SOME PHYSIOLOGICAL EFFECTS OF ESTROGENS

UPON RUMINANTS

by
JOSEFH DAVID SHRODER

[0
Baghelcor of Sciencs
Cornell University
Tthaca, New York
1950

Master of Sciencs
Oklahoma Agricultural and Mechanical College
Stillwater, QOklahoma.
1954

Submitted to the faculily of the Graduate School of
the Oklahoma Agricultural and Mechanical Collegs
in partial fulfillment of the réquirements
for the degree of
DOCTQR OF PHILOSOPHY
May, 1957



OKLAHOM
STATE UNWER%ITY
LIBRARY

FEB 13 1958

SOME PHYSIOLOGICAL EFFECTS OF ESTROGENS

UPON RUMINANTS

Thesis Approveds

Thesis Adviser

7B, Nutene

.S Wogrosrmen

Dean of the Graduate School

393677

ii



ACKNOWLEDGMEN T

The author wishes to extend his sincere appréeiation to Dr. Sam
L. Hansard, formerly Senior Scientist, University of Tennessee-Atomic
Energy Commission Agricultural Research Program, for his assistance
in planning and conducting these studies and in preparing this thesis,

He is indebted to Dr. L. S. Pops, Associate Professor of Animal
Husbandry, Oklahoma Agricultural and Mechanical College, for his guid-
ance and many valuable suggestions; to the 0ak Ridge Institute of Nu=
clear Studies for the fellowship award which supported the author's
research program; and to the University of Tennessee-~Atomic Energy
Commission Agricultural Research Program for providing the facilities
for the research.

The author further acknowledges W. A, Lyke, Gladys Tapp,. Barbara
Richmond, and Thomas G, Clark for their technical assistance; Ernest
Vinsant for assistance in caring for the experimental animals; and
Armour and Company for their generous donation of the growth hormone
preparation used in a phase of this study.

Bspecially, however, the author wishes to extend recognition to
his wife, Emelie, without whcse patience and understanding this work

would not have been possible.

iis



TABLE OF CONTENTS

INTRODUCTION o « o o o o o o o ¢ o o o + o o ¢ o o 0 o o oo 1
REVIEW OF LITERATURE © ¢ « ¢ o o o o o o ¢ o o6 « o o o o o o 3

EXPERIMENT Is EFFECTS OF ORALLY ADMINISTERED STILBESTROL UFON
CALCIUM AND PHOSPHORUS METABOLISM IN LAMBS., . 14

Experimental o o o o o o o o o o & o o T4
Results and Discussion . o o« ¢« ¢ o o o o 23

EXPERIMENT IIe EFFECTS OF ORALLY ADMINISTERED STILBESTROL .
UPON GROWTH IN LAMBS o ¢ o © o o o o o « o o 36

Experirﬂent’al [+] o [+] o o o o Q [<] o Q ] o o 36
Results and Discussion. « o o o o o o o 39

EXPERIMENT IIIs EFFECTS OF ORALLY ADMINISTERED STILBESTROL
UPON TOTAL BODY WATER AND BLOOD VOLUME IN
LAMBS 6o 8 o © © ¢ © o © & o © © © ©°o o 66 6o @ 42

Experimental . ¢ o ¢ 5 o o o o o o o o L2
Results and Discussion o o o o o o o o 45

EXPERIMENT IVs: EFFECTS OF ORALLY ADMINISTERED STILBESTROL
UPON CERTAIN ENDOCRINE ORGANS IN LAMBS AND
S TEERS Q [ o o o o o o ° ] <] o o o o o o o o 4‘8

Experimental. o o« o o o o 6 o o o o o @ 48
Results and Discussione o o o o o o o o 53

SWRY o [ Q [ Q L) o -] -] o o o i3 <] ] o o i3 o Q o (-] Bl £+ o @ L] 66
TITERATURE CITED o o o o o o o o o 6 o o 0 o o 0 o o o o o o 68

APPENDIX ¢ ®© e 6 o ®© © © © 6 © ©°o o 0 © ©O0 © o0 © o © 0o © 9 o o© 75

iv



Table

T

30

deo.

5.

10..

1.

12.

13.

140

15,

LIST OF TABLES

Page

Effects of Orally Administered Stilbestrol upon
Calcium Absorption and Excretion in Lambs. o o o o o o 29

Effects of Orally Administered Stilbsstrol upon
Phosphorus Absorption and Excretion in Lambs . . « . » 32

Effects of Orally Administered Stilbestrol upon
Growth in Lamb&, . o o o o o o o o o o o 6 © o o o o o 40

Effects of Orally Administered Stilbestrol upon
Total Body Water and Blood Volume in Lambs o « o o o o 46

Effects of Orally Administered Stilbestrol upon
Pituitary Weight and Fercentage Moisture of Pi-
tuitaries in Lambs and Steer Calves. o o o o o o o o« o 54

Effects of Orally Administered Stilbestrol upon
Adrenal Weight and Cholesterol Content in Lambs
&I’ld Steel" CalVGS o o o © © o © © o © o o © o0 o o o ©° 8 55

Pituitary Growth Hormone Assay using Hypophysec-
tomized Immature Female Rats o o o o ¢« o o o o o o o o 59

Pituitary Thyrotropic Hormone Assay using Day-01d
Chi Cks o a2 L] bl Bl u o a o Q o Q o -2 k=] o a < o o o o o © 61

Bituitary Gonadotropiec Hormone Assay using Hypophy-
sectomized Immature Female Rats, . o ¢ o o ¢ o o o o o  OF
Pituitary Adrenccorticotropic Hormone Assay using
Hypophysectomized Immature Female Rats o o o o o o « o 04

Pituitary Adrenocorticotropic Hormone Assay using
Dayaold Chi cks o o o o o o o o o c [ o o o =] o o <] a (] 6Av

Chemical Balance Data with Lambs, Period I, Summer,
1956 a o o o o o =] o =] o o ) o o o o a o °© <] (<] o vO o 0o ‘76

Chemical Balance Data with Lambs, Pericd II, Summer,
1956 o o © o o o o o o 3 © o [ o o o o o o o o o o o o 77

Chemical Balance Data with Lambs, Period III, Summer,
1956 o o o c o e ° o Q - o o o o o o o o o o o o o o © 78

Chemical Balance Data with Lambs, Period I, Fall,
T956 o o o o o o 6 6 6 6 0 o o 6 6 o o 6 6 0 o o o o o 79



Table Page

16.. Chemical Balance Data with Lambs, Period II,. Fall
1‘;956 ] o o o o o o Q <o o Q o o o ‘ -] -] © o L] [ © o 2 o o 79

17. Chemical Balance Data with Lambs, Period III, Fall,
1956 o -] o Q o o L < © o -3 o o o [ © -] <« o -] o < © o o 80

18, BRadiocalecium Balance Data with Lambs, Pericd I,
slmerg 1956 o o o a o Q o o o < o o < o o <o o o o o o 8.1

19. Radiocalcium Balance Data with Lambs, Period II,
Smerp ‘g956 e o «a o o o o o o o e o © < e o @ ° a o ° 82

20, Radiccalcium Balance Data with Lambs, Period III,
Summer, 956 o ¢ o o o o 6 o o 0 0 o 6 o a o 0o 0o & o o O3

21, Radiocalcium Balance Data with Lambhs, Period I,
Faj.lpa 1956 3 o o o o o o o ° © ° o o ° ° o © o o o ° o 84.

22, Radiocalcium Balance Data with Lambs, Period II,
Fal].9 ‘8956 o o o o o o o o © o o o o 0 o 3 o o 0 o o o 8/!’.

23. Radiocalcium Balance Data with Lambs, Period III,
Fallg 1956 e o o o o o o ° o o a o o o o o o ° o o o o 85

24, Radiophosphorus Balance Data with Lambs, Period
19 Summer» 19560 o aQ =l o o Q o a [+ (=] Q o [« o o -] -2 [+ -] 86

25. Radiophosphorus Balance Data with Dambs, Period
IID Sulnmerp 1956 o © o o ] Q o o o Q o o (=] o Q -] o 9 o 8177

26, .Radiophosphorus Balance Data with Lambs, Period
III 9 S‘mmner? 1‘!9560 o o Q =] ] < o o 0 o [+] -3 o Q -] o < < 88

Z7.. Radiophosphorus Balance Data with Lambs, Period
I‘Q’v Fa119 19560 o [ o o © o a o o [ ° o [ o < ] Q o o o 89

28, Radiophosphorus Balance Data with Lambs, Peried
IIy Fallg 1?956 @ o o © © © © @ © © ©© © © ©0 © ©o© 8 © 0 © 89

29. Radiophosphorus Balance Data with Lambs; Period
IIIQ Fallg 19560 '3 a o o o Q o o o o o o @ o o o o o o 90



Figufe

To

3o.

LIST OF FIGURES

Page

Calcium=45 and FPhosphorus-32 in the Total Blood of
Control or Stilbestrol-fed Wether Lambs as a Funce-
tion of Time, Following Oral or Intravenous Admin-
istration o« o o o ¢ o 5 o 0 o 6 6 0 6 0 5 6 o o o oo o Rk

Accumulative Fecal Exceretion of Orally or Intraven—
ously Administered Calcium=A45 and Phosphorus=32 of
Control or Stilbestrol-fed Wether Lambs. o « o o o o o 27

Radioantographs of Sagittal Sections of Femur Bones
from Control and Stilbestrol-fed Wethers Demonstrat-
ing the Grcwth Effects ] o L] - o o -] Q o o o o o Q Q o 38



INTRODUCTION

The effects of stilbestrol in promoting rate of gain, feed con-
sumption, and efficiency of feed utilization in livestock have been
demonstrated by many investigators. Thus far, little attempt has been
made to establish the mechanism or the site(s) of the action of estro-
géns in ruminants. The influence of estrogens upcn-nitrogen metabol-
ism and upon mineral behavior, in particular calciuwm and phosphorus
retention, has been well established. However, correlation between
data obtained from balance trials and the physiological performance
of animals treated with estrogens has not been attempted.

It is recognized that stilbestrol exerts a profound physiologi-
cal effect upon many classes of animals, particularly in its interre-
lationship with the endocrine system. Few attempts have been made %o

stédy the effects of stilbestrol upon the endocriné:system of cattle

bi

k4

anﬁ sheep,' Because of speeies'differences in response to estrogens,
iné;rences drawn from the use of laboratory animals with respect to
 hormonal interrelationships may not be applicable for interpreting the
response obtained with ruminants,

Current developments in radioisoicpe procedures with farm animals
and the availability of a wide range of isotopes has made feasible in-
tensive investigation of the physiclogical behavior of animals in re-

sponse to a great variety of dietary and envirommental conditions.

It was considered that this study, utilizing radioisotopes as well as



conventional experiments, would permit a clarification of the behavior
of estrogens in ruminants and would facilitate a critical evaluation
of the response reported for farm animals under the influence of es-
trogens.

These inveétigations were designed for the purpose of determining
the following: (1) the effects of stilbestrol upor total body fluids
and upon the physiological behavior of calcium and phosphorus in ru-
minants, (2) the site(s) of action of stilbestrol in stimulating rate
of gain, feed consumption, and efficiency of feed utilization in ru-
minants, and (3) the effects of stilbestrol on certain endocrine or-

gans and their products,



REVIEW OF LITERATURE

The value of diethylstilbestrél, hereafter referred to as stil-
bestrol, a synthetic, female-like sex hormone, in promoting rate of
gain and improving feed efficiency has been shown by many workers,
Dinusson et al. (1950) demonstrated that subcutanecus implantations
in beef heifers significantly increased rate of gain, feed consump-
tion, and feed efficiency. Andrews et al. (1949) reported that sub-
cutaneous implantation of sitilbestrol pelle%s increased the rate of
gain and feed.efficiency of feeder lambs. Since tkis early work, the
stimulating effects of stilbestrol in fattening ruminants have been
amply demonstrated..

Burroughs et al. (1954) first demonstrated that orally adminis-
tered stilbestrol was effective in increasing weight gains and effi-
ciency of feed utilization in fattening stéers° These workers stated
that dral adninistration overcame the undesirable wside effects asso-
ciated with implantation; eliminated the human hazard coﬁnected with
residual estrogen from the implanted pellet, and provided a means to
control more closely the amount of estrogen taken into the system.

Since these data were first published, they have been confirmed
at a number of agricultural experiment stations, Thus far, however,
little progress has been made in establishing the mechanism of action

in ruminant animals,



Species Differencess Study of the mechanism of agtion of stil-

bestrql is complicated by a speéies difference whieh apparently exists
in‘£ﬁé response to estrogens. In contrast to an increased rate of gain
noted in ruminants under estrogenic influence, swine apparently show

no growth response to estrogens as measured by weight increase {Dinus-
son et al., 19513 Woehling et al., 19515 Pearson et al., 195<; and
Beeson et al., 1955).

The growth of laboratory animals under estrogenic influence is
markedly depressed. Dsanesley and Parks (1941) found that large doses
of estrogens implanted in young male rats caused an immediate retarda-
tion of growth, However, growth did not cease until a wedght of 120-
130 grams was reached. Richards and Kueter (19471) administered 2 mil-
ligram implants of stilbestrol to young male and female rats and 10=-

20 milligram implants to adult fémale rats. They found that growth

in the young animals was markedly inhibited, while the adult females
lost weight initially, but began to gain after a short_interval,

Meites (1949) injected stilbestrol into albino rats at daily levels of
0,001, 0.D1, and 0,4 milligram per animal. All lewels of stilbestrol
depressed growth and intake of feod and water. The author concluded
that the inhibition of growth was due primarily to-appetite depression.
Korenchevsky and Denison (1934) found that large daily doses of estrone
depressed appetite and gain in weight of rats, Light and Tornaben
(1953a, 1953b), after applying ointment containing 30 micrograms of
estradiol to weanling male and female rats, fqunds in contrast to the
work of Meites (1949), that estrogens induced a period of extreme energy

expenditure which caused an increase in appetite for food and water but



permitted only sub-normal growth. Gardner and Pfeiffer (1943) observed
that the oral administration of 50=250 micrograms of stilbestrol great-
ly reduced the rate of growth in young rats, They found, in addition,

that estrogens decreased rate of gain in young guinea pigs.

Effects on Metabolism: Although work with albino rats is conflict-

ing as to the effect of estrogens on appetite, Dinusson et al. (1950)
and Perry et al. (1955) with fattening beef cattle, and 0'Mary et al.
(1952) with fattening lambs reported that stilbestrol, either implanted
or orally administered, inereased daily feed consumption.

