was a yearlinge |
" Treatments consisted of various levels of estrone, in agueous
suépension,.diethylstilbestrol in aqueous suspension and an oil carrier?
with and without progesterone, in an oil ecarrier. Prolactin was glven

to three ewes with one or both of the steroids. Prolactin was also

given to one ewe in an attempt to stimulate milk production. One ewe

was treated with oxytocin to attempt to relieve an edemic condition of
the udder. The results on fhese twp treatments were negative, |
Part II was an experiment iﬁ inducing lactation started on

April 3, 1958 and was continued until April 29, 1958, This trial in-
volved 11 head of dry, six fo seven year old ewes that had lambed aﬁd
lactated normally in previous years. Treatment I Waé a graded dose of
estroney Treatment II g 1:4Q estradiol to progesterone ratioy Treat-
ments III, IV, and V were 1:40, 1380, and 1:200 diethylstilbéstrol to -

progesterone ratios respectively. Treatments VI, VII, VIII, and IX

were 0625 mgoy 0e50 mge, 1000 mge, and 5,00 mge of diethylstilbestrol

respectively. Treatment Xlwas‘3 CoCo Of commercial peanut oil injected
every other day. Treatment XI was manipulation of the udder with no

injections,
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All treatments were given'as intramuscular injections, every
other day. Peanut oil was used as. the carrier

Measurable secretion (more than 0.30 gmo) was obtained from‘
Treatments I, IV, V, VI, VII, VIII, and IX. A small amount of honey~-
like éecretion was obtained from Treatment XI, This, as well as the
secretion obtained from Ewe Number V, ﬁas present at the beginning of
the trial and was not a result of treatment. The ewe on Treatment VIII
developed the largest udder and secreted the 1argest daily amount of
milk (610,52 gme). Treatments I, IV, VI, VII, and IX's peak daily
production was 29,90 gmey, 306,81 gme, 5050 8Moy 142043 gme, and 466,69
gme respectively. :The daily production data are shown in Table III,

Secretion was also colleagted from four normal eweé'that had just
lambéd for a colostrum sample and from teh normgl ewes that had lambed
four to six weeks previeus for an advanced lactatbion sample,

"Chemical analyses for fat,.protein, lactosey ash, and teotal
solids conduct;d 0# all samples showed the secretion. from the treated
ewes to be lower than normal -colostrum in all companentsa As lactation
Proceeded, the secretion rapidly assumed the composition of normal
milk in both compositibn and consistency. Analytical results are
shown in Table IV,

Mineral content of the ash from Treatments I, IV, IX, normal
colostrum, and normal advanced lactation was determined. Phosphorus
content ranged from 18,5 to 19.6 precent; calcium ranged from 12.3 to
2308 percents potassium from 1.8 H0 9.3 percents iron from 115 to 334

Parts per million. Ash analyses data are shown in Table V.
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Routine histological examintations were conducted on Ewes Number
I, Iv, IX, X, and XI, Ocular micfometer measurements’ of alveoli and
lumina showed the percent increase over the control average alveoli dig-—
meter to be 24023 percent, 112937'percent, 156,19 percent, and 246439
percent for Treatments I, IV'(right and left half), and IX respectively,
Percent increase over the cppt;o;'avgrage luminé diameters. were 117e16
percent, 414.18 percent, 502,24 percent, and 728,38 percent. for Treat-
ments I, IV (right and left half), and IX respectively, Histological

measurement data are shown in.Table VI.




< £

ja)

1, Y Ll

- 68 = .
LITERATURE CITED

Bergman, Ae Jo and C¢ Wo Turner, 1940, The specificity of the lacto=
genic hormone in the initiation of lactation. Jour. of Dairy
Sei, 2331229, B o ' '

Brembyy, Po Jo and Jeo Hancock. 1955, The galactopoetic role of growth
hormone in cattle, New Zealand Jour. of Scis and TPechnel., Ser,

Ao 3634170

Brody, S. 1945, Bioenergetics and Growthe. Reinhold Publishing Corpe,
New York, New York,

‘Butcher, Jeo Eo and Jo Lo Van Horne 1954, Milk production in ewes.
Research Seminar. Monte Agri. Exp, Stas

Carlisle; Do By 1954, The effect of mammalisn lactogenic hormone on
lower chordates. Jour, Marine Biol. Assoc. United Kingdom.

33565, . .

Chamberlain, He Vo and Je Do Habelo 1957, Clover infertility disease
of sheepo Jour, of Dept. Agri, of South Australis. 603241,

Conde,'No and Jo Co Barsantinie. 1954. [On the mechanism of the inhi=
bition of lactation during pregnancy.]| Arch. Soc. Biole
Montevideoo 21330, '

Cotes, Po Mo and Bs Ao Crosse 1954, Influence of suckling on food -

intake and growth of adult female ratse. Joure of Endocrinologye
1033630

Cowiey, Ao To and Jo So Tindal. 1955, Maintenance of lactation in
adrenalectomized rats with aldosterone and 9 alpha=halo derivatives
of hydrocortisone. Endoerinology. 563612,

Doane, Te Ae and W, R, Lyoﬁéo- 1954, Effect of estrone, progesterone,
and pituitary mammotropin on the mammary glands of GBH_male mice,
Endocrinologye 552191, ’

Eaton, O Nn-and Ve Lo.Simmonse 1953, The'study of the effect.of-
stilbestrol induced lactation on dairy goats. Jour. of Dairy
Scie 3631089,

Elliot, Je Re and Ca We. Turnere 1954. The mammary gland spreading
factor in normal pregnant animals. Endocrinology. 548284,

Espe; Do and Ve Re Smith. 1952, Secretion of Milk. Towa State
College Press, Ames, Iowse

LEL

L R WY S




o e, Ll

..695.

Evans, Ho M, 1947, Recent advances in our knowledge of the anterior
pituitary hormones. Scias in Prog. Fifth Series. Yale Univer—
sity Presse '

Folin, Os and V. Ciocalteu. 1927, On tyrosine and tryptophane deter—
mingtions in proteins. Jour., Biolo, Chem. 7T3:627,

 Polley, So Jo, Helen M Scott Watson, and A 0¢ Bottomleyo 1941,
Experiments on the chemicsl enrichment of cow's milk by the admine—
istration of dlethylstllbestrolo Jour, Dairy.Res, 12:2,

Folley, 8o Joy Helen M, Scott Watson, and As Ce Bottomleys, 194las,
Studies on experimental teat and mammary development and lacta=
tion in the goate Joure Dairy Res., 12:241, :

Godfrey, E. Fo and Re @¢ Jaapo 1950, EBstrogenie interruption of
broodiness in domestic fowl, Jour, Poultry Scis 298356,

Greenberg, Do M, 1929, The colormetric determination of the serum

proteins. Jour. Biol, Chemo 823545,

Hammond, Jo 1927, Reproduection in the Oowe 'Cambridge University
Press, '

Harrow, B, and Ao, Mazmur. 1954, Textbook of Biochemistry. Sixth
edition, We Bo Saunders Co. )

1
Hawkins, G. B, and K« M, Autrey. 1957, Effect of feeding low levels
of diethylstilbestrol on established lactation in parous dairy
cowso Jour, Dairy Sci. 403746,

Hoskins, Re Go. 1956, Medical Physiolegy. Tenth editione Philip
Bagrd, editers 0« Vs Mosby Co. .

