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INTRODUCTION

Natural estrogens in plants have been the subject of concern since
their connection ﬁith infertility in grazing sheep was first demonstrated
by Bemmetts et al, (1946). Ewes which had grazed estrogenic subterranean
clover for prolonged periods developed "clover disease" and became perma-
nently infertile. The infertility was thought to be due primarily to ab-
normal cervical secretions, which impaired the éstablishment of spermato-
zoa in the cervix after mating. In some cases, the grazing of estrogenic
pastures was also felt to be associated with dystocia and uterine pro-
lapse in ewes.

Further investigation resulted in the discovery of three general
classes of estrogenic compounds, isoflavones, resorcyclic acid lactones,
and coumestans, occurring naturally not only in subterranean cldver, but
alsoc in alfalfa, Ladiné clover; soybeans, carrots, cabbage, peas, hops,
wheat bran, wheat germ, rice polish,_vegetgble oils, and pomegranate seeds
(Piéterse and Andrews, 1956). Of the various compounds produced by these
piantse coumestrol (3,9-dihydroxy-6H-bénzofuro [3,2-c] [1] benzopyran-6-
one) was found to have the highest estrogenic activity in animals, as
measured by bicassay methods (Bickhoff et al., 1958), comparing ability
to cause increased uterine weight in mice or ewes. Coumestrol was re-
ported to be approximately 1/3 as potent as diethylstilbestrol, and 7
times as potent as estrone (Bickhoff et al., 1958).

Coumestrol has been found in most alfalfa samples, frequently at

levels of 3-5 ppm, but occasionally as high as 350 ppm (Pieterse and



Andrews, 1956)., Since the inception of the use of diethylstilbestrol

as a growth .promotant, researchers have looked for other estrogenic com-
pounds with similar ;growth-promotant activity. Many studies in .the mid-
dle and laﬁe 1960s produced conflicting evidence about the growth promo-
tant and feed efficiency-increasing activities of coumestrol, but the gen-
eral conclusion was that this action was insignificant (Adler and Trainin,
1961; Elam, 1961; Fox and 0ldfield, 1962; Matsushima, 1961; Matsushima

et al,, 1962, 0ldfield, 1961; 0ldfield and Fox, 1962, 1963; (Qldfield et
al., 1960; 0ldfield et al., 1966; Story et al., 1957).

Dehydrated alfalfa meal is incorporated in most poultry rations
used in the United States at a level of 2%. The meal is used mainly to
improve skin color and egg yolk coloxr, rather than as a major protein
source because higher levels have been found to decrease palatability of
the ration.l Coumestrol]l has been found to decrease egg production and
delay the onset of sexual maturation in hens exposed continuously from
their hatching Qate (Adams, Casida, and McGibbon, 1951). However, in
most commercial poultry operations, rations are formulated on a least-
cost basis. Feed is mixed in batches, 1-3 weeks before being used.
Therefore, the sdurce of feed ingredients varies from batch to batch, and
any two batches may not be expected to contain the same levels of
coumestrol, since the coumestrol content iﬁ alfalfa varies with variety,
climatic conditions, and senescence of the plant (Loper, 1968b; Loper and

Hanson, 1964).

1Dr. Jerry Sell, personal commumication, September 1979. Depart-
ment of Animal Science, Towa State University, Ames, TJA.



The purpose of this study was to investigate the effects of short-
term coumestrol exposure in laying hens on egg production and hatchabil-
ity. Histologic sections of the reproductive tracts and livers were also
examined, in the hope of elucidating an anatomic correlation with the

physiologic or functional changes noted.



REVIEW OF LITERATURE

Coumestrol in Plarts

Coumestrol is the dominant estrogen in alfalfa (Fraﬁces and Milling-
ton, 1965). It has also been detected in several species of clover and
many plant products consumed by man (Pieterse and Andrews, 1956). The
coumestrol content of plants appears to ﬁe influenced by varietal and
genetic differences and the conditions and stage of growth. Another fac-
tor that influences the synthesis of coumestrol in plants is the invasion

of insects or foliar disease.

Bickhoff et al; (1961) demonstrgted that infection with Pseudopeziza
medicaginis, the-ccmmon alfalfa leafspot organism, resulted in a sharp
increase in coumestrol content in two major wvarieties of alfalfa. They
also demonstrated a A-S fold increase in the levels of coumestrol, when
the.plants were sampled at 14 days aéter infection and compared with

Fa

plants sampled 7 days after infection. Coumestrol content was roughly

.
]

related to infection score, and iﬁdicated that coumestrol content depended
on degree of disease development. Accumulation of coumestrol occurred in
the immediate vicinity of the lesion caused by the common leafspot organ-

“ism. The biosynthetic pathway of disease-induced coumestrol production
was unknown. ' The highest concentrations of coumestrol were found in vari-
eties most susceptible to infection by foliar pathogens. Loper (1968b)
found levels as high as 2362 ppm in the leaves of mature medic plants ex-
hibiting severe physiogenic leaf spotting.

Pieterse and Andrews (1956) found that the estrogenic activity of



alfalfa increased with maturation, although this varied with the cutting.
Bickhoff et al. (1958, 1960) found that estrogenic activity of alfalfa
increased with maturation, and that it usually reached the highest level
at the full bloom stage. However, when alfalfa was allowed to mature to
the seed pod stage, dehydrated alfalfa meals m;de from these plants con-
tained 340-560 ppm coumestrol., The USDA (1969) reported that the usual
levels of coumestrel in commercially availab}e alfalfa meals was less than
100 ppm. Frances and Millington (1965) found that whilg in éreen plants,
couméstrol was concen&rated in the iéaves, in the dried étanding plants,
it was concentrated primarily in the stems and seed pods.

Loper and Hanson (1964) reported that under controlled environmental
conditions, similar strains of alfalfa did not contain different levels
of coumestrol when grown under different temperature regimes. Climates
which pfﬁdueed stress were associated with an increase in coumestrol con-
tent. This increase was probably a result of a reduction of piant re-
sistance to digease.