In metabolism trials with lambs, Whitehair et al. (1953) found
that stilbestrol implanted subcutaneously had little effzet othotal
digestibility of the ration, but significantly increased ealcium, phos=
phorus, and nitrogen retention. Jordan {1953) also found no difference
in digestibility of feed nutrients by fattening lambs, but nitrogen re-=
tention was increased approximately 30 percent as & resuld of stilbes-
trol implantation. Brooks et al. (1954) demonstrated that high levels
of stilbestrol fed to sheep (10-20 milligrams per head daily) signifi-
cantly increased cellulose and protein digestibility, but. the level
of estrogen fed was too high to be of practical impeortance., Clegg
(1952) and Clegg,and Cole (1954) obtained an increase in nitrogen re-
tention in steers implanted with stilbestrol which was almost double
that of the controls, Klosterman et al. (1955) fed three different
levels of protein, obtained by the daily addition of 1.5 pounds, 0.75
pounds, or no soybean olil meal to a fatiening ration, to steers receiv=
ing stilbestrol either orally or by implants. They reported highly

significant differences in average daily gain between steers fed various



levels of protein and between control and treated steers. The response
in daily rate of gain from stilbestrol was 0.51, 0.36, and 0,03 pounds
when the three levels of protein were included in the ration. Schil-
ling and Laszlo (1950) administered estrogen therapy to an elderly male
suffering prostatic carcinoma and observed no appreciable changes in
nitrogen or phosphorus retention. However, a positive calcium balance
achieved on a low calcium diet was accredited to an initial decline in
urinary calcium excretion and a subsequent reduction in fecal calcium
excretion, Kochakian (1946) in reviewing the protein anabolic effects
of the steroid hormones, statéd that the estrogens increased nitrogen
retention in dogs and that stilbestrol therapy in human females with
Cushing's syndrome decreased nitrogen excretion. Roberts and Szego
(1953) stated that the growth which occurs in the female reproductive
structures in response to estrogen stimulation has been characterized
by the deposition of protein as well as water and electrolytes.
Govaerts et al. (1951) performed balance studies on pigeons util-
izing calcium-45 and alpha-estradiol dipropionate, They found that
daily injections of the estrogen decreased calcium excretion and in-
creased overall calcium retention. Under estrogenic influence, cal-
cium had a biological half-life of 75 days as compared to 45 days in
the controls. Norman and Mittler (1948) found that estrogens adminis-
tered to weanling rats stunted the growth of these animals but increased
the density of the bone shaft, accelerated epiphyseal cleosure; and in-
creased the percentage of bone ash., Support for these data is found
in the work of Day and Follis (1941) who observed that estradiol ben-

zoate injected into rats 30-650 days of age caused a decrease in the



destruction of bony trabeculae immediately beneath the cartilage shaft
junction and a decrease in osteoblastic activity at the cartilage shaft
‘junctiong This increased the density of the epiphysis and apparently
accounted for the increased bone ash concentration. However, total
bone was decreased due to decreased growth in bone length. Budy et al.
(1952) found that the length and density of the long bones of young
growing mice was increased in response to moderate doses of esirogens,
This action was confined to a specific efféct upon .che part of the
growth apparatus; i.e. interference with the resorption.ef spongy bone
in the metaphysis. Since the estrogenic effect on ﬁhe bones of rats
was limited to that part of the growth apparatus concerned conly with
endochondral ossification, no similar action upon intramembranous os-
sification occurred. Similarly, Edgren and Calhoun (1956) reported
that injections of diethylstilbestrol, estradiol, or estrone into mice
stimulated inereases in the density of the femora of the treated ani-
mals, presumably by causing proliferation of the medullary bone, In
this respect, estrone appeared to be the most potent and stilbestrol
the least potent. In contrast to the foregoing, Urist.gglglo (1948)
stated that, in guinea pigs, hamsters, rabbits, cats, and dogs, there

was no apparent specific effect of estrogens upon bone formation,

Effect upon Carcass Analysis and Body Compositions Fittle criti=

cal work has been performed concerning the influenee of esitrogens on
skeletal development and body composition in large amimals. O'Mary

et al. (71952), in analyzing carcasses from wether and ewe lambs that
had received stilbestrol implants; found a greater amount of total bone

in the treated lambs. Wilkinson et al.. (1955) observed non-significant



differences in percentage bone ash between treated lambs and their con-
trols,, while Clegg and Carroll {1956} obtained ne differences in per-
centage bone between steers that had received stilbestrol implanis and
their controls,

Cahill et al.. (1956) reported that stilbestrol tended to induce
deposition of fat in bulls, but retarded fat deposition in steers.
O'Mary et al. (1952), after implanting lambs with 12 milligram pellets
of stilbestrol, found a smaller amount of external fat, & highly sig-
nificant ingrease in moisture content of the external fat, a greater
amount of bone and connective tissue, and no difference in the amoucnt
of muscle and internal fat, Wilkinson et al. (1955) obtained essen=
tially the same results with fullefed or limited-fed fatitening lambs,
but observed no differences in the percentage water in the eye muscle
or percentage ash in the shank bone. Clegg and Carroll {1953) studied
a seven=rib cut from carcasses of steers receiving stilbestrol implants
and their controls., The data revealed no differenees in percentage
water, but there was a greater eye muscle area, a .greater percentage
of lean and a smaller percentage of ether extract and fat in the treated
animals. In later work, Clegg and Carroll (1956) utilized the twelfih-
rib cut from steers and heifers which had received stilbestrol implants,
Treatment caused decreased fat depositicn and increased protein anabo-
lism, did not affect percentage bone nor percentage moisture in steers,
but caused a significant increase in percentage moisture in heifer car-
casses,.

Carcass analysis, howsver, where minimal sample.areas are employed,

has proven to be a crude method of evaluating the physiological actions



of estrogens, The limited data suggest, in beef catitle at least, that
there is an increase in total lean tissue., This is in agreement with
balance studies which show a great increase in nitrogen retention under
estrogenic influence. Data which indicate no difference in percentage
bone in stilbestrol-treated animals should be interpreted with caution
when compared with data which indicate increased caleium and phosphorus
retention. Analyses for percentage moisture have indieated little ef=
feect of stilbestrol upcen water retention, although, in certain instan-
ces, there has been increased moisture reported as determined by car-
cass analysis.

Roberts and Szego (1953) have reviewed steroid interactions in
the metabolism of reproductive target organs. They found that true
growth of the structures of the female reproductive itract, induced
by endogenous hormonal stimulation or by estrogen administration was
preceded by an influx of water and electrolytes inmto the tissues in-
volved, Although these data were concerned with smooth muscls tissue,
there is the possibility that estrogens would have similar effects on
.'striated muscle tissue,

Paschkis et al. (1954) have indicated that es&regeﬁﬁ exert a slight
effect on retention of salt and water in the tissues. Burrows (1949)
stated that estrogens markedly increased retention.éf sedium, -chloride,
and water with a gain in body weight and blood pressure, In this re-=
spect, Furth and Sobel (1946) determined blood volume in mice bearing
transplanted granulosa-cell tumers which are estrogen praducing; They
observed an increase in blood volume of one to five times that of the

normal mice. However, Genzell and Sjostrand (1956) reported no effect
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upon bleod volume as a result of injecting estrogens into normal and
castrate rats. Thorn and Engel (1938) found that_iéééé%iéé:é?iééﬁygi;uf
gens into nofmal dogs was followed by decreased excretion of inorganic
phosphoruS‘ahd sodium which would indicate an accempanying increase in
water retention,

These data point to hydration of the tissues as one of the effects
of estrogen administration and must be considered in determining the
mechanism of action of stilbestrol in ruminants. The work of Perry
et al,. (1955) and Reynolds et al. (1955) indicated. that for the first
month following the initiation of estrogen feeding to steers, there
was a period of extreme weight gain following which the effect of the
estrogen was gradually diminished. It was possible that estrogens
induced a period of greatly increased anabolism afier which the ani-
mals became adapted to treatment. However, it was - alsc possible that

estrogens induced a period of increased fluid retemtion followed by a

gradual adaptation to the treatment,

Hormonal Interrelationshipss The demonstrated actien of stilbes-

trol as it affects nitrogen and mineral metabolism in ruminants strong-
1y suggests pituitary influence, although there is the possibility that
the hormone acts directly upon other endeocrine organs. That estrogens
exert an influence upon the anterior pituitary'is well established..
Spencer et al.. (1932) and Reece and Leonard (1939) attributed growth
inhibition in estrogsn=treated @ats to a depressibn in the growth stimu-
lating power of the hyporhysis., Dsanesley 61939) inplanted estrone or
estradiol into male rats and mice and observed an inhibition of pituitary

function as well as a marked depression of growth, less of fertility,



shrinkage of gonads and accessory organs, and enlargemen% of the pi-
tuitary and adrenals. Richards and Kueter (1941) attributed the growth
depression observed when young rats were given large doses of stilbes-
trol to an inhibition of pituitary growith hormone.

Depression of growth in laboratory animals has alsa been atiri-
buted to stimulation of the adrenal cortex. Ellison and Burch (1936)
reported that a number of estrogens, in sufficient quantities, caused
hypertrophy of the pituitary and adrenals in the ecastrate rat. Kor=
enchevsky and Denison (1934) found that large doses of estrone in nor-
mal rats depressed development of the sexual organs and induced hyper-
trophy of the adrenals and hypophysis. Allen and Bern (1942} noted
that estrogens increased the size of the adrenal cortex. in the guinea
pig and Deanesley (1939} observed enlargement of the adrenals.in ses=
trogen=treated rats..

The thyroid has alsc been implicated in the response to estrogens
although the data are somewhat c@nfiictingo Victer and fndersen (1938)
concluded that the increased metabolism of the liwver of spayed rats
injected with estrogens resulted from the action of the estrogen on
the anterior pituitary which caused an increase in thyroid activity.
Meites and Turner (1948), however, found that estrogens decreased the
pituitary production of the thyroid stimulating hormone in male rab-=
bits., Feldman (1956) reported that the administration of estrogens
for short periods of time to intact male and female rails, castrated
male, and hypophysectomized female rats induced increased thyroid up-
take of I=137. Prolonged injection of estrogens prevented increased

uptake or depressed the usual uptake of I-131.  The administration of
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estrogens did not affect thyroid size. Soliman and Reineke (1954) re-
ported that estrogens administered in small doses consistently increased
thyroidal iodine collection. In later work Soliman and Reineke (1956)
demonstrated that a functional pituitary was necessary for this action
to occur,

Paschkis et al. (1954) surveyed the effects of estregens on the
endocrine system, They stated that prolonged administration of large
doses of estrogens produced dwarfism apparently resulting from inhibi-
tion of the growth hormone. In some species, estrogens caused increased
adrenal weight, but this difference was not consistent. There has been
no conclusive evidence that estrogens administered in physiologic doses
affected thyroid function. In high dosages or after prolonged admin-
istration, estrogens appeared to depress thyroid function and lower the
basal metabolic rate., This effect was probably mediated by changes in
the thyroid stimulating hormone.

Research on the effects of estrogens upon the endocrine system
of large animals is extremely limited. Cahill et al. (1956) found that
stilbestrol implants in steers resulted in significantly heavier adrenal
glands and slightly heavier pituitaries. Clegg amd Cole (1954) implanted
stilbestrol into steers and heifers and studied the effeet on endocrine
weights; ACTH;, and growth hormone content of the pituitary. In the
treated animalsy the pituitary and adrenals were significantly larger
than in the controls;, but the growth hormone snd ACTH content per gram
of total organ of the treated steers were not significantly different
from the controls. However, the growth hormone content of the hypophy-

8is of treated heifers was twice as great as the controls,
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Although the effects of stilbestrol upon caleium, phosphorus, and
nitrogen retention have been demonstrated, further work is needed to
determine the underlying mechanisms of these processes. In view of the
effects of estrogens upon fluid uptake of certain tissues in laboratory
animals, critical studies should also be made to determine whether the
large increases in initial rate of gain which have been _reported might
be correlated with increases in total body fluids.

It has been shown that estrogens have a marked effect upon certain
endocrine organs in laboratory animals as well as ruminant animals,

In ruminants the effects of stilbestrol implants upon the endocrine
system of steers has been studied to some extent, There is a need for
investigations of the effects of orally administered stilbestrol in
ruminants as well as a more detailed evaluation of the actions of es-

trogens upon endocrine funetion,.



EXPERIMENT I

EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPOHN

CALCIUM AND PHOSPHORUS METABOLISM IN LAMBS

It has been shown that stilbestrol administration results in in-
creased calcium and. phosphorus retention in lambs, however, the under-
lying mechanism has not been demonstrated., This experiment was designed
to determine the effects of orally administered stilbestrol upon ab-
sorption of calcium and phosphorus from the gastrointestinal tract and

upon the loss of calcium and phosphorus from body sources,

Experimental

Procedures with Animals:: Eighteen crossbred spring wether lambs of

_ known breeding were used in an experiment conducted at the University
of Tennessee-Atomic Energy Commission Agricultural Research Program,
Oak Ridge, Tennessee, during the summer and fall of 1956, Twelve of
the lambs, averaging approximately 70 pounds in weight, were used dur-
ing the summer period (May 2i-August 18) and six of the lambs, late
spring lambs averaging approximately 80 pounds in weight, were used
during the fall period (September 7-November 1R}, Immediately after
the animals were brought in from pasture they were shorn and drenched
Pwith phenothiazine and placed on UT=AEC ration H;ﬂiwhich consisted

of yellow corn (75 percent), alfalfa meal (15 percent), soybean oil

14



meal (10 percent), and irradiated yeast (10 grams per cwt.),with
orchard grass hay ad lib., until they had become accustomed to the
ration and surroundings,

At the beginning of the summer period, the itwelve lambs were di-
vided at random into two groups of six lambs each. €ne group was placed
in the metabolism racks for a short orientation period, followed by a
four-day preliminary period, during which time the lambs recsived 1,0
pound of UT-AEC ration H=1 and an equal amount of poor quality orchard
grass hayof This ration was fed during the entirs experimental period
and was caleulated to provide 3-4 grams of calcium and 2.5 grams;of
thosphorus per head daily.. At the end of the preliminarymperiad@ the
lambs were divided at random into two groups of three animals each.
One group contimued to receive the basal ration while the cther group
received the basal ration plus 2 milligrams of stilbestrol per head
daily.. At this point, one animal in each group, selected at,randomy
was injected intravenously with T millicurie of caleium=45 and ¥ mile-
licurie of phosphorus=3Z, adminisfered concurrently, and for. compari-
son two animals in each group recelved the same amount of redicactivity
administered crally by means of a siomach tube. A concurrsnt 7-day
chemical and radiochemicai blocd study and balance was then conducted.
At the conclusion of this trial, the second group of six lambs, which
had Eeen on the basal ration, were similarly treated, During ithe sum-
mer period, three itrials were conducted with both groups at approxi-
mately three-week intervals. In the intervals between balance trials,
all lambs continued to receive their same experimental rations. At
the beéinning of the second and third trials, the orientation period

was omitted, but a four-day preliminary period was included before the
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collection period. Immediately before each trial, all lambs were weighed
without shrink., These weights were used for subsequent calculations,

During the fall period the lambs were handled in a similar man-
ner, except that the experimental ration consisted of 1.5 pounds of
UT-AEC ration H-1 and 1.0 pound of mixed orchard grass-alfalfa hay per
head daily which provided an intake of approximately 5 grams of calcium
and approximately 3.5 grams of phosphorus per head daily. During the
second trial of the fall period all lambs were dosed orally with the
appropriate radioisotope. For the final balance an additional lamb,
which received the appropriate experimental ration for the entire peri-
od, was added to each group. These lambs received calcium=45 only,.
injected intravenously.

Procedures for handling the animals and for the quantitative ad-
ministration of radioisotopes have been described in detail by Hansard

(1951) and Hansard et al. (1951).

Isotope Administrations The radiocalcium was prepared as the chloride

and was diluted for use to an appropriate volume with sterile saline,
Immediately before dosing, the pH was adjusted to 6.0-7.0 to prevent
precipitation upon standing. Radiophosphorus was prepared as phosphoric
acid in weak hydrochloric acid sclution and was neutralized with dilute
ammonium hydroxide immediately before administration.

