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The objective of the thesis was to determine the effects of

isolated cournestrol on the growth, carcass characteristics and

certain organs of wether lambs. The first of two trials was conducted over an eight week period with two groups of heavy wether

larnbs. Trial two was conducted over an

11 week

period with two

groups of four light wether larnbs. Ration coumestrol contents were

l12 pprn in the first trial and 145 pprn in the second trial.

Due to

the difficulties and expense involved in preparing a large quantity
of cournestrol, only a small number of anirnals could be used.
The treated larnbs in trial one gained slightly more than the

controls. In trial two, the treated larnbs gained virtually the sarne
as the controls. Statistical analysis showed that in neither case

were the growth, feed conversion, carcass and organoleptic differences significant.

Marked evidence of an eslrogenic effect was apparent when

the organ weights were cornpared. The liver weights of the control
and treated groups within each

trial were sirnilar. Although not

significant, the pituitary weights were consistently greater for the
treated lambs. In trial two, the serninal vesicle weights and teat
lengths of the treated larnbs were significantly greater than the con-

trols. Measurements of these organs were not taken in trial

one.

When cornpared to other studies, the increase in the weights of the

seminal vesicles is

greater than that which occurs when larnbs

are implanted with 3 rng of diethylstilbestrol.
The apparent anomaly between the lack of a consistent growth
resPonse and the marked increase in seminal vesicle weight and teat

length is difficult to explain. Realizing that only a lirnited amount of
data was taken, speculation based on this data and data presented by

other workers indicated that coumestrol may not necessarily affect
an animalrs systern in the sarne order

or at the same rate as diethyt-

stilbestrol. Since the levels of cournestrol

f

ed were equivalent to low

leve1s of diethylstilbestrol (less than 0. l5 rng), one would have expected only srnall changes in the weights of the seminal vesicles. lf

cournestrol was fed at levels which approach the equivalent

of. Z rng. of.

diethylstilbestrol, it is quite possible that an animal would be adverse1y

affected. A rectal

prolapse which occurred

in the tast trial sub-

stantiates this possibility to sorne extent.
That courrrestrol at the adrninistered levels can produce a slight

growth response is probable, but the limited nurnber of animals
used precludes a conclusive statement. Past experirnents at the
Oregon Station, particularly the

earlier ones, support this probabil-

ity. In evaluating the activity of cournestrol, the influence of inhibitors, potentiators, additional estrogens, storage conditions, metabolic estrogenic changes, pathogens and a variety of unknown factors
should not be overlooked. Evidence that such factors rnay have par-

tially obscured the results of the trials reported herein and past experirnents was covered.
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INFLUENCE OF ISOLATED ALFALF.A COUMESTROL
ON GROWTH OF LAMBS
INTRODUCTION

Efficient Livestock production necessitates the need for rations
which produce a rnaxirnum amount of product, whether it is rneat,

rnilk or eggs, at a rninirnurn cost, In recent years, the isolation
of naturally occurring substances which prornote or interfere in the

production of a given product has been the goal of rnany studies.
One such substance

is cournestrol, an estrogenic cornpound isolated

frorn ladino clover in

1958 by

Bickoff et al. (I958).

The presence of estrogenic substances in plant material was

of little practical interest until the period frorn 1946 to 1948. At
that tirne the irnplication of an estrogenic substance as the cause of
the infertility of sheep grazed on pastures of subterranean clover

(Trifoliurn subterraneurn L. , var Dwalganup) in Australia was i.nvestigated (Bennets, Underwood and Shier, 1946; Biggers, 1958),

In l95l an estrogenic substance was isolated frorn subterranean
clover and identified as genistein by Bradbury and White (1951).
Subsequent studies showed that genistein occurred at levels which

could cause the infertility problem (Curnow, 1954\. Of interest

is the fact that genistein was first isolated by Perkin and Newbury
(1899)

frorn dyerrs broorn (Genista tinctoria L. ) and later from

a

number of other sources including soy beans (Soia hispida L. ) (see

it was not until Bradbury and lfhiters study that
its estrogenic properties became known (Biggers, 1958).

Walter,

1941) but

The extent to which estrogenic substances are found in plant

rnaterials can be visualized by the wide variety and number of species reported estrogenic at various times. Species included are
such common grasses and legurnes as alfaUa (Medicago sativa L' ),

red clover (Trifoliurn pratense L. ), subterranean clover, orchard
grass (Dactylis glomerata L. ), perennial ryegrass (Lolium Perenne
L.), Kentucky bluegrass (Poa pratensis L. ) rye (Secale cereal L.

var Rosen) and wheat (Triticum aestivurn L. )(Bickoff, 1963l. Bradbury and W'hite (I954). Grains and fruits such as barley (Hordeum
vulgare L. ), oats (Avena sativa L. ), apples (Pyrus rnalus L. ) and

cherries (Prunus avium L, ) have also been reported to contain estrogenic substances (Bradbury and White, 19541. In total, over

50

different species of plants have been reported to have estrogenic
effects (Bradbury and White,

1954)..

At present, isolated estrogenic cornpounds which have received
the rnost interest, include the isoflavones genistein, biochanin A and

daidzein and the benzofuranocourrlarin, cournestrol. These cornpor:nds

are prirnarily found in certain legumes and often occur additively.
Cournestrol has been isotrated frorn ladino clover (Trifoliurn repens
L. ), alfalfa, red clover, and subterranean clover. Genestein, biochanin A, daidzein and formononetin have also been isolated frorn

these species excepting that biochanin A has not been isolated frorn

ladino clover (Bickoff, 1953). Formononetin has been reported to

exhibit either very little or no estrogenic activity in the rat (Bickoff,
1963; Moule, Braden and Larnond, 1963\.

Other plant estrogens besides the isoflavones and cournestrol
include estrone frorn the palrn kernel and estriol frorn the catkins
of the pussy wiltow (see Bickoff, 1963). Prunetin has been isolated

frorn Prunus puddurn Rexb. and also frorn the leguminous tree,
Pterocarpus angolernsis (see Biggers, 1958). Miroestrol has been
isolated from the genus Pueraria (Jones and Pope, 1961)'
The occurrence and potency of estrogenic substances in plant

rnaterial has been shown to vary with location, species, stage of

growth, season, treatment, and nutrient supply (Bickoff, 1963;
Hanson et al.

,

L965;

1963; Pieterse and

Kitts et al. ,

1959; Moule, Braden and Larnond,

Andrews, I956a, b). Factors such as virus in-

fections, fungi and other specific plant pathogens have also been
irnplicated (Bickoff et al. , 1950b;Hanson et al, 1965; Loper and
Flanson, 19641. The effect of different rnagnitudes and interactions
of these factors on plant estrogenic activity has to date been difficult

to deterrnine. The subject is cornplex and difficulties have been experienced in areas such as extraction procedures and assaying techniques.

The potential influence of plant estrogens on the econornics of
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the livestock industry may be consj.derable. To date, a large arnount
of work has been done on the interfering effect of plant estrogens on

reproduction in dornestic animals (Moule, Braden and Larnond, 1963)'
These studies stern frorn the early investigations conducted by Ben-

netts in Australia (Bennetts, Underwood and Shier ' 19461 and have

resulted in suggested management considerations to rninimize or
elirninate the problern. Other areas of livestock production in which
plant estrogens may have an effect, have received little attention.
Two of the rnore promising areas would apPear to be growth and

galactopoietic eff ects

.

During recent years, work at Oregon State University has been
conducted to deterrnine the effect of plant estrogens on larnb growth.

Specifically, experiments were designed to test the effects of f eeding
dehydrated aUalfa rneals having high or low estrogenic activities' or

fractions of such meals, upon growth and carcass characteristics
of lambs. Original experirnents, conducted with intact plants were
followed by an experirnent which utilized acetone extracts of cournes -

trol frorn alfaUa. The last experirnent utilized isolated cournestrol
supe::irnposed on a basal

diet. In the following pages, varioua

phases

of the projectwill be discussed together with an elaboration of the
is olated coumestr

ol exper irnent.

