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PREFACE

Txe creation of a bienmal Symposmm on Reproduction and Infertility was
the result of wid dd ds by and specialists active mn the
ammal and human fields Unquestionably there 1s an urgent need for a
greater opportumty to hold frmtful discourse on the many complex problems
confronting the researcher in the study of rcpmducuon mfertiity and disease
and for offering a means of 1y the pol and
ltnutless nature of the problems ancndmg reproduction

As the literature pertinent to these and many new phases 1s widely scattered
and often known only to specialists 1t was thought that a useful purpose
would be served if this newer knowledge born of basic research, could be
arred and d d through these symp tonterested students teachers
and researchers

The first Symposium on Reproduction and Infertility was held at Iowa
State College 1n 1953 Ths relatively small but successful gathening was fol
lowed by Symposium 1I at Michigan State University duning 1ts Centennral
celebration in 1955 Colorado State Umiversity was host to Symposium 11T on
Reproduction and Infertility on July 1-4 1957 That these meetings are held
1n high regard by investigators and clmicians active in these fields ts mndicated
by the capacity attendance which showed a unique cosmopolitan character
representing thirty eight states and eight foreign countries Considerable
effort was made to record and transcribe the pertinent discussions particu
larly those held dunng Panel Sessions an 1nnovation 1n the publication of
these symposia

In the selection of papers for before the prefer
ence was given to those topics in which advance has been rapid 1n recent years
and which would best serve to cover the more important facets of the prob-
lems encountered 1n reproduction and infertility Each author was mven
generous Jatitude 1n orgamzing and defending hus views 1n his own area or
field of specialization as this serves to stimulate and gwide research towards
the crystallization of theortes and the estabishment of teuth

F X GASSNER
Editor
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THE PROBLEM OF WORLD WIDE RADIOACTIVE
IALLOUT FROM NUCLEAR WEAPONS TESTING

Wriont H LANGHan

Los Alamos Scientific Laboratory
Unnersity of Califorma
Los Alamos New Mexico

THE problem of world wide radioactive fallout from weapons test operations
15 one of the most controverstal )ssues brought to the public s attention 1
many years It was made an 1ssue in the recent presidential election It1sa
subject frequenting the front pagcs of many newspapers and 15 an important
subject of 4. at current d Only last month the
potential hazard of world wide radioactive fallout was the subject of a Con
gressional subcommuttee heanng

Consideration of the potential hazard from world wide radioactive fallout
may start by calling attention to three important facts

{1) There 1s no doubt but that the world population 15 recerving a small ex
posure to rad from nuclear weapons testing
Fission from bomb d havebeenandared overthe
surface of the earth increasing the external gamma radiation background and
finding thetr way into the human body through transmission along the eco
logical cycle from sol to-plants to-animals and to man

(2) It1s a well-established fact that enough radiation either from an external
source or from radioactive 1sotopes deposited in the body will produce de
leterious effects These effects may result 1n an increase 1n genetic mutatjons
shortening of Iife exp and of leuk and bone
sarcoma

(3) Radiation exposure 1s not a new expenence for the world population
Allhiving things have been exposed to radiation since the beginning Radiation
from cosmc rays from radioactive minerals 1n the earths crust and from
radium potasstum-40 carbon 14 and thorum deposited 1 the body const
tute this so-called natural background The amount of natural background
radiatron 1s such that the average person who lives to an age of 70 years r¢
cerves a total of about 7 roentgens while hus skeleton (as a vesult of radium

and other radioactive matenals deposited in his bones) recerves the equivalent
of 10-12 roentgens
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Of greatest concern are the genetic effects of radiation to the gonads and
the possible leukemogemic and sarcogenic effects of Sr* deposited in the bones

This report 15 confined to consideration of the Sr% aspect of the fallout
problem 1s the one with winch this author 1s most famliar

Based on the above basic facts, the purpose of this report 15 to summarnze
as factually as possible from existing data the potential hazard of Sr* from
nuclear weapons testing

GENERAL DISTRIBUTION OF WORLD WIDE FALLOUT

Based on sorl measurements Dr W F Libby of the AEC has proposed a
mechanism by which atomic debris 1s disserunated throughout the world
Thus theory postulates three kinds of fallout local tropospheric and strato
sphenic

The first type, local fallout 1s deposited 1n the immediate environs of the
explosion during the first few hours Thus debris consists of the large particles
from the fireball and includes partially or completely vaporized residues from
the soil and structures which are swept 1nto the cloud The fraction of total
radioactivity which falls out focally 1s fargely dependent on those firing condi
tions which govern the amounts of soil and extraneous debris 1ncorporated mn
the fireball Local fallout however 1s of little concern since 1t 1s confined to
urnhabited areas and does not get widely disseminated 1 the biosphere

The second type tropospheric fallout conststs of that matenal injected mnto
the at here below the tropop which 15 not coarse enough to fall out
Iocally Ths debns 1s suffictently fine that 1t travels great distances curcling
the earth in the general latitude of the explosion until removed from the atmo
sphere by rain fog contact with vegetatton and other meteorological andfor
physical factors The average troposphenic fallout time 1s estimated at 20~
30 days The fraction of fallout 1n this category depends mainly on the size
of the explosion and conditions of finng If the explosion exceeds a certatn
mymmum size (about one megaton 1e eqmvalent i energy released to
1 million tons of TNT) the fireball will have enough energy to penetrate the
tropopause carrying fisston products nto the stratosphere Smaller detona
t10ns leave 11 the troposphere all debnis not deposited locally The fraction of
the fission products from a large weapon that remams 1n the tropopause de
pends on the size of the explosion conditions of finng and meteorologtcal
factors

The third type stratosphenic fallout 1s composed of fission products carned
above the tropopause and can result only from large weapons These are be
lieved to mix rapdly throughout the stratosphere and fall back umformly into
the troposphere where they are deposited over the earth s surface mn refation
to meteorological condiions The average dep time of st heric
debrs 1s estimated at from 6 to 10 years

The above mechanism leads to a general distribution of radioactivity over
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the surface of the earth with a higher concentration 1n the north temperate
latitudes Estimates of St levels in the fall of 1956 suggest 22 me/mile® for the
northern sections of the United States 15-17 mc/mile? for simular latitudes
elsewhere 1n the world and 34 mc/mile? for the rest of the world Actually
this general prcture 15 greatly overstmplified Once fission products are sus
pended 1n the troposphere (either directly by the detonation or by arrexchange

dless of + between the troposphere and the here)
meteorological conditions play a major role in their deposition Within any
mayor fallout area one might expect to find fluctuations in the level of surface
d which late with local logical cond;

Even 1f no more bomb tests were held surface deposition levels will con
tinue to increase until about 1970 because of fallout of fission products stll
1 the ) Ttis d that the phenc reservorr (in the fall
of 1956) contamed the products of about 24 megatons of fission One megaton
of fission results 1n the formation of enough St to give a surface deposition
of 0 5§ me/mule? if umformly distnibuted over the entire surface of the earth If
all matenal presently 1n the stratosphenc reservoir were deposited instan
taneously and untformly over the earth present values would be increased by
12 me/mule? and the maximum sutface deposition of St% would result Maxi
mum deposition however will not occur because of the relatively long average
stratosphernic storage ume (6-10 years) which will allow some of the stron
tium to decay before deposition

Under these conditions the area 1n the northern United States would be
expected toreach a Tevel of about 29 mc/mile* The area between 60 -10 N
Iatitude mayreach about 23 me/nule? and the rest of theworld mayreachalevel
of about 10 mc/mile* These values are general levels only assumng umform
distribution within the respective areas Local meteorologrcal conditions will
produce nonumformuties within these general regions Recent data suggest
that some areas of the United States (South Dakota Towa Michigan New
York) already may have deposition Ievels of about 30 mc/mile? (January
1957}

INCORPORATION OF STRONTIUM 90 INTO THE BIOSPHERE
AND INTO MAN

‘When Sr* falls upon the earth s surface 1t 1s taken into plants through the
oot system 1n relatron to the available calcium 1n the soil That which settles
directly on vegetation may remarn as surface contamination or a part of 1t
may enter the plant through foliate absorption When plants are eaten by
ammals S$r* deposited directly on the surface or incorporated 1n the plant (by
foliate absorption or from the soil) 1s absorbed by the amimal along with
calcrum When plant and ammal products (e g tmilk) are eaten by man the
S$t* they contain becomes mcorporated with his body calctum and deposits
predomunantly in the bone
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It1s reasonable to assume that strontrum may be discriminated against with
respect to calcium 10 passing along the ecological chain For example the
St®/Ca ratio 1n human bones may be expected to be lower than the Sr%/Ca
ratto m the sotl where the ecological chain between man and his environment
begins

Attempts are bemng made (ustng radioactive tracers) to determine the over
all St%/Ca discrimination ratio 1n going from soils to human bone by ndi
vidually determining the discrimunation factors (DF) that occur at the vanous
steps along the ecological chain

The discrimination factor most difficult to establish 1s that from soils to
plants (DF;) It 1s dependent among other things on type of soil available
soil calclum type of plant and perhaps on rainfall all of which may vary
greatly with geographic location The soil to plant discimination factor has
(SrCa) pume _g 7

(5PCa)on

The discrimination factor from plants to milk (DF ) has been estimated as
about 0 13 and the disctimination factor (DF,) m going from milk to human
bone equals about 0 5 Expenments on the discrimination factor (DF,) from
plants directly to human bone give a value of about 0 25

65! dietory Ca from dary products
L(u" oges)

(s®%ca), _. O
or=07x01x05=0 045 5 Fcay O >
n

been estimated as about 0 7 1e

35/ detary Ca from plants

or=025x07=0 175
o DR
(5r°9Cakn 5313

(57ICa),
or bone tosolva det

{0 65x0-045)+{0 35%0 175}=0 09

{sr>Ca)y 25
(Sr°%Ca),

DFy
(5r%%Caly ¢ 7
- P (T B B CPR R %) rj
_(srCoh g 01 (Sr [Cals_ g1
(sr*9Ca) (sr 1Ca)

Fic 1 Discnmination agamst strontium with respect to calcium in passing up the food
cycle from soil to man

The over all 1at10 (OR ponesot) 10 going from soil to human bone via the
diet may be estimated from the various discrimination factors and the fraction
of dietary calcium denived from dairy products and drectly from other sources
The Department of Agnculture on the basis of United States retail sales has
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estimated that 65% of the dietary calcium for all ages comes from dairy pro
ducts and 35% from other sources On this basis

OR =(0 65 x DF, % DF; x DFy) +(0 35 x DF, x DF)
=(065x07x013x0 5)+(035x07 x025) =009

This value idicates that the St% concentration in the bone calcium will be
only about 0 1 that 1n the avarlable sl caleium

The above information on the over all discrimination factor agamst stron
tium durning passage up the ecological chain from soils to human bone via the
diet 1s summarnized in FIG 1 and may be used 1o estimate the average present
and future maximum Sr® levels 1n bone as a result of weapons tests to date In
so doing however it must be emphasized that these values are for ecological
discimination and apply only to passage along the ecologtcal chain An

1 d factor 1ly assumes that the calcium and

strontim are umformly mixed 1n soif and all of the Sr® 1511 an available form
to the depth of the plant feeding zone No allowance 1s made for direct foliar
absorption of S1% for 1ts dilution wath a greater reservoir of available soil
calcium through plowing or for the possibility that 1t may become less avail
able with time through soil binding and leaching

PREDICTED PRESENT AND FUTURE STRONTIUM 90 AVERAGE
MAXIMUM LEVELS IN BONE
St* content of the bones of the population when 1n equilibrium with time
of biospheric 1s the major concern From the present
and predicted Sr* surface dep levels and the so1l to bone
discnmination ratios derived 1n the previous section present and future
average maxsmum Sr*° {evels in bone can be predicted
Assuring an average of 20 g available Ca/fi? of soil to a depth of 2} i
1 meof Sr%/mile 1sequivalentto | 8 ppcSr¥fg lablesoil calcium Multiph
cation of the St surface depositron levels given earhier by 18 gives the Sr%®
actity per gram of available soil caleum Multiplication of the specific
actmty of the available soil calcium by the Sr* diserimination ratio of 0 09
should give the average maximum specific activity of calcrum 1 ud down 1n the
adult skeleton through exchange and bone remodeling during the peniod of
1 and the St m the
bones of cluldren who may be approaching an equilibnium state
Such caleulations suggest that the average maximum equilibrium level as of
the fall of 1956 should be about 3 6 2 6 and 1 3 ppec S1%/g Ca for the northern
United States the area between 60 ~10 N latitude and the world average
respectively St analyses of bone samples from all ages collected from all over
the world actually show a much lower concentration than the predicted values
Children s bones average about 0 5-09 puc/g Ca while adult bones average
only about 0 | ppc/g Ca Part of this discrepancy 1s due to the fact that the
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bone samples do not represent equitbnum condstions since much of Lh‘e
sheleton (especially of adults) was formed before fallout from bombt\e;d
started W hen the bone analyses are converted to equihbrum condit ov]ss xg
suggest th1t equiibrium lesels 1n the fall of 1956 should be about 25 (:0
09 ppc Si*,g Ca for the northemn Umited States, the area bebweeh .
10 N latsude and the world average respectively These values are "m
lower than those predicted from consideration of ecological discrmind .
factors which suggest that the over all decrease 1 Sr% concentration ml°w
from sotls to human bone may be about 0 06 instead of 009 Ass\xmlﬂio '
data based on bone analyses are more appheable the average u'mumuﬂl;ll o
cquilibnium levels 1 about 1970 assuming no more bomb tests xmi 2
protch 32,2 6 and 1 7 puc St%/g Ca for the northern United States cwfi
between 60 -10° N latitude and the world average respecinely 1“51 o
important to pomnt out that the above values are average maximum Jese! S\w
because of individual vanations a few prople may approach five nmes .
levels as an upper imut while a few will have only about one filth the e