For intravenous administration a No. 12 bleeding needle was inserted
into the jugular vein and a small polyethylene catheter inserted through
the needle and into the vein. A syringe adapted with a short length
of gum rubber tubing and filled with heparinized normal saline was

atbached to the catheter with a No.. 20 hypodermic needle. The dose,
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contained in a small tuberculin syringe, was introduced into the tub-
ing and washed‘guantitatively into the bloodstream by simultaneous ad-
ministration of the heparinized normal saline solution. A reference
standard was prepared from an aliquot of the injectibn solution for
later reference,

For oral administration the activity was administered gquantita-
tively by washing the dose down as described for intravenous adminis=

tration, using a carefully inserted stomach tube.

Sampling of Blood, Excreta, and Feeds: Blood samples were taken rou-
tinely during the experimental period by Jjugular puncture., During each
balance study 10-12 blood samples were taken from each animal in order
to determine the effect of tfeatment upon the disappearance rate of

the administered isctope.. The blood was collected in heparinized cen-
trifuge tubes and centrifuged as soon as possible after collection at
7500 revolutions per minute for 30 minutes., Hematocrit readings were
taken for calculation of total bleod activity and the plasma was de=-
canted and stored under refrigeration until chemieal and radiochemical
analyses could be made,

During the balance trials daily quantitative- colleetions of urine
and feces were made, Representative samples were taken from each daily
collection and placed in separate containers for individual analysis.
Ration constituents and weighback were carefully sampled for analysis
and subsequent intake calculations. A4ll urine and fecal sanples were
refrigerated until total caleium, phosphorus, and radiochemical deter-

ninations could be mades,
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Methods of Analysis: 1In investigations involving labeled elements,

it is essential to have both chemical and radiochemical determinations
for interpretation of the physiological behavior of the stable element.
It was desirable, therefore;, to integrate these analyses in order to
minimize and simplify the steps necessary for routine determinations
on large numbers of samples.

Analysis for Calcium: Calcium-45 has been reported as having
no gamma radiation and a weak beta emission (0,26 mev)., Because of
this low beta energy and concomitant self-absorption, it was desirable
to have a minimum mass in the sample to be measured and it was neces-
sary that suitable corrections be applied. All radicactive samples
were compared with a standard prepared from a known aliguot of the ori-
ginal dosing solution which was evaporated to dryness in a stainless-
steel cup and which was assumed to have no mass. Self-absorption cor-
rections based on the sample mass weight were applied to all samples
using values reported by Comar et al. (1951).

Blood Plasma: Heparinized blood was centrifuged for 30 minutes
at 1500 revolutions per minute, the hemtocrit reading was taken, and
the plasma was drawn off. A 3 milliliter aliquot was taken from each
sample, placed in a 40 milliliter centrifuge tube, and analyzed for
total calcium by the method of Clark and Collip (1925). Following
- titration, the sample was prepared for radicassay of calcium-45 by
addingﬂa solution centaining 8 milligrams of calcium as a carrier and
then 3 milliliters of saturated ammonium oxalate. The solution was
then neutralized with 1! ammonium hydroxide and returned to pH 6.0

with 1:1 acetic acid. After standing overnight, the solution was
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centrifuged and the precipitate washed and collected in a plastic tube
énd metal cup assembly.. This technique has been described in detail
by Comar et al. (195%). Briefly, the tube-and-cup assembly consisted
of a tapered-end polyethylene cylinder with a stainless=steel Tracerlab
cup forming the bottom. The cup was pressed securely ower the end

of the fitted tube until the assembly was water-tdght. The calcium
»oxalatg.precipitate was then washed quantitatively into the tube and
the assembly placed in a 50 milliliter centrifuge carrier. To equalize
centrifugal pressure and to insure no leakage, water was placed in the
carrier to a height equal to that of the fluid in the plastic tube.
Following centrifugation at 1500 revclutions per minute, the superna—
tant was drawn off and the cups removed and dried to a constant weightb
in a eirculating oven at approximately 609 C., The samples were then
measured for radiocactivity by conventional methods using a thin mica
window Geiger-Mueller Tube gonqgétéd to a sealer unit,

Fecess Duplicate samples of 20-30 grams of fresh feces were dried
overnight at 100° C and ashed in a muffle furnace at 600° C until a
white ash was obtained. The ash was dissolved in 6N HOL and made to
a volume of 25 milliliters with re-—distilled water, Afbter the solution
was mixed thoroughly, the insoluble residue was allowed to settle and
duplicate 3 milliliter aliquots taken for analysis. The calcium was
precipitated by adding 3 milliliters of saturated ammondum oxalate,
then, by neutbralizing the HCL!with 11 ammonium hydroxide, and by ad-
justing the solution to a final pH of approximately 6.0 using 1:1 ace-
tie acid as a buffer. After the solution was allowed to stand over-

night, it was centrifuged, and the precipitate washed and transferred
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guantitatively into a tared cup as described for plasma calcium., The
total calcium and the correction for self-absorption were calculated
from the mass weight of the oxalate in the dry cup.

Urines Twenty gram samples of fresh urine were ashed according
to the procedure described for feces, The ash was disselved in 6N
HC@ and diluted to 25 milliliters with re-distilled water, Duplicate
70 milliliter aliquots were taken and precipitated as for fecal cal-
cium analysis, Total calcium was determined by %he titrimetric method
of Clark and Collip (1925). For radioassay, 8 milligrams of calcium
carrier were added and the calcium was precipitated for counting in
the cup assembly as described for plasma and feces,

Feed Samples: Ten to twenty gram aliquots were taken in tripli-

cate and chemical enalysis was performed on 0.5 ml aliquots of the acid

solution as described for bleood plasma and urine,

Analysis for Phosphoruss - Phosphorus=32 is reported to have a

1.71 mev beta emission., In this study the phosphorus=32 was adminis-
tered concurrently with the caleium-45., To eliminate the necessity of
chemical separation, the difference in beta energies of the two iso-
topes was utilized, Absorption data have indicated that an aluminum
absorber having & mass of 55 milligrams per square centimeter would
absorb all of the calcium=45 beta particles but weuld reduce the phos-
phorus=32 contribution by a factor of only 1.5 (Comar et al., 1951).
In view of this, all samples assayed for phosphorus=32 were counted
through such an absorber and the activit& was cgmparedvto a standard
prepared from the original dosing solubtion which was also counted

through the absorber. In counting standards, the volume used was
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Vequélftg the volume of the sample counted to eliminate the necessity
of correcting for self-absorption.

Blood Plasma: One milliliter of heparinized plasma was added

to 4 milliliters of 5 percent trichlorcacetic acid in a small centri-
fuge tube and mixed thoroughly. The solution was centrifuged and a
2 milliliter aliquot was analyzed for total inorganic phosphorus by
the method of Fiske and Subbarew (1925). Radioassay for phosphorus-
32 was performed by counting a 4=5 milliliter aliqueol of plasma in a
Petri dish using a thin mica window Geiger-Mueller counter connected
to a scaler,

PFeces: Duplicate aliquots of the same acid solution prepared for
calcium analysis, generally 0,01 milliliter, were analyzed for phos-
phorus by the method of Fiske and Subbarow (1925), For radioassay,

10 milliliters of this sclution wers counted in a Petri dish as de-
seribed for plasma,

Urine: Duplicate 0.2 milliliter aliquots of the solution of ash
dissolved in acid were analyzed for total inorgamic phesphorus as pre-
viously cited. " For radicassay, 10 milliliters of fresh urine were
counted in a Eetri dish as described for plasma and for feces,

. Feed Samples: Duplicate aliquots each representing a volume of

- 0.01 milliliter of the solution of ash dissolved in acid were analyzed

for phospheorus as previously cited. ;

Methods for Calculation of Datar The comparative balance method of

Hansard et al. (1954) and the isotope dilution procedure described by
Visek et al. (1953) and modified by Hansard et al. (1957) to permit a

single intravencus dose of radicactivity, were used concurrently to
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measure fecal endogenous losses of both calcium and phosphorus in these
trials.,

Endogenous fecal calcium or phosphorus (E) was determined from
the average specific activity values for the feces (SAp) and plasma

(SAp) on the last two days of the trial as followsy

E= Eﬁﬁ X Daily Fecal Excretion,
2
The results were then expressed in milligrams per kilecgram of body
weight,

The comparative balance procedure is wsll-adaphed to the study
of factors affecting mineral behavior in that it allows a direct de-
termination of absorption as well as the estimé%ion of endogenous fe-
cal losses which may be used to correct conventional balance data to
give true digestibility'valueso' The 7-day isotope execretion data from
animals receiving a si§g1e oral dose and;tgat frem similar animals re-
ceiving a single intravenous dose of thg appropriate radicactivity
permitted calculation of the percentage of dietary calcium or phos=
phorus that was absorbed (A) as follows:

o A= 400 = Fecai Isctope from Oral Dose

- _ 1 - Fscal Isctope from I,V. Dose.

»

The percentage of fecal endogencus caleiwm or phosphorus (Pg) was then

calculated as described by Hansard (11956):

P, = & = (100 = Percent Fecal Minewal).
The daily endogenous fecal @algium or phosphorus was then expressed
as followsy |

Fg X Daily Intake

Grems Endogenous =
100
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For a convenient unit of expression, fecal endogenous caleium or
phosphorus was expressed as milligrams per kilogram of body weight,

By solving the foregoing equations, the conventional .balance data
were corrected for endogenous calcium or phosphorus losses to give the

true digestibility values thuslys.

True Digestibility = 100 - [(Pecal Mineral - Daily Gms. Endoge Mlno> 1@7
' ' Daily Intake of Mineral j

All data were analyzed statistically using the analysis of variance

method of Snedecor (1956)..

Results and Discussion

Effects upon Calcium Metabolism: A summary of the calcium. intake

and excretion values for both the summer and fall trials is presented
in Table 1. Average calcium retention for lambs receiving the basal
ration was 0.09 grams per head'daily;‘while the stilbestrol-fed lamﬁs
averaged 0.57 grams per head daily, a difference that waé.highly sig-
nificant (P .002).. The increased calcium reteniion due to. the influ-
ence of orally administered stilbestrol was in general agreement with
earlier work of Whitehair et al. (1953} in which stilbestrol was im-
planted,.

Fadiocactivity in the total Blood as a function of time following
g single dose of orally or intravenously administered calcium=45,
graphically illustrated in figure 1, was calculated from,ﬁhe bleod con-
centrations and the blood volume values as described by Hansard. et al.
(1953) . The curves were plotted from the average radiocalcium concens

tration values in the periodic blood samples obtained during the entire
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experimental study. The dissppearance of intravencusly administered
calcium=45 from the blood follows a characteristic curve, Similar
curves have been presented for rabbits by Thomas et al. (TQSZ) and
for cattle by Hansard et al, (W954a)° These workers indicated that
bloed calecium=45 disappsarance curves in young cattle are represented
by four exponential terms and have related the rate process for each
term with a definite physiological process. From these equations it
was possible;to calculate the rate of exchange of calcium between the
plasma and the extra-wvascular compariments, During the first few hours
after injection, the dose was being rapidly transferred to the bones
and other tis;peo The latter part of the curve represents a period
of equilibrium\between the blood, the tissues and.bonss, and the gas=
trointestinal tract; an equilibrium characterized by 5 different con=
centration gradient in each area.

Figure 1 also shows the amcunt of calcium=45 in the blood as a
function of time after ingestion., The caleium=45 as it enters the
blood by absorption is removed at the same rate &g the intravenously
administered isctope. Therefore, the oral curve reflects the differ-
ence beitween absorption from the gastrointestinal tract and removal
from the blood. After approximately 100 hours, however, the blesd
level of caleium=45 is governed primarily by the exchange rate between
bone and plasma.,

Although these curves reflect the behavior »f the current dietary
caleium intake only, they may be used fto interprei the movement of
calecium during the experimental period. By inspection it is apparent

that stilbestrol was not effective in sltering the rate of exchange



of calcium between the bones, tissues, blood, and gasirointestinal
tract..

Figure 2 illustrates the rate of fecal excretion of a single dose
of the orally or intravenously administered calcium=45. . The accumula-
tive curve, representing the net excretion of intravencusly adminis-
tered calcium=45 after all physiological processes have occurred, is
indicative of the fecal endogenous caleium fraction. By the defini-
tion to be used hersafiter the term "fecal endogencus"™ will apply to
any caleium or phosphorus appearing in the feces which has passed
through the plasma pool.. From these curves, a wmarked reduction in the
loss of calcium=45 from body sources is noted in the stilbestrel-fed
animals,

The relatively steep initial slope of the eral curve {during the
first 48 hours) shown in the same figure reflects the excretion of un-
absorbed, or exogenous, calecium=45. Oonversely it alse gives some in-
dication of the absorpticn of calecium=45 from the traet. From the
curve it is apparent that stilbesirel sxerts 1itdle influence upon
the absorption of calecium, The divergence of the twe eurves follow-
ing the absorptive phase, however, indicates that stilbestrol reduced
the excretion of calcium derived from body sources and is in agreement
with the calculated values (Table 1) from the chemical balance studies.

It must be borne in mind that the behavier of the single dese of
radicactivity i not dirsctly comparable to the behavior of dietary |
calcium over a period of time, - Rather, it reflects the behavior of a
unit amount of dietary calcium ingested at a given time and is affected

directly by the current calecium status and the nutritional history of
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the animal (Hansard et al., 1951b). In order to-interpret the effects
of treatment upon calcium metabolism, radiochemical data must be corre-
lated with conventional balance data.

The effects of ingested stilbestrol upon calcium absorption and
excretion are summarized in Tabls 1., Of the intravenously administered
dose of calcium-45, 22.1 percent appeared in the feces of the control
lembs as contrasted to 18,0 pereent for the stilbestral-fed lambs,

a difference approaching statistical significance (P< .09). These
data indicate that those animals receiving stilbestrol utilized ab-
sorbed caleium more efficiently than did their contrels. Of the oral-
1y administered calcium-45, the control lambs excreted 65.5 percent

in the feces as compared %o 60.0 percent by the treated lambs. This
difference alsc appr&ached significance (P = ,10). Whether stilbestirol
promoted increased re-absorption within the gasizrointestinal tract or
decreased re-excrebion of the absorbed caleium, however, will require
further study.

Apparent digeétibility of caleium was: 4.3 percent for the control
lambs and 15.2 percent for the stilbestrol-fed lambs, a difference
which was highly significant P<.005), By combining chemical and
radiochemical balance data, the percent of fecal endoéénous calecium
was calculéted using the comparative balance proeedure of Hansard et al.
(1954b). Fecal endogenous calcium, expressed ag-milliprams per kile-
gram of body weight per day, was then calculated, Daily fecal endoge-
nous calcium excfetion amounted to ABQQQmillig:&ms per kilogram for
the control lambs as conitrasted to 34.7 milligr&ms per kilogram for
the lambs receiving stilbestrol; the difference being significant

(P<,05),
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TABLE 1 EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON
CALCIUM ABSORPTION AND EXCRETION IN LAMBS

Basal Stilbestrol
Number of Animals' 9 9
Number of Trials 3 3
Average Weight of Animals (Kg..) 38,3 39,9
Chemical Bslance Data, Daily Gms.:
Intake ARt 4o16
Feces 3.93 3.52
Urine o008 07
Net Retention # 09 + 57
Radiochemical Datas
Percent Ca=45 in PFecess
Intravenously Administered 22,1 18.0
Orally Administered 65,5 60,0
Fecal Endogenous Losss<
Isotope Dilution Technique 41,6 3407
Comparative Balance Technique 43.9 34,07
Apparent Digestibility (%) bo3 152
True Digestibility (%) 4501 48,6

TIn the final trial of the fall period an additional snimal was
inciuded in the caleium balance for each group.

