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IHTRODTJCTIOH

It mas been a long icaoinliod fast that dairy cows turned on to spring

grata show an increase in yield of milk. Ho rcopones was obtained In

attempt* by : nvlieh workers (--artlett, at al.,19t8) to stimulate this

galaotopoletio offoot of spring grass on milk yield by liberal supplements

of nutrients to ordinary winter rations* These workers concluded that the

etiaulatinr offoot which epring pasture bad on milk production was due to

soma factor such as a hormone or vitamin. Those sans workers also demon-

strated the presence of estrogenic substenses in pasture crops. There is

a lack of experimentil work showing the definite offoot of estrogenic

materials on production and reproduction in dairy cattle.

In recent years, the feeding of diathylstilbestrol (s synthetic

estrogen) supplemented foods has beccme econ-nically important to the beef

industry (Burroughs, et el,, 1555, *srry, «t si,, 1955) • It is fairly well

established that the feeding of stilbestrol in fattening rations to beef

cattle results in more rapid and efficient gains (Burroughs, et al« . 19«>5),

Two things that hare not been established eonoeming stilbestrol feeding to

beef animals are - 1. the mode of action of this additive, 2, and its

effect on the reproduction of the animals* Those factors are of little

practical importance in fattening animals, but the latter is of crest con-

cern in breeding animals*

This recent work with stilbestrol has xenowod in erest in the possi-

bility thst the administration of estrogenic materials to dairy cows might

bo profitable fron the standpoint of increasing milk production.

11dJ study was undertaken to obtain fundamental Information on the

fjs/siologleal effects of feeding low levels of stilbestrol to dairy cattle.



Etfimr of tm,urvm

An estrogenic compound it defined as "- any pure chemical substance

which baa the ability, when injected into adult orariectotalsed mice or

rate, to produce coraifieatien of the vaginal epithelium similar to that

occurring during estrus in the normal animal" (Alien and Daisy, 192U)«

According to Pope (19&), there are from 200 to 300 substances known which

will satisfy this definition. He further states that these apparently be-

have quite similarly in exciting physiological reactions which are character-

istie of estrogens, bat that the various estrogens found in nature do differ

greatly in potency. Dodds, at al,* (1933) in 1936 synthesized a series of

estrogenic agents from ktk% dehydroxystllbene (stUbestrol), the most potent

of which was l»iU« dihydroxy«alpha-4>eta^<iiethylstilbene# these workers

named this synthetic estrogen diethyls tilbeofcrol.

The similarity in responses by the animal body to all of ' he estrogenic

substances known, whether synthetic or natural, has led to the use in

literature of the term estrogen when referring to any chemical compound of

estrogenic nature (Pope, 19SU). The term stilbestrol is used interchange-

ably with the tern diethylstilbeetrol in modem usage (&,S. Pharmaseeepeia

19$0 ) and will be used in this thesis when referring to diethylstilbestrol.

Estrogens may be conveniently grouped into two classes, 1. endogenous,

those produced normally in the physiological functions of the body and, 2.

exDrenous, those produced outsids the body, either synthetically or natur-

ally (Pops, 195U).

The estrogens which are normally found in the animal body are those

secreted by the ©wary (e^, estradiol, estrone, estriol) (Dukes, 19li7) #



Pcrpm (19Sh) hat listed the main physiolo, ioal functions of estrogen as the

control of the estrus cycle, growth and function of the female accessory

reproductive organs, and development of the mammaiy gland*

hffecte of IStrogen Admin' strati on on
Initiation of Lactation

Implantation . A great deil of the research on the effects of synthetio

estrogens in owestic animals has been on the initiation of lactation in

virgin or barren animals, Folley and Maipress (19ulja) compared the effects

of stilbestrol and mesohexestrol in promoting lactation r.-hen implanted sub-

cutaneously in the neck of 19 heifers, nine cons, end two free martins.

Implants of either 2,5 or 5*0 grans were used, and attempts to obtain se-

cretions were begun on the tenth day after implantation. The animals were

milked once a day until production reached five pounds, and then twice a

day milking was started. These workers found much variation in response,

both in degree and rate of udder development, mod in degree, time of onset,

and duration of lactation, Maximum daily yields varied from 0*5 to 30 pounds.

In their studies stilbestrol and hexestrol were equally effective in initiat-

ing lactation, and implants of ?,5 grams were as effective as those of 5,0

grans for the initiation of production. The mean daily absorption of the

synthetic estrogens ranged from 8,0 to 23.9 mg.| there was no advantage to

Implants that gave mors than 12 mg, of absorption per day. These workers also

found that there was no advantage in leaving the estrogen Implant in situ

after milk production had reached its peak| on the contrary, removal of the

tablet at this point frequently caused a sudden rise in production. Day

and Hamvuon (19U5) also found s greet deal of variation in the response of

heifers to stilbestrol implants. Three groups in this experiment came into
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production one to six weeks post implantation* Folley et alg, (19U5) found

that injections of anterior pituitary extract into heifers following the

removal of estrogen implants caused a sharp rise in production to a peak

higher than obtained with the implant alone. The heifers brought into

artificial lactation received 200 ml, of anterior pituitary extract during

a kO day period at a time when the lactation curves began to flatten out.

The authors point out that the rise was possibly due primarily to removal

of the tablets, Lewis and Turner (19lj2) reported that anterior pituitary

extract was effective in augmenting production artificially induced by stil-

bestrol implants.

Injections. In work with virgin dairy goats, Eaton and Simmons (1953) found

that production was highly variable among individuals brought into lactation

by subcutaneous injections of 0,5 mg, of stilbestrol in one ml, of oil three

times v«e week. Goats 13 to 15 months of age were used, and were bred as

soon as they earns into heat. In general, the animals that were the best pro-

ducers during the induced lactation were also the highest producers during

the subsequent lactation.

Inunction of Udder, Virgin animals, both dairy cattle and goats, have been

brought into lactation by inunction of the udder with an ointment containing

stilbestrol, Folley et al, (19kla) initiated lactation in two dairy Short-

horn heifers 18,5> and 20 months of age respectively, by inunction of the

udder with £,0 grams of a one percent stilbestrol ointment applied threw

times a week. Treatment was quickly followed by secretion of an opaque fluid

to a peak of 80 ml, per day. The yield gradually dropped to 20 ml, per day



and remained at this level during: inunction with on inactive ointment. The

yield rose again whan treatment at one-half tha original quantity waa used,

inunction with atllboatrol ointment waa than discontinued, tha yield

farther to a peak of 170 el. per day and slowly declined as in a normal

lactation*

In an experiment with virgin feaale goata, Feller, et al. (19U0) in-

daoad aaoretion to a maximnai yield of £00 ml. par day. One gran of 1 per*

oent atilbeatrol dipropionate ointment waa applied three times a week to

initiate aaoretion* After 30 day* of a few ml. aaoretion par day, there

waa a sudden increase to the marital and then a slow decline* The yield

curve in these goat* resembled a nornal curve* hen atilbeatrol waa omitted

from the ointment, there waa no effect on the rate of decline for apuroxl-

metaly 20 days| than there waa a sharp drop in production that slowly came

back to the previous level when atilbeatrol treatment waa reinitiated*

Adminlatrat1on, J-ewie and Turner (19U2) reported that eatrogene orally

adminiatered are leae effective in the initiation of lactation than were

inject!one or i.-iplantatione. "esults of experiments with aevan virgin

heifora and one heifer that had aborted, when various levels and methods of

oral adminlatration were used has been reported by Folley and Waitress

(19Ulib)# Levela ranging from 20 to 100 mg. per day of .ttilbeetrol, hexeatrol

and dieneetrol were adminiatered orally y incorporation into the feed and

by addition to the drinking water. Treatment lasted for an average of 35

weeka with naxlmna daily yielda ranging from U*2*> to 13 pounds per day* The

type of oral administration aumad to make little difference in reaponae by

these groupa of animals. Furthermore, there waa no atriet relationship

m doaaga and reaponae. They concluded this waa possibly due to the in-



herent capacity of animals to respond to treatment of estrogenic compounds.

In a group of 32 virgin lyrshiro heifers receiving stilbestrOl orally, those

receiving 200 mg, per day began eecretlon sooner than those receiving 50 mg.

par day. Increasing the daily dosage from $0 to 200 eg, per d«$r in heifers

which did not respond to ten weeks of the lower level treatment did not

help; bat substitution of 300 ag, for 50 at 10 weeks did produce positive

results (Folley and lialpress, 19l*Ub),

Levels 'Necessary for Initiation of Lactation

There seea to be definite levels of estrogen administration necessary

to induce lactation in animals* It has been determined by fEixner, et al.

(19UU) that 0,2£ ag, per day of stilbestrol injected subcutaneously into

coats would initiate lactation, while 1. ag. per day was slightly inhibit*

ory, and 2,0 and U«0 eg, per day were definitely inhibitory. Inhibition

seemed to be temporary since recovery in rate of production was effected

when treataent ceased.

Composition of iftUc from Aniaals in which
Lactation was Artificially Induced

FoUey and co-workers (19iila) found that the secretion from two heifer's

in which lactation was artificially induced, was never the same as noraal

milk even though the daily secretion was as hi$i as 170 ml, daily, this

"milk* contained less casein and acre globulin than noraal milkl. At times,

fat approached normal but solids-siot-fat were usually lower than normal,

Folley and Malprsss (19U»c) later found that a daily yield of five pounds,

sometimes much lees, could be regarded as assurance that the secretion was

of normal composition. These results were obtained from teren heifers re-

ceiving synthetic estrogen implants and 16 heifers receiving estrogens



orally. The Initial accretions of thaao heifere were oolostral in nature,

with a gradual change in composition to that of normal silk, depending more

upon the rata of increaee of silk yield than upon the duration of oatrogen

treatment. Unlike the major milk oonatitmsnts, phoephataae activity erne

unrelated to the amount of secretion. The phosphatase content rapidly do-

after the first withdrawal of milk, regardless of yield.

Effects of Sttlbestrol on Normal Laetation

In the earlier work of rHey (1936a

)

f four Guernsey eows Just past

the peak of lactation were used to dstermlne the effect of intramuscular

injections of estrogenic hormones on milk production. One cow received

$00 mg. of matrons during a three day period plus $0 mg. of estradiol

bemsoatei another cow pot fire consecutive daily injections of 15 mg. of

estradiol bensoate. The other two cows were used es controls and rsoeired

injections of oil without eprmrent effect to milk production. Treatment

of these two cons caused a alight and temporary decrease in daily a' Ik pro-

dmstLon, acco panied by a striking inereass in phosphatase of the silk,

a ten percent increase in solids-not-fat, and a slight inereass in total

mtrogem, oalcium, and lactose.

In other early work (Follsy l?36b), tsmporary inhibition of milk se-

cretion was shown to bo the result of hi h level administration of estrogens.

In this ejcneriment three Guernsey cows were used, and were given injections

mmglm from 57 to 5<0 mg. of estrogenic hormones over a short period of

time. The author concluded that the drop in production seemed to depend on

the at4 ainment of a high level of eetrorens in the blood. There was an

inereass in the percentage of fat and solids-not-fat in the milk. This



lasted for two to three months in the cows receiving high dosages. The

treatment also caused a temporary fall In the blood serum calcium, quickly

followed by a temporary considerable increase in blood serum phosphatase.

The effects of synthetic estrogens on rate of silk production and on

the composition of silk of cows in normal lactation hare been studied to a

limited extent* Results of research by Fblley and co-workers (19lilb) are

given in the following tabulation*

Xsthod of tExperlaentalsStage of t

admin 'st- t animals tlactationt Total
ration t used t (month) $ dosage

Oral 1 *borthorn

Subcutane- 1 Shorthorn
one in-
jection

Shorthorn

Shorthorn

Shorthorn

3 ayrshires

Shorthorn

11

1 gm. of stllbeotrol
in 100 ml. %0

5 dally Injections
of SO mg. per day
in oil of etllbeot-
rol dipropionate

1*00 ag. injection
in oU of st^l-
bestrol dlproplon-
ate

U9& mg. of stll-
bestrol dipropion-
ate in oil*

1 gm. of stll-
bestrol in So ml*
of HgO.

1 gm. of stil-
bestrol in 80 ml,
of Rg0#

375 rag. & stil-
bestrol in 22 ml.
of ffcO

osponse

Ms narked effect on
production or
composition of milk.

Slight Increase in
oolids-*x>t-fat with
a slight temporary
decrease in yield.

Increase in butterfat
and S.H.F., production
dropped rapidly and
cow dried up.

Increase in butterfat
and ft«X»*»* lasted
approximately 20 days.
?ield declined from
2? lb. at start to
10 2b. 35 days later.

Increase in 8.N.F.
which lasted 180 days,
yield not affected.

Increase in S.N.F.
with progressive de-
crease in yield.

Slight increase in
S.N.F. which lasted
about 20 days, slight
decrease in yield.



Method of tirxperiaentaltftara of t

admin1st- * MJMil tlactationi Total
ration t used • (month) t MMgl

.' \i>cutane-

ous in-

jection

Shorthorn

Shorthorn

22«> «p. of stll- Mo change in butterfat
baatrol In H

2
S.N.F., or yield.

oua in-
unction of
ud '• r

8 applications at Sharp increase in S.N.

h day interrr.ls, alight increase in bat
fat, no change in yiel
effect luted only at
as treatment and retur
to pre treatment level

total of hon .

stilbestrol di-
propionate.

U Hols tains rwo cows
in aid
nreg-
nancyjand
two In
advanced
jmjgnancy

Total of 25 mg.
of stilbestrol
in lfj days*

cessation of treatasnt

No change.

Saassni-
aals as

above

S<

Sjd ials

Guernsey

Total of 60 ag.
of stUbestrol
in lb days.

Total of U0 mg.
of stilbestrol
in 2 days

No change.

The two animals in ad-

vanced pregnancy abort
no change in butterfat
S.N.F., or yield.

10 200 ag. of stil- No change
bestrol in 21 days

650 mg. of stil- Increase in S.N.F# frc

bestrol in U. days aaan level of 9.0 perc
to 9.3 percent. Pro-
duction dropped from 1

lb. to 1$ lb. per day
during first days of h

treatment, soon return
to aeon lsvel of 18 lfc

psr day.

Implant- Shorthorn

atlon
subcutane-
ous in

900 ag. of

powdered stil-
bestrol

Striking increase in s

percentage all during
serration (96 days), n

effect on yield.
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3a the three cases shorn. in the preceding tabulation where there wee

an Increase in the butterfat and solids-not-fat and no appreciable decrease

in :yiald, the total amount of fat and solids-not-fat secreted during a U*

day period after the beginning of treatment was greater than that secreted

during a corresponding prefcreatment period. In these three cases, the in-

creases were 13*2, 23,6, and lii.3 nercent, respectively, in the amount of

fat produced during the treatment period as compared to the Hi day pre-

treatment period. Also, there were increases of U#$, %k 9 and 8.*> percent

respectively, in solids-not-fat produced during the period of treatment.

Ihe average differences in yield of fat-free milk, produced during the

period of treatment, expressed as percent of the mean level before treat-

ment we e f 0.7* -6#2, end -6.U, respectively. Ihe authors pointed out

that the enrichment of the Bilk in these three animals represented a true

increase In the amount of solids secreted, and not merely a concentration

due to a reduced secretion of water#

pielman, et ol^ (19kl) cave intramuscular infections of st'lbestrol

dissolved in cottonseed oil and obtained a marked increase in the butterfat

and lactose percent of 1.0 to l.£ with no apparent effect on level of milk

production. These results were obtained in an experiment with four cows

receiving from 10 to 100 mg. of stilbestrol at irregular intervals for 30

days. Total protein and ossein protein in the milk of these cows wee not

affected by the treatment. There was a marked rise of 100 mg. percent in

the level of blood fat, and a significant increase in blood sugar during

the period of treatment. The increase in butterfat percentage began to

decline about U8 hours after termination of Injections, and returned to

normal within five days. The increase in lactose secretion persisted for
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a longer time as did the increase in blood sugar and fat* The authors

concluded from this experiment that between $0 and 1£0 mg, of atilbeatrol

was noceesary to give the above results,

Mode of Action of istrogens

According to olley (l9ul), the level of administration of estrogens

is the nest important factor in their effect on lactation. Folley also

postulated that snail dosages appeared to activate the anterior pituitary

to produce the hormones that govern lactation, while larger dosages seemed

to suppress the production of these hormones. It has also been shown by

Uixner et al« (19u>i) that the degree of inhibition of lactation is pro-

portional to dosage of estrogens* Folley and co-workers (19ul) in their

experiment on the chemical enrichment of milk by administration of stil-

bestrol demonstrated, in all cases that when milk yields dropped the

eolida-nercent increased, but the reverse of this did not hold true. They

postulate from this that the threshold dosage for inhibition apparently is

higher than for enrichment, Ih some of his earliest work. Kolley (1936b)

suggested the possibility that estrogen hormone treatment In cattle resulted

in an actual Increase in the efficiency of the mammary gland cells to

synthesize milk constituents. Basset and White (l^S) in explaining the

stimulating effect of spring grass on milk secretion postulated that the

stimulation may be due to increased endogenous estrogen caused by the sudden

change in feeding. Several authors (Mixner, et al., 19uli» and Pulley and

Mai press, 19' Is) suggested that the initiation and maintenance of lactation

and the lactatl n-etlmulating effects of small dosages of estrogenic

are due to stimulated secretion of lactogenic hormone by the
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anterior pituitary. Work by Meites and Turner (191*2), and Lewie and

Turner (19U1) showed that the increase of the lactogenic hormone content

of the pituitary resulting from stilbestrol treatment might also be

taken as evidence that tiiis theory is true. Folley and Malpress (19Ulia)

suggested that inhibition of lactation, and partial or complete failure

of lactional response in stilbestrol treated animals might be explained

on the basis of a lack of pituitary lactogenic hormone due, perhaps to

a general hypoactivity of the anterior pituitary caused by the excessive

or too-prolonged action of estrogens. This hypothesis is supported by

the experiments of Folley and Young (19U1), and Folley, et al^ (19u?),

who found that injections of anterior pituitary extracts would further in-

crease the peak yield of goats and cows in which lactation had bem

artificially Induced by stilbestrol administration. That there is an in-

activation of the anterior pituitary also might be shown by the fact that

in most instances of stilbestrol administration, there is an inactivation

of the ovaries, indicating a decrease in the secretion of the follicle-

stimulating hormone and the luteinizing hormone. (Folley and Malpress,

19uiia, Folley, et 81.191*1*, and Marshall, et al^ 19U8). This theory of in-

hibition is more or less contradicted by the work of Meites and luroer

(1&2) who found that large dosages of stilbestrol increased the lactogenic

hormone content of the pituitary in the laboratory rat, but Folley and

Malpress (l9UUa) suggested this is true only if the observed increases in-

dicated increased secretion and not merely an inhibition of its release.

Mixner, et al^ (X#dx) explain inhibition of lactation in stilbestrol treated

animals on the basis of increased adrenal-cortical activity resulting in an

increased rate of deaminisation of the nitrogenous precursors of milk pro-
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tain* However, "hitehair, et a^ (19$3) and Clegg and Cole (195U) have

reported an increase in nitrogen retention effected through a narked de-

crease In the amount of nitrogen excreted in the urine in both sheep end

beef cattle receiving atilbeatrol.

Tsprerman, et al.(loU3), working with laboratory rata, hare shown that

atilbeatrol administration onuses striking adrenal hy-erac tivity mediated

through the adrenotropie hormone of the anterior pituitary which in turn

causes an increased nitrogen excretion and an increase in the lirer ni-

trogen, glycogen, and weight* Thsse authora atate that all of these factors

are eridenee of increased adrenal-cortical activity, and in protein ca-

Ubolisn resulting In suppression of c"rowth and milk secretion.