SIGNIFICANCE OF PRESENT AND PREDICTED STRONTIUM 50
LEVELS IN THE POPULATION ¢
The maximum purmssible level of Sr% for persons employed M ator::\s
energy worh was set at I xc by the National and International Commsst o
on Rudrologreal Protection This value was estabhshed by C"mpmng“c
biological effcets (on muce) of radiostrontium with those of radum o
maximum permussible lesel for radium (0 1 pc) was established from the d"b\!
human experience of the radium dial industry The maxumum permsst of
level of Sr*° for nonoccupational exposure or exposure of a large SCE"“”;’M
the general populition was set at 0 I uc* by taking arbutranly one tenth o
value for working personnel n
The rationale belund a lower value for the general population 15 based 0
the numbers involved 1n the two groups at nsk and the mereased heterd
genesty of the general population over that of the select working group h
latter group 15 composed of supposedly healthy workers (over 20 years DNSE)
while the general population group may contun children pregnant women
the undernourished the sick and the old .
The sigmficance of the general hazard of present and predicted levels of §r°
11t bone can be evaluated only 1n relation to human expenence which1s ndee
mnadequate Bone sarcoma has resulted from a fixed sheletal burden of 3 6 &
of pure Ra® ¢ and nondeleterious bone changes have been observed 1n Pef
sons having only 0 4 uc for a period of 25 years Necrosis and tamors of th
bone have occurred also several years after lirge doses of X ray and huma

* There 1s about 1 kg of cal rum 1n the adult human skeleton therefore the MPL of Sr

ral popuilation 1s equivalent 20 0 1 x¢ Sr*/kg Ca =100 muc/kg Ca =100 puc/g C:
1 the geperal popuialion 1s EQUVA TR (0 0 & k6 SE 7kB Ca =100 myc/kg #

O ke ebnlafan
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estimated that 65, of the dietary calaium for all ages comes from dairy pro-
ducts and 35%, from other sources On this basis

OR ={0 65 » DF, x DF;y x DIy +(0.35 x DF, » DF)
~(065x07x013x05)+(035x07 %025 =009

This value indicates that the St corcentration 1n the bone calcium wall be
only about 0 I thatan the available soil caleium

The above information on the over all discrimination factor aganst stron
tium dunng passage up the ecologeal chain from soils to human bone wia the
diet 15 summanzed in FIG 1 and may be used 1o estimate the average present
and future maximum Sr* levels 1n bone as a result of weapons tests to date In
so doing howeser 1t must be emphasized that these values are for ecological
discnmunation and apply only to passage along the ecological chain An

! \ factor lly assumes that the calcium and

strontiem are uniformly muxed i sait and all of the Sc* 15 1n an available form
to the depth of the plant feeding zone No allowance 1s made for direct foliar
absorption of St® for its dilstion with a greater reservoir of available soil
calaum through plowing or for the possibility that 1t may become Jess avail
able with time through soil binding and leaching

PREDICTED PRESENT AND FUTURE STRONTIUM 90 AVERAGE
MAXIMUM LEVELS IN BONE
St% content of the bones of the population when 1n eqwlibnium with ime
of brosphenic 1s the major concern From the present
and predicted Sr* surface dep levels and the soif to-bone
discrimination ratios denved 1n the previous section present and future
avesage maxsmum Si* levels 1n bore can be predicted
Assuming an average of 20 g available Ca fi? of soil to a depth of 24 1n
1 meof Sr/mile?1sequivalent 10 1.8 e Sr g araslable soil caleium Muluph
cation of the St* surface deposttion levels given carlier by 18 gives the Si%
activity per gram of avalable soil calaum Muluplication of the specific
activity of the available soil calcium by the St discnimination ratio of 009
should give the average maxmum speaific activity of calaum laid down 1n the
adult skeleton through exchangs and bore remodeling duning the penod of
1 and the hisd 1 the
bones of children who may be approaching an equihibrium state
Such caleulations sugz-st that the average maxsmum equilibrium level as of
the fall of 1956 should be about 3 6 2 6and 13 e S1%fg Ca for the northern
United States the area brtween 60°-10 N fabtude 2nd the world average
Tespectively Sr% analyses of bone samples from all ages collected fromall over
the world actually show 2 much lower concentration than the predicted values
Chuldren s bores averzpe 2botrt 0 5-0 9 ppclp Ca, while adult bones average
only about 01 guc g Ca Part of thus discrepancy 15 due to the fact that the
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It 15 reasonable to assume that strontium may be discrimuinated against with
respect to calcium 1n passing along the ecological chamn For example the
S$1%?/Ca ratio m human bones may be expected to be lower than the S1%/Ca
ratio 1n the soil where the ecological chain between man and his environment
begins

Attempts are being made (using radioactive tracers) to determine the over
all 8r%/Ca discrimination ratio 1n going from soils to human bone by 1ndt
vidually determining the discnmination factors (DF) that occur at the various
steps along the ecological chain

The discrimination factor most difficult to establish 1s that from soils to
plants (DFp) It1s dependent among other things on type of soil available
soil calcium type of plant and perhaps on ramnfall all of which may vary
greatly with geographic location The soil to plant discimination factor has
(SI%/CR) g _g

(5% Catson

The disctimination factor from plants to milk (DF,) has been estrmated as
about 0 13 and the discrimination factor (DFy) 1 going from milk to human
bone equals about 0 5 Expeniments on the discimination factor (DF) from
plants directly to human bone give a value of about 0 25

65/ dietary Co from dory products
‘(uu ages)

been estimated as about0 7 1e

(5%%Cah _g o
or=07x0BX05=0045  (50cq), ~
3%/ detary Ca from plants
or=025X07=0 175 on |
2
(8r%9Caln g 43
($r%7ca),
or bone tosclva det
(0 65%0 045)+(0 35%0175)=0 09 %2—3”‘) 25
X
OF;
§r%%Ca) g7
pov Y o v EPUCH s v | A wo s mw
{52965 09 Sol (srica)y_ ,J
(sr9ca) Sr 1Ca)

Fio 1 Discimmation agamst strontium with respect to calcum 1n passing up the food
cycle from soil to man

The over all ratto (OR wones ) 10 going from soil to human bone via the
diet may be esimated from the vanous discrimination factors and the fraction
of dietary calcium denived from darry products and directly from other sources
1 Tvamn etement ~f Aoreulinre on the basis of United States retail sales has



The Problem of ¥ orld wide Radioactve Fallout from Nuclear VWeapons Testing 7

expentence with \ wnd gamma radation suggests that about 80 roentgens may
double the incrdence of leukenua

The only other human expenence with which present and predicted levels
of 5t may be compared 15 that ansing from natural background radiation
Natural background dose to the bone (dunng a 70 year hfetime) may vary
from about 8 to 38 roentgen equivalents of X or gamma radition The major
contribution to background variation 1s differences n the radium levels of
soils and minerals

‘The maximum permussible level of St* (100 /g Ca) 1s esimated to delner
about 10 to 20 roentgen equivalents to the skeleton during a 70 year hifetime
This 1s comparable to the average natural background dose to the bonc for the
same time pertod and a factor of 2-3 below the maximum natural back
ground dose to which small segments of the general population may be ex
posed as a result of differences in alttude and natural radium content of soils
and mmerals Tt 1s a factor of 40 below the lowest sheletal dose which has

duced mimmal deleterious bone changes These data suggest that the

present average maximum Sr*® equilibrium level in children will result in a
hfetime rad dose of app) ly 2% of the d per
mussible level for the general population The predicted average maximum
level of St (from bone data) 1n about 1970 assurming no further weapons
tests cor ds to a sheletal rad; dose of about 2 6°, of the maximum
permussible level with a spread of about 0 5 to 69,

The biological significance of present and predicted Sr% average maximum
equilibrium levels and maximum permissible levels for occupational and non
occupational exposures 1s summanzed in Table 1

Taste 1
Biological Significance of Present and Predicted Sr*°
Average Maxunun Equilibriuns Lesels and Maxunum Pernussible
Levels for Occupational and Nonoccupational Exposure

MPL MPL Min Min Leuhemia
St level nonocc exp | occ exp bone | sarcoma | doubling
(100 sepncfg) | (1000 puc/g) | changes dose dose
Present 1 1 1 1 1
(18 ppcfg Ca) 50 500 2000 20000 500
Predicted 1 1 1 ! L
(26 pucfg Ca) 49 200 1400 14000 360
100 ppcfe 1 1 1 1
(MPL nonoce exp) - o ] by o
100 ppcie 1 1
(MPL occup exp) © - 3 0 !

B TSRI
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bone samples do not represent equilibrium conditions since much of the
skeleton (especially of adults) was formed beforc fallout from bomb tests
started When the bone analyses are converted to equilibrium conditions they
suggest that equilibrium levels 1 the fall of 1956 should be about2 5 1 8 and
09 ppc S1%%/g Ca for the northern Umited States the area between 60 -
10 N latitude and the world average respectively These values are still
lower than those predicted from deration of ecological discr

factors which suggest that the over all decrease 1n St concentration 1n going
from soils to human bone may be about 0 06 nstead of 0 09 Assurmung the
data based on bone analyses are more applicable the average maximum bone
equilibrium levels 1n about 1970 assuming no more bomb tests might ap-
proach 32,26 and 1 7 guc Sr*/g Ca for the northern United States thearea
between 60 -10° N latitude and the world average respectively It 15 very
important to pomnt out that the above values are average maximum levels and
because of individual vanations a few people may approach five times these
levels as an upper homt winle a few wall have only about one fifth the average

SIGNIFICANCE OF PRESENT AND PREDICTED STRONTIUM 90
LEVELS IN THE POPULATION

The maximum permussible level of St for persons employed 1 atomic
energy work was set at 1 uc by the National and International Commusstons
on Radiological Protection This value was established by comparsng the
biological effects (on muce) of radiostronttrum with those of radwm The
maximum pernussible level for radrum (0 1 ic) was established from the direct
human expenence of the radium dial industry The maximum permussible
level of $1% for nonoccupational exposure or exposure of a large segment of
the general population was set at 0 1 uc* by taking arbitranly one tenth of the
value for working personnel

The rationale behund a lower value for the general population 1s based on
the numbers mvolved in the two groups at nisk and the increased hetero-
generty of the general population over that of the select working group The
latter group1s composed of supposedly healthy workers (over 20 years of age)
while the general population group may contamn children pregnant women
the undernounished the sick and the old

The sigmificance of the general hazard of present and predicted levels of S0
1n bone can be evaluated only 1n relation to human expertence which s indeed
1nadequate Bone sarcoma has resulted from a fixed skeletal burden of 3 6 pc
of pure Ra®¢ and nondeletenious bone changes have been observed 1n per
sons having only 0 4 uc for a period of 25 years Necrosts and tumors of the
bone have occurred also several years after large doses of X ray and human

« There 15 about 1 kg of calcium 1n the adult human skeleton therefore the MPL of Sr

wlation 15 equivalent to 0 1 uc Sr¥/kg Ca =100 muc/kg Ca =100 suc/g Ca
‘gy‘::;fxfth"f MPL in /g skeletal Ca it is independent of the size of the skeleton



The Problem of World wide Radoactive Fallout from Nuclear W eapons Testing 9

Theoretscally the total yearly 1njection rate should be that amount which
at equilibrum wall not result 1n a sigmificant fraction of the population ex
ceeding the limut of safety 1f a constant yearly myection rate of 1 10 or 100
MT of fission 1s adhered to 1n about 100 years the amount of Sr* added to the
environment will come 1nto equilibnum with the rate of S decay and con
tinuation of weapons testing at that rate will result 10 no further increase 1n
the average maximum equilibnum bone level of the population At that time
the average equilibnium bone level will be directly proportional to the yearly
njection rate 1¢ 1f 10 or 100 megaton equivalents are njected per year the
average equilbrium bone level will be 10 and 100 times higher respectively
than 1t will be 1f only | megaton equivalent s injected

Dunng the past 5 years weapons testing by all nations has averaged about
10 megaton equuvalents of fission per year Elaborate and detaited mathe
matical caleulations predict that average soil and bone levels will be about
11 times higher than at present when equilibnum with the current rate of
testing 1s reached 1n about 100 years Tharty years of testing at the present rate
should result 1n average so1l and bone levels about five times the present levels
Continued testing of fission weapons at the present rate for 100 years mught
resuft in average maximum equltbrium bone levels of about 30 25 and 12 puc
St*/g Ca for the United States the area between 60 ~10 N latitude and
the world respectively The upper limut that might be expected m the United
States assuming a factor of 513 requured to make allowances for nonhome
geneities of Sr deposition and uptake would approach about 150 upc S*/g
Ca or 150% of the accepted maximum permussible level After 30 years
of testing average maximum equilibrium bone levels may approach one half of
the above values which may result i an upper hmit for the Unuted States of
about 759, of the 11 level A the average yearly
jection of fission products during the past § years was equal to approxi
mately 10 MT of fisnon yield then testing of 10 MT of fission per year for 30
years should probably be considered the upper hnut or S MT of fission yield
per year assuming testing for infinite time If these are the mits of acceptable
1mection rate 1nternational agreement not to exceed these levels seems desir
able Present levels of Sr* contamination are due almost entirely to tests held
by only two nations Present and predicted future St® levels even if weapons
testsare continued at the present rate for a few years does not scem dangerous
However indiscrimunate testing of high fission yield weapons by many nations
could result 1n serious levels of world wide contamnatton

SUMMARY
Tvaluation of existing data supports the following general conclusions

(1) Radioactive 1sotopes deposited 1n the bone m sufficient quantity will
produce ser1ous consequences ncluding bone cancer and lenkerma Present
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An mieresting comparison 1n Table 115 that between Si* levels and the
bt doubling dose g hreshold relation between leukemia
werdence and mdmnon exposure These data wdicate that the predicted
average maxtmum eqwhibnum Jevel of 51 assunung no more weapons tests
after the fall of 1956 s 1/360 of the leuk doubling dose Tt 1y
thus level 1s equivalent to an increase in Jeukemia incidence of § 7 cases per 10
muilion population The rate in some localized arens may be 3 or 4 times hugher
but averaged over the United States population of 165 milhon this would
produce an increased leukema burden of about 30 cases per vear If theentice
worid population 1s allowed to reach an average maximum Si% equilibrsum
fesel of 100 ppcjg Ca the average mcrease 1n the world s leukema busden
would be about 16 000 cases per year or an increase of about 109,

