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ABSTRACT

Four steers were allotted to each of two estradiol 
treatments (20 mg and 80 mg) delivered in the feed. Samples 
were collected via jugular cannula during six stages of the 
experiment. Serum samples were analyzed by radioimmuno
assay.

Data from the assay were analyzed by least squares 
analyses of variance including treatments, stages, days 
within stages, and treatment by stage interaction. No sig
nificance (p > .05) was found for variation between treat
ments or treatment by stage interaction with all data in
cluded or values three standard deviations above the mean 
removed (N = 11). Therefore the data were re-analyzed by 
one way analyses of variance both with and without the high 
values. Stages, days, times, and animals were considered 
separately.

The results from this Study indicate several impor
tant Conclusions: (1) normal steers have circulating
estradiol levels (32 pg/ml) equal to and sometimes greater 
than cycling cows (30-40 pg/ml)> (2) when steers are fed
estradiol at levels promoting growth an increase is noted 
in the blood E 2 concentrations, (3) this increase is noted
after a five day lag period, and (4) effective mechanisms
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are present in the. bovine to metabolize and excrete the 
ingested estradiol.



CHAPTER. 1

INTRODUCTION

Endocrinology, in relation to livestock production, 
is a rapidly expanding field. Advances are constantly being 
made in the areas of biochemistry, metabolism, assay pro
cedures, and the physiology of hormones. Much of the 
literature on estrogens concerns blood and urine levels at 
various times of the estrous cycle, pregnancy or lactation. 
Presently, some work is being conducted on the effect of the 
environment on steroid levels, e.g., heat stress.

As new information emerges, it is becoming more and 
more apparent that steroids, especially estrogens, are 
extremely important in areas of metabolism other than those 
associated with reproduction. Hale and Ray (1973) showed 
that in yearling steer calves in a feedlot situation, oral 
feeding of estradiol caused a significant increase in. the 
rate of gain. Forty mg of estradiol compared favorably to 
10 mg oral diethylstilbestrol (DES) in growing steers. That 
is, they both caused an 11-15% increase in gain and a 6-8% 
decrease in feed requirements.

At the present time, estradiol with progesterone is 
used as an implant in steers (Synovex-S, 20 mg estradiol + 
200 mg progesterone) in the feedlot. However, even though
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implants are widely used and there has been one paper re
porting the growth stimulating properties of oral estradiol 
(Hale and Ray, 1973), nothing has been published on the 
effect oral estradiol has on blood levels. In fact, only 
one reference was found on blood levels of estrogens in 
steers (Brower, 1974).

Most of the information published on circulating 
levels of estrone and estradiol has been determined for 
heifers or cycling cows (Corah et al., 1974; Arije,
Wiltbank, and Hopwood, 1974; Britt, Kittock, and Harrison, 
1974; Katongole, Naftolin, and YoungLai, 1973; Hendricks, 
Dickey, and Hill, 1971; Wettemann et al., 1972; Mason, 
Krishnamurti, and Kitts, 1972). Some information is avail
able relating the estrous cycle, parturition, abortion, and 
heat stress to hormonal changes (Arije et al., 1974). Many 
papers present information showing periodic changes in 
estrogen levels. These levels varied according to the 
accuracy of the assay, frequency of sampling,, and experi
mental conditions of each study.

The most accurate arid reliable method of measuring 
extremely low levels of estrogens in biological fluids is 
by radioimmunoassay (RIA). Levels as small as 2.5 pg/ml 
have been detected by this method (Corah et al., 1974).
The RIA technique employs radioactive tracers and a rela
tively specific antibody. By competitive binding of the 
labelled and unlabelled hormone with the antibody, it is



possible to determine the amount of unknown present. In 
order to correlate the information from the papers cited 
above, each assay must be considered according to its own 
level of accuracy, specificity, and sensitivity. Several 
different antibodies have been used, some being more 
specific than others. Nett, Holtan, and Estergreen (1973) 
used a relatively specific double antibody assay for 
estrone (E^) and estradiol (Eg) in plasma from mares. By 
using antibodies specific for these two steroids and also 
because the cross reactivity between them was acceptably 
low. Nett et al. (1973) were able to bypass purification of 
the steroids by column chromatography.

In recent years there has been increasing interest 
in synthetic chemicals added to our food. Diethylstil- 
bestrol has been shown to cause tumors in certain strains 
of laboratory mice when fed in low concentrations (Gass, 
Coats, and Graham, 1964). Diethylstilbestrol has also been 
found at low levels in the livers of a small percentage of 
animals slaughtered which had been fed DBS. Those levels 
found were apparently due to improper withdrawal of DBS 
prior to slaughter. On this basis the Food and Drug 
Administration banned the use of DES in cattle. Presently, 
because of a legal technicality, livestock feeders can use 
DBS either in the oral or implanted form. Nonethless, the 
future use of DES as a growth stimulant in cattle remains 
in jeopardy. For these reasons it would be desirable to
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develop an acceptable alternative to DES. Estradiol has 
been shown to be a promising alternative (Hale, and Ray,
1973).

The purpose of this research was to determine normal 
levels of serum estradiol and changes in serum estradiol 
caused by feeding estradiol to growing beef calves. Also 
of interest were changes in serum estradiol during and 
after withdrawal.



CHAPTER 2

LITERATURE REVIEW

Estrogen Actions in the Body 
According to Hafez (1969, pp. 17-19), the primary 

site of action of estrogens is on the female reproductive 
tract. Hafez lists a number of events that take place 
because of the action of estrogens. Among these are: 
growth of the uterus (including hypertrophy and hyper
plasia) ; increased uterine contractility; growth and corni- 
fication of the vaginal epithelium; increased growth and 
muscular activity of the oviducts; growth and development of 
mammary tissue; loosening of the pubic symphysis; inhibition 
of long bone growth including maturation of the epiphyseal 
cartilage and retention of water, sodium, calcium, phos
phorus, and nitrogen. Another primary effect is to cause 
the female to express estrus.

It is well known tha.t estrogen levels vary 
according to the stage of the estrous cycle sampled, 
reaching a peak 24-48 hours prior to ovulation. Also well 
known is the fact that estrogen levels remain relatively low 
during most of pregnancy rising to a high level about 5 
days prior to parturition.
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• In the last ten years a great deal of information 
has been published concerning various theories on the 
mechanism of action of estrogens. Two concepts proposed by 
Me lien and Erb (1965, p. 687) were presented as follows:

The first concept proposes that estrogen en
hances the mobility of metabolites into or within 
the uterine cell by augmenting the permeability of 
cellular membranes or of vascular or cyto-skeleta1 
structures.

The second and probably the most popular con
cept of estrogen action is that the hormone affects 
enzyme function, either by altering the activity of 
an existing enzyme or by stimulating the denovo 
synthesis of critical enzymes.

Jailkhani and Talwar (1975) present four hypotheses 
to explain estrogen action. These ideas are: the concept
of target cell receptors, the permeability hypothesis, the 
histamine release and estradiol action hypothesis, and 
cyclic AMP as the mediator of estrogen action.

The first hypothesis, that of target cell receptors 
is the most widely supported by experiments according to 
Jensen et al. (1968) and Jensen and DeSombre (197 2). There
are two distinct steps in the utilization of estradiol by 
the rat uterus, that of uptake, and retention. Apparently 
there is in the cytosol fraction of uterine cells a re
ceptor which specifically binds estradiol. This protein, 
by ultracentrifugation in sucrose density gradients, has 
been found to migrate with a coefficient of 9.5S. This 
receptor will cause estradiol to be taken into the cell 
against a diffusion gradient. Inside the cell the



re cep tor--steroid complex moves to the nucleus and crosses 
the nuclear membrane. Apparently, the 9.5S complex is 
cleaved resulting in a complex with a 5S coefficient. This 
5S complex is then actually bound to the chromatin material 
and is retained by the cell. According to Jensen et al. 
(1968) the number of binding sites available in the nucleus 
is saturated at physiological levels of estradiol.

By binding to the DNA material as stated by King and 
Gordon (197 2), it is apparent that the estradio1-protein 
complex could affect RNA production and therefore protein 
output. It is well known that causes an increase in 
uterine weight (Hafez, 1969). This weight change is due to 
the increased output or synthesis of protein and retention 
of water in body tissues.

The permeability hypothesis as explained by 
Jailkhani and Talwar (1975) states that increased rate of 
growth of active cells is due to increased permeability to 
metabolites such as glucose and amino acids. The increased 
permeability of the cell is said to be due to the action 
of estradiol. This effect can be blocked if either cyclo- 
hexamide or actinomycin-D are given before estradiol.

Another hypothesis on the mechanism of action of 
estrogens is derived from one of the hormone's specific 
effects on the uterus. This hypothesis relates histamine 
release and estrogen action. It was found by Spaziani and 
Szego (1958) that the concentration of bound uterine



histamine varies inversely with the concentration of 
circulating estradiol. These authors postulated that the 
released histamine acted on small blood vessels of the 
uterus to cause vasodilitation and consequently an increased 
uptake of metabolites, electrolytes, and water; i.e., many 
of the effects elicited by estradiol. Therefore, histamine 
was thought to be the mediator of estradiol action until it 
was shown that changes in uterine vasculature and water 
content could be blocked by cortisol while characteristic 
histological changes in uterine epithelial cells were un^ 
affected.