Loper (1968a) found that infestation by

aﬁhids caused the buildup

of commestrol in the aphid-damaged portions of the leaves. The more
aphid~resistant varieties accumulated less coumestrol than did the sus-
ceptible varieties,

Bickhoff and Booth (1960) compared coumestrol with Captan1 as a ger-

3
mination inhibitor and with PCN32 and Dixon as a mycelial growth

lCaptanR, Chevron Chemical Co., San Francisco, CA.

2PCNBR, Olin Corp., Little Rock, AR.

3DixonR, Chevron Chemical Co., San Francisco, CA.



inhibitoxrs for four specdies of fungi. Although the reference compounds
were active at 10 ppm, coumestrol was inactive even at 1000 ppm. The
USDA (1969) also reported: twd other studies of the fungitoxic activity of
coumestrol in which no éffectscould be found. The reason for accumula-

tion of coumestrol in response to disease was not known;

.

Coumestrol in Mammals

"Trace amounts O0f coumestrol have been detected in ‘the depot fat and
plasma of ewes grazing estrogenic clover (Lindner, 1967), and in cows fed
a ration containing estrogénic alfalfa meal (Adler et al,, 1970). Lindner
(1967) published a Ehromatdgrhphic method for isolation of coumestrol in
microgram quantities from fat or plasma.

In mammals, coumestrol. is metabolized primarily into simple acids
and phenols (Lindner, 1967). These metabolites have not been specifically
identified, But Adler (1961) was unable to find any unchanged coumestrol
in the urine of micer fed the compound. However, Cayen and Common (1965)
injected hens intramuscularly with tritiated coumestrol and recovered both
radiolabelled phenolic productsaaﬁd intact coumestrol in the urine.

Most: of ‘the work comparing the relative estrogenic potencies of

_phytoestrogenic compounds has been done by measuring the differences in
weights of uteri of ovariectomized mice fed the compounds being examined
for a .specific time period, Hoelscher (1979) published a table comparing
the relative éstrogenic potencies of ‘several phytoestrogens with diethyl=-
stilbestrol. He assigned diethylstilbestrol an arbitrary value of -100.0,

and relative to this, found coumestrol to have an estrogenic potency in



mice of 35, while for purposes of comparison, estrone was rated at 6.9.
The other common phytoestrogens were all rated 1.0 or less.

The~c1inical effects of estrdgenic pastures'were-first noticed in
sheep in the middle -1940s. Lambing rates in certain areas of Western
Australia were consistently below the national average, due tollow num-
bers of twins, and the failurerf many ewes to produce lambs yearly.

Adams (1975) found that statistical evidence suggestéé that lamb marking
rates were decreased in pasture areas characterized by subtefranean culti-
vars of clover, such as the Dwalganup and Yarloop varieties. Bennetts,
Underwood, and Shier (1946) reported that severe infertility was also
associated with ewes on these pastures. Schinkel (1948). found that the
infertility frequently became permanent. .

Adams (1977) characterized the infertility asscociated with "clover
disease'" as permanent or temporary. Temporary infertility was seen in
animals ingesting phytoestrogens during the mating period, and was asso-
ciated with changes in the reproductive tract, primarily a chemical change
in the character of the cervical mucus, and a metaplasia of the glands of
the cervix to a more uterine appearance. The permanent type of infertil-
ity was associated with a degranulated and hyperactiv; histologic appear-
ance of the gamma basophils in the pituitary gland, an increase in neuro=-
physin storage in the.hypothalamus, some shrunken, hyperchromatic neurons
in the hypothalamus, and an increase in adremnal and thyroid gland weights.
These changes could be observed within three weeks after exposure,

In another study, Adams (1979) found a mean increase of 3-4 mm in

the teat length of wethers grazing estrogenic pastures for 10 days. He



also described masculinization of the external genitalia of ewes ex-
posed to phytoestrogens over a prolonged period of time. The changes
were partial fusion of the labia of the vulva and hypertrophy of the
clitoris. These changes were found to be permanent, and to correlate
with the amount of uterine metaplasia in the cervix.

Story et al. (1957) reported that extracts of estrogenic forages
stimulated growth in lambs. With further work, he wa; unable to substan-
tiate this finding, however. 01ldfield (1961), 0ldfield and Fox (1962,
1963), and 0ldfield et al. (1960, 1966) conducted a series of feeding
trials with lambs to investigate the possible growth promoting effects
of coumestrol. While organoleptic tests consistently demonstrated im-
proved .tenderness and juiciness scores for lamb roasts from animals on
high coumestrol diets, no growth-promotant effect could be demonstrated.

In beef cattle, Matsushima (1961) and Matsushima et al, (1962) re-
ported no significant differences in gain or feed efficiency among steers
fed levels of coumestrol from 0-250 ppm. Elam (1961) found no signifi-
cant difference in digestibility and nitrogen utilization in steers fed
levels of coumestrol from 0-209 ppm.

Adler and Trainin (1960a, 1960b, 1961) reported a hyperestrogenic
syndrome in dairy cattle characterized by irregular estrus cycles, cystic
ovaries, and low fertility, as well as precocious mammary and genital de-
velopment in heifer calves., It was found that the onset of these signs
coincided with the availability of fresh alfalfa, After alfalfa was ex-

cluded from the ration of the herd, in two separate cases, there were

subsequent increases in conception rates and a decrease in frequency of



cystic ovaries. Ochi et al. (1964) found that cows fed Ladino clover hay
seemed to have an earlier postparturient estrus, and a slightly.higher
incidence of reproductiye disorders, as well as a lower conception rate
than cows not fed the clover hay. Similar findings were reported by

Foltin (1959).

Chemical Characteristics of Coumestrol
. \ . T 2Tl T
Coumest¥ol was first synthesized in the laboratory by Emerson and

Bickhoff (1958). Its structutre was found to be strikingly similar to

diethylstilbestrol. - - *¥. ... !