2Expressed as milligrams per kilogram of body weight per day.

3caleulated as 100 - {Fecal Ca = Pecal Endogenous Ca) 100,
Ca Intske
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. Gencurren ﬂy: with th@ . compalﬂti'w balame Wmeduf‘es f e@i endoge-
nous calcium excretion was estimaﬂéa E;Mthe isotope dilution technique
described by Hansard et al. (1957),.in which vailues frem the lambs
dosed intravenously were utilized., Insufficient animals were used

for a completely valid estimate of endogenous loss. by this technique,
however, the data demonstrates the close agreement which might be at-
tained using the two methods separately or concurrently (Comar et al.,
1953). By the issctope dilution procedurs, fecal endogenous calcium
excretion was calculated to be 41.6 milligrams per kilogram of body
weight for the control lambs and 34.7 milligrams per kilogram of body
weight for the stilbestrol-fed lambs, The difference between the two
groups was not significant, apparently due ito more wariation between
samples than was obtained using the comparative balance procedure,
Nevertheless, there was a consistent reduction in the net fecal @n;‘
dogenous calcium loss of the stilbestrol-fed lambs throughout sall
trials,

With data for fecal endogenous loss, true digestibility was cal-
culated by substituting in the conventional formula (ses footnote 3,
Table 1), For calculation of true digestibility, the;fécal endogencus'
values derived from the comparative balance technigue were used. Under
the conditions of this experiment, true digestibility of calcium was
not significantly differsent for the control lambs (45.1 percent) as
compared to the stilbestrol-fed lembe (48,6 persent).

 From this trial, it is apparent that the inereased retention of

‘
calcium under estrogenic influence was more a function of decreased

calcium loss from body stores than of absorption per ge. Inasmuch
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as urinary excretion of calcium was negligible throughout all periods,
the reduction in rate of turnover was a result of an inhibition of
fecal endogenous calcium excretion. Thus it appears that once die-
tary calcium reaches the plasma pool, stilbestrol enhances the re-

tention and utilization of the mineral in some way..

Effects upon Phosphorus Metabolisms: A summary of the phosphorus

intake and excretion values for the combined summer and fall balance
triéls is presented in Table 2, -Average phosphorus retention for the
control lambs was =0,25 grams per head daily, and for the stilbestrol-
fed lambs; 0,05 grams per head daily.. The highly significant (Eﬂ(fOOA)
increase in phosphorus retention, as with calcium, agrees with the, re-
sults reported by Whitehair et al. (1953)..

The rate of disappearance of a single dose of orally or lotravens
ously administered phosphorusm32 from the blood is shown in figure f.
Essentially, these curves were not different from those plotted for
caleium=45, varying only in the slightly higher concentration of phoé=
phorus=32 in the blood at any given time. In many instances, the
physiological forces which affect blood calecium may also affect blood
vhosphorus. It appears from these data that stilbestrol did net
alter the rate of movement of phosphorus between the bones, tissue;
blood, and gastrointestinel tract,

Flgure 2 represents the rate of fecal excretion of a singie doss
of orally or intravenously administered phosphorus-32., The SCCUMU="

lative excretion curve for the intravenously administered dose as a



TABLE 2 EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON
PHOSPHORUS ABSORPTION AND EXCRETION IN LAMBS

Basal  Stilbestrol
Number of Animals 9 9
Number of Trials 3 3
Average Weight of Animals (Kg.) 38,0 39.5
Chemical Balance Dats, Daily Gms.s .
Intake 2,82 2,94
Peces 2,98 2.79
Urine 0.09 0,10
Net Retention w025 4+ 05
Radiochemical Datars
Percent P=32 in Fecess
Intravenously Administered 35.5 31.2
Orally Administered 5%a7 45,7
Fecal Endogenous Losssy|
Isotope Dilution Technique v 5162 48,4
Comparative Balance Technique 61.9 57.7
Apparent Digestibility (%) - 5,7 48
True Digestibility (%)2 T 77,7 82,7

TExpressed as milligrams per kilegram of body weight per day.

26alculated as 100 — {(Fegal P — Fecal Endogenous P) 100.
' P Inteke




function of time indicates that stilbestrol induced a moderate reduc-
tion in the fecal endogenous excretion of phosphorus-32,

The initial slope of the curve representing excretion cf the
orally administered pheosphorus=32 reflects exogenous radiophosphorus.
Unlike calcium-/5, the divergence of the curves indicates that stil-
bestrol promoted absorption from the gastrointestinal tract. Contin-
ued divergence of the curves following the abserptive period demon-
strate the role of estrogens in reducing the loss of phosphorus from
body storess,

When considering exeretion patterns, it must be pointed out that,
like calcium=45, the behavior of a single dose of radiophosphorus may
not be directly correlated with the physiclogical actiwvity of dietary
phosphorus over a period of time., However, the same faclors affect-
ing the movement of dietary calciuﬁ (current status and nutritional
history of the animal) also affect the behavior of dieiary phosphorus.
Although inferences may be drawn from a consideration of the kinetiecs
of radiophosphorus, to interpret the effects of treatment upbn phoS=
phorus metabolism, the results must be corrslated with conventional
balance data.

The effects of stilbestrol upen phesphorus absorpition and execre-
tion are shown in Table 2.. 0f the intravenously administered phosphor-
us=32, the control lambs excreted 35.5 percent in the feces as com=
pared to 31.2 percent by the stilbestrol=fed lambs, a difference
that was highly significant (P<.001). As with the calcium excre-
tion values, the data indicate increased efficiency of utilization

of the absorbed phosphorus., The control lambs excreted 51..1 percent
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of the orally administered phosphorus in the feces contrasted with
45,7 percent excreted by the treated lambs (P <.025)..

Apparent digestibility of phosphorus was signifieantly in favor
of the stilbestrol-fed lambs, amounting to 4.8 percent for the treated
lambs as compared to = 5.7 percent for those receiving the basal Tom
tion {(P<.005). By utilizing both chemical and radiochemical balance
data as previocusly discussed, fecal endogencus phosphorus was calcu-
lated to be 61.9 milligrams per kilogram for the control lambs, which
was not significantly different from the 57.7 milligrams per kilogram
cof body weight per day for the stillbestrel-fed lambs, By the isctops
dilution technique (Hansard et al., 1957) & non-significant difference
of 51.2 milligrams per kilegram of body weight per day was obtained
for the control lambs as compared with 48.4 milligrams. per kilogram
of body weight for the lambs'receiving stilbestrol,

True digestibility values for dietary phosphorus, calculated by
the comparative balance technique, were 77.7 percent for the control
lambs as compared to 82.7 percent for the stilbestrel=fed lambs., This
approached significance (P = ,06).

Stilbestrol apparently inereased phosphorus retention, primarily,
through its effect upon absorption. However, the slight but non-sig-
nificant decrease in fecal endogenous phosphorus must alsc be consid-
ered, since urinary phosphorus losses were not affected by treatment.

Because stilbestrol increased phosphorus absorption with no ap=
parent effect upon calcium absorption, it may be postulated that the
first manifestation of the physiological activiiy of stilbestrol with

respect to mineral metabolism is increased absorption of phosphorus



from the gastrointestinal tract. This may be responsible, in part,
for the reduction of fecal endogenous calcium since caleium may enter
into a combination with the phosphorus in the piasma .pool or at the
site of calcification, thus augmenting transport and laydown in the
bone.

However, the slight decrsase in fecal endogenous phosphorus indi-
cates that, under estrogenic influence, the body itself was actively
conserving minerals, If this is true, then the explanation of the
behavior of calcium is not entirely adequate, .Since fecal endogenous
ealeium and phosphorus were both affected to some extent, the boneé
themselves may have been actively involved in the conservation of cal-
cium, the magnitude of which was regulated by stilbesirol. As a re-
sult, the reduction in fecal endogenous caleium must be interpreted

as a result of a combination of the factors discussed..
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EXPERIMENT IT

EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON GROWTH IN LAMBS

The effects of stilbestrol upon calcium, phespherus, and nitro-
gen retention may be correlated with reports showing increased lean
tissue and total bone, but ne difference in percentage bone, to indi-
cate that stilbestrol has a growth stimulating preperty. However, no
investigations have indicdted specifically that stilbestrol increases
the growth rate in ruminants. This experiment was conducted to deter-

mine the effects of stilbestrol upon skeletal growth in lambs.

Experimental

In an experiment conducted at the University of Tennessee=Atomic
Energy Commission Agricultufai Research Program, 0ak Ridge, Tennessee,
ten crossbred spring wether lambs, averaging approximately 78 pounds
in weight, were selected at random from'a uniform group of lambs from
the experimental flock and placed in drylot.. Immediately after coming
off pasture all lambs were shorn and drenched with phenothiazine and
placed on UT=-AEC ration H=T until they had become accustomed to the
experimental ration. The experiment was initiated when it was felt
that the lambs were consuming enough feed to permit rapid growth.

'At this peint the wethers were divided at random inte two groups of
five lambs each, and each animal was dosed with a single tracer dose

of 500 microcuries of calcium=45, administered intramuscularly, to

36
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mark the bones for radicautograph studies. One.group continued to
receive the basal ration, while the remaining lambs received the basal
ration to which had been added 2 milligrams of stilbestrol per pound
of feed. Throughout the experimental period, the lambs consumed ap-
proximately 2.0 pounds 'of the concentrate per head daily, with orchard
grass hay being fed ad 1lib. The lambs were weighed without shrink at
the beginning and at the end of the experimental peried.

At the end of a 75=day feeding period the lambs uwere sacrificed
and the right femur bone of each remcved for preparation of radiocauto-
graphs. ~.Radioautogjc"aphs were prepared essentially by the method de-
scribed by Lotz et al. (1951). The freshly exciséd bone was cleaned
of excess tissue and frozen, While still frozea thin sagittal sections
were cut from each bone using an adapted band-saw, Extféneous residue,
bone dust, fat, muscle ftissue, and connective tissue was carefully re=
moved and each section was monitored with a count-rate meter to deter=
ming.the dose concentration in the section. Two or three sections
from each bone were placed on sheets of Kodak, double=coated, No-=
Screeﬁ Xeray film in a special film holder. A second sheet of X-ray
film was placed on top of each section, the film-helder was then placed
in a‘press,'and the film was exposed for approximately two weeks de-
pending upon the dose concentration. Following expesure the film was
developed by routine precedures for study and measurements,

Figure 3 represents typical radicautographs prepared from the
femurs of" the lambs. When animals are dosed with calecium-45, the iso-
tope is rapidly deposited in the sub-epiphyseal area directly beneath

the epiphyseal piate and remains there until removed by growth and/or



Figure 3. Radioautographs of sagittal sections of femur
bones from econtrol (left) and stilbestrol-fed
(right) wethers demonstrating the growth effects.
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exchange (Hansard et al., 1951b)., It thus provides a good "marker®

to be used for bone growth measurement, In the radioautographs ob-
tained, the actual bone laydown duﬁing the 75-day feeding period is
represented by the prominént gray area in the epiphyseal region, a
result of diffusion of the isetope through the érea and the exposure
of the film in the vicinity of the radiocactivity. This prominent
growth area was easily measured with precision calipers, Measursments
of each femur were made on four to six sxposures representing two or
three bone sections, and the results averaged to give the centimeters

of bone growth,

Results and Discussion

Weight gains and bone growth data are presented jin Table 3. Av=
erage daily gains for the control lambs were 0.4% pounds and for the
stilbestrol=fed lambs, 0.47 pounds. This difference approached sig-
nificance (P'= .,70). At the proximal end of the femur an average of
0.28 centimeters of bone growth occurred in the contrel lambs as com=
pared to 0..32 cenfimeters of growth in the treated lambs, a difference
that was not significant. Measurements at the distél end of each femur
indicated 0.53 centimeters of bone growth in the control lambs and 0,63
centimeters of growth in the stilbestrol=fed lambs, & difference that

was highly significant (P<.005). It is interesting to note that the
same percentage difference in growth occurred at the proximal and dis-
tal end of the bones of each group.

When the bone growth from the control and thentreatedygroups was

compared on the basis of centimeters per unit of gain in weight, there



TABLE 3 EFFECTS OF ORALLY ADMINISTERED STILBESTROL UFON

GROWTH IN LAMBS
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Basal Stilbestrol

Number of Animals 5 5
Weight Gain (Lbs.)! 30.4 34,8
Average Daily Gain (Lbs..) 0.41 Co&7
Bone Growth of Femur {Cm):

Proximal End 0028 0,32

Distal End 0,53 0.63
Bone Growth of Femur (Cm/Lb. Gain x 10°):

Proximal End Fo by 9.1

Distal End 17,9 18,2

Tpotal gain over a 75-day feeding period,



were no differences between lots. Thus bone growth at the proiimal
end (expressed in the table as cerntimeters per pound ef gain Xf1d3)
was 9.4 and 9.1, respectively, and at the distal end, 17.9 and 18.2,
respectively.

Thgvdata suppert the idea that the primary effect of stilbestrol
in ruminants is that of growth stimulation., The amount of total bone
in the treated lambs was increased» in agreement with the findings of
O'Mary et al. (‘H%QE;).o However, when expressed as a percentage of body
weight, there was ne increase in bone as compared te other tissue.

The results of Wilkinson et al. (1955) with lambs and Clegg and Car-

roll (1956) with cattle support this observation.
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EXPERIMENT III

EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON TOTAL

BODY WATER AND BLOOD VOLUME IN LAMBS

Estrogens have been shown to increase fluid uptake in certain
tissues in laboratory animais. It was thought that the early increase
in rate of gain reported in beef cattle receiving siilbestrol might
be due in part to increases in total body fluids. This experiment was
initiated to determine the effects of dietary stilbestrol upon total

body water and bleod volume in ruminants.

Experimental

The ten lambs utilized for bone growth studies (Experiment II)
were also employed in these investigations. For initial measurements
of total blood volume and body water, determinations were made a few
days prior to the start of the feeding period. An intermediate mea-
surement was made approximately five weeks later, and the final deter-
mination was made immediately before the animals were sacrificed.

For blood volume determinations, the method of Hansard et al.
(1953); modified by the use of chromium-51, was used. The animals
were weighed and approximately 10 milliliters of blood were drawn from
each into a sterile heparinized flask. Approximately 100 microcuries
of chromium=51, as sodium Cr-51=chromate, were added to each sample,

and the blood was incubated in & constant temperature water bath for
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one hour at 37°C ‘o facilitate cellular uptake of the radiochromium,
The samples were placed in calibrated centrifuge tubes and centrifuged
for 20 minutes at 1500 revolutions per minute, following which hemato-
crit readings were taken and the plasma drawn eff., The red blood cells
were then carefully suspended in 50 milliliters of ice=cold sierile
physiological saline and centrifuged again for 10 minutes; The red
blood cells were washed three times in this manner to remove any plasma
containing residual chromium-=51. Following the final washing the red
blood cells were re-gsuspended in sterile saline at room temperature
and restored to the volume of the original bleed sample, One milli-
1iter aliquots of each sample were removed for use as a deosing stand-
ard, and the remainder of the sample was immediately injected into the
animal from which it was originally drawn, using the techniques for
isotope administration previocusly described. At intervals of 15 min-
utes, 30 minutes, and 1 hour after dosing, bloed samples were taken
and radioactivity measurements made on 4 milliliter aliquots of whole
blood using a well-type scintillation counter eonnected to a conven—
ticnal scaler unit., BRadicactivity in these samples was compared to
that of the'dosing standard for calculations. The activity of each
sample was plotted against time on semi-=logarithmiec paper and a line
was extrapolated to zero time by method of least squares to estimate
the dose cqngentratiOn at that point. Tetal bleod volume was then
estimated tﬁusy

Total counts per minute in administered dose
Total counts per minute/milliliter of sample.