Since estrogen administration seems to exert an influence on yield

and composition of milk, a cow in estrus might be expected to be affected

by the increase In endogenous estrogens during this period, but this does

not apvsr to be the case. Co^sland (1929), through a comparison of OH

records of the American Jersey Cattle Club, found that estrus had no notice-

able effect on total yield and butterfat percentage of milk, However,

Follmy end co-workers (l^Ula) hare reported a regular fluctuation of ilk

yield in heifers brought Into lactation with stllbestrol, which was corre-

lated with the estrous cycle. The minimum secretion occurred at or near

estrus and ths maximum about seven days later*

Effectironess of Orally administered Estrogen to Ruminants

ps Si jfc (l°Wi) aUted that the oral administration of stllbestrol

In small experimental animals and in man has been quite effective, coaoared

to subcutaneous administration. Hannan (1928) found that the estrus pro-
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ducing hormone was effective in rats when administered orally. Folley

and P-alpress (19Ulib) concluded that of the estrogens administered orally

to bovines only about five to ten percent are utilised. These workers

believed that large amounts of synthetic estrogens fail to enter the

systemic circulation, due either to destruction in the rumen or failure

to be absorbed, or absorption into the portal circulation and inactivation

by the liver. Mixner, et al. (19UU) surmised that stilbestrol administered

orally to ruminants is only about one percent as effective as that ad-

ministered by subcutaneous injection, Using cows receiving 10 «£. of stil-

bestrol per day, Turner (1956) showed the presence of estrogens in the

feces, while none was found in feces from cows getting no stilbestrol.

Reproductive Ferforaance of Stilbestrol Treated
Animals

Data on virgin goats brought into lactation by injections of !!> sag,

of stilbestrol per weak failed to show any harmful effects upon their sub-

sequent breeding performance (Katon said ; imaons, 1953). l«wis and Turner

(19U2) reported that in goats receiving 0.25 mg. of stilbestrol per day

for long periods of treatment, there was no affect on the normal behavior

of the ovaries. They also found that treatment during the last half of

pregnancy seemed to cause no harmful effects. Several workers (Volley and

Mslpress, 19Wia , Folley, et al
f , 19Wi, and Marshall, et al., 19b8), found

that the ovaries of cows became inactive shortly after initiation of treat-

ment w^ th stilbestrol, either by injection of 170 to 530 mg. or by im-

plantation of 0.5 to 5 grams. Most of the animals included showed Irregular

sexual excitation unaccompanied by ovarian function. Also, there were

symptoms of nymphomania such as raised tail head, relaxation of the pelvic
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111—itt_ swelling of the vulva, and vaginal discharge exhibited by all

the treated aniaals to varying degrees. Folley and Malpresa (19ulia), and

Policy, at al. (19UU) found that multiple large follicle* or oyata occurred

in one or both ovaries upon removal of the implanted atilbestrol tablet,

rhis, in the majority of casee, was followed by a return to normal cyclic

functioning of the ovaries. Parks and r ellerly '1926) found that injections

of oarin during early pregnancy invariably eansed the rapid ream*aranwa

of estrus and termination of the pregnancy of laboratory animals. The

amount of estrin required for these results was variable , but apnroxima^ely

twice as much was required if the animals wsre in late pregnancy* .• re-

latively large dosages of orally administered estrogenic compounds seem to

be required to eause abortion in cattle, Volley, et sl s (l<»ilb) gave a sub-

cutaneous injection of 1 gran of at'lbeetrol dipropionate in 22 ml. of

water to each of three pregnant Ayrshire*, causing two to abort within five

weeks and the other to five birth to an eight month fetus. These workers

also found sons cows dif icult to -et with calf after various stilbestrol

treatments.

Absorption sod Metabolism of strogens

-•ne of the major questions involved in the administration of estrogenic

substances to animals is ths fate of the substances after they arm in the

body. Canta row and co-workers (l°u2) found that natural estrogens dis-

appeared rapidly from the blood and urine after injection - nto normal animals.

these workers postulated that this rapid disappearance of eetrogene was

caused by their inactivntion or weatruotion in the liver with subsequent

excretion principally through the Vile.
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Zondek and Snlman (1939) found that in contrast to the natural

estrogens, stilbestrol was rendered inactive only to a snail extent in

laboratory animals. Large amounts of the active substance ware found in

tfce excreta, particularly the urine, after administration. Cantarow et

al. (19^2) found that, after administration of stilbestrol, only about

one-half as ouch estrogen could be recovered from the bile as was recovered

after administration of natural estrogens*

Yaida, as quoted by Muench (19I&5, postulated that estrogens are ex-

creted into the milk, and that the content increases during gestation*

Muench also stated that Letard, %umowski and Langlois believed the mammary

gland to be an outlet for estrogens administered for therapeutic purposes.

Hueneh was able to extract estrogens from the milk of pregnant and non-

pregnant cows. He stated that the estrogen level of adlk fluctuates with

the stage of he estrous cycle and increases during gestation.

If administered estrogens are excreted by way of the mammary gland,

then it seems probable that they would apnear to the greatest extent during

the later stages of gestation since at this tine there Is an increase in

the excretion of natural estrogen, according to Levin (19iiS0» Smith et al.

(1956), and Turner et al. (1930). Bovine colostrum from untreated animals

has been shown by Pope and Hoy (1953) to contain estrogenic activity. How-

ever, these same workers failed to show the presence of estrogens in normal

milk.

lawson, et al*, (l9bU) extracted very large amounts of estrogen from

the urine of cows receiving synthetic estrogens, and very small amounts

from the blood and milk. They suggested that the high concentration of

estrogens found in the urine and the low concentration found in the blood

indicated that little estrogen is excreted in the milk.
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from Vegotat've : ounces

The oecurrance of widespread breeding disorders in ewes, apparently

oaused by estrogens in the clover pestore which they grased, has been re-

ported in Australia (Poos 195U). The disorders had three sain manifest-

ations! female infertility, dystocia or uterine inertia and prolapse of

the uterus* Lambing in some flocks drop-ed to 8 percent of the mated ewes.

The problem occurred almost exclusively in sheep gracing the twalganup

ctrain of subterranean clover.

Bigrere and Curnow (195U) were able to prepare estrogenic extracts

of a phenolic nature from subterranean clover. Curnow, according to Pone

(l^U) later showed that the amount of genlsteln (plant estrogen) found

in subterranean clover of the Dwalganup ctrain could be responsible for

Hie estrogen activity of the plant and, therefore, for the infertility in

cheep gracing on subterranean clover pastures.

In a recent article, Pleteree and Andrewc (1956a) reported that

approximately 50 species of plants have been shown to possess varying de-

grccc of estrogenic activity. These workers found alfalfa cut In various

etages of growth to contain from less than 0.5 micrograms of estrogen per

pound to U.3 micrograms par pound. Pieterse and Andrews (1956b) have also

demonstrated that the estrogenic content of alfalfa silage is greater than

that of the original plant or of hay from the sane source and concluded

that estrogenic activity of alfalfa inoreasec during fermentation.

Effects of Stilbestrol on Beef Cattle, Sheep, and Swine

' ecent work has shown that both natural and synthetic estrogens when

administered to beef cattle and sheep are growth sti-oulatory (Bell, et al..
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195Uj Clegg and Cola, 19#t* Perry et al., 1955j and burroughs et al. f 195^).

In addition to increased gains such physiological and anatomical effects

as increased feed ef ficieney, increased nitrogen retention, mammary growth

stimulation, increased sexual excitation, changes in the pelvic region of

the body and lowered carcass quality have been rep rted (Clegg and Cole, 19#if

Andrews et al., 195Uj Hale et al., 195$ | and ^eeson et al.,1955). Andrews

et al.(195k) reported that along with increased gains over controls by

implantation of either 60 or 108 rag* pellets of stilbestrol, steers and

heifer exhibited elevated tail heads, increased sexual behavior and slight

to marked aaisaaiy stimulation. Bell et al. (195U )* using 15 rag. implants

of stiUbestrol, increased significantly the rate of gain in feed-lot lambs.

They also reported that 12 of 517 lambs were lost from prolapse of the

recteBi and from excessive swelling and inflammation in the rectal or

perineal region.

It seems that the detrimental side-effects associated with stilbestrol

administration are lessened or eliminated, by oral Jdadnistr?ition of the

synthetic estrogen. Burroughs et al. (19^5) observed no undesirable side-

effects in heifers or steers receiving either $ or 10 rag. of stilbestrol per

day orally. However, these animals showed an average increase in weight

gain of 20 percent over the control animals. Perry et al. (1955) reported

slight, but recognisable pelvic and mammary changes in steers receiving ID

mg. of stilbestrol orally per day. Hale et al^ (1955) reported that wethers

fed 2 mg, per day of stilbestrol showed an increase in gain of 22 percent

over controls, with no observable detrimental side-affsets | however, wethers

fed 3.6 ag. per day had a lowered carcass quality and exhibited to a slight

extent some of the characteristic side effects.
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Both sole and feaale swine, recuivine 2 eg. of atilbeetrol orally par

day ahosod olaar out anonary stimulation, and tho females showed also an

enlargement of tho vulva (neeeon et al. 19^<)« Growth rata and food

ofMoloney was not 1 sprovod in thlo rroap of animals, Sleeth and co-

(l'<3) reported that pigs receiving 1,0 mg. of estradiol per kilo-

of body weight by intramuscular injection aeni-weekly did not shoo

OB increase in rate of gain over control*.

Brooks et al, (195U) found that several steroid ooopounds, including

estrogens, stimulated cellulose digestion in vitro, Ihoy also reported

that the ooef fioienta of digestion of cellulose and protein wvre increased

16 and 18 pareact, respectively, in yearling wethers that received 10 to

20 mg, of stllbestrol per day. Other workers, (thltehair et al^ 1953) have

no afoot on digestibility of tho major nutrients in a lusb ration,

than a slight increase in dipeetibility of '.he crude fiber, when the

were administered 2U mg, of stllbestrol by subcutaneous imnlant.

There was Howorer a Marked increase in retention of calcium, phosphorus, and

nitrogen, Clogg and Cole (19$*) found an increase in efficiency of food

utilisation, and nitrogen retention by steers receiving stllbestrol lnplants,

rhirrouchs et al,(19f?5) found steers receiving stllbestrol orally hod an in-

creased feed conousr tion of approximately $ percent, whsreeo their food re-

for producing gain was reduced 11 percent*

Mode of Action of the Growth Stimulating Effect of Stllbestrol

In search of tho nods of action of stllbestrol in Increasing gains in

livestock, Clogg sod Cole (19$U) oade jross and histological studies at

aoao of tho endocrine glands of animals that roceired either 60 or 120 mg#
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implants* These workers found an increase in else of the pituitary, ad-

renal, and thyroid glands taken from treated steers, and an increase in

sise of the pituitaries and adrenals in treated heifers. The growth of

the thyroid glands of treated heifers, however, was depressed* These

workers stated that there seemed to be a greater number of acidophils in

the hypophysis of both heifers and steers among the treated groups*

Histologically, the adrenals were not grossely different from the controls!

however, there was an increase in the width of the cortex. This change

In the adrenals is substantiated to a certain extent by work of Allen and

Bern (19U2) and Tepperaan et al». (X9k3) who reported that administration

of estrogens to laboratory animals caused a striking hypertrophy of the

adrenals with an enlargement of the adrenal cortex* Clegg and Cole (19f>JU

)

also reported a marked eosinopenie response following stilbestrol treat-

sent in both wethers and ewes that had been implanted with 12 to 21* mg*

pellets* They theorized that since a depression In blood eosinophils is

related to an increase in adrenal cortical activity, stimulated by an in-

creased secretion of adrenocorticotrophic hormone, it appeared that stil-

bestrol caused an increased release of this hormone from the pituitary of

ruminants, thus bringing about adrenal cortical stimulation* Tepoermen,

et al. (19k3) surmised that this same chain of events happened in laboratory

animals following estrogen administration, leading, however, to increased

protein catabolism and suppression of growth*

Estrogenic Activity of Animal Tissue After Treatment of Animal with
Stilbestrol

Several investigations have been made to determine whether or not

stilbestrol, or its metabolites, we e deposited in tissues of treated animals.
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ion et al. (19$?), *arry •£ al. (l^?), and ?reeton et al. (19$6)

been unable to detect estrogenic activity in the meat of treated

animals. However, Stob and co-workers (l^li) wore able to measure slight

estrogen retention in various neat samples from beef steers, lambs) and

sMekens that had received stilbestrol treatment. Turner (l°56) reported

mo detectable amounts of estrogen in the liver, heart, spleen and brain

of steers receiving 10 ng. of etilbestrol orally per day for U48 diys.

He did, however, find the kidneys, and lungs of these animals to contain

msasurable amounts of estrogens.

EXPHilMBlfrAL PROCEDURE

The experiment was divided into two phases, phase I using cows in

the dairy herd at Kansas State College and phase II, using identical twin

The cows used in phase I were scheduled to be sold because of poor

twps, low production, or breeding troubles. The objectives of phase I were

to determine the following 1

1. The effects of etilbestrol on reproductive functions*

2. effective levels of stilbestrol administration.

3. The optimum time of treatment during lactation.

I4. 'Thether stilbestrol would be excreted into the milk.

5. The effects of stilbestrol administration on the yield and compo-

sition of milk.

6. The ef ects of stilbestrol on anatomical structures of treated

animals.

rhase II of the experiment with identical twin cows was designed pri-

marily to give positive controlled information on total yield and oompo-
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sition of milk although the other factors listed above were also considered,

Hiase I - Herd Com

Animals Used. eventeen cons, some nonpregnant, and others in various

stages of gestation and lactation were used in the Phase I. These cows

were selected to fit into one of the following categories

t

1. Non-pregnant cows - producing 30 pounds or more of milk daily.

2. Pregnant cows - " * " tt

3. Non-nregnant cows - producing less than 30 pounds of milk daily,

U» Pregnant cows - n * n

These govts were divided Into four groups as shown in the following

tablet

Table 1. Description of the cows used in phase I during the first
experimental lactation*

•Level of tldenti- s

sstilbestrol JficationJ
ifed per day xnun&er «

Group j(mg./L000 * of i

numberalb.body wt.) t cows t Breed

t Production iBays in tDays preg-

:at start of tlact- inant at
lexperiment tation at t start of

jfrbji percent tstart of s experi-
tF.C.tf, per daytexperiHtents ment

n

in

IY

5
5
5
5

10
10
10
10

15
15
15

o
o

125B Holstein 52.6
279A Ayrshire 22.3
1131 Holstein 28.9
INI Holstein 23.3

112B Holstein 31*2
bSU Oaiemsey 26.2
2 77A Ayrshire 23.0
)M Jersey 29.5

\a$ Guernsey Uo.5
35UB Jersey 27.9
197A Holstein 27.1

127B Holsein 27.0
itai Hols tein U6.7
268A Ayrshire 22.2
S90A Ayrshire i*0.0

U23B Quernsey 20.5
km Guernsey 23.9

35
188

357
296

205
121
290
121

Ifl

30
200

187
70

222
65
98

253

1$Q
1^0

97

n

90

100
7

10li

35
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Sight of the com used in phase I were slaughtered after the start

of the experiment, to provide anatomical, histological md reproductive

data* Five of these animals received stilbestrol, and the other three

were control cows. One treated animal was slaughtered 85 days after the

start of the experiment, and the other four treated animals and two con-

trols were slaughtered 113 days after the initiation of the study* The

other control cow was slaughtered 8.5 months after the start of the ex-

periment. The nine remaining oo*s of the original seventeen have all

salved | the treatment they received during their second lactation on the

it is shown in the following table.

Table 2. Description of the cows used in phase I during the second
experimental lactation.

t

t

Identi- i

fication:

of

M -a i Breed

iLevel of ^Treatment tLevel of stil-iDays iDays
istllbostrol : level ibestrol during:in inreg-
idurlnp 1st i during tsec^nd experi-:lact- irvant

lexperimentalxdrr periodjoental lact- jation lat start
tlactation :(Mg.A000 i«tion Cg« / tat start tof 2nd
i(Hg/lOO0 lb.t lb. wt./ :1000 lb. wt./ jof tre it-:treat-

rwt./day) : day : day) t ment tment

U5 l

123B
126D
112B
277A

197A

12 7B

1 KM
26 8A

llolstein

HoIs tein
Holstein
llolstein

Ayrshire

• olstein

stein
olstein

Ayrehire

5

5
5

10
10

15

— m
20 82

5
10 15 100

10 for 105 days
then increased
to 20 20

15 10 for 105 days
and then none 95 9

— -
- .

10 for 105 days
then increased
to 15 30

Management of ? xnerimsntal Animals . The cowm in phase I received regular

herd treatment, except that they were kept in a separate lot to insure full
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feeding tit alfalfa hay, and they received no pasture. An examination of

the reproductive tract by rectal palpation was Bade on each cow at the

start of the ejperimcnt. The cows were artificially bred as soon as they

came into heat after the start of the experiment, provided they had

calved at least 60 days previously.

All indicated veterinary treatment for both groups of cow* was ad-

ministered by the college veterinarian assigned to the College herd.

Data Collected, Production. Daily milk weights were recorded, and

each 11; days the milk produced during a U8 hour period was sampled for

analyses. The following determinations were made on the composite samnlesi

Butterfati Babcock method

Solids-not-fat t Hejonnier method

Milk from cows receiving 15 fflg, of stilbestrol per 1000 pounds of

body weight was sampled at irregular intervals for biological assay of

estrogens. The tests for butterfat and solids-not-fat were made on fresh

samples, and the milk extracted for estrogen assay was frosen until used.

The method used in preparing the estrogen extracts was that described

by Pope and Hoy (1953), except that 100 ml. of milk was used instead of

5>0 ml. The biological assay of the extracts was made by the Department

of Zoology at Kansas State College, employing the mat^od of ©vans, et al,

(l&l) with modifications including the use of ovariectomised mice

injected once daily for four days with 0,1 cc. of an oil solution con-

taining the extracted material. Seven mice were used for each assay.

They were killed and the uteri weighed forty-eight hours after the last

injection. Several methods of biological assay were tried before it was
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to use the extraction method of Nope and oy fl9<>3), and the assay

method of Ivans, st sl.(19Ul). These methods are a« follow* J

1. Milk sample condensed and dried. The powdered milk wna foi os

fed with a pipette to chicks and the oviduct weight used a* a

baa la of asasuremsnt of stimulation.

2, Milk staple condensed, and the condensed silk (not dried) fed to

3. Milk sample condensed, powdered, and fed to ovariectomiaed mice.

an increase in the uterine weight was used as a criterion of

measurement of stimulation.

km Uilk sample condensed and 2000 ml. extracted by the method of

Lawson, et ol. (19UU). The extract was dissolved in olive oil

and injected into ovariectomised slos and the uterine weights

used to measure stimulation.

Feed Weights. Except for concentrate mixture, feed weights were not re*

ojesd for the cows In phase I.

Weight. Koch sow was weighed on tfrec consecutive days st the beginning

of the experiment, and thereafter on two consecutive days at the end of

sash Hi days. If weights on two successive days varied more than 20 pounds,

lie sow was reweighed on the next day, and the average of the two closest

weighte was recorded.

QQ.-,:. | vo |amj | ajfr ajsoj ej I iw iracia of ems sees rore i:c~A oti paj

rectum st weekly intervals, for approximately 60 days, following the

initial pelnation prior to the beginning of stilbestrol feeding, and then

at monthly Intervals since there was no 9pn%r9rii change in regular cycling.
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The data recorded were as follows s

1. Apparent siss of ovaries

2 # Presence , absence, apparent sise and position of follicles

and corpora lutea

3. Approximate sise and tone of uterine horns.

km Apparent sise and tone of cervix

5> # Apparent development of fetus

Cows were observed daily for indications of estrus. Any abnormal

behavior such as nervousness, bellowing, attempts at mounting other cows,

or willingness to stand to be mounted we « recorded.

The vulva was examined daily for appearance of mucous discharge,

hypervascularisation and swelling of the labia majors.

Hiotographs of all animals were mads at the beginning of the experi-

ment as an aid in determining any change in physical appearance of the

animals that could be attributed to stilbestrol administration.

The reproductive tracts, adrenal glands and pituitary glands were re-

moved from all the animals which were slaughtered* Gross and histological

studies of the tracts and glands were made to determine any apparent ab-

normalities.

Feeding Methods. All of the cows in phase I were fed average quality al-

falfa hay ad libitua and sorgo silage at the rate of approximately three

pounds per 100 pounds of body weight. An 18 percent crude protein concen-

trate mixture of the following formula was fed -it a rate of one pound for

each 3»!> pounds of k percent fat-corrected-milk produced daily.
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350 lb. grand alio

200 lb. ground oats

300 lb. bi

150 Ob.

20 lb. salt

10 lb.

Four percent fat-corrected milk was calculated according to the method of

Galnee and Dawidson (1927).

Stllbeotrol wee furnished In "Stilbosol" «, a oonoentrate containing

1 gm. of diethylsti lboctroi per pound.

Sufficient "Stilbosol" to furnish the desired amount of rtilbestrol

was used ae a isplacement for part of the concentrate mixture. The formula

of the a ti 1 estrol-containing food is lieted below.