Johnson, R, Mo and T, Meites, 1956; The effects of cortisone on lac= -
tation in rats, Jour. Animal Sei. Abstracto 1531288,

Jordan, Re M, and D. Do Shaffhausen, 19540 The effeet of somatotropln
on milk yield of ewess Jours Animal Sei. 13 T06,

Lambourney; No Jo 195g\ Artlflclally induced lactatlon in ewes.
Vet. Recs 683 4—98 Gx\

Lewis, Ao Ao and Co Wo Tirner. 194ls Effect of stilbestrol on the
mammary gland of the\mouseg raty; rabbit, and geat. Jour. Dairy
Scie 243845,




[l e

)

o)

Al ], Ll

{ LU WY R A

= 70 =

Lewis Ao Ao and Co We Turner. 1942, The effect of stilbestrol and
anterior pituitary extract upon lactation in goats. Jour,
Dairy Sci. 25:895,

Marshally, 8o Poy Re Bs Becker, Po T, Dix Arnold, and De A. Sanders,
1948, . Bffeet of stilbestrol on udder development, pelwic
changes, lactation, and reproductione University of Florida
Agri, Expo Stao. Techo, Bulle Noo 440.

Natusy, Mo Po and Eo Po Pacheco, 1952, Inducing lactation with hop-
moness Zootech. 1318,

Meitesy, Jo 1957, Effects of reserpine on lactations Jours Aniﬁal
Scis Abstraet, 16:1044.

Meitesy, Jo and Jo To Sgouris. 1952, Can the ovaﬁian hormones inhibit .

the mammary response to prolactin? Endecrinolegy. 53317

Meitesy; Jo and Jo To Sgouris. 1954, Effects of altering the balance

between prolactin and ovarian hormones on initiation‘of lactation -

in rabbits. Endocrinology. 558530,

Mitchelly, Ms Loy Re Guillemin, and H, Selye. 1954, The effect of
somgtotropic hormone on the growth of nprmal and hypophysecto=
mized guinea pigss IEndocrinology. 54:11l,

Mixners; Jo Poy, Jo Meites, and Co W Turner. 1944, The stimulation
and inhibition of milk secretion in goats with diethylstilbestrol,
Jour, Dairy Sci, 278957, '

Mizunoy Hoy L. Kasuo, and M, Natioc, 1955+ The role of prolactin in
the mammgry alveolus formation, Bndocrinol, Japone. 23163,

Mojonnier, To and He Co Troy. 1925. Technical Control of Dairy
Products. Mojonnier Bres., Chicago, Ill, '

Morrison, Fo Bo 1956, Feeds and Peeding, Twenty—gsecond edition,
Morrisen Publishing Co.y, Ithaca, New York.

Nalﬁandov, 4o and Lo BE. Card., 1942, Hormonal induction of broodiness
in roosters. Jour, Poulbtry 'Sci, 212494,

Nellory; Jo Eo and Eo Po Reineke, 1956, Hormonal control of mammary
growth and lactation. Jour, Animal Sci., Abstrachte 15281290,

Perriny, Do Ro 1955, Milk composition studies in the hormonal induc—
tion of lactation using identical twin dairy cattle. New
Zealand Jour. of Seci. and Technol. Ser. As 37:88,




Y

/

[

£

Ll

Ll

I

Peterson, Wo Bo 1939, New developments in the Physielogy and bio=
chemistry of lactations a review, Jour. Dairy Sei. 22:71.

' Sgouris, Jo To and Jo Meites, 19530 Differential inactivation of

prolactin by mammary tissue from pregnant and parturient rats.
Amer, Jour. Physiol. 175:319.

Smith, Te Co 1954, The action of relaxin on mammary gland growth in
the rate. Endocrineclogy. 54359

Soykovay; Poy Ee V. Brutary; B. Golova, and E., Zvolska. 1954. Placenta
as a lactogogen. Gynaecologige. 1383617,

Spielmany; L. and W. B, Petersen. 1941l. BEffect of diethyls%ilbestrol
on milk secretion. Joure. Dairy Sci. 245499,

Turner, Co We 19520, The Mammary @land. T. The Anatomy of the Udder
of Cattle and Domestic Animals, Imcas Bros., Publishers,
Columbia, Missouri.

Turner, Co Wo, Ho Yamamoto, and H. L, Ruppert, Jro 1956, The experi-
mental induction of growth of the cow's wudder and the initigtion .
of milk secretion. Jour. Dairy Sei, -3951T717.

Turnery Co Wo, Ho Yamamoto, and Ho L. Ruppert, Jr. 1957. BEndocrine
. factors influencing the intensity of milk secretion. A, Estrogen,
thyroxiney, and growth hormone, Jour. Dairy Sci. 40337,

Wallacey, Co 1953, Observations on mammary development in calves and
lambs. Jours AgriapSoio 433413,

Williams, We Fo and G, Wo Turner. 1954, Intracellular lecalization of
1131 tagged lactogenic hormone in the mammary gland of the rabblto
Proc, Soce Exptle Biol. and Med., 853524,

Wrenh, Ts Ro and Jo Fo Sykess 1953, The response of hormonally in-
duced bovine mammary tissue to anterior pituitary hormones,
Jour. Dairy Sci, 3631313,

Wuy, Ho 1922, A new colormetric method for the determination of plasma
protein, Joeur, Biol, Chem, 51333,

Yamamoto, Ho and Co We Turner, 1956, Experimental mammary gland
growth in rabbits by esitrogen and progesterone. Procs Soce
Exptle. Biole and Medo, 923130, -




AR S R M N

)

-T2 =

APPENDIX

Ll




)

[l

dlll, | 9 - L

Appendix Table I. Treatment Obserﬁg

Preatment Date . Hormone
Py

- T3 =

ormone
Amount

tions for 1957.

Observations
= Shbop s i MO Ao

I 4{4/57 Estrone
(Rambouillet) .

4/5/51
4/6/57
4/8/51

4/10/5?

4/11/57 Bstrone
4/15/57

4/19/51

4/23/57
4/24/57

4/25/57 Bstrone

4/26/57

1205 mgo

No initial udder develop-—
mente

~ No ohanges

12:5 mgoo

12o5 mg}

No change,

Slight udder developments
rather selid glandular tis—
sue. Right half slightly
larger than left.

Udder larger. Milk-like
secretion from right half,
Left half enlarging.

Udder enlarging. No secre~
tione

Udder same. No sécretiono
Marked by ram. ‘

Udder shows more develop~—
ment. Glandular tissue in
both halves,. '

Udder slightly larger.
Colostrum=~like secretion
from both halves, More
from right,

Udder size sameo Milk-~like
secretion from right half.
Colostrum=-like from lef+
halfe

Milky secretion still in
both halves bubt smaller
amount. Secretion from

- left of a colestrum consig—

tency.

Udder more flabby. Secre-
tion' thicker in both halves.
Fluid from left half
yellowish,
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Hormone
heatment Date ¥me - -— e g i o Pt N e e e vt ObSGI‘V&tiOI’lS Sl T o ]
I . ' ‘ More firm tissue present,
contd. ' . Fluid from right half more

clears Yellowish fluid
from left half.

4/28/57 Yo changeeo

5/2/57 Udder quite large. Fairly
large amount of milk-~like
secretion from right half,.
Yellowish fluid from left

halfo
5/6/57 - No change. Secretion a-~
mount smaller.