The above estimates actually may be pessimistic since they ental the as
sumption that 5% beta radiation induces feukemua of bone marrow onign at
the same rate (per unit of absorbed dose)} as X and gamma rays Much of the
beta radiation from Sr% will be absorbed in the bone and not reach the hema
patetic tissues at all Expersments on mice suggest that Sr¥ may nrot produce
feukemsa as effectively as X rays Furthermore leskemsa was not a signsficant
finding 1n the radom dhaf panters

Human data on nduced are not ad to
provide 2 basts for a sarcoma doubling dose or for an estimation of the per
cent of narmal madence attnbutable to natural background If however the
same assumptions used for leukemia are applied to osteogenic sarcoma (nont
threshold response 10, of normal smadence of 2 per 100 000 attributable to
natural background and a doubhing dose of 80 rads) the predicted average
maximum Sr*® equilibnum Jevel from weapons already tested would produce
an increase 1 the Umited States burden of osteogeme sarcoma of about 16
cases per year If the world popuitation 1s allowed to reach an average max
mum Se% equiltbrium level of 100 puc/g Ca the bone tumor incdence would
be increased by about 5000 cases

It should be re-emphasized that the above considerations are extremely
tenuous and are based on the qt that the wned; of
leskemsa and bone sarcoma bear a hnear relatmns}up to radhation dose Thss
1s taking the most pessimustic view by saying any amount of radiation 1s bad
and that there 1s no ’bsolutely safe dose

STRONTIUM 90 LEVELS IN RELATION TO FUTURE WEAFONS

The most imporiant guestion regarding the potestiial hazard of world wide
fallout to the general population 15 its relation to future weapons testing If
there 1s an upper limt (o the amo unt of Sr* that can be tolerated in the bones
of the population then the number of lents of fission 3
that can be buted per year to the biosph by all nations must be hited
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mended levels For this reason international agreement to limit testing might
be destrable while negotiating for 1nternational agrecment to stop testing
altogether

(4) The data presently available definitely show that the greatest question
concermng world wide St contamination concerns the deciston as to the
acceptable maximum permussible body dosc for the general population 1n
terms of the individuat and sn terms of world health The answer to this ques
tion 1nvolves moral and humanitanan ponnciples as well as scientific uncer
tamntees as to the biological consequences

Some deductions as to the worst biological consequences of S fallout
(which excludes the genetics question) can be made by accepting two rather
pessimustic assumptions nesther of which has been proved but both of which
seem conservative and ble The first p 1s that there 1s no
absolutely safe radiation dose and any amount 1s theoretically bad The second
assumption 1s that about 10%, of the normal naidences of bone tumors and
leukerma are due to natural background radiation

On the basis of these assumptions weapons tests to date might concenvably
increase the meidence of leukerma in the Umited States from 10 000 cases per
year to about 10030 and the incidence of bone cancer might increase from
about 3 000 to about 3 010 Thus suggests a total increase of forty cases out of
a population of 165 mulhon people as the )f 1
of Sr* fallout from weapons tested to date by all nations If the present rate of
brosphenc S1% contamination contmues for 30 years the brological conse
quence of Sr* fallout may be a total increase i the United States population
of 250 cases per year of these two diseases There 1s a good chance that this

d may the popul nsk The that even

the smallest amount of Sr* deposited 1n bone carries 2 small probability of
harm has not been definstely proved yet and there 1s still a possibility
that a threshold exists below which no Jeukemia and bone cancer will be
produced

(5) The present data also indicate that much more research on both the
physical and biological factors of fallout must be done 1f weapons tests are to
be continued This research 1s necessary to narrow the limits of error and
uncertainty 1n eusting data and to permit predictions to be based on facts
wstead of on what appear to be reasonable assumptions More research on
the biologrcal and medical effects of radiation and radicactive matenals 1s
essential even to the future of the power reactor program which also pro
duces Sr® and other fission products

Although present knowledge of the biological effects of radiation and radio
active materials 1s not all 1t should be to allow plunging ahead rechlessly and
without worry into all aspects of nuclear technology 1t 1s adequate to dspel
an attitude of gloom and doom Radiation 1s not the only potential hazard
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Sr® levels in the bones of the population are quite low The present average
maximum Sr* radiatron dose to the bones of young children 1s greater than
that for adults and is equal to about 2%, of the average dose recerved from
the unavordable natural background radiation contributed by cosmic rays
and by radim thonum uramum etc, i the environment The present
level 15 about 2% of the maxumum permussible value adopted by the National
and International C on Radologreal Pr as ptabl
for large segments of the general population The present Sr* radiation
dose to adults averaged over the total skeleton 1s only about one tenth
of that for children Because of nonumformuty of fallout and individual van
ation 1n uptake and deposition of Sr% 1n bone a very small number of
people may accumulate a sheletal dose that will be about five tunes the average
and an equal number will accumulate only about one fifth the average Since
1n the stratosphere there 1s still some Sr*® from past weapons tests the average
radiation dose may continue to nise until about 1970 even 1f no more weapons
tests are held At that time the equiltbrium level may be about 3-4% of the
average natural background
(2) If Sr* contamination from weapons testing by all nations continues at
the same rate as has occurred during the past 5 years (about 10 megaton
equivalents of TNT fission yield per year) equilibrium will be reached 1n about
100 years At equbibrium the amount of Sr% which will disappear each year
from our environment due to radioactive decay will just about equal the
amount that 1s being produced each year At thus time continung weapons
tests will not result m any further mcrease 1 Sr® in the bones of the popula
tion At this theoretical hmit (which would be reached 1n about 2050) the
average St* radiation dose to the bones of the population of the United States
may be about 30% of the average radiation dose from natural background or
about 30% of the maximum permissible level adopted by the Nattonal and
International Commissions Stnce individual vanations may result in 2 small
number of people accumulating St burdens that are 5 times the average the
radiation dose to these people may approach 150% of the recommended maxt
mum level as an upper imit Thurty years of testing may result 1n average
levels one half the equilibrium values This may result in a few people m the
Unuted States approaching body burdens about 75% of the recommended
maximum On this basts Iimutation of fission weapons testing to 10 megatons
per year for 30 years or about § megatons per year indefinstely mught be
desirable
(3) Exssting data support the conclusion that the present rate of biospheric
So%0 contaminatton 1f continued for several years will not produce population
bone levels that will exceed the maximum permssible levels accepted by the
National and International Commussions on Radiological Protection The
data also show that many nations cannot test weapons mdiscniminately and
indefintely without runming the nisk of serously exceeding these recom
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man s facing as part of the price of Itving 1n a highly developed soctety, nor 1s
1t the insurmountable one

‘What does the panying mass of techrucal data mean with regard to
the controversy over cessation or continuation of nuclear weapons tests?
Nowhere 1n this report has a recommendation been made esther to stop or to
continue testing Such a recommendation requires a careful weighing of the
mmportance of the nations nuclear weapons capability in averting a nuclear
war aganst the probability that a few people who otherwise might not have
done so might get leukemia or bone sarcoma or mamfest a genetic abnor
mality Deciston to stop or continue tests therefore requires a value judg
ment involving knowledge of the potential seriousness of present and future
threats to the national secunity whether they should or should not be stopped
on the basis of moral and humamtarian prineiples 1s not readily amenable to
solution by the scientific method.




NEW ASPECTS OF VIBRIOSIS IN SHEEP

V A MitteR M A HamvaRLUND and RUE JENSEN
Fort Collins Colorado
College of Veterinary Medicine and Agricultural Expersyment
Station Colorado State Unnversity

Visriosts an acute infectious disease 1n sheep 1s characterized by abortion
dunng advanced stages of gestation and 1s caused by ¥ibrio fetus Infected
flocks maintatned 1n sheds or pasture prior to lambing may incur an incidence
of abortion as high as 707 and of mortality of aborting ewes as high as
5%

Dunng the past 4 years ovine vibrrosis has been studied intensively 1n 2
western regional research project by imvestigators of Cabferma Colorado
Idaho Montanz Utah Washington and Wyoming Important taformatton
pertinent to etiology and has been oby d and will
be presented at this time

ETIOLOGY

‘The genitaha of sheep contain two species of Vibrio V' fetus1s consistently
present 1n aborted fetuses membranes and utenine exudates from aborting
ewes V fetus has been found rarely 1f ever asa naturalinfectionin the gem
talia of rams or 1n the gentalia of ewes after cessation of exudation following
abortion

Another spectes of Vibrio officially unnamed but for which the name
Fibrio dubius was ded by a spectal of Western
Regional Research Project W 27 has been 1solated from the prepuce of rams
by Bunns (1954) Miller (unpublished) and Firechammer (1955) and from the
vagina of ewes by Firehammer Thus organism corresponds closely to the non
pathogenic vibrio of cattle genitalia as described by Bryner and Frank (1955) by
not prod lase and by gené; hyd sulfidemyvitro Althoughats
pathogenicity for sheep has not been studied exhaustively available endence
indicates that this orgamsm 1s nonpathogenic

Muller (1957) studied 13 pregnant ewes which had been fed Vibrio fetus
infected tissues Blood cultures pxepared at 2 day intervals pnior to and

foll g oral i} ab which d from 2
to 8 days following inoculation n 6 ewes







AW ASpECIS Of YiDriosts in oacep

Tante I
Transnussion of ¥ ibriosis to Ewes in the Fifth Month of Gestation 1957
Ewes
Lots | Number Abortions Oral inoculation
i 25 12 (43%) 1nfected tissue
2 22 2(9 o) none
Inoral exper ducted 1955and 1956 33 ewesaborted

The mean intervalin days between noculation and abortion was 13 24 42
Expenimental attempts to transmit vibriosss by coition have been unsuccess
ful In the experiment presented 1n Table I above rams which ongnated
from an infected flock and which had been 1noculated intrapreputially with
wiable ¥ fetus immediately prior to breeding failed to transmut the disease
Firchammer Marsh and Tunnichif (1956) inseminated 16 ewes with a mixture
of normal ram semen and a culture of viable ¥ fetus No abortions occun'cd

These expenments d d 3\ ly the of
vibriosts to ewes in the fifth month of gestation by oral inoculation and direct
attention to the importance of strict toavord of feed

and water with infected discharges from aborting ewes

IMMUNITY

The concensus from the study of natural outbreaks 1s that ovine vibnosis
tends not to recur 1n the same flocks duning years tmmediately subsequent to
the disease The failure of recurrence under natural conditions may result
from immunity estabhshed by the disease or from lack of exposure An expen
ment conducted 1n 1956 was d d to test from 1ncid of the
disease and from oral exposure of nonpregnant ewes to ¥ fetus infected lamb
tissues One hundred and mine ewes were utihized in three lots Lot { contained
21 normal ewes Lot 2 contaned 44 ewes each of which aborted from
vibriosis on the previous year Lot 3 contaned 44 ewes each of which was
moculated orally with ¥ fetus infected tissue dunng the previous summer
when the ewes were nonpregnant yearlings Dunng the fifth month of gesta
tation each ewe of the three lots was challenged by oral noculation with ¥
JSetus nfected tissues Seventy six per cent of the ewes of the control lot
aborted while 9% of the ewes which developed vibriosis on the previous year
aborted and 7% of the ewes which were fed infected tissues as nonpregnant
yearhings aborted The difference for number of abortions 1s highly sigmificant
(P<<001) These data are presented in Table IV

The induction of mmumty by feeding ¥ fetus infected tissues to non
pregnant yearlings d the of by artificial
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s
TRANSMISSION

The transmissibility of vibriosts by oral inoculation and by coitton has been
mvestigated In an experiment conducted 1 1955 152 ewes were arranged
into three lots Lot 1 received no treatment lot 2 was bred by rams which
ongnated from infected flocks and which had been injected intrapreputially
with pathogenic viable ¥ fetus while lot 3 was bred by clean rams and was
woculated orally during the fifth month of gestation with ¥ fetus infected
tissues from an aborted lamb No abortions occurred i lots 1 and 2 while
73% of the ewes of 1ot 3 aborted These data are shown in Table I Statistically
the difference for the number of abortions for the ots 1s lighly sigmificant
(P<001)

TapLe I
Transmusston of Vibriosts to Ewes 1955

Ewes
Lots |'rmx jetd  Inoculation Rams
16 o none clean
2 16 o none nfected
3 | 23 1703%) mfected tissue | _clean

In another experiment conducted 1n 1956 76%, of the ewes of a lot 1nocu
lated orally with infected tissues aborted while 8%, of a similar lot of unn
oculated ewes aborted The difference for the number of abortious for the
lots 1s hughly significant (P<<0 01} These data are presented in Table 11

TabLE IT
Transmussion of Vibriosis to Ewes in Fifth Month of Gestation 1956

I Ewes
Lots | Number Dead lambs ©Oral inoculation
1 21 16 (76° ) infected tissue
2 25 2(8%) none

In an expenment conducted 1957 48% of the ewes of a lot 1noculated
orally at the beginning of the fifth month of gestation with infected lamb
tissues aborted while 9% of the ewes of a similar lot unwoculated aborted
These data are presented in Table III and contain statistically sigmificant
difference (P<0 05) for number of abortions
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TasLe IV
Immuntty to Vibriosis 1956
Ewes l
Oral challenge
Lots | Status Number Abortions ’ moculatron
1 Nozmal 21 16(76° ) Infected tissue
2 Aborted 1955 4 4(91%) Infected tissue
3 | Fed nfected 44 3(68%) | Infected tissue
tissue 1955

means Four vaccines wiable V' fetus propagated on chicken egg viable
cultures of ¥ fetus recently 1solated formalinized culture of ¥ fetus and
formalimzed nfected tissues were prepared Each vaccine was admumstered
parenterally to the ewes of an experimental flock prior to the breeding season
Durning the fifth month of gestation each ammal was challenged by oral
1noculation with V' fetus wnfected Jamb tissues Abortron rates for vaccinated
lots did not differ significantly (P>>005) from the non vaccinated lots These
data are presented 1n Table V