U00 lb. ground corn

200 lb. rround oats

96J43 lb. soybean oil meal

3,57 lb. °Stilboeol°

7 lb. salt

7 lb. steamed bonemeal

This mixture mas formulated to furnish $ mg. of stllbeotrol per pound

of concentrate. Samples of the grain mixture containing "Stilbosol" mere

taken at regular intervals and sent to Lilly mod Company for chemioal sees/

of the etilbeetrol content. Those samples were found to contain the follow-

ing amounts per pounds 3^^ ^ _ 5#o8^
2. - lu7 mg.

3. - S.26 mg.

/I The "SUlboool" was supplied by Kli Ully end Company, Indianapolis,

Indiana.
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The amount of concentrate fed was adjusted at ll>-day interrals accord-

ing to the production of the previous lU-day period.

The treated cows rece'ved stilbeatrol once a day as part of the con-

centrate mixture at the afternoon feeding. The amount of "Stilbosol*1-

containing concentrate fed was also adjusted at lli-day intervals, accord-

ing to body weight. The cows in groups I, II, and III were fed 5, 10, and

15 mg., respectively, of stilbeatrol per 1D30 pounds of body weight per day.

the calculated amount of experimental concentrate for each cow replaced an

equal amount of the control concentrate in the daily ration.

Phase II - Identical Twins

Animals Used. Five pairs of identical twin cows were used to give further

and more conclusive information on the effects of stilbestrol on milk pro-

duction. Two pairs of the twins were producing in their first lactation,

one in their second, and two in their third lactation. One cow of each twin

pair, selected at random, was fed the experimental ration containing stil-

bestrol, and her twin was fed the control ration. Since results in phase I

indicated that the 10 mg. level was probably safe and effective, this level

was selected for all cows in phase II. Ten milligrams per 1030 pounds of

body weight per day of stilbestrol was fed to the treated animal of each

twin pair, beginning 60 days post partum. The animals used are listed in

Table 3. iieven of the cows were bred artificially with frosen semen during

the first estrus p riod following a 60 6&y postpartal rest period. The

frozen semen proved to be of very low quality. Therefore, after a short

time, regular day-of-collection or day-after-collection semen was used for

the artificial insemination of the twins. Two of the animals in the proup

of twins failed to conceive to repeated artificial breedings, and were bred
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naturally in an atte:npt to affect conception.

in accident, not due to experimental treatment, caused the death of

the treated animal in one aet of teina after four months of treatment.

The control twin of thia pair was then atartod on at*, lbestrol at the 20

mg. lerel.

Table 3. Description of identical twin cows used in phase TI of the
experiment.

t t

Twin
pair

. i

i

t

t

n
Cow
nunfcsr

i

i

i

i Breed

1
1

31A
82A Jersey

2

2

8U
83A 3A

Ouerneey
Jersey

3

3

86A
8*A

1/8
7/8

Angus
Jsraey

19UB
1<*?B

Holstein

5

5

UQA
UlA

Brown Swiss

« Level of stil- t

i bertrol adminis- :

t tration (mg./l000«
i lb. body weight t

» per day) i_

Lactation
munber

10

0-20^
10

10

10

10

£l 8UA was control until death of 83A. She was then put on 20 rng. ner
1000 pounds of >ody weight per day.

t of Experimental Animals . The cows in this phase of the experi-

ment were milked twice a day, by the sane person, throughout the entire

experiment. They were housed in the experimental barn and turned out in a

dry lot twice a day, morning and evening, for exercise and for observation

of estrous symptoms.
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Data Collected* Production. The production data obtained were the

as was outlined for the animals in phase I, except that a U'3-hour one quart

composite sauple of milk was collected from each twin U8 hours before the

treated animal of the pair began to receive the experimental ration* Thess

samples were frozen and saved for estrogen extraction and biological assay,

Similar samples for estrogen assay were collected two weeks after treat-

ment had begun, and then at monthly intervals throughout the experiment.

The data collected on body weights and reproductive physiology were

the same as outlined for the animals in phase I.

A nine months supply of average quality alfalfa hay was purchased from

one source for the feeding of the identical twins in this study. Every

20th bale was set aside when the hay was stored and later one block from

the center of each of these bales was taken. A composite sample of this

hay was made for a proxiiate feedstuffs analysis. Aliquot samples of the

concentrate mixture were also taken for chemical analyses.

Feed -eights. All hay, silage* and concentrate mixture fed to. and refused

by, the identical twins was carefully weighed and recorded. The hay was

weired out to the twins a bale at a time and the hay fed off of this bale

so that there would be approximately a ten percent weigh-fcack daily,

fteigh backs were made once a day to the nearest tenth of a pound. If there

was any silage or concentrate refused, it was also weighed back at this

time*

Feeding Methods. As stated above, alfalfa hay was fed so that there was

apnroximately a ten percent weigh back daily, Sorgo silage was fed at ths

rate of two pounds per 100 pounds of body weight. This amount was reduced

for twin pairs if one animal of the pair continually left silage to be
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weired back. Concentrate was fed, to the twin cows that were In their

seoond and third lactations, at a rate of one pound for each 3,5 pounds

of U percent fat-corrected-oilk produced dally. The two pairs of identi-

cal twins producing in their first lactation were fed concentrate at s

rate of one pound for each 3,0 pounds of K.C.M. produced daily, to allow

for growth. Sufficient w Stilboaol"-oontaining concentrate to furnish

the desired amount of stilbestrol was used as a replacement for Dart of

the concentrate mixture of the treated animal of each pair. The formulas

for the concentrate mixtures are as follows

i

Control Vixturs Stllbestrol-contalnlne; mixture

(lb.) (lb,)

Ground corn U00 hOO

Ground oats 20n 200

Soybean oil nasi 10" 96Ji3

Salt 7 7

Steamed bonseseal 7 7

•Stilboeol" - 3.57

These concentrate mixtures were calculated to contain apr>r09dmat>9ly

Hi percent total protein. The amount of concentrate fed to both control

and experimental animals was adjusted as previously stated for the animals

in phase I.
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xmmamtL results

Although the two phases of the experiisent were out11red separately in

the procedure, for clarity, and to avoid repetition, the results of eaeh

will be discussed together*

The Effects of Stilbestrol on Milk Production

Hard Cows, Cows for this phase were selected primarily to obtain in-

formation on reproduction. It was not expected that they would yield

comparable data on production because of the variation in stage of lactation,

gestation, pregnancy, and age. The data on milk production are presented

priiaarily as a natter of record, although an atteispt was made to summarise

the results (Table li). The cows receiving stilbestrol declined 31*6 per-

cent in production of k percent F# #M# , while the control sows declined 2*1.

percent. Although these data indicate that the feeding of stilbestrol favor-

ably affected milk production, no conclusions were justified because of the

heterogttiity and smartness of nusbe s of the groups.

Production data on a few cows in phase I were oedtted from Table k be-

cause these cows were too far advanced in stage of gestation, and were on

trial too few days.

Identical Twins. Identical twin cows were used to gain sore conclusive

infonaaJLon on the effects of stilbestrol on milk production, since it has

been reported by Hancock « that o?» pair of identical twin cows is eoyal

to about 22 random pairs of animals for measuring milk production.

/I Hancock, John. Studies in SfoncssyftOtie Cattle Twins, p. 68, Hew Scalane!
Department of Agriculture, Anirasl Research Division, Publication **o. 63
Hamilton, Mew Zealand.
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Data on the milk production of the identical twine are presented in

Tablee S, 6, and ?, and in Pigs, 1 and 2. In Table £, the production of

the te&ns is compared at different four-jweek periods during their lact-

ations, During the eight week pretreatment period (period I), the adlk

production of half of each of the twin pairs, those representing the control

group, was remarkably similar to that of their twin sisters representing

the group to be treated. During this period the cows in each twin pair

were fed alike. The total treatment periods varied from 23 to 163 days,

and for comparative purposes, were subdivided into U-week, or 28-dajr

periods. Differences in length of treatment periods were due to the fact

that the twin pairs were not started on the earn dates because the animals

freshened at different times. Beginning approximately 60 days post partus,

one animal of each pair received 10 mg, of stilbestrol per 1000 pounds of

body weight dally, while the other received none, and served as a control,

Ihe administration of stilbestrol did not result in identical pro-

duction response in all twin pairs. This is ascribed to the differences in

the inheritance of the twin pairs. Although there was a variation in re-

sponse, the downward trend in production when stilbestrol was fed tended to

be less than it was among the control cows.

In m attempt to summarise the results, the data available on five

pairs were averaged for one treatment period, then the data on four pairs

were averaged for each of three treatment periods. Similarly, three pairs

were averaged for the four treatment periods for which data were available,

and two pairs were averaged for five periods. Even within the same pairs,

the average change in production from period to period was not consistent

either for the control animals or for the treated animals. The weighted
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Table 6. A comparison of total production of identical twin costs,

as Influenced by the administration of stilbestrol.

: f Treat- 1 t : t sTotals t *F 9 C.1«.

; Jraant J s sTotal lAver-spso- tTotalsExperi- tproductlon
: j(hc./ i i : pro- sage sduc- i pro-tiauttal *of anlaal
t : 1000 t sAver-s due- stotalstion t duc-speriod sreceiving
t tpoiBids : Total sage sticn s so- i of sticn s( Base istilbest-
i?lo,i body tproduc- sfat t(^ % slide :so- : of sand srol as per-

Twin j ofsweigbt/j tion stest tF.C»M)ttest slide sfat streated) scent of
pair soars day s (actual) s (:'<') | (Ib.)s(f) x(lb) j(2b) s(weefcs) s control

1 81* 3111 U.66 3625 1U.9I* U65 li*5 32 121
1 82A 10 371*6 U.?0 &93 3i*.9t* $5S 176

2 8fcAA 1573 i*.25 1670 13.913 218 6? Ifc 102
2 83A4± 10 1600 U«22i 1697 13.73 220 68

3 96s 206? U.90 2533 15.50 320 101 20 92

3 85a 10 196U U.75 2332 12*. 90 291 93

h l&B 85% 3.5* 7630 11.62 990 305 32 109
h 195B 10 9261 3 #60 8330 11.65 1079 333

5 hOk U2U1 3.97 1*208 12.98 550 168 26 115
5 !±1A 10 U878 3.97 l*8U5 13-16 61*2 19U

Weighted average daily F.C.M. for controls 22.6
» 1 « treated 2)4,9

1S5 (10.2^)

Total production of this pair of twins calculated only to the time
83A T»ent off feed.
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Table 7. Total F.C.M. produced by identical twin cows during period
of stdlbeatroi administration.

t tTotal K.C.U. tAverac© daily

i

»F.C.U. pro-
iTreatment tproduction iF.u.lJ, pro- tLength of iduction of

t No. t (mg./lOOO t during iduction during itreatment t animal rec.
Twin : of t lb, body itreatmsnt t treatment t period tstilbeot. es

t oowtwelght/dayi (lb.) i (lb.

)

t (weeks) i< of control

16.0 2U 126
20.3 2U

lli.9 6 106

15.7 6

15.8 12 85

ttji 12

32.1 2U Uli
36.6 2U

21.8 16 113
2U.6 16

weighted average daily F.C.M. for controls 21.7
» treated 2U.6

1
1

au
10

2693
3U08

2

2 Hi 10
626
661

3

3

H -.

gl 10
132U
1125

h
U

19UB
195B 10

5386
61U5

5

UOA

(a* 10
21*1*7

?5ir (X3«1*5C)
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average decrease per 28-day period for all the periods was 9.6 percent for

the control cows, and 5*2 percent for the cows fed stilbestrol. 2hus, the

treated cows decreased an average of <?U percent as much as the controls.

In Table 7 the average dally production of all the control animals while

on experiment is shown to be 21.? pounds, while the etilbestrol fed animals

is 2U.6* The difference of «?,9 rounds daily is 13«i* percent more for the

treated animals*

The feeding of stilbestrol seems to have no effect on the fat test of

the cows of this study, as shown by the extremely close average test in

Table 6* Apr?endlx Tables 2 through 11 give additional infomation on pro-

duction and the percent fat produced by the cows in phase II* .Also shown

in Table 6 is the average percent total solids produced by each twin* The

closeness of these figures indicate the lack of effect by stilbestrol on

the production of solids* A detailed account of solids production by the

identical twine is given in Appendix Tables 12 through 16.

Efficiency of Milk Production

Tresented in Table 8 is a comparison of the efficiency of production

of U percent F,C.M. by the identical twin cows used in this study* The

average daily TJD^I. requirements for maintenance £ was subtracted from the

average daily T*D*M* intake for each animal. This calculation gave the

approximate amount of T.DJB, remaining after daily maintenance requirements

were met* This figure, the daily T.B.H. intake above maintenance require-

ments, was divided into the average daily U percent F.C.M* production giving

£i Horrison, F.B. Feeds and Feeding, 21st ed. Table in, p*£]# Morrison
Publishing Co. , Ithaca, H.X. 1918.
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the sounds of h percent FtCA produced per pound of ?, 5.S. intake above

maintenance requirements. These calculations were made for each animal,

both for the period prior to treatment, and the treatment period.

During the pretreataent period the animals scheduled for treatment

consumed an average of .37 pounds less r.D.N, per day than the controls

and produced .21 pounds more F.C.M. per animal per day. The animals re-

ceiving stilbestrol consumed approximately ,93 pounds more T.E.N, per

animal per day during the period of treatment than did the controls. The

stilbestrol fed animals were approx±jnate3y 12,5 percent less efficient in

the production of F.C.M. during the treatment period than they were during

the pretreataent period while the control animals were only 5,3 percent

less efficient.

Table 9 gives a comparison of the total T.D.N, intake between the

control and treated animal of each pair for the base or pretreatraent

period and for the treatment period.

The 28 day totals of T.D.?T, consumed by each cow in phase n, in the

form of alfalfa hay. grain and silage, is £&ven in Tables 17 through 21

in the Appendix*

Stilbestrol Efccretion into Milk

The results of the preliminary methods of estrogen assay, both with

powdered and condensed milk using chicks and ova?.lectosdzed mice, are shown

in Table 10, There was no significant difference between the uterine weights

of assay animals fed milk from cows receiving stilbestrol and of those re-

ceiving the control ration.

The results of biological assays of extracts of milk from cows treated
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Table 9. A comparison of \P.". ' r ake by Identical twins when one cow
of each twin pa^r reoeived atllbeatrol.

t iTotal TDM fromiTotal TD*I fromi Total TDK from
Twin : l alfalfa hay(lb) grain (lb) t allege (lb.)
pair i •Control tTreated tControl {Treated iCon troi rTreated
numbsn Yrlods :anlmal tanimal tanlaal tan'mal i animal tanlaal

1
U -.-. Base -It weeks 23B.8 220.U 113.0 11*0.1* - 3.2

Mi Tre*ted - 21* wks. 1163.1 1123.0 710.1 818.3 326.7 356.6

2
83A and Base - - -

I I Treated - 8 wks. $00.9 U81.3 232.5 239.2

3
and Base - U weeks 250.7 259.1 137.5 139.U 99.9 66.6

86A Treated - 12 wks. 825.2 7«a.9 33U.1 305.7 302 J* 301.5

a
19UB and Base - k weeks 351.U 306.5 2^3.2 2U7.8 2.9
190 Treated - 2I4 wks. 1888.5 1935.8 1233.9 1383.8 601.7 576.8

5
UOA and Base - U weeks 293.3 266.3 166.5 202.8 100.8 97.2

U Treated - 16 whs. 1038.2 1299.7 55U.2 6U9.6 U03.2 U01.U

with stilbestrol and reaults of injecting known amounts of stllbestrol into

mice are shown in Table 11. The results of essay number V , expressed as

uterine weirhts, indicated that there was no positive response to any of

the Yarious levels of treatment. A qualitative determination of uterine

response to estrogenic stimulation can be made by noting hyperemia of the

uterine blood vessels. No such response was noted in any of the assays

mentioned above.

The results of assay VI, Table 11, in which known amounts of stilbestrol

mere injected into mice, expressed as uterine weights, indicated there was

stimulation in all treated groups, however, there was no marked difference

in response between the various levelj of dosage. This indicated that each
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Table 10. The effect on uterine weights of feeding powdered and condensed
milk obtained from stilbestrol treated cows to immature chicks
end ovariectomiaed mice.

s :
•
* : tAverage 1

ilsssjr 3 iNumber i Average amount ofinterns s

AfBSy tanimalt t in : test product con-s ssd^it s Source of
masher i tsmd ; -". tgvoup : suaed per animal : (mg.) j -.:.

I Chicks I 7 29.6 gm. powdered
milk

22.00 Composite

II 7 Control 20.3k cows in
in 7 £2.50 gm. powdered

adlk 3*4.50

phase I on
15 ag.

nr 7 Control 35.8

n Chicks i 6 180 ml, condensed
sin 73.8

mposite saraple

from cows in
ii 6 Control 66.6 phase I on

15 mg.

in Ovari- i 1 27 go. powdered Composite sample
ecto- milk 22.0$ from cows in
tf§*i phase I on 15 mg.
BiSi

n 7 29 gpi. powedered
milk 21.78 Control cow

in 5 Control 23.90

IV Ovari- i 8 25 gra. powdered 83A prior to
ecto- Bilk 23.38 treatment
ndzed
mice n 7 31 gm. nowdersd

adlk 21.12
BU& prior to

in 7 Control 27.11*

doss level caused a maximum response. Data on the cows from which milk was

collected for extraction and biological assay are presented in Table 12.

The results of the assays of extracts made using tiie method of Tops

and Roy (1953) are presented in Table 13. In assay number 711, there was no

significant difference in response as measured by uterine weights of

orariectomissd sdoe between the extract of milk from 33A (treated animal) and
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Tabla 11. The si* feet on the uterine weight of ovariectomiaed mice of in-
jecting extracts of Bilk from cows receiving stilbestrol.

1 i t t i tFqulva- tAverage
t i i t iHo. tie it doseiuterin*

Assay » Source of t Amount of IMethod of iGroup :of t(ml.milk iweight

M 1
•i material : material textraction i «numbertmicotper mouse t (mg)

V 83A U75 «1. T^ope and I k UU*25 9.10
1*3 days on whole *>y (1953) II h 28.50 7.67
st'lbestrol milk in i 1*7.50 8.97

Composite 2000 ml. Lawson nr h 60.00 9.82
saapls from 3 condensed et. al V h 120.00 10.93
cons in phase milk TT9inr7 71 u 200.00 11.67
I on 15 mg. VII 5 Control 8.U8
level

VI Knoen amounts 0.025 «g./
of stilbestrol mouse i 7 78.87
added in oil .05 *%J

mouse n 7 77.Ui
0.1 «./

in 7 79.31
0.2 «g./
TOi.^C IV 7 68.52
Control V 7 19.37

8tA. 'tor was there a difference between these two groups ?nd the control

group.

In assay VIII (Table 13) there was a significant difference (P<*05)

between the extract of the treated cow 8I4A (on 20 mg. level 13 days at this

collection) and the extract of 195B (on 10 mg. lerel 12U days at collection).

There was however, no significant difference in response between this group

sad ths group receiving the lowest level standard. This is the only oass in

which an estrogen extract of a milk sample (to which stilbestrol was not

added) showed a response comparabls to the response elicited by a standard

of stilbestrol.
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Table 12. Information on cows t resented in Table 13 from which estrogen
extracts of milk were made*

t iLevel of t t :

j : stil- J Days on s *

j ibestrol : stilbestrol » D^ys pregnant I Days past last
Sanjple : Cow t(w%*/10OQ t at collection* at collection » estrone at
number : nuafccrtlb.wt./day; of sample : of sample 8 collection

3 83A 10 m 81

k I* 3

$ £k 8U 20 13 6

6 ISSiB 10

7 1» 10 12U 51

8 123B 20 12U 120

9 UQ4^ 60

10 \m 60

£l Sample collected 13 days after 8fcA put on 20 mg. at the death of 82A.

/g This sample had 21. %. u g. of stilbestrol added to it prior to ex-
traction.

In assay IX, sample ?, milk from kOA, a control cow, had 21, 8b micro-

grams of stilbestrol added to it before extraction. The stilbestrol was dis-

solved in methyl alcohol and added to the milk immediately before the ex-

traction procedure was started. This was done to measure recovery of

stilbestrol from the milk. There was a significant (P<.0£) difference

between uterine weights of the mice receiving this extract and the uterine

weights of mice receiving an extract of the same milk to which no stilbestrol

had been added. Sample number 6 in assay IX was from 123B, a stilbestrol

fed cow on the 20 mg. level. One mouse was treated with this extract. This

mouse received a milk equivalent of 80 ml. and had a uterine weight of 10.