- 5/12/57 ‘ . Udder smaller and more
flabby. BSecretion amount
small, ‘

IT 4/4/57 Estrone 25,0 mg. No initial uddder develop~
' mente
(Rambouillet)
4/5/57 YNone No change.
4/6/51 None " TVery little udder develop-

ment. Milk=like secretion
from both hglvese.

4/8/57 None . Udder slightly larger. Milk-
- like secretion from both
halves, ILarger amount from
left,

4/10/57 Noue Udder same. Milk-like
secretion present in both
halves, Larger amount from

4/11/57 Bstrone 25,0 mg. Udder slightly largers
' Glandular tissuwe in right
not as firm, Milk-=like
secretion present in both
halvesy smaller amount.
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Hormone
Hormone

II - "4/15/57 Nene

Ons

Observati

Udder soft and flabby. No

contd, _ secretion,
4/19/57 None Udder more firmL No secre=
tione : ,
IIT "~ 4/6/57 Bstrone 12,5 mg. No udder, Teats‘shério
(Wether)
(Columbia)4/8/57 None No changeo
4/10/57 Bstrone 12,5 mge No change.
4/11/57 None No change.
4/15/57 None No changeo
4/19/57 Yone No change. Teats still
shorta :
Iv 4/4/57 Diethyle
stilbestrol No initial udder develop=—
(oil) 50.0 mge mente
4/5/57 None No changes
4/6/57 None Questiongble = may be‘slight
udder development.
4/8/57 None Very slight ndder develop-
menty, flabby tissues
4/10/57 None No change,
+ 4/11/57 Diethyl~
stilbestrol :
(oi1) 50,0 mge No changee
4/15/5T7 None No change.
4/19/57 None Udder smallery soft and

flabbyo
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_Hormone

-6 =
Hormone

OV

_Observations

T 4/8/57 Diethyl- Slight initial wdder devel—
.stilbestrol opment. Approximately 10
(Rambouillet) (aqueous) 5060 mgs cCeCe milky secretion from
' each half. Dry on injection.
4/10/57.None Udder same., Milky secre-
. tion again present,
4/11/57 None Udder same. Milky secre-
, tilon present but very small
. amounte
4/15/57 None Udder and secretion same
as 4/110
4/19/57 None Udder soft and flabby,
. Smgll amount milky secre-.
tion from both halves,
Most from right.
VI 4/4/57 Diethyl~ No initigl udder develop-
(Rambouillet) ~  stilbestrol 25,0 mge ment,
4/5/57 None No change,
4/6/57 Nome |, No change.
4/8/57 None Slight ndder development,
‘ Glandular tissue beginning
) to develop.
4/160/57 None - No changes
4/11/57 Diethyl~ . Ydder slightly larger.
‘85ilbestrol 25,0 mgo Firm tissue beginning to
soften,
4715/57‘None Udder becoming smaller.
4/19/57 None Udder soft and flabby. No
gecretione
VII 4/8/57 Diethyl=- . Some initial udder develop=—
" (Rambouillet) stilbestrol 25.0 mg. mente
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: Hormone
Treatment ,paﬁe . Hormone Lhmount . Observations

VII " " 4/10/57 None No changeo
contd,

4/11/57 None Udder about same. Left
: hglf slightly larger and
small amount of milky
fluid present,

4/15/57 None ' No changeo. Very small
amount of milky fluid from
left half °

4/19/57 None Udder samee Very small

amount cloudy fluid froem
both halves.

VIII 4/4/57 Diethyl=
(Ramboulllet) ’ stilbestrol 2500 mg, Slight initial wudder devel—
plus implant 15,0 mg. .opmente
4/5/57 None No changeeo
4/6/57 None ' Udder slightly largere

Clear, water-like secre-
tion from left half,

4/8/57 Tone ' Udder inereasing in sizes
Larger amount of seecretion
from left halfi water—~like,

.4/10/5T None Udder same. Watery secre—
tien from left half; milky
secretion from right,.

4/11/57 None Udder same. . Secretion same
S . as 4/10, Fiberus plug re-
moved from right teat.

4/15/57 None Udder sameo Water-like
' . fluid present in both
halves,
4/19/57 None * Udder soft and flabbye

Watery secretion present in
left halfe None in right,
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Hormone
IxX 5/9/57 Diethyle No initial wudder develop-
(Rambouillet) stilbestrol 5,0 mge menta
5/10/57 Diethyl- ' Udder about same, One drop’
: stilbestrol 5.0 mge of fluid from right half,

5/11/57 Diethyl~.

stilbestrol 5.0 mge No change.
5/12/67 Diethyl—
, stilbestrol 560 mgoe No changeo
5/23/57 None Very little udder develop=

menty Medium gmount milke
like seeretion from both

halves.
X 4/23/5T Bstrone 5,0 mgo No initial udder develop~
(Rambouillet) . . ment. ,
4/24/57 Bstrone 500 mgo No changes
'4/25/57 Estrone 5.0 mgo  Firm glandular tissue begin—

ning to. appeare.

4/26/57 Bstrone 500 mgo More glandular tissue presents
‘ milk=like secretion from .
both halves «= more from
right half,

4/27/57 Bstrone 5.0 mg, More udder development,
: : Fairly large amount of milk—
like secretion from both
halves o
4/28/57 Progesterons 50 mge Udder becoming more flabby.
’ Secretion amount about same,

4/29/57 Progesterone 560 mg; Udder and secrebion same
as 4/28,

4/30/57 Progesterone 500 mgo WUdder may be more firm,
' ' Secretion same as 4/28,

5/1/57 Progesterone 5.0 mge Udder flabbye. Secretion
beeoming cleare
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: . Hormone
Ireatment Date  Howmone Amownt _ Observations
X 5/2/57 Progesterohe 50 mg, Udder flabbyo. Secretion
econtd. o becoming clear.
5/3/51 Prolactin ' 200,0 I.U. Udder same as 5/2, Secre—

tion present in fair
amount but rather clear,

5/4/57 Prolactin 20040 I.Ur Milk-like seecretion present
in left half in rather large
amount, Some in right half,.

5/5/57 None Can notice no change in
' udder size. Secretion
amount smgller.

5/23/57 None - Udder very small. Secre-

]

tion amount small and quite
‘clearo
XI 4/23/57 Bstrone 5.0 mge No initial udder develop—
(Rambouillet) ) ‘mento .
4/24/57 Bstrone . 5.0 mgo No changee
4/25/57 Bstrone 500 mgo Slight udder development.

Small amount of milk-like
seeretion from both halves.

4/26/57 Estrone 5.0 mge Udder £labby but fair devel~
‘ opmento, Fairly large
amount of milk=like seere—
tion from both halves.

4/27/57 Bstrone 500 mg, Udder more flabby; less
; firm tissue., Secretion
similar to 4/26 in amount
and appearances

4/28/57 Bstrone 560 mgo Udder aboubt same, Secre—
tien deereasing but present
in both halves and left
rudimentary teata

4/29/57 Estrone "~ 500 mg. Udder more flabby, Small
' amount of milk=like secre—
tion presente

[
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Hormone

XI '4/3@/57 Bstrone 5.0 mgs Udder same as 4/29. BSecre~
contd. tion in both halves becom=—
ing colestrum=like,
5/1/57 Estrone 5.0 mg. No changeo
5/2/57 Egbrone - 560 mgo Udder same, Small amount
- of secrebioni thick and

yellowish from right half,
milk=like from left,

5/3/57 Progesterong 5.0 mg. Udder same, Thick flunid
from left half onlye

5/4/57 ‘Progesterone 560 mg, Edde7 and secretion same
as53:;

5/5/57 Progesterone 5.0 mge No change, .
5/5/57 Progesterone 500 mgo Secretion yellowish.
5/7/57 Progesterone 5,0 mgo No.changeo

5/9/57 Progesterone 1@;0 mg, No change.