Another compound suggested as the mediator of 
estrogen effects was cyclic AMP, a nucleotide discovered by 
Sutherland and Rail (1960). Szego and Davis (196 7) found 
that within 15 seconds of the administration of estradiol, 
the amount of cyclic AMP in castrate rat uteri was increased. 
It was noticed that cyclic AMP increased phenylalanine in
corporation into tissue proteins. Also cyclic AMP increased 
water content and enhanced the synthesis of glycogen and 
lipids from acetate. However, cyclic AMP does not account 
for all of the uterine changes Caused by estradiol.

Biosynthesis and Metabolism of Estrogens
In the bovine, according to Hafez (1969) and Mellen

and Erb (1965), estrogens have been demonstrated in the
adrenal cortex, ovary, and placenta. In their review paper



9
Melien and Erb (1965) suggested the following pathway of 
synthesis:

acetate -> cholesterol -> pregnenolone •> progesterone -> 
17-hydroxyprogesterone -> andros tenedione -> -> E^.

More recently Lacroix, Eechaute, and Leusen (1974) described 
a 'A4 and A5 synthesis pathway for estradiol in the bovine 
(Figure 1).

In addition to these two basic pathways, Lacroix et 
al. (1974) mention that it is a possibility that dehydro- 
epiandrosterone can be converted to estradiol by way of 5^ 
androstenediol and testosterone. Also 17-OH pregnenolone 
can be converted to 17-OH-progesterone directly. In the 
bovine, the pathway of preference is A5 according to Lacroix 
et al. (1974)

Meyer (1955) states that the bovine adrenal cortex 
can convert androgens to estrogens by the intermediate 19- 
hydroxy- A- andros tene- 3 , 17 dione. Roberts and Warren (1964) 
and Lacroix et al. (1974) have presented evidence that the 
fetal ovary can do all or nearly all of the chemical con
versions present in the adult.

It has been stated by Mellen and Erb (1966) that it 
appears the major metabolic pathway for estrogens in the 
bovine is as follows: estradiol-17-B -> estrone £
estradiol-17a. But Kazama and Longcope (1972) in their more 
complete study of the metabolism of estrogens in sheep
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Figure 1. Biosynthesis of estradiol»
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report that in blood the metabolic pathway is: estradiol-
17-13 -> estrone -> estradiol-17a, but in other organs 
estradiol and estrone were not interconvertable.

In blood, estrogens are thought to be about 7 0 per 
cent bound at physiological temperatures (Batra, .1974) .
This fraction is bound mainly to protein or glucuronic acid. 
The remaining 30 per cent exists in the free form. The 
major urinary metabolite is estradiol-17-a in the bovine 
according to Mellen and Erb (1965) . ''

A paper by Fishman et al. (196.9) discussed the
consequences of simultaneous administration of oral and 
intravenous doses of estradiol. The authors state that a 
portion of oral doses are metabolized differently than the 
intravenous doses. The authors report the Oral doses are 
quickly absorbed and conjugated to glucuronic acid. This 
conjugate seems to prevent formation of soirie of the normal 
minor metabolites of estradiol; e.g., 2-hydroxyestrone, 
2-methoxyestrone, estripl, and epiestriol.

Use of Growth Stimulants 
Since the early 19501s there has been a great deal 

of research on substances that stimulate growth in ruminants. 
There has also been a great proliferation in the use of 
these chemicals by the livestock industry. These chemicals 
include: Ralgro (56 mg Zearanol) , diethylstilbestrol,
Synovex-H (testosterone 200 mg, estradiol 20 mg), Synovex-S 
(progesterone 200 mg, estradiol 20 mg), Rapigain



12
(testosterone 120mg, DBS 24mg), and Melengestrol Acetate 
(0.5mg). The majority are approved for use as implants. 
Melengestrol Acetate is used orally and only in heifers 
(O'Brien, Bloss, and Nicks, 1968; Bloss et al., 1966).

Burroughs et al. (19 55, p. 1015) conducted five
experiments with oral DBS utilizing a variety of rations
and classes of animals. The authors found that:

In each experiment and on each type Of ration, live 
weight gains were increased (averaging 20 pounds) 
and feed requirements in producing a given gain 
were reduced (averaging 11 percent) by incor
porating Stilbestrol in the feed in effective 
amounts (averaging between 5 and 10 mg of 
Stilbestrol per day).
• It has been shown by Bloss et al. (1966), O'Brien et 

al. (1968) , and Ray> Hale, and Marchello (19 69) that M.elen- 
gestrol Acetate can interrupt the estrous cycle of beef 
heifers. This reduces the frequency of heifers mounting and 
"riding" each other. Because animals on Melengestrol 
Acetate are calmer and also because of the indirect estro
genic effect of Melengestrol Acetate, performance of the 
heifers may be improved about 7-10 per cent. Glimp and 
Cundiff (1971) examined the possibility of a synergistic 
effect between oral Melengestrol Acetate and a 24 mg DBS 
and 120 mg testosterone paste implant on beef heifers. 
However, they found a lower rate of gain for the combined 
treatment than for either Melengestrol Acetate or DES- 
testesterone treatments alone. Although the rate of gain 
for the combined treatments was lower than for the other



two,: the difference was not statistically significant. Hale 
and Ray (1973) investigated the effectiveness of oral 
estradiol as compared to DBS (both implanted and oral) and 
implanted Ralgro. They found "during the winter months, a 
daily level of 40 mg oral E„ resulted in improvements in 
gain and feed requirements comparable to that obtained with
10 mg oral DBS" (p. 1246) . They also stated that 15 mg E«
• ■ ' ■ . • : . . - 2 
was near the minimum effective dose/day.

In contrast to DBS, orally administered estradiol 
seems to be relatively inactive when given to humans. 
Possibly this is because a majority of the hormone is 
rapidly absorbed and conjugates with glucuronic acid as it 
crosses the gut mucosa and cell membrane. As a glucuronide 
estradiol would be excreted rapidly by way of the urine 
(Fishman et al., 1969).

. Circulating Levels of and Eg

Since 1970 a number of studies have been published 
on levels of estrogens in the peripheral circulation of 
cattle, especially heifers and cows (Christensen, Wiltbank, 
and Hopwood, 1971; Garverick et al., 1971; Hendricks et al., 
19.71; Smith et al. , 1973; Mason et al., 1972; Wettemann et 
al., 1972; Echternkamp and Hansel, 1973; Katongole et al., 
1973; Britt et al., 1974; Arije et al., 1974; Corah et al.,
1974). Generally, these workers report a rise in estradiol 
and estrone 24-48 hours prior to ovulation. Table 1



Table 1. Blood estrogen concentrations during various stages of the reproductive 
cycle.

Reproductive stage level (pg/ml) E level . (pg/ml) Type of animal Reference

During cycle
Day 4 11 —  ■ Dairy cow Mason et al. 1972, 

Wettemann et al. 1972,
,410

Day 11 4

Day 16 ■ . -- s Dairy cow & Hendricks et al. 1971
Beef heifer. Mason et al. 1972

; : 470 694 .

.Day 18 10

Estrus 33 • 15 Cow Katongole et al. 1973
9 — Beef heifer Hendricks et al. 1971
8 — ■ Dairy.cow Wettemann et al. 1972

500 690 Dairy cow Mason et al. 1972 -
176 (total 
estrogen) Beef cow • Christensen et al. 1971

Prepartum

-'25 days 973-1300 (total
estrogen) Beef cow Arije et al, 1974

32 . 256 Dairy cow Smith et al. 1973
-5 days 150 1200 Dairy cow Smith et al. 1973



Table 1.— Continued

Reproductive stage. E 2 level (pg/ml) E - level (pg/ml) 1 Type of animal Reference

Parturition 592 (total' 
estrogens), 

295 
67 
62

228
Beef cow 
Dairy cow 
Dairy cow 
Beef heifer

Arije et al. 1974 . 
Smith et al. 1973 
Echternkamp and Hansel 
Corah et al. 1974

1973

Postpartum 
to 1st Estrus

‘ Day 9 121-382 (total 
estrogens) Beef cow Arije et al, 1974

Day 14 . 14
5

. 112 
11

Dairy cow 
Dairy cow

Smith et al, 1973 
Britt et al, 1974

Estrus 840 (total 
estrogens) ; 

16 
10

Beef cow 
Beef heifer

Arije et al. 1974 
Echternkamp and Hansel 
Corah et al. 1974

1973
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compares the levels reported according to each study cited 
above. Except for data reported by Mason et al. (1972) and 
Arije et al. (1974), the results are in fairly close agree
ment: if allowances are made for assay variations and indi- . 
vidual differences in the animals tested. This set of data 
was derived by using RIA:as the assay system.