LITERATURE REVIEW

In 1924, Allen and coworkers dernonstrated that a hormonal
substance

is elaborated from the ovary which causes the character-

istic behavioural and morphological changes of estrus (Al1en et al.

,

I9Z4l. Two years later, one of the first references on the occurrence of estrogenic substances in plants aPPeared. Loewe (1926)
dernonstrated the occurrence of estrogenic substances in the ovary
of water rose and in the willow

catkins. Since that time rnany spe-

cies have been reported to be estrogenic (Bickoff, L963; Bradbury
and 'W'hite,

19541

.

There are many excellent reviews on possible factors which
influence the occurrence and leve1 of estrogenic substances in plants

(Pope, 1954; Biggers, I958; Bickoff, 1963; Moule, Braden and
Larnond, 1963; Hanson et aI. , L9651. Because of these, reflection

will be made on only two of the rnore important factors in this area.
One

is the considerable amount of variation that exists in the estro-

genic activity of plants. This is illustrated by the differences that
have been shown to exist among locations,

strains, stage of growth

and cornbinations of these and other factors (Bickoff

,

L963; Moule,

Braden and Lamond, I953)' For instance, Kitts and his coworkers
(I959) found the estrogenic activity of first cutting alfalfa to be highest during the vegetative stage of growth. The level subsequently

6

dropped and rose during late bloorn. On the other hand, Bickoff et al.

(I963), found a slight rise during the vegetative stage, a subsequent
drop and the highest activity at seed maturity. These differences are

illustrated in Table I.
Table l.

Estrogen Activity of Alfa1fa at Different Stages of Maturity
Coumestrol Equivalents (rng/kg)
Calif ornia
British Colurnbia
(Vancouver)

Stage of Maturityo

Vegetative
Vegetative
Pre Bloorn

55

(AIbany)
4

t3
TZ

0

I etoor'
FuIl Bloorn

-;

33
77

Dough
Seedhead

2t

L2.O

l7

r23

"Th" maturity stages are the same as or the equivalent of those
cited in the original article.
The second point

is a recent finding by Loper and Hanson

(1964)

which irnplicates a relationship between certain plant pathogens and
the level of coumestroL in aUalfa. Utilizing controlled environrnent
charnbers, very low cournestrol contents (0-2. I pptt) were observed

in noninfected alfalfa grown in three different temperature regirnes.
Differences in coumestrol content due to phosphorus level, stage of
growth and plant part (leaves, stem tips and sterns) were not sig-

nificant.
s

When alfaUa foliage was infected

pot pathogens,

Ps eudope

with either of two leaf -

ziza medicagins or Leptosphaenrlina br ios iana,

the coumestrol content was increased. The level of coumestrol was

positively correlated with the number of lesions and severity of inf

ection.

In order to view the experiments reported herein on a comparative basis, a review of the effects of estrogens on rnonogastrics
and ruminants is

necessary. Differences have been reported be-

tween estrogens in both types of response and potency (Bickoff, 1963;

Ernrnens, lg4l; Matrone et al. , 1950). Before reviewing the litera-

ture in this area, assaying techniques and problerns involved in assaying will be discussed.
Assay for Estrogens

In considering the assay of an estrogen, one must first have

a

clear concept of estrogen characteristics. Realizing that with each
significant advance in estrogenic research a set definition can be
rnodified, one can arbitrarily use a general definition established in
1936 by

a cornmittee which served under the Council of Pharrnacy

and Chernistry of the Arnerican Medical Association (see Biggers,

I958). That is, an estrogen is a collective terrn for all substances
producing estrous growth in the vagina, uterus and marnlrrary glands
and female

s

econdary characteristics'

The deterrnination of the presence and/or level of estrogenic

activity in plant rnaterial can be either by chernical or biological

B

rnethods. In considering the design of a biological method, there
are at least five irnportant criteria: (l) choice of an appropriate
response in a given test anirnal, (2) suitable duration of treatment,
(3) satisfactory reference standard, (4) reasonable levels of preci-

sion and (5) ease of statistical analysis (Moule, Braden and Larnond,
1963; Munford and tr"lux,

1951). A discussion of one or rnore of these

criteria can be found in the papers by the above authors and in the
review by Biggers (1958). Of particular interest, is the choice of
an appropriate response in a given test

anirnal. Biggers

(1958)

divides this question into two sub-units depending on whether the
assay is for the purpose of detecting an estrogen or for deterrnining

the cornparative levels of known estrogens.

In considering detection of estrogens, one cannot rnake a large

variety of measurernents. Thus, the question resolves itself around
the response(s) which are specific for estrogens. In conternporary

practice, the rnost popular rnethods used in recent years have been:
(l) the increase in the weight of the uterus of irnrnature and ovariectomized rodents and (Zl vagina,l cornification of irnrnature and

ovariectornized rodents. Biggers (I958) discusses the advantages and
disadvantages of each of these methods in detail and indicates that the

vaginal cornification rnethod is the better of the two since there are
a number of cornpounds which produce an increase in uterine weight,

but do not cause vaginal cornification. Exarnples of such cornpounds

9

are progesterone, testosterone, androsterone, and dehydroiso-

androsterone. The disadvantage cannot be overcorrre by putting
quantitative restrictions on the uterine response as there are cer-

tain estrogenic cornpounds, such as genistein, which produce a considerably srnaller effect on the uterus than these cornpounds, and

others, such as estradiol-3:17B, which produce a larger effect.
Before continuing to biological methods of detecting known
estrogens, the concept of a pro-estrogen should be introduced.
Ernrnens (I941) has suggested that rnany estrogenic substances are

in actuality pro-estrogens--substances that are not capable of producing vaginal cornification directly. They rnust first be metabolized

to a true estrogen before they are capable of producing vaginal cornifi-

cation. To deterrnine whether a substance

was apro-estrogen, Ernrnens

cornpared the rnedian effective dose when administered by the subcutaneous and intravaginal routes (Systernic/Loca1 or

S/L ratio).

Several cornpounds were originally exarnined and two groups of substances were distinguished, one where the S/L ratio was near unity
and the other where the ratio was of the order of hundreds. The

substances in the first group were called pro-estrogens and those

in the second group true estrogens.
f

A11

of the natural estrogens

ound in anirnals belong to the group of true estrogens; genistein

and cournestrol are pro-estrogens (Bickoff

, 1963; Biggers

and

Curnow, 1954; Ernrnens, 194I), It should be rernernbered that the

IO

rnethods used in this analysis are

indirect, thus proof that a Pro-

estrogen rnust be rnetabolically changed to a true estrogen before it
becornes active would require isotopically labe1led cornpounds

(Biggers,

1958).

Of interest is a later experirnent in which Ernrnens (1942\ ex'
arnined estrogenic substances in mice with surgically-divided vaginas to give separate vaginal pouches. Results showed that a dose of

true estrogen which was just sufficient to cornify the epitheliurn of
one pouch when placed

second

in it, failed to produce cornification in

the

pouch, However, an effective dose of a pro-estrogen in one

pouch caused cornification in both pouches (Ernrnens, 1942). This

supports the hypothesis that true estrogens can act directly on the

cells of the responding epitheliurn, whereas Pro-estrogens are absorbed into the body and give rise to true estrogenic substances dur-

ing their rnetabolisrn,
To detect the level of a known estrogen, the uterine response
rnethod

is as effective as the occurrence of vaginal cornification

(Allen-Doisy rnethod). The uterine response rnethod is rnore in
vogue at present because of the following objectional features of the

Allen-Doisy rnethod: (I) high degree of subjectivity involved in the
use of the rnethod, (2) expense of the rnethod and (3) laborious

statistical analysis is required (Biggers, 1958; MunJord and Flux,

I96l). Nevertheless, the Allen-Doisy rnethod allows for rnore

I1

specific estrogenic assay as previously indicated and the objections
can, to sorne degree, be rninirnized (Biggers, 1958)'
The use of srnall monogastric anirnals

for the biological assay

of pasture plants has definite advantages, particularly in regard to

econorly in areas such as screening large numbers of plants and ex-

tracts. However, they have lirnitations when results are extrapolated
to rurninants. Differences in digestive systerns and metabolism rnay

affect the utilization of the estrogenic substances. Nilsson (1961a),

for exarnple, has dernonstrated that rurnen rnicroorganisrns

can

dernethylate biochanin A to genestein.
Because of disadvantages such as this and the need for a quan-

titative rnethod for assessing the estrogenic activity of pastures,

the

use of sheep has been suggested. Criteria such as increase in uter-

ine weight of irnrnature and adult ovariectornized ewes, vaginal cor-

nification, and increase in teat length of wethers or virgin ewes have
been investigated (Moule, Braden and Larnond, L963; Larnond and