5/10/57 Progesterone 10,0 mg. No change,

5/11/57 Progesterone 10,0 mg. Udder may be slightly
larger.

5/12/57 Progesterone 10,0 mgo No change. Fluid still
" yellow, '

5/23/57 None Udder small and flabbye
Smell amount of clear,
watery fluid from both

halves.
XI1I 4{23/57 Estrone 5.0 mgo No initial udder develop=
(Rambouillet ' ment, Small amount of
' brownish fluid from .left
halfo

4/24/57 Estrone . 5.0 mg. Udder same. Brownish
. ) £luid from boith halveso
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4/25/57 Bstrone 5.0 mg. Udder same. Brownish fluid
- 8till present.
4/26/57 Bstrone 5.0 mg. Glandular tissue beginning
- to appear in boih halves.
Brownish fluid still present,.
4/27/57 Bstrone 5.0 mgo Glandular tissue about
Same, Brownish fluid still
present but becoming mere
c;earo
"4/28/57 Bstrone 5.0 mg. Udder soft and flabbys
seems to be decreasing in
size. Brownish fluid not
presento
4/29/57 EBstrone 5.0 mg. Udder flabby. Few drops
‘brownish fluid from left
halfo
4/30/57 Bstrone 5.0 mg, Udder smaller. No fluid
' presente.
5/1/57 Bstrone 500 mgo Udder smaller. No fluid
present,
5/2/57 Estrone 5.0 mg. Udder same as 5/ %o
5/3/57 Progesterone 5.0 mgs No changeo
'5/4/57 Progesterone 5.0 mgo No change.
5/5/57 Progesterone 5.0 mgo No change.
5/6/57 Progesterone 5.0 mg. No change.
5/7/57 Progesterone 500 mg. No changeo
5/8/57 Progésterone 5.0 mgo No change,
5/9/57 Progesterone 10.0 mg. No change., Udder very
. small,
5/10/57 Progesterone 10,0 mg. No change,
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Hormone

Hormg: __Amount

XII 5/11/57

contde
5/12/517
5/23/57

Observations

Progesterone 10,0 mg.

No changes

No change.

XITI 4{23/57
. (Rambouillet

4/24/57
4/25/57

4/26/57

4/21/57

4/28/57
4/29/51
4/30/57
5/1/51
5/2/51
5/3/51
5/4/57
5/5/57
5/6/51

Small amount of flabby
tissue present,

No changeo

B8light udder development.
Left half larger. Small
amount of milk-like secre-
tion from left half,

Right half increasing in

size., Left no change.

" . Milkelike secretion from

Progesterone 10,0 mg.
None

Estrone . 1.9 mg.
Bstrone 2,0 mg,
Bstrone 3.0 mgo
Estrone 4,0 mgo
Bstrone ; 5.0 mgoe
Progesterone 5.0 mgo
Progesterone 5.0 mgo
Progesterone 5e0 mgo
Progesterone 5.9 mg,
Progesterone 5.0 mg,
Prolactin 200 I.U.
Prolactin 200 I.U.
None

None

both halvess largest
amount from left,.

Udder flabby. Milk=like
Secretion present in left
half, Secretion from

right yellowish a@d cloudy.
Udder flabby. No secretions
Udder flabby., No secretion.
No changeo

Neo changeo

Udder may be more firm.

No changeo

No change. Udder flabby.

No changeo

No changeo




¢ Ty £ 2 2

i

- 83 -

Hormone
Treatment Date Hormone Amount Observations
XIII 5/12/57 None Yo changeeo
contde.

5/23/57 None Udder flabbye. Clear,
watery f£luid from both
halves.

XTIV 4/23/57 Estrone 1.0 mgo Some initial udder develop-
(Rambouillet) ment.
4/24/57 Bstrone 2.0 mg., No change,
.4/25/57 Estrone 300 mgo Glandular tissue beginning
: to appear in both hglves.
4/26/57 Estrone 4.0 mgo Clandular tissue increas—
' ing. No secretion.

4/27/57 Bstrone 5,0 mge Olandular tissue larger,
Milk=like secretion from
both halves,

4/28/57 Progesterone 5.0 mgo TUdder larger and large

Egtrone 300 mge amount of milk=like secre—=
tion from- both halves,

4/29/57 Progesterone 5,0 mg, Udder quite large. Large

Istrone 3.0 mg, amount of milk=like seecre=
: tion from both halves.
4/30/5T Progesterone 5.0 mg. Udder smaller and more
"Estrone © 3,0 mg. flabby. Fairly large amount
¢f milk=like seerebion.

5/1/57 Progesterone 500 mg. Udder same, Secretion

Estrone 3.0 mgo, same, still large amount.

5/2/57 Progesterone 5.0 mg. WUdder same. Secretion

Estrone " 300 mge amount smaller but still
milk=likeo,

5/3/57 Prolactin 200 I.U. Udder same. Milk-like

. secretion still present.

5/4/57 Prolactin 200 T.U.

Udder very flabby. Ne !
gecretlion, ‘
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Amount_
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_ Observations

XIV . 5/5/57 None -No change.,
contd. '
5/6/57 None No change.
5/12/57: None . ‘No changeo
5/23/57 None No changeo
XV . 4/26/57 Prolactin 200 I.U. Ewe's udder well developed,
(Targhee) 4/27/57 Prolactin 200 I.U. but ameunt of milk pro-
4/29/57 Prolactin 200 I.U, duced was small. One twin
average sizes; second very
thin from lack of milk.
No lack of "mothering".
5/4/57 None Could tell no difference
o . in milk amount but smaller
' - 1amb looked betters
XVI . 5/9/57 Ozytocin 0275 coco Udder hapd and small amount
(Targhee) of milks
5/10/57 Estrone ‘200 mgo No ohangeo
5/12/5T7 None No change.
. 5/23/57 None’ Udder still quite hard.

Tamb looking betters
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Appendix Table Il.

; 4/3/58 BEstrone
(Columbia) :

4/5/58 EBstrone

4/6/58 Estrone

4/7/58 Bstrone

4/8/58 None

Slaughtered

-85 -

Hormone

Treatment observations for 1958,

1,000 mgo

2,000 mgo

: 300@@ mngea

4,000 mge

Slight initial udder devel=
opment. Flabby. landular
tissue large® in righit
halfs seme in left. Q.77
gm, thick, yellowish=-white
fluid obtained from both
halves, Initial weight

175 pounds.

Glandular tissue larger in
both halves, 2.84 gm.
gecretion obtained; becom=
ing more white,

Udder larger. Glandular
tissue 2 inches in diag=—
meter right half, 1 1/2
inches in left half. 29,90
gme milk-like secretion.

Udder same., 29,00 gm. )
milk=like secretion; larger
amount from left half.