8

mg. as compared to 10.31 mg. which was the average uterine v*eight of the
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control group. This difference is not significant, but there was some

indication of stimulation as witnessed by a slight hyperemia of the

uterine blood vessels. The standards in each experiment consisted of

three dosage levels* 3.12 ug., 0.39 ug., and O.GuS ug. of stilbestrol. A

significant (P < .0$) difference between the means of the standards of each

experiment was sheen.

The Effecta of Feeding Stilbestrol to Dairy Cows on their
Reproductive Physiology.

Herd Cows . The effects of feeding stilbestrol on the reproductive

performance of the cows in phase X during the first experimental lactation

are shown in Table Hi. Of the eleven cows receiving stilbestrol, five cews

(123B, 126B, 1128, 277A, 197A) were from three to five months pregnant at

the beginning of stilbestrol feeding. Three of these cows (126B, H2B t

197A) were fed stilbestrol continuously from the beginning of the experiment

(April k) until parturition, while two cows (123B S 277A) were fed stilbest-

rol continuously from April U until the termination of their lactation, but

were not fed stilbestrol during the dry period. Due to an error in recording

the breeding date, 197A did not have a dry period, therefore she was fed

stilbestrol continuously from April U until she freshened.

Each of these five pregnancies terminated with the birth, without

difficulty, of a normal healthy calf. Plate I shows pictures of treated cows,

H2B, 12$B and 2?7A before the initiation of treatment and also after the

birth of their calves. The calf bom to 197A was healthy at birth, but since

the cow had no dry period, there was no colostrum and the calf developed

scours and died. Death was attributed to an infection which probably resulted

from lack of protective antibodies normally present in colostrum.
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n« oow (1?>3) was bred twice after the beginning of ctilbcctrol

feeding. She oonoelred to a service on <>-*>-$$, 6U days after the initia-

tion of atilbeetrol feeding. She ealred normally on March 17, 1956,

after having received stilbestrol for 35? days.

Two cows (U82A, 3£ljB) were bred and conceived after the beginning of

the experiment. Apparently normal embryos were recovered from these cows

at slaughter.

Three oows (279A, 38=$, U19B) were bred several times following the

initiation of stilbestrol feeding. No embryos were recovered from these

cows at slaughter, however two (27°A, 3^8B) were classified as problem

cc<rs before treatment and would not be expected to conceive. The other

oow (U19B) appeared to be pregnant approximately 60 days, and there was a

slight distention of the uterus but no embryo was recovered. More detailed

data on the reproductive behavior of the cows in phase I is r.iren in Table

1 of the Ant»ndixs

The effects on conception of feeding stilbestrol in subsequent lact-

ations are shown in Table 15. Of the five treated cows (1233, 126B, 1123,

277B, 197*0 which have been bred in their second experimental lactation,

three (1233, 1263, 197A) conceived to the first service. Of the other two,

112B is not pregnant after two services and 277A has not been diagnosed preg-

nant. Another cow, (268A) that served as a control during the first ex-

perimental lactation conceived to her second service, 90 days after initiation

of stilbestrol feeding, during the second experimental lactation.

As shown in Table lit, 123B, conceived to her first service which was

nine days post initiation of treatment. This cow was on the 20 mg. level

end received 26 mg. of stilbestrol in her feed per day. She aborted on the
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KXPUUUTIOM OF PLATh I

A. C125B) Picture on lift was taken parlor to stilbeetrol
feeding.
Pioture on right shows same cow and her normal
calf which was born after the cow had received

5 mg* of stllbsstrol per l'OO pounds of body
weight per day for 3$2 days. The cow did not
receive stllbeatrol during her dry period.

B. (277') Picture on left was taken prior to atllbeetrol
feeding.
Picture en ri;ht shows same cow and her normal
calf which was born after the cow received 10
mg. of stilbestrol per 1000 pounds of boe> weight
per day for lib days* The cow did not receive
stilbestrol during her dry period.

C. (122B) Picture en left was taken prior to Btilbestrol
feeding.
Picture on right shows same cow and her normal
calf which was born after the cow received 10

&. of stilbectrol per 1000 pounds of body weight
per day until calving (210 days).
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lhOth day of gestation, She had never been a Brucellosis reactor and

shored a negative test after aborting* Tha causa of h«r abortion is not

i, but could be dua to tha high daily level of stilbestrol intake.

Identical farina . Scan of tha identical twin cows ware brad tha first

few tiaes with frozen semen obtained from one collection of one bull* Tha

use of the frosen semen, it was thought* would reaore the variable factor

of differanoea In the quality of the eeaan which was to be used to insemin-

ate both treated and control animals.

One cow (93A) conceived to her first service, whioh was with the

freshly froaen semen. It was not realised for soaa tins that after this

breeding the frosen seaan Inadvertently deteriorated due to faulty refriger-

ation | therefore, six other twins (9U, 021, 8U, 3£A, 19UB, 19$B) failed

to oonoeive to repeated breedings with nonviable seaan. Since the failure

to conceive of both treated and control animals was dua to their being in-

seminated with dead spensttosoa, all services us ng frosen a seen were ex-

cluded froa reproduotive data presented in Table 16.

Treated cows, 82/. 19^B, and UlA, conceived to their first service

with fraath nemen. The average number of servioes per conception in the

treated group of twins was 2.25. This Includes the five services without

conception of $>A. The average number of services per conception in the

control group was 2.C. This does not include tha five breedings of SUA who

was both a control and treated animal during the course of tha experiment.

Tha causa of failure to conceive to repeated breedings in treated nniaal 9*1

was determined at slaughter. This cow's right oviduct wee collapsed and the

of tha left oviduct was completely obstructed by cartilaginous oapsuls

i. Treated tudn cows 82A, 83A, 195* and U1A conceived 59, 30, 7$ end
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Table 16. Effect of stilbestrol <an reproductive behavior of identical
twin cows*
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195B 10
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1
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U1A 10
2
1

2U.6
21.5

90
103 113 10

^L Put on 20 mg. level at the death of 83 A.

10 days, respectively, after the imeption of otilbestrol feeding. J*n

apparently normal ectoryo was recovered frois 83A at her death.

From these data it seems apparent that the feeding of stilbestrol in

amounts varying from fire to IS mg. per 1000 pounds of body weight daily

has no adverse effect on pregnancy that is established, nor on the ability

of cows to conceive.

Effect on Sstrus. At about 20 to 30 days after ths beginning «f stil-

bestrol feeding, there was a tendency for the vulvas of both pregnant and

non-pregnant cows of phases I Mftft H to beceae hyperemia and enlarged. From

outward appearances this condition could have been mistaken for estrus, how-

ever, this condition did not persist, nor interfere with normal cycling.
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That com in both phases of the experiment eyeled normally Is illustrated

by the date presented in Tables Ik, 1$, and 16. There was no eridenee of

HjsjlHseiiili in oows bcrtng fed atilbestrol at any tins daring the experiment.

The ovaries, as determined by rectal palpation, remained functional through-

oat the experiment. Also the ovaiies of all the stilbestrol-fed oows which

vers slaughtered during the course of the experiment showed no indications

of abnormal function* Histological study of the ovaries, oviduct, and

uterus is being nadef however, the results of this study are not available

at the writing of this thesis* While there was a variation in the length of

estrous cycles of ths treated cows* this variation was no greater than that

normally observed in dairy cattle or that of the control animals* The re-

gularity of estrous cycles of the identical twins in this study is shown

slearly in Apnendix Tables 22 to 31 inclusive.

The Effect of Feeding Stilbestrol on the Anatomy of Dairy
Cattle

There was no evidence of elevated tailheads, relaxed pelvic ligaments,

or sunken loins in any of the cows receiving stilbestrol* Pictures taken of

cows before the initiation of stilbestrol feeding and pictures taken at the

close of the experiment are shown in "Late I and II* The absence of any ab-

normal change In physical appearance of cows which received stilbestrol is

shown in Plate II.

Effect of Stilbestrol on Body weight In Dairy Cattle

Jm is shown in Figs, 3 and U, there was no stimulation of growth that

could be attributed to treatment in ths stilbestrol-fed cow of each twin

pair. It wee coincidental that in all but twin pair £ (UOA, blA), the
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EXPLARATIOH OF PLATE II

Pictures in the colmm on the left wax* made at the beginning

of the experiment, those In the oolunn on the right were taken

et the end of the exp< rinent.

A. 81A - Control cow, twin pair 1.

B. 8SA - Treated cow, twin pair 1,

picture on right shows cow after

reeelring in B^g. of stilbestrol

per 1000 pounds of body freight

per day for 160 day*.

C. 19uB- Control cow, twin pair U.

D« 195B- Treated cow, twin pair U,

picture on rirht shows eow after

receiving 10 ne. of stilbestrol

per 1000 pounds of body weight

per day for 190 days.
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animal scheduled to receive stilbestrol «u the lightest in aeieht at

the first weighing post partum.

It seams apparent from these data that stilbestrol had no effect on

rate of gain or growth*

The Gross and Histological Effect of Stilbeatrol on the
Glands of the Slaughtered Animal* of this Stody.

The pituitary and adrenal glanda were renewed front all anlaals

slaughtered. The weights end sites of ths glands wers recorded and

sections taken for histological study.

Data on the gross study of these glands are presented in Table 17*

In sjost oases there seemed to be an increase in filand weight as body weight

increased.

It apnears from these data that stilbestrol had no effect on pituitary

and adrenal sis*.

Histological work was incomplete st ths writing of this thesis.

DISCUSSION

Production

In early work, (Folley, ct al. 19ulb) the administration of estrogenic

materials to lactating oors either had n effect on production or caueed

a drop whioh was in a few oases accompanied by an increase in the percenfr-

sge of fat and/or total solids. The data of this study are not in agreement

with those findings. When lactatinf cows wers fed stilbestrol at lerels

warying from % to l£ mg. per 1000 pounds of body weight daily, the results

indicated that there waa r*ry little. If any, initial stimulatory effect on
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ition, but that then* was a decrease In the rat* of decline. This

regulating effect of atilb< strol on persistence of production apT>ears to

hare Increased total yield of the identical twins receiving stilbestrol

approximately 13 percent, Ths results also showed that in four out of

fire pairs the treated animal produced more milk than tho control. Also,

this study failed to show that the feeding of stilbestrol had any e feet

on the percentage of fat or total s lids produced.

The outstanding differences In procedure between the early work with

stilbestrol and ths procedures used In this study are the level and wane

of admin' stration. Subcutaneous injection, subcutaneous implantation, and

percutaneous inunction of the udder with high doses were the chief means

of administration of stilbestrol used by Folley and co-workers (19Ulb) as

ueamjsjnd to the feeding, of comparatively snail amounts In this study.

It is probable that the differences in response are due to differences in

sneperimental procedures.

In only one twin pair did the treated animal (8$A) produce less than

the control. This cow and her tv'n (86A) were Jersey-Angus crossbreds of

poor dairy character. One might postulate from this that cows with an

Inherent ability for low production will not respond to estrogen treatment.

This possibility Is supported by the work of Eaton and Simmons (lot>3) f who

found that goats that responded best to Initiation of lactation by stil-

bestrol injections were also the highest producers in their subsequent

lactation.

It seems probable that the amount of stilbestrol that is absorbed and

enters the systemlo circulatory system of the animal la the factor govern-

ing the response brought about. It is likely that only a small portion of

the active st'lbestrol fed to ruminants is actually absorbed. It is thought



68

that this is due either to the poor digestibility of the material or the

inactivation of it by rumen microorganisms. Turner (1956) found that

dairy eons fed 10 mg# of stilbestrol per day showed as maeh estrogenic

activity in the dried feces as was present in the feed, Folley and &al-

presa (19U?ib) indicate that only < to 10 percent of estrogens orally ad-

ministered to bovines are utilised. Since there appeared to be a stimu-

lation to production and no effect on the percent of fat or solids

produced by the cows on this study, and since they wore on comparatively

low levels of orally administered stilbostrol, it is postulated that the

level necessary for stimulation of production falls below that which re-

sults in the inhibition of lactation or coases an increase in silk solids.

Feed Efficiency

No attempt was made to determine efficiency of production for the

cows in phase I. Although there were insufficient data obtained from

phase II (identical twin study) for reliable evaluation, the twins receiv-

ing stilhestrol produced milk with greater net efficiency than the controls

in only two of the five twin pairs (Table 8) # The average efficiency of

production of the treated group (stilhestrol fed cow of each pair) was less

than that of the control group during the treatment period! however, the

difference in average efficiency was only .05 of a pound of F.C.M. per

animal p&r day# This difference in efficiency of production in favor of

the controls Indicates that the greater production of the cows fed stil-

hestrol was due to some factor other than Improved efficiency*

The control animals of the identical twin pairs consumed an average of

0*37 pounds more T.D.M. per day during the pre-treatment period than the
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scheduled far ti lasiit, but then, daring the p r' od of stllbestrol

feeding, the treated entails took In en arerage of 0.93 pounds mora T.D.N.

per day then did the controls. This 7 percent greater T.D.N, intake by

the twins reoeiwing stllbestrol is in agrseaent with the work of Burroughs

st al»(lQ£'') where a *> percent increase In feed conruaption by beef steers

wee reported, but In the present study It Is thought that no more than an

Indirect relationship to stllbestrol feeding and an increase nutrient in-

take exists. This theory is based on the fact that stilbustrol in sons way

caused an inoreass in production that was aoapsnsated for by an increase in

lbs grain ration, thereby increasing the T. I .N. intake of the an 1 wale re-

osiring stllbestrol (Table 9). The amount of grain consuasd was controlled,

and increased according to production, therefore, the increase in production

can not be attributed to a greater ad. libitum intake of T.D.N. In only two

twin pairs (U and 5) was the inoreass In grain accompanied by a greater in-

take of hay by the treated awr the control animals. Whether or not it is

of significance, these two pairs contained the highest producing cows of

phase II.

It nay be that the mode of action of the effect which stllbestrol has

on ailk production is through its action on the pituitary gland. According

to Lewis and Turner (19U1) stllbestrol adadnistration cause* an increase in

the lactogenic horaone. If this is trus, then the inoreass in the aaouit

of lactogenic horaone present in the aniaal body could well be the factor

inrolred in the slower rate of decline in production in the aajorlty of cows

of this study

.

Sxcration of lstrogens into the Milk

Gns of the aost iaportont considerations, if sttloostrol is to be of
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practical value in dairy rations, is whether the feeding of low levels

causes, or increases estrogenic activity of the milk.

There are very few reports in the literature concern?-ng the amount of

estrogens noraally found in milTr ^ven fewer concerning the increase,

if any, in estrogenic compounds in milk of cows treated with stilbestrol.

Pope and Hoy (19!?3) estimate that bovine colostrum contains estrogenic

activity equivalent to £.2 vg» estradiol per liter of colostrum. These

same workers failed, however, to detect any estrogenic activity in normal

milk. In this study, biological assays on six different samples of milk

from untreated cows showed no estrogenic activity. The data in Tab Is 13

indicate that the assay used in this study was sensitive to amounts of

estrogen equivalent to 0,01*3 ug. of stilbestrol per 100 cc. of milk. A

positive response equivalent to approximately this amount was obtained from

the extract prepared from a milk sample of 8I4A (Table 13). This is

approximately one half the amount which Lawson, et al. (19hh) estimated

waj present in a sample of milk from a cow receiving stilbestrol. Even

though this one positive response indicates that the feeding of stilbest-

rol caused a slight increase in the estrogenic activity of milk, it should

not be taken as conclusive in view of all of the assays in this study show-

ing no response. It is not altogether unlikely that the stage of gestation

or period of estrous cycle could have more effect on the estrogen content

of milk than does the feeding of small amounts of stilbestrol if on© con-

siders the work by Muench (I9$k) who showed that the estrogenic activity of

normal ailk fluctuated with the estrous cycle and increased with gestation.

Approximately 70 percent of the stilbestrol added to a sample of normal

milk was recovered in the extract and measured by biological assay. This
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does not necessarily Indicate that 70 percent of any estrogens present in

ilk would be extracted by the method used, but does Indicate that the

method is quantitatively accurate for any estrogens that are soluble in

the solvents used.

It would appear that the nesmary gland is of minor importance in the

excretion of estrogens from the animal body, and that the feeding of 5 to

20 mg. of sti Ibestrol per 1000 pounds of body weight does not add suffi-

cient amounts so that detection in milk by the method used In this study

can readily be made.

Reproduction

The results of this exp riment show rather conclusively that the re-

productive behavior of dairy cattle fed stllbeetrol at levels varying from

10 to 1£ mg # per 1000 pounds of body weight per day will not be affected

in the same manner as beef or dairy cattle receiving injections or implants

of otilbestrol.

numerous reports of undesirable side effects wwsmyanjpliiu the ad-

ministration of stilbestrol to livestock are found in the literature (Bell,

et al. 1951*, **rry, et al, 19£>* and Sleeth, et al. 1953). The most import-

ed detrimental manifestation, concerning reproduction, usually accompany-

ing stilbestrol administration Is the inactivation of the ovaries. However,

inactivatlon of ovaries was not found to take place in beef heifers fsd

st" Ibestrol at levels of £ to 10 mg. per day (Burroughs, et al., 19*^).

So far as could be determined, there was no effect whatsoever on the ovaries

of any of the dairy cows fed stilbestrol during the course of this study.

Probably this lack of characteristic effect on the ovaries is due to the
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sasll amount of estrogenic material that is absorbed and Bade available

to exert a physiological response in the animal body, 8ven though the

snail amount of estrogenic material absorbed is insufficient to cause

detrimental side effects, there seems to be enou^i present to trigger

the mechanism necessary to affect milk production* Other points affirm-

ing the lack of effect to the ovaries was the normal cycling and concept*

ion of the treated animals.

laother major concern to the practical aspect of stilbestrol ad-

ministration to dairy cattle is its effect on pregnancy. The nuatber of

eases studied in this experiment indicate with fair certainty that 10 to

15 mg. cer day of stilbestrol orally administered to dairy cattle will

here no harmful effect on pregnancy. To ascertain the effect of levels

higher than this, more work must be done since there was one case of

abortion in this experiment whan the cow received approximately 26 mg. per

day for 11*0 days.

The only problem routinely encountered in this experiment so far as

reproductive behavior is concerned was the hypervascularisation of the

vulva in most treated animals. This condition did not persist but when

present did simulate symptoms of ©strus from ths standpoint of the condi-

tion of external genitalia. The degree of hypervascularisation varied with

animals and ap?>arently was not related to the level of estrogen administration,

Physical Appearance

Another factor leading to the postulation that only small amounts of

stilbestrol entered the systematic circulation of the animals of this s tudy

is the lack of effect on the physical appearance, and the apparent lack of
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of the pituitary and adrenal glands that has been reported to

take plaee In anlnale receiving stilbeetrol implants (Clsjg *nd Cole, 19&).

The change* that hare been noted by aom* workorg in sons of the endo-

orine glanis ae a reeult of stilbeetrol administration are thou#it to be

evidence of systemic circulation through the animal body of actire atil-

beetrol on ite metabolites. If it is presumed that orally administered

stilbeetrol is absorbed by the nortol circulation, it must pass through

the liver, an organ known for its ability to inactivate estrogens, before

it can en er the systeaic circulation to c use hypertrophy of the adrenal

and pituitary* In view of the work of Zondek and Sulmen (1939), and

Canterow, ot al. (194|2) # who report that synthetic estrogens are detoxi-

fied to a smaller extent by the liver than or natural estrogens, it Is

psjejaajsati Msst HSU sawawaws of MMPI • •tHN-.atrol c bssjsJi is* aaaj%sja||

circulation following oral administration.

AHD CONCLUSION©

Seventeen cows from the Kane .a State College purebred dairy herd (phase I)

and five pairs of Identical twin cows (phase II) were used to determine

the physiological effects of low level feeding of stilbeetrol on silk pro-

duetion and reproductive behavior* In phase I, five cows served as controls

and the others received stilbeetrol as part of their daily grain ration at

levels of £ to 20 n£. par 1000 poinds of body weight. In phase II, one

aninal of each twin pair received stilbeetrol at the 20 mg. level while the

other eow of each pair received the control ration.

Treated and control animals were fed the seme ration, except for the

addition of sufficient "Stilboeol" to the treated animal's ration to furnish
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the desired amount of stilbestrol.