Lang, I955). At present, the use of an increase in teat length
appears to be the best criterion. Braden, Southcott and Moule
(1964\ reported a linear log dose-resPonse relationship between the

dose of stilbestrol and the length of teat. The technique, when ap-

plied in the field, provided a rrleans of assessing the effective intake
of estrogens by grazing sheep.
The need

for adequate chernical assaying procedures under

tz
certain circurnstances is appar ent. Biological rnethods are neces sary

for rnany studies such as the determination of unidentified estrogenic
compounds. They also are a necessary complernent to chemical pro-

cedures. Nevertheless, they have s everal distinct disadvantages.
Results vary considerably between laboratories; they are laborious
and are not adapted to a large nurnber of

samples. OnIy the total

estrogenic activity of plants can be rneasured; the proportion and
type(s) of estrogenic cornpound are not indicated. In addition, bioassay procedures rrray be influenced by estrogen inhibitors or poten-

tiators such as those which are known to occur in alfalfa (Adler,

1962;

Bickoff , 1963l'.
Chernical rnethods for the deterrnination of coumestrol (Livingston et aI., 1950; Livingston et al. , 196l) and isoflavones (Beck,
19541 have been

presented. Basically, the methods utilize an ethanol

and ether extraction procedure, followed by chrornatographic devel-

opment. Advantage is taken of the fluorescent characteristics of
cournestrol and formononetin. Genistein and biochanin A spots are
made visible by spraying with diazotized sulphanilic acid and. expos-

ing them to arnmonia furnes.
In the past, the reliability of chernical methods has been in

doubt. Until the end of. 1962, extracts were prepared by placing combined leaf and petiole in cold ethanol. Some discordant results led to

re-examination of the rnethod with the discovery that the isoflavones

I3

of clover are present in combined form, usually as glycosides.
Extraction techniques were subsequently rnodified to allow for cornplete hydrolysis. Using such a rnodified technique, Beck (1964)
dernonstrated very high levels of isoflavones in subterranean clover.

Strains tested showed total contents of forrnononetin, genistein,

arrd

bioclnninAvarying from 2.5 to 5.670 in the dry rnatter of the leaf.

Results such as this indicate that the rnuch lower values reported

by earlier workers (Curnow, 1954l' G.uggolz, Livingston and Bickoff
1961) seern due, at least

in part, to the failure to allow cornplete hy-

drolysis of combined isoflavones (Beck,

1954).

Estr ogenic Var iation

There is arnple evidence to indicate a species difference in response to estrogens. In chickens and to a lesser extent in turkeys,

oral or parenteral estrogen adrninistration is accornpanied by

a

rnarked increase in subcutaneous, rnuscular, liver, and depot fat.

In cattle and sheep, fat deposition is clearly not indicated (National
Research Council, 1959). It should be rernernbered though, that the
response to estrogen varies with sex, age at treatrnent, length of

treatment, arnount and nature of nutrients fed, weight at tirne of

slaughter and rnanagernent practice (National Research Counci1,
1959).

To discover why such variations exist is only one intriguing

,

t4

question. Another, equally irnportant, is whether all estrogenic
rnaterials have the sarne rnetabolic effect

oin art

anirnal. That is,

do estrogens vary only in potency or do they also vary in the type
and rate of

effect? The possible difference between Pro-estrogens

and true estrogens has already been pointed

out. Evidence pre-

sented by other workers has indicated that the area

is quite corn-

pIex.

Genistin and diethylstilbestrol-cornparative studies with rnale
rnice have been conducted by Matrone et aI. (1956). Results showed
that a significant (P< 0.0I) effect of genistin on growth is rnanifested

at a Iov,'er dose (9 mg. /day1 than it is on testes weight (18 rng. ldayl;
whereas, the effect of stilbestrol is in reverse order (0.6a P.g. to
depress growth and 0. 16 p,g. to depress testes weight). Although
both cornpounds retarded growth, the higher levels of genistin had

a greater adverse effect on survival. Later studies (Carter, Ndatrone
and Srnart, 1960) confirrned

this effect and also demonstrated that

genestein, the aglycone of genistin, had the sarne adverse effect.

Analysis of the slopes of the weight curves in the latter study by regression analysis indicated that a tenfold increase of estradiol and

stilbestrol were required to obtain the sarrle decrease in weight
as a twofold increase of genistein. In addition, it was found that

estradiol elicited its rnaxirnurn effect of decreasing ovary

15

weight at the lowest leve1 given, a level that had the least effect on
body

weight. \[ith genistein,

the srnallest ovaries occurred at the

highest level. These results are also in harrnony with the previous
study.
Magee (1953) in studying the effect of genistin and genistein on
young rnale

rats, found that the glucoside is rnore toxic than the ag-

lycone. Both

cornpou.nds at a dietary

level

of.

0.57o caused a sigrrifi-

cant decrease in weight gain and in the weights of the kidneys and

spleens. Testes weight, although not significantly different frorn
the controls, tended to be lower; the rats receiving genistin being
the lowest. Unfortunately, no group was fed estradiol or stilbestrol.

Nevertheless, the str.ldy indicated that the overall action of genistin
and genistein on the

criteria are not the sarne as would be expected

to occur with either naturally-occurring or synthetic estrogens.
Lyrnan and Krueger (196I) studied the cornparative effects of

cournestrol and estradiol on liver and plasrna lipids, food intake,

growth, adrenal weight, and testicle weights of normal and castrate
adult rnale rat groups. Injections of estradiol benzoate (I5- 100 rng.
week) produced depressed growth and testicle weight, an increase

in adrenal weight, a rise in plasrna cholestrol and a lipotropic effect
on the glyceride fraction of cholestrol-induced fatty

livers. Oral

cournestrol diacetate (t- 15 rng. ldayl produced no cornparable chang-

€s, even at levels which would have a definite effect

on the uterus of

r5

the young fernale rat. Previous work had shown the 3 -g. of

cournestrol, when fed to weanling rats over a seven day period,
produced a strong uterine response. The authors suggest that
these results rnay indicate a rapid degradation of coumestrol in
the liver of the adult rat, sirnilar to that of several other estrogens
(Shipley et al., 1950), or the rnaterial has only a specific uterine

effect in the rat without the usual influence on other organs and
rnetabolic systems.

Uterine studies by Noteboom and Gorski (1963) have indicated
that cournestrol diacetate and genistein have a sirnilar effect to

estradiol- l7 B. These workers utilized groups of ovariectornized
female rats injected intraperitoneally with a single dose of either
IZ5

1t"g.

courrlestrol diacetate, 400 pg.of genistein, ot 25 pg.of

estradiol-179. Observations indicated that all three

compounds

stirnulated the incorporation of labeled precursors into protein,

lipid and ribonucleic acid in the cells of the rat uterus. The only
difference was the degree of rnetabolic stirnulation. These results,
plus the additional observation that the combination of estradiol-170
and cournestrol diacetate gave no added effect suggested that coumes -

trol perforrns the sarne function as estradiol in triggering the anabolic
response.

l7
Estrogenic Material and Ovine Growth

It has been dernonstrated that irnplants of diethylstilbestrol, estradiol, hexoestrol and dienestrol at proper levels will irnproveweight
gains in both qwe and wether larnbs, the greater effect being in wether

larnbs (Andrews et al., 1958; Hale et al. , t959; Harris et al. , L963;
Jones and Hogue, 1960; National Research Council, L959; Preston,