Udder same. 11,56 gme milk—
like secretion obtaineds
larger amount from left
half,

On slaughtering this animal,
the mammary secretory tissue
was found to be 2 1/2 inches
in diameter and 6 inches in
length in both halves.
Ovaries = one was cystics
contained large amount of
fluid. Other ovary was of
normal size bubt highly
vascular. Ubterus and horns
turgid, appearing to be in
the estral state. Adrenals -
right, smalls large medulla,
thin cortex. Left = appear—
ed normale. Final weight

167 pounds. '
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Treatment

1340 estradiols
progesterone
ratio.
(Rambouillet)
4/5/58

4/1/58

4/9/58

4/11{58
4/13/58
4/15/58
4/17/58

4/19/58

4/21/58

4/23/58
4/25/58

4/27/58

II  4/3/58

Additional treagitment

5/1/58

Diethyl=-

" Hormone .

_Hormone Amount Observations
Bstradiol 583 mg. No initial udder develop~
Progesterone 23,333 mg. ment., Very flabby. No

secretion. Initial weight
157 pounds, -
Bstradiol 0583 mg,
Progesterone 23,333 mg. No change.

‘Estradiol 0583 mge TUdder still flabby. Small

Progesterone 23,333 mg. amount firm tissue appear—
ing in both halves., No
secrebtion.

Estradiol «583.mg.

Progesterone 23,333 mg. No change,
Bstradiol 0583 mg. .
‘Progesterone 23,333 mg. No change,
Estradiol 0583 mg,
Progesterene 23,333 mg. No change,

Batradiol +583 mge
Progesterone 23,333 mg. No change,

Bstradiol- o 583 mg.

Progesterone 23.333 mg. ~No changeo

Bstradiol 0583 mg,

‘Progesterone 23.333 mg. No change.

Bstradiol 0583 mg.

Progesterone 23,333 mg. No changeo

Estradiol 583 mg.

Progesterone 23,333 mgo No change.

Estradiol :583 mg,

Progesterone 23,333 mg. No change,

Bstradiol 0583 mg.

Progesterone 23,333 mges No change. Pinal weight

170 poundse.

’

- No initial udder develop-
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IT . stilbestrol 5,000 mgo. ment,
contda
5/3/58 Diethyl- Udder same. Few drops
o stilbestrol 5,000 mg. cloudy secretion. Not
' cellected,
5/5/58 None Udder slightly larger.
Milk=like secretion from X
both halves, Not collected.
5/9/58 None Udder larger. Milk-like
secretion obtained from
both halves. Not collected,
IIT 4/3/58 Stilbestrol <0583 mg. No initial udder develop=-
1:40 diethyl- Progesterone 23,333 mgs, ment. Glandular tissue
stilbestrols softe PFew drops elear,
progesterone golden secretion. Initial
raﬁioo weight 150 pounds,
(Rambouillet)
4/5/58 Stilbestrol 0583 mg, Udder no change. Secre—=
Progesterone 23,333 mgo. tion same,
4/7/58 ' Stilbestrol 583 mg. Udder small and flabbye.
: Progesterone 23,333 mg. Firm tissue may be slight-
ly largers approximately’
1 inch in diameter in right
half. Few drops secretion
. presents Becoming slightly
“cloudy. String of white
material obitained from
right tezto '
4/8/58 TNone No change. Secretion.
' slightly. eleudy. No ropy
materizl from right teat.
4/9/58 Stilbestrol 0583 mg. Firm tissue slightly larg-
Progesterone 23,333 mg. era. Drop clear secretion
. ) from both halves.
4/10/58 Yone Firm ftissue may be length-

ening. Secretion again
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contd."

4/11/58

4/12/58

4/13/58

4/14/58
4/15/58

4/16/58

4/11/58

4/19/58
4/21/58

4/23/58

4/25/58

4/27/58

- 88

Hormone .

. Amount Observations
cloudy, Ropy material
again obtained from right
teato '

Stilbestrol 0583 mg,

Progesterone 23.333 mg. No change. No secretion.

None ' Udder very flabby; firm

tissue same. One drop se-
cretion from right half,

Stilbestrol 0583 mg. Udder sameo. No secretion.

Progesterone 23,333 mgo .

None ' No changeo

Stilbestrol 0583 mgo Firm tissue seems some

Progesterone 23,333 mg. larger in right half,
Slightly larger in left,
No ' secretion.

None Firm tissue more pliables
No secretion. Ewe shows
evidence of estrus,

Stilbestrol. 0583 mge

Progesterone 23,333 mg., No change. No secretion.

Stilbestrol 0583 mg,

Progesterone 23,333 mg, No change.

Stilbestroel o583 mg.

Progesterone 23,333 mge No change.

Stilbestrol -583 mge

Progesterone 23.333 mgo. No changeo

Stilbestrol s583 mge Vdder still flabby. Few

Progesterone 23.333 mg., drops yellowish=¢lear

~ secretion from both halves,
Stilbestrol 0583 mge Udder very flabby. Glandu=
Progesterone 23,333 mg. lar tissue quite mushy,

Few drops secretion from
right half. Final weight
167 pounds. '
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IIT Additional treatment
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Observations

contde
5/1/58 Diethyl~ Udder same as 4/27. No
stilbestrol 5,000 mge. secretion.
5/3/58 Diethyl- Udder same. Few drops
stilbestrol 5,000 mge clear (slightly cloudy)
' secretion,
5/5/58 None Ydder larger. Milk-like
secretion from both halves.
Not collected.
5/9 58 DNone Udder larger. Milk=like
' secretion obbtained from
. both halves. Not collected.
IV 4/3/58 Stilbestrol 0292 mg, Udder small; mostly firm.
1:80 diethyl=- Progesterone 23,333 mge 3014 gm. cloudy secretion
stilbestrol *o ' from left half, Initial
progesterone ratio,. welght 135 pounds.
(Colum=— 4/5/58 Stilbestrol 0292 mgo Udder size same., Firm
bia Progesterone 23,333 mg. tissue largest in right
L " halfo. 0036 gme milky
secretion from left half,
4/7/58 Stilbestrol 2292 mg, Udder larger. Firm tissue
Progesterone 23,333 mg. larger = approximately 2
inches in diameter in right
halfy 1 inch in left half,
0032 gmo milky fluid from
left half, -
4/8/58 None Udder same. 1,10 gme milky
secretion from left halfyg
s3ill none from rights
4/9/58 Stilbestrol 292 mg, Udder same. 1027 gme
' Progesterone 23,333 mg. milky secretion,
4/10/58 None Udder same. 0082 gm,
milky secretion,
4/11/58 Stilbestrol 0292 mg, Udder slightly larger.
Progesterone 23,333 mg.

Firm tissue approximately
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Hormone
Hormone Amount

Observgtions

IV

contd, -

4/12/58

| 4/13/58

4/14/58
4/15/58
4/16/58

4/171/58

4/18/58

4/19/58

None

Stilbestrol 2292 mgo
Progesterone 23,333 mgo

None

Stilbestrol 0292 mge
Progesterone 23.333 mg,

None

Stilbestrol +292 mg,
Progesterone 23,333 mgo

/

None

Stilbestrol +292 mgoe
Progesterone 23,333 mg,

1 1/2 inches in diameter
in left halfy right sames
093 gms milky secrebtion
from left half.

Firm ftissue 2 1/4 inches in
diameter in right halfs
1 3/4 inches in left halfe
1,04 gme milky secretion
from left half,

Udder same., lo.32 gm.
cloudy secretiong still
none from left.