_coumestrol

OH

dieéthylstilbestrol

4

Figure 1. Structural formulas of coumestrol and diethylstilbestrol

A rabi& quantitative ﬁaper chromatographic procedure for detécting
small amounts of couméstrol in plant materials has been desciibed by
Livingston et al.'<1961). In addition, a method for alfalfa 1eaflprotein
concentrates, which contain high levels of éhioipphyli, has been de-

scribed by Knucklés, Miller, and Bickhoff (1975). The major change was
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the employment of a chloroform extraction of basic aqueous solution

(pH = 10) to remove the chlorophyll. (Greater than 997 of the coumestrol
was in the aqueous phase.) This method proved to be superior to phasic
distribution of the extract with hexane'for removal of chlorophyll pig-
ments. - Sehsitivity was approximately 2 ppm with a maximum érror of 5%.

TLookhart, Jones, and Finrey (1978) have published a quantitative
procedure for coumestrol using high performance liquid chromatography.
They also ‘reported a thin layér chromatographic method which gave a sensi-
tivity limit of 10 ppm within 25 minutes, or a sensitivity limit of 50 ppm
within 2 minutes.

A semsitive quantitativé paper chromatographic procedure, using a
fluorometer, ﬁas developed 'by Bailey (1960), which allowed detection of
quantities of coumestrol in the range of 0.2-1.0 micrograms, with a
standard deviation of 7%.

. Ultraviolet absorption data for coumestrol have been characterized
by Emerson and Bickhoff (1958). High intensity absorption is generally
seen in the 340-355 millimicron region, in the 230-250 millimicron region,
and in the 200-215 millimicronlrégion, along with low intensity absorp-
tion in the 300-320 millimicron region.

Barnesland Occolowitz (1964) reported the mass spectral measurements
of a number of c¢douméstan compounds. The characteristfic fragmentation
under electron impact is the ready loss -of CO from the pyrone ring to
form an ion having the benzofuran structure, followed by a further loss
of the remaining oxygen atoms, again as CQ. Coumestrol in particular had

a molecular ion that was so stable that the loss of CO was the only
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significant fragmentation, ,
Coumestrol in Chickerns

Alfalfa meal,was at one time considered for inclusion as a major
prépoftion of poultry diets, since it provi&ed from 30-40% as much total’
digestible nutrients per unit of weight as_the common cereal grains, and
was normally availablé in large quantities at prices often below that of
grains and other .accepted ingredients. Cooney,. Butts, and Bacon (1948)
conducted a study of growing broiler chicks, feeding diets containing 0%,
5%, 10%, 15%, iOZ,hand 25% alfalfa meal, They found that growth was
eéual to, but not better than, the control in the group fed only 5% alfal-
fa meal. As the_ppréentage of alfalfa meal in the diet increased, there
was an associated depression of growth. Although previous reports had
not always supported this data, they felt that the wide variation in
alfalfa meals in regard to harvesting, varieties, processing; -and storage,
might account for conflicting results.

Lepkovsky et al. (1950) repeated the experiment of Cooney, Butts;
and Bacon, and obtained similar results., In addition,,they found that
sulfuring and blanching, stcrage of alfalfa mea1 at different tempera-
tures, autoclaving at various pHs, or adding B complex vitamins to the
ration, did not alter the growth-depressing effect. - However, the growth-
depressant.effect could be removed by repeated extraction with hot water,
and when the extract was fed to chicks, the depressioﬁ of growth was
replicated. . . ‘ C

Heywang (1950) reported that alfalfa meals varied considerably in



12

their growth~depreésing effect. "He also replicated the growth~depres-
sant effect in broiler chicks. -In 15ying pullets, he did not find any
depression of feed cbnsumption, but did find a significant ‘depression of
egg production. Egg produdtion decreased proportionally as the level of
alfalfa meal in the diet was incredsed. Hatchability of eggs from pullets
on the alfalfa meal contdining diet was also depressed.

Thayer, Jaap,‘ahd”Peﬁduité (1945) examinied''the possibilities of fat-
tening chickens by feeding estrogens, diethylstilbestrol or dianisylhex-
ene. The rationale was that normally, when a pullet began to lay, body
fat deposition and lipemia'increased in correlation with increased levels
of estrogens. They found an increase in fat grade only in males, praob-
ably because of suppression of maleneéss, but superior carcass quality
when distribution of fat and skin quality were ‘considered. - They also
found decreased ‘feed consumption,' without decreased 'gain, in pullets re-
ceiving oral estrogen treatment. Whén overdosed with estroégen, the birds
developed osteoporosis and paralysis, associated with marked hypercal-
cemia.

Adams, McGibbon; and Casida (1950) reported on the effects of orally
administered estrogen (dianisylhexene)} in laying single-comb White Leghorn
_pullets. These scientists found that ovulation was severely depressed
by estrogen whén it was incdrporated in the diet at .04%. They did not
find a significant change in feed consumption after adjustment for differ-

_ ences in ovulation rate. They found no apparent effects on body weight.
More recently, Mohsin and Pal (1975) compared-the effects of coumestrol

and diethylstilbestrol-in ‘the féed of chicks from 0-60 ‘days of age.



13

Coumestrol was supplied via lucerne (Medicage sativa L.,-closely related

to alfalfa) meal at levels of 2.3 ppm and.10,66 ppm.- Mohsin and Pal

found no significant difference in weekly body weights, however; the con-
sumption of feed was significantly lower in the grouphoﬁ birds receiving
the higher level of coumestrol. Similar results were obtained with
diethyls?#ibéstrol. They concluded that incorporation of these estrogenic
compounds in the feed regulted: in improved feed efficiency in young
chicks, without affecting growth.

Continuing their investigations, Mohsin .and éal (1977) studied
coumestrol in lucerne as a factor in egg production and quality in White
Leghorn pullets. Bi;ds recéiving coumestrol were provided with 15%
lucerne meal in their diets, which supplied 2.8 and 10.6 ppm in their
feeds respectively.  Sexual maturity was delayed by 21 days, egg produc-
tion was lowered by 7 eggs during a period of 100 days, and the eggs were.
found to be lighter in weight by approximately 2 grams in the high
coumestrol treated birds in comparison to control birds. This is inter-
esting in light of the report discﬁssed earlier by Heywang, of lowered .
egg production by birds kept on sun-cured alfalfa meal at 10% of the diet.
Mohsin and Pal also found in this experiment, that the absolute values
of white weight and values in percent egg weight suggested an increase
in the white of egg from high coumestrol-treated birds when compared with
nontreated. The specific gravity and shell weight, as well as shell
thickness were significantly reduced in coumestrol-treated birds.