Some workers have measured levels of and Eg in 
the plasma of sheep ’(Challis, Harrison, and Heap, 1974) and 
mares (Nett et al., 1973) by means of RIA. Other groups 
have studied levels of estrogen excreted in the urine using 
RIA and spectrophotometry (Randel et al., 1971; Garverick 
et al., 19 71).

All of the investigations of serum hormone level, 
as cited in Table 1, concern heifers and cows. and. generally, 
concentrates on fluctuations at or near parturition and 
during phases of the estrous cycle. However, only one 
paper concerning circulating levels of total estrogens in 
growing steers was found (Brower, 1974). Further, ho 
studies, other than the paper by Hale and Ray (1973), 
discuss the effect of estradiol on steers when fed orally.

Radioimmunoassay 
One of the first groups to study competitive protein 

binding as an assay method was Yalow and Berson, who first 
published an assay method for insulin in 1960. At the same 
time a similar method was being developed in England by



Ekins (1960) working on serum thyroxine. Since that time, 
the principle has been applied to a wide variety of 
materials including steroids, peptide hormones, morphine, 
vitamin D, and others (Figure. 2).

 -- — ^ Ab Ag*
labeled antibody- 
antigen complex

Ag -— :------- :----- — ------   ->■ Ab Ag
unlabeled antigen • unlabeled antibody
added to std curve antigen complex
or to be measured 
in sample

Ag* —  ---------------
(labeled antigen added 
to std curve or sample

Ab +

Figure 2, Basic principle of radioimmunoassay



Many sources (Hendricks et al., 1971; Korenman et 
air, 1974; Mason et al., 1972; Kushinsky and Anderson, 1974 
Wettemann et al., 1972; Wu and Lundy, 1971; England, 
Niswender, and Midgley, 19 75; Powell and Stevens, 1973; 
Echternkamp and Hansel, 1973; Katongole et al., 1973; 
Garverick et al., 1971; Nett et al., 1973) have published 
reports of successful RIA's of estrogens. As mentioned 
above, they each found varying levels of specificity, 
sensitivity, etc., according to the various sampling and 
assay procedures involved. At least one source (Nett et 
al., 1973) described the use of a double antibody technique 
enabling the quantification of E^ and E^ in a single sample 
without prior separation and purification by column chroma
tography. The antibodies used by Nett were highly specific 
for either estradiol 17-B or estrone and showed very little 
cross reactivity. Estriol was not assayed.

Radioimmunoassay involves.many steps and at least 
several days to complete. There is ample opportunity to
modify parts of the procedure to fit certain.experimental
situations, according to the sensitivity and specificity 
desired. ■.

According to the literature, a variety of methods 
are used to extract estrogens from blood. Usually 3-5 
volumes of diethyl ether per volume of blood is sufficient 
to remove up to 9 5% of the estrogens present. One group
used 10 volumes of benzene to do the extraction step
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(England et al., 1973). Some procedures use chromatography 
columns (Garverick et al., 19 71) to separate and purify the 
steroid being studied. Others (Nett et al., 1973; England 
et al., 1973) do not use chromatography. Chromatography 
can be effectively eliminated either by working with only 
one antigen or by using multiple specific anibodies to study 
individual samples. Most of the sources including 
Echternkamp and Hansel (1973), Wettemann et al. (1972), and
Corah et al. (1974) reported only estradiol levels while 
Arije et al. (1974), Hendricks et al. (1971), Katangole et 
al. (1973), and Christensen et al. (1971) reported total 
estrogens and did not report values for individual estrogens. 
Smith et al. (1973), Mason et al. (1972), and Britt et al. 
(1974) reported values for E^ or ^ 2 '

Antibodies: used in radioimmunoassays come from a 
variety of sources. Most of the antisera used are from 
sheep immunized against a bovine serum albumin-estrogen 
conjugate (usually estradiol or estrone). Other antibodies 
have been used and developed from rabbits and guinea pigs.

The general method after extracting and chromato
graphing the estrogens being studies is to incubate the 
samples for some time, usually 3 to 24 hours, with the 
appropriate antibody and tritium labeled estrogen in buffer. 
Activated charcoal (Norite-A, Sigma Chemical Co.) is then 
used to remove those estrogens not bound to the antibody.
The remainder is then mixed with a.counting fluid (usually
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made of toluene, dioxane, and two scintillators) which 
captures energy released from radioactive particles and 
re-releases this energy as light which can be read as 
counts per minute by a scintillation machine. From these 
counts the amount of unknown present can be determined.

In order for a radioimmunoassay to be useful as a 
research tool, it must be reliable. Reliability of a 
radioimmunoassay can be expressed by statistical analysis 
of several factors. These include: precision, sensitivity,
specificity, accuracy, and reproducibility. Each of these 
concepts was discussed by Midgley (1969). According to 
Midgley, precision can be defined as ". . . the extent to 
which a given set of measurements of the same sample agrees 
with the mean, i.e., the amount of variation in the estima
tion of unlabeled hormone x" (p. 163). This means the 
measurement of precision is dependent on the slope of the 
standard curve and the point at which the error is measured. 
Mathematically, this can be expressed as follows: x =
where X = precision, b = slope of curve, and s = error in y 
and

pg * bound to Ab 
^ P9 E2* bound to Ab in absence of

where E^*, E^ refer to tritium labeled estradiol and un
labeled estradiol, respectively. Graphically, this can be 
shown as in Figure 3.
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Figure 3. Dose response curve.

Sensitivity can be defined as the smallest amount 
of unlabeled hormone that can statistically be differenti
ated from a tube containing only labeled antigen and anti
body. This also depends on the error of measuring the 
blank tube.

Specificity refers to the extent to which sub
stances other than that compound being measured interfere 
with the assay. There are two general areas where speci
ficity of an assay could be affected and these are: the
cross reactivity of some antigens with the antibody being 
used, and the differences in the reaction medium between 
the standard curve and the samples. For example, changes in 
pH and temperature can affect the rate of reaction.
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A definition for accuracy would be the closeness 

with which the mean of a large number of samples agrees 
with the actual amount of the substance present.

Reproducibility refers to the extent to which the 
results of individual samples are duplicated upon repeated 
assays.



CHAPTER 3

MATERIALS AND METHODS .

Experimental Animals 
Eight.steer;calves were housed in individual pens at 

The University of Arizona Campbell Avenue Farm in Tucson, 
Arizona. These calves were all crossbred (Charolais x 
Hereford, Hereford x Angus) and were about nine months of 
age at the start of the experiment. The average weight of 
the eight steers was 194 kg, the heaviest being 214 kg with 
the lightest at 184 kg.

Each steer was fed a 60% concentrate ration for the 
first ten days. Before the experiment was begun they were 
changed to a 75% concentrate ration which was maintained for 
the duration of the trial. The ration was made up as shown 
in Table 2.

The steers were all halter broken and trained to 
accept being loosely enclosed by a wire gate as restricting 
the animals facilitated sample collections. All animals 
were trained before samples were collected in order to 
insure that each steer remained calm during collections.

Surgical Preparation 
When all the steers were trained to accept crowding 

and accustomed to the ration and their surroundings, each
23
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Table 2. Experimental ration.

ingredient

Ground alfalfa hay . ■ 15.0
Cottonseed hulls 10.0
Steam processed milo 63.1
Cottonseed meal pellets 3,0
Molasses 4,0
Tallow 3.0
Urea ,5
Biophosphate .5
Salt . .5
Ground limestone .4

Total 100,0



animal was fitted with an indwelling jugular cannula. The 
cannula allowed maximum frequency of sample collection with 
a minimum of discomfort to the animal.

To insert the cannula, each animal was restrained 
in a conventional squeeze chute. The area of the neck to 
be worked on was exposed by tying the head of the calf to 
one side with a rope halter. An area of skin over the . 
jugular vein was then shaved, thoroughly cleaned and 
scrubbed with a disinfectant, rinsed with water, and cleaned 
again with a 70% alcohol solution.

After local anesthesia with approximately 15 ml of 
2% procaine (Epicaine, banco), a scalpel was used to make a 
half inch incision through the skin just above the jugular 
vein. Through this incision a large trochar (6 gauge) was 
inserted into the jugular vein. Silastic tubing (Dow 
Corning, I .D . 1 mm) was then put into the vein through the 
trochar so that the end of the tube was approximately six 
inches from the heart. The trochar was withdrawn leaving 
the tubing in place in the vein.