Udder slightly larger.
Firm tissue enlarging.
3,66 gm, milky secretion
from left half,

Glandular tissue develop=—
ing some. 8044 gm. milky
secretion, more from right
ha,lf °

Large amount firm tissue
in both halvess 15,42 gm.
milky secretion from right
halfo

Firm tissue quite large in
both halves, Not quite as
hard in left half. 25,82

" gm, milky secretion from

left halfy few drops frém
righte

Glandular tissue definite—=
ly larger in beth Halves.

44,96 gm. milk=like secre~
tion from left half. Few

drops from right.

Udder larger in both
halves, very firm, 52,03
gm, milk=1like secretion -
all from left.
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4/21/58 Stilbestrol 0292 mg,
Progesterone 23,333 mgo

4/22/58 None

4/23/58 Stilbestrol 0292 mg,
Progesterone 23,333 mgo

4/24/58 None

4/25/58 Stilbestrol 0292 mg,

Progesterone 23,333 mg,
4/26/58 None
4/27/58 Stilbestrol o292 mge
Progesterone 23,333 mge

4/28/58 None
Slaughtered

- Hormone
Tregtment Date Hormone Amount Observations
SRR ; 7 2T s AL e
IV 4/20/58 None Seeretory tissue quite
contd, large in left halfo. 94.45

gme, milk=like secretion
from left half. Few drops
from right. "

Secretory tissue sllghtly
larger in left half,.

81,16 gmo milk=like secre-
tion frem left,

Left half large and 114,90
gme milk-like secretion ob-
tained. Right half smaller,

No change in left halfy
right still smaller.

124,23 gme milk=like secre—
tion from left half,

Left half slightly larger,
126,80 gm. milk=like
seeretion from left; none
from right,.

Left half largers 210,90
gme secretion. Right half
enlarging somej few drops

milky secreition.

Left half same. Right

half = glandular tissue
feels lumpy. Milked
twice (aomo and pamo)
306,81 gm, milk-like secre—
tion tetal.

Left half same., Right
slightly largers still

only few drops milk-like
seéretion from left, '

Udder sames 249,09 gmo

. milk=like secretion from

left half. Few drops from

right, ¥inal weight 135

pounds.
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) : Hormone :
Ireatment Date  Hormome ___  Amount _Observations
Iv Slaughter observationssg
contd, ) Entire reproductive tract
: normal, Adrenals appeared

normal. Secretory tissue
dimensions = left half:

. 3" x 5 1/4"y rights
1 1/2" x 4 1/2v,

v 4/3/58 Stilbestrol 0117 mg. Udder shows some initial
12200 diethyl= Progesterone 23,333 mg. development, Flabby.
stilbestrol to : Glandular tissue larger in
progesterone - right half, 29.70 gm.
ratio. yellowish secretion ob=
: ' tained. Initial weight
(Rambouillet) : 176 pounds.

4/5/58 Stilbestrol 0117 mg. Udder about same. 17.97
Progesterone 23,333 mg. gme. secretion obtained;

still yellowish (similar

to blood plasma)e '

4/7/58 Stilhestrol 0117 mgo Vdder slightly larger.
Progesterone 230333 mgo Glandular tissue 2 1/2.

' inches in diameter in right
halfy 1 1/2 inches in lef%
halfe. 8.70 gm. seeretions
bepoming cloudye

4/8/58 None Udder same, 50,00 gme
Secretions - cloudy.

4/9/58 stilbestrol 0117 mgo Udder same. 2,98 gme
Progesterone 23,333 mg. cloudy secretion.

4/10/58 Yone ' Udder sameo 2072 gme
. cloudy secretion.

4/11/58 Stilbestrol 0117 mgo Udder same. 0.94 gm,
_ Progesterone 23,333 mg. cloudy secretion.

4/12/58 None Udder same. Small amount
cloudy secretion.

4/13/58 Stilbestrol = o117 mg. Udder slightly smaller.
Progesterone 23,333 mg. Secretion amount smallers
- 8111l cloudye.

-
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v 4/14/58 None Glandular tissue longer in
contd. : both halves. Small amount
cloudy sgoretiono

Observat;onsq,_“

4/15/58 Stilbestrol 0117 mg., Udder same., Small amount
: Progesterons 23,333 mg. cloudy secretion - all
: from left half,

Glandular tissue seems +o
be larger in both halves.
Small gmount cloqdy secre~
tion,

4/16/58 None

4/17/58 Stilbestrol o117 mg. Glandular tissue largers
Progesterone 23,333 mg. Few drops cloudy secretion.

4/19/58 Stilbestrol . 117 mg. Udder seems smaller and
Progesterone 23,333 mgo very flabby.

4/21/58 Stilbestrol ¢117 mgs No change. Few drops
‘Progesterone 23,333 mg. cloudy secretion.

4/23/58 Stilbestrol o117 mge
_ Progesterone 23,333 mg. No change.

4/25/58 Stilbestrol 0117 .mgs .
: Progesterone 23,333 mg, No change.

4/27/58 Stilbestrol = o117 mg. No change. Final weight
Progesterone 236333 mgo 172 pounds.

VI 4/3/58 Diethyl— Udder small and flabby,
0025 mgo diethyl- stilbestrol ¢250 mg. Glandular tissue Quite
stilbestrol in oil. ' firm in both halves,

Small amount cloudy secre—

(Rambouillet) tion presents not collect-
ede Initial weight 146 .
pounds .
4/5/58 Diethyl- Udder same. 3055 &o
stilbestrol 2250 mge yellowish=white secretion,

4/7/58 Diethyl- Glandular tissue slightly
- stilbestrol 0250 mgo larger in both halves.
: 3,88 gm. secretion similar

to.4/5%
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VI _4/8/58 None

contd,

4/9/58 Diethyl-.

Hormonedmﬂ
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7Observatlonsiu,w

Glandular tissue approxi-
mately 3/4 inch in dia-
meter in both halves.
3094 gmo yellownshnwhlte
secretlono

Glandular tissue slightly

stilbestrol 0250 mg. larger. 2,33 gm. secre-—
tion.

4/10/58 None Glandular tissue approxi-
mately 1 inch in diameter
in both halves. 2,28 gm,
yellowish=white secretion,

4/11/%8 Diethyl- : Glandular. tissue 1 3/4

stilbestrol 0250 mgo inches in diameter in
rights 1 1/2 inches in
lefte 0078 gme yellow1sh='
white secretion.

4/12/58 None Udder same. 1,16 gm,
yellewish-white secretion,

4/13/%8 Diethyl- Udder same, 1,24 gme

stilbestrol «250 mges yellowish=white secretione.

4/14/58 None Gland slightly larger in
both halves, 2a6Q go

; yellowish=white secretion,

4/15/58 Diethyl— Glandular tissue slightly

- stilbestrol 0250 mg, smaller. 3.43 gm. yellowmsh=
: white secretion.

4/16/58 None Udder abbute sameg quite
firme 1.62 gm, yellowishe—
white seeretion.

> 4/17/%8 Diethyl- Udder same. 1,94 gm.
oo stilbestrol 0250 mge milk=like secretion.