In light of the evidence available, coumestrol must be considered

to be of probable economic significance'to poultry producers.
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MATERIALS AND METHODS

Experimental Animals

Experiment 1

One hundred-sixty feffilizé& single-comb Whité Leghorn eggs were
collected from the same day's lay. These eggs wefelrandbmly assigned to
treatment groups, inoculated, &nd {ncubated in a bulk incubator. Incu-
bation was at a température of 100 F and 88% relative humidity for the
first 3 days, then the humidity was decreased to 86%. At 14 days, the

.temperature was decreased to 99 F. One day before hatching, the humidity

was increased to 88%.

Experiment 2

Eighty single-comb White -Leghorn pullets- 24 weeks .of age were caged
individually.and‘placedrin a laying house. .Birds'were randemly assigned
to cages, with the restriction that since there were two rows of cages,
one facing a wall,‘and one facing other birds, half of the birds of gach
experimental group were placed in each row. Eggs were collected and
birds observed until the birds were well-established in the housing, .and
_layihg had stabilized for a period of 5 days. At this time, all pullets
were inseminated, using a commingled semen sample from approximately
twenty single-comb White Leghorn roosters. Pullets were inseminated a

second time that week, and once weekly thereafter, with collection of

eggs for incubation beginning one week after the first insemination.



15
Experimental Ration

During the acclimation period and the entire experimental period,
the hens were fed from a single premiﬁed batch of a proven basal ration
for layers.1 Because the ration contained soybean meal, it was analyzed
by thin layer ch;omatography and found to contain less than 0.5 ppm
coumestrol. 8irce this$ level was low in comparison to-the levels being
used for treatment, and the same ration was fed to all birds, one commu-
nity feeder per 4 cages, it was decided that this ration was acceptable

for the trial.

Table 1. Layer ration formula

Ingredient _ Amount

ground corn ' - — _ 7 335.25 lb:
soybean meal (approx: 487, péotein) 100.00 iﬁ.
animal fat : _ _ 10.00 1b.
meat and bone meal ; o ©10.00 1b.
dicalcium phosphate 7.50 1b.
layer vit&min pfémix " 2.50 1b.
layer mineral premix ' . 1.50 1b.
d-1 methionine ) 0.25 1b.
ground limestone 33.00 1b.
TOTAL : 500.00 1b,

1Dr. Jerry Sell, personal communication, Octobexr 1979. Department
of Animal Science, Towa State University, Ames, IA.
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Table 2. Layer vitamin premix formula

Ingredient ) ' Amount

vitaﬁin A (30,000 TU/g.) - ' 800 g.
vitamin D, (3,000 IU?g.) ) 2,400 g.
vitamin B,, (60 mg./1b.) 114 g.
riboflavin (20 g./1b.) 450 g.
pantothenate (160 g./1b.) 56 g.
niacin a o 56 g.
choline chloride (50%)° ) 3,520 g.
Santoquina'(66.6% pufe) : ' 330 g.
soy oil _ - ’ 300 g.
wheat mid&lings ; ' 62964 g.
TOTAL 15,000 g.

aSantoquinR (ethoxyquin), Monsanto Chemical Corp., St. Louis, MO.

Table 3. Layer mineral premix formula

_Ingredient Amount
manganese sulfate-HOH (32.5% Mn) 20,5 g.
iodized salt - . 9,979.5 g.

TOTAL .. 10,000.0 g.

[ - '
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Experimental Coumestrol

Crystalline coumestrol was obtained from a commercial source.1 By
comparison with analytical standard coumestrol, which was approximately
99% pure,l2 the coumestrol used for the expériment was 50% pure compound.

Coumestrol was administered in clear #5 gelatin capsules.3

Coumestrol was weighed into the capsules using a microbalance.4
Egg Collection

Eggs were collected once daily at 2:00 p.m., labelled, recorded, and
incubated immediately. Eggs laid after 2:00 p.m. were collected with the
next day's eggs. Whenever possible, soft-shelled or otherwise abnormal
eggs were recorded. However, eggs with extremely soft shells or no shells
would simply fall through the wire mesh of the cage floors and be lost

in the lagoon flush system.
Bird Handling

Throughout the pullets' stay in the laying house, they were fed by
the same individual. During the period of treatment, the handler removed
each bird individually from its cage and administered an oral gelatin--

capsule, beginning at 4:00 p.m., so that each individual was treated at

1Eastman Chemical Products, Inc,, Kingsport, TN.

2E. M. Bickhoff, Western Regional Research Laboratory, USDA-ARS,
Albany, CA.

3Elanco Products Co., Indianapolis, IN.-

4Cahn electrobalanceR, Caﬁn Div., Ventron Instrument Cdfp;, Para-
mount, CA. .
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the same time each day. Treatment of the entire flock took approximately

25 minutes each day.
Necropsy and Collection of Tissues

No hens died du?ing the course of the experiment.

On the appoiﬁted day of necropsy, birds were killed by holding the
feet in the right hand, the head between the thumb and forefinger of the
left hand, and pulling to separate the cervical vertebrae and sever the
spinal cord. The limbs were examined for gross abnormalities. The
ischiatic nerves were also checked grpssly in each bird. The abdominal
viscera were aléq exgmined. ]

Tissues for histopathologic examination were célleéted and immersed
in 10% neutral buffered formalin, at a volume approximately 10 times the
volume of the tissue samplei iissues routinely collected were the leff
lobe of the liver, ovary, and three sections of reproductive tract, in-
cluding infundibulum, magnum, and uterus. In birds which were sexually
immature, ovary, and a small section of the tubulat genitélia were col-
lected. A few birds also had cystic abnormalities of the tuBulér geni-
talia, and these were also collected for histopathologic examination.
Gross abnormalities noted in any other organ systems were also col-
lected.

In addition, the liver tissue not collected for histopathologic
examination was individually wrapped and frozen for possible later chem-

ical analysis.