Greenhalgh and Macleod, 1960). Results frorn oral f eeding of diethyl-

stilbestrol have been equally as effective, although the rninirnurn effective dosage levels are considerably higher than irnplants.
The gross effect of estrogens such as estradiol and diethyl-

stilbestrol on the larnbrs physiological response is cornplex. In
general, estrogen treatrnent of both ewe and wether larnbs has been
associated with a reduction in fat, an increase in rnoisture and pro-

tein, and an increase in the weight of the visceral organs (Clegg and
Cole,

L954; Davey, W'ellington and

Willrnan, 1956; Jordan, 1953;

OtMary et al. , 1952; Whiting, Clark and A1len, 1954; Wilkinson
et al., 1955). Studies with wether and ewe larnbs by OrMary et aI.
(L952) and Wilkinson et

al. (1955) have shown an increase in carcass

length, and in addition to a reduction in the thickness and weight of
the external fat, an increase in the rnoisture content of the external

f.at, That these results are not necessarily true for rarns is indirectly shown by reports that in bulls, unlike steers,

I8

diethylstilbestrol causes an increase in fat and a reduction of the
edible protein (Cahitl et al. , 1956). Of interest in considering the

effect of estrogens on increased nitrogen retention, is a study by

Everitt and Carter (1961) which demonstrated an inc:rease in

the

fiber diarneter of the sernitendinosus of larnbs which received hexoestrol irnplants.
As would be expected, diethylstilbestrol adrninistration frequently lowers the carcass grade in larnbs (Wilkinson et al., 1955),

presumably by hastening the growth of early-developing tissue, rnusc1e, with the result that the anirnals reach an acceptable rnarket

weight before they are fat. The principal factors contributing to

a

reduction in grade appear to be the reduction in internal and external

fat deposition and the increase in the rnoisture content of the external

f.at. Conflicting data in this area rnost probably are due to the inadequacy of the Federal grading systern to detect the specific

differ-

ences involved and the observation that higher levels of stilbestrol

give the rnost rnarked influence on carcass characteristics.
Studies concerning the effects of plant estrogens on the growth

of sheep have been lirnited. Story et aI. (1957) reported virtually
no dUference in weight gains of one-year-old larnbs fed 0. l, 0,2
and 0. 4 grarns of genistin per pound of

ration. Feed intake ranged

frorn 3.25 to 3.76 pounds per day. The genistin was isolated frorn
soy bean oil meal. In a later experirnent, 0. I5 grn. of genistin per

19

pound of ration gave only a slight increase in average daily

gain.

The

controls gained 0.48 pounds per day and the treated group gained 0.52
pounds per

day. Feed consumption was 4.34

and 4,40 pounds per day

respectively. Matsushirna (1961) reported that high-estrogen dehydrated alfaUa, fed at relatively low Ievels, did not stirnulate the

daily gains of yearling steers. However, earlier experirnents had
indicated that alfalfa hay or dehydrated alfalfa contain a growth prornoting substance(s). Stob et al. l|96aal reported that daily gains
of steers fed pellets containing a high level of cournestrol (approxi-

rnately 750 rng. coumestrol consurned per day) were not significantly
different frorn those of steers fed pellets containing a low level of

cournestrol. In a later experirnent with steers, Stob et al.

(1964b)

reported that the daily f eeding of 840 mg. of cournestrol (an extracted cournestrol concentrate was used) increased daily gain and
feed efficiency four percent. Average daily gain of the control group
was 2.63 pounds per day, while the cournestrol group gained 2.74
pounds per

day. Again in both of these experirnents the level

of

coumestrol was relatively Iow, especially when viewed as diethylstil-

bestrol equivalents. Frorn Bickoff rs data (1963), it can be calculated
that I rng. of diethylstilbestrol equals 2,780 rng, of cournestrol.
Using these figures, a few calculations show that in the later experirnent the equivalent of approxirnately 0.3 mg. of diethylstilbestrol
was fed per day.

zo

Previous Oregon State University Experiments

Early studies at Oregon State University were concerned with
the effect of plant estrogenic rnaterial on reproduction. These studies resulted frorn observations by sheep producers of the lil/illarnette

Valley in Western Oregon of longer larnbing periods and lower lambing percentages arrrong ewes that were flushed, prior to breeding, on

red clover pastures. A series of experirnents dernonstrated that

ewes

flushed and bred on red clover hay or pasture had a lower lambing
percentage and a lengthened larnbing period (Fox, McKenzie and

Oldfield, I961). Analysis of the clover by the Western Utilization
Developrnent Division, Albany, California irnplicated cournestrol as
the rnaterial responsible for the reproduction effects (Oldfield, 1961).
Studies concerned with the effect of high estrogen plant rnater-

ial on larnb growth were initiated in I959. These and subsequent
trials were designed to test the effects of feeding dehydrated alfalfa
rneals having high or low estrogenic activities, or fractions of such

rneals, upon growth and carcass characteristics of larnbs. The first

trial was a sirnple cornparison of low and high coumestrol content
alfalfa rneal. The second trial allowed rnore detailed exarnination
of effects of cournestrol leve1s by blending rneals to provide low,
high and interrnediate coumestrol treatments. The third trial involved acetone extracts of alfalfa cournestrol which were added in

varying concentrations to a low cournestrol basal meal. The fourth

zl
trial, reported herein, superimposed isolated alfalfa cournestrol

on

a basal diet. As can be seen, increasingly purified sources of es-

trogen activity culrninating in isolated alfalfa cournestrol were used.

For a cornplete description of the procedures and results used in
these trials, reference can be made to Oldfield et al. (I965). The

following is a brief surnrnation of the experirnents and the pertinent
results.
In the first experirnent, low (35 pprn coumestrol) and high (98
pprn cournestrol) estrogen alfalfameals were incorporated into pellets
and fed to

five groups of ten larnbs each. Each grouP contained an

equal nurnber of ewes and

wethers. The pellets contained the follow-

ing percentage forrnula: alf.aLf.a 65, ground barley 25 and cane rno-

lasses I0. Results are shown in Table

2.

Table Z. 'Weight Gains of Larnbs on AIfaIfa of Varying Estrogen
Content

Avs. total gain (56 days), Ibs.

Tr eatrnent

"High-

es

tr ogenI' rneal (99 pprn

Wethers
c

ournes tr ol)

"Low - estr ogenrl rneal (35 ppm cournestr

o1)

47. Z
38.

8

Ewes
32.84
37.

Z

aSignificantly
different frorn gain on low-cournestrol treatrnent (P< 0.05).
The data show a significant increase in weight gains of wether

larnbs, and a significant decrease in gains of ewe larnbs, presurnably
related to the elevated estrogen content of the first treatrnent rneal.

zz

Chernical analysis of loin-eye rnuscle showed little difference.

Nurnerical scores for official Governrnent carcass grades showed
no statistically significant differences. However, organoleptic

tests revealed a significant (P< 0.05) irnprovernent in the tender-

ness, juiciness and texture of the rack roasts frorn the high-estrogen fed larnbs.

In the second trial, groups of ten each wether larnbs were fed

high, medium and low-cournestrol pellets. In addition, two sirni-

lar groups were fed the high and low pellets plus a 3 *g. irnplant

of

diethylstilbestrol. The irnplants were superimposed to ensure that
an estrogen effect was attainable under the experirnental conditions

involved, and to test the effectiveness of plant estrogens in the presence of optirnal concentration of

diethylstilbestrol, The pellets were

prepared according to the formula followed in the first trial,

The

alfalfa rneals used in the low and high-cournestrol pellets contained
2Z and 209 ppm cournestrol, while the rnedian-coumestrol pellets

contained a blend of the high and low cournestrol pellets.

1rlt/eight

gains and feed conversion of the larnbs are given in Table 3.

In general, a positive growth resPonse to increasing levels
of plant estrogen is again apparent although the response is not

linearly related to cournestrol concentration. The greatest growth
response was obtained on the high estrogen rneal plus diethylstil-

bestrol irnplant. The reduced response of the group on the high

23

level" of plant estrogen as corrrpared to the low

or rnedium estrogen

groups is difficult to explain. One rnay only speculate about the

reason. It is possible that sorne type of interaction cccurredr possibly involving inhibitors. Unrelated but confirrnatory evidence of
response to plant estrogen activity was provided by the increase in
serninal vesicle and pituitary weights of the larnbs in all treated

groups, the greatest response being in the high estrogen plus diethylstilbestrol irnplant group (Noteboom,
Tab1e

3. Larnb Performance in
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62l.

Inc reas

Lot
1.