4/19/58 Diethyl- _ Udder sameo 4072 gme

stilbestrel . o250 mg, yellowish—white secretion.
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VI 4/21/58 Diethyl— Udder smallers teats
contd,. ‘ shorter. 5,50 gm.

stilbestrol 4250 mge

4/23/58 Diethyl—
stilbestrol 0250 mge

4/25/58 Diethyl—
stilbestrol «250 mge

4/27/58 Diethyl—
.stilbestrol 0250 mge

yellowishewhite secretion
(becoming more yellow),

Udder smallers glandular
tissue smaller. 4.73 gm,
secretion} quite yellow,

' Udder smallers flabby.
3,90 gm. secretions colos= -

trum=like," (thick).

Udder small and flabby.

3014 gme colosirum=like

secretion, Final weight
141 pounds,.

VIiI 4/3/58 Diethyl-
0.50 mge diethyl= stilbestrol 500 mg,
stilbestrol in oil.
(Columbia)

. 4/5/58 Diethyl=
: : stilbestrol 500 mg,

4/7/58 Diethyl—
stilbestrol 0500 mgo

4/8/58 None

4/9/58 Diethylu‘
) stilbestrol +H00 mg,
4/10/58 None |

4/11/58 Diethyl-
' stilbestrol 0500 mg.

Udder small and flabby,.

-8Bmall amount glandular

tissue in both halves, No
secretion, Initial weight
157 pounds.

Glandular tissue slightly
larger. No secretion,

Glandular tissue more
firmg diameterses right
half, 1 3/4 inchess lef%
half, 3/4 incho 2,20 gm,
yellowish-white, lumpy
secretion,

Udder same, 5052 gio
secretiong not lumpy.

Udder sameo 12,06 gm.
secretions more milk~like,

Udder sameo 11,88 gmo
slightly yellow secretion.

@landular tisswe slightly
largera 16,98 gm, milk=
like secretion,
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VII
contd,

4/13/58

4/14/58
4/15/58

4/16/58
4/11/58
4/18/58
4/19/58

4/20/58
4/21/58

4/22/58

4/23/58

4/24/58

Hormone

4/12/58 None

Diethyle
gtilbestrol

None

Diethyl=

stilbestrol

None

Diethyle
gtilbestrol

None

Diethyl-
gtilbestrol

None

Diethyl=
stilbestrol

None

Diethyl=-
stilbestrol

None

= 96 =

Hormone
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500 mg,

0500 nge

0500 mgoe

. 050@ mge

@500‘mgo
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orvations
Glandular tissue diameterss
right half, 1 1/2 inchg -
left, 1 1/4 inche 23,36
gm, milk=like gecretion.

Udder larger, more pliable,
26,94 gm, milk-like secre—
tione

Udder about same. 37039
gmo, milk-=like secretione.

Udder about same, 35083
gm. milk=like secretione.

Glandular tissue large and
pliable in hoth halves.
38,16 gmo milk-like secre=
tione

Udder sameo 62,64 gmo
milkulike secretione

Udder siightly largero
54038 gme milk=like
secretions

Udder slightly largers
very pliable. 55,11 gm.
milkmlike secretione.

Udder same. 7T2.78 gmo
milk-like secretions

Udder éamea 67034 o
milk=like secretion.

Udder may be slightly
smaller. 78054 gmo milke=
like secretion.

Udder Sameg 87007 8o
milk=1like secretion.

Udder same. 85,66 gme

- milk=1like secretion.
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VIT 4/25/58 Diethyl—

Observatlons

S T e g g ey

Udder slightly largero. .

contd. stilbestrol 0500 mgo 104,74 gmo milk=like
' secretion,
4/26/58 None - Udder same. 142,43 gm,

.milk=like secretion.

4/27/58 Diethyl— Udder slightly smaller,
stilbestrol 0500 mge 98,48 gm, milk-like
(slightly yellowish)
secretion, Final weight
166 peunds., '

VIIT 4/3/58 Diethyl- : Udder very small. Glandu=—
1 mgo diethyl— gtilbestrol 1.000 mg, lar tissue small in both
stilbestrol in oile .. halves, 7T.04 gm, secre—~
' tion resembling cloudy

(Columbia) . ' - blood plasma, Initial
. weight 150 pounds,

4/5/58 Diethyl- ‘@landular tissue slightly
stilbestrol 1,000 mge larger in right halfy left

half about same. 30,17 gm,
secretion more cloudy than

4/3s

4/7/58 Diethyl- Udder larger. Glandular
stilbestrol 1,000 mg. -tissue diameterss right
: half, 1 1/2 inches; left,
3/4. incho 29002 gm.
milk=like (yellowish)
secretlon,
4/8/58 Tone - Glandular tissue in left
half largerg right half
increasing some. 26,92
gm, milk-like (yellowish -
tint) secretion.

4/9/58 Diethyl- Glandular tissue enlarging
stilbestrol 1,000 mg, in both halves. 30,30
gm, milk=like secretion
(white)s
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Tregtment Date Hormone Amount Observations
VITI.  4/10/58 None Entirve udder quite firm.
contd, 20,90 gm, milk=like secre-=
tiono . .
4/11/58 Diethyl- . Udder same size, becoming
' - stilbestrol 1,000 mg. more pliable. 57.52 gme
. : milk=like secretion.
4/12/58 None Udder same, >71048 &Me
milk-like secretion,
4/13/58 Diethyl- @landular tissue larger
stilbesgtrol 1,000 mgo and more plisble, 93,71
gm, milk~like secretion.
4/14/58 None Udder about same sizeg
very pliasble, 151,02 gm,
. milkelike secretion.
4/15/58 Diethyl- | Udder same. 170042 gme
stilbestrol 1,000 mg., milk-like seorebtion.
4/16/58 None Left half slightly larger,
glandular tissue more firm,
Right, same as 4/15.
209,16 gm, milk-=like secre-
_ tiene
4/17/58 Diethyl- Udder same, Milked aoms
stilbestrol 1,000 mge and peme 246472 gme milke
- like secretion, total for
both milkings.
4/18/58 None Glandular - tissue larger
in both halves. Milked
'bWiceg 278045 Mo milk-
like secretion, totale
4/19/58 Diethyl- . Udder quite firmj larger.
stilbestrol 1.000 mg. Milked twices 308.45 gme
milk=like secretion,
totale
4/20/58 None Udder size approaching

that of normal lactating
ewe, MNammary veins clear-

R
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VIII
contd.

4/21/58
4/22/58
4/23/55
4/24/58

4/25/58
4/26/58
4/27/58

4/28/58

4/30/58

o

ﬁggmone

= 99 =

Hormone -
Amount
w=tis e

Observations

Diethyl-
stilbestrol

None

Diethyl-

stilbestrol

None

Diethyl-

-8tilbestrol

None
Diethyl-

gtilbestrol

None

None

1.000 mgo

1,000 mg.

1,000 mg,

1,000 mgo.

T ST e

1y visible, Milked twices
399022 EgMa mllk-llkze
secretion, tetal,

'Udder slightly larger;

quite firm. Milked
348,92 gm, milk=like
secretion, total, .

twices

Udder about same, not as
firm, Milked twices
419653 gmo milk=like
seeretion, total.

Udder more firm again.
Milked twices 468,16 gm,
milk=like secretion,
totale.

- Udder same size; quite

pliable., Milked twices
456090 Mo milI{“like
secretion, total.

Udder same, Milked twicey
514044 gm. milk=like
secretion, tobal.