A syringe fitted with a blunt 18 gauge needle was 
used to draw a few milliliters of blood through the tube 
to make sure it was unobstructed. The tube was then flushed 
with 3-4 ml of heparin in saline (1 mg/ml heparin in 9 gm 
NaCl/1 1 HgO) and stoppered with a metal plug. A long 
needle with a diameter large enough to accommodate the 
tubing was carefully pushed, subcutaneously, to a point
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about four inches below the point of the withers and then 
thrust through the skin. The tubing was then pushed through 
the needle until it emerged at the shoulder. The long 
needle was then carefully withdrawn through the skin of 
the shoulder leaving the tubing in place under the skin.
The incision in the neck was closed with a stitch of Vetafil 
and the area of the incision was treated with wound powder 
and sprayed with ah insect repellant. At the point where 
the tube emerged from, the skin of the shoulder, two stitches 
were put through the skin and secured to the tube with 
adhesive tape. The stitches and tape were arranged in such 
a way as to secure the tube to the skin and make the free 
end of the tube lay next to the skin. The tubing was then 
trimmed to a length of approximately four inches so that t he' 
animal could not reach it. The tube was then tested to make 
sure it was unobstructed and flushed again with heparin.
For the first•24 hours after the cannulation procedure, it 
was necessary to flush the tube with sterile heparin every 
6-8 hours.

Experimental Design 
Four steers were allotted to each of two treatments. 

The treatments consisted of A: 20 mg estradiol per day and
B : 80 mg estradiol per day. The steers were fed twice
daily with the estradiol fed in the morning ration. Treat
ment A was supplied in 250 gm of ground milo. Treatment B



was delivered in 500 gm of ground milo. Each treatment was 
added to the feed in the bunk and mixed into the ration by 
hand for each steer. Each steer was carefully watched to 
make sure it consumed the entire ration each day.

Sample Collection and Storage
Sample collection was begun 24 hours after cannula- 

tion. The procedure for sample collection was as follows. 
According to schedule, the animal was crowded over to one 
side of the pen with a wire gate. The. cannula and sur
rounding area of skin were washed with a 70% alcohol 
solution. The brad stopper in the tube was removed and a 
blunt 18 gauge needle inserted. The first blood withdrawn 
was discarded as the tube had been filled with heparin. The 
blood was collected in a 20 cc sterile syringe and trans
ferred to a non-heparinized plastic centrifuge tube. A 
total of approximately 50 ml was collected at. each sampling. 
The cannula was then filled with 3-5 ml sterile heparin in 
physiological saline to keep the tube free of blood clots.

Samples were stored for 24 hours in a refrigerator 
at 4 C to allow the sample to clot. After clotting the 
tubes were centrifuged at 10,000 rpm for 10 minutes to 
separate the serum. Five ml aliquots of serum were put in 
snap cap vials (3 for each sample). The serum was imme
diately frozen and stored frozen at -20 C until assayed.
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The major objective of this study was to measure

changes in blood estradiol caused by oral ingestion of E„.' ' 2
Therefore, the experiment was divided into six periods of 
collection: pre-E2, early-E2, mid-E2, late-E2, early
withdrawal, and late withdrawal. Samples were collected at 
various times and intervals as indicated in Table 3.

This sampling procedure was designed to give general 
trends resulting from oral doses of E2. The main areas of 
interest were:, obtaining a pre-E2 baseline for each steer 
and to chart changes in blood estrogens during early E2 
feeding and early withdrawal. Therefore, there was a 
greater frequency of sampling at those periods. A total of 
592 samples was projected but due to some collection diffi
culty the actual number was 560 samples.

Assay Procedures
As stated before, the most sensitive assay for 

steroids in biological fluids is a radioimmunoassay. The 
samples in this study, therefore, were assayed by RIA. One 
of the prime objectives of this study was to chart the 
normal levels of E0 in the serum of growing steers so 
consequently, an extremely sensitive assay had to be 
developed.

In order to insure purity, all chemicals used in 
the assay were purified by being re-distilled. The benzene 
used in the extraction step was distilled and stored in



Table 3. Sampling schedule.

Stage Description
Length
(days)

Samples 
per day

Per 
s teer Time

1 Pre-E2 4 4 16 0600, 1200, 1800, 2400
2 Early E^ 4 4 16 0 600, 1200, 1800, 2400
3 Mid-E2 4 .2 8 0600, 1800
4 Late E2 12 1 12 1800
5 Early withdrawal 4 4 16 0600, 1200, 1800, 2400
6 Late withdrawal 6 1 6 1800
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glass. The water used in preparation of the assay buffer 
was re-distilled three times before use.

Before the assay could be run/ it was necessary to 
have on hand several stock solutions'.- These included the 
assay buffer, charcoal suspension, antibodies, steroids, 
and counting fluid.

A detailed list of the steps in this assay appears 
in Appendix A.

Assay Validation 
In order to insure that the assay was accurately 

measuring true estradiol levels and not other estrogens or 
contaminants, several validation procedures were undertaken. 
Contamination of the glassware was kept at a minimum (in the 
range of 0-5 pg) by rigorously following the glassware 
washing procedures as described in Appendix A. This level 
of contamination was taken into.account when determining the 
concentration of estradiol in the actual samples. The 
contamination level was determined for each assay by in
cluding duplicate samples of.pre-extracted Serum, triple 
distilled water, and empty tubes which received only benzene.

Accuracy of the assay was tested by adding known 
amounts of estradiol to pooled, serum of known estradiol 
content and putting these samples through the assay. The 
results presented in Table 4 indicate a close correspondence 
between observed and expected levels. Reproducibility of
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Table 4, Accuracy of assay.

Pg E 2 added 
to serum

Amount assayed 
(X) Replicates Standard errors

0 6 4 .2
10 10 6 .7
30 2 9 ' 7 1.2
50 49 7 2.2

the assay was tested by including two tubes of whole pooled 
serum with a known estradiol content. These pooled samples 
averaged about 7 pg/ml. The between-assay variation was hot 
significant (p > .05). Reproducibility was also maintained 
by including duplicates of all samples in each assay.
Samples were re-run if the results were not in. close 
agreement.

To insure specificity Of the antibody, tests were 
conducted to examine the relative affinity of the antibody 
for estradiol and estrone. Various ratios of estrone: 
estradiol were assayed. The results of these tests are 
shown in Table 5. It appears that at each level of estrone 
assayed with no estradiol present, the relative affinity 
for estrone was in most cases at or below 10% except for the



Table 5. Specificity of antibody3

El:
App.b 
Level

cDev.. 
F/exp ' ErE 2

App.
Level

Dev.
F/exp ‘ ErE2

App.
Level

Dev.
F/exp . V E 2

App.
Level

Dev.: \ 
F/exp

5 0 < 2.5 < 2.5 0 5 4 -1 • 0 10 7 -3 5 50 36 -14

10 0 < 2.5. < 2,5 . 5 5 5 0 5 10 8 -2 10 50 38 -12

20 0 3 .3 10 5 6 1 10 10 10 0 . 20 50 40 -10

30 0 4 4 20 5 8 3 20 10 8 -2 . 30 50 • 45 . ■ -5

50 0 5 5 30 5 9 4 30 10 9 -1 . 50 50 41 -9

100 0 9 9 50 5 8 • 3 50 10 10 0 100 50 • 45 -5

200 0 14 ,14 100 5 10 5 100 10 11 1 200 50 47 -3

500 0 25 25 200 5 15 10 . 400 50 . 53 3

400 5 19 14 _

Avg. 8 8 9 ; 4 9 -1 43 -7

aM l  units are in pg.
IdApp. leyel = apparent level,

CDey? F/exp = deviation from expected level, 
dRatio of estrone to estradiol.

u>K>
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5 pg and 10 pg levels which were below the range of 
detectability and 20 and 30 pg levels which were above 10%. 
In all other ratios tested except 20 pg and 30 pg E^ to 
5 pg the antibody bound approximately 10% or less of 
the estrone.

Sensitivity of the assay was determined by con
ducting an analysis of variance upon all eight standard 
curves (Table B.. 1) . The analysis showed the 2.5 pg level 
of estradiol was significantly different from the 0 level, 
indicating that the assay system was capable of detecting 
estradiol levels as low as 2.5 (Table 6). Furthermore, all 
other•levels.of the standard curves were significantly 
different from each other when the data were expressed as 
per cent bound relative to the 0 level. Similar results 
were obtained when an analysis was conducted on actual 
counts with the exception of overlap between the 2.5 and 
5 pg levels.
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Table 6, Means of standard curves.

pg level
Mean % 

of level3"
Standard
error Minimum % Maximum % N

0 100b 100 100 24
2.5 : 93° .9 82 99 24
5 89d .9 81 98 24

10

Q)CO .8 72 88 24
20 59f ,7 52 67 24
30 49g ,6 : 43 56 24
50 38h .9 32 ; 46 24

100 2 61 . ,7 19 36 25
200 ■ 18 j •' 1 . 13 35 23

k500 12 .8 8 19 18

aMean % of level = figured as per cent of 0 level.
k ^Means in same column which do not have a common 

letter in superscript are different (p < .05],



CHAPTER 4

RESULTS AND DISCUSSION

Prior to imposing oral estradiol treatments, it was 
assumed that blood levels of estradiol would be extremely 
low as the only likely source of estrogens would be the 
adrenal cortex. It was expected that the levels encountered 
would be at or below the range of detectability of the assay 
(approximately 2.5 pg/ml). However, much higher and more 
variable results than expected were encountered. A recent 
study of buller steers (Brower, 1974) indicates blood 
estrogens on the order of 25 0 pg/ml are possible in normal 
steers. Even though the E^ levels were at or above the 
levels reported by some authors for cows in estrus, no 
evidence of the buller steer syndrome was noted.