The results for phase I which incited the production of 13 cows for

HU or 119 days, showed that the animals receiving stilbestrol declined

31.6 percent in production during the treatment period, while the control

cows declined Ul t«rcent.

The experimental period of the cows in phase IX (identical twins)

was of variable length. It ranged from 1U to 32 weeks. The results of

this study showed that the treated animals produced an average of 2.9

pounds (13 Jk percent) per day more of h percent F.C.M. during the period

of stilbestrol Intake, than did the control animals. Graphs of production

are presented, showing that this increase was due to a maintenance of

greater persistency throughout the period of stilbestrol intake. Also

shown in the results is the fact that the administration of stilbestrol in

this experiment had no effect on the percent of fat or percent of total

solids produced.

It is conducted that the oral administration of stilbestrol by the

addition of MStilbosolM to the feed in amount® to furnish 10 mg. per 1000

pounds of body weight daily increased production approximately 13 percent.

It is indicated from the data that the addition of stilbestrol to the

feed of dairy cattle apparently does not effect efficiency of milk pro-

duction, but that it does increase total feed consumption aprroxiiaately 7

percent. This increase in consumption of feed was shown to be due to he

increase in grain intake to balance the increased production and not to a

stimulatory effect on hay consumption.

Twenty-two biological assays were conducted to determine the effect of

stilbestrol administration on the estrogenic activity of milk. Seven assays
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made using immature oMcka and ovariectoraised alee aa the assay animals*

"ordered and condensed milk from cows receiving atllbeatrol was shown to

eontain insuf ficient amounts of estrogenic material to evoke a response In

these animals. Fifteen biological assays vara mada using oil solutions of

extracts of milk from both treated and control animals. Uterine weights of

owariectomlsed mioe were used as a measurement of atimulation. There was

only ocs) ease where there was a positive response to an extract of milk from

a treated cow. This was from the milk of a cow receiving 20 mg. of stil-

bestrol per 1000 pounds of body weight per day. It was estimated that the

100 ml. of milk this extract was removed from contained less than .0U8 tig,

of stilbestrol equivalent.

Approximately 70 percent of the stilbestrol added to a staple of milk

was recovered whan the sample was extracted by the method of Pope and Roy

(1953) • This showed that the method of extraction was effective in remov-

ing soluble estrogens from the milk.

It is concluded that if the treated cows of this study excreted estrogens

in their milk, the amounts were below that capable of causing stimulation

to the uteri of mice equal to the stimulation obtained by injections of .01*8

mg. of stilbestrol.

It was shown in the results of phase I, that the feeding of 5 to 15 mg#

of stilbestrol per 1000 pounds of body weight per day throughout the ge-

station of five cows three to five months pregnant, had no adverse effect

on gestation. Five normal calves were born to these cows. It was also shown

that stilbestrol at these levels did not have any harmful effect on concept-

ion rate of cows receiving treatment.

It is shown by data from twins in phase n that the treated animals,
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all of which received stilbestrol before the first breeding, had an aver-

age service per conception of 2«2$* This includes five services without

conception in the case of one treated animal* All the treated animals of

phase H were on the ID mg. level of stilbestrol feeding. The control

animals of phase II conceived to an average of 2,0 services.

It is concluded from these data that the feeding of stilbestrol to

dairy cows at the rate of £ to 15 mg. per 1000 pounds of body weight per

iay had no adverse effect on pregnancy or conception of treated animals.

The administration of stilbestrol to the cows of this study resulted

in no detrimental effects to their physical appearance, nor did it seem to

have any effect on rate of growth or gains of body weight*

From the limited data presented in the results it is concluded that

the administration of stilbestrol in this experiment did not grossly affect

pituitary or adrenal glands.
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Table 1. Information on lifetime reproductive behavior of cows used
in base I.

Cow

jOesta-i s »Gesta- t

:tion iTiraes tLength of cycle ttion s

tnun&er: bred* (days) :(d !3ys) * to—tin

112B noody
Dorn T38-51
10 He. level
stilbestrol -

dry

123B Arorica
Dora lo-li-^l
5 mg. level,
no stilbestrol
dry period

12gB Beloved
Tern 12-1-51

5 zag. level

1263 Cinnamon
Sorn 2-U-52
5 «€• level,
Stilbestrol
dry period

197A Modea to-

Born 2-17-50
15 rag. level
Stilbestrol
dry period

277A Lve

10 lag. level
So Stilbestrol
Dry period

1
2

3

1
2

1
2

3

1
2

1
2

3
b

2

3

U
5

1
a
i

5
7

1
2

2

2

3

2

2

3
2

12

2

2

1

U

32, 19, li6

(12-28-51*)

U9,29,li9,19

52, 5,19,29,1^,20
11-9-51* last
breeding

18
39
6-8-55 last bred

19

25,U2
U3
11-5-5U first

12-18-5U last
Ho colostrum
•all died

27,23,38,21,22,80
lil,U0, 37,20,19
21
71

U5,68,22
12-30-5U last bred

261
21*2 Calf born dead

Due 10-6-55^ Regnant
at start of experiment.

27U

270

279
281

39 273
38,59 280

10-26-5U last bred

27U
286

279

269

2 f10

280
273
230

Calved 8-5-55 - normal.
Pregnant at start.

Not pregnant at start

Calved 8-1-55* fformal

Pregnant at start

Conceived to first service
Calved 7-31-55
Hi days early.
Pregnant at start.

Pregnant at start
Due 10-8-55.



Table 1. (cont.)

6\

Cow

iTeata-t t

itlon tTlmsst Len^h of cycle
snurcbori tared t (day)

ition i

t(d >ye) t f—ill

tTf* Gardenia
SorS 5-1-1*1

5 mg. l«vel

J
"

:_ Frosting
orn LJ-.'l-a?

1$ mg. level

]| • it:-r

Born 11-30-51
10 mg. level

rn7=l
15 mg. level

L82 Ui
1 BJ . level

127B ell—
~3rn 2-15-52
Control

1
2

3

U

1
2

3
1*

1
2

3

U

1
J?

3

h
5
6

7

1
2

8

3
2

1

U2,S3,3h,39,19,l°,20
18,20
2U

8 x to !?1, 36, 85. 20,20,22, 22
slaugh- last bred 7-19-^5
ter eloug^tered 7-26-55

Bred 5 tins on expt.

8

1

1

3

21.21,65,Uu.20,UO,86

20,23
Laa bred 6-SU-55
slaughtered

6 22,6^,23,79,19
2 x to
8l«TU£h- IX
ter

2

1
2

30
22,U2,20,Ul

23 both on experiment

1
1

3
1
1
2

u
1 nVt

not Last two breedings on
bred experiment

23,19

U3
65, (19) ,1*5,23

2

2

70
18

297
275
276

275
.'Jo eabryo recovered
Wot pregnant at start,

283
285
279

7-2^-55 (Prep:. 32 days)
Not pregnant at start

275 Head calf (Cesarean)

Slaughtered 6-28-55.
No em bryo recovered
tot pregnant at start.

279
287
290

Slaughtered 7-26-55
No embryo recovered.
Not present at start.

278
?7 p

288
278
287
293

Last bred 6-Ui^55
Slauentered 7-26-55
^regnant (U2 daye)
Hot pregnant at start

27U

Last bred 12-25-5U (Preg) Pregnant at start



Table 1» (Goaol.)

K

iflsilmi t tOesta*!
ttion j Tines i Length of cycle t

Ca* tnunberi bred * idays) «

b Lev

l ,. [iMiiUi 1
lorn li-1^9 2
Control 3

h
5

1
U
2
2

1

19,21,1*2

7
39
Bred 3-38-5S

282
28$
23

263
Pre&aant at start

268A Hanna
om 7=1316

stars!

1
2

3
U

6
7

1
1

k
1
1
3
3

(20), (19), (19)
cycled 3 tines -

not bred
18,19,19
(22), (19)

32, 37
21, 20
Lest bred 12-21-$i

276

,779

2B3
290
2'%

287

-regnant at start

290S' i'legant

loxnlCTK^TS
Control

1
2

3
U
$

6
2
2
1
2

20,27,lt2 ,16,36,20,1*1
18
u
22 Bred Ii4*-£S and

l*-26-$5>

Slaughtered ?-26-5£

289
282
297
28?

liot pregnant at start
Pregnant 90 days

123B panose!

Control

1
2

3

6
1
1

19,9,31,1%60
(20)

3-1-SS bred
Slaughtered 6-*a-£S

29$
290

Pregnant at start
Regnant 119 days

k?7B Cheer
Itorn T£3T-it3
Control

1
2

3
U

1
3
1
6

Aborted
20,1*

19,2ti,lf ,>,iai,20

last bred 7-15-^5

2$2
;:?'!
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Tabla 2. waakly ailk oroductlon of control cow, t»Hn pilr No. 1 (8lA).

t i : i i tTotal i

•7a«* of tTotal : i t tArarage tactual 1

lactati'Xi t pro- » eroent, iPounda :Total t dally t pro- t Total
to iductlont f 1 : fat IF.C.W. iF.C.M. iducti ori! F.C.U.

1. A*. 1 - 7 92.6 U.o 3.70U 92.6 13.2
2. Aug. 8 -Ui 12U.2 U.o U.968 12U.2 17.7 21^.8 216.8

3, Au*r.l5 -21 120.8 U.o U. 832 120.8 17.3 337.6 337.6

U. Aug.22 -28 110.3 3.5 3.861 102.0 1U.6 UU7.9 U39.6
5. Aug.29 to

Sapt. U 112.3 3.5 3.931 103.9 UU.8 560.2 <U3.5
6. Sapt. 5 -11 118.5 U.3 5.096 123.8 17.7 678.7 667.3
7. ^pt 12 -18 122.6 U.3 5.272 128.1 18.3 801.3 795.U
8. Sapt.19 -25 102.8 U.7 U.832 136.0 19.U 90U.1 931.U
9. ^ apt. 26 to

Oct. 2 110.6 U.7 5.198 122.2 17J 101U.7 1053.6
10. Oct. 3-9 110.5 5.1 5.636 128.7 18 .U 1125.2 1182.3
11. Oct. 10 -16 103.0 5.1 5.253 120.0 17.1 1223.2 1302.3
12. Oot. 17 -23 109.0 5.5 5.995 133.5 19.1 1337.2 1U35.8
13. 0ct.2ii -30 106.7 5.5 5.869 12 U.7 17.8 1UU3.9 1560.5
Hi. Oct. 31 to

Joy. 6 109.3 5.3 5.793 130.6 18.7 1553.2 1691.1

15. o*. 7 -13 105.7 5.3 5.602 126.3 18.0 1658.9 1317.U
16. Nov.lU -20 9*.7 5.9 5.823 126.8 18.1 1757.6 19UU.2
17. Hor.21 -27 93.7 5.9 5.528 120.U 17.2 1351.3 206h.6
18. Nwr.23 to

Deo. U 83.2 5.5 U.576 101.9 1)4.6 193U.5 2166.5
19. Dec. 5 -11 8U.5 5.5 U.6U8 103.5 1U.8 2019.0 2269.0
20. Doc. 12 -18 86.6 5.7 U.936 108.7 15.5 2105.6 2377.7
21. Dec.19 -*5 9U.9 5.7 5.U09 119.1 17.0 2200.5 2U96.8
22. Dec.26 to

Jan. 1 9iu5 5.6 ^292 117.2 16.7 2295.0 26U.0
23. Jan. 2-8 89.1* 5.6 5.006 110.9 15.8 238li.U 272li.9

2U. Jan. 9- 15 86.1 5.6 U.822 106.8 15.3 2U70.5 2831.7
25. Jan.16 -22 90.8 5.6 5.085 112.6 16.1 2561.3 29UU.3
26. Jan.23 -29 83.9 5.6 h.698 10U.0 1U. 8 26U5.2 30U8.3
27. Jan.30 to

Feb. 5 80.8 5.6 U.525 100.2 U.3 2726.0 31U8.5
28. Fab. 6 -12 73.2 5.6 U.099 90.8 13.0 2799.2 3239.3
29. Fab.13 -19 79.1 5.6 U.U30 93.1 1U.0 2878.3 3337Jk
30. Fab.20 -26 72.0 5.7 U.10U 90.U 12.9 2950.3 3U27.8
31. Fab. 27 to

Mar. U 82.9 5.7 U.725 loU.0 Hi. 9 3033.2 3531.8
32. Umt. 5 -11 77.7 5.3 U.118 92.9 13.3 3110.9 362U.7
33. Mar.12 -18 79.7 5.3 U.22U 95.2 13.6 3190.6 3719.9



88

Table 3. Weekly ailk production of experimental cow, twin pair No. 1 (82A).

t t 9 I t s Total i

Week of :Totfll t t : (Average t actual i

lactation tpro- tB&rcentift>unda*?oial s daily « pro- t Total
and date tductiont fat 1 fat sF.CM. iF.C.M. t duction t F.C.M.

1« Aug. 15-21 77.1 3.$ 2.699 71.3 30.2
2. Aug, 22-28 109.0 3.S 3.815 100.8 U*.l* 186.1 172.1
3. Aug. 29 to

Sept. k 121.6 3.5 li.256 112.5 16.1 307.7 28l*,6

1*. 36T3t. $ -11 127.9 U.6 5.833 139.1* 19.9 U35.6 1*21*,0
5, Sept.12 -18 131.9 lu6 6.067 11*3.8 20.5 567,5 567.8
6. Sept.19 -2$ 123.5 U.9 6.297 21*5.9 20.8 696.0 713.7
7. Sept.26 to

Oet. 2 133,0 U.9 6.517 151.0 21.6 829.0 86U.7
8. Oct. 3-9 130.9 3.7 U.8U3 125.0 17.9 959.9 939. 7
9. Oct.lO -36 119.9 3.7 h.U36 111*. 5 36.1* 1079.8 110li.2

10. Oct. 17 -33 123.1 ^.6 6.851* 152.7 21.8 1202.9 1256.9
11. Gct.2l* -30 128.2 5*6 7.1$9 159.0 22.7 3331.1 31*15.9
12. Oct.31 to

Nov. 6 121*.1 5.1* 6.701 150.2 21.5 11*55.2 1566.1
13. ^bv. 7 -33 122.7 5.k 6.626 11*3.5 21.2 1577.9 171U.6
1U. fJov.ll* -20 32U.9 ::.? 7.119 156.7 22.1* 1702.8 1871.3
1$. !4Kr.21 -27 X2JU.3 5.7 6.515 H*3.U 20.5 1817.1 201U.7
16. J**r.28 to

Dec. h 113.9 5.5 6.265 239.5 19.9 1931.0 21&.2
17. Dec. 5 -11 106.3 5.5 5.81*7 130,2 13.6 2037.3 228l*.U
18. Dec ,12 -18 115.3 5.1* 6.226 139.5 19.9 2152.6 21*23.9
19. Dec.19 -35 11U.2 5.1* 6.167 138.2 19.7 2266,8 2562J.
20. Dec.26 to

Jan. 1 117.0 5.7 6.669 31*6.8 21.0 2383.0 2708,9
21. Jan. 2 «• 8 1124.5 5.7 6.527 11*3.7 20.5 21*98,3 2852,6
22. Jan. 9 -15 117.3 5.1* 6.33U 11*1.9 20.3 2615,6 299!*.5
23. Jan.16 -22 US.6 $•* 6.2ii2 139.9 20.0 2731.2 313l*.l*

2lt. Jan.23 -89 117.3 5.7 6.686 3J*7.2 21.0 281*8.5 3281,6
2$. Jai,3C to

Feb. 5 116.8 5.7 6.658 31*6.6 20.9 2965,3 31*28,2
26. Feb. 6 -12 110.8 5.7 6.316 139.1 19.9 3076.1 31*67.3
27. Feb.13 -19 111.1 5.7 6.333 139.1* 19.9 3187.2 3706,7
28. Feb.20 -26 113.li 5.7 6.1*61* 31*2.3 20.3 3300.6 381*9.0
29. Feb.27 to

Mar. 1* 115.5 5.7 6.58* 11*5.0 20.7 31*16.1 399U.O
30. Mar. 5 -11 112.7 5Jt 6.086 136.1* 19.5 3528.8 1*130.1*

31. Har.12- 18 103.2 5.lt 5.81*3 130.9 18.7 3637,0 1*261.3
32. Mar.19 -25 108#5 5.7 6.185 136.2 19.5 371*5.5 1*397.5
l*i*. Mar.26 to

AprM 1 108.6 5.7 6,190 136.3 19.5 385U.1 1*533.8



Table U. Weekly milk nroduction of experimental oow, tvin pair Mo. 2 (83A)

1 1 1 1 1 tTotal t

$Total 1 t t (Averages actual 1

1 pro- tl^rcenti Pounds j Total 1 dally »pro- t Total

iductloni fat t fat iF.C^ii.iF.C.M, iduotioot r.C»M.

of
ttiOJ

ft

1. June h -10 117.3 5.1 5.982 136.7 19.5
2. June 11-17 125.0 5.1 6.375 1U5.6 20.8 2U2.3 282.3
3. June 18-2U 125.2 U.U 5.508 132.7 19.0 367.5 U15.0
U. June 25 to

July 1 na.u U.U 5.210 125.5 17.9 U85.9 5tt.5
5. July 2 - b 126.6 U.1 ^.191 123.5 13.U 612.5 669.0
6. July 9 -15 •ll U.l 5.26U 130.3 18.6 7U0.9 799.3
7, July 16-22 117.5 U.2 U.935 121.0 17.3 858.U 920.3
8. July 2>-39 112.6 u.2 U.729 116.0 16.6 971.0 1036.3
9. July 30 to

Aug; 5 102.6 U.2 Ji.309 105.7 15.1 1C73.6 UU2.0
10. Aug # 6 -12 106.0 U.3 U.558 110.8 15.8 1179.6 1252.8
U. Aug. 13-1 > 95.1 U.3 U.039 99.U 1U.2 127U.7 1352.2
12. Aug. 20-26 107.8 U.U U.7U3 llli.3 16.3 1382.5 1U66.5
13. Aug. 27 to

8ept. 2 109.0 U.U U.796 115.5 16.5 1U91.5 1532.0
Hi. Sept. 3-9 -.5 kjb U.77U 115.0 16.U 1600.0 1697.0
15. Sept. 10-16 112.3 U.7 5.278 12U.1 17.7 1712.3 1821.1
16. Setrt. 17-23 60.7 6.2 3.763 80.7 11.5 1773.0 1901.8
17. ^rt. 2h-30 55.0 6.2 "<JilO 73.2 10.5 Itt V 1975.0

Oct. 1-7 86.6 U.2 3.637 89.2 12.7 19U4.6 206U.2
1?. Oot. 8 -11; 9?.U -.'- 3.881 95.2 13.6 2007.0 2159.U
20. Oct. 15-21 89.2 U.9 U.371 101.2 1U.5 2096.2 2260.6
21. Oct. 22-28 85.8 U.9 U.20U 97.U 13.9 2182.0 2358.0
22. Oct, 29 to

a*, U 90.2 U.8 U.330 101.0 lUJi 2272.2 2U59.0
23. »or. 5 -11

2U. f*3T. 12-
85. 1 U.8 U.085 95.3 13.6 2357.3 255U.3

Dec. 15 UU. U.8 2.112 U9.3 1U.1 21*01.3 2603.6



Table 5. Weekly milk production of control cow, twin pair Sto, 2 (8UA).

J s : t J :Total i

Keek of iTotal J 9 3 tAverage tactual :

lactation s pro- J Percent : Pounda iTot al »daily Jpro— I Total

end date : -.•-:.:' ill .":•;. t fat IF.C.M. »F.e.a. jduction x F.C.M.