TaBLE V
Ve d Eves Chall d by Oral I I with
Infected Tissue during Fifth Month of Gestafion

o

Lots Vaccines Ewes abor?:ons
1 | None 25 48
4 | Eggpropagated V fetus 24 62
6 { Formalinized mfected tissue 24 33
7 | Formalnzed culture ¥ fetus 21 62
8 | Vuableculture ¥ fetus i 65

SUMMARY

The prepuce of some rams contained a nonpathogenic vibrio species which
did not produce catalase and did generate hydrogen sulfide while many
aborted lambs contamned pathogenic V' fefus which produced catalase and
fasled to generate hydrogen sulfide

Expermentally vibriosis was transmitted to ewes i the fifth month of
gestation by feeding mfected tissue from aborted lambs Vibriosis was not

ted by rams at cotton
m’on:::r::'renccy of vibriosis and feeding of ¥ fetus infected lamb tissues induced

ymmuptty tn ewes for 1 year atleast



Now ispects of Vioriosts in Caltle 1
1n the orgamsm mught occur during its growth i 1nimals and passage from
one animatl to another

Kuzdas and Morse (1956) questioned the advisability of idenufying Vibrios
1solated from the reproductive tracts of sheep and cattle 1s being pathogenic
on the basis of catalase production alone Vibrios which had been 1solated
from sotl water and cheese were found to be catalase positine

Bond (1957) 1solated catalase positine smooth colontes from a culture of
bull semen which had been classed as catalase negative It s possible that both
types were present 1 the onginal culture and that it was not a change of
catalase activity of a pure culture of Vibrio

Bryner and Frank (1955) reported that the catalasc positine pathogenic and
catalase negative nonpathogenic types could usually be identified by the color
and physical characteristics of the growth on blood agar The pathogenic type
occurred as white colonies or spreading growth with 1 penipheral bluish
hue The nonpathogemc type generally occurred as a browmsh green
spreading growth with a metallic sheen and occastonally produced partial
hemolysis

Ristic Herzberg and Sanders (1956) studied colonial and cellular vanations
of ten stramns of Vibrio fetus streaked on solid Albimi media comtamming
2% agar By using oblique indirect transmutted light they were able to
detect five types of colomses including smooth rough cut glass mucoid and
very rough The non smooth vanants apparently grew as well under normal
aerobic conditions as 1n an atmosphere of 10°, CO, Orgamsms from the
smooth colonies failed to grow under normal aerobic condittons They sug
gested that this factor would favor the propagation of the non smooth vanants
under laboratory conditions The smooth vanants were more stramn specific m
their agglutinability than the non smooth vanants The muco:id variants were
the least specific In regard to agglutinability of varants they pointed out that
cell morphology under the conditions of thetr experiment was not a sufficient
cnterion for determiming the predominant vanant type The long filament
forms appeared to be serologtcally closer to the smooth forms than the rela
tively short forms of the very rough type

Bond (1957) reported three matn types of colonies including smooth rough
and mucosd The mucoid form was ly different bioch lly and
the vanants were catalase negative produced hydrogen sulfide and grew 1n
deep stab cultures On the other hand the smooth and rough forms were

catalase positive did not form hydrogen suifide and did not grow in deep stab
cultures All vaniants reduced nitrates to nitrites

DIAGNOSIS
Diagnostic procedures have been improved during the past several years so
that 1t 1s not dufficult to establish a diagnosis of vibriosis on a herd basis This
may be accomplished most easily by testing vaginal mucus from approximately
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THE Iiterature on vibnosis of cattle was reviewed comprehensively by Plast
ndgen 1955 Consequently this paper will deal pnimanily with matenal which
has been published since his review

Bovine vibriosts 1s a widespread venereal disease of considerable economic
importance The clinical mamfestations are well known and will not be dis
cussed The areas which require more study are the charactenstics of Vibrios
recovered from bovine genttal organs and the diagnosts pathogentcity trans
mussion control and treatment of the disease

CHARACTERISTICS OF BOVINE GENITAL VIBRIOS

Bryner and Frank (1955) suggested the use of the catalase test for differen
tiating Vibrio fetus from non pathogenic vibrios isolated from the reproductive
tract of cattle The only type of Fibrio wiich they isolated from aborted
fetuses was catalase positive did not produce hydrogen sulfide and grew on
or near the surface of deep stab cultures 1n thiol medium plus 0 5% agar The
other type of Vibrio was not associated with infertility It was catalase nega
tive produced hydrogen sulfide and grew deep 1 stab cultures Both types
reduced nitrates The catalase test appears to be a very useful yet simple test
for screemng vibrios for pathogemicity Frank Bryner and Caruthers (1956)
1solated catalase negative vibrios from virgin bulls but not from virgmn heifers
They reported that the catalase negative Vibrio was spread mfrequently by
natural service and that the infection was of short duration 1n females and per
ststent 1n bulls This orgamsm did not appear to affect fertility

Akkerman Terpstra and van Waveren (1956) reported a third type of Mibrio
which was catalase positive and formed hydrogen sulfide It was tsolated from
aborted fetuses but not from bulls or infertile cows Fufteen out of 20 stramns
1solated from aborted fetuses were classified in thus group

Although no one has demonstrated that catalase negative vibrios are patho
genie for cattle the posstbility of them becomung virulent under certain cir
cumstances should not be 1gnored It 1s known that Vibrio fetus undergoes
rather rapid changes when kept 1n the laboratory Itis possible that alterations
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1 the orgamsm might occur dunng its growth sn ammals and passage from
one ammal 10 mother

tuzdas and Morse (1956) questioned the advisability of identifying Vibrios
1solated from the reproductive tracts of sheep and cattle as being pathogenic
on the basis of catalase production alone Fibrios which had been 1solated
from soil water and cheese were found to be catalase positive

Bond (1957) 1solated catalase positine smooth colomies from a culture of
bull semen which had been classed as catalase negative It1s possible that both
types were present n the onginal culture and that it was not a change of
catalase activty of a pure culture of Vibrio

Bryner and Frank (1955) reported that the catalase positive pathogemc and
catalase negative nonpathogenic types could usually be identified by the color
and physical characteristics of the growth on blood agar The pathogenic type
occurred as white colonies or spreading growth with 1 penipheral bluish
hue The nonpathogemic type generally occurred as a brownish green
spreading growth with a metallic sheen and occasionally produced partial
hemolysts

Rustic Herzberg and Sanders (1956) studied colomal and cellular vanations
of ten strans of Vibrio fetus streaked on solid Albinn media containing
2% agar By using oblique indwect transmitted hight they were able to
detect five types of colonies including smooth rough cut glass mucod and
very rough The non smooth vanants apparently grew as well under normal
aerobic conditions as 1n an atmosphere of 10°, CO, Orgamsms from the
smooth colonies failed to grow under normal aerobic conditions They sug
gested that this factor would fav or the propagation of the non smooth varants
under laboratory conditions The smooth variants were more strain specific 1n
their agglutinability than the non smooth vaniants The mucoid vanants were
the least speaific In regard to agglutinability of vanants they pointed out that
cell morphology under the conditions of their expenment was not a sufficient
critenon for determiming the predominant vanant type The long filament
forms appeared to be serologically closer to the smooth forms than the rela
tavely short forms of the very rough type

Bond (1957) reported three main types of colonses including smooth rough
and mucord The mucoid form was iy different bioch: lly and
the vanants were catalase negative produced hydrogen sulfide and grew 1
deep stab cultures On the other hand the smooth and rough forms were

catalase positive did not form hydrogen sulfide and did not grow in deep stab
cultores All vanants reduced nitrates to mtrites

DIAGNOSIS

D have been imp: d duning the past several years so

that 1t 1s not difficult to establish a diagnosis of vibriosts on a herd basis This

may be accomphished most easily by testing vaginal mucus from approvimately
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six-eight heifers suspected of harboring the mfection The mucus gives :
positive 1 m ly 40-8G days followins
exposure and the titer persists for approximately 7 months Thus 1t 1s sug
gested that mucus samples be taken from heifers which have been bred to sus
pected carrier bulls for the first time at least two months but not over nine
months previgusly It 1s preferable to use mucus from hesfers because an
occastonal cow may carry a mucus titer for several years

Detection of the presence of Vibrio fetus in mdividual anmmals still presents
a problem espectally 1n regard to bulls

Although techmques for 1solating Pibrios directly from the prepuce and
semen of bulls have been greatly smproved virgin heifers must stll be vsed as
test ammals for detecting the presence or absence of the orgamsm i bulls
Adler (1957) relied on a single test hetfer He collected two or three ejaculates
m immediate succession in an artificial vagia The prepuce was then washed
out with 200 m! of 0 9%, sodium chlorde solution adjusted to pH 75 The
semen and preputial washings were centrifuged separately at 35001 p m for 20
minutes The centrifugates were mixed and 1-5 m! wnfused with a glass
prpette mto the cervix of a hetfer dunng estrus He considered semen to be the
most essential portion of the test material and the preputial washing flmd as a
supplement The first sample for culture was collected from the hetfer 2-5
days following inoculation Up to six samples were collected at 3-4
day mntervals Material was obtamed from the external and ternal cer
vical os by means of two modified Folmer Nielsen biopsy instruments in
serted via the vagina 1 a brass tube He found that sampling the two areas
resulted 1n a ngher recovery rate He was often able to recover pure growths
of Vibrio from the biopsy material but seldom from mucus collected from the
vagina In a sertes of fifteen bulls which were tested several times one was
positine on the first test negatrve on the next, and positive on the third Two
were negative on the first trial and positive on the second Another bull was
positrve on the first test and negative on three subsequent tests Vibrio was
recovered from five bulls on each attempt Vibrio was not 1solated from six of
the fifteen bulls 1t would appear that these results should create considerable
doubt regarding rehance upon a single test heifer for detection of the Vibrio
status of a bull According to Terpstra {1956) the mating of a virgin hesfer did
not give an absolute guarantee of the Vibrio status of a bull when the test
mating fatled to reveal Vibrio Lawson (1956) also questioned the nse of a
single heifer for testing the ¥ ibrio status of a bull

Hughes (1956) was able to recover Vibrios from 256 (37 9%) of 675 ejacu
1ates 1n one stud and 54 (25%) of 216 eyaculates from another stud All of the
ejaculates were from bulls from which Vibrios had been recorered at least
once In an effort to determine the number of cultural attempts necessary to
make a positive diagnosis he cultured semen from 64 bulls from which Vibrio
had been 1solated at least once p fy Twenty five 150l were made
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on the first culture fifteen on the second From three to fourtcen cultures were
required to1solate Vibrio from the rest of the group

Adler (1957) was very successful in recovering Vibrios from the female re
productine tract Thirty two heifers were infected with Vibrio cultures By use
of modified Folmer Nielsen instruments matenal was collected from the ex
ternal and snternal cervical os of the toculated heifers Cultures of 184 samples
yielded 73%, Vibrio recovery from external os samples and 77% from the
internal cenvical os A companison was made of the recovery rate from vaginal
and cervical secretions from eleven heifers Eighty-eight per cent of the cervical
specimens yielded Vibrios while recovery was possible mn only 349 of the
vagnal specimens 1t was also pomnted out that contamunation of vagmal
matertal was much higher (65%) than cervical matenal (4%)

Unfortunately laboratory ammals have not been shown to be very useful
n the diagnosis of vibriosis The high cost of using heifers as test animals should
stimulate more research on the use of small animals for diagnostic purposes
Robinson van Rensburg van Heerden and van Drimmlen (1956} reported
the 1solation of Vibrio from guinea pigs which were injected traperitoneally
with bull semen These workers injected 01 ml semen and euthamzed the
guinea pigs 5-7 days later Since the guinea pig method was not used on a
large number of samples they were not able to evaluate the procedure

Most authorities agree that vaginal mucus 1s more useful than blood serum
for detecting Vibrio agglutinins i females One of the disadvantages of the test
Tisted by Plastridge (1955) was the failure of some infected animals to react to
the test These failures may be partially due to the time of sampling in relation
to the exposure time and the stage of the estrous cycle Tt can also be due to the
choice of antigens Vandeplassche et al (1956) stated that Trichomonas fetus
tnfection seriously interferes with the mucus agglutination test for vibriosts
They were frequently dealing with dual infections

There 15 urgent need for a standardized antigen which 1s tested periodically
to make certam that 1t does not change 1n sensitivity If this could be developed

and made universally available there would probably be fewer discrepancies
1n the reports from varnous laboratories

PATHOGENICITY

Surpnsingly few reports have been published on the pathological effects of
Vibrio fetus ou the tissues of the reproductive tract of cattle Simon and
McNutt (1957) reported salpmgitis and cervicitts 1n four heifers which were
d foll g Imtrautering of a muxture of four or fite

different Vibrio stramns They were not able to culture F ibrio orgamsms from
these heifers The relative absence of endometnitis 1n these heifers 1s difficult
to understand We have observed endometritis 1n the majortty of our recently
wfected heifers They also studsed the pathological effects 1n pregnant heifers

of and of Vibrio End 1t
e

TSR
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and extensive iflammatory edera of the fetal membranes were reported as
the pr {esions fting from these \¢

The persistence of the orgamsm 1n the female reproductive tract presents a
problem i regard to control of the disease Frank (1956) reported that one
heifer remained infected for 464 days Adler (1957) found that one of his
expenimental heifers retamed the infection for 401 days It would be worth
while to know the relationship between the persistence of the orgamsm and
persistence of antibody titer Frank (1936) obtatned samples penodicaily for
culture from 42 infected females in five herds He demonstrated Vibrio in 769,
of the females for only 40 days 1n 12% for 2-6 months and n the rest for 7-12
months

Vibrios were recovered from slaughtered ammals by Mundt (1955) from the
vagma cervix uterus and oviducts but only from the prepuce pems and
anterior portion of the urethra of bulls

Littie 15 known about the persistence of immumty Vandeplas che ef af
(1956) stated that reinfection of females may occur within 2-3 months after
recovery from the first infection Frank (1956) reported that immumty 1s
ndefinite