19
. . 1
Histologic Procedures

Tissues were fixed in 10% neutral buffered formalin. Processing
then involved dehydration by serial passage through 70% alcohol, 9%5% al-
cohol, and absolute alcohol. Tissues were passed through xyleme to re-
move the alcohol, and paraffin for infiltration prior to embedding in
blocks. After émbedding, sectiéns were cut at 6 micron thickness. After
sections were placed on slideé, they were passed through x}lene to remove
the paraffin, absolute alcohol to remove the xylene, 95% alcohol, 70%
alcohol and distilled water to accomplish rehydratioﬁ; Seétions were
then stained with hématoxyliﬁ for nuclear detail. Acid aleohol was used
to remove hematoxylin from the Cytoplasm.. Lithiumiéarbonaée was used to’
"blue" the hematoxylin. Siides were rinsed with distilled water, then
stained with éosin. Sections were then dehydrated by passing back
through 70%, 95%, and absolute alcohol, anddxyiené to‘cleér the section.

r

Slides were examined by A. L. Schwink,
. . .2
Chemical Analysis

The method of chemical analysis used for the liver coumestrol levels

determination was developed to overcome the difficulties presented by

the fatty livers.

lK. 1. Pierce, personal communication, November 1979. Department of

Veterinary Pathology, Towa State University, Ames, IA.

2Dr. #. M. Stahr, personal communication, January 1980. JTowa Veter-
inary Diagnostic Laboratory, Iowa State University, Ames, TA.



20

A liver sample of 20 grams was blended with 100 milliliters of
acetonitrile (90%, in water) until a slurry was obtained. This slurry
was centrifuged to remove the fluid layer. The fluid layer (acetonitrile/
water) was extracted four times with 100 milliliters of petroleum ether.
KCl in water (5%, in water, 100 milliliters) and chloroform (100 miili-
liters) were added to the acetonitrile/water layer in a 500 milliliter
separatory fumnel, The funnel was shaken and the layers allowed to sep-
arate. A cloudy chloroform layer resulted because of the suspended
aqueous phase, The chloroform layer was passed through anhydrous sodium
sulfite to break the emulsion (remove water), and the chloroform layer
was reserved. A second chloroform extraction was done in a similar man-
ner, and the 200 milliliter chloroform solution was treated with 0.8 grams
DarcoR G-60 carbon.l The carbon was removed by filtration and the solvent
was evaporated to drymess. A control composite liver sample, a composite
sample from ﬁhe high treatment group livers, and an unrelated liver sample
were analyzed by this technique.

An aliquot equal to 2 grams of each sample was spotted on Merck2
silica gel thin layer chromatography plates (0.2 millimeters thick),
along with standard coumestrol for comparison. The development solvent
was 3 parts ethane, 2 parts ethyl acetal acetate, and 1 part acetone.

The plate was observed under 1ong’wave ultraviolet light for a coumestrol

band.  The remaining extract (1B grams) was spotted on a silica gel thin

1J. T. Baker Chemical Co., Phillipsburg, NJ.

2Merck and Co., Inc., Rahway, NJ.
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layer chromatography plate (0.5 millimeters thick),l with spike and
standard, and developed in a similar. manner.
The feed analysis was made the Iowa Veterinary Diagnostic Labora-

tory method, as reported by Stahr (1975, 1976).

Statistical Evaiﬁation

Experiment 1

Eggs were derived from single-comb White Leghorn hens of the same
strain, and inseminated from a single, commingled semen sample from
single-comb White,Leghorn-roogterswof,the same strain. They were assigned

to treatment groups using a table of random numbers from Snedecor and

Cochran (1967).

Experiment 2

The pullets wefe-hatched from eggs-dérived similarly to the eggs
used in the first trial, and hatched‘togeﬁher. Since they were caged in
two rows, one which faced a wall, and one which facedlother birds, half
of the number of cages in eﬁch treatment group was’randomly assigned to
a positioﬁ in each roﬁ. Each bird was then assigned a number from a
table of réndom numb;rs from Snede;or aﬁd 60chfan (1967), and paired with
a cage.. This re;ulted in randoﬁ distribution of the birds within each
row, with an.equal nﬁﬁber ;f birds'érom each groﬁp bﬁ each row. This was

hoped to negate any psychological differences which might result from

differences due to facing either-the wall, or other birds.

1Dr. H. M. Stahr, personal communication, Fébruary 1980, Iowa Veter-
inary Diagnostic Laboratory, Iowa State University, Ames, IA.
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Histologic changes in livers were assigned scores from 1 to 5, and
together with egg production and hatchability data, were examined by the
techniques of analysis of variance. F-values were determined from can-“
puted sums of squares and mean squares for numbers of eggs laid, percent
eggs hatched, length and numbers of glands in the magnum and uterus, gross
length of the tubular genital tract, and histologic changes in the liver.

Statistical significance was assigned to F-values according to Snedecor

and Cochran (1967).

Experimental Design

Experiment 1

Commercial coumestrol of varying strengths dissolved in 95% ethanol
(in water) were inoculated into the allantoic cavity of eggs. Each egg
received 10 microliters of inoculum. The dosages of coumestrol used were
0.003 micrograms, 0.03 micrograms, 0.3 micrograms, and 3.0 micrograms per
egg. The solution of 0.3 micrograms/microliter which was to provide
the dose of 3.0 micrograms per egg was too viscous to draw into the
syringe with ease, and only three eggs were inoculated with this dose.
Twenty eggs were inoculated with each of the other dosages. In additionm,
four control groups of twenty eggs each were treated. The first group
was not opened, but merely incubated along with the rest to give an indi-
cation of the basal hatchability of the eggs. The shells of eggs in the
second group were drilled as if to be inoculated, then sealed with paraf-
fin. The third control group was inoculated with 10 microliters of 95%

ethanol. The fourth control group was inoculated with 100 nanograms
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per egg of diacetoxyscirpenol, the LD50 of this mycotoxin for eggs,1 to
verify that the various inocula being used were in fact being deposited

properly,

Table 4. Experimental treatments

Group Treatment
A control, no treatment
B , control, drilled and resealed
C control, 10 microliters of 95%
ethanol
D 0.003 micrograms coumestrol
E 0,03 micrograms coumestrol
F . 0.3 micrograms coumestrol
G . 3.0 micrograms coumestrol
H control, 100 nanograms of

diacetoxyscirpenol

Experiment 2

Eighty laying pullets were assigned at random to four different oral
daily doses of coumestrol.
The trial was divided into three time periods. To establish base-

line data for hatchability, fertile eggs were collected and incubated

1Dr. H. M. Stahr, personal communication, July 1979. Iowa Veter-
inary Diagnostic Laboratory, Iowa State University, Ames, IA.
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from all birds for 10 days before any treatment was begun. For the fol-
lowing 10 days, the hens were treated oraily as appropriate for their
respective dosage levels. For the following 10 days, treatment and han-
dling ceased, but eggs con;inued to be collected and incubated for a com-
parison ofrcarryover effects and recovery. Histologic sections of the
livers, ovaries, and tubular genitalié of all birds were examined, coded,
and examined for statistically significant differences.