No.

3.

pellets

High estrogen

8.8

39a

6.9

37

.7

5Ba

6. z

Z7

.

I6

8.3

3ga

7.4

High estrogen
alf.alf.a

5.

Feed

conversion
Control To lb/lb gain

23.8

Low estrcgen
alf.alf.a pellets + DES 33. I
alf.alf.a pelJ"ets + DES

4.

over

Low estrogen
alf.alf.a

2.

Weight gains
(shrunk) lb.

Treatrnent

Trial
e

1950 Plant Estrogen

pellets

Mediurn estrogen
alfalfa pellets

aSignificantly

6

33.2,

different frorn control, Lot I (P < 0. 0I).

Cooking test scores, although not significant, suggested irn-

proved tenderness, juiciness, and texture of roasts frorn anirnals

z4

subjected to the higher leve1s of plant estrogen,

In trial three, cournestrol extract was prepared as described
by Bickoff et al,. (1964). Using a low-coumestrol basal alfalfa rneal

(in the formula used in Trials l and 2) and varying increments of
cournestrol concentrate, pelleted feeds were rnixed having courrres-

trol concentrations of basal 50,

100 and 150

ppm. An additional ra-

tion was prepared which utilized a high cournestrol (155 ppm) alfalfa

rneal. Biological and chernical assays of the meals and concentrate
ar e given

in Table 4.

Table 4. Analyses of Alfalfa MeaI Concentrate Used in Tria1
Low -

cournestrol
rneal
(CaIif ornia)

Moisture
(or volatile)(%)
Crude protein

(%)

Crude tat l%\
Crude fiber (70)
Ash
N. F.

High Highcournestr ol cournestrol
meal-f ed rneal- extracted
(

Kansas

E. lq'l

(Kansas)

8.6

8.8

17. z

L?,6

2.6

2.0

I

34.0

7.6

5.3

27.

(%)

)

36.

L

3

Cournestr o1
concentratS

42.6

35.3

Cournestrol (chem)
(pp.rr)

less than

5

r65

560

3280

58

ztL

3

Cournestrol (biol)
(pprn)

'% "".or"t1 =

Z.8To of

dry wt. ; 32.370 of. cournestrol.

840
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The prepared rations were fed to groups of ten wether lambs

each. Five anirnals in each group received a 3 rng. diethylstilbestrol implant.

\,\reight gains of the anirnals are given

in Table

5.

Table 5. Larnb Gains in 1962 Plant Estrogen Trial

Lot no. Ration cournestrol, ppm

Mean weight gain, lbs.
A11
No
Irnplanted

anirnals

irnplant

3

mg. DES

I

18

28.9

?5.

Z

32.6

2

5I

28.

r

25.4

30.8

3

t14

33.

6

26.0

41.2

4

t52

34.7

27.

4r.

5

r33

26.

20.4

6

8

6

32.8

Analysis of variance showed a significant (P( 0. 0t) increase

in gain due to the irnplant, no effect due to coumestrol and no interaction between cournestrol and diethylstilbestrol. However, when
the irnplanted groups were cornpared at the cornbined levels of l8
and 5I pp* cournestrol with the levels of 114 and I52 pprn coumes-

trol, analysis of variance showed a significant (P( 0.0I) difference
in weight gains. This difference did not appear previously due to
the srnall number of observations. Thus, it would appear that di-

ethylstilbestrol irnplants may act synergistically with dietary coumestrol at levels of

114 and 152

in the second experirnent.

pprn. This sarne effect was seen

z6

If

one may speculate on the apparent

trends, coumestrol rnost

probably causes a slight growth response at the 114 and 152 pprn lev-

e1s. At the

133 pprn

level (group 5) sorne substance in the alfalfa rneal

rnay have interfered with growth. This is suggested by the wide dif-

ferences in the cournestrol values obtained by chemical and biological
assays of each rneal (see Table 4). Additional support for this conten-

tion is obtained by cornparing the biological and chernical assays of the
rneal used for the cournestrol extract and the coumestrol concentrate.

In the rneal used for the extract the biological value is less than the

chemical, while in the concentrate, the biological value is greater
than the chernical.

The effect of the diethylstilbestrol and coumestrol treatrnents
on blood enzyrne levels has been described by Johnston and Angle-

rnier (1963). Chernical analysis of loin rnuscle taken frorn the sarne
site in larnbs on all treatrnents revealed no significant difference in

dry rnatter, crude protein and ether extract contents. Organoleptic
tests of rack roasts confirrned earlier trials in that tenderness and
juiciness were enhanced by increasing levels of dietary cournestrol.
Statistical analysis indicated that this increase was significant. A1though rneat

from the diethylstilbestrol irnplanted larnbs receiving

the

diet containing the 114 pprn cournestrol was rated rnore juicy and tender than the control, diethylstilbestrol irnplantation combined
with dietary cournestrol intakes

of. 132 and 151 ppm

resulted in de-

creased tenderness and juiciness scores (Johnston et al., 1955).

z7

MATERIALS AND METHODS
The experirnent was designed to deterrnine the effects of iso-

lated cournestrol on growth, carcass characteristics and certain
organs of wether larnbs. Two trials were conducted. The first one

was over an eight week period in 1963 with two groups of four heavy
wether larnbs (initial rnean weight = 109 lbs. ), and the second. was
over an ll week period in L964 with two groups of four light wether
larnbs (initial mean weight = 67 lbs. ). Due to the difficulties involved in preparing a large quantity of cournestrol, only a srnall
nurnber of anirnals could be used.

Isolated cournestrol, obtained from aUa1fa and rnixed with cornrneal and a control rneal were obtained from the Albany Laboratory.
Each rneal was incorporated into pellets according to the forrnula

followed in Tria1 I (alfalfa meal 65, rolled barLey 25 and molasses

l0). Cournestrol levels were based on the leve1s generally found in
high estrogen alfalfa (Bickoff, 1953). Analytical data on each of the

rations are given in Table

6.

The lambs were kept and fed ad lib in individual pens. Fresh
feed and water were given each day. During the first trial, wood.
shavings were used as bedding. Because the larnbs consurned. sorne

of the shavings, specially constructed steel screen floors were used

in the second trial. The larnbs appeared to adjust to the screens

Z8

rapidly.
Table 6. Analyses of Rations z 1953-64 Cournestrol Trials

Triat I (1953)
Control Test
Dry rnatter
Crude protein

(%)

Crude f,at (%l
Crude fiber

Ash

(%)

(%)

N. F.

E.

(%l

Cournestr o1 added (ppm)

Trial Z 1t964)
Tes t
Contr oI

90.

8

90.

5

88.

t7.

6

17.

6

18. g

18.7

3.3

3.9

3.8

5

15. z

r5.0

7.8

8.r

8. I

7.5

55. I

54.5

53.9

55.0

3.3
16. z

15.

1I2.0

5

89.

r45.

5

O

Data were taken on weight gains and feed intake throughout the

trials. During TriaL ?, teat length rneasurernents were rnade periodically. At the conclusion of the trials, data were obtained on
carcass characteristics and selected organ weights. In addition,
organoleptic tests were performed on the loin rack roast from each
larnb.
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RESULTS AND DISCUSSION

In Trial 1, the coumestrol supplernented group showed a trend
toward rrrore rapid gains, however, this difference was not statis-

tically significant. The larnbs receiving the coumestrol supplernented
treatrnent in Trial 2, gained virtually the sarne as the control group.
These data, together with the data on feed intake, feed efficiency,
and certain carcass measurements, are given in Table

7.