Udder same, Miiked
twices 610,52 gmo milk—
like secretion, totals

Udder same., Milked onces
538022 gm, milk=like
secretion, tetal.

Udder slightly smaller.
Milked twices 505,42 gmo
milk=like secretion,
totals

Udder very large bhefore .
milking but slightly
smaller than on 4/28\after
milking. 724,19 gm, milk=
like secretion obtained.

Final weight 131 pounds.

129643
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IX - 4/3/58 Diethyl-
5 mgo diethyl=  stilbestrol
stilbestrol in oil.

(Rambouillet)

4/5/58 Diethyl-

stilbestrol

4/7/58 Diethyl-

stilbestrol

None

4/8/58

Diethyl-
stilbestrol

4/9/58
4/10/58 None
4/11/58 Diethyl-

stilbestrol

4/12/58 None

50@00 mgoe

5,000 mgo

5,000 mge

50000 mngoe

5,000 mg, -

Udder flabby.. Glandular
tissue small and mushy.,
Clear fluid present in
left, small amount, not
collected. Initial
weight 170 pourids.

Udder less flabby. Glandu-
lar tissue larger and mere
firm in both halves. 3,10
gmo honey=colored secre—
tione

Udder larger. Glandular
tissue increasing in size,
Diameterss right half,

2 1/2 inchess; left, 1 1/4
incheso 45,18 gm. milky
secretion.

Right half slightly largers
left half same. 50,58
gmo milk=like secretion.

Right half largers; left
half slightly largers
50,80 gmo milk=like secre-
tione

, Glandular tissue larger in

both halves, quite pliable.
62,72 gmo milk=like secre—
tiOno

Glandular tissue slightly
larger in both halves,
TO0.45 gme milk=1like secre~
tion. ' '

Udder appreaching sige and
appearance of normal lac=
tating ewe. Rather large
secondary bulge appearing
at base of teats, prebably
gland cistern. 105043 gme
milk=like secretion.
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IX
contd.

4/13/58 Diethyle
gtilbestrol

4/14/58 .None

4/15/58 Diethyl-
stilbestrol
4/16/58 None

4/17/58 Diethyl—
stilbestrol

4/18/58 None

4/19/58 Diethyl-
stilbestrol

4/20/58 None

4/21/58 Diethyl=
stilbestrel

Slaughtered

Pate JHormone

= 101 =-

Hormone

s l,' e e e e e

5.000 mgo

5,000 mgo

5.000 mgo

5,000 mgo

5,000 mge
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Observations

Udder same, 101,63 gho
milk=like secretion.

Udder very pliable.
157.20 gm, milk=like
secretbion,

Udder same. . 178,51 gmo
milk=like secrebion.

Udder same. 2T77.B0 gms

milk=like secretion.

Udder same. Wlilked
twices 236028 gme milk=
like secretion,

Udder may be smallers
Milked twices 228,59 gm.
milk-like secretion,

Udder quite  large before
milkings afbter milk re-
moved-udder seems swaller
than on 4/18, Milked
twiceg 406069 gmo milke=
like secwretion, total. .

Udder slightly smaller.
200,06 gm, milk=like
searetion. '

Udder‘sameo Milked
twices 124.06 gmo milk=—
like secretion, totals

Appeared normsl in all
respects. Ovaries rather
small = no corpora lutez.
Adrenals normalg one with
thick cortex. Mammary
gland secretory tissue
quite large. ' Dimensionss
right half, 3 1/2%" x 5 1/2%;
left half, 3" x 6%, Final
weight 160 pounds,
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X 4/3/58 Peanut oil

Control
Peanut oil
injections.

(Rambouillet)

" 4/5/58 Peanut oil
4/1/58 Peanut 0il

4/8/58 YNone

4/9/58 Peanut oil

4/10/58 None

" 4/11/58 Peanut oil

4/12/58 None

3 CaGo

B-roo'

3 coCe

3 CuCo

3 coCo

4/13/58 Peanut oil 3néoco

4/14/58 None

4/15/58 Peanut oil

4/16/58 None

3 CoCo

Udder smally, flabby.
Glandular tissue smallsg
largest in right half,
No initial secretion.
Initial body weight 184
pounds .

No change.

Udder same. Glandular
tigsue quite firm in
right hglf - 2 inches in
diamebers very small in
left half. No secretion,

Right half same, Small
amount glandular tissue in
left half, No secretion.

Glandular tissue 2 1/4
inches in diameter in right
halfs 1/2 inch left half,
No secretion,

Right half same. Glandu-—

- lar tissue 1 1/4 inches

in diameter in left half,
No secretion,

Glandular btissue same
gize but very solid. Vo
secretion,

Glandular tissue same
sizes more pliable than
4/11. No secretion,

No change. No secretion.
No change. MNo secretion,

No change., XNo secretion.

Udder more pliable. No
seeretion, :

i
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X 4/17/58. Peanut oil
contd, -

4/19/58 Peanut oil

4/21/58 Peanut oil

4/23/58 Peanut oil
4/25/58 Peanuvt oil
4/27/%8 Peanut oil

4/28/58 Slaughtered

= 103 -

Hormone

"3 GoCo

3 CoGo

3 CoBo

Observations

Glandular tissue smaller,.
No secretion,

No change. No secretions

Udder smallers teats
shorters No secretion.

No change. No secretion.

-No change. Ne secretion,

Wo change. . No gecretion.
Final weight 182 pounds.

Appeared'normal in g1l
respects. Reproductive
tract small, Adrenazls =
normal, Mammary gland -
smally fatty., Glandular
ares dlfficult to obtain
accurate megsurements,
Approximately 2 3/4% x 4V
in both halves,

y 4/3/50 Uanipulated
Control
Manipulation of udder. .
(Rambouillet)

4/5/58 Manipulated

4/7/58 Manipulated
4/8/%8 Manibulated

. 4/9/58 Manipulated

Udder flabby, Glandular
tissue pliabley largest in
right half. Small gmeunt
honey~celored (slightly
cloudy), thick secretione
Initial weight 179 pounds.

Udder same. Few drops
secretion, similar 4o thai

of 4/3e

Udder sameg, Secretion

amount ssmej more cloudy.

Udder and secretion same

as 4/70

Glandular tissue larger

An beth halves. Secre-

tion same as 4/7.

LEL Y
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XI 4/10/58 Manipulated Udder and secretion same.
contd, as 4/7.

4/11/58 Manipulated Glandular tissue diameterss
right hglf, 2 inchess left
half, 1/2 inch, No change

] in secretion. :

4/12/58 Manipulated Right half no changeo -

: Left half 1 ineh in dia-
meter, No change in secre=—
tione

4/13/58 Manipulated Udder sameo. No change in
secretion,

4/14/58 Manipulated Udder same., Secretion
more cloudy.

4/15/58 Manipulated Udder same, Secretion

A ClOHd&'o

4/16/58 Manipulated No change.

4/17/58. Manipulated Udder same, Still only
few drops secrebtiohn.

4/19/58 Manipulated Udder and secretion no
change, '

4/21/58 Manipulated . No change.

4/23/58 Manipulated Glandular tissue more pli-
able. No change in secre=
tiene

4/25/58 Manipulated No changeo .

4/27/58 Manipulated - No change. Final weight

: 177 pounds.
' 4/28/58 Slaughtered Appeareéd normal in gll

respects. Reproductive )
tract and adrenals normal.

" Mammary gland fattys Heats

firm but hollow.
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