Vibrio infection of the female reproductive tract of cattle causes failure of
conception embryonic death and abortion at any stage of pregnancy Non
retumn rate and embryonic mortalitv in cows artificially iseminated with
semen from Vibrio fetus carner bulls were studied n an expertment by Wallet
et al (1955) They found that embryonic mortality was sigmficantly greater
and the non return rate lower among cows wsemnated with semen from
Vibrio fetus carner bulls when no antibacterial agents were added to the ex
tender as compared to when they were present The details of the experiment
will be mentioned under control of the disease

TRANSMISSION

1t 1s generally agreed that gemtal vibriosis of cattle 15 2 venereal disease
There 1s some disagreement regarding the possible methods of transmission
No one disputes that 1t 1s usvally spread by natural service to 7 tbrio carrier
bulls or by artificial with non t treated semen from
carrier bulls Plastudge ef af (1955) mamntained that the disease spread by
contact in thetr expertmental heifers Since other workers do not hive expent
mental evidence indicating that contact spread can occur more work probably
should be conducted on this phase of the Fibrio problem

Hughes (1956) and Adler (1957) have presented evidence mdrating that
vibriosis spreads from one bull to another within artificial breeding studs The
yncrdence of vibriosis in bulls which had been used for natural service and those
which had been used only aruficially was determined 1n one stud by Hughes
(1956) He reported an ncidence of 56 4%, of vibriosis 1 39 bulls whtch had
never been used naturally as compared to 56 7% in bulls which had served
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naturally Erank (1956) obserncd the apprent spread of vibrioss following
the transfer of a clean bull into a stall previously occupied by an infected bull

Detailed studies are necessary to clanfy the possible methods of dissemination
of the disease within bull studs

CONTROL

At present the easiest method 1n our expenence for controlling vibriosis ts
by artificially 1nseminating with semen from non infected bulls or semen to
which 500 umts of percillin and S00 units of streptomycin have been added
to each mulliiter of diluted semen The semen should be extended at least
1 25 and held for at least 6 hours at refngerator temperature before use
Adler (1957) insemunated 45 heifers with semen from ¥ ibrio carner bulls The
semen was diluted ten times and app ly 600 unuts of strep cinwas
added to each mulliliter of diluted semen Vibriosis was not dsagnosed 1n any
of these heifers Twenty two out of 24 controls developed the discase These
experiments suggest that streptomycin alone 15 effective and that a dilution
of only ten tumes 1s adequate Since semen can be diluted much more than
twenty five times without effecting fertihity and dilution of semen alone reduces
the madence of infection we do not behieve that a lower extension rate should
be used

Willet et al (1955) have clearly demonstrated the effect on fertihity to
streptomyctn treatment of semen from Fibrio fetus carner bulls Semen from
seven catalase positive ¥ibrio carner bulls was used to mseminate 9810 cows
Four semen treatments were pared includ (1) no b (2)03%
sulfarularide plus 500 umts of dihydrostreptomycin sulfate per mulhliter
{3) 500 unzts of dihydrostreptomycrn sulfate per mulliiter and (4) 500 units of
potassium pemcillin G plus 500 umits of dihydrostreptomycin su’fate per millt

hter Appr ly equal bers of cows were *d with semen
from each treatment group No sigmificant differences 1n non return rates were
detected amongst the three b The cows d with

non antibiotic treated semen had approximately an 8} lower 28-35 day non
return rate and approxumately a 17% lower 60-90 day non return rate than
cows insermnated with antibiotic treated semen ¥t 1s apparent that the use of
semen from Vibrio fetus carner bulls resulted 1n markedly greater differences
1n non return fates when no antibactental agents were added than when they
were included m the extender Only one of the bulls with unknown or non
patbogenic Vibrios had such a decline 1n non return rate Consequently 1t
appears that the most beneficral effect of treating semen with streptomycn 15
the control of Vibrio fetus It 1s quite probable that vibriosis was widely dis
serunated by means of artificral isemunation before antibiotics were ndded
tosemen

As far as we know a switable vaccine which will control bovine vibriosis has
not been developed There probably should be some reservation as to the use
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of & vaccine 1f an effective product 1s eventually developed Since vibnosss of
cattle 1s a venereal disease st might be better to attempt to elimunate the disease
mnstead of trying to live wath it

TREATMENT
Adler (1957) has canducted rather extensive expersments on the treatment
of bovme v1bnosxs He found lugols and Lotagen (droxydmethyl
disulpt and) xo be 1nefle as therapy
ln hus exp the use of p yoin mn therap Ty active
blaad concentrations also fanled to cure the disease in cows He concluded that
miravtenns sireptomyem therapy was the most effective treatment He stated
that the optimnm treatment was 1 g of streptomycin mfused nto the uterus
daily for 3 days or | g repeated 48 hours later An aqueous vehicle was as
effective as an o1 suspension Since nusplaced odf can produce granplomas i
the cervix and uterus if seems that an aqueous vetucle would be prefesable
One group of Ius expenimentally treated hesfers will be mentioned to 1lfustrate
the effectiveness of hus recommended treatment Thirty erght wnfected hesfers
were nyected mtrautermely two times at 48 hour tatervals with 1 g of strepto
myem o an aqueous vehucle Only one hesfer remaned 1nfected followng this
therapy In his expertence aureomycin was not as effectve as streptomycmn
was a5 eff; asa comt of strep and penerit
The stage of the estrous cycle during which streptomycin was mfuscd nto the
uterus apparently did not mnfluence recovery
A letel i for e} Vibria fetus from bulls
has not been perfected It 15 not known whether the reported fasdures are dug
to remnfection or thesapy faslure Before treatment of bulls can be properly
evaluated ngid controls will have 16 be mstituted to msure that the treated
ammals do not have an opportuntty to become re exposed  Adles (1957) has
tried streptomyctn subcutaneously and locally as well as streptomycin and
pemctlhn lacally He used 74 treatments on 62 bulls Subsequently the Vibrio
organtsm was detected 1n 33 ammals He did not haow whether the treatments
farled or whether the bulls became reinfected Hughes (1956) has had simular
expertence treatng bulls i a stud
In treating cows and bulls for vibnosis most workers have chosen to ignore
the possibility of the ¥rbrio organismin the treated ansmals becoming strepto-
mycn resistant Sipce streptomyein is so widely used for treattng semen and
there 1s 2t teast a theoreueat possibality of ¥ibrio fefus becoming resistont 10
this antibiotic more thought should be given to the possitality of using other
antibiotics for the treatment of amimals

SUMMARY
1 The catalase test appears to be useful for screenmng ¥ibrios for patho-
genaty
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2 Catalase negative Vibrios have not been tncnimtnated as a cause of
mfertility

3 There are at lcast three main types of colomal vanants of Vibrio fetus
They are smooth rough and mucoid

4 The diagnosis of vibriosis on a herd basis 1s not difficult Detection of the
presence of Vibrio fetus1n mdwidual ammals especially bulls presentsamore
difficult problem

5 Vibnosis causes cervicitis endometntis and salpingitis 1n cows but no
demonstrable lesions i bulls

6 Lattlers known about the persistence of immunity

7 Vibrio nfection of the female reproductive tract results m failure of con
ception embryonic death and abortion at any stage of pregnancy

8 Vibnosis may be spread either by natural service or artifici?l insemina
tion with non antibiotic treated semen There 15 disagreement regrding the
possibility of contact spread

9 Thenfection apparently spreads within bull studs

10 The disease may be lled by artificially ing with strepto
mycin treated semen from Vibrio fetus catrier bulls

11 Cows may be treated farely successfully with intrauterine infusions of
streptomycmn

12 Thetreatment of bulls has not been perfected
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CATARRHAL VAGINITIS OF CATTLE

D G Mchkercigr Dvst PHD andJ W KENDRICK DVM MS
School of Veterinary Medicine Unnersity of Califorma Davis Califorma

THE most severe economic losses suffered by the hivestock industry are due
either directly or indirectly to problems assoctated with reproduction The
conditions nvolved range from mild gemutal infections accompanied by
1rregular estrous cycles and lowered conception rates to complete stenlity m
both the male and female antmal Early fetal deaths and abortions also form
part of the picture

While common to all types of cattle reproductive problems are of major
smportance nsofar as dairy ammals are concerned When 1t 1s realized that the
annual Josses 1n the United States due to reproductive disorders in dairy cattle
alone amount to some quarter of a billion dollars the importance of these
problems to the industry becomes highly reahistic

1t has long been recognized that many of the reproductive dysfunctions of
cattle are of phystological ongin resulting directly from deranged metabolism
hormonal imbalance and even dietary factors In addition 1nfections such as
brucellosis vibriosts granular and vesicular vaginitis and trichomoniasts
contribute sigmificantly to the totalloss

A d T 1zed most by a vagimtis and which
appears to be assoctated with infertility has recently attracted considerable
attentton Whether this condition existed previously as one of the mamifesta
tions of infertiity 2nd has only lately ganed prominence because a virus or
viruses has been found associated with st or whether 1t 1s a new disease has
not been determined However the fact that 1t was reported from four con
tinents almost simultaneously would suggest that it 1s not only a widespread
but a relatively new development

THE VAGINITIS SYNDROME IN CATTLE

In South Africa a disease of cattle fe did and
vagimtis—known colloquially as eptvag -—was first reported from kenya
(Daubney ezl 1938) and was encountered 1n 1949 1n the northwestern part
of the Transvaal province (McIntosh ef al 1954) Over the next several years
the disease spread into the Orange Free State and Natal and caused such
severe economic losses among breeding cattle that artificial insemination had
to be resorted to as a means of copmg with 1t Fortunately this measure
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was highly successful so that the disease now assumes much less m
portance

Field studses of the conditron 1n South Africa revealed that bulls 1n herds
contasmng affected cows did not always show evidence of disease This led
some to Jude that two cond were lved epivag 2

Hy ¢ 1 that prod chameal mnf and stenhty

m both ma]c and female cattle and a rclamcly mild vaginitis not necessardy
related 1o breeding operations that occurs in both heifers and adult cows Itis
not clear whether this latter infection was considered to affect bulls atleastas
achimcally recognizable entity

A virus was subsequently isolated in embryonating hen eggs from the
vagnal discharges of cattle in a herd in which no nfection could be detected
chinically 1 the bulls (Mclntosh et @l 1954) The ssolate was shown to be
capable of causing a vaginitis similar to although milder than that occurnng
under natural condibons Whnle attempts were not made to nfect bulls wath
the agent 1t was believed because of the absence of 1nfected bulls 10 the herd
mvolved that the isolatron had been made from an outbreah of vagunstis
rather than of epivag

While studying herd infertihity problems in England Maffar (1955) en
countered 1n dawry cattle two apparently mfectious forms of infertility us
associated with the recogmzed genital infections The man featute of the
first and less severe of the two conditions was an acufe vagutis accompaated
bya purulent vagnal disct The P rate in herds
cows thus affected fell sharply Et appeared that this disorder was not neces
sarily spread by the venereal route since heifers on the same farm showed
evidence of the wfection a few days after 1t appeared it the mature females
Millar does not state whether bulls are tavolved

The second syndrome observed by Millar differed from the first in that it
produced 2 marked chmeal wfection in both males and females and it was
venereally transmitted The usual outbreak history was that 1t accurred fol
jowing the introduction of oune or more ammals of esther sex from another
herd The disease was characterized by postcoital and postpartum discharges
& low conception rate irregular estrous cycles and evidence of early fetal
deaths and abortons An acote vestibular vapmts was 2 common although
not a constant feature However an endometnitis usuafly oceurred and f not
treated persisted i some cascs for months The pertod of lowered fertihity
was relatively short lasting for 5 months or less The bulls in these herds
apparently contracted the wfection from affected cows at the trme of service
and subsequently developed mnflammatory changes 1n the testicles which
sesulted m umparrment i semen quahty The semen was evidently infectious
singe umnfected cows bred fo such bulls 1 tum developed the mfection
Infected bulls usually responded to to their fe
fertility Jevel within 6 months
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Millar succeeded 1n 1solating a virus 1n chicken embryos from both the
gemital discharges of infected cows and the semen of mfertile bulls The isolate
on moculation 1nto heifers by the vagwal route reproduced the typical
vaginitis and endometritis

Recently a virus has been 1solated by McClure (1956) from cases of bovine
vagimtis 1 herds in New Zealand in which the infertility rate was Migh
McClure describes the condition as follons (McClure 1956)

The common syndrome appears to be charactenized by venereal trans
mussion purulent cenico-vaginal mucus in the early stages early em
bryontc mortality and lowered semen quality There 1s circumstantial
evidence that the disease can be carned through an apparently normal

and produces wnfertility The herd breeding prob-
lem usually resolves without treatment within 3-5 months after the
beginning of the mating season No obvious associated ovanan abnor
malities have been found

McClure showed that by intravaginal moculation of the agent he could
reproduce the condrtion 1n heifers However at the time of the latest report he
had not studied the direct effect of the virus on fertility

The ongwal report from the United States of a vagimtis associated with
nfertility of cattle was by kendrick et of (1956) The condition involved both
beef and dairy cattle and was first observed about 3 yearsago 1n Califormia
Whule the chintcal vaned hat from one outbreak to another
avaginitts ranging from mild to severe and usually accompanied by a cern
cttis was common to all cases The bulls tn these herds rarely 1f ever showed

climcal signs of 1nfe 1tk h evid some as
of the dsease
The d 15 dcl 11y by the pr ce of a2 p 1 dis

charge 1n cattle 1n herds which usually have a history of breeding problems
Occastonally unbred heifers also show clinical evidence of infection but this
observation has thus far been confined to herds contaiming affected cows On
physical examination vanable degrees of congestion of the vaginal mucosa
fi d by and hyp of the cervix are
observed A yellowish gel but exudate ranging in amounts
from several millihters to one hundred or more mullikters 1s found on the floor
of the vagina The exudate 1s periodically discharged with the result that the
tasland buttocks become sotled making 1t relatively easy to recognize affected
ammals The discharge persists for vanable lengths of time mn 1ndividual cows
In some cases 1t ceases after a short time only to reappear at mtervals In
other outbreaks the course of the disease 1s relattvely short 1n the individual
antmal without any tendency to recur There1s no evidence of fever in affected
cattle and the uterus1s not involved