Blood Volume (ml.) =



Percent blood volume was thén_determined&

Blood Volume (ml.) .
Body Wt. (gms..) X 100,

Blood Volume (%) =

For the second and third bloed volume determinations, pre-~samples
were taken and ceunted for residual radicactivity. .Subsequent sample
counts were corrected using these values.,

For total body water determinations, the methed of Hansard et al,
(1957) was employed. Following an overnight shrink, the animals were
weighed, a bleod sample taken for estimation of residual radiocactivity,
and approximately 100 microcuries of AaiodOQImBW;antipyrine were in- |
jeeted using methods previously described., At intervals of 15 minutes,
1, 23 3, and 5 hours, blood samples were taken, The blood samples were
centrifuged and 4~milliliter aliquots of plasma were removed for count-
ing in a well=type scintillation counter connected to a conventional
scaler unit, The radioactivity in the plasma samples was corrected
-tb account for residual radioactivity and the eounts compared to the
radioéctivity in a standard prepared frem the origineal desing solution,
The activity of each sample was plotted against time on semi-legarith-
mic paper and a line was extrapolated to zerc time., Total body water
was then estimated as followss

Total counts per minute in administered dose
Total counts per minute/milliliter of sample.

Total Body Water (ml..) =

Percent boedy water was estimated as followse:

Total Body Water (%) 3'To?a%og§d%twazgzs(?l°)

X 100,
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Results and Discussion

Average values for three determinations of teotal bedy water and
total bloed volume are shown in Table 4.. For the initial, intermediate,
and final determinations, total bedy water averaged 54.8, 57.8, and
58,5 percent in the control lambs and 58.8, 57.5, and 58,4 percent in
the stilbestrol-fed lambs, Values for bleed volume for cofresponding
periods were 6.5, 6.8, and 6.5 percent for the control lambs and 6.0,
7.1, and 6.4 percent for the treated lambs..

From the data it seems apparent that the weight increase derived
from stilbestrol administration was not from tissue hydration or in-
creased blood volume., The actions ef estrogens upon smeoth muscle
which caused an initial influx of water and electrolytes, described
by Roberﬁs and Szego (1953), are apparently no%t the same with respect
to skeletal muscle, If the large initial increase in weight gains in
steers reported by Perry et al. (1955) and Reynolds et al. (1955) was
not due to an influx of water inte the tissues,.obvicusly, the early
effects of stilbestrol are manifested in greatly increased anabolism,
following whieh the animals become adapied to hormone administration
and the effect diminishes,

Before positive conclusions may be drawn 2s to the lack of effect
of stilbestrol upcn body fiuids, however, it must be considered that,
in the animals used, although there was:an appreciable percentage in-
crease in total gain due to treatment, the actwal difference in pounds
of gain was relatively small. Any data, obtained through the use of
dilution techniques such as those employed in this trial, must be in-

terpreted with the knowledge that such techniques may not be sensitive



TABLE 4 EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON TOTAL
BODY WATER AND BLOOD VOLUME IN LAMBS '

Basal Stilbestrol

Number of Animals 5 5
Average Weight (Lbs.)s . )

Initial (5/7/56) 78 .0 79.6

Final (7/24/56) 108.4 1ol
Totel Body Water (Percent)s:

Initial (5/10/56) 5,08 58,8

Tntermediate (6/13/56) 57.8. 57.5

Final (7/24/56) 58,5 58,4,
Total Blood Volume (Percent)s

Initial (5/7/56) 6.5 6.0

Intermediate (6/21/56) 6.8 7.7

Final (7/21/56) 6.5 bl
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enough to detect such small total differences. Perhaps by using larger
experimental animals, the same percentage increase in weight might
produce differences in body fluids that could be more easily detected

by the metheds employed if such differences exist.



. EXPERIMENT IV

EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON CERTAIN

ENDOCRINE ORGANS IN LAMBS AND STEERS

Research concerned with th; effects of stilbestrel upon the endo-
crine system of ruminaﬁts has been extremely limited and has been con-
ducted with estrogen implants only.. This experiment was conducted to
determine the effécfs of dietary stilbestrol upon the endocrine sys-
ﬁem of sheep and cattle, in ﬁarticﬁlar ﬁpop levels of certain pitui=
tarj hormones and upen adrenal'fuﬁction as indicated by adrenal cho=

lesterol. ¢

Bxperimental

Pituitary énd adrenal gland; were obtained at sacrifice from the
ten lambs deséribgd'previously (BExperiment IT), After removal they
were immediately trimmed free of extraneous‘material, blotted dry,
welghed on a precision balance, and frozen until further studies could
be made. In addition, similar organs were remeved frem nineteen steers
at the end of a 160-day fattening trial conduqted.a£ Oklahoma Agricule
tural Experimént Station, Stillwater, Oklahomaq. 0f these steerég ten
received a basal ration and nine received the basal ration plus 10
milligrams of stilbestrol per head daily mixed with tbe protein sup-

plement. The tissues removed were immediately frozen until used for
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further study. At this time the glands were thawed, trimmed free of
any extraneous material, blotted and weighed,

Bach anterior pituitary was pressed between twe. glass plates and
dried over concentrated sulphuric acid in a vacuum desiccator. When
dry, the material was ground to a fine powder with a mortar and pes-
tle.. All residue, such as connective tissue, which would not reduce
te a powder was carefully removed and the powder weighed. = The powder
from each of the experimental groups was pooled in feur weighted lots
and stored in a desiceator for bioibgical assay. When ready for use
weighed portions of each group were suspended in a kmown volume of
physiological saline for injection..

For assay of growth hormone, gonadotropic-hormones and adreno-
corticotropic hormone, hypophysectomized immature female rats were
employed. These animals, weighing approximately 50 grams, were used
14 days following hypophysectomy. Assay for thyrotrepic hormone and
adrenocorticotropic hormone was performed using day-eld White Leghorn

cockerels,
&

Growth Hormone Assays Seventy-five hypophysectomized immature

female rats were allotted at random into eight.greups and maintained

on a commercial rat ration supplemented with dog foed, fresh oranges,
frésh mifk} moist bread, and fresh potatoes. Thirteen rats were placed
in each of four groups to receive injections of pituitary powder, six
rats were glaced in each of‘thrée groups representing three levels of
purified growth hormone, and five rats were retained. as negative con-
trols, Within the pituitary groups each rat received 500 micrograms of

pituitary powder intraperitoneally daily for five days. The positive
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controls received 20,, 100, or 300 micrograms of purified growth hormone
" daily for five days and the negative controls Were injected daily with
sterile normal saline during the period. Eighteen to twenty-four hours
following the last injection, the surviving rats were sacrificed. The
response to the growth hormone was measured using as a criterion the
increase in width of the epiphyseal cartilage of the tibia, a procedure
commonly referred to as the "tibia test®™, described by Greenspan et al.
(1949)° The right tibia was removed at autopsy, dissected free of sof't
tissue and split in the mid-sagittal plane by means of a sharp razor
blade. The bone halves were fixed in 10 percent neutral formalin,
washed in water for 30 minutes, immersed in acetone for approximately

T hour, and then washed in running tap water for 30 minutes. They

vere then placed in freshly prepared 2 percent silver nitrate for 2
minutes, rinsed in water, and exposed to a streng light while under
water until the calcified portions appeafed dark brown. They were

then immersed in 10 percent sodium thiosulphate for 30 seconds, washed
in running water for 30 minutes, and stored in 80 percent ethanol until
measured., The width of the uncalcified epiphyseal cartilage at the dis-
tal end of the tibia was measured using a dissecting microscope fitted
with a micrometer eyepiece calibrated with a stage micrometer to per-
mit measurements in microns., Four to six readings were taken on each

bone and the results averaged, ' o

s

Gonadotropic Hormone Assays The assay procedure used was essen=

tially that of Evans et al.- (1940) and Heller et al, (7938). In this
study the hypophysectomized immature female rats used for growth hor-

mone assay were utilized with the exception of. those receiving purified
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growth hormone, At sacrifice, the ovaries and.uteri.were dissected
out, - trimmed free of extraneous tissue under a disseeting microseope,
blotted lightly, and weighed on a precision balance. Prior to weigh-
ing the capsule was removed from the ovaries and the fluid removed

from the uteri,

Adrenocorticotropic Hormone Assays: The techniques used for ACTH

assay were those of Bates et al.. (1940), with.baby._chicks and Simpson
et al. (1943), with hypophysectomized immature- female rats,  The rats
used were those described in the two preceding. assays., In addition
80 one=day-old White Leghorn cockerels were diwided at random inte
five groups, two pens per group, with a total .of sixteen chicks per
group. The chicks in four groups received daily intraperitoneal in-
jeetions of 300 micrograms of the appropriate pituitary powder for
five days, and those in the fifth group received injections of sterile
saline, All chicks were sacrificed the day following the last injec--
tion, In order to facilitate autopsy, one pen in eagch group received
initial injections and were sacrificed a day later than the remaining
pen. At autopsy, the adrenals ere removed, trimmed under a dissect-

ing microscepe, blotted lightly and weighed on a precision balance.

Thyrotropic Hormone Assays The procedure used for thyratropin

assay was essentially that of Bergman and Turner (1939). The chicks

described in the previeus assay were sach iﬁjécted with 2 microcuries
of iocdine=131 on the last day of the injection peried. = Thyroidal ae-
tivity was determined by measurement of radiciodine uptseke as de-

scribed by Rawson and McArthur (1947}, At sacrifice; the thyroids
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were dissected out, trimmed under a dissecting microscope, blotted
lightly, and weighed on a precision balance., They were then trans-
ferred to a small test tube and radicactivity measured in a well=type
scintillation counter connected to a conventional scaler unit. The
radioactivity concentration in the chick thyroids was compared to a
standard made from the original dosing solution and the percentage
uptake of the administered dose was computed for each thyroid,

In addition to pituitary assays cholestersl levels were deter-
mined in adrenals from contrel and treated steers and lambs, The posi=
tive relationship existing between adrenal funection and adrsnal choles-
terol has been pointed out by Sayers and Sayers (1948). Zaffareni et
al. (1951) have presented evidence that cholesterol was transformed
by the adrenal gland into adrenocortical steroids, therefore choles-
terol conecentration should reflect certical activity..

Five to six small sections weighing a tetal of approximately 1..5
gms,.. were cut from each pair of adrenal glands and macerated with ster-
ile sand with a mortar and pestle. The sample was extracted with re-
peated washings of glacial acetic acid, brought to a volume of 50 mil-
liliters with giacial acetic acid, and appropriate aliquots, taken in
duplicat69 analyzed for total cholesterol by the method of Zlatkis et
§£o1(1953y, A standard curve representing analysis for known amounts
of pure chelesterol was prepared, and the milligrams of cholesterol

in the adrenals frem each animal were caleulated,



Results and Discussion

Fresh weights of the pituitary and adrenal glands from conirol
and treated lambs and steers are shown in Tables 5 and 6, In addi-
tien, percentage moisture for the pituitaries.and levels of adrenal
cholesterol (expressed as milligrams per gram of fresh tissue x 102)
are presented. Pituitary weights for the centrel and stilbestrol-fed
lambs were significantly different, averaging 0.67 grams and 0.81 grams,
respectively (P <,02),. For the control and treated steers, the differ-
ence in pituitary weights; 1.33 grams compared to 1.59 grams; approached
significance (P<.06). Brody {1945) has cited evidence of a definite
positive logarithmic relationship between body weight and pituitary
weight, Pituitary weights expressed as grams per hundred pounds of
bedy weight were significantly different for the conitrol lambs, with
an average pituitary weight of 0.56 grams per hundred pounds body
weight, and the stilbestrol-fed lambs, with an average pituitary welght
of 0.71 grams per hundred pounds body weight {P<.02}.. In converting
the steer pituitary weights to this unit, the difference between the
contrel and treated groups; .15 grams as compared te .T7 grams per
hundred pounds of body weight; was not significant, There were no
differenses in percentage moisture of the pituitaries in any of the
groups. Thus the control and treated lambs aweraged 86,4 percent and
86,1 percent, respectively, while the control and tﬁeateé steers aver-
aged 85,3 percent and 85.9 percent, respectively..

If it is assumed that sheep and cattle react similarly te estro-
gen administration, certain interpretations of these data are possi=

ble.. The work of Perry et al., (1955) and Reynolds et al. (1955) with
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TABLE 5 EFFECTS OF ORALLY ADMINISTERED STILBESTROL
UPON PITUITARY WEIGHT AND PERCENTAGE MOISTURE OF
PITUITARIES IN LAMBS ANQ;STEER CALVES

Bagal Stilbestrol
Lambs Steers TLambs Steers
Number of Animals 5 10 5 g
Average Gland Weight {(Gms.) 0.61 1e33 0.81 1659

Average Gland Weight (Gms./Cwt.
Body Whe) 0.56 015 0.71 017

Averagé Percent Moisture 86,40 85,30 86,70  85.90

steers gave clear indication that the early phases of stilbestrol ad-
ministration are marked by an initial period of exireme anabolic ac=
tivity follewed by gradually diminishing effects until the hoermone-

fed cattle were gaining no faster than their ceonitrels. The steers

in the present experiment were slaughtered at the completion of a 160-
day feeding period. The pituitary weights of the treated animals; per
hundred pounds of body weight, were only slightly greater than these of
the controls..

The lambs, heowever, wers slaughtered at the end of a 75-day feed-
ing trial, at.which time stilbestrol may have been setively promoting
the anabolic proéesses characteristic of the hormeone, Because the
pituitaries of the stilbestrol-fed lambs, per hundred pounds of bedy
weight, were significantly larger than their conirols, it may be in-
ferred that, after a period of:time under the influemce of estrogens,
the physiclegical fﬁnctions responsible for the increased anabolice

processes adapted to the hormone and regressed to normal or near normal
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activity. This postulation would account for the relative differences
in the behavier of the pituitaries in the two species.

The percentage moisture figures reveal that the increase in pi-
tuitary weight, in the lambs at least, was not due to a large influx
of water. Rather the increase in size might have been due to hyper-
trophy and/or hypgrplasia either of which would tend to indicate in-
creased activity on the part of the organ,

TABLE 6 EFFECTS OF ORALLY ADMINISTERED STILBESTROL UPON

ADRENAL WEIGHT AND CHOLESTEROL CONTENT IN LAMBS
AND STEER CALVES

Basal Stilbestrol
Tambs Steers Tambs Steers

Number of Animals 5 10 5 ]
Average Total Gland Weight (Gms.) 2,84 1084 3,20  11.98

Average Total Gland Weight
{Gms./Cwt. Body Wt,) T 2,62 1,26 2,80 1.26

Cholesterol Gontent (Mgs/Gm. Xﬁﬂﬂz) 71 8.7 8.1 oy

Fresh adrenal weights for both steers and lambs disclose non-sig-
nificant differences due to treatment., Thus adrenal weights for the
contrel and treated steers were 10,84 grams and 11.98 grams, respec-
tively, and for the contrel and treated lambs were 2,84 grams and 3,20
grams, respectively. Conversion of adrenal weighis o grams per hun-
dred pounds of body weight gave values of 1.26 for beth the control
and treated steers, and 2,62 and 2,80 for the control and treated lambs,
respectively, Christian (1953) has reported a definite logarithmic

relationship between bedy weight and adrenal size. In light of this,
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it is apparent that adrenal size was not affected by treatment beycnd
its effect upon the growth of the apimals involved.