As the data were assayed for.each steer, it was 
noticed that there was a large amount of variability within 
and between animals. Some of the values were as high as 
500 pg/ml. Eleven values exceeded three standard deviations 
above the mean and most occurred while the animals were 
being fed the hormone. Seven of the high values were from 
treatment B and the other four from treatment A. Therefore, 
the data were analyzed two ways--with and without the eleven 
high values.

35
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In general, removing the high values had the effect 

.of reducing the between and within group variation (mean 
squares). The amount the mean squares were reduced ranged 
from two- to six-fold.

Average E 2 Values by Time 
Analyses of. variance, both with and without high 

values, were conducted for Various time's samples were taken 
(Table B .2). Although no significance (p > .05) was found 
in either case, there was a tendency for the lowest values 
to occur at 2400 hours (Table 7). Therefore, a circadian 
rhythm could not be established with any certainty. As 
there was no demonstrable significance (p > .05), the hours 
of sampling were not considered in any subsequent analysis.

Overall Analysis of Variance 
Least squares analyses of variance were conducted 

including the following effects: treatments, stage, days
within stages, and a treatment by stage interaction. All 
data included (Table B.3) the stage variability proved to 
be significant (p < .05) as did days within stage one 
(p < .05) and stage three (p < .01). However, there was 
no significant (p > .05) treatment difference even though 
treatment B. was somewhat higher than treatment A (by 6 pg) . 
Also, no significant (p V .05) treatment by stage inter
action was detected.

' :



37
Table 7. Average E 2 values by time of day.

Time Mean Standard error Minimum . Maximum N of obs

All data, 20 mg E^/day
0600 34 7 1 364 58
1200 36 7 . 1 24 8 45
180 0 29 3 1 305 132
2400 22 ' 3 1 89 47

All data, 80 mg E2/day
0600 44 10 2 538 58
1200 36 12 3 538 45
1800 39 5 1 542 133
2400 2 6 2 3 72 47

Values >_ X + 3 S . Dv removed, 20 mg E 2 /day
0600 25 . 4.. 1 97 . 56
1200 31 5 1 133 44
1800 27 • 2 1 141 131
2400 22 3 1 89 47

Values ^ X + 3 S . D „. removed, 8.0 mg E2/day
0600 33 5 - 2 168 56
1200 25 2 3 79 44
1800 31 3 1 163 129
2400 26 2 3 . 72 47
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When the high values were removed (Table B .4), the 

variation among the stages became highly significant 
(p < .01). This was primarily the result of a four-fold 
decrease in residual variation. Days within stage one 
remained significant (p < .05), and days within stages 
three and four were highly significant (p < .01). But as 
in the previous analysis, neither the treatments nor the • ■ 
treatment by stage interaction was significant (p > .05).
On this basis, the data were re-analyzed by one-way 
analyses of variance according to stages, days, and between 
individual animals.

Estradiol Values by Stage 
When the data were examined by a one-way,analysis 

of variance, all data included, it was found that differ
ences in stage means in treatment A were highly significant 
(p < .01) (Table B .5). Treatment B, when analyzed in the 
same fashion, showed no significance (p > .0 5) .. When the 
data were re-analyzed with the high values removed (Table 
B.5), significance for the difference in means in treatment 
A fell somewhat (p < .05) as a result of a relatively 
greater reduction in between stage variance than within 
stage variation. Removing the seven high values in treat
ment B reduced the within stage variation by a factor of 
five, resulting in highly significant differences among 
stage means (p < .01) .
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The mean stage values for treatment A and treatment 

B, with all data included, are presented in Table 8. Listed 
along with the average values for each stage are the minimum 
and maximum and standard errors. The data are also graphed 
by stage (Figures 4 and 5).

The average of pre-treatment values was 28 pg/ml 
for treatment A and 36 pg/ml for treatment B . When 
estradiol treatments were imposed upon the two groups of 
steers, the serum concentrations of estradiol rose to a high 
of 52 pg/ml in stage three of treatment A (p < .05) and 49 
pg/ml in stage four of treatment B (p > .05). After Eg was 
removed from the ration, the serum levels fell to 2 3 pg/ml 
and 20 pg/ml in stage six for treatments A and B, re
spectively. In both cases the post-treatment levels were 
lower than the pre-treatment values, although not sig
nificantly (p > .05).

The averages for the six stages, after the high 
values had been removed, are presented in Table 9. Treat
ment A was not altered greatly except in the case of stage 
three where the mean value was lowered 16 pg. On the other 
hand, treatment B was considerably altered except for stage 
three and six which remained the same. Estradiol concentra
tions during stages three and four were found to be higher 
than the others (p < .05). In all cases highest serum 
values of Eg were noted when the steers were receiving Eg . 
in the 'ration.
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Table 8. Average values by stage (all data included) .a

Stage Mean Standard error Minimum Maximum N of obs

20 mg E2/day

1 28h 6 1 305 62
2 19 2 1 101 60
3 52c 13 3 364 31
4 32b 4 1 141 51
5 33b 6 2 248 56
6 23b 6 3 141 22

1 36 6

80 mg E2/day 

2 203 63
2 45 13 3 538 59
3 43 6 4 151 32
4 49 11 • 8 . 542 51
5 2 3 3' 3 113 56
6 20 7 ' - 1 147 22

aUnits are pg/ml,
b e  ■ •

f Means within a column with different superscripts
3 re significantly different [p < .05),
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Figure 4. 20 mg E^/day by stage (X of 4 animals).
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Figure 5, 80 mg E2/day by stage (X of 4 animals).
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Table 9. Average E2 values by stage (Values _> X + 3 S.D. 

removed).3

Stage Mean Standard error Minimum Maximum N of obs

1 24bc 3

20 mg E 2 /day.

1 131 612 19b 2 1 101 : 60
3 36c 5 3 97 29
4 32° 4 1 141 51
5 29bc 4 2 133 . 55
6 22bc 6 3 141 22

1 26k 3

80 mg E2 /day 

2 163 59
2 2 8 3 3 16 8 57
3 43c 6 4 . 151 32
4 39c 4 8 151 50
5 23b . 3 3 113 56
6 20b 7 ■ 1 147 . 22

aUnits are in pg/ml. 
b e/ Means within a column with different superscripts 

are significantly different (p < .05).
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According to the data, as analyzed by stage, con

centrations of estradiol in serum did not begin to rise. 
until stage three, some four days after the beginning of
the estradiol treatments. In addition, E„ values did not2
return to the pre-treatment levels until stage six. This 
rate of absorption and excretion of estradiol is con
siderably slower than that reported for the monogastrie 
(Fishman et al., 1969). Because of this interesting 
phenomenon, it was decided to analyze the data by day to 
demonstrate more clearly how soon the estradiol appeared in 
the serum after treatment and how long it took values to 
return to "normal" upon, withdrawal of the hormone.

Average Values by Day 
A one-way analysis of variance by day (Table B.6), 

all data included, indicates a high degree of variability 
(p < .01) between days for treatment A. Treatment B was 
relatively more variable--comparing mean squares— but the 
significance was less than treatment A (p > .05) due to the 
large within’day variation. When the high values were 
removed, both treatment groups showed a high degree of 
significance (p < .01) for the variability pf values 
between days (Table B .6). Relative reduction of within day 
variation was much greater for treatment B with the removal 
of high values. The averages for each day within each
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treatment are listed in tabular form (Tables 10 and 11) and 
graphically (Figures 6 and 7) .

The results during early estradiol treatment (days 
5-8) indicate slow absorption of the estradiol fed with the 
ration. This is in contrast to the rapid absorption of the 
estrogens seen in the case of the monogastric (Fishman et 
al. , 1969) . The lag period in treatment A when days were 
analyzed with all data seems to be about five days before a 
significant (p < .0 5) increase is noted (day 10). In 
treatment B, the lag period also appears to be five days 
but the increase is not significant (p > .05). When the 
high values were removed from both treatments, a significant 
(p < .05) increase in estradiol is noted by day five after 
the start of both the estradiol treatments. This lag 
period could be partially explained by the fact that a 75% 
concentrate ration takes about 3 8 hours to pass through the 
gut in the bovine (Johnson, Matsushima, and Knox, 1968). 
Fishman et al. (1969) state that estradiol is absorbed in 
the small intestine of the mono gas trie. This observation 
could be extended to the bovine to further explain the 
observed lag period. However, the author is aware of no 
papers containing information on the exact site of absorp
tion of orally administered estrogens in the bovine.

An additional factor accounting for the lag period 
and peak five days after initiation of the treatments
may be that with, continued injestion of , existing
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Table 10, Average values by day (all data).