The herd prcture varies constderably from one outbreak to another In some
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cases only a few ammals are mvolved, and these usually recover quickly In
other herds the disease perusts for long periods of tune or at Jeast appeats
pertodically over a long period In such cutbreaks the morbidity rate 1s some
times as igh as 50% In herds that underge the more prolonged type of
mfection the symptoms are more marhed and 1n one herd from which a virus
was solated r of the pt wasa feature

The conception rate 1s seerungly lowered although some amumals concerve
while the vagmtis exists However m the more severely affected herds 4
high pereentage of the cows return for service and many of these do not
conceve

EXPERIMENTAL STUDIES

Observations by the Californa g dicated that the cond
wasinfecttous since it could be transratted from infected bulls to cows and vies
versa by costus Infected bulls as a rule showed no clinical evidence of 1afec
tion One ammal however exlubited 2 mild vesicuhiis which at autopsy was
found to nvolve thickemng and fibrosis of the seminal vesicles and the
presence of considerable amounts of pus therein

It was found that the infection could be readily transmtted by mnstilling
either vaginal exndate or semen from mfected ammals wto the vagina of
virgin hefers thus & that the etiol I agent or agents was
present in these materials The fact that filtrates of vaginal exudates of m
fected cows produced the condition as readiy as unfiltered discharges not
only ehtminated the posstbiity that the condition was of bactenal etiology but
definitely mcriminated esther a virus or other of the filterable agents as the
cause

Stortly after ascertamng these facts a filternble agent was molated 1
chicken embryos from vaginal discharges of an expenimentally imnfected cow
The agent was readily propagated i the embryo and regularly produced 100%
mortality after several serial passages therein A second wsofation was made 1n
tissue culture of fetal bovine kidney cells from filtered exudates obtained from
a field case of the disease Ths 1solate could also be propagated i chicken
embryos while the onginal isolate could be grown readhly 1n tissue culture
Efforts to propagate both agents 1t mediuras used for the growth of pleuro
pasumoma ltke orgamsms (PPLO) were unsuccessful mdicatng that the
ssolate was sn each case a virus Great difficulty was experienced sn adaptng
these viruses to suckling mouse brain and 1f adaptation oceurred it was very
1ncomplete Attempts to isolate virus from semen were unsuccessful

Each rsolate when miroduced as a chicken embryo culture imnto heifers by
the vapnal route usually but sot always produced a vagutis that was
grossly identical but mulder than esther the vagmitis which occurred under
field cond or the vaginstss produced tafly bv the fation of

ficld materials Nevertheless since the wirus was 1 each nstance readidy
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cases only a few amumals are involved and these uswally recaver quickly In
other herds the discase persists for long periods of time o at least appears
periodically over 2 fong periad  Tn such outhreake the morbidity rate 18 some
times as ugh as 509% In herds that undergo the more prolonged type of
snfection the symptoms are more matked and in one herd from which a virus
‘was isolated of the p! wasa feature

The coneeption Tate 1s seemvngly lowered although some ammals concenve
while the vagimtis enssts However in the more severely affected herds 2
high percentage of the cows return for service and many of these do not
concene

EXPERIMENTAL STUDIES

Qbservations by the Cahforma n d d that the cond
was nfectious since st could be transmutted from mfected bulls tocows andyice
versa by cortus Infected bulls as 2 rule showed no chmcal evidence of infee
tion One animal however exlubited a muld vestculitis which at autepsy was
found to myvohve thichemng and fibrosis of the seminal vesicles and the
presence of considerable amounts of pus theremn

1t was found that the infechion could be reachly transimtied by mstiing
either vaginal exudate or semen from mfected apumals 1nto the vagina of
virgie besfers thus d that the etiol i agent or agents was
present i these matenals The fact that filtrates of vagnal exudates of 1
fected cows produced the condition as readily as unfiltered dicharges pot
onlyel d the posuibrlety that the condition was of bactenial etiology but
defimtely incriminated esther a virus or other of the filierable agents as the
cause

Shortly after ascertaimng these facts a filterable agent was ssolated 10
chicken embryos from vagmnat discharges of an expenmentally infected cow
The agent was readily propagated in the embryo and regularly produced 00%
mortality after several Serzal passages therein A second ssolation was made 1
tissue culture of fetal bovine kidney cells from filered exndates obtained from
a field case of the disease This ssolate could also be propagated i chichett
embryes while the ongmal 1solate could be grown readily in tissue culture
Efforts to propagate both agents in medsms used for the growth of pleuro
preumonia hie argamsms (PPLO) were unsuccessful wmdcating that the
1solate was s each case a virus Great dufficulty was expertenced in adapting
these viruses to suckling mouse braun and if adaptation occurred 1t was very
incomplete Attempts to130late virus from semen were unsuecessful

Each 1solate when sntreduced as a chicken embryo culture mto herers by
the vagmal route usually but not always produced a vagimbis that was
grossly identical but milder than either the vagmnshis which oceurred under

field conditsons or the saginsss produced fly by the k of
field matenals Nerertheless siace the virus was 1 cach mstance readdy




Catarrhal Vaguutis of Cattle 33
d from the ex 1ly lated heifers 1t was d to be
the cause of the infection that was produocd
During these expeniments an observation was made which suggested that
the condition 1s transmutted not only by coitus but by other means as well
This was revealed when 1n order to determine the cffect of non fectious
chlckcn embryo tissues on the genital tract of virgin heifers one heifer was
d 1nt {ly with a susp of uissues from umnoculated
embryonating hen cggs while two test amimals recenned the egg propagated
wirus 1n the form of a chicken embryo suspension All three animals were
placed 1n the same boxstall Within 48 hours the test ammals exhubited the
typical clinical signs of the infection On the eighth day however the control
hesfer also exhibited a vagimtis d by the ct vaginal
discharge Since a separate speculum was used for the examination of each
ammal and other precautions taken to avoid mechamcal cross infection
1t was concluded that the condition must have been transnutted from the test
heifers to the control by contact Later it was learned that the vagimtis
observed m South Afica can also be transmitted by contact
To determene the relationship of the two California 1solates cross serum

virus tests were ducted 1n tube cultures of fetal bovine
kudney cells using the serums of normal cattle and ofca\tlc that had recovered
from the natural and the exper Senal dil

of each serum sample were mixed with a constam amount of virus and the
muxtures incubated at room temperature Each dilution was then inoculated
1nto tubes of fetal bovine kidney cells and mcubated for an appropriate length
of time The results of these tests established beyond a doubt that both virus
1solates are identical

The semor author took advantage of a recent 6 month assignment 1n
South Affica to observe field cases of vagimtis which sull occur to some
extent 1n that country and to make comparative serological studies between
one of the California strains of varus and the South Affican solate

During this study some rather interesting comparisons were noted between
these two virus 1solates Rather surpnising was the finding that the South
Afnican virus could not be propagated in tissue cultures of beef hidney cells
On the other hand the California virus could not be adapted to infant mice
by ntracerebral inoculation whereas the Afnican virus adapted readily Both
virus strains however were about equally pathogemc for chicken embryos

The test serums used for the comparative study were prepared by injecting
1abbits intravenously with chicken embryo propagated cultures of each strain
of virus After a series of mjections the rabbits were bled and the serums were
separated and mactivated at 56 C for 30 minutes The tests consisted essen
tially of mrutmg each virus strain 1n the presence of preinoculation serum and

h

and h i antiserum using tissue culture
infant mice and chicken embryos as the indicator systems The test mixtures
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which consisted of decsmat dilutions of virus in the presence of each serum 1
constant dilutton were mcubated for 75 mumutes at room temperature and
then moculated to each of the md systems employed Readngs were
tahen when the control series tn each case showed the appropriate reaction

Since both straws of virus could be propagated in chichen embryos rect
procal cross tests were conducted m this host However only the cross test
was conducted 1n tissue culture and 15 mouse bram since the Cabforma virus
could not be propagated satisfactonly m the latter and the South African
stram farled to multsply m tissue culture

The results of these tests & trated a piete lack of relation
ship between the Cahforma and the South African viruses m that msigmficant
amounts of each were neutrahzed by the heterologous antiserum whereas
three to four Jogs of virus were neutralized in chicken embryo and mouse
bratn by the homologous serum an each case It was found that rabbst serum
unfortunately b which hize the Californa
wvirus in tissue culture but not i chicken embryo As a consequence theresults
of the 121 vitr0 cross test were not as well defined as those for which the other
mdicator systems were used Nevertheless a difference 1 tuter which was
regarded as sigmificant was detected between the premoculation samples and
the postinoculation sample of the homologous test series but not of the

heterologous senes
Antiserums prepared in rabbits and gutnea pigs for Mullar s strawn of virus
were later ot i and cross newtralization tests conducted using the Calt

forma virus as antigen  The results of these tests were unfortunately mcon
clusive

Since rabbit serum has been found to neutralize the Cahforma stram of
vagwtis virus nonspecifically while the serum of a ngh percentage of Calt
forma cattle that were tested were found to contan antibodies for thus virus 1t
appears that both serums would be unsatisfactory for serological studies m
tissue culture at Jeast on possibly all stramns of vagumts virus Fortunately it
was found that a serum with a ighly potent nentralizing effect on the Calt
forma stram can be produced insheep Should sheep prove satisfactory for the
productton of antiserums for aff steaws of vagwts virys 1t well then be
possible to study all strams serologically on a comparable bass

DISCUSSION

Tt1s apparent that sumstar peshapsid 1 ol d most
consistently by 2 vaguutis are assocsated with anfertility of cattle 1 Seuth
Africa England New Zealand and the United States However the role
played by each 11 causing the wnfertility obsenved and thess relatronship to
each other are stil largefy a matter of specufation Muttar {1955) howeser
has p § enid that the cond which occurs in dawry
cattle . England definitely causes stenldty 4a both male and female ammals
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The marked changes which result in the semen of infected bulls and the uterine
pathology by which the disease 1s charactenized 1n the female are ample
evidence of this On the other hand the infectious syndromes occurning
South Afnca and California apparently have no adverse effects on the quality
of the semen and the infection n the cow 1s relatnvely mild and confined to
the vagina and cervix It 1s difficult to decide from the available literature
whether the vagimtis reported from New Zealand more closely resembles the
condition descnibed by Millar or the conditions which occur n South Africa
and Cakforma McClure (1956 1957) who reported the occurrence of the
disease 1n New Zealand refers to a Jowered quality of the semen and early
embryonic mortahty but states that insufficient controlled expenments have
been conducted to determine conclusively the effect of the condition on
fertthity
It would appear that the syndromes referred to above can be separated ona
chmical basis 1ato two groups Because of 1ts distinctive effiects 1n both male
and female antmals the condition occurning 1n England and possibly the one
m New Zealand would logically compnise the first group The conditions
reported from Califorma and South Afnica would come under the second
group The mild form of vaginitis briefly deseribed by Millar (1955) 1n England
would also appear to belong i the second category
With the exception of the milder of the two diseases affecting cattle 1n Eng
land a virus has been 1solated by much the same techmgue from each of the
conditions descnbed herein which might suggest that the same condition 1s 10
volved n each case Limuted serological studics have however indicated the
Iikelthood of wide antigenic differences existing between the vanous strains of
virus 1solated  While 1t has been deternuned that both strains of Calforma
ongin are identical they not only differ serologically but in certamn cultural
respects as well from the virus recovered tn South Africa Despute this fact on
2 chinical basis the condition 1a each country appears to be the same Com
parative serological studies have not as yet included the virus isolates from
England and New Zealand However 1nview of the findmngs referred toabove 1t
would seem not unhikely that these viruses will also be found to differ not
only from each other but from the South Afrnican and the California strains as
well Whether such a finding could be interpreted as evidence that a distnet
disease 15 1nvolved 1n each case remamns to be determined by more precise
means
In this connection 1t should be noted that the situation mrght be analogous
1o that of the bluetongue and the African horsesichness viruses These viruses
exist as several antigenically distinct types whuch can be differentiated only by
serum virus neutralization tests and n the case of bluetongue by cross
DProtection tests i sheep also Owing to the broad antigenic specificity of the
complement fixation test 1t can readily 1dentify all strains of the particular
virus but cannot distinguish between the different types With the application



36 T G McRERCHER AND J W KENDRICR

of the complement fixation reaction or some other swtable test procedure to
studies on the vanous »agmitis isolates 1t might be found that alf are the same
virus exssting as a number of serologically distinct antrgenic types
An obsenvation that has caused some specufation on the part of the Cab
forma workers at least 15 that vagaitis cannot be reproduced consistently
with the Californsa strain of vrus and most of the expenmentally produced
cases are auider than those that occur under natural condiions The South
African workers have hewise made this observation with ther stram of
sirus Thes mught indicate that the virus causes the wnfection only m concert
with another agent or agents Mullar (1955) i fact suggests that the virus
which he 1solated nught cause infection indirectly by enhancing the virulence
of the natural flora of the fespale genutal tract or that more than one vitus may
beivalied A more extreme view would be that the viruses which have been
wolated from the muld cases of saginstis at keast belong to the so-ealled
orphan groupand assuch play hittle or no role 1o the infections from which
they have been recovered However under certain circumstances which are
asyetunhnown they either directly or indirectly give rise to infection
A second possible explanation for the mildness of the experimental wnfec
tion and for s cecasional fulure to develop 1s the possibibity that antbodies
for the vagimtis virus are widesp amongthe cattl 1 Inthssevent
3t would be umpossible to avord using immune or partially immune caile in
studies of the disease In fact a lurated survey has shown that a high percen
tage of Califorma cattle both young and old carry antibody titers for the
Califorma stramn of yagitis virus The correlation of these titers to resistance
has not yet been determined
In the opimen of the authors the imtbral step w attempting to elucidate the
yagimtis syndrome should be to determne the relationship to each other of
the different virus strans that have been isolated from cases of vagimiss in
each of the four countnes where the disease has occurred While the geo
hical d of the ds imposes cerfamn lmutations on the
scope of such a study we nevertheless hope to make a serolopical study 1 the
near futuse on all known stratns of the virus Field projects designed to deter
mne the effect of the virus on fertifsty should also be carned out Such studies
to be undertahen on the Califormia stran of virus at Dawis are also con
templated for the near future