Due to the small differences between the groups and the

lirn-

ited nurnber of anirnals, it is difficult to draw precise conclusions

frorn thise data. At first glance, it would appear that cournestrol
does not have a growth promoting effect; yet the lambs in the

first

trial rnay have exhibited a positive response, particularly in view
of the significant growth response observed in lambs frorn several
of the past experiments (see Tables 2 and 3). Feed intake, feed con-

version and carcass data indicated neither a beneficial nor a detrirnental effect from coumestrol. Positive evidence of an estrogenic
response is apparent, however, when serninal vesicle weights and

teat lengths are compared. These data, together with liver and

pituitary weights and liver composition are given in Table

8.

That the adrninistration of an estrogen causes an increase in
serninal vesicle weight and teat length has been observed by other

workers (HaIe et a.l. , 1959; National Research Council, 1959;

Table 7. Growth, Feed and Carcass Data: 1963-64 Cournestrol Trials

Trial I

Itern

Control

Control

67.0 + 9.9
t17.0 + 13.0

13

+ 9.3
* 14. 0
32. | + 6.3
0.58+0.I1

+ O.17
* 2.34

5.28 + 0. 30
9.38 + L 39

105.0 *
Final weight (shrunk), Ibs. L34. O +
'lVeight gain, Ibs.
29.O t
Ave. daily gain, lbs.
0.52 +

daily f eed, lbs
Feed/Ib. gain, lbs.

4. 93
9. 95

9.8
5.7
7.0
0.

Carcass weight, Ibs.
Carcass dressing %
Loin eye area, sg. in.

77. 5
53. 4

Fat thickness, rnrn.
Specific gravity b

15.4 *. 3.2

&

Trial

Cournestr ol

Initial weight, lbs.

Ave.

( 1953)

+ 2.5

*.?.

1

z.z + 0.4

108.5
140.6

77.5 * 9.7
55.0 + I.5
2.3 + 0.3
18.0 + 3.0

Z (1964)

50.0 + 4.4
0.79 + 0.07
4.93 + 0. 56
6. Zt *. O.44

6t.z + 8.5
52. Z + 2.0
2.5 + 0.5
8. I + 3.31
1.041+0.0I0

Cournestrol

66.5 * 5. 0
115.5 + 9.0
49.0 * 6. Z
0. 78+0. t0

4.97+0.42
6.39r0.71
60. 3

*.4.7

52.2 * 0. 4

2.3 * O.2
7.8 + l.6t
r.047+0. 009

"M"""rrred at the eleventh rib.
Rr.k

b

(,

o

Table 8. Organ 'il/eights, Liver Cornposition and Teat Lengths : L963-54 Cournestrol Trials

Trial I
Itern

Contr oI

(

Trial

1963)

Cournestrol

Teat length, crr]. 3 wk.

Control

t. 56
I. 46

ililrr5il
ililrr7il

+ o. t4
+ 0. 24

r. 48 * 0.

l,

Liver weight, grn.
Liver, grn. /ta. final

o32

+

I,

66.3

7.7t + 0.58

113

7.93

*
*

69.9
0.50

Z (1964)
Cournes tr ol

16

1, 005 + 116.9
8. 61 + 0.46

z. zt
z. 49

+
+

2.53 *.

0. 3Ia
0.24a,
O. Z5a

t,035 + t4g. I
8. g3

* 0.64

body weight

Liver dry rnatter, %
Liver crude protein,

0.36 29.42 +
* 0.76 70. zz +

29. t7 +
70. 53

To

Pituitary weight, grn.
Pituitary, rng. /Ib. finat

0.940 + o. o74
7.

OZ

+

0.6r

L.258 * 0. 313
8. 84 + 1.31

body weight

Serninal vesicle weight, grn.
Serninal vesicle, rng. /tb.
final body weight

aSignificantly greater
than control (P<

0.835 + 0. o44 0. 933 + 0. 034
7. t7 + 0.62
8.14* 1.lr

0.80
6.90

O.

O.45
1. 39

+ 0.07
+ r. tz

7. 05 * 2.354
6i-.46 + 25.8f

OI).

(})

3?

Preston and Burrough, 1958; Preston, Greenhalgh and Macleod,
1960; Preston et al.

, 1962l. The trend toward an increase in pitui-

tary weight, although not significant is suggestive of an estrogenic

response. Preston, Greenhalgh and Macleod (1960) for exarnple,
showed that I5

*g. hexoestrol irnplants significantly

(P< 0.01)

in-

creased the pituitary weights of larnbs. Although not great, the

consistently slight increase in liver weights are also suggestive of
an estrogenic response. 'Wilkinson et al. (1955) reported that larnbs
irnplanted with 15 *g. of diethylstilbestrol had significantly (P<0. 01)

greater liver weights. Analysis of the liver for dry rnatter and crude
protein showed no difference between the control and treated group.
Of interest is a rectal prolapse which occurred in one of the wethers
on the cournestrol ration during the second

trial.

Such an occurrence

is often observed after the adrninistration of estrogens (National Research Council, L959).
Organoleptic tests of rack roasts by a trained panel confirrned

earlier trials in that an increased score for juiciness occurred.
This difference was not significant, however. Contrary to prior

trials, no increase in tenderness was observed, but the overall
score for the heavy larnbs on the cournestrol ration was slightly

greater (see Table 9).

If the results of these two trials are viewed in total without
reference to previous Oregon State University trials, it would appear

Table 9. Organoleptic Test Data: 1963-64 Cournestrol Trials

Trial I
Iterna

Control

Trial

(I963)
Cournes tr ol

Control

Z 11964l

Cournestrol

Tenderness

4,90 + 0. 78

4.97 + 0. 85

6,90 +

0. 33

6. 80

+

0.52

Juicines

4.41 * 0.37

4.84 * 0. 55

5. 83

*

0.25

6,rs*

0.59
0.53

s

Flavor of lean

4.73

ll

4.65 * 0.39

6.to+0.17

6.to*

Flavor of fat

5.40 + 0. t3

5.23 * 0. 50

5.58 +

5.55 + 0.31

Overall score

4.98 + 0. 53

5.28 + 0. 15

6.25 + 0. zL

+ 0.

"Itur.r" scored on a 7-point scale,

7 being the rnost

O.?5

6. 15

+ 0.74

desirable and I being the least desirable.

(,
(,
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that cournestrol causes the enlargernent of certain organs without
causing a rnarked growth response. Such an interpretation would
be extrernely lirnited and perhaps erroneous. Three questions irn-

rnediately arise. First, how effective is cournestrol at the admin-

istered levels when viewed as equivalents of estradiol or diethylstil-

bestrol? Second, what differences and/or sirnilarities exist in the
rnode and rate of action of cournestrol and estradiol or diethylstil-

bestrol? This includes the cornparative rates at which they affect a
particular organ or systern over a period of tirne and the order in
which they affect a series of organs and/or systerns. Third, what
effect do the inhibitors or potentiators in the feed have on the activ-

ity of cournestrol?
In considering the first question, it should be remernbered that
the levels of cournestrol fed (112 and 145 pprn) are equivalent to those

which can be found in high estrogen alfalfa (Bickoff, I963). Although
these leveIs are representative of the levels which norrnally occur

in high estrogen alfalf.a, over 600 pprn of cournestrol has been reported (Bickoff, 1963). To convert these figures to equivalents of

diethylstilbestrol, one can use either the data by Bickoff (1963) or
Moule, Braden and Larnond (1963). Figures provided by Bickoff

f

s

paper (Ioc. cit. ) indicate biological equivalence between I *g.

of.

diethylstilbestrol and 2,780 rng. of cournestroL. Sirnilarly, it

can

be calculated frorn Mou1e, Braden and Larnond (1963) that I rng. of
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diethylstilbestrol equals 3,704 rng. of cournestrol.
Thus, in the L963 trial, calculations show that the equivalence
of diethylstilbestrol per day was fed if Bickoff rs data
^g.
is used or 0.073 rng. of diethylstilbestrol was fed if Mou1e, Braden

of 0.097

and Larnondts data
0.

is used. Sirnilarly, in

1964 the equivalent of

ll7 or 0.088 rng. of diethylstilbestrol per day were fed respec-

tively.