1* June k - 10 12U.2* 5.5 6.0*2 152.U 21.8
2. June 11*17 131.5 5.5 7.233 161.1 23.0 255.9 313.5
3. Junel8-2fc 133.9 iU 5.892 na.9 20.3 389.8 1*55.1*

km June 25 to
Julyl U3.9 U.U U.012 120.7 17.2 503.7 576.1

5. July 2-8 129.1 3.7 U.777 123.3 17.6 632.8 699.1*

6. July 9 -1$ 126.3 3.7 it.673 120.6 17.2 759,1 820.0
7, July 16-22 212.8 U.2 ii.783 116.2 16.6 871.9 936.2
8. July 23-59 lQb.5 U.2 U.389 107.6 15.1* 976.1* 1C&3.8
9. July 30 to

Aug. 5 ica.8 fc.2 U.276 10lu9 15.0 1073.2 111*8.7

10* Aug. 6 -12 101.0 U.3 U.3ii3 105.5 15.1 1179.2 12&.2
11. Aug. 13-19 &.5 U.3 li«06b 98.8 1U.1 1273.7 1353.0
12. Aug. 20-26 100.6 UJi kj#6 106.6 15.2 137iu3 Sb$%(>
13. Aug. 27 to

Sept. 2 99.6 UJt U.382 105.6 15.1 11*73.9 1565.2
lit. Sept, 3-9 98.9 U.U U.352 10^.8 15.0 1572.8 1670.0
1$. Sept. 10-16 1&4.9 U.7 U.931 115.9 16.6 1677.7 1785.9
16. Sept. 17-23 1&.5 5.3 5.539 12U.9 17.8 1782.2 1910.8
17. Sept. 2!i-30 1QU.3 5.3 5.528 125.6 17.8 1886.5 2035.lt
18. Oct. 1-7 108.9 5.2 5.663 128.5 18.U 1995.U 2163.9
19. Oct. 8 -1U 1G2.6 5.2 5.335 121.1 17.3 2098.0 2285.0
20. Oct. 35-21 90.5 5.2 li.706 106,8 15.3 2180,5 2391.8
21. Oct. 22-28 98.0 5.2 5.096 115.6 36,5 2286.5 2507.1*
22. Oct. 29 to

Nor. h 9?Jk 5.2 5.065 X&.9 16.U 2383.9 2622.3
23. Nov; 5 -01 96.6 5.2 5.023 lUt.0 36.3 2UB0.5 2736.3
2li. Star. 12-18 &.3 M 5Jb69 119.8 17.1 257U.8 2856.1
2$. flwr. 1«5 89,0 5.8 5.162 113.0 36.1 2663.8 2969.1
26. Hot, 26 to

Dee. 2 88.U 5.7 5.039 110.9 15.8 2752.2 3080.0
27. Bee. 3-9 89.1* 5.7 5.096 112.2 16.0 28*1.6 3192,2
28. Dec. 10-16 83.8 5.7 U.777 105.2 15.0 2925.1* 3297^
29. Dec. 17-23 93. 6 5.7 5.335 117.5 16.8 3019.0 3l*U*.9
30. Doc. 2U-30 98.2 6.0 5.892 127.7 18.2 3117.2 351*2.6
31. Dec. 31 to

Jan. 6 &.7 6.0 5.682 123.1 17.6 3211.9 3665.7
32. Jan. 7 -13 95.2 5.1* 5.iia 115.2 16.5 3307.1 3780.9
33. Jan. ll*-20 89.5 5J» U.833 108.3 1S.$ 3396.6 3889.2
3k* Jan. 21-27 $0.7 5,7 U.227 115.1 l6.lt 3U83.3 it00it.3

35. Jan. 23 to
Feb. 3 87.3 5.7 it.976 109.6 15.7 3575.6 1*113.9

36. Feb. k -10 82.3 6.1 5.020 108.2 15.5 3657.1* 1*222.1



PI

Tablo 5. (Concl.)

1 t i t : iTotal :

Week of :Total 1 « t lA*l i -c lactaal «

lactati n » pro- :Percent tPound si Total tdaily ipro- t Total

and date iductiont u% : fat 1F.C.M. «F.C # }/ # rductf on: F CJL.• •

37. Feb. 11-17 93.3 6.1 5.691 122.7 17.5 3751.2 U3UU.8
38. Feb. 13-2U 06.7 5.9 fcltf lll.li 15.9 3837.9 UU56.2
39. Feb. 25 to

Mar. 2 87.1 5.9 5.139 111.9 16.0 3925.0 U568.1
UO. Xar. 3- 9 38.6 5.5 U.373 1O0.5 15.5 U013.6 1*676.6

hi. Mar. 10-16 30.5 5.5 U.U28 ?\6 lU.l U0UU.1 U775.2
U2 # Mar. 17 to

April 21 U9.U 5.5 2.717 60.5 13 Jk U3ii3.5 U635.7
(Ui days)

This animal was started on 20 mg# of stilbestrol per 1000 pound of
body woicht per day on December 7$ 1955.



m

Table 6. feekly allk production of experimental cow# twin pair No, 3 (85A) #

: i t 1 t tTotal s

Seek of JTotal s t t tArerage tactual t

lactation t pro- :Percent*Pounds iTotal i daily 1 pro- t Total
and date jduction: fat t fat «F.C.M. «F.C.K

f
tductiont F.C.U,

1, Sept. 1U-20 117.5 U.6 5.U10 128.2 18.3
2. Sept. 21-27 138.2 U.6 6.357 150.6 21.5 255.8 278.3
3. Sept. 28 to

Oct* U 137.lt U.6 6.320 11*9,8 11*1
23.6

393.2 428.6
U. Oct. $ -11 1U3.7 t# 7.185 3^5.3 536.9 593.9
5. Oct. 12-18 li*2.6 U 7.130 16U.0 23A 679.5 757.9
6. Oct. 19-25 138.9 54 7.08U 161.8 23.1 8X8.U 919.7
7. Oct. 26 to

Hot. 1 135.0 5.0 6.750 155.3 22.2 953.U 1075.0
8. Hov. 2-8 Hii.6 .• 5.730 131.8 18.8 1068.0 1206.8
9. Nov. 9 -15 96.5 5.7 5.501 121.1 17.3 Il61i.5 1327.9
10. Hov. X6-e2 &.0 5.7 5.358 118.0 16.9 1258.5 3445.9
11. Uov. 23-£9 92^i 5^ 5.082 113.2 16.2 1350.9 1S59.1
12. ftar. 30 to

Dec. 6 82.1 5^ h&6 100.6 U4.U 1433.0 1659.7
13. Dec. 7 -13 77.5 5.7 U.U18 97.3 13.9 1510.5 1757.0
Hi. Dec. lk-20 7U.6 5.7 it.252 93.6 13.4 1585.1 16^0.6
15. Deo. 21-27 69.7 5.9 U.1X2 89 .6 12.8 16&.8 1940.2
16. Dec. 23 to

Jan. 3 70.6 5.9 U.165 90.7 13.0 1725.4 2030.9
17. Jan. h -10 6k.3 5.7 3.665 80.7 11.5 1739.7 2111.6
18. Jan. 31-17 57.1 *.? 3.255 71.7 10.2 1*6.1 2133.3
19. Jan. l8-2li 57.0 5.8 3.306 72Ji 10.3 1903.8 2255.7
20. Jan. 25*31 60.U M 3.503 76.7 11.0 1964.2 2331.9
21. Feb. 1 to 7 59.0 5.2 3.068 69.6 9.9 2023.2 2401.5
22. Beb. 8 -Hi 58.6 5.2 3.01*7 69.1 9.9 2081.8 2U70.6
23. Feb. 15-21
2Ii. Feb. 22-28

58.li 3.15U 70.7 10.1 2140.2 2510.3
58.8 5.U 3.175 71.1 10.2 2199.0 2612 Ji

25. Feb. 29 to
Iter. 6 59.9 5.6 3.35U 7U.3 10.6 2258.9 2686.7

26. Mar. 7 -13 60.7 w 3.399 75.3 10.8 2319.6 2762.0
27. Mar. lii-50 59.8 5.5 3.289 73.3 10.5 237U.4 2335.3
28. Mar. 21-27 59.5 ^ 3.273 72.9 10.4 2438.9 2908.2
29. 'iar. 23 to

*

*$&• 3 58.5 $.$ 3.218 71.7 10.2 2497.4 2979.9



table 7. Weekly milk production of control oow, twin pair No. 3 (86A) #

i i i l : •Total 1

?eek of iTotal j t I i/iTera? *e tactual t

lactation t pro- » Percent tPoundetTotal : dailr » pro- 1 Total
and date sduction

:

fat i fat iF.C.JJ.t F.C.V. jductioni F.C.I.

1. 'tor. h -10 117.3 U.7 ^.513 129.6 1\<
?. Nor. 11-17 12 w *.<38 Ui9.U 21.3 2U5.5 279.0
3. Mot. 18-2U 136.2 5.1 6.9h6 158.7 22.7 381.7 U37.7
U. Hot. 55 to

Deo. 1 13U.8 %Jk 7.279 163.1 23.3 516.5 6oo # 8

5. Doc. 2-3 IT?. 7 5.e 6J, 1UU.8 20.7 636.2 7US.6
6. Deo. 9 -1? 122.6 6.1 7ji79 161.2 23.0 750.8 90C.

8

7. Deo. 16-22 Uk»0 6.1 6.95U 1U9.9 21.U 372.8 1056.7
8. Dec. 23-29 118.8 5.9 7.009 152.7 21.8 991.6 1209JU
9. Dec. 30 to

Jan. 5 112.0 5.9 6.608 1U3.9 20.6 1103.6 1353.3
10. Jan. 6 -12 U1.5 5.7 6.356 139.9 20.0 1215.1 1U93.2
11. Jan. 13-19 101.0 5.7 5.757 126.8 18.1 1316a 1620.0
12. Jan. 20-26 97.5 6.0 5.850 126.8 1 .1 Uil3.6 17U6.8
13. Jan. 27 to

Feb. 2 102 Ji 6.0 6.2hh 133.1 19.0 1516.0 187U.9
1U. Feb. 3 - ^ 91.3 5.2 U.7U8 107.7 15.U 1607.3 1982.6
15. Feb. 10-16 88.2 5.2 U.586 10li.l 11;. 9 1695.5 2086.7
16. Feb. 17-23 01.5 5.5 Wifc 99.8 14.3 1777.0 2186.5
17. Feb. 2U to

Mar. 1 75.9 fel Ii.l75 93.0 13.3 1852.9 2279.5
18. Var. 2-8 72.2 5.0 3.610 83.0 11.9 1925.1 2362.5
19. Mar. 9 -15 71.3 5.0 3.565 82.0 11.7 1996J4 2liMu*
20. Mar. 16-22 70.5 5.7 U.019 88.5 12.6 2066.9 2533.0
21. Mar. 23-29 6U.2 5.7 3.659 80.6 11.5 2131.1 2613.6
22. Mar. 30 to

Ar>r. 5 59.7 5.6 3.3U3 7U.0 1^.6 2190.8 2687.6
23. Apr. 6 -12 60.6 5.6 3.39U 75.1 10.7 2251.1* 27^2.7



*

Table 8, Weekly milk production of control cow, twin pair No* 1* (1#*B).

x "iiir.g.'.T,

Week of
lactation

I * I I f iTotal »

•Total j t s 'Average tactual i

t pro- «Percent*Founds tTotal t daily ipro- t Total
iductiosi fat t fat ;}?.C«M.ty.C.M. tducttont y.O.Sl.

1. Aug. ll*-2G

2. Aug. 21^27

3. Aug# 28 to
Sept. 3

U. Sept. 1* -10

5. Sent, 11-17
6. Sept. 18-21*

7. Sect. 2$ to
Oct. 1

8. Oct. 2-8
9. Oct. 9 -1$
10. Oct. 16-22
11. Oct. 23-29
12. Oct. 10 to

**r. 5
13. fJov. 6- 12

lU. Nor, 13-19
15. Nor. 20-26
16. Mov. 27 to

Dec. 3

17. I*o • 1* -10
18. Dec. 11-17
19. Deo. 18-21*

20. Dec. 25-31
21. Jan. 1-7
22. Jan. 3 -lh
23. Jan. 15-21
21*. Jan. 22-28
25. Jan. 29 to

Feb.ii
26. Feb. 5 -11
27. Feb. 12-18
28. Feb. 19-2$
29. Feb. 26 to

Hex. 3
30. Mar. 1* -10
31. Mar. 11-17
32. Mar. 18-21*

33. fter. 25-31

256«U
289.2

305.1
357.7
369.3
351.6

31*3.1

335.2
306.O
290.6
302.7

U.7
3.0

2.9
2.9
2.9
2.8M

27U.5 2.8
265.9 2.8
252.0 3.2
262.0 3.2

266.8 3.1*

21*9.2 3JU
216JU 3.8
262.8 3.8
259.7 3.2
261.3 3.2
m*$ 3.6
250a 3.6
253.U 3.5

232.1 3.5
228.3 3.8
22i*.3 3.8
217.2 3.4

22U.1 3J*
20U.6 3.7
206.2 3.7
198.6 3.1*

189.1 3.1*

12.051
3.676

3.0 9.153
2.3 10.016
2.8 10.31*0

2.9 3jO„195

9.950
9.721
3.87U
8.137
8.1*76

7.686
7.1*1*5

8.061*

3.38b

9.071
3.1*73

9.325
9.986
8.310
8.362
8.802
9.OO4
8.869

8.121*

8.675
3.523

MS*

7.619
7.570
7.629
6.752
6.1*29

233.3 1*0.5

21*5.8 35.1

259.3
293.3
302.8
293.6

286.5
279.9
255.5
233.3
21*3.2

225.1
218.0
221.8
230.6

21*2.8

226.8
238.0
25U.9
228.5
229.9
229.8
235.1
23U.U

21U.7
221.5
217.6
197.7

203.9
l^i.9
196.9
180.7

172A

U0.9
1*0.0

* 4
3U.0
35.5

32.2
31.1
31:7
32*9

3U.7
32 Jk
3U.0
J >i

32.8
32.3
33.6
33.5

30.7
31.6
31.1

tl

29.1
27.8
25.1
25.8
WkS

51*5.6 529.1

37a 850.7
1*1.9 1208.1*

1*3.3 1577.7
1*1.9 1929.3

2272.1*

2607.6
2913.6
320l*.2

3506.9

3781.1*

1*01*7.3

1*299.3

1*561.3

1*828.1

5077.3
5322.7^S
581*5.2

6106.5
6351.0
6601.1
685U.5

7086.6
7311*. 9
7539.2
7756.1*

7980.5
8185.1
8391.3
8589.9
8779.0

7«8Jb
1081.7
138U.5
1678.1

196U.6

2#W.O
2738*3
2986,5

3231.6
31*29.6

3651.li

3862.0

U12U.3
1*351.6

1*589^
1*62*4.5

5073.0
5302.9
5537.7
5767.8
6002.2

6236.9
61*38.11

6656.0
6853.7

7057.8
7252.5

7630.1
TfeM



Table 9. Weakly milk production of experimental cow, utin pair Mo. h (195B).

t t » : i tTotal ii

Week of tTotal i t t tArerace tactual i i

lactation i pro- ilfereents 'oundsiTotal idaily t pro- j i Total
md iductlon

i

fat i «.:.•VA tductioni i F.C.M.

l. Aug. U -10 190.1* 3.8 7.235 1«*.7 2U.6
2. Aug. 11-17 300.0 :. li.Uoo 291.0 1*1.6 U90.1* 1*75.7

3. Aug. 18-21*

h* A«f . 25-31
320.1* 2.7 8.6«a 257.9 36.8 810.8 733.6
326.3 2.7 8.810 262.7 37.5 1137.1 9^.3

5. S*>t. 1 -7 357.7 3.2 9.658 288.0 U1.1 1U9U.8 128U.3
6. Sept. 8-lii 355.5 3.2 11.376 312.8 UU.7 1350.3 1597.1
7. Sent. 15-21 362.1 2.7 9.777 291.5 1*1.6 2212 Jx .«

8. tent. ^-28 367.7 2.7 9.928 296.0 1*2.3 2580.1 21 8b .6

9. sept. 29 to
Oct. ? 355.5 2.9 10.310 296.9 U2.U 2935.6 21*81.5

10. Oct. 6 -12 320.1 2.9 9.283 267.3 38.2 3255.7 271*8.8

11. Oct. 13-19 312.8 3.0 9.3* 265.9 38.0 3568.5 3011*. 7
12. Oct. 20-26 311.6 3.0 9.31*8 26U.9 37.8 3880.1 3279.6
13. Oct. 27 to

::©r. 2 319.9 2.9 9.277 267.1 38.2 U199.2 351*6.7

U*. Nor. 3 - 9 3H*.0 2.7 9.106 262.2 37.5 U513.2 3808.9
15. Not. 10-16 315.3 3.1* 10.720 286.9 1*1.0 1*828.5 1*095.8

16. Hot. 17-23 300.7 3J* 10.221* 273.6 39.1 5129.2 1*369.1*

17. Nor. 2U-30 272.8 3Ji 9.275 21*8.2 35.5 51*02.0 1*617.6

13. Dec. 1-7 260.5 . 8.857 237.1 33.9 5662.5 1*85U.7

19. Dec. 8 -1U 268.9 3.8 1D.218 260.8 37.3 5931.1* 5115.5
20. Dec. 15-21 265.3 M 10.081 257.3 36.8 6196.7 5372.8
21. Dec. 22-28 287.9 Ct 13.531 313.1 U5.U 61*8U.6 5690.9
22. Dec. 29 to

Jan. 1* 281.0 U.7 13.207 310.5 UiJU 6765.6 6001.1*

23. J«. 5 -31 279.8 3.6 10.073 263.0 37.6 701*5.1* 626ii.l*

21*. J n. 12-18 262.7 3.6 9.1*57 21*6.9 35.3 7308.1 6511.3
25. Jan. 19-25 250.9 3.5 8.782 232.1 33.2 7559.0 671*3.1*

26. Jan. 26 to
Nb. 1 252.1 3.5 8.82U 233.2 33.3 7^1.1 6976.6

27. Feb. 2-8 255.2 \ 9.698 21*7.5 35.1* 7221* .1
28. Feb. 9 -15 23U.1 3.8 8.896 227.1 32.1* 714=0.2

29. Feb. 16-22 239.2 3.1* 8.133 217.7 31.1 8539.6 7668.9
30. Feb. 23-29 252.0 Mb 8.568 212.1 30.3 8791.6 1.0
31. Mar. 1 to 7 233.1 3.7 8.62< 222.6 31.8 902U.7 8103.6
32. Mar. 8 -lU 236.6 3.7 8.75U 226.0 32.3 9261.3 8329.6

33. Mar. 15-21 222.5 3.5 7.788 205.8 29.U 91*83.8 8SJ5.li

3U. Mar. 22-28 227.8 3.5 7.973 210.7 30.1 9711.6 871*6.1
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Sable 10. Weekly milk production of control cow, twin pair Jlo. 5 (1*0 ).

rssag: sacsss S3SS3 rata r HOST.

Week of
lactation
and date

1. Oct. 9 -1?
2. Oct. 36-52

3. Oct. 23-29
It. Oct. 30 to

Hot. 5
p. Nov. 6 —12

6. Nov. 13-19
7. Nov. 20-26

8. Nov. 27 to
Bee. 3

9. Dec. U -10
10. Dec. 11-17
11. Dec. 18-21*

12. Dec. 25-31
13. Jan. 1 -7
31*. Jan. 8-U*
15. Jon. 15-21
16. Jan. 22-28
If# Jan. 29 to

flab. U
18. Feb. 5 -11

19. Feb. 12-13
20. Feb. 19-2$
21. Feb. 26 to

Mar. 3
22. Mar. 1* -10
23. Mar. 11-17
21*. Mar. 18-21*

2$. Mar. 25-31
26. Mril 1 to

Kay 7

: 3 s

jTotal J *

j pro- {Percent!Pounds
tductionj fat : fat

171.5
200.0
200.1

12*1.1

3i*5.6

U7.0
1UU.3

3.6
let

203.2 U.O
203.6 M
183.5 3.7
183.5 3.7

rm.9 3,9
168.6 3.9
166.U l*.l

166.7 l*.l

16U.0 li.l

160.0 it.1

i6oa i*.0

U*9.0 it.o

3ii6.0 1*.2

1*.2

1*.0

U.o
U.i

11*3.3 l*.l

H*1.U U.O
31*2.7 U.O
1U0.2 U.o
11*2.9 U.o

6.17b
7.200
7.20U

8.328
Soil

6.975
6.975

6.821
6.575
6.822
6.835
6.72U
6.560
6.U0U
5.960
6.132

5.926
5.82U
5.880
5.916

5.875
5.656
5.708
5.608
5.716

f t sTotal *

t leverage tactual »

t Total i daily *pro- tTotal
; F.CJi.tF.Cja. {duct ion iF.C.