Stage Day Mean
Standard
error Minimum Maximum N of obs

20 mg E^/day
1 2 0a 6 1 73 14
2 16a 4 ... 1 ' 56 16
3 23a : 5 1 81 16
4 54a 19 3 305 16

5 39a 8 15 101 12
6 15a 2 8 36 16
7 lla 3 1 45 1.6
8 15a 2 7 44 16
9 22a 7 5 64 8

10 118b • 40 2.8 364 8
11 34a 9 3 65 7
12 31a 11 7 87 8
13 10a 4 5 18 3
14 2 8a 8 11 : 44 . ' : : 4
15 33a 12 13 70 4
16 57a 10 37 . 81 . 4
17 33a 9 15 55 4
18 55a : 26 19 131 4
19 28a 12 6 60 4
20 18a 2 13 21 4
21 28a 11 5 55 4
22 23a 8 3 37 4
23 37a 31 9 141 4
24 23a 7 1 66 8
25 29a 6 3 68 , 13
26 52a 17 ' 2 248 15
27 34a 9. 5 126 16
2 8 l3a 3 ■ . 4 36 12
29 15a 3 10 22 4
30 6a . 1 3 9 4
31 23a 9 13 50 4
32 47a . . 32 10 .-141 4
33 : 19a 10 4 .. 48 4
34 30a 17 13 46 2
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Table 10.— -Continued Average E2 values by-day (all data).

Stage Day Mean
Standard
error Minimum Maximum N of obs

1 1 34a
80 mg E 
12

2/day.
2 192 15

2 2 3a 5 5 79 16
3 2 9a 12 3 197 16
4 59a 17 5 203 16

2 5 31a 5 - 10 70 12
6 61a 32 3 538 16
7 20a 2 6 31 15
8 64a , 33 10 53 8 16

3 . 9 4 0 a 10 13 8 8 8
10 80a 14 37 151 8
11 35a 6 11 54 8
12 18a 4 4 34 8

4 13 22a : 5 8 3 0 4
14 56a 16 27 88 ■ 4
15 37a : 5 30 52 4
16 88a 24 44 151 5
17 51a ■ 13 25 83 4
18 5 9a 31 20 151 4 -
19 29a 8 17 54 4
20 25a 9 14. 53 4
21 19 6 73 17 542 3
22 24a 8 12 47 . • 4
23 2 6a 8 14 " 47 4
24 32 a 5 14 55 8

5 25 2 8a 5 7 72 15
26 18a 5 . 4 70 14
27 20a 4 3 62 16
28 2 7a 11 3 113 11 .

6 29 17a 5 - 11 2 6 3
30 15a 8 3 37 4
31 8a 3 3 14 4
32 23a 12 3 55 4
33 42a 35 . 1 147 4
34 . 15a 10, • 2 34 3

a '̂ Means within a column with different superscripts 
are significantly different (p < .05),
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Table 11. Average E2  

removed).
values by day (values 1  x + 3 S.D.

Stage Day Mean
Standard
error Minimum Maximum N of obs

1 1 20ab
20 mg. E 
6

2 /day
1 73 14

2 16ab 4 1 56 16
3 23abc 5 1 81 16
4 37abc 10 3 131 15

2 5: 3 9abc 8 15 101 12
6 15ab 2 8 36 16
7 llab . 3 1 45 ^ 16
8 15ab ' 2 7 44 16

3 9 22ab 7 5 64 8
. 1 0 62c 11 28 97 6
11 34abc 9 3 65 7
12 31abc 11 7 87 8

4 13 ioab 4 5 18 3
14 2 8abc 8 11 44 4
15 34abc .12 13 70 4
16 57bc 10 37 81 4
17 :33abc 9. 15 55 4
18 55bG 2 6 19 131 . 4
19 2 8abc 12 6 60 4
20 18ab , .. 2 13 21 4
21 2 8abc 11 5 55 4
22 23abc 8 3 37 : • 4
23 57bG 31 9 .141 4
24 23abc 7 1 66 8

5 25 2 9abc 6 3 68 . 13
26 38abc 11 2 133 14 .
27 34abc 9 5 126 16
28 13ab 3 ' 4 36 12

6 29 15ab 3- :; . ;'; 10 22 4
30 6a . 1 3 9 4
31 23abG 9 13 50 4
32 47abc ' 32 10 141 4
33 19ab 10 : : 4 ; - - 4 8 4

■ 34 30 17 13 46 2



Table 11.'— Continued Average E 2 values by day (values _> X + 
3 S.D. removed).

Stage Day Mean
Standard
error Minimum Maximum N of obs

1 1 23ab
80 mg 
5

Eg/day
2 70 14

2 23ab 5 5 79 16
3 18ab 3 3 43 15
4 39ab 11 5 163 14

2 5 31ab 5 10 70 12
6 3 0ab 7 3 109 15
7 20ab 2 6 31 15
8 3 3ab 1 0 10 168 15

3 9 40ab 1 0 13 88 8
10 80^ 14 37 151 8
11 35 6 11 54 . 8
12 18ab 4 4 34 8

4 13 22ab 5 8 30 4
14 56bc • 16 27 88 4
15 3 7ab 5 30 52 . 4
16 88c 24 44 151 4
17 gjabc 13 25 83 4
18 59bc 31 20 151 . 4
19 29ab 8 17 54 4
20 25ab 9 14 53 4
21 2 3ab 6 : 17 29 2
22 24ab 8 12 4 7  ; 4
2 3 2 6ab 8 14 47 4
24 32ab 5 14 55 8

5 25 29ab 5 7 72 15
26 18 a b 5 4 70 14
27 > 20ab 4 3 62 16
28 27ab 11 ‘ 3 113 11

6 29 17ab 5 11 26 3
30 15 . 8 3 37 4
31 8a 3 3 14 4
32 23ab 12 3 55 • 4
33 42ab 35 1 :■ 147 4 :
34 = 15ab . 10 v 2 34 3 :■

av^ f Cjy[eans within a column with different super--- . 
scripts are significantly different (p < .05).
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mechanisms controlling metabolism and excretion of the 
hormone are overridden. The levels rise sharply but then 
fall as these systems seem to adapt to the high levels of

When the hormone was withdrawn from the feed, high 
values persisted in the. blood three to four days before 
falling» However, the fall in values was not signifi
cant. This slow fall in serum estradiol after withdrawal 
could be due to the fact that the slow rate of passage of 
the injesta through the gut allows for continued absorption 
of estradiol. Also there is a tendency toward depressed 
values of serum estradiol to persist for three to four days 
which could be caused by the hyperactive regulatory mech
anisms developed while the animals were receiving • After 
this period of depressed values, the levels tend to rise 
toward normal although none of the changes were significant 
(P > -05).

- > - Estradiol by Animal
In order to determine between animal variability one 

way analyses of variance were conducted between animals 
within stage and treatment (Tables B .7 and B .8).

Most of the stages examined showed no significant 
differences (p > 0.5) between animals. In treatment A, the 
variation between steers in stage five, with all data in
cluded, was significant (p < .05). The variation between
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steers in treatment B, with all data included, was sig
nificant (p < .05) only in stage six. With the high values 
removed, the variability between steers in treatment A was 
significant, in stage three (p < .0 5) and in stage five 
(p < .01) and the variability between steers in treatment B 
was significant (p < .0 5) only in stage six. With all data 
included, the greatest amount of variation, both between and
within animals, occurred when the steers were receiving E„.
: ■ ■ ■ v  . ■ . . ‘ .

More variation was. also noted in treatment B than in A.
Removing the extremely high values from the analyses re
sulted in a much more consistent pattern of variability for 
both treatments. Although the between animal variation in 
most cases was hot significant (p > .05), within animal 
variation may have masked the differences.

In treatment A with all data included steer one had 
considerably higher average concentrations in stages four 
and five than the other steers (Table 12). When the high 
values were removed steer one again had considerably higher
average estradiol levels in stages four and five. In .
addition steer three tended to have lower E^ concentrations 
than the others when the high values were removed.

In treatment B , no consistent pattern of low or high 
values was evident other than the 50 pg/ml average for steer 
seven in stage six which was significantly (p < .0 5) higher 
than all others. The average for steer six in stage two
was high only because of one value over 500 pg/ml.
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Table 12. Animal variability in serum estradiol concentra

tions .

All data High values removed
Stage Steer # Prob. Stage Steer # Prob.