SUMMARY
The sahient chnical features of each of the vagmus syndromes that have
been teported from South Africa England New Zealand and the United
States are desenbed together with a summary of the expenmental studies
that have been conducted on each thus far
The posstble effect of each eatity on the festslity of cattle and thew relation
ship to each other are discussed



Catarrhal Vaguuus of Cattle 37
Approaches that might help to cluadate the vagimts syndrome are sug
gested
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1t 15 evident from Table I that approximately 50%, of the infected rams
examined were producing semen of a defimitely inferior quality and that only
25%, could be placed 1n a strongly fertile category

On a practical basis 1t should be pointed out that many of our rams are
placed with the ewes duning the months of May through August a period
which includes very hot summer temperatures It seems reasonable to assume
therefore that a ram whose fertility 1s already reduced by epididymutis and is
then subjected to hot envir 1 temperatures 1s not dong hus part i
settling ewes

These observations lead to questioning of the vahidity of some of our estab-
lished criteria for measuring the reproductive capacity of the ram

Concrete specific information regarding the effect of epididymitis on the
fertility of the ram 15 rather limuted but 1t 1s hoped that a more widespread
1nterest 1n this disease will stimulate additional research
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NEOPLASMS OF THE GENITALIA OF THE
BOVINE*

WAYNE A ANDERSON DVM MS and C L Davis DVM
Demer Colorado

MaNY articles have been wntten on the vanous causes of bovine sterlity but
there appears to be very hittle information on neoplastic discases of the bovine
gemtaha and their rel hip to bl Perhaps this 15
partly due to the infrequent rccogmmuon of mmors of the nternal gental
organs 1n cattle As a consequence there are very few cases on which clincal
observations have been recorded 11 cows afflicted with neoplastic discase of
the internal genital organs The common practice of sending to market ammals
that are no longer profitable as breeders affords an opportunity to make an

at the time of for evid of disease conds which
may not have been d or d cl As a rule no chnical
history 15 available on such ammals :md correlation between the necropsy
findings and the reason for the disposal of the arumal 1s usually lacking
Nevertheless the records of the Meat Inspection Division of the U S Depart
ment of Agniculture are of considerable value 1n that they often disclose a
greater incidence of some diseases than has been previously supposed Tumors
of food producing animals fall in this category and the cases submutted to
Federal lab 1es for provide a fruntful source of
1information on neoplastic diseases

SOURCE OF MATERIAL
Monlux Anderson and Davis (1956) made a review of all cases of neoplastic
disease of meat mspection specimens 1n the files of the Animal Disease and
Parasite Research Division Laboratory of the U § Departmemof Agncultureat
Denver Colorado Special giventocasesof: ofthe
uterus in the bovine and a rather sigmuficant number were found 1a the records
The findings 1n this study disclosed 26 confirmed cases of primary utenne

where the entire uterus was available for and 62
cases which were diagnosed as prabable pnmary uterine adenocarcmoma
based on the distribution and b: 1 of the lesions to

* From the Ammal Disease Research Laboﬁtory Ammal Disease and Parasite Research
Division Research Service US D Iture Denver Colorado
Dr Davisis now retired from the Agncultural Research Semcc
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those observed in proved cases The total 88 cases reported s one of the largest
serses recorded judging from 1 rather h review of the

it was of interest that w all the cases of adenocarcimoma of the uterus the
tumor had already spread to ather parts of the body at the tume of slawghter
necessitating the rejection of the entire carcass as unfit for human consump-
tion The remonal lymph nodes draimng the uterus the Jungs and the thoracie
lymph nodes were the sites of Tumor implants were also
{requently seen on the perttoneal surfaces and occasional cases showed spread
to the falloptan tube and ovary

11 15 regrettable that the breeding records of anymals with utenne cancer 18
this series were not avalable for cnteeal study To mmply that adenocarcmoma
of the uterus with resultant sterthity was the reason for sending these ammals
to marhet may be presumptous however if one can accept the obsenvations
made at necropsy of routinely staughtered ansmals as 2 cntenon 1818 £eason
able to make such an Supposting evid 15 the fact that of the
26 proved cases of uteriae cancer 1n our seres 13 were found to be nongravid
at the ume of slaughter The presence or absence of pregnancy was 1ot re
corded in the remaining cases In the few reported cases of pregnancy i cows
affected with adenocarcinoma of the uterus these was no way of deterrumng
sf conception occurred before or after the onset of the tumor One case of
Pregnancy in a cancerous vterus obsened subsequent to this review 15 on
record m the Denver laboratory fifes In this mstance a ten year old cow was
found at ime of slaughter to have a typical adenocarcimoma in the nudportion
of one horn and a normat 2-3 month fetus in the other Widespread metastases
were found 1t the lungs and m the broschial sublumbar and mternal thac
Iymph nodes The carcass was condemned Monfux Anderson and Dawis
(1956) also cited the case of & 6 year old cow that had been manually de
lvered of a normat calf Three weeks post partum the ammal became m

o and pated and exlubited difficulty 1n unnating A weeh later
pelvic led 2 palpable tumor of the uterus near the cervix
and greatly enlarged pehac and sublumbar lymph nodes The aumal became
dyspnewc and died 40 days after cahvung Death was attributed to massive
utenne hemorrbages mto the pentoneat cavty Upon matroscopis examina
tion the tumoy proved to be a utertne ad with tothe
sublumbar lymph nodes and lungs

In further studics on the relative occurrence of neoplastic diseases of food
producing ammals Monlux Anderson and Davis (1956) made 2 suney of al}
hovine ovine and poreine tumors encountered wn 1953 and 1954 w the Denver
abattowrs operating undes Fedezal mspection Dunng the 2 year period
230 neopt 2 of the eye tumor v the bovine were ¢ol
Jected for gross and The sp were ot
to establish their :dentity for ev.\'l uation of the common tumors whech nught
be encountered on post mortem inspection
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The 280 neoplasms consisted of 186 1n cattle 66 in sheep and 28 i swane
For the purposes of tlus paper only those cattle tumors affecting the genttal
organs will be considered A total of 45 of the 186 bovinespecimens orroughly
24% showed nvolvement of the gerutalin The type of neoplasm and the
organs mvolved were further classified as follows Adenocarcinoma of the
uterus 26 cases i k (lymph ) of the uterus 6
lelomyoma of the uterus 4 granulosa cell tumor of the ovary 6 cystadeno
carcinoma of the ovary with q of the vulva
1 and fibroma of the pems 1 case It should be mentioned that the 26 utenine
adenocarcinomas recorded 1n this survey were included among the 88 cases
already di dand donot 1d 1 cases

No cases of carcinoma of the cenvix or vagina were encountered duning the
2 year suney There 1s however a record of two cervical cancers and one
of the vagmna 1n the files of the Denver laboratory These are only mentioned
here because of their infrequent occurrence and will not be discussed further

The observations on epithelial tumors of the eye or it appendages collected
during this survey were reported separately by Monlux Anderson and Davis
(1957) The results of their study of 722 ocular squamous cell tumors indicate
that neoplasms of the gemtalia seldom result from metastasis of cancer eye
1n cattle

It 15 of anterest that no examples of tumors of the testes or prostate gland
were observed 1n the 2 year penod or for that matter at any tume 1n the
Denver laboratory They are probably rare i the bull Tumors of the penis
1n the bull are of rather frequent occurrence and are most commonly seen n
younger ammals The fact that fibroma of this organ was encountered only
once in our 2 year surivey ts evidence of the fallacy of trying to arrive at the
relative occurrence of ammal neoplasms from the records of slaughtering
establishments alone

Anexample of each of the types of tumors of the bovine genitalia encountered
m this survey has been selected for tllustration of therr gross and microscopic
features

PATHOLOGICAL CONSIDERATIONS

Adenocarcinoma of the Uterus

Utenine adenocarcinomas usually anse from the glandular tissue of the
endometrium They may occur in either cornu or the body of the uterus and
more often develop as single growths One case 1n our collection showed
three distinct tumor masses two 1n one cornu and one i the other In another
mstance two separate growths were found 1n one cornu A rather common
finding was the tendency of the tumors to form annular constrictions of the
nvolved areas The following example typifies the gross and ICroscopic
features of tus tumor The subject was an 8 year old nonpregnant cow
which at necropsy revealed a 5 x3 x 2 cm growth 1n the midportion of the left
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those obsened w prosed cases The total 88 cases reported 1s ane of the fargest
serves recorded judging from a rather compreh review of the b

Tt was of inierest that 1 alk the cases of adenocarcmoms of the vterus the
tumor hd lready spread 10 other parts of the bady t the time of slaughter
necessitating the rejection of the entire ¢ircass as unfit for human consump-
tion The regronal lymph nodes drarang the uterus the ungs, and the thorace
Iymph nedes were the sites of Tumor implants wers alo
frequently seen on the pentoneal susfaces and oceastonal cases showed spread
to the fallopian tube and orvary

It 1s regrettable that the breeding records of anwnals with utertne cancer it
this series were not available for enitical study  To 1mply that adenecarcinona
of the uterus with resultant stenlity was the reason for sending these animals
to marhet may be presumptous  howcerer if one can accept the observations
made at necropsy of routinely slyugiitercd ammals as a cruterson st 1s reason
able to make such an p Supporting evid 1s the fact that of the
26 proved cases of uterine cancer i oue senes 13 were found to be nongravid
at the ume of slaughter The presence or absence of pregnancy was not ré
corded in the remaining cases In the few reported cases of pregaancy 1 €ows
affected with adenocarcivoma of the uterus there was no way of determmug
if conception occurred before or after the anset of the tumor One case of
PregRancy m a sancerous uterus observed subsequent to ths review 15 oR
record in the Denver Jaboratory files In thisinstance a ten year old cow was
found at ime of staughter to have a typical adenocascinoma sn the mudportion
of one horn and a normal 2-3 month fetus in the other W idespread metastases
were found 1n the lungs and i the bronchal sublumbar and nternal 1la¢
lymph nodes The carcass was ! d Monlux And and Davis
(1956) also mited the case of a 6 year old cow that had been manually de
Inered of a normal calf Three weeks post partum the ammal became m
appetent and constipated and exlubited difficulty i urmating A weeh later
peluic ded 3 palpable tumor of the uterus acar the cervik
and greatly enlarged pelvic and sublumbar lymph nodes The ammal became
dyspnesc and dred 40 days after calving Death was attnbuted to massive
aterine hemorrhages into the pertoneal cavity Upon mucroscopic examing
tion the tumor proved to be a ufenne ad with tothe
sublumbar lymph nodes and ungs

In further studses on the relatne occurrence of neoplastic diseases of food
producing anunals Monlux Anderson and Davis (1956) made a suney of all
‘bovine owine and porsine tumors encountered in 1953 and 1954 the Denver
abattows operatmg under Federal inspection Dunmng the 2 year period
180 neoplasms exclusne of the common eye tumor in the bovine were col
fected for grass and w The sp were d
10 estabhish their identity for c\:du:mon of the common tumors which mught
be encountered on post mortem inspection
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In thus case the ammal was carrying a 3 month fetus 1n the presence of a
40 Ib tumor The case record did not indscate whether the 1nvolved or normal
comnu was gravid The largest uterine lelomyoma 10 our collection weighed
501b The opposite cornu also contained a 6 1b tumor The uterus was non-
avid

& Microscopically the tumors are composed of interlacing bundles of smooth
muscle cells containing elongated granular nucler with rounded eads (FIG 5)
In areas of the growth where 1nterw eaving of the muscle bundlesis less marked
the nucler are laid down 1n an orderly paraliel fashion and are of uniform size
and shape Mitoses are not usually obsenved The sausage shaped appearance
of the nucle: aids 1n the differentiation from the more spindled nucler of the
fibroblasts A vamable amount of fibrous ussue 18 sed
throughout the tumor which contributes to the resilience of the gross lesion
Areas of necrosis hemorrhage and cystic degeneration are frequently seen
1n the larger neoplasms

Malignant Ly mphoma of the Uterus

The lymphoid tumor of the bovine 1s of common occurrence and may anse
1n any part of the body where lymphotd tissue 1s normally present This neo-
plasm 1s iy anably fatal 1f permutted to run its natural course It1s one of the
most frequent causes for d of entire for
disease m meat The mal lymph usually grows and
spreads rapidly and may involve any of the tissues or organs of the body The
uterus ss no exception since among the 20 cases of thus neoplasm encountered
in our suney multiple utenine lesions were found 1n 6 in association with other

sites of 1 t (F16 6) Addi 1 cases studied 1n the Denver

laboratory showed solitary lymphoid tumors n the uterus of which one
actually weighed 401b In other instances we have observed diffuse thickerung
of the entire uterus with neoplastic lymphoid tissue One case was of particular
interest in that a 5 year old cow showing extensive volvement of the uterus
was carrying a nearly full term calf The 1nternal thac lymph nodes and the
auncle of the heart were also tumefied We also have obsenved a 4-5
month old normal fetus 1n a tumefied uterus Here again there was no
way of determumng 1f conception occurred before or after the onset of the
neoplastic process

The malignant lymphoma ss usually grayish white compact and of soft
consistency with a minimal supporting connective tissue stroma In some of
the larger growths however the tumor may contan strands of connective
tissue separating the neoplastic mass wto lobules Also the larger lestons not
infrequently contan areas of hemorrhage and nhecrosis The macroscopic
features of mal 1ymph aid m the from the y

curhotic lesion of carcinoma and the flesh pink firm resihient Iesion of the
lelomyoma




44 W A Anpgason anp € L Davis

carny of the uterus The mass had produced an annular constrction with
almost complete oceluston of the lumen Oncutsection the growthwas yellow
1sh and selerotic (Fis 1 and 2) The tumor had spread to the left ovary and
broad ligament adjacent to the imvolved cornu In additton there were meta
stases to the pentoneal surfaces the ihac sublumbar, and portal Jymph nodes
1n the abdominal cavity and to the lung bronchual, and medastinal Iymph
nodes 1n the thoracic cavity