The effects of coumestrol on layability, hatchability, and histology
of the liver, ovary, and tubular genital tract were compared between
treated birds (groups 2, 3, and 4) and uﬁtreated birds (group 1) immedi-
ately following treatment, and after a brief period of withdrawal of
treatment,

The level of O.i mg. periday was chosen to correspond to that which
might commonly be found in commercially}available feeds. The level of
1.0 mg. per day was.chosen to correspond to the level of exposure which
might be expected im a bird receiving a high, but reported level of
coumestrol in the ration (Bickhoff, 1959). The third level, 10.0 mg.
per day, was chosen to show any effect which might be seen at extremely

high levels.



Table 5.

Experimental treatments

Time .1 (days 1-10)

Time 2 (days 11-20)

Time 3 (days 21-30)

daily dose daily dose daily dose
coumestrol coumestrol coumestrol
Group 1 subgroup 0.0 mg. 0.0 mg. 0.0 mg.
subgroup 0.0 mg. 0.0.mg. -
Group 2 subgroup 0.0 fng. 0.1 mg. 0.0 mg
subgroup 0.0 mg. 0.1 mg. --
Group 3 subgroup . 0.0 mg., 1.0 mg. 0.0.mg
subgroup 0.0 mg. 1.0 mg. --
Group & subgroup 0.0 mg. 10.0 mg. 0.0 mg
subgroup 0.0 mg. 10.0-mg. --

6T
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RESULTS

Experiment 1

No significant differences were found in relation to treatment with

coumestrol.

Table 6. Experimehtal results

Group A B C D E F G H
number inoculated 20 20 20 20 20 20 3 20
number hatched 15 15 16 © 14 18 13 2 8

Egg production

There were no

groups within time

Experiment 2

significant differences in egg production between

1, or within time 2, There was a significant differ-

ence in production between groups in time 3, however, examination of the

data showed this to be due to 2 individuals in group 2, which never

reached sexual maturity,.

In all cases, when the individual group was examined over all three

time periods, there was a significant (P < .05), and in most cases, a

highly significant

(P < ,01) increase in egg production with time. How~

ever, there -could not be demonstrated any group by time interaction.
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Table 7. Mean egg production

Day Group 1 Group 2 Group 3 Group 4
1 0.55 0.55 0.60 0.50
2 0.40 . 0.75 0.45 0.55
3 0.60 0.55 0.65 0.55
4 0.65 0.75 0.70 ~0.70
5 0.60 0.75 0.70 0.70
6 0.60 0.75 0.60 0.70
7 0.55 0.75 0.65 0.65
8 0.55 0.50 0.55 0.55
9 0.60 0.80 0.60 0.70

10 0.75 0.75 - 0.60 0.70

11 0.65 0.75 0.70 0.70

12 0.65 "0.70 0.65 0.70

13 0.70 0.80 0.65 0.70

14 0.75 0.80 - ©0.75 0.75

15 0.85 0.60 0.60 0.75

16 0.80 0.80 . 0.70 0.75

17 0.80 0.85 0.60 0.80

18 0.75 0.75 0.75 0.80

19 0.95 0.75 0.75 0.80

20 0.65 0.75 0.60 0.70

21 0.80 1.00 0.60 0.90

22 0.70 0.80 0.70 0.80

23 0.80 0.60 0.80 0.70

24 0.90 0.90 0.30. ' 0.90

25 0.90 0.90 0.90 0.80

26 0.70 0.80 N 0.70 0.70

27 0.70 1.00 0.70 1.00

28 0.80 0.60 0.80 0.70

29 0.80 1.00 . 0.60 - 0.90

0.70 0.70. 0.70 0.90

w
o
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Table 8. Mean egg hatchability

Day  Group 1 Group 2 Group 3. _ Group 4
1 0.73 0.73 0.91 1.00
2 0.88 '0.93 1.00 0.82
3 0.82 0.91 1.00 0.91
4 0.82 0.79 0.83 0.91
5 0.75 0.80 0.71 0.93
6 0.83 . 0.67 : 0.58 0.64
7 1.00 0.60. . 0.93. 0.93
8 1.00 1,00 0.91 0.82
9 0.83 0.75 10,92 0.86
10 0.63 - . 0,80 0.92 0.93
11 0.85 0.87 0.86 0.93
12 0.92 0.93 0.77 0.71
13 0.86 | 0.80 0.80 0.83
14 0.93 0.88 0.80 0.87
15 0.77 0.83 0.83 1.00
16 0.94 0.73 0.85 1.00
17 ~1.00 0.94 1.00 0.88
18 0.93 v 1.00 0.87 0.93
19 0.78 0.80 0.80 0.69
20 0.87 0.93 0.83 0.57
21 - 0.81 1.00 0.73 0.9
22 0.86 1.00 0.86 0.75
23 1.00 1.00 0.75 0.71
24 0.89 0.70 1.00 0.89
25 0.78 0.44 0.89 1.00
26 0.86 0.75 1.00 0.71
27 0.71 0.78 0.86 0.80
28 0.88 0.86 1.00 1.00
29 0.88 0.90 0.83 1.00
30 1.00 0.75 1.00 0.89
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Egg hatchability

No significant differences were found in egg hatchability either
over time, or between treatient groups. These results are consistent

with the results of experimenf 1.