. :. .

l6l.2
188.0
18^.1

203.2
203.6
180.0
180.0

172.3
166.1
168.9
169.2
166.5
162.U
l6oa
1U9.0
150J*

1U5.3
1U5.6
1U7.0
11*6.5

lii5.it

1U2.7
1U0.2
31*2.9

23.0

26.9

29.0
29.1
25.7
25.7

2U.6
23.7
2Ua
2U.2
23.8
23.2
22.9

21.3
21.5

20.8
20.8
21.0
20.9

20.8
20.2
20.U
20.0
20.ii

371.5
571.6

31*9.2

537.3

77U.8 7U0.5
978.0 9UU.1
116-5.5 112U.1
1355.0 I30U.I

1529.9
1698.5
186U.9
2031.6
2195.6
2355.6
2515.7
266U.7
2810.7

2951.8
3097.it

32U?:.U

338^.7

3&2.0
3673 Ji
3816.1
3956.3
U099.2

11*76Ji

1311.U

21U7.1
2309.5

:

.
?.'

2618.6
2769.0

293U.3
3059.9
3206.9
3353.it

3U98.8
3%3.2
3782.9
3923.1
1*066.0

11*2.1 U.0 5.681* 11*2.1 20.3 1*21*1.3 1*208.1
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Tablo 11. Weekly allk production of experimental cow, twin pair No. 5 (UlA),

i i i i i tTotal t

WnIc of t Total t t t t Ave *are tactual i

lactation t pro— tPeruant SfoundB iTotal t daily t pro- : Total
* : QOtX :.

:

:- it : fat tF.C^M.tV'.C.W. iductloni F.C.M.

1. Sent. 27 to
Oct. 3 235.8 3.1 7.310 20U.0 29.1

2. Oct. U -10 237.9 3.1 7.375 205.8 29ji U73.7 U09.8
3. Oct. 11-17 23U.5 3.1 7.270 202.9 29.0 70

r
.2 612.7

U. Oct. 18-2U 223.8 U.3 9.623 233.9 33.U 93 8U6.6
5. Oct. 25-31 231.6 bj 10.088 2U5.2 35.0 U6<\6 1091.8

. Mor. 1-7 228.1 a. 2 9.530 23U.9 33.6 139U.7 1326.7
7. Nov. 8 -U, 223.3 U.2 9.379 230.0 32.9 1613.0 1556.7
3. Sot. 1^-21 220.U U.o 8.816 220.U 31.5 I838.U 1777.1
9. Nov. 22-28 21U.7 U.o M 21U.7 30.7 2053.1 1991.8
10. Nov. 29 to

Dec. 5 202.0 3.9 7. ^78 199.0 28.U 2255.1 2190.8
11. Dec. 6 -12 19 3.9 7.730 195.2 27.9 2U53.3 2386.0
12. Dec. 13-19 136.9 a.i 7.663 189.7 27.1 261;\ 2 2575.7
13. Dec. 20-26 189.2 U.l 7.757 192.0 27.U 2929JU 2767.7
1U. Dec. 27 to

Jan. 2 182.3 U.l 7.U7U 135.0 26.U 3011.7 2952.7
15. J«i. 3-9 169.6 U.l 6.95U 172.1 2U.6 3181.3 312U.8
16. Jan. 10-16 165.1 U.o 6.60U 165.1 23.6 33U6.U 3289.9
17. Jan. 17-23 163.1 U.0 6.52U 163.1 23.3 3509.5 3U53.0
18. Jan. 2U-30 161.5 U.2 6.733 l6-:.3 23.3 3671.0 3619.3
19. Jan. 31 to

Feb. 6 158.6 U.2 6.661 163A 23.3 3829.6 3782.7
20# Feb. 7 -13 156.6 U.1 6.U21 158.9 22.7 3986.2 39U1.6
21. Feb. lli-20 I2i3.6 U.1 6.093 150.8 21.5 U13U.8 U092.U
22. Feb. 21-27 138.1 U.l 5.67U U0.5 20.1 U273.2 U232.9
23. Feb. 28 to

Mar. 15 150.8 U.1 6.183 153.1 21.9 UU2U.0 U386.0
21. Mar. 6 -12 1U7.0 U.o 5.890 1U7.0 21.0 U571.0 U533.0
25. Var. 13-19 153.6 U.o 6.1UU 153.6 21.9 U72U.6 U686.6
26. Uar. 20-26 153.6 U.2 6.U51 153.2 22.6 U673.2 U8UU.8
27. Mar. 27 to

Apr. 7 153.7 U.2 6.U55 158.3 22.6 5031.9 5003.1
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Table 12, Xotal solids prodoetton of twin pair 1 during eaperia&nt.

8lA (Control) 32A (Treated)

sTotal aUktPercentjTotal solids :Total silkjPercentfrotal solids
produced s total s produced i produced I total * prodtaeed

: m days J solida? 1h daps s lU da^s t solids J lii d*y«

216.8
231.1
23G.8

225.U
221.1
212.0
216.0
20ii.U

176.9
171.1
189.U
175.5
17U.7
1&.0
151.1
160.6

13.1*

12.6
13.7
1U.2

15.U
15.2
15.9
15.5
15.9
15.8
15.8
1S.7
15.8
16.1

29.1
29.1
31.6
32.0
32.9
32.6
32.3
32.5
2?.li

27.2
29.9
27.7
27*1*

2iu3
2li.3

23.8

186.1
21*9.5

260 .It

263.9
21*3.0

2^2.3
21*7.6

228.2
221.6
231.2
231. a

232.9
227.6
22J4.5

223.2
216.7

12.9
1U.5
Ui.5
13.3
Hi. 8

llu?
15.7
15.5
15.2
15.6
15.1
15.6

Hi. a

15.7

2U.0
36.2
37.8
35.1
36.0
37.1
38.9
35.U
33.7
36.1
35.0
26.3

35.5
35.0
33.8
3li.O

Total 3110.9 32u& lifil>#8 37h5^ lluft 559.7
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Table 13. Total solids production of twin pair 2 during experiment.

;
83a (treated) 8UA ( Control;)

iTotal ndlkx | ntxTotal solid(jtTotal milk: Pccenti Total solids
rproduced i total » produced : produced t total t produced
t Ik days t solids

i

Hi days x lli days : solids t Hi days

2U2.3 ia.i 3U.2 255.9 Hi .5 37.1
2U3.6 13.6 33.1 2U7.8 13.9 3U.U
255.0 13.7 3U.9 255.U 13.5 3U.5
230.1 13 .U 30.8 217.3 13.8 30.0
208.6 13.5 28.2 202.8 13.5 27.1i

202.9 *.

217.5 «*
13.7 27.8 195.1 13.6 26.5
Hul 30.7 198.5 13.9 27.6

Total 1600.0 13.73 219.7 1572.8 13.83 217.5

173.0 15.0 26.0 209.U Hi. 7 30.8
1U.6 13.3 18.8 213.2 15.1 32.2
181.6

7
176.0 H

13.9 25.2 193.1 1U.5 28.0
llul 2U.8 195.U 1U.7 28.7

190.9 15.1 28.8
177.U

/
173.2 LL

15.3 27.1

15.U 26.7
191.8 16.0 30.7
18^.9 15.0 28.5
181.2 15.5 28.1
169.6 16.0 27.2
180.0 15.8 2 .U
175.7 15.2 26.7

Total 1629.7 15.U7 252.2

/l Went off feed at the end of Hi weeks.

^2 Death (accidental).

/3 Put on 20 mg. level.
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Tabls 1U. Total solids production of twin pair 3 during eaperlasnt.

SSUSgttMl 36A (Control)

jTotal ailksPercent tTotal solids: Total ailkt Percent sTotal solids
t troduced : total « produced a produced : total tprodueed
j lb days i solids t lit days : Ik d ys : solids : 1U &W&

255.8 Uul 36.1

281.1 13.U 37.7

2SL.5 lii.8 iil.7

21*9.6 15.6 36.1

190.5 15.6 29.7

17U.5 1U.3 25.0

152a 15.1* 23jt

H4O.3 16.0 22.U

121.3 15.5 13.8

117.1$ 15.8 18.5

Total 196U.2 1U.80 290.6

117.6 15.8 17.9

117.2 15.5 18.2

120.6 1U.7 17.7

319.3 lh.5 17.3

2i*5.5 1U.1 3hjS

271.0 15.6 1*2.3

2U2.3 15.8 38.3

232.8 15.8 36.8

223.5 16.1 36.0

198.5 15.6 31.0

193.7 16.1 31.2

269.7 15.1 25.6

1U8.1 16.1* 2U.3

11}1.8 1U.U 20.U

066.9 15.5b 320ji
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Table 15. Total soli ;s product! cm of twin pair U during experiment.

,
19Li (uontrol) 195B (Treated)

JTotal ilktPercenttT. • sToCal sdlkitercent i -total solid*
t produced ttotal I produced tpreduced t total i procuced
i Hi d-»yi i solids i Hi dyi : Hi d ye tsolids t Hi days

5U5.6 13.5 7U.7 U90.U 11.9 58Jb
662.8 1 .7 71.0 6U6.7 10.it 67.3
720.9 11.0 79.3 713.2 11.0 .5

11. 7h.6 729.8 10.7 78.1
2* .6 11.0 65.6 675.6 11.0 7)i.3

577.2 na 6U.1 62U.U 11.6 72 Jx
517.9 11.0 57.0 633.9 10.9 69.1
529.8 11.9 62.9 616.0 11.7 72.1
U9U.6 12.0 59.1* 533.3 11.9 63.5
522.5 11.9 62.2 53U.2 11.9 63.6
505,8 11.8 59.7 568.9 Ui.O 79.6
503.5 11.6 58Ji 51*2.5 12.1 65.6
U60.U 12.2 56.2 503.0 11.8 59.U
UIO.5 12.3 5U.3 U89.3 12.2 59.7
U23.7 12.1 51.9 U91.2 12.0 58.9
10U.8 11.8 U7.8 h*9.7 12.U 58.2

Total 858o.9 11.62 997.8 9261.3 ll.<5 107°J#6
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Table 16. Total solids production of twin pair 5 during ©xperiaimt.

\
UOA (Control)

j
1*1A (Treated)

jTotal silktl^rcent tibial solidsjTotal milks 'ereentilbtal solida
: produced :total : produced s produced stotal s produced
: Ik dsQns ssolids s Hi days t Uj. days jsolids : lit d£$rs

371.5 12.7 1*7.7 1*73.7 12 Ji *7

1*03.3 13.2 53.2 1*58.3 13.6 62.3

392.1 12.1i k%6 1*62.7 13. tm9

363*1* 13.1 1*7.6 1*1*3.7 12.U .0

335.0 13.1 1*3.9 J4I6.7 12.5 52.1

330.7 13.2 U3.7 385.1 13.1* 51.6

320.1 12.8 U1.0 371.5 13.6 50.5

295.0 13.6 i*0.i 33U.7 12.9 1*3.2

286.7 13.0 37.3 32U.6 13.6 UIt.l

291.3 33.2 .5 315.2 13.5 1*2.6

28U.7 12.9 36.7 287.0 13.5 38.7

232.9 12.8 36.2 297.8 12.8 33.1

285.0 12.8 36.5 307.2 13.6 1*1.8

Total U2U.3 12.98 550.U 1*3?8.2 13.16 61*1.7
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Table 17. Total digestible nutrient and total urotein intake of twin
pair 1*

t

1 day

T) P
, ta ike 1 .. i T . Intake (»i)

I I oiD'ce t

t

it

1 Source t t

t i]

i t'

l*f

1 iXIM/ai t

t hey iQreiniSilagi
sAlfalfat i

: hay tGralniSilage
V-'.t.

K X
iperiodei(10< •(«*) :(1.5^)sTotal t(50*) (790 1(14 iTeteli (lb.)

Control 1 38.1* 15.8 51*.2 19e.2 118.6 310.8 1.1*1

2 1*7.8 15.1 • 62.9 238.3 113.0 • 351.8 1.1*0

3
u

U9.5 16.6 2.1 68.2 2U7.3 12U.7 25.6 397.6 1.1*5

146.8 17.3 5.0 69.1 203.8 130.0 59.8 393.6 1.29

5 3U.2 17.1* 5.0 56.6 170.8 130.1* 59.8 361.0 1.20
6 UJU.6 1U.9 5.0 6i*.5 222.9 U2.1 60.5 395.5 1.15
7 33.9 15.0 :. 53.9 169.5 112.2 60.5 3U2.2 1.19
8 29.8 13.1* 5.0 1*8.2 11*8.8 100.7 60.5 310.0 1.21*

m
Treated l/k 31.0 7.1* «e 38.1* 15U.8 55.2 _ 210.0 1.20

2 US. 7 18.7 2.7 67.1 228.U 11*0.1* 3.2 372.0 1.52

I
1*3.9 19.1 U.3 67.3 219.5 11*2.7 51.8 U1U.0 1.39
1*0.0 20.U 5.0 65J* 19^.9 153.0 60.5 U13 J* 1.1*2

5 36.0 17.8 5.0 58.8 180.2 133.7 59.8 373.1 1.1*8

6 1*2.7 .9 5.0 66.6 213.7 11*2.1 60.5 1*16.3 1.38
7 23.3 l^J* . 52.7 11*1.6 11*5.5 60.5 31*7.6 1.63
8 33.6 18.8 5.0 57 JU 168.1 11*1.3 50.6 369.9 1.1*8

[1 Hi day*
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Table 18. Total digestible nutrient and total protein intake of twin
pair 2.

assess

t

s

i

1

:

»i P. Intake (It>*2 l ftDtS, 7'i :.' (lb.)
Source i I Source t t

t t

It*

IiMfa> i %/SBSSL " i ?.c.h,
:23 day I hay ^raintSilagex t hay :Grain:3ilage 1 t*5S5J
tperiodsi (10£) t(10g)j (1.5*)*' : (50*) : (75^) i(18; JTotalJ (lb.)

33;i

Treated 1 U0.3 17.1 «. 57 .U 201.3 128.0 - 329.3 1.38
2 56.0 1U.8 tm 70.8 279.9 111.2 • 391.1 iait
3 33.3 13.9 m> U7.2 166.3 10U.2 - 270.5 1.36

5 A
53.7 12.8 U.6 71.1 263.5 95.7 a*. 7 1*18.9 .:...

13.6 5.0 1.3 20.U 68.0 37.3 21.6 126.9 i.iit

QUA
Control 1 U3.0 16.9 m $9.9 215.0 126.8 * 31*1.8 1.27

2 57.2 lfe.1 m 71.3 285.9 105.7 - 351.0 1.06
3 66.2 15.U - 81.6 331.1 115.U » m*$ 1.11
It 51.1 16.*? hjS 72.2 255.5 12i*.0 &.? U3U.2 1.06
5 U3.2 15.7 5.n 63.9 215.8 118.1 60 5 39b.li 1.16
6 U9.8 15.3 5.6 70.7 2U9.2 11U.5 67.7 U31.U 1.07
7 UB.2 16.1 5.9 70.2 2lil.O 120.6 70.6 U32.2 1.07

9&
U5.0 15.U 5.9 66.3 225.2 115.7 70.6 iai.5 1.10
33.8 15.0 5.3 5U.1 168.8 112.5 63.0 3W1.3 1.10

£ 11*5 days

a 25.5 day*
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Tabic 19* Total digestible nutrient and total protein intake of twin
pair 3.

t i

i

il

D,P
f

Intake (lb.) t T.r. N
t

Intake (lb. ;

» Source t

t

t mot t t h %
t U III : : lAXFSXS : iF.C.M.

•28 day t hey s0ralntSilag«it i hey iGrain tailego i

»(75S)i(18*) t

i'^T>X
Iperiodst (lo*) t(l )l (1.$*) «Total « (50*) Totali (lb.)

8$A

Treated iA 21# 8 16.5 •8 39.1 109.2 123.5 21*1.7 1.30
2 51.8 18.6 5.5 75.9 259J. 139.1* 66.6 1*65.1 1.32
3 51.0 17.2 3 76.6 25U.8 129.2 10 . U8U.8 .93
h 55.6 13.3 :.3 77.2 27 .. 9U.8 99.9 1*77.6 .

$ 50.U 10.2 3.1 69.0 252.2 76.7 100.8 1*29.7 .70
6 1*3.8 8 .5 u 60.6 219.2 63.7 99.0 381.8 .73

7 1*7.1* 8.3 8.1* 61ul 237.2 62.0 100.8 1*00.0 .71*

86A
Control -

1 /2 29.5 12.1* 6.9 1*8.8 11*7.3 93.2 82.8 323.3 1.50
2 50.1 13.3 u .7 250.7 137.5 99.9 1*8%1 1.25
3 1*9.3 17.3 .

!

- 75.0 21*6.1* 130.1 100.8 1*77.3 1.13
U 55.0 15.1 Ui 78.5 275.1 113.5 100.8 U39JU .90
5 60.7 12.1 U 81.2 303.7 90.5 100.8 1*95.0 .70

£L U* days

£ 21 da/*
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Table 20. TotalL digestible mitrient arid total protein intake of twin
pair km

1 s DtP<, Intake (lb. ) s ?.D.B. Intake (lb.)
t 8 Source i

t

* Source i

«Aifai£aJ i

*h%
% tAT : :-'.-.;:.

t23 day » hay :Grain JiSilagei « hay *Grain:Sllage«
t(75$)*(l8£) t

iI&jx
(periods

t

(10^) t (10%) : (1.5! Totals (lb
f )

19fcB

Control 1 /l 29.0 Uuf * U3.9 U5.1 111.5 • 256.6 2.1$
2 70.9 32 J* .2 103.5 3&.U mj m 600.5 1.9b
3 6U.2 31,9 8.1 105.2 321.1 239,0 97.7 657.8 1.U7
U 53,9 27.1 8.U 89JU 269J1 203.6 100.8 5?3.8 1.59
$ 6U.7 27.1* 3.U 100.$ 321.1 205.7 100.8 630a 1.50
6 66.5 27.3 <U 102.2 332.3 20iu$ 100.8 637.6 1.I16

7 66.9 26.7 8.U 102.0 33U.3 200.3 100.8 635.U 1.36
8 61.6 2U.1 8Ji 9lul 307.8 180.8 100.8 589ji 1.32

19$B
Treated 1 37,1 2)4.6 61.7 mj* l«u* - 370.0 2.69

2 61.3 33.0 9U.3 306.5 21*7.8 - 35U.3 ?.Ht
3 71. 8 32.9 5.2 109.9 3*9.1 21*6.$ 52.8 668.1* 1.62*

U 70.7 32 .h 1.8 111.9 3*3.1* 2ii2.9 105.8 702.1 1.55
$ 62.1* 30.3 8.8 101.5 311.9 227.2 105.8 6Wi.9 1.56
6 66.8 31.7 IJU 106.9 33U.O 237.lt 10 . 672.2 1.69
7 55.5 30.$ 8.U 91-.U 277.6 228.9 100.8 607.3 1.55
8 60.0 26.8 BJi 95.2 29^.8 20% 9 100.8 601.$ 1.1*6

& U*day»
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labia 21. Total digestible nutrient and total protein intake of twin
pair 5.

1 t D.P
r

Intake (lb.) * T
t 1, . Intake (1b.)

I : i 1 Son ; 1

1 r
k

I :H i i tAlfalfa x s 1 . ., .

i28 day ; Mr tQraint^lagei t hay 1 Grain is !

la/re 1

1 (75*) 1(1*) 1

iT

iperiod*:(10: t(l(#)i(1.5 , : ft* «(50<) iotali (lb.)