Adrenal cholesterol content was determined as a measure of the
activity of the adrenal cortex. The adfenal cholesterol content of
the control lambs was 0,071 milligrams per gram of fresh tissue, sig-
nificantly less than the 0,081 milligrams per gram in the stilbestrol-
fed lambs (P <.025), In the control and treated steers, adrenal cho-
lesterol content was 0,087 milligrams per gram and Q.09 milligrams
per gram, respectively, a difference that was:net significant. Appar-
ently the adrenals of the stilbestrol-fed lambs were stimulated to a
rate of secretion which was above normal., With respect to the steers,
the same theory of adaptation to continued treatment previously cited
may be advanced to explain the observed insignificant difference in
adrenal activity..

Supra-nermal levels of adrenal activity are not consistent with
the increased retention of nitrogen due to stilbestrol, indicative
of protein anabolism, reported by many workers using sheep and cattle
(Whitehair et al, 1953; Jordan, 1953; Clegg, #952; and Clegg and Cole,
1954).. Engel (1951) stated that the action of the adrenal cortex in
nitrogen metabolism was predominantly at the level of the whole pro-
tein; thus, serving to facilitate the mobilizatien of amino acids,
presumably by promoting protein catabolism and inhibiting protein
anabolism, This is in agreement with the generally accepted role of
ene group of cortical hormones. Certainly the increased secretion
of cortical hormones is difficult to reconcile with the anabolic proc-

esses sccurring under the influence of stilbestrol.
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A hypothesis may be advanced which would pessibly account for
the increased adrenal cortical activity witheut implicating the adren-
als in the growth response to stilbestrol. Sayers and Sayers (1948)
noted that, with a gradual change in enviromment, such as the stress
of pregnancy and other causes, the cholesterol level of the adrenals
dropped initially, then gradually increased te a level which was higher
than normal. A gradual increase in the size of the glands occurred
and it was apparent that new secretory units could ke constructed at
a rate sufficient to meet these increasing demands. In this connec-
tion Randall and Graubard (1940) found that in the latter stages of
pregnancy in rabbits, hypertrophy of the adremal gland was accompanied
by an increase in the absolute amounts of choilesterel. The increased
estrogen levels of pregnancy might be correlated with stilbestrel ad=
ministration to explain the observed increase- in adrenal cholesterol,

However, a second hypothesis might implicate the adrenal corti-
colds in the favorable response to stilbestrel. It is generally ac-
cepted that, in addition te the true adrenal coriical hormones, the
cortex also secretes androgens and estrogens. If stilbestrol adminis-
tration caused an estrogen imbalance, the adrenal cortex might attempt
to balance the over-supply of estrogens by increased production of
androgens. This might account for increased adrenal cholesterol,
Clegg and Cole (1954), after observing the actions of stilbestrol-im-
planted steers in the feed lot typical of the- behavier of bulls, pos-
tulated that the protein-anabolic effects attributed to stilbestrol
were actually due to the action of androgens, which if true might con-

firm the theory of an estrogen imbalance., However, Beeson et al. (1956)
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and Andrews et al., (1954) have reported that neither oral nor implanted
testosterone improved rate of gain or‘feed efficieney in beef steers.
Thus, although the action of stilbestrel upon the adrenals might be as
deseribed, it appears unlikely that the anabelic effects of the estro-
gen were actualiy due to androgenic secretien, unless an androgen hav-
ing anabolic properties were synthesized under the influence of stil-
bestrol..

Results‘of pituitary assays for growth hormone, thyretropic hor-
mone, gonadotropic hormones, and adrenccorticotropic hormone are pre—
sented in Tables 7, 8, 9, 169 and 11,

The growth hormone assay data (Table 7) were expressed in terms
of width of the epiphyseal cartilage of the tibia of hypophysectomized
rats. The width of this cartilage averaged 76.9, 126.1, 121.9, 111.7,
and 126,/ microns for the hypophysectomized rats reeceiving injections
of saline, contrel steer pituitary, stilbestrol-fed steer pituitary,
control lamb pituitary, or stilbestrol-fed lamb pituitary, respeetively.
‘The difference between the saline-injected rats and those animals-rew
ceiving lamb or steer pituitary powder was highly significant (P<C.00%1).
Assays of the steer pltuitaries for growth hormone were not signifi- |
cantly different. Assay for growth hormone centent of the lamb pitui-
taries, however, resulted in significantly different epiphyseal mea-
surements between the rats recelving control and treated pituitary
powder (P<.02).

The level of any pituitary horﬁone in the gland itself could be the
result of increased secretory activity or impaired release, Because of

this, it is diffieult to derive positive conclusions from pituitary



TABLE 7 PITUITARY GROWTH HORMONE ASSAY USING HYPOPHYSECTOMIZED IMMATURE FEMALE RATS

Total Material

Wt,

~Idth of

Hypoph. Controel

52,2

_ Final WE. ]
, No. of Injected Per of Rats - Increase Epiphyseal Cartilage
__Treatment 7 Rats _Rat (mgs.) ~(CGms.) (Gms,.) (Microns) .
Pituitary Powder
Lambs _
Gontrol , 10 2.5 55.5 - 3.1 111,7 + 2,8t
Stilbestrol-fed 7 2.5 574 he3 126,k 5.2
Steers - , :
Control 10 2.5 6045 1.1 12641 + 2.5
Stilbestrol-fed 7 2.5 - 57.8 3.5 121.0 % 6.8
Growth ‘Hormone 5 0.1 57.0 5e2- 11946 + 6.6
_Growth Hormone 5 0.5 59.8 5.9 133.9 + L.0
Growth Hormone 5 1.5 60,6 642 18l°é + 25,7
I Saline o7

76°9i i 30)-1-“

lﬁban;g standard error of;the mean,

65
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agsays, However, with the data presented, certain inferences are pos—
sible.

From data. presented in Experiment II, it was .cencluded that stil-=
bestrel feeding increased the growth rate of lambs. The assay data,
if correlated with the increased growth of the animaels from which the
glands were taken, indicate that, per gram of pitultary tissue, there
was increased production of growth hormone, Hewever, there is no evi=
dence to indicate that the entire growth respense was due to increased
growth hormone secretion.

Befere positive conclusions may be drawn, the absence of any dif-
ference in the growth hormone content of the control and treated steer
pituitaries must be explained. The adaptation theory advanced for pi-
tuitary size, if valid, might also apply when considering pituitary
functien. Thus, it may be éostulated that, initially, there was an
increase in pituitary size and function under estregenic influence,
After a long period of stilbestrol administration, however, the physio-
logical mechanisms responsible for the increased activity might have
become adapted to estrogenic stimumlation and pituitary functioning
reverted to a level approaching normal..

Thyrotropic hormone assays (Table 8) using dagy-0ld chicks were
conducted using increase in thyroid weight and percentage uptake of
intraperitoneally administered iodine-131 as eriteria, Differences
in thyroid weights between chicks receiving injections of saline cone
pared to pituitary pewder and between chicks injected with pituitary
material from control compared to treated lambs or steers were not

significant. Thus, the thyroids from saline-injected chicks averaged



TABLE 8 PITUITARY THYROTROPIC HORMONE ASSAY USING DAY-OLD CHICKS

Total Material Final Wt,

Source of No, of Injected Per of Chicks Thyroid Wts, % Uptake
Pituitary Chicks Chick (Mgs,) (Gms., ) Mgs. Mgs/100 Gms, I-131
Lambs

Control 13 1.5 531 L6 8.9 + .91 7.78 + 1,11

Stilbestrol-fed 15 1.5 51.5 L.9 9.8 + .7 7.09 + 1.0
Steers

Control 15 1.5 L9 .6 5.2 10.7 + 1.0 5.4 + 1.1

Stilbestrol-fed 12 1.5 52.5 L.6 8.9 + .8 8.02 + 1.3
Control 12 Saline L8.3 3.9 8.0 + .8 3.69 + 1.0

TABLE 9 PITUITARY GONADOTROPIC HORMONE ASSAY USING HYPOPHYSECTOMIZED IMMATURE FEMALE RATS

Total Material  Final Wt,

Source of No, of Injected Per of Rats Ovarian Wts, Uterine Wts.
Pituitary Rats Rat (Mgs.) (Gms. ) Mgs., Mgs/100 Gms.  Mgs. Mgs/100 Gms,
Lambs
Control 9 2-5 55 -5 5-5 906 : 1-2 hgoh 87'8 : 7-81
Stilbestrol=fed 7 205 57.14 5.6 1000 : 1-3 29-6 5102 :- 307
Steers
Control 10 2.5 6045 8.0 13,2 # 1.2 35,2 58.2 # 3,6
Stilbestrol-=fed 9 2.5 5708 3-0 5-2 : 06 3]-.5 5}4.1 _'t 5.2
Hypoph. Control L Saline 52.2 2.0 3.7 # 1.0 11,0 21.2 + 1.8

1Mea.n * standard

error of the mean,
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8,0 milligrams per hundred grams of body weight; the thyroids of the
control and stilbestrol-fed lamb pituitary group, 8.9 and 9.8 milli-
grams, respectively; and those of the contrel and stilbestrol-fed
steer groups, 10.7 and 8.9 milligrams, respectively.

On the basis of percent thyreidal uptake of administered radio-
iodine the chicks injected with saline, control and stilbestrol-fed
lamb pituitary, and contreol and stilbestrol-fed steer pituitary aver—
aged43‘,,.699 7,785 7.08,. 5,54, and 8,02, respectively. The difference
between the saline=injected chicks and those receiving lamb pituitary
was significant (P<{.02). In comparing the uptake of saline-injected
chicks with those recelving steer pituitary, the difference appreached
significance (P = .,07), However, the differences between neither the
lamb groups nor the steer groups were significant.

| These results indicate that stilbestroi feeding had no effect
upon thyrotropin preduction by the pituitariéé of either lambs or steers,

Gonadetropic hormone assay data for steer and lamb pituitaries
are presented in Table 9, Ovarian weights of the test animals, ex=
pressed as milligrams per hundred grams of bedy weight, averaged 3.7
milligrams for the hypephysectomized contrels, 9.6 and 10.0 milligrams
for those receiving pituitary powder from the contrel and treated lamb
groups,, respectively, and 13.2 and 5.2 milligrams fer the control and
treated steer groups, respectively., A cemparisen between the hypophy-

sectomized controls and both the lamb and steer groups indicated highly

- significant differences (P <,001), The difference in the steer groups

was also highly significant (<001,
Uterine weights for the hypephysectomized control rats averaged

21.2 milligrams per hundred grams of body weight as compared to 87.8
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and 51.2 milligrams for the control and stilbsstrol lamb groups, re-
spectively, and 58,2 and 54.1 milligrams for the control and treated
steer groups, respectively. The values for the hypophysectomized con-
trols were significantly lower than either the lamb or steer pituitary |
assay data (P<,001).. As contrasted to ovarian weights, the differ-
ence in uterine weights within the lamb group was:highly significant
(P<.001), while no difference was ebserved between the two steer
groups,

The action of stilbestrol upon gonadotropic poitency of the assayed
pituitaries produced expected results; when the blood levels of estro-
gen increased as & result of stilbesirol administration pituitary pro-
duction of gonadotropins decreased. It is highly guestionable, ho'i{==
ever, that alteration of pituitary gonadotropin lewvels would be in-
volved in the growth response from stilbestrel. It is of interest,
however, that pituitary powder from stilbestrol-fed steers affected
ovarian weights in the test animals,; whereas pituitary powder from
stilbestrolafea-lambs affected uterine weights. Although it is not
possible to correlate pituitary gonadotropin content with the growth
response from stilbestrol, these data do demonstrate that stilbestrol
has a systemic effect in both steers and lambs.

Data from adrenocorticotropic hormone assays for sheep and steer
pituitaries usingvhypophysectomized rats appear in_Tafle 10, while
assay data using day-old chicks appear in Table:ﬂim In the hypophy-
sectomized rat assay the adrenals of the hypephysectomized controls
averaged 0.2 miliigrams per hundred grams of body weight, those from

rats receiving control and treated lamb pituitary averaged 12,2 and
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TABLE 70 PITUITARY ADRENOCORTICOTROPIC HORMONE ASSAY USING
HYPOPHYSECTOMIZED IMMATURE FEMALE RATS

Total Material Final Wt..

Soﬁree of No,. of Injected Per of Rats Wﬁo of Adrenals
Pituitary Rats  BRat (VMegs,) {Gms, ) Mzs, Mgs710@ s,
Lambs _
Control 9 205 55.5 6,9" 12,2 i,2°5j
Stilbestrol=fed 7 2.5 574y Toe2 127 # 408
Steers
Control 10 265 60,5 To& 12,6 £ o7
Stilbestrol-Ffed g 205 578 7.0 12.1 + 1,7
Hypoph, Control 4. Saline 52 02 503 1062 + 2.6

TMean + standard error of the mean.

TABLE 17 PITUITARY ADRENCCCRTTICOTROPIC HORMONE ASSAY
USING DAY-OLD CHICKS

Total Material Final Wt..
Source of Noo of Injected Per of Chicks WE, of Adrenals

Bituitary Chicks Chicks (Mgs,) (Gms.) Mgs, Mgs/100 (ms..

Lambs '

Control 13 125 5307 12,8 24e0 4 9.3

Stilbestrol=fed 15 1.5 B4 .5 112 21.9 + 1.4
Steers

Control 15 1.5 9.6 12,7 26,3 £ 1.9

Stilbestrol-fed 12 165 £2.5 124 23,8 i_w;é
Control 14 Saline 49,9 107 22,1 & 2.3

TMean + standard error of the mean.



12,7 milligrams, respectiﬁély, while those from animals receiving con=
“trol or treated steer pituitary averaged 12.6 and 12.1 milligrams, re-
spectively.

In the chick assay, the adrenal glands of the saline-injected
chicks averaged 22,1 milligrams per hundred grams.ef body weight; the
control and stilbestrol-fed lamb groups averaged 24.0 and 21,9 milli-
grams, respectively; and the control and stilbestrol-fed steer groups
averaged 26,3 and 23,8 milligrams, respectively..

From these data it is apparent that stilbestrel feeding had little
effect upon ACTH secretion or storage by the pltuitary per gram of
tissue.  These results are in agreement with data reported by Clegg
and 0019 ($954)m Since the pituitaries from the stilbestrol-fed ani-
mals were larger, there was probably more total ACTH present but this
higher level was only reflected in an increass in adrenal size which
was consistent with the difference in size between the control and stil-

bestrol=fed animals,



- SUMMARY

Investigations wers conducted with the following objectivess:

(1) to study the effects of stilbestrol upon total body fluids and
upon the physiologieal behavior of caleium and phosphorus in ruminants,
(2) to determine the site(s) of action of stilbestrol in stimulating
rate of gain, feed consumption, and efficiency of feed utilization in
ruminants, and (3) to study the effects of stilbestrol on certain en-
docrine organs and their products..