Reproductive system morphology : '

Il

There were no visible differences in the ovaries,

The data obtained from the infundibulae were not amenable to statis-
tical analysis, because the wide variation observed in gland numbers and
lengths was probably’due to;t@e difficult; of collecting the same ana-
ﬁomic level of tract in each case. However, no lesions were seen, and
except for those birds which were physiologically immature, thig portion
of the tubular genital tract appeared to be nprmai in all cases.

There were no significant differences in gross length of the tubular
genital tracts, either between groups, or between subgrouﬁ 1;?Which was
killed and necropsied at the termination of the experiment, en day 31,

and subgroup 2, which was killed and necropsied after the last day of

treatment, on day 21.

Table 9. Mean gross length of the tubular genital tract

Group 1 Group 2 Group 3 Group &

Subgroup 1 48.9 mm. 49.3 mm. 44,9 mm. 53.8 mm.

Subgroup 2 51.9 mm. 52.5 m., 55.2 mm. 48.1 mm.
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There was a highly significant difference (P << .01) in the number
of glands in the magnum between subgroups, and also a significant differ-
ence (P < .05) between groups, howevef, no group by subgroup interactiom.
On further breakdown of the data, it was found that although there were
no significant differences in gland numbers between groups in the birds
killed earlier, by 10 days later, when the last birds were killed, there
was a significant change in magnum gland numbers, seen primarily as a
decrease, in tﬁe conérol grouﬁ (grodp 1), and an increase in the low
coumestrol doseAgfoup (group 2). The decrease in the intermediate dose
group tgroup 3) approached significance. However, these changes did not

appear to be dose-related.

Table 10. Mean magnum gland numbers (circumferential section)

t

Group 1 Group 2 Group 3 Group 4
Subgroup 1 26.9 C 22,2 27.3 29.0
Subgroup 2 33.0 33.1 32.7 30.6

.

Wo significant differences were found in lengths of glénds in the
magnum between gro;p; ;é éubgroups. Glands overafiiwere nonsignificantly
shorter in the older birds (gubg%oup 1).

In the uterus, or shell gland, the number of glands was significantly
higher (P < .05) in each group receiving a higher level of coumestrol,

in both subgroups. Additionally, there was a significant decrease
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Table 11, Mean magnum gland length

- Group 1 , Group 2 Group 3 Group 4
Subgroup 1 3.17 mm. 3.37 ms - 3.06 mm: 3.49 mm.
Subgroup 2 . 3.60 mm. 2,69 mm, 3.51 mm, - 3.04 mm.

(P < .05) in number of glands between the two necropsy dates in groups 1
and 3, and approaching significance (P = .06) in group 2, there was a sig-
nificant increase in uterine gland numbers in group 4, the high coumestrol

dose group.

Table 12, Mean uterine gland numbers (circumferential section)

Group 1 r Group 2 Group 3 Group- 4
Subgroup 1 -  19.1 32.2° - 37.1 - 40.8

Subgroup 2 40.0 | - 33.9 40.2 32.0

L

There was a highly significant difference (P < .0l) in gland length

in the uterus, between groups in those birds killed at day 21, but not

in those killed 10 days later. The length of uterine glands increased
with increasing coumestrol dosage, except in the high coumestrol dose
group, where the mean gland length was less than that of the control

group. After withdrawal of coumestrol treatment, a decrease was seen in

the length of uterine glands in all groups except group &4, where there
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was a large increase in gland length. -

Table 13. Mean uterine gland length

Group 1 Group 2 ~ Group 3 Group &
Subgroup’ 1 2,21 mm. - 2,41 mm, - 1.88 mm, . 2,36 mm.
Subgroup 2 ' 2,36 mm, - 2,50 mm. 2,66 mm. 2.08 mm.,

Liver

A commingled samble of liver ﬁissue from the birds in group &, sub-
groﬁp 2, was found to contain i'part per billion ébumestrol, b& thin
layer chromatography (100% spike reéovery).l

Histolegically, the livers of all birds showed varying degrees of
fatty change. A significant increase (P < .05) in fattiness was seen
over time. There was no significant difference between groups, and no

group by suﬁgroup interaction.

Table 14. Mean liver fattiness scores (scale of 0-5, 95% repeatable}

Crohp 1 Group 2 Group 3 ' Group &4
Subgroup 1 2.2 2.7 2.0 2.1

Subgroup 2 1.4 1.1 1.8 1.4

1Dr. H. M. Stahr, personal communication, November 1979, Iowa Veter=-
inary Diagnostic Laboratory, Iowa State University, Ames, IA.
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DISCUSSION

Experiment 1

In the negative, physicdl treatment, and solVent control grdups,
respegti;gly, 75%,_25%, éhqlSO% of the egg; hatched. Inlthe diacetoxy-
scirpenol Eontrol group, only 40% of the eggs hatched, indicating thag
the metﬁod=of inoculation was in fact deliﬁering compoﬁnd_into the eggs.
There ﬁere ne significant differences-in hatchability in the eggé re-
ceiving 0.003, 0.03, and 0.3 micrograms of coumestrol. There also did
not appear to be any effect in”the eggs receiving 3.0 micrograms of
coumestrol,,fut the number of eggs, receiving this dose was too small for

statistical analysis. The results of this-experiméht indicated that

coumestrol had no effect directly on the hatcﬁability of chicken eggs.

+

. Experiment 2

There was a significant to highly significant increase in ‘egg pro-
duction in each group during the time period of the experiment. However,
there did not appear to be any differenges between groups at any given
time point. ‘Produetion was lower in group 3, and this lower production
reached staListical significance in the third time block, ﬁQWever, tﬁis
was due to ﬁhe.lower number qf units in this time block, therefore the
overall higher contribution to the mean of 2‘birds in group 3 which
failed to mature sexually,

The increase in production over time was more interesting. The

pullets were 30 weéks old when the experiment began. At that time, they
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had been laying for approximately & weeks. It was felt that the .increase
in production with time was an effect of increasing maturity of the pul-
lets, rather than of treatment. The -fact that no statistically signifi-
cant differences were found between groups except as discussed earlier,
as well as the fact that no significant group by time interaction could
be demonstrated, supported this conclusion. Egg production by chickens
is a cyelic biologic phenomenon, continually increasing or decreasing
throughout the productive life of the bird. Therefore, any drug effect
would have to be very pronpupced\todshow up over this natural flux in
productivity.