Treatment A
1 2 3 4 1 2 3 4

1 28 27 36 22 .85 1 28 27 15 22 . 60
2 12 22 15 23 .29 2 12 22 15 23 .293 54 67 44 40 .89 3 54 24 16 40 .04
4 49 29 20 31 .10 4 49 29 20 31 .10
5 59 20 16 31 . 02 5 59 20 16 15 <. 01
6 29 9 14 37 .41 6 29 9 14 37 .41

5 6 7 8
Treatment. B

5 6 7 8
1 23 47 30 44 .48 1 23 25 30 22 .82
2 19 103 24 33 .05 2 19 36 24 33 .27
3 31 49. 40 51 .61 3 31 49 40 51 .61
4 73 34 30 57 .45 4 34 34 30 57 .09
5 24 14 32 20 .21 5 24 14. 32 20 .21
6 7 14 50 6 .03 6 7 14 50 6 .03



Conclusions
This study has shown that normal steers have 

measurable and extremely variable amounts of estradiol in 
peripheral serum. In some cases it is higher than cycling 
heifers (Echternkamp and Hansel, 1973) . This may be due to 
some degree of hyperadrenalism caused by castration 
(Brower, 1974) . Also an oral dose of estradiol, at a level 
which stimulates growth in steer calves causes an increase 
in serum estradiol. Further there is a lag period of 
approximately five days before significant (p < .05) in
creases in serum estradiol can be demonstrated. A lag 
period of approximately three to four days after withdrawal 
of the hormone is also seen before serum concentrations 
drop. This could be due in part to the rate of passage of 
the injesta through the gut (Johnson et al., 1968). After 
withdrawal, there is an apparent depression in serum 
estradiol. This phenomenon could be due to adaptive changes 
in the regulatory mechanisms for including increased 
levels of glucuronides, serum binding proteins, and enzymes 
which metabolize estradiol. Finally, because of a lack of 
Significant (p > .05) variability among the time of day 
samples were taken, a circadian rhythm could not be estab
lished even though the lowest values occurred at 2400 hours.

Further studies in this area should concentrate on 
feeding animals radioactive estrogens to determine the per 
cent dose absorbed, the site and route of absorption, the
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per cent retained in blood from the exogenous source, the 
amount of suppression of the endogenous hormone, the' 
metabolic pathways an oral dose follows, and the routes 
and rates of excretion.



CHAPTER. 5

SUMMARY

Four steers were allotted to each of two oral 
estradiol treatments (20 mg E^/day and 80 mg E^/day) 
delivered in the feed. Serum samples were collected via 
indwelling jugular cannula. The samples were collected 
according to schedule in each of the six stages of the 
experiment, i.e., pre-treatment, early E. treatment, mid- 
E^ treatment, late E^ treatment, early withdrawal, and late 
withdrawal. The serum samples were analyzed for estradiol 
by radioimmunoassay.

The data were analyzed by analyses of variance 
utilizing a model including treatments, stages, days within 
stages, and the treatment by stage interaction. No sig
nificance (p > .05) was found for the variation between 
treatments or the treatment by stage interaction with either 
all data included or those values exceeding three standard 
deviations above the mean removed (N = 11) i Therefore, the 
data were re-analyzed by one way analyses of variance with 
all data included and with the high values removed. Stages, 
days, times, and animals were considered in separate 
analyses.
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The results of this study indicate, several important
conclusions.

, 1. Normal steers have circulating estradiol levels
(averaging 32 pg/ml) equal to and in some cases 
greater than cycling cows (approximately 30-40 pg/ml 
[Echternkamp and Hansel, 1973]).

2. When steers are fed estradiol at levels promoting 
growth (20 mg to 80 mg E 2 /day), there is an increase 
noted in the blood E^ concentration, the average 
high value being 52 pg/ml.

3. This increase in serum estradiol is noted only after 
a lag period of five days..

4. Effective mechanisms are present within the bovine 
to metabolize and excrete the injested estradiol. 
This is indicated by the fact that on day ten of the 
experiment, five days after the first addition of 
estradiol to the feed, a large estradiol surge was 
noted in both treatment groups. By the next day the 
estradiol levels had been reduced to pre-treatment 
or below pre-treatment level.

5. There is a great deal of variability in estradiol 
levels within each animal and there also is some 
variability between individual animals.

Further study in this area should concentrate on 
treating animals with oral doses of radioactive estrogens



to determine the per cent of the dose absorbed, the route 
of absorption, the per cent retained in the blood from the 
exogenous source, the degree of suppression of the 
endogenous source, the metabolic pathways followed by the 
oral dose, and the routes and rates of excretion of the 
oral.dose•



APPENDIX A

RADIOIMMUNOASSAY PROCEDURE

Cleaning Glassware
All glassware, regardless of whether it was new or
used was cleaned in the following fashion:
a. rinse in'tap water thoroughly
b . soak in Haemosol 12 hours
c. after soaking, scrub extraction tubes with a 

brush; do not scrub scintillation vials as they 
scratch easily . .

d . rinse in tap water and soak in chromic acid 12 
hours

e . remove from acid and rinse in distilled water; 
soak in distilled water 12 hours

f. rinse two times with ethyl ether before use in 
the assay.

Plastic Vial Tops
Plastic tops are cleaned as follows:
a. rinse in tap water
b . . soak in Haemosol 12 hours
c. soak in distilled water 12 hours
d. rinse in acetone and air dry
e. rinse two times in ethyl ether before use.
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Preparation of Unlabelled Solutions of
61

1. Add 10.0 mg to 100 ml ethanol. Dilution = 100 
yg/ml.

2. Take 1 ml of above dilution (100 yg/ml) and add to
99 ml of ethanol. Dilution = 1 yg/ml.

3. Take 10 yl of the 1 yg/ml dilution and dilute to
10 ml with assay buffer. Dilution = 1 Ng/ml.

4. Take 100 yl of above dilution (1 Ng/ml) and dilute
with 1.9 ml of assay buffer. Dilution = 50 pg/ml.

Charcoal Suspension 
Norite A. charcoal .625 gm
Dextran T-70 .0625 gm
100 ml assay buffer
Stir vigorously for 15 minutes, store at 4 C. Use while 
stirring.

Assay Buffer
Na2 P04 • 7 H20 (MW 268) 16.35 gm
Na2 P04 • 1 H20 (MW 138) 5.40 gm
Na-azide • 1 H20 (MW 138) 1.0 gm
NaCl 9 gm
Gelatine (0.1%) 1 gm
Triple distilled H20 volume to 1 liter
Stir gelatin plus 900 ml with low heat until dissolved;
salts and stir until dissolved; store overnight; adjust to 
1 liter; adjust pH to 7 ± .1; store at 4 C.



Extraction Procedure 
Extract 1 ml of serum with 3 ml of distilled 
benzene twice.
Place both benzene extracts in a scintillation vial 
using a pasteur pipette. A new pipette is used for 
each, transfer and then disposed; of.
Dry the extracts under nitrogen at room temperature 
to .5 ml.
Pipette the remaining volume into 10 x 75 mm 
reaction tubes and rinse each vial with .5 ml 
benzene and add to the reaction tube.
Dry the extracts in the reaction tubes with 
nitrogen.

Assay Procedure 
Set up standard curve in the following fashion using 
unlabeled E^:
a. tubes 1-3 0 pg E^
b . tubes 4-6 2.5 pg (5 0 yl of 50 pg/ml solution)
c. tubes 7-9 5 pg E^ (100 yl of 50 pg/ml solution)
d. tubes 10-12 5 pg E^ (5 yl of 1 Ng/ml solution)
e. tubes 13-15 10 pg E„ (10 yl of 1 Ng/ml solution)
f. tubes 16-18 20 pg E„ (20 yl of 1 Ng/ml solution)

2  . ; : ■ • ' '

g. tubes 19-21 30 pg Eg (30 yl of 1 Ng/ml solution)
h. tubes 22-24 50 pg Eg (50 yl of 1 Ng/ml solution)
i. tubes 25-27 100 pg Eg (100 yl of 1 Ng/ml solution)



2.

3.
4 . 
5.

.6. 
7. 
8 •
9 . 

10. 
11.

12 . 
13.

14 .

15.

16. 
17.
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j. tubes 28-30 200 pg (200 yl of 1 Ng/ml solution)
k . tubes 31-33 500 pg (500 yl of 1 Ng/ml solution)
Bring all levels above to .5 nil with assay buffer.
Add .5 ml buffer to all dry extracts to be assayed.
Vortex all tubes for 5 seconds.
Add antibody to all tubes. The amount will vary 
with each batch because the titre changes.
Vortex slightly.
Incubate 30 minutes at 4 C.
Add 4000 cpm E2* (100 yl) .
Vortex.■
Incubate at 4 C 16-20 hours.
Put samples on ice and add 200 yl of charcoal 
suspension.
Vortex gently.
Incubate 20 minutes at 4 C (in ice bath in 
refrigerator).
Centrifuge 10 minutes at 4 C at 2 500 rpm (use 
refrigerated centrifuge).
Remove tubes and decant into scintillation vials and 
.add 10 ml counting fluid. .
.Vortex.
Count on Beckman Model LS-230 liquid scintillation 
counter.
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The following samples are prepared for assay valida

tion: -

Total Counts and Recovery
1. Add 100 yl (4000 cpm) of radioactive to two

scintillation vials plus 10 ml counting fluid, these
vials are counted with the assay and designated 
total counts.

2. Pooled serum is run with each assay. Four tubes
(1 ml each) of serum plus 4000 cpm Eg* are extracted 
as described and counted directly as a dried benzene 
extract.

Water,. Serum, and Benzene Blanks
1. Water blank: A duplicate water blank is run. in each

assay. Triple distilled water is used. Samples are 
run as if they were serum.