To study the physioclogical behavior of caleium and phosphorus as
influenced by orally administered stilbestrol, chemical and radiochemi-
cal balances and blood gtudies were conducted with wether lambs, To-
tal body water was determined in wether lambs using 4ai0d0u1$3?aanti=
pyrine and blood volume was determined by the use of chromium-5i=lab-
eled red blocd cells,

. Effects of stilbesgitrel upon growth in lambs were studied through
the use of radioautographs of sagittal sections of femurs from lambs
which had received marker doses of caleium-/45.. Pituitary assays using
tissue from stilbestrol-fed lambs and steers and their controls were
conducted using hypophysectomized immature female rats for growth hor-
mone, gonadotropin, and adrenccorticotropin assays and day-o0ld chicks
for thyrotropin and adrenscorticotropin aséay@, In addition, adrenals
from both lambs and steers wsre analyzed for total cholassterol to mes=

sure the effects of stilbestrol upon adrenal fanctioning.
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The results indicated that stilbestrol feeding significantly in-
creased bone growth in lambs, When bone growth. was.correlated with
weight gain, there were no differences between the control and treated
lambs indicating that stilbestrol exerts its effect as a growth stimu-
lant.

Stilbestrol feeding resulted in a marked reduction in fecal en-
dogenous calcium, but only a slight reduction ir fec¢al endogencus phos=
phorus. At the same time phosphorus absorption was increased but cal=
cium absorption was apparently net influsnced as a result of estrogen
administration.

No apparent effect upon total body water or blood volume could
be demonstrated in lambs fed stilbestrol.

Stilbestrol feeding significantly increased pituitary weights in
steers and lambs and markedly increased adrenal weights. When corre-
lated with body weight, the stilbestrol-fed lamb pituitaries were sig-
nificantly iarger than their controls, but the difference in the steer
group was not significant. When adrenal weights were correlated with
body weight, there were no differences in either the lamb or steer
groups.

Adrenal cholesterol levels, indicative of cortical function, were
significantly higher in the stilbestrol-=fed lambs, but differences he-
tween the steer groups were not significant. |

Stilbestrol feeding resulted in a significant increase in pituitary
growth hormone in lambs but little differsnce in steers. Gonadotropin
levels were significantly rsduced in both lambs and stesrs as a result
of estrogen feeding, but hormone administraticn appargntly had little

influence upon levels of pituitary ACTH and thyrotropin.
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TABLE 12 CHEMICAL BALANCE DATA WITH LAMBS - PERIOD I - SUMMER 19561
Daily Fecal Urinary “Total

Lamb Body Wt, Intake Excretion [Excretion _Excretion Balance

Date Treatment No,. ILbs, Kg. Ca B Ca P Ca P Ca P Ca P
5/21/56~ Stilbestrol 691 76 34,50 3,45 2,46 2,66 2,48 .09 12 2,75 2.60 + 71 - .15
6)4)4 86 39.0’4 3050 20’-‘8 11426 30?8 012 010 h.38 3.88 - .87 "'loll2
5/28/56 613 81 36:T7 299 2.0k 2,03 2:23 06 2 2,09 2.35 4+ 69 - 2
Ave., BLe0 36,77 - 3.20 2,36 2.98 2.83 09 ' 2T 3,07 2,95 .+ ,13 = 59
5/29/56- Stilbestrol 641 73  33.aL 3.75 3.31 3,38 3,54 .05 .05 3.43 3,59 + .31 - .28
660 8L 38,14 3.63 3.2Lh 2,99 2.9 .05 06 3.0L 3.00 + 60 + .23
6/5/56 63 17 396 3.5k 34T 2.92 382 05 0 05 2.9 3:27 o+ .50 - A0
Ave, 78.0 Pl 3.6k 3.2k 3,10 3.24 05 05 3.1k 3,29 ¢ S50 - 05
5/21/56- Basal 662 76 3450 2,76 2,16  2.90 3.13 .07 .08 2,97 391 .20 =1,05
6L8 75 k05 3,0k 289 ' 3.09 34T 213 OO0 309 HEY e 6 1,25
5/28/56 617 81 39:77  2.83 2,39 N7 1,9k 06 09 253 2063 % . P + .15
Ave, T7:3 WA 2.87 2,22 282 2.84 .80 .09 290 293 « 0@ - .72
5/29/56- Basal 659 68 BT 303 275 25k 353 07 85 2,63 359 o+ 1l - 8l
628 67 WU0 2. 88 25T 2568 kLY A2 .06 2.0 a5 % .08 - 9k
65 /56 606 101 15,85 247 2.3/ 2.7 3.22 ¢ (12 07 2,83 3l = JiD - .95
Ave, 7806 35076 2076 2.56 2.62 Bs)-ll o1l 006 2-7]4 3.51 # 03 = 91

1pata Expressed as grams per day.

9.



TABLE 13 CHEMICAL BALANCE DATA WETH LAMBS - PERIQD II - SUMMER 19561

Daiiy

Ibcﬁik )

“Urinery  Total

Lamb - Body Wt. Intake Excretion Excretion _Excretion ‘Balance

Date Treatment No, Lbs., Kg. ~Ca P . Ca P Ca - P Ca P Ca P
6/15/56- Stilbestrol 6kl 92  L1.75 316 31 3.76 3.23 .07 10 3,83 3,33 = 67 # .08
613 8L 38,12 3,27 3.51  2.87 2,74 .08 12 2,95 2,86 + o33 + .66
6422 /56 691 82 37,21 3.1k 3.37 347 3.23 .08 .16 3,55 3.39 - b2 + .02
kveo 86=O 39903 3019 39&3 3936 3e06 008 e-13 BQM 3e19 - e26 + ezh
6425 /56~ Stilbestrol 660 94 L2.66 3,29 2.99 2,58 2.38 .04 11 2,62 2,49 4+ 67 + 51
63k 8L 38.12  3.33 3.02 2.9k 2,66 05 09 2.99 2.75 + 3B + 27
7/2/56 6l 85  38.57 3,33 3.02 2.75 2.67 0L 10 2.79 2.77 -+ 5L + .25
Ave,  B87.7 39.78 3.31 3.01 2,76 2.57 .04 .10 2.80 2.67 + 52 + .34
6/15/56- Basal 617 82 37.21 2,93 3,37 3.66 3.15 .05 07 3.71 3.22 = .79 + .15
648 78 36,30 2.60 3.03 3.0h 2.85 0L 12 3.09 2.97 -~ L8 + .06
6/22/56 662 b 33,58 2.89 3.33 3.23 2.65 .08 08 3,31 2.7Th - L0 + 59
Ave,  T78.0 36.30 2.8% 3.25 3,31 2.89 .06 .09 3,37 2.98 = 56 + .27
6/25/56-  Basal 628 75  3L.03 3.LL 2.88 3,19 2.72 .05 .11 3.2L 2.80 + .20 + .08
659 79 35.85 3.L0 2.86 3,36 2.90 0L 09 34l 2,99 = 00 - 1L
7/2/56 606 103  L6.7h  3.42 2.81 3,70 2.99 .06 .10 3.76 3,10 = 34 = .23
Ave,  85.7 38.87 2.87 2.87 .05 2,96 = .05 - .09

3ek2

Be)-ll )

<10

lData_Expressed a8 Grams Per Day,

LL



TABLE 1l CHEMICAL BALANCE DATA WITH LAMBS - PERIQD III - SUMMER 19561

Daily FYecal Urinary Total
- Lamb-  Body Wt Intake Excretion Excretion Excretion Balance
Date Treatment No. - ;Lbse A_ng Ca " P Ca P Ca P Ca P Ca P
7/10/56- Stilbestrol 691 9L 12,66 5.43 2,60 L.SS1 2,92 .09 WL L.60 3,06 + .83 - oLk
613 93 k2,20 5.43 2.61 L.05 2,64 .04 08 L.09 2.72 +1l.34 - 11

7/11/56 6l 98 Lho72  5.43 2.6L 3.78 2.22 .08 .15 3.86 2.37 41.57 + .2k
Ave, 95.0 43,19 5.43 2.61 L1l 2.59 .07 12 L.l9 2.72 +1.25 = L10

7/11/56- Stilbestrol 634 88 39.93 5e¢b3 2,61 3.73 2.58 .09 12 3.82 2,70 +l.61 = .09
61—]-1 86 39 003 2061 3003 909 3912 - 951
7/18/56 660 99  Lh.93 5,43 2.61 3,48 3.03 .06 .08 3.55 3.11 #4188 - L9

Ave, 91,0 11.29 5.L3 2,61 3,61 2.88 .08 .10 3.68 2.98 41,75 = .36

7/10/56- Basal 648 93 42,20  5.36 2.68 L2 3.39 .06 .09 L.L8 3.8 + .88 - .80
662 81 36,76 L.l 2,31 3.55 2.77 06 06 3.61 2.84 + .53 = .53

7/17/56 617 81 36.76 5.36 2.68 5.58 3,34 .05 .08 5.63 3.1 - .27 = 7L
Ave, 85,0 ~38.57 L.96 2.55 L.52 3,17 .06 .08 L.5T 3.2L o+ .38 = .69

7/11/56= Basal 628 79 35,85 5,36 2,68 3,87 2.87 .09 11 3,96 2.97 +lJd - .29
659 77 39k 5.36 2.68  L.32 2,91 .09 0B L.l 2,99 o+ 95 - .3

7/18/56 606 107 X l‘-8°56 5036 2068 )-l»o)-l-)-l» 207h 017 ol3 Ll-eél 2987 + 075 bl 020

Ave, 8L.3 39.78 5.36 2.68 L.21 2.84 .12 11 L.33 2.95 #1,07 - .27

lpata Expressed as Grams Per Day.

gL



TABLE 15 CHEMICAL BALANCE DATA WITH LAMBS - PERIOD I - FALL 19561
Daily Fecal Urinary Total

Lamb Body Wt. __Intake _Excretion Excretion _Excretion Balance

Date Treatment No, Lbs, Kge Ca P Ca_ P Ca P Ca P Ca P
9/7/56- Stilbestrol 729 18 Bl 2,00 2.50 2,051 2438 B3 2 23897 2,35 = 01  # 21
63L T4 33.58 285 2,55 2,97 1,91 a2 05 388 1,96 - .23 % 59
9/1L/56 706 87 P8 307 2.6k 3,62 2377 05 . 05 367 2.82 <60 -~ .18
Ave, 49,1 . 36,15 2,93 2,89 . 305 #.3h 0T ;0L 921 238 - 28 + .41
9/7/56- Basal 8L0 B1 36,76 295 2,50 3393 2,09 02 K 05 3.20 2,00 #L.00 = .3
839 178 Bh0 00 2,62 W2 366 I35 L8 hEE 312 <1.3 L9
9/1L/56 728 75 34,04 3.2 2.57 Ld3 2.35 .G .08 20 243 -1.08 + ,13
Ave. 780 “3Bh0 - 331 '2:56 - kA6 2.7h . 08 .06 higk 2,80 <113 =~ 023

TABLE 16 CHEMICAL BALANCE DATA WITH LAMBS - PERIOD II - FALL 19561
Daily TFecal Urinary Total a7

Lamb Body Wt, Intake Excretion Excretion  Excretion Balance

Date Treatment  No, Lbs, Kg. Ca P Ca B Ca. P GCa P R
10/1/56- Stilbestrol 706 9L 12,66 3.95 2.18 3.97 2.67 <05 .00 k02 2,60 = .07 + .13
631 81 36,76  5.23 3,17 LuTT 248 09 Ol 586 2.59 o+ (35 ¢ 59
10/8/56 729 90 40.BL  L.51 2.95 3.79 2.70 06 .06 3,86 2,76 # 66 # ,19
A_._ve. 88.3 )-I.0.09 Ll..56 2-9? 1‘018 2.58 -07 008 J-I-o25 2.66 + .32 + .30
10/1/56- Basal 8Lo 91 K129 'h.32 2,02 Bkk 2:86 02 ' 05 LG 2,91 = 04 - .09
728 8L B/I2 5.68 3.24 5.28 2.88 13 Jd0 5.2 298 # .26 4 26
10/8/56 839 89 40.39 5.85 3.29 5,58 3,06 .16 .09 5.75 3.15 # 01 + .1k
Ave, B8.0 539.803 5,29 312 5.0 293, k- 00 5.2) 3.0, » 08 = .11

Ipata Expressed as Grams Per day.

6L



TABLE 17

CHEMICAL BALANCE DATA WITH LAMBS - PERIOD III - FALL 19561

96,8 13.92

3.60 .

- 3,17

<09

19

3.36_ |

_ " Daily Fecal  Urimary Total
Eamb Body Wt, . - Intake ~ _Excretion [Excretion _Excretion Balance
Date . Treatment = No.- Ibs. Kg. -Ca P Ca . P Ca 'R\P'“*'Ca ~P.. - Ca P
11/5/56- Stilbestrol 838 115 52,21  5.7h 3,8h'_ 05 - 3,89 +1 .80
o 706 107 L5458 5.67 3.69 5.07 3.5h 2 17 5.18 3.71 o+ L9 - .02
11/12/56 631 93  L2.22 '5.63 3.67 L.LOo 2,98 .13 .22 LS4 3.20 41.09 + L8
. 729 9L L2.68 5.37 3.59 3,71 2.67 .08 .12 3,79 2,79 #1.58 + .79 -
Ave, . 102.2 L6.h2 5.60 3.65 Le26 3.06 .09 W17 L35 3.23 41,25 + L2
11/5/56- Basal 692 10h  L7.21 5.37 5.3 16 5.L8 - .11
v o 8o 99  LL.95 5.92 3,59 L8 3,17 .03 .13 L.SL 3.29 411 o+ .30
11/12/56 728 93. L2.22 5.9 3.60 5.03 3.11 .12 .23 5,15 3,34 + .80 # .26
839 91 .31 5.95 3.60 L.k 3.2k .07 .22 L.BL 3.46 41,1k o+ 15
. A-veo 5 )-l- 89 )-1-099 + 081 + 023

lpata Expressed as Grams_ Per Day, -

08



TABLE 18

RADIQCALCIUM BALANCE DATA WITH LAMBS - PERIOD I - SUMMER 1956

E@s. Fecal

: Method of Percent Specific _Percent Endog. Per Kg.

Lamb __ Body Wt, ~ Adminis- Dose in Activity Facel Endog, . “Body Wt. Per Day

Date Treatment No, Ibs, Kg. tration Fecesl Teces Plasma 1S0.Dil., Comp, Iso,Dil. Comp,

5/21/56- Stilbestrol 691 76  3L.50 Iv 19.3 2,21 L.65 L7.53 37.08  36.6 37.1

éLL, 86 39,0k oS 6l .6 33.3

5/28/56 613 81 36,77 0s 6242 28,1

Ave. 81.0 36.77 .  32.8

5/29/56- Stilbestrol 61 73  33.1k v 13,55 1.kl L.85 29,69 28,98 30,3 32.9

o 660 8L - 38.14 0s 51,55 , 276

6/5/56 63l Y 3L.96 05 = T72.k2 29.4

Ave. 78.0 35.L1 - | 30.0

5/21/56-  Basal . 662 76  3L.50 IV 28.9  3.91 6.9h  56.3% 53.80  L7.3 L3.1

6L 75  3L.05 as 58.7 L8.0

5/28/56 617 81 36,77 05 62,0 Lok

Ave, 77.3 3H.10 ,_ o bl .2

5/29/56=  Basal 659 68  30.87 IV 16,42 2,00 5.46  36.63 LL.02  30.1 13.3

, 628 67 30,42 @5 66.51 L0.9

6/5/56 606 101 L5 .85 08  5l.L6 | 23k
Ave,

8.6 35.76 | 35.9

1Percent of the Administered Dose Excreted During the 7-Day Balance.