No significant differences in egg hatchability were found either be-
-tween grbupé,gover:;ime, or as an interaction. Since other researchers
have foind only small variations in egg composition when.the hens were
treated with coumesérol,-this-was'a somewhat -expected conclusion.
Coumestrol has been demonstrated .to cause hypercalcemia and resultant
soft-shelled eggs in chickens (Mohsin and Pal, 1977), and while shell-
less eggs could not be expected to hatch, these could not be counted
under the caging conditions of this experiment, where eggs without shells
dropped through the wire floors of the cages and were lost in the flush-
through lagoon systeﬁ.

The ovaries and infundibulae appeared to be normal in all individ-
uals, In 2 birds, sexual maturity had not occurred at the time of
necropsy, and the ovaries and tubular genitalia of these birds were
small and hypoplastic, but otherwise normal.

Individuals killed at the termination of treatment and 10 days later



35

had no significant differences in the gross lengths of their tubular
genitalia, either between -groups, or over time.

Length of glands in the magnum was not affected by treatment. How=
ever, numbers of glands increased significantly after treatment with-
drawal in the control and low coumestrol dose group, and increased at a
level approaching significance in the intermediate coumestrol dose group.
The increase seen in the intermediate-group-ﬁould.probably have been
gignificant, if it had not been fof the 2 bitds mentioned previously,
which did not reach sexual maturity; and thus léwered the mean value of
the gland numbers for this group. Since increased gland development
occurred in the control group alsd after cessation of treatment, these
results probably reflect ‘the effects of handling, as well as the drug.
However, since the amount of increase was highest in the ccontrol group,
and was factorially less in each -succeedingly higher dose group, the de-
creased rate of magnum hyperplasia following withdrawal of the stress of
handling, must be considerédlto be an efféct of coumestrol.

The effects of coumestrol administration were most marked on the
uterus. The number of uterine glands was significantly higher in each
succe%sively'higher’dose group, in each time period. Additionally, uter-
ine gland numbers increased during the 10-day post treatment period in
groups 1, 2, and 3, and decreased in group 4. Group byitime interaction
was very highly significant, suggestiﬁg that as well as treatment and
period of time post treatment, maturity might also be a factor in the
uterine development observed. However, uterine hyperplasia is a reported

effect of coumestrol in sheep, cattle, mice, and rats, and these
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findings would include chickens in this group, despite the somewhat dif-
ferent development of the avian reproductive tract.

Length of uterine glands alsc appeared to be affected by coumestrol
treatment. - At the immediate .post treatment necropsy date, there were
significant differences in;the mean length of uterine glands between
treatment gréups, with the low and intermediate dose groups somewhat suc-
cessively longer than the control group, and the high dose group sub-
stantially shorter than tﬁe control group. However, by 10 days later,
at the final necropsy date, the difference between the groups had dis-
appeared due to a decrease in mean length in groups 2 and 3, and an in-
crease in group 4. These findings are in agreement with the data on the
effects on uterine gland numbers, with the low and intermediate doses
appearing'tb stimulate uterine hyperplasia, while the high dose appeared
to decreése uterine developmeﬁt, while maturational changes were occur-
ring concurrently, as indicated by the control group.

Couﬁestrol was highly insoluble, and the recovery of only 1 part per
- billion from the livers of birds which had received 10.0 mg. of 50%
coumestrol per day for the 10 days preceding, the last dose only 24 hours
previously, probably indicated poor absorption from the gastrointestinal
tract. There was an increase in fattiness of the livers of birds over
time, This change was not found to be related to group, or to have any
interaétion with group. This change was probably related to other
physiologic processes within the pullets, and not due to coumestrol treat-

ment.
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SUMMARY

Pertinent literatuie on-naturally occurring phytoestrogens and
clinical syndromes resulting from exposure thereto in domestic animals
was reviewed, Coumestrol was reported as.having the strongest estrogenic
activity of these compounds, causing hyperestrogenic cliniecal syndromes-
in many species of .food-producing and laboratory animals.

Cotmestrol was inoculated ‘into the allantoic cavity of chickeﬁ eges
to determine-its direct effect on the hatchability of eggs, since its
partitioning in the }ive hen was not known. It was not found to affect
the hatchability.of these eggs.

Coumestrol was then administered to 80 single-comb White Leghorn
pullets, or%lly in capsule&, at doses of 0.0, 0.1, 1.0, and 10.0 mg« of.
50% pure compound per day fér 10 days. Half the birds were killed and
necropsied after 10 days of treatment. The other birds were kept, but
not treated, for another 10 days and fhen killed and necropsied. Through~
out the experimental period, eggs were collected and incubated, to col-
lect data on egg production and egg hatchability. When the birds were
necropsied, the ovaries, infundibulae, magnums, uteri, and- livers were
collected and preserved in 10% neutral buffered formalin for later histo-
logical examination.. Fresh liver was also collected for chemical.analy-
sis for coumeétrol, in the "event that a significant amount was found to
be partitioned there. Gross length of the tubular genital tract was also
measured.

Coumestrol was found to cause uterine hyperplasia, as shown by
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increased numbers and length of uterine glands, which receded following
withdrawal of treatment. However, the 10.0 mg. per day treatment, approx-
imately 10Q times a daily dosérIikely to ever be found in mature, ap-
peared to retard uterine development, although it did not affect egg pro-
duction oriﬁatchabilitﬁl' Coumestrol also appeared to increaée the number
of glands found in the magnum, at the 0.1 and 1.0 mg. per day dosage,

but not at the 10.0 mg. per day dosage.

This study demonstrated that tﬁe major effects of coumestrol in
laying hens, at doses likely to be found in nature, are subclinical, and
regress following withdrawal of the compound. Hyperplasia of uterine
glands was the major morphologic effect of coumestrol reported in sheep,
cattle, rats, and mice, and these studies confirmed that this was also

true in chickens.
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