2. Serum blanks: Duplicate pooled serum samples are
extracted twice and added to the assay and re
extracted twice more as an assay blank. Un- . 
extracted pooled serum is also used as an interassy

. check.:
3. Benzene blank: Duplicate benzene blanks are. run by

including two tubes in the extraction procedure 
which receive nothing. The empty tubes are treated 
as if they contained serum. The benzene is assayed 
as usual.
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Determination of Antibody Titer 

Different batches of antibody have different binding 
capacities. For example, 50 yl from one batch may bind 50% 
of the present in a sample whereas it may require 100 yl
or more from another batch to bind 50%, This assay requires 
a binding capacity of 40-60%. In order to determine the 
volume of antibody to use a titer is run as follows:

1. Set up 27 (10 mm x 7 5 mm) assay tubes and add .5 ml 
buffer to each.

2. Add the following volumes of antibody being tested:
a. tubes 1-3, 0 yl
b . tubes 4-6, 10 yl
c. tubes 7-9, 20 yl
d. Tubes 10-12, 30 yl
e . tubes 13-15, 50 yl
f . tubes 16-18, 70 yl
g. tubes 19-21, 100 yl
h. tubes 22-24, 150 yl
i. tubes 25-27, 200 yl

3. Add 4000 cpm E * to each tube (make total counts■ ' z - " ■ • . .
also) . ■ ; ■

4. Incubate 16-20 hours.
5. Continue procedure as described beginning with item 

11 of assay procedure.
6. The volume which most closely binds to 50% will be 

used in the assay.



APPENDIX B 

ANALYSES OF VARIANCE TABLES

Table B.1„ Analysis of variance of standard curves.

Source D . F „
Sum of 
squares

Mean
squares F ratio Prob.

Between levels 9 213,559 23,728 1642.09 < .01
Within levels 224 3,236 14

Total 233 216,796.
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Table B.2. Analyses of variance by time of day.
67

Source DiF.
Sum of 
squares

Mean
squares F ratio Prob.

All data included. 20 mg E2/day
Between groups 3 . 5464 1821 1.07 .36
Within groups 278 472241 1699

Total 281 477705

All data included, 80 mg E2/day
Between groups . 3 9105 3035 .77 .50
Within groups 279 1087878 3 899

Total 2 82 1096983

.Values > 5T + 3 S.D, remo.ved,. .20. mg E2/day
Between groups 3 1700 566 .75 .52
Within groups 274 205748 750

Total 277 207448

Values > X + 3 S.D. removed, 80 mg E2/day
Between groups 3 2429 809 1.00 .39
Within groups 272 220252 809

Total 275 222681
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Table B.3. Overall, analysis of variance, all data included.

Source D . F ,
Sum of 
squares

Mean
squares F ratio Prob.

Total 573 1631175
Trt . 1 44 99 63 6 6 1.74 >. 05
Stage 5 32799 6560 2.54 <.05
D/S 1 3 26397 8799 3. 40 <.05
D/S 2 3 11443 3814 1.47 >.05
D/S 3 • 3 56998 18999 7.35 <.01
D/S 4 11 49916 4538 1.75 >.05
D/S 5 3 2832 944 . 3 6 >.05
D/S 6 ■ 5 3555 711 .27 >. 05
Trt x Stage 5 25221 .5044 1.95 >. 05
Remainder 583 1376546 2583
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Table B. 4. Overall analysis of variance, data >_ X + 3 S . D. 

removed.

Source D.F.
Sum of 
squares

Mean
squares F ratio Prob.

Total 562 441901
Trt 1 1175 1175 1.74 >.05
Stage 5 22681 4536 6.73 <.01
D/S 1 : 3 70 85 2362 , 3.50 <.05
D/S 2 3 5240 1747 2.59 >.05
D/S 3 3 19305 6435 9.55 <.01
D/S 4 11 22 926 2084 3.09 <.01
D/S 5 3 855 285 .42 >.05
D/S 6 . 3  . 3555 711 1.05 >.05
Trt x Stage 5 3332 666 .98 >.05
Remainder 522 351589 673
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Table B.5. Analyses of variance by s tage.

Source D.E.
Sum of 
squares

Mean
squares F ratio Prob.

All data included, 20 mg E2,/day
Between stages 
Within stages 

Total
5

276
281

24776 
452928 
47770 4

4955
1641

3.02 .01

All data included. 80 mg Eg,/day
Between stages 
Within stages 

Total
5

277
282

29655
1067327
1096982

5931
3853,

1.53 .18

Values _> X 3 S .Do removed, 20 mg Eg/day
Between stages 
Within stages 

Total
5

272
277

9097
198350
207448

1819
729

2.49 .03

Values > X 3 S .D . removed, 80 mg Eg/day
Between stages 
Within stages 

Total
6

270
275

15872
206808
222681

3174 
: 765

4.14 <.01



Table B.6. Analyses of variance by day.
71

Sum of Mean
Source D.F. squares squares F ratio Prob.

All data included, 2 0 mg E2/day
Between days 33 117635 3564 2.45 <.01
Within days 248 3 60068 1451

Total 281 477704

All data included, 80 mg E2/day
Between days 33 169313 5130 1,37 .09
Within days 249 927669 3725

Total 282 1096982

Values > X + 3 S.D. removed, 20 mg Eg/day
Between days 33 44014 1333 1.99 A O H

Within days 244 163433 669
Total 277 2.04448

Values > X + 3 S.D. removed, 80 mg E2/day
Between days 33 5 8602 1775 2.61 <,01
Within days 242 16407 9 678

Total 275 222681
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Table B.7. Analyses of variance between animals, all data

included.

Stage Source D.F.
Sum of 
squares

Mean
squares

F
ratio Prob.

20 mg E2/day
1 Between animals 3 1571 524 .25 . 85

Within animals 58 117552 2027
Total 61 119123

2 Between animals 3 1265 422 1.27 .29
Within animals 56 18588 332

Total 59 19853
3 Between animals 3 3297 10 99 .19 .89

Within animals 2 7 148894 .5515
Total 30 152191

4 ; Between animals 3 5191 1730 2.17 .10
Within animals 47 37437 797

Total 50 42627
; 5 Between animals 3 16305 5435 3.35 .02

Within animals 52 84217 1620
Total 55 100522

6 Between animals 3 2639 880 .99 .41
Within animals 18 15972 887

Total 21 18611

80 mg Eg/day
1 Between animals 3 5998 1999 .82 . .48

Within animals 59 • 142779 2.420
Total 62 148777

2 Between animals 3 68083 22694 2.65 .05
Within animals 55 469958 8545

Total 58 538041
3 Between animals 3 2181 727 • .60 . 61

Within animals 2 8 33673 1203 .
Total 31 35854
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Table B.7.— Continued Analyses of variance between animals,

all data included.

Stage Source D.F.
Sum of 
squares

.. Mean 
squares

F
ratio Prob.

4 Between animals 3 15706 5235 00CO .45
Within animals, 47 279032 5937

Total 50 294738
5 Between animals 3 2380 793 ■1.53 .21

Within animals 52 26954 518
Total ■ 55 2 9334

6 Between animals 3 7581 2527 3.49 .03
Within animals 18 13002 722

Total 21 20583
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Table B.8. Analyses of variance between animals, values

>_ X-+ 3 S .D „ removed.

Stage Source D.F.
Sum of 
squares

Mean
squares

F
ratio Prob,

20 mg E2/day
1 Between animals ' 3 1307 ' 436 . 62 . 60

Within animals 47 39956 701
Total 60 ' 41263

2 Between animals 3 1265 422 1.27 .29
Within animals 56 18588 332

Total 59 19853
3 Between animals 3 602 3 2008 3.04 .04

Within animals 25 16462 658 ,
Total 28 22484

4 Between animals 3 5191 1730 2.17 .10
Within animals 47 37437 797

Total 50 , 42627
5 Between animals. 3 19592 6531 9.81 <.01

Within animals 51 33920 665
Total 54 53512

6 Between animals 3 263 9 880 .99 ,41
Within, animals 18 15972 8 87

Total 21 18611

. 80 mg E2/day
1 Between animals 3 612 204 .29 .82

Within animals 55 ■ 37614 684
Total 58 38227

2 Between animals 3 2501 834 1.32 .27
Within animals 53 33285 628

Total 56 35786
; : 3 Between animals 2181 726 . 60 . 61

Within animals' 28 33673 1203
Total 31 35854
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Table B .8.--Continued Analyses of variance between animals,

values > X + 3 S.D. removed.

Stage Source D.F.
'Sum of 
squares

■ Mean 
squares

F
. ratio. Prob.

4 Between animals 3 6128 2043 2.29 .09
Within animals 46 40897 889

Total 49 47025
.5 Between animals 3 2380 793 1. 53 .21

Within animals 52 2 6954 518
Total 55 2 9334

6 Between animals 3 7581 2527 3.4 9 . 03
Within animals 18 13002 722

Total 21 20583
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