Il 2 to 3 *g. of diethylstilbestrol per day is considered as
recomrrrended 1evel,

a

it is apparent that these are low leve1s of di-

ethylstilbestrol equivalents. Results frorn studies designed to deterrnine the effect of low levels of diethylstilbestrol on larnb growth
have been

inconsistent. Story et aI. (I957) reported that 0-300 rni-

crograrns of diethylstilbestrol per pound of ration gave variable re-

sponses. Their data showed no consistent increase in daily gains
either at the low levels or when the levels were increased. Jordan,

Jordan and Croorn (1955) reported that 0. I *g., 0.5 rng. or 1.5
rrrg. of stilbestrol per larnb daily did not significantly increase the

rate of gain. Increases of only 0.0I to 0.03 pounds per day were

noted. Hale ut 31. (1955) reported that levels below 600 pg. stilbestrol per pound of ration or about 2.0 rng. per larnb per day gave
no consistent increase in weight gains. The lowest level tested was

150

Ft

g. per pound of ration, At levels of 600 p g. or higher,

weight gains were increased. In contrast to the preceding
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experiments, Light et al. (1955) reported that 0.5 -g., 1.0 rng.
and 2.0 -g. of diethylstilbestrol per larnb per day significantly
(P< 0. 01) increased lamb

gains. The greatest increase occurred

at the Z. O rng. per day level.
On the basis of these data,

it would appear that the leve1s of

cournestrol fed in this experirnent and in preceding experirnents was
too low to effect a consistent positive growth response, That cou-

rnestrol at these levels could produce a slight growth response is
quite probable, but the lirnited nurnber of larnbs used in the experirnents precludes a conclusive staternent.
The question concerned with the differences and/or sirnilari-

ties that exist in the rnode and rate of action of cournestrol and es-

tradiol is intriguing and rnay have practical irnplications. The variant data reported by Lyrnan and Krueger (1961) and the synonyrnous
data reported by Noteboorn and Gorski (1953) have already been rrlen-

tioned in the literature review. Prornpted by the rnarked increase in
the weights of the serninal vesicles and the lack of a growth response

in the last trial, an atternpt was rnade to correlate the growth and
organ data with low level diethylstilbestrol studies. Although there

were not enough data available to reach a,definite conclusion, sorne

interesting points were found.
rn reviewing the literature, Hale et aI. (I955) reported that di-

ethylstilbestrol, fed at the rate of I 50, 500 and 900 p g per pound of

37

ration, increased the diarneter of the bulbo-urethral gland from 7,0
rnrn.for the control to 10.0, 13.0 and 12.0 rnrrr.respectively for the
treated groups. The daily feed intake was approxirnately three

pounds. At higher levels of diethylstilbestrol (2.0 to 3.6

mg. per

day, prepuce development, edema of the anal areas and mamrrrary
developrnent of wether larnbs was noted. preston and Burroughs

(I958) reported that both 0.3 and 0.6 rng of diethylstilbestrol per
pound of ration (daiiy intake approximately 3.5 pounds) increased
the weights of the seminal vesicle and bulbo-urethral glands (sig-

nificance of increase not given). The anterior pituitary, kidney and

liver weights were also increased by the stilbestrol tr eatrnents.
In considering higher levels of diethylstilbestrol, Preston et aI.
(19621'

reported that the serninal vesicle weights of wether lambs re-

ceiving z

^g diethylstilbestrol per day during a 40 day trial, were
Z.26 grrr compared to 0.80 for the controls. Hale et al. (1959) re-

ported that the serninal vesicle weights of larnbs irnplanted with 3 *g.
of diethylstilbestrol were 3.08 grrt'compared to 4.08 gm.for a 6 rng.

irnplant group and 0. 69 grn.for the control. Bulbo-urethral gland
diarneters were 8.5 mm, 15.4 rnrn and 20.4 rnrn.for the control,

3

rng. implant, and 6 rng. irnplant group respectively. This experirnent
was conducted for a 69 day period. Results frorn another experiment,
conducted over an 83 day period, showed that wether 1ambs irnplanted

with 3 mg of diethylstilbestrol had serninal vesicles weighing 1.94

grn.
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cornpared to 0. ZZ and 0. 35 for replicated controls. Of interest,
was the observation that all 3 mg implant groups did not show any

side effects, except sorne teat enlargernent with little or no mam-

rnary gland developrnent. Preston, Greenhalgh and Macleod (1950)
reported that wethers implanted with I5 mg hexoestrol at 35 pounds
and slaughtered at approxirnately 90 pounds had seminal vesicles

weighing 4. L grarrrs. Marnmary developrnent was noted two to three
weeks after implantation.
When these

results are grossly compared to the results ob-

tained in Trial Z, it seerns highly probable that cournestrol does not
have the same mode and rate of action as

diethylstilbestrol. At

the

equivalent level of diethylstilbestrol fed, one would expect very little

seminal vesicle developrnent along with a poor growth resPonse, yet
a marked increase occurred, higher than the 3 -g.diethylstilbestrol

or l5 mg hexoestrol implanted groups (4. I grams for the hexoestrol
group corrlpared to 7. L grarns for the coumestrol group). That the
cornparison of an implant group with an orally treated group is rela-

tively valid insofar as increase or decrease in the weights of the
reproductive organs are concerned is indirectly seen by cornparing
the bulbo-urethral gland diarneters of the oral and implanted wethers
as reported above. Projecting these results further, it would seern

probable that if the level of coumestrol was increased to a ? rng.
equivalent level and possibly lower, the anirnal would be adversely
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affected. The occurrence of the rectal prolapse in one of the wethers
in the last trial also bears out this point.
The possible occurrence of inhibitors and/or potentiators in

the various rations was not determined. Evidence that both can occur

in alfalfa has been presented by Bickoff (1953). Adler (1962) and
Biely and Kitts

(19541 have also dernonstrated the occurrence of an

inhibitor or anti-estrogen in alfalfa. The anti-estrogen is in the
chloroforrn extract and the estrogen is in the ether extract. Although
both estrogen and anti-estrogen activity can occur in the same alfalfa
sarnple (Adler, 1962l, a study by Biely and Kitts (I954), utilizing

a

wide nurnber of species including alfalfa, dernonstrated a considerable degree of inverse relationship between the two. Exarnples of
species which at various tirnes and stages of growth have been re-

ported to contain anti-estrogen activity include orchard grass

(Dactylis glomerata), reed canary grass (Phalaris arundinacea),
tirnothy (Phleum pratense), taIl fescue (Festuca arundinacea), white

clover (Trifoliurn repens) and yellow pine (Pinus ponderosa) (Allison
and

Kitts,

1964;

Biely and Kitts, 1964; Cook and Kitts,

1964).

As discussed previously, the 1962 experirnent conducted at
Oregon State University tends to support the inhibitor concept.

Whether or not an inhibitor was present in the last trials is uncer-

tain. lf anti-estrogenic activity was present during the second trial
(19541, the activity was not marked as indicated by the large

40

differences between the teat lengths and weights of the serninal

vesicles. That a potentiator was present may seeln rnore likely,
but again no conclusive statement can be rnade.

To alleviate such problems in furture experiments of this

nature, ration ingredients should be carefully selected. Alfalfa
rneal should definitely be substituted and/or assays should be conducted to determine the presence and level of inhibitors or potentiator

s

.

The possible presence of plant estrogens in the rations other
than cournestrol should be considered. Results from Prior trials
and experiements are

difficult to assess, but in the last trial

(1964',

it seerns highly unlikely that any additional estrogenic substances
were present. This conclusion is based on the lack of teat elonga-

tion in the control group. If additional estrogens were present,

One

would have expected a progressive increase in the teat length of the

control group. Data presented by Braden, Southcott and Moule
{19641 have shown that the E}easurable increase

in teat length rnay

be

used as a rrleans of assessing the effective intake of estrogens.