UOA AControl 1 ^= UU.8 15,0 5.li 65.2 223.9 U2.5 65.2 1*01.6 X.U2
2 53.7 22.2 8Ji 39.3 2^3.3 166.5 100.8 5'0.6 1.31

I
57.8 20.6 8J4 WJL 15U.8 yy - f3ili.7 1.23
U8.5 19.2 8.li 7.1 2h2ji 11*3.7 100.8 U86.9 1.28

5 UW 17.5 8Jk 70.5 222.9 131.3 100.8 U55.0 1.28
6 56.8 ir 8J4 81.8 2^3.8 12U.U 100.8 509.0 1.12

U1A ,

'rcoi ILL 26.9 10.9 3,1 fc 13U.7 81.9 37.1 253.7 1.72
2 *3.3 27.0 8.1 266.3 202.8 97.2 566.3 1.61*

i
69.0 ?< m6 8.U 103.U 3U5.0 191. 9 100.8 63 .7 1.25
63.9 .6 8.U 9U.9 319.U 169.3 100.8 589.5 1.21

5 ?M 20.6 8.I4 351.1 I5n.5 100.1 602 J* 1.08
6 56.8 IJe 83.5 28U.2 137.9 9^.0 521.1 1.13

£ 21 ;i ye

(2 1h daye



Table 22. Reproductive history for control cow 8lA (Twin pair 1)

108

Date

t

t

i

x sLength tttext heat:
: J of J with 21 i

J teycle % day %

% Bred t(daya) t cycle t bmggta

3-l<)-55 8-31-55 Signs of heat
8-28-55 P«».
8-29-55 a#m. 20 9-19-55
3-31-55 Pest estrous bleeding
9-19-55 P»ra» 21 10-10-55
9-20-55 Poet estrone bleeding
10-13-55 a,ra. 5«oo P.a. 2k 11- 2-55
10-16-55 Post estrous bleeding
11- 6-55 «•• 5«oo P«ra. 25 11-26-55
11- 9-55 Post estrous bleeding
11-gs-55 a,ra. $tOG p. m, 23 12-13-55
12-22-55 A p,m. a •a. 23rd 25 1-11-55
1- U-56 •A p.ra. 8* 2- 3-56
1-16- 56 Post estrous bleeding
2-20- $6 Pregaant to J-32

/I All identical twins bred with frozen seraem up to December 2, 1955*
after this, regular statu used, except were natural service is Indicated,

Table 23« fteproductiYe history for experimental cow 32A (Iwin pair 1)

Datt

8 t tLength : Next beati
« i : of J with 21 I

t « « cycle * day *

* Heafr s £W « (frrrg)i ep^® 1 Hemarks

8-22-55 a,a. 9-12-55
8-23-55 a#a.
8-21^5
9- 9-55 p»a» 18 9-30-55
10-3-55 p.a* 23 10-22-55
10-26-55 a.a# 3:00 p,a, 25 31*17-55
10-23-55
11-19-55 a, S3, P.a# 2? 12- 9-55
11-21-55
12-12-55 a.a. P. a. 2li 1- 1-56
12-1U-55
2-20-56

Post estrous bleeding p,m,
ling other cattle

Post estrone bleeding

Post estrous bleeding

Post estrous bleeding
Pregnant to J*>1£
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Table 2ii # eproductiwe history for experimental cow 83A (Twin pair 2)

Date Heat 1 toal

«LenpthiNext heati
i <* twlth 21 t

t
eycle i day »

i (days ) i cycle t Remarks

7-23-55
7-23-55
8- 9-55
8-15-55
8-16-55
3-17-
9-30-55

mi 5i00 p#n.
UtOO a.m.

8-13-55

19 daya
9- 5-55

Vulra slightly swollen
Hiding other cows
Coming In heat
Bred to J-12 - frosen s

Bred to J-12 - frosen
Poet estrous bleeding
Pregnant

n

Table 25. Reproductire history for control cow %A (Twin pair 2)

1 1 1 Length tNezt heati
1 r 1 of •with 21 1

t t t cycle 1 days t

yes 1 lM| t Bred t (days): c cle 1 HemarkB

8-7-55 2 tOO p.m. 8-28-55
8-8-55 9*00 a.m.

8 - 9 -*5 Post estrous feeding
8 -*3 -*5 a.a. p.nu 16 9-13-^5
8 -21 j$< a.m.
9-6-55 Mucous discharge

9 -13 -55 9-12-55 9-12

12t00 a.a . 9-13 21 10- 1-55

9 -29- 55 Noon 9-29
9-30 19 10-19-55

10-18- 55 a.a. P.". 20 11- 7-55
11- 5- P.«« 9-6 a.m. 19 11-25-55
11-25-55 a.m. P*«« 21 12-15-*5
11-26- 55 Post estrous bleeding
12-11*- 55 a.m. P.»U 20 1-3-56
12-17- 55 «•• Post estrous bleeding
1- 2- 56 ? 20 1-23-56 Did not notice pooitirely
l-U-56 Poet betroue bleeding
1-21-56 P*»« P««« 19 2-10-56 Bred natural to bparkle

1-2U- 56 Post estrous bleeding
2-9-56 P.m. P.a. 20 2-29-56 Bred to Sparkle
2-11-56 Post estrous bleeding
2-29- 56 *•«• P.m. 21 3-20-56 Bred natural to single toe
3-3-56 'oet estrous bleeding
3-20- 56 p.m. 3-21 a.m. 21 Bred natural to Snarkle



110

Table 26. .^productive history for experimental coir 3£A (Twin pair 3).

Bate

T
t

:

I

t bmi teed

Length .

cycle ,

(days)t

Mexfc heat*
with 21 I

day s

cycle j Mftrfca

H8^5 p.m.

9-2W5 Noon In heat every k to 6
days.

11-17-55 a.m. 11-17
11-18

a.m.
12-7-55

12- 3-55 P.m. p.&* 22 12-28-55

12-2U-55 P»KU p.m. 22 1-1«6
1-20-56 P.m. P«n. 23 2- 9-56
2-11-56 P.a. p.a.

1

a.m. 19 3- 2-56 Bred to Sparkle
3- M6 *A P.»U 23 3-2U-56 Bred to Sparkle and

Guernsey
3- 7-56 Post estrone bleeding
3-25-56 p.m. — 22 U-lii-56

Table 27. Heparoductive history for control cow 86A (Twin pair 3)

i

—

.'" nrr.rr EBBS3

Date Heat I red

sLength i Next heats
• of J with 21

1

s cycle t day t

i foam) : cycle s

12-2- 55
22 12-23-55
27 1-18-56
21 2-7-£6

toWiiflM

11-12-55 *• .

12-3-55 P«m»
12-29-55 p.m.
1-18-56 p.m.
3-5-56

p.m.
Pregnant to J-12
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Tata* 28. Heproductive history far control cow 19UB (Twin pair U).

t t iLength of I Next heati
t t : <vcle i with 21 i

i i • (<Uji) i day t

t Heat i Bred t i cycle Remark*

9-2U-55 P*o« 10-13-55
10- 1-55 P»«"U 8 10-21-55 Probably from injection

of 50 mg. st^lbestrol

Mfa 6t00 p.m. 26 11-17-55 Could not ascertain
definite beat-bred em
chance.

11- 2-5< P.«U 11-3-a.m. 7 11-22-55
11- - Poet ea- roue bleeding.
ll-2)i-^ MM P.BU 23 l?-l-:-5<
11-26-' Poet eetroue bleeding

- - •A *•*. p. . 22 1- '-56
12-19- Poet eetroue bleeding
1- S-56 Mai P*a* 23 1-28-56
1-11-56 Poet eetroue bleeding
1-29-56 a.m. 22 2-18-56
1-51-56 Poet eetroue bleeding
-22^56 a.m. P.". 25 3-13-56 Bred natural to single

toe and Ouernsey
2-2U-56 Poet eetroue bleeding
U-6-56 Pregnant.

Table 29. Reproductive history for experimental cow 195B (Twin pair U).

t : in i Mi Bori m - j

i I t of J with 21 i

i t i cycle i dsy i

Data t Heat I Bred i
[ ./.. cycle i . emarks

9-5- ••«. 9-27-55 Suspect heat
9-2U- P.a* 20 10-13-55
10- 2-55 P.". Prom at lbeetrol in-

jection glren
10-^-55 *•«• 5 tOO p.m. 22 ll-2-*5
11- 2-55 a.m. P.". 21 11-22-55
11- 7-55 a.n. 8t00 a.m. Still ahowing eigne

of heat
11-21,-55 A P.J% 23 12-1U-55
11-26-55 Poet eetroue bleeding
12-17-55 ••*• a.m. p.B« 2U l-5-*6

- -55 Poet eetroue bleeding
1-25-56 -Vegnant to H-22
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Table 30. Reproductive history for control cow k0 A (Twin pair 5).

I : jLengtb »Neict he«t:
: t i of i with ?1 i

t t t cycle 8 day :

Date j Heat t Bred »(daya) t cycle : Remarks

10-30-55 a.!*. 11-19-55
n«ei-5$ P.HU 23 12-11-55
11-23-55 Post estrous bleeding
12~15~55 p.m. P«HU 25 1-3-55
!«• 8»56 !>»• p.m. 26 1—2^-5^

1-11-56 Post estroiss bleedir^
3-15-56 Pregnant to H-7

?able 31 • ^productive history for ejcperts»ntal cow UlA (Twin pair 5)»

s j iLengfch «Hext heati
i t 8 of * with 21 I

J : seyel© i day *

Date. t Heat t Bred ifdays) : cycle t Hemartas

10-20-55 p.m. 11-11-^5
ll-H-5? p.a. 21 12- 1-55
12-2-55 a.m. p.m. 22 12-21-55
2- 1-£S Pregnant to R-8
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Table 32. Jedical treatment and observations of control cow SLA (Twin pair 1).

July 27, S<

*M« 2-3,
Aw*. U.

IK. 7. «5?

Se-t. 3. 55
;st»t. u t

5*>

s«pt. 1I4, 55

8«pt. 19,
*Tfc. 22, 5$

Oct. 10, 55

*rr. 11. 55

Jan. 7. 56
Jan. lu, 56

March 6, 56

Calredf 35 lb. fenals, healthy. Cow did not clean*
Orain not eaten - after birth discharge.
Veterinarian's examination found clean. Gave one pint of
glucose.
Grain eaten.
Holding milk up in rear quarters.
2 cc. Pitocin intramuscular, tnmll held up.
Lnd of teat scabbed, llachine causing - difficulty to silk
with machine or by hand.
Using teat tube on right rear.
'tight rear teat swollen and constricted. A.M. - Kuptursd
tissue in canal by use of teat tube - using medicated wax
dialators to hold open between milking, treated with anti-
biotics (udder Infusion) - teat tube to milk.
Production from right rear quarter continued to drop with
use of teat tube - 1 tube penicillin riven and quarter
dried off.
Swelling right front quarter - "off r**dn 9 Penicillin
glwen right front quarter. OK - Nor. 15.
Switch to portable DeLaval milker.
All cows vaccinated (Blac>le?) caused swelling at injection
site, off feed and drop in production in some.
Blood taken from all cows for bang's test.

Table 33. Medioal treatise*^ <md oba* rvations of expcrioer+al oow *fc?A (Twin
pair 1).

Ami. Hi , 55

Am,. 16, 55

20. 55
. 23, 55

Amg. 25, ^
J*n. 9, 56

Calredi 37 lb. female. C If died on 8-15-55. Cow did not
clean.
After birth expelled - cow difficult to milk. Kicks - holds
up milk.
After birth expelled.

holding up milk - becoming adjusted to milkir^.2 cc.
Pitocin given intramuscular to cause complete let-dotsn -

apparently holned.
2 cc. Pitocin A.M. - Co.Tplste let-down.
Swollen right leg at knee (HgO accumulation from fall).
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Table 3lt# Medical treatment and observations of experimental coir 83A
(Twin pair 2).

May 10, 55 Calved, (approximate date).

Sept. 19,55 "Off feed" V& - Refused hay end grain*

Sept. 20,55 Vet's treated - arsenic * strychnine salt to stimulate
rumen - milk production dropped rapidly.

Sept. 21,55 Hepeat treatment - diarrhea.

Sent. 22,55 Pint glucose and Kg, SO^ drench* vulva swollen abnormally*
Possibly from switching tall and diarrhea.

Sept, 23,2k Began to eat again. All during sickness temperature

1£>5 norsai, faBMM motility slow to normal - diarrhea.

Nov. 15, 55 Pell in ti.TMiMaa IDlOO a,m. and strangled to death,
Embryo and pituitary and adrenals removed - embryo norsutl,

85 days, height of pituitary - 2,0 g,
Sfeicht of adrenal* * 20.5 g#

Table 35 • A%>dical treatment and observations of control cow *%A (T^ n
pair 2),

Kay 10, 55 Calved, (approximate date),

Oct, 19, 55 1 cc. streptomycin - penicillin mixture given intrauterine,

Feb. 1, 56 Tora says this cow became dull md sleepy after start'
on stilbestrol.

Feb. 29, 56 Cycles regularly and tract appears normal, as determined
by palpation ip&r rectum.

March 22,<6 Reproductive tract removed at slau^iter, &&rch 22,
One oviduct collapsed, the other plugged with growth*

on inner wsll,

height of pituitary * 2,0 g,
©f adrenals - 20,0 g.
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Table 36. Uodtcal tro itment and observations of experimental cow $>A
(Twin pair 3).

Calved* 5U lb. female. Cleaned - no trouble.

Cow In heat every U - 6 day* since calving. Cystic
graafian follicle r.o.

10 rat unite pituitary gonadotrophin intravenously -

el ght regression 10-1U-55.

10,000 I.u. in 10 cc. physio. NaCI eol. intraauecularly
of "Antuitrin Sn , chorionic gonadotropin.

10 rot unite gonadotropin - Ovary still cystic) seems
to be some lutein tissue preeent. Psgresslng in else*

Ovaries eeem normal, cycling regularly now.

Hand milking etarted becauee of low production.

Sept. 9, V
Sept. 30, 55

Oct. 7, 55

Oct. 25, 55

Nov. 12, 55

Dec. 1, 55

Jan. 22, 56

Table 37. Medical treatment and observations of control cow 86A (Twin

peir 3).

Oct. 31, 55

Nov. 7, 55

Deo. 5, 55

Jan. 15, 56

Calved. 60 lb. female, normal - cow cleaned.

Nervous at milking - kicks.

O.K. at milkings now - no kicking.

Very aggressive to other cows in heat. Often develops
an edsnateous condition on belly from riding other
c<

Feb. 8, 56 Started hand milking to be uniform with twin cow 85a.
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Table 38. Medical treatment and observations of control cow 19U3
(Twin pair it).

Aug. 8-9# 55 Cow suffering badly from hot weather. Ca Gluconate
given for strength.

Aug. 10, 55 Calf pulled - very large calf (131 lb. 311.5" at withers)
Hard on cow.

Jug. 15, 55 tfterus and horns in poor shape. 3 Million units penicillin
and 25 mg. stilbestrol (intramuscular) given to clear up
and out infection in uterus, "-utrtfying tissue. From
ruptured condition of uterus. Udder infusion of penicillin
for mastitis.

Aug. 16, 55 3 million units penicillin (intramuscular) and uterine
capsules.

Aug. 17, 55 3 million units (I.M# ) per&eillin, also penicillin for
wwtitis in left rear quarter. Cow leaving grain.

Aug. 18 , 55 Uterine capsules - cervix still onen.

Aug. 19, 55 1 tube H.P. penicillin left rear quarter. Grain mixed
with HgO.

Sept. 11, 55 Mastitis continues to flare up every 6-10 days.

Sept. 30, 55 50 mg. sti31)estrol (I.M.) given to help clear out small
amount of fluid and extraneous matter in uterus.

Oct, 1, $$ False heat - due to stilbestrol and injection? Uterus
and horns in comparatively good shape.

Dec. 1, ^ Mastitis continuing.

Jan. 26, 56 Pus in vagina.

Jan. 29, 56 In heat - not bred. Infection in tract. Seem to be caused
by fecal matter drawn into vagina. Vagina and cervix badly
prolapsed when cow is down

3*b. 27 » 56 Bred naturally because of difficulty encountered in attempt-
ing to pass pipette through cervix.

April 15, 56 Uterus still protrudes whan cow is down. Pregnant. Possibly
twins.
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Table 30 # cdlo»l treatment and obsenriiions of experimental cow 19^13

(Twin pair U).

30, 55 Cow auffaring from hot weather.

Ave, tg 55 Calred. 110 lb. male. Cow did not clean.

Au, # 3, 55 Poor condition after calving. Did not clean, eating
poorly - mastitis,

Aug. U, 55 1 pint doxtroee.

Aug. 5* 6 Ranic illin, all four quarters

.

Aug. 7, 55 Vaginal odor - putrid.

Aug. 8,55 U0 mg, intramuscular stilbestrol and uterine capsule.

Aug. 10, 55 Leaving grain. Plies bad around pelciv region and
vulva (odor).

Aug. 11, 5^ 3 million units penicillin (intramuscular) and uterine
eapsule.

Jog. 1 , Black vaginal r'ischarpe.

Aug. 17, 5< Mastitis left rear quarter - leaving prain.

sag. 20t 55 Cleaning up grain in HgO mixture.

Aag. 2U, 55 Mastitis left rear - 1 tube penicillin.

Sept. 8, 5^ Mastitis recurring erery 6-8 days.

Sept.29, 55 50 mg. intramuscular stilbestrol to help clear out ex-
traneous matter from uterus.

Oct. 6, 55 Signs of heat| from stilbestrol injection?

Oct. 6, 55 Off grain - eats OK when wetted.

Dec. 1, 55 Mastitis continues.

Jan. 56 Mastitis continues.

Feb. 23, 56 Slight prolapse of uterus when cow is down.
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Table 1*0. ?4edical treatment and observations of control cow l&A (Twin
pair 5).

Oct* h> 55 Calved. 87 lb. female. Cleaned - no trouble,

Oct. Hi ,55 Sight rear quarter swollen.

Got. 27,5$ Quarter OK - no treatment, Ho sign of mastitis.

Jan. 7, 56 Injection oi* penicillin and sulfa, for hoof rot • also

local treatment*

tmw m i
' mnw

Table 1*1. Medical treatment and observations of experimental cow UlA
(Twin pair 5).

Sept. 22, 55 Calved - 92 lb. female. Hormal birth.

Oct. 7, 55 Sid not finish grain,

Oct. 11, 55 Leaves small amount of grain.
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Diethylstilbestrol, comaonly called etilbestrol, is a synthetic

eetrogen-like compound that has been used in the past few years to in-

crease body weight gains and to loner feed requirements por unit of pain

in fattening animals, Since atilbestrol was effective in stimulating

growth in fattening animals, the question was raised as to its possible

effect on milk secretion in dairy cows, and reproductive physiology of

breeding animals in general*

The purpose of this study was to obtain information on the various

physiological effects of feeding low levels of etilbestrol to dairy cows.

The experiment was divided into two phases, phase I, in which herd

cows were used and phase II, in which identical twin cons were used.

In phase I, 12 dairy cows of four different breeds, some non-pregnant

and others in various stages of gestation, were fed etilbestrol at levels

ranging from «> to 20 ag, per 1000 pounds of body weight per day. The ob-

jectives of phase I were - 1, to determine the effect of etilbestrol on

reproduction, 2. to determine whether etilbestrol administration would

cause or increase the estrogenic activity of milk from treated cows, and

3. to determine whether feeding etilbestrol to dairy cows would result in

unfavorable anatomical changes of the treated animals.

The major problem encountered in setting up an experiment to compare

milk production between groups of animals is the difference in inheritance

of the cows. Identical twin cows were used in phase II of this experiment

to eliminate this variable factor, Theoretically, one pair of identical

twin cons will replace about 22 random pairs of cows without loss of statistical

efficiency in measuring milk production. Five pairs of Identical twin cows



I, Since results in phase I indicated that the 10 mg. level nee

safe and effective, this level was selected for phase IT. One

of each twin pair was fed atilbeetrol at the level of 10 mg. ner

1000 poonds of body waijht per day, beginning 60 days post partus. The

other animal of each pair was used ss a control.

It was concluded from this experiment that the feeding of stilbestrol

at the 10 mg # level increased the average amount of h percent fat-corrocted-

milk produced by approximately 13 percent* This greater production was

the result of a & percent lower rate of decline in the treated animals

rather then by an immediate increase in production. There was no msasur-

able effect on the percent of fat or solids produced by the treated

lis.

It was determined by assaying known amounts of stilbestrol that

in extracts of milk in amounts equivalent to .0U8 micrograms of

stilbestrol could be determined by the biological assay methods used In

this study.

Thirteen biological assays were made on extracts of milk from cows on

the experiment. Ten of these were from cows receiving stilbestrol, and

three were from control cows. Only one of the thirteen extracts contained

a neaeurable amount of estrogen. This was an extract from the milk of a

cow receiving 20 mg. of stilbestrol per 1000 pounds of body weight per day.

This extract contained an amount of ostrogen capable of producing approxim-

ately the sams response in ovariectomissd ndce as .OI48 micrograms of

stilbestrol.

80 far as could be determined, no detrimental effects on reproductive

physiology of the cows were brought about by the oontinued feeding of $ to



1$ a^. of stilbestrel per 10QG pounds of body -sleight per day* there

seemed to b© no effect on conception, early pregnancy, or normal calving

in mimals receiving stilbestrol.

There were no signs of nypho&ania in any of the treated oom , nor

were there any undesirable effects to physical abearance.

Preliminary studies of the pituitary ami adrenal glands of cows

that received stilbestrol revealed no gross changs in weight or structure

that could be attributed to the feeding of stilbestrol.
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