T8



TABLE 19

RADIOCALCIUM BALANCE DATA WITH LAMBS - PERIOD II - SUMMER 1956

Mgs. Fecal

Method of Percent Specific Percent Endog. Per Kg.

Lamb _ Body Wt. Adminis- Dose ﬁ Activit Fecal Endog, Body Wt, Per
Date Treatment No, Lbs, Kg. tration Fece eces Plasma Iso.Dil, ompe. Iso.,Dil. Comp.
6/15/56- Stilbestrol 6LL 92 11,75 v 16,48 1.60 7.60 21,05 L5.76  19.0 3.7
613 8L 38.12 0s 39.3
6/22/56 691 82  37.21 08 66,43 38.1L
Ave, 86,0 39.03 375
6/25/56- Stilbestrol 660 9L  L2.66 Iv 12407 ~ 1.88 2473 68.86 34,05 1.6 26,3
634 8L  38.12 0s 55.00 29.7
7/2/56 6l 85 38.57 0S 33.L0 29.4
Ave., 87.7 39.78 28.5
6/15/56-  Basal 617 82  37.21 1v 19:36.  “L.79. 6.7 26,68 68,71 26,3 54.0
648 78 36.30 0S 59.02 L9.3
6/22/56 662 T4  33.58 0S 59.1
Ave, 78.0 36.30 2L4.8 sh.l
6/25/56-  Basal 628 75 34.03 Iv 1695 | 182 . 243 .36 65307 67.0 53.6
659 19 35.85 0s 38.30 50.3
7/2/56 606 103 L6.7h 0s 73.L0 38.9
Ave, 85.7 38.87 47.6

lpercent of the Administered Dose Excreted During the 7-Day Balance.

4]



TABEE 20 RADIOCALCIUM BALANCE DATA WITH LAMBS - PERIOD III - SUMMER 1956

Mgs. Fecal ‘

Method of Percent Specific Percent Endog. Per Kg.
_ Lamb  Body Wt, Adminis- Dose in- - Activity Fecal Endog. Body Wt, Per Day
Date - Treatment No, Ibss Kge tration Feces: Feces Plasma 150.Dil, Comp, 1S0.Dile  GOmMp,
7/10/56- Stilbestrol 691 Sk  L2.66 IV 16,70 1.37 L.38 31.28  29.h9  33.0 3746
613 93 L2 .20 08 59.65 - 38.0
T/17/56 6Ll 98  LhL.72 08 50,82 35.9
Ave, 95.0 L3.19 37.2
7/11/56- Stilbestrol 63L 88 39.93 1v 1h.h2 1.30  3.96 32.83 28.88 30,7  39.3
6hl 86 39:03 OS' - - E
7/18/56 - 660 99 LL.93 0S L46.55 : 3hi9 -
Ave, 9100,_41029 _ 371
7/10/56-  Basal 6L8 93  L2.20 IV, 22,97 1.71 5.15 33,20 36,96 3L.T L7.0
) 662 81 36076 OS 700&& i hlo7
7/17/56 617 81 36,76 05 59.k2 : 53.9
hve, B85.0 38.57 _ 47.5
7/11/56-  Basal. 628 79  35.85 v 18,51 1,48~ 5.05°  29.30 20,37 316 30.4
659 77  3L.9k 0S 65,95 31.3
7/18/56 606 107  UB.56 S 65 .82 22.4

“Aveo 8&63 39078 , ] 2890

lpercent of the Administered Dose Excreted During the 7-Day Balance.

€8



TABLE 21 RADIOCALCIUM BALANCE DATA WITH LAMBS - PERIOD I -~ FALL 1956

Mgs, Fecal
Method of Percent Specific Percent Endog., Per Kg,

Lamb _ Body Wt, Adminis- Dose i{l __Activity Fecal Endog, Body Wt. Per Day

Date Treatment No., ILbs., Kg. tration Feces~ Feces Plasma Iso.Dil, Comp. Iso.Dil. Comp,
9/7/56- Stilbestrol 729 78  35.40 20.21  2.35 5.10 L6.07 15.60  37.1 37.0
63l 7hs _33:58 0S 75.09 38.7

9/1L/56 706 87  39.L8 0S 65.50 5.4
Ave, 79,7 36,15 37.0

9/1/56- Basal 8L0 81  36.76 IV 23,85 2,02 5.20 38.84 5hL.52  L1.6 L3.9
839 78 35.40 0S 89.29 50.1

9/1h/56 728 75  34.0L 0S 82.6L 50.0
Ave., 78.0 35.L0 148.0

RADIOCALCIUM BALANCE DATA WITH LAMBS - PERIOD II - FALL 19562

TABLE 22

70/1/56- Stilbestrol 706 9oL  L2.66 0S %0.23 L5.06 1.7

631 81 36.76 0s 5727 6L.0

10/8/56 729 90  L0.8L 0s 60.80 L9.9
A.VEQ 88 .3 h0.09 51 .

10/1/56-  Basal 8L0 91  [1.29 05 C7.26 L5.56 L7.9

. 728 8L 38.12 0S 65.16 67.9

10/8/56 839 89  L0.39 0S 68,62 6.0

Ave., 88.0 39.93 60,6

lpercent of the Administered Dose Excreted During the 7-Day Balance.

2Value for Percent of the I.V, Dose in Feces Obtained from Final Balance (Period III).

8



TABLE 23

RADIOCALCIUM BALANCE DATA WITH LAMBS - PERIOD IIl - FAILE 1956

Mgs., Fecal

Method of Percent Bpecific Percent Endog. Per Kg.

Lamb __ Body Wt Adminis- Dose in Activity Fecal Endog. Body Wt. Per Day

Date Treatment No, Lbs, Kg. tration Fecesl Teces Plasma 150.Dil. Comp, Iso.Dil. Comp.
11/5/56~ Stilbestrol 838 115 = 52,21 v 15,75  1.12 2.48 Lb5.16 17,19  3L.6 18,9. |
706 107 L48.58 Iv 32,50 2,11 L.32 L8.8L L7.0 20.0

11/12/56 631 93  L2.22 0s 75.97 22.9

. 729 94 L2.68 0s 62,50 21.6

Ave, 102.2 L6.L2 2049

11/5/56-  Basal 692 10k k7.2 Iv 21,20  1.25 3,12 L0.06 22,05  L7.hL 25.1

8LO 99 Ll .95 Qs 70.65 29.0

11/12/56 728 93  L2.22 08 7347 3.1

839 91 L1°31 Iv 27.90  2.16 L.89 Ll 17 L8.3 31.7

_Aveo- 9698 )-13092 2902

lpercent of the Administered Dose Excreted During the 7-=Day Balance.

48



TABLE 2, BADIQPHOSPHORUS BALANCE DATA WITH LAMBS - PERIOD I - SUMMER 1956

) Mgs. Fecal
Method of Percent Specific Percent Endog. Per Kg.
Lamb _ Body Wt. Adminis< Dose in Activity Fecal Endog,  Body Wt. Per Day
Date Treatment No, Ebs, Kg, tration Fecesl Teces Plasma 1850.Dil., Comp. Iso,bBil, Comp,.
5/21/56- Stilbestrol 691 76  3L,50 - IV 27,80  Tebl 11.98 62,94 93,15 L5.3 66.3
_ 6l 86 39,0k 0S 62 .60 59.1
5/28/56 613 81 36.77 Qs 33,00 : . 5Lt
Ave, 81,0 36,77 59.8
5/29/56° Stilbestrol 6)-}-1 73 33 olh IV 32 008 alh 1& 050 142 ° 313- 77 068 Ll5 ° 3 77 07
660 84  38.14 0S 40,15 , 66.0
6/5/56 63h 77 3h.96 0S 5h.12 ‘ 70.4
Ave, 78,0 35.41 } Tl.h
5/21/56-  Basal 862 76 3L.50 v 35.20  B.50 13.70  62.0L  98.90  56.1 %3.9
| 68 75  3L.05 0s 6L.90 6646
5/28/56 617 81 36,77 0s L3.20 o : 59.0
| Ave. T7.3 35.10 63.2
5/29/56=  Basal 659 68 30.87 v 29,82 6;51 12.87. 50,58 110.42 = 57.9 98.1
' 628 67 30,42  ©O8 53,62 9343
6/5/56 606 101  L5.85 0s 38.27 5646
Ave, 78.6 35.76 | | 82.7

lpercent of the Administered Dose Excreted During the 7-Day Balance,

98



TABLE 25 RADIOPHOSPHORUS BALANCE DATA WITH LAMBS - PERIOD IT - SUMMER 1956

Mgs. Fecal

_ Method of Percent Specific Percent Endeg. Per Kg.
Lamb  Body Wt, Adminis- Dose in Activity Fecal Endog. Body Wt. Per Day
Date Treatment No.. Ibs, Kgo tration Fecesl Teces Plasma 1850.Dil, COMp. 1S50.Dil. Comp,
6/15/56~ Stilbestrol 6hh 92  11.75 v 26,81  7.96 11.76  67.79 70,78  52.4 5749
613 84 . 38.12 0S 27455 : 65.1
6/22 /56 . 651 82 37.21 0S 53,28 - , 6L.1
Ave, 86,0 39.03 62,4
6/25/56- Stilbestrol 660 9L  L2.66 IV 22.47 10,73 14.50  7L.0O '6o°96 1.3 k2.9
634 84  38.12 0S 11,90 : 48,3
1/2/56 641 85 38.57 0s  Lo.%0 . L7.7
hve, B87.7 39.78 | | 1643
6/15/56-  Basal 617 82,  37.21 v okl 7.5 12.43  59.94  56.00  L7.hL 50,7
648 78 36,30 05 " L9.61 L6.9
6/22/56 662 Tk 33,58 Qs 62 .58 : 5566
 Ave. 78.0 36430 B - 153 51.1
6/25/56~  Basal 628 75 3L.03 . IV 31,94 8,35 1L.50  57.59  The85 L6l 63.L
] 659 79 35.85 Gs 48,80 59.6
7/2/56 606 103.  Lé.7L 0S 49.50 L6.0

Avee ,85.7 38087 . . 56"3

lpercent of the Administered Dose Excreted During the 7=Day Balance,

L8



TABLE 26 RADIOPHOSPHORUS BALANCE DATA WITH LAMBS - PERIOD IIT - SUMMER 1956

. Mgs. Fecal

Method of Percent Specific Percent Endog. Per Kg.
Lamb __Body Wt Adminis- Dose in Activity Fecal Endog,: Body Wt, Per Day
Date Treatment No., Ibs. Kg. tration TFeces: TFeces Plasma 15001l Compe Iso.Dil. Compe
7/10/56- Stilbestrol 691 94  L2.66 Iv .72  10.03 22,56 L L6 87.59 30.L 6743
613 93  L2.20 0S Lhe23 63.9
7/18/56 éuly 98  Lh.72 0S L2,17 L9 .0
Ave, 95.0 L3.19 | 60.1
7/11/56~ Stilbestrol 63L 88  39.93 Iy 33,13 10.16 13.L0  75.82 90.93  L9.0 59.6
_ 61 86 39.03 0S L7 .15 60.9
7/18/56 660 99  LL.93 0S . LL.st | 529
| Ave. 91.0 l1.29 | 57.8
7/10/56-  Basal 648 93  L2.20 Iv 37.25 10,53 25.07  L2.00 96,7k 33.7 61.3
662 81 36,76 08 L7.33 60,7
7/17/56 617 81 36,76 0S 62,10 70.L
Ave, 8500 38957 6h@1
7/11/56-  Basal 628 79  35.85 Iv 1,67 11.3L 15.78  71.86 87,20  57.h 65,1
659 77 3.9 05 L9 .68 66.9
7/18/56 | 606 107  L8.56 @s. . 55.02 : L8.1
Ave. 8L.3' 39.78 | 60.0

1Peréent of the Administered-Dose Excreted During the 7-Day Balance,

88



TABLE 27 RADIOPHOSPHORUS BALANCE DATA WITH LAMBS - PERIOD I - FALL 1956

Mgs. Fecal

Method of Percent Specific Percent Endog., Per Kg.
o : Lamb __ Body Wt, Adminis= Dose in Activity Fecal Bndog. Body Wi, Per Day
-Date -Treatment No., Ibs, Kg. tration Fecesl Teces Plasma 1S0.Dil, Comp. Iso.Dil, Comp.
9/7/56- Stilbestrol 729 708 3500 1V 3L.60 10,06 10.32 97.L8  67.51 el .1 L8.9
631 Th  33.58 0S 47 .85 ' 50,1
9/11/56 706 87 . 39.L48 oS- 51,23 L5.1
. Ave, 79,7 36015 _ . )48 0
9/1/56- Basal BLO 81 " 36.76 IV 36,00 8.38 13.32  62.91 75.87  L7.9 E1.6
_ 839 78 35,40 as €1,26 ' 56.1
9/1h/56 728 75  3L.0L 05 L7.85 573
= o s—— e e "—_’T‘. :':":‘_’::,:‘;’: —e T' » e e e — t‘_’:‘:ﬂ: e — T 3 __:,:: ‘ ..:__,T_, o 3:“__'.:_' ' e ——— :_

TABELE 28 RADIOPHOSPHORUS BALANCE DATA WITH IAMBS - PERIOD II - FALL 19562

T0/1/56= Stilbestrol 706 oL L2.86 VSR )/ S ~73.20 7.5
N 631 8L 36.76.. @5  L5.88 6301
1048756 729 90  Lo.B4 08 1S .30 52.8
- fve, 688.3 10,09 3 | ShoS
T(m.ﬁ6= -~ Basal 8)40 91 }41929 ) OS )430)-‘57 7 . 77 cﬂg ' . 5391
‘ 728 8L 38.12 Qs 49.70 66.1
10/8/56 839 89  L0.39 0s 51,54 - 6304
. AVe, 88 00 39,93 : o B : : ; : 60.09

lpercent of the Administered Dose Excreted During the 7-Day Balance.

2Value for Percent of the I.V. Dose in Feces Obtained from Final Balance (Period III).

68



TABLE 29 RADIOPHOSPHORUS BALANCE DATA WITH EAMBS - PERIOD III - FALL 1956

Mgs, Fecal v

Method of Percent Specific Percent Endog, Per Kgo
_ Lamb  Body Wi, Adminis- Dose if . Activity Fecal Endog, - Body Wt. Per Day-
-Date ‘Treatment No, Lbs. Kg. tration Feces® Feces Plasma Iso.Dil, OComp. Iso.Dil,  Comp,
11/5/56- Stilbestrol 71,42

706 107 48,58 Iv 36.61 6,59  6.9L 94,96 69.1 She3
11/12/56 - 63 93  Le.22 oS 47,00 62,1
| 129 9L h2.68 as k.11 60,0
Ave. 98.0 Mehg ’ 5898

11/5/56-  Basal | , | | 71,97 ,
_ - 840 99  Lh.95 0s L5 .69 : 59.9
11/12/56 728 93  L2.22 05 146,60 ' 6L,0
839 91 .31 Iv 37.96 7.85 9.78 80,27 63.0 65 .4

Ave. 9h.3 42.83 o | 63.1

" lpercent of the Administered Dose Excreted During the 7-Day Balance.
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