Of interest ln considering additional estrogens is the variety
that have been recorded in alfalfa and the rnetabolic changes they
can

or may undergo. At

one tirne

or another almost all of the known

and suspected plant estrogens, genistein, biochanin
forrnorrcnetin and cournestrol have been reported

A, daidzein,

in aUalfa (Bickoff,

4L

1963; Moule, Braden and Larnond,

1953). That sorne can and

others rnay undergo rnetabolic changes with a resultant change in

activity should not be overlooked, particularly if a chemical assay

is used. The concept of a pro-estrogen and its implications

has

already been introduced. Moule, Braden and Larnond (1963) point
out that while the rnetabolic change explains a pro-estrogents activ-

ity, I'it also raises the question as to the site at which the conversion
takes place. The liver and possibly also the srnall intestine (Diez-

faluxy, Franksson

and

Martinsen, I95l) are likely sites, and in

grazing anirnals both of these are subject to pathological conditions

(due, for example, to hepatoxic alkaloids in pasture (BulI, l95l) or

intestinal parasites) that are likely to affect their efficiency in
rnetabolizing the plant estrogens.rr Such structural changes can and
may result in the interconversion of pro-estrogens. For instance,

Nilsson (I96la) reported that tritium-labelled biochanin A can be
dernethylated to the rnore active pro-estrogen, genistein, by rurnen

rnicro-organisrns of sheep and cattle. This dernethylation can also
bb done in vitro by slices of rat liver but not by rat bowel content
(Nilsson, I95Ib). That formononetin rnay also undergo dernethylation

is probable but no evidence has been presented to date.
Little is known of the influence of norrnal dietary constituents
on the subsequent rnetabolism of plant eetrogens. Although some

care was taken in these trials to balance crude nutrients of the test
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dietsr such balancing related chiefly to protein and fiber, but many
other organic cornpounds rnay have been involved. Stability of
coumestrol during both feed preparation and storage through the

test period is also incornpletely docurnented. Bickoff et al. (I960a)

utilizing a bioassay procedure found that cournestrol was unstable
in some aUalfa meal samples when stored at room temperatures.
Livingston et t.

(I96I), using a chernical assay, found that drying

alfalfa at 80oC in a forced-air oven destroyed

Z5Yo

of the coumes-

trol. Hanson et al. (1965) conducted studies with alfa1fa, heavily
and

lightly infected with plant pathogens. Coumestrol content

fresh, heavily infected alfalfa ranged from
the

70

of

to 83 pprn, whereas

fresh, lightly infected aUalfa ranged from I5.5 to 17.5

ppm.

Under aerobic storage conditions and high ternperatures (85'F)

the coumestrol content of the heavily infected alfalfa decreased

considerably. Under low ternperatures (35'f') or anaerobic conditions at both high and low temperatures, no consistent or marked
change

occurred. The lightly infected alfalfa stored under similar

conditions (aerobic--35o and 85'F and anaerobic--35o and 85'F)
showed no coneistent

or marked change in cournestrol content.

It is apparent that rnany factors affect the activity of plant
estrogens and the response of animals to such estrogens. From
the results of the trials reported herein and the preceding discus-

sion, it can be concluded that cournestrol, at the leve1s tested,
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causes the enlargement of certain organs without causing a marked

growth response. That cournestrol at these levels can cause

a

slight growth response is probable but, the lirnited nurnber of animals precludes a conclusive statement. Speculation would indicate
that cournestrol at higher levels could produce some degree of
growth response, but at levels which approach the equivalent of
Z

^g

of diethylstilbestrol an anirnal would be adversely affected.
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SUMMARY

Two trials were conducted with heavy and light wether lambs

to deterrnine the effect of purified alfalfa coumestrol on larnb growth
and organ development. The test ration in
pprrr cournestrol and

in trial two

145 ppm

trial one contained llZ

coumestrol. Although

the

treated heavy lambs in trial one gained slightly rnore than the con-

trols and the treated light larnbs in trial two gained virtually

the

sarrle as the controls, in neither case were the growth, feed intake,

feed conversion and carcass differences significant, Marked evidence of an anabolic estrogenic effect was seen when organ weights

were cornpared. The pituitaries were consistently larger for the
treated larnbs in both trials one and two, and the seminal vesicle
and teat lengths were significantly 1arger

for the treated larnbs in

trial two. In trial one, data on the latter organs were not taken.
Although the levels of cournestrol in the rations are corrrpar-

able to that found in high estrogen alfalfa, they are 1ow when viewed
as equivalents of diethylstilbestrol. calculations show that the

daily intake of cournestrol was equivalent to less than 0. I mg of
diethylstilbestrol in the first trial and less than

O.

Z rng.in the second..

Since other workers (Jordan, Jordan and Croom, 1955; Story et aI.,
1957) have

reported variable responses frorn diethylstilbestrol at

similarly low leve1s, it would appear that the levels of cournestrol
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were too low to effect a consistent positive growth response. That
cournestrol at these levels could produce a slight growth response is

probable, but the lirnited nurnber of larnbs used in this experiment
precludes a conclusive statement.

Overall exarnination of the experirnent together with past
Oregon State experirnents again does not allow for a clear-cut ex-

pression of an anirnal growth effect for alfalfa cournestrol. How-

ever, there are indications of a fairly consistent trend in that direction. This is particularly true for the earlier experiments' In both
experiments one and two a significant growth response occurred in

certain of the estrogenic treatrnents, yet in experirnents three and

four (reported herein), growth responses were varied.
Although a lirnited number of observations per group was taken

in experirnent three, evidence of a synergistic effect between
trol

and

coumes-

diethylstilbestrol was present. It has been suggested that

substance may have reduced the effectiveness of coumestrol

a

in cer-

tain of the groups. Evidence of an inhibitor in the last experirnent
was not available, but if one was present in the second trial, it did

not have a rnarked effect. This is indicated by the large difference
between the teat lengths and weights of the serninal vesicles of the

control and test groups.
Of interest and irnportance in considering the problem of the

lack of a rnarked growth response is whether or not cournestrol has
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the same rnode and rate of action as estradiol or diethylstilbestrol.

This includes the cornparative rate at which they affect a particular
organ or systern over a period of tirne and the order in which they

affect a series of organs and/or systems. Studies by workers using

rats have indicated both variant and synonyrnous effects (Lyrnan

Krueger, L96l; Noteboom and Gorski, 1963). On cornparing

and

the

results of the last trials (1963-54) with the results of studies by
other workers (Hate et aI. , 1955; Hale et al' , 1959; Preston and

Burroughs, 1958; Preston, Greenhalgh and Macleod, 1960; Preston
et al. , L96Zl, it seerrrs highty probable that coumestrol does not have

the same rnode and rate of action as diethylstilbestrol. At the equivalent level of diethylstilbestrol fed in trial two, one would expect

very little seminal vesicle development along with a Poor growth response, yet a rnarked increase occurred, higher than that reported

from larnbs irnplanted with 3 *S of diethylstilbestrol (HaIe et al. ,
1959). H these results are projected, it would seerxr probable that,

if cournestrol was increased to approxirnately 2 rng. DES equivalence,
an anirnal would be adversely

affected. The occurrence of a rectal

prolapse in one of the wethers in the last trial also substantiates

this

poss

ibility.

The results frorn the first trial and previous experirnents at
the Oregon Station may have been affected by the Presence of addi-

tional plant estrogens and the resultant possible rnetabolic conversion
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to rnore potent estrogens (e.g. biochanin A to genistein). That
additional estrogens were present in the last trial (19641 seerns
highly un1ikeIy. This is based on the lack of teat elongation over
a period of tirne in the control group.

Little is known of the influence of norrnal dietary constituents
on the subsequent rnetabolism of plant estrogens. Although care was

taken to balance the crude nutrients of the diets, other organic cornpounds rnay have been

involved. Stability of cournestrol during feed

preparation is also incompletely docurnented. Evidence indicates
that under aerobic conditions and higher ternperatures cournestrol

activity decreases, particularly with heavily

trol alfalfa (Hanson et aI. ,

inf ected high coumes-

19651.

It is apparent that rnany factors affect the activity of plant
estrogens and the response of animals to plant estrogens. Metabol-

ic changes, pathogenic effects, inhibitors, potentiators, cornbinations
of estrogens and storage conditions have all been irnplicated. The
area in total appears to be quite cornplex, but by using revised and
additional techniques, rnany of the problerns pointed out in these
experirnents can be corrected in future experiments.
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