Microscopically  the tumor was made up of low columnar epithchum
arranged 1n a rather charactenstic glandular pattern although in some arcas,
the tumor cells grew 1 solid nests (F1G 3) Mitoses were common An abun
dant fibrous stroma was mnterspersed throughout the growth which accounts
for the sclesotic nature of the tumor The neoplastic cells had mvaded exten
sively both the muscufans and endometrium  but therz was no apparent break
through either the scrosal or endometrial surfaces There was however lateral
spread of the tumor cells under an sntact endometnial ining The newly formed
glandlike structures frequently contauned cellular debns The glandular pat
tern of growth together with an abundant fibrous stroma w.as muntained 1
all the metastatic fesions It was this charactenstic microscopic picture o+
gether with the rather common distrtbution of the metastases 1n hstown cases
of primary uterine adenocarcinoma that enabled us to diagnose many ¢ases
of probable pnmary adenocarctnoma of the uterus when that organ was niot
avaslable for examination

Lewomy a of the Uterus

Letomyomas not infrequently have their onga 1 the smooth musculatuce
of the genital tract but the uterus of cattle seems to show a greater predilec
tion for this type of tumorous growth They commonly contan a relatvely
Jarge amount of fibrous hissue I with the neoplast
smoothmusclecells and are also referred to as utenne fibroids or fibromyomas
These tumoss are usually bergn and remain 1n the uterine wall even though
they may grow to massive proportions They are confined to the muscular
wall by a fibrous capsule and grow by expansion The tumors may be single
or multiple, involving erther the body or the hotns of the uterus The four
cases encountered 1 this senes were solitary growths the largest measunng
28 %18 x7 cm Two of the animals were pregnant at the tume of slaughter
One contained a nearly full term calf 1n a cornu desptte the presence of 2
11 % 10 x 6 cm letomyoma 1n 1ts muscular wall The other had a tumor 20 cm
1n drameter 1n a nongravid cornu while carrying a 2-3 month normal fetus in
the opposite cornu {FiIG 4) Whether the first amimal could bhave delivered
normally m the presence of the tumor 1s problematic Suffice to say pregnancy
may be snterfered with 1f the body of the uterus 15 affected or 1f both coraua
contamn multiple tumors Among 11 additional Jelomyomas of the bovine
wterus on record 1u the Denver files, only one was associated with pregnancy




Fic 1 Adenocarcinoma of the uterus bovine One hom contains a neoplastic mass
1 h ry fied

From Am J Ver Res (January 1956) 17 $3
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In histologic section the tumor consists of lymphod cells growing 1 2
compact but unrestnicted manner (FiG 7) The cells are rregularly sphencal
with hyperchromatic ovalnucleranda of cytopl: The neopl.
cells may show considerable vanation 1n size, particularly i the more rapidly
growing tumors Mitosis 15 usually demonstrable without difficulty The
tumor may grow 1n nodular masses or proliferate 1n a diffuse manner, with
obhteration of the invaded tissues

Granulosa Cell Tumor of the Orar;

Pnmary ovanan tumors in cattle are by no means rare Their obsersance
in ammals coming to slaughter constitutes the principal source of information
on this entity Our suney revealed 6 granulosa-cell tumors among 42 neo-
plasms affecting the nternal genital organs 1n the bovine These and an addt
tional 19 cases in the Denver coll were ¢l d as granul 1l
tumors on the basts of their luistologic appearance Clinucal data were Jacking
m all but one ammal and this particular case was made the subject of a separate
report by Kingman and Davis (1940) Associated pregnancy was not recorded
1n any of our cases but this does not preclude such a possibility Data on this
aspect would have been of extreme importance in evaluating the relationshup
of this tumor to reproductive nterference

Granulosa-cell tumors are seen 1n vanous stages of development at necropsy
and we have obsersed massive growths weighing 20 1b or more They are
usually ovord have a smooth outer surface and may be more or less lobu
lated The cut surfaces may be grayish or yellow and have a granular appeat
ance The tumor s usually soft and quite vascular Broad bands of connective
tissue often intersperse the growth The larger lesions may contain many cysts
diffuse areas of hemorrhage and necrosis (FiG 8) They can anse 1 either
ovary but seldom occur bilaterally A few of our cases showed numerous
tumor impl on the abd 1 serosa lung either from spillage of neo-
plasuc cells from a ruptured lesion or by transpentoneal metastasts Assoct
ated metastases were also observed in the internal iiac or medsastnal lymph
nodes 1 5 cases

Langham and Clarh (1945) and kangman and Davis (1940) have shown that
the tumor can provohe a remarkable ferimzing hormonal influence with

1 tive of kb Cystic ovaries can also pro
duce a similar syndrome and differentiation must be made by pelvic examuna
tion If an ovaran tumor 1s suspected it can be removed surgically and if the
removal 1s done 1n tume the animal may return to normal It should be men
tioned that the tumor can be mistaken for based on the p
of a palpable mass the pelvic canity This happened 1n the two cases of
granulosa-cell tumor reported by the above authors 1n which the error 1
diagnosis was not discovered until the ammals were autopsied

Macr lly the g 1 1l tumor may p: anextremelyvanable




FiG 1 Adenocarcinoma of the uterus bovine One horn contains a neoplastic mass
producing a complet I (arrows) Th 7y 1s tumefied
FromAm J }et Res (January 1956) 17 53
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In fustologic section the tmor conusts of tymphoid cetts grawmg e a
compact but unrestricted manaer (P16 7) The cells are wrregularly sphencal,
with hyperchromauc oval nucleianda ofcytoplasm The neopt
cells may show considerable vanation i size, particularly in the more rapidly
growing tumors  Mitosis 15 usually demonstrable without duficulty The
tumor may grow 1n nodular masses or prolifesate in a diffuse manner with
obliteration of the invaded tssucs

Granulosa Cell Tumor of the Orary

Primary ovarian tumors in cattle are by no means rare Their obsenance
1n animals coming to staugh tes the principal source of
on this entity Our sunvey revealed 6 granulosa~cell tumors amang 42 peo-
plasms affecting the mternal genstal organs in the bovme These and an adds
tional 19 cascs i the Demver coll were classified as granul i
tumors on the basts of therr histologic appearance Chmeal data were lacking
1n all but one ammal and this particular case was made the subject of 2 separate
repart by hangman and Davis (1940) Associated pregnancy was not recorded
w any of our cases bt 1hus does not preclude such a posuibiity Data o this
aspect would have been of extreme importance i evaluating the relationsfup
of this turnor to reproductive interference

Granulosa-cell tumors are seen i vanous st fdevelop atnecropsy
and we have observed massie growths weiglung 20 1b or more They are
usually ovoid have a smooth outer surface and may be more or less loby
lated The cut surfaces may be grayish or yellow and have a granular appeat
ance The tumor is usually soft and quite vascular Broad bands of connective
tissue often mtersperse the growth The larger lestons may contam many ¢ysts
diffuse areas of hemotrhage and necrosis (Fic 8) They can anse w esther
ovary but scldom occur bilaterally A few of our cases showed numerous
tumor impl. on the abd 1 serosa lung either from spiiage of neo
plastic cells from a suptured {esion or by transpentoneal metastasis Assoct
ated metastases were also observed i the internat thiac or mediastinal lmph
nodes mn 5 cases

Langham and Clark (1945) and hangman and Davis (1940) have shown that
the tumor can provohe a remarkable feminizing hormonat mflucnce, With

) y sndicative of nymph Custic ovanes can also pro

duce a simslar syndrome and dufferentiation must be made by pejvic exanund
tion If an ovaran tumor s suspected 1t can be removed surgicaffy and if the
removal 1s done n time the ammal may return to normal It should be men
troned that the tumor can be mstaken for pregnancy based on the presence
of a palpable mass m the pelvic cavity This happened 1n the two cases of
granulosa celt tumor reported by the above authors in which the error m
dragnosis was not discovered uatil the anmals were autopsted

M pically, the ! 1 tumor may pre entanextremely vanable
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Fig 5 Leiomyoma of the uterus bovine Section shows mntertacing bundles of

muscle cells and areas of fibrous connective tissue Hematoxyhn—cas n

Fig 4 Leiomyoma of the uterus bovine Incised tumor .0 cm in diameter m the wall of
the nght hom The opposite hor carried a 2 3 month live fetus

smooth
10




M)

~
rd
=m0 u}’; -
f

L

Fit 2 Adeno arcinoma of the uterus bovine Cut surface of neoplasm shown in
Fiz 1 Note enfarged tumefied ovary at nght as compared with uninvohed ovary at left
FromAm J Vet Res (January 1956) 17 53
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Fig 3 Adenocarcinoma of the uterus bovine The scctton shows neoplastic glandlike
ting m an abundant fib Notc cellular debris within the humens

Hematoxyln—cosin x 110




Fi, 8 Granulosa cell tumor of the ovary bovine Tumor of nght ovary size of indoor
baseball The growth was multilocular and estremely hemorrhagic Numerous implanis
were present on wiseral and parietal pertoneum  Note the scrosal implants on the
opposite ovary
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Fig 9 Granulosa cell tumor of the ovary bosine Section shows a compact highly
cellular pattera of growth Note small area of eystic degeneration lower left Hema
toxyhn-cosin 111



Fic 6 Malgnant lymphoma of the uterus bovine Multiple subserous nodular
growthsn the body and both horns Associated lesions were present in the mediastinum
liver spleen hadney and the portal mesenteric and sublumbar lymph nodes

o R e TR 2%, a2

[ e 3 WA VR

N o= Py e v"!:u > 1 4

e ’;;'(;‘,;_ S iy LA
T .

b

L
¥
]

[
o

3
Y
A4
ll L’
~%
¥ ¥ Bt

.

<
[
R

3
.\:&x)u\:_" Bl e s ANl e I
R AR imdly e B
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lignant Iymphoma of the uterus bovine Section shows
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Fiu 12 Fibroma of the pems bovine {rregufar aval fobulated tumor (35 10 Semy
completely enveloping the glans pemis Note the entensine surface ulceration of the distat
twomthird> of the fesion A sepacate i sion | cm in diameter 13 below the mawn mass and
asumlar growth S eman dumeter 15 atta hed to the prepuce adgacent to the Targe tumor
mass
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Fic 10 Squamous-cell carcinoma of the vulva bovine The cancerous growth nearly
envelopes the entire external orifice of the vulva

23

hows large neoplastic
uamous cell carcinoma of the vulva bovtne Section |

cellltsl(s; ;}alralse?‘l into irregula nests by connective tissue stroma Note the cellular infiltrate
1 the stromal tissue Hematoayln eosin x 110
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pattern in different cases and within individual fumors Usually the cells have
a morphologic resemblance to granulosa cells wlich s the most important
cnitenon for diagnosis Sometimes the polyhedral tumor cells become spindled
to produce a sarcoma like pattern These are beheved to be transitions from
the more typical epithehial arcas Other arcas may show a cyhindroid or adeno-
matous arrangement of the cells depending to some extent on the amount and
manner of distnbution of the supporting connective tissue stroma Agan the
tumor cells may grow in diffuse masses with hittle or no suggestion of a
folliculord pattern (FiG 9) The degree of nutosis 1s vanable and may be
scant 1n some cases and abundant 1n others Dx changes are com
monly present in the larger tumors

Carctnoma of the Vuba

Squamous-cell carcinoma of the vulva 1s rarely observed and 1s only of im
portance where a valuable breeding ammal may be concerned Early lesions
may not be recognized as cancerous growths and the five examples m our
files were faurly well ad d when sub 4 for histol:
These presented a rugose type of lesion with considerable surface ulceration
and secondary snfection On section the cut surface appeared as a gray or
yellowssh granular lesion The tumors probably had their ongin at the muco
cutaneous junction of the labium and 1nvolved a part or nearly all of the ex
ternal vulvar onfice (Fic 10) In each snstance the tumor had mvaded
the underlying subcutaneous and muscle tissue It 15 concevable that 1n
advanced cases there could be T 1 with breeding or per

haps reluctance on the part of the cow to accept the service of the
bul

Histologically the tumor 1s made up of trregularly shaped compact nests of
hehial cells sep d by a variable amount of vascular fibrous
stroma (FiG 11) The tumor spreads to the adjacent normal tissues by 1afil
tration of fingerlike strands of neoplastic cells The supporting stromal tissue
frequently contains Iymphocytes and cosinophiles Rapidity of growth may
result in areas of necrobiosts due to madequate blood supply In some of the
eputhelial nests the older cells i the center become cormfied and stamn more
aadophilic and their nucler are arranged 1n a concentric fashion These for
mations are frequently referred to as  epithelial pearls and often characterize
the squamous-cell type of carcinoma

Fibroma of the Pems

Tumors of the penis of the bull are common and are frequently seen 1n
younger animals according to McEntee (1950) These growths are fibrous 1n
nature and are chincally bemgn even though they may auam considerable size
and ly show some hustol of They seldom
recur following complete excision and to our knowledge are not known to
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SUMMARY
In a senes of 186 cascs of neoplasia in the bovine 24% showed involvement
of the gemtal.a
Incattle pnmary adenocarcinoma of the uterus has recently been shown to
be one of the more frequently occurnng tumors in the female and fibroma of
the penus 1s the most common genstal neoplasm in the male
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1nvade locally or metastasize The Iesions are usually single and may anse on
the glans penis or other arcas on the body of the organ Lesions can also occur
onthe sheath Multiple growths occur, but less frequently (F16 12) They often
have a caubiflower appearance The tumor may nterfere with copulation or
there may be hesitancy or refusal of the bull to serve Their size often presents
retraction of the pems and the tumor 1s subject to trauma hemorrhage, and
ulceration The cut surface shows a grayish white firm glistening type of
tissuc

A sumilar type of fibrous tumor of the vulva and vagina of hefers has been
observed They may grow to sufficient size to protrude from the vulva before
parturition but more often are first scen at calving time The true nature of
these tumors 1n heifers and young bulls has not been determuined but because
of their simultaneous occurrence 1n several ammals stabled or running to
gether some authors McEntee (1950) suspect an infectious ctiology perbaps
of the nature of a virus

Microscopscally the tumor of the penis 1s composed of fibroblasts arranged
mn mterlacing bundles (Fi6 13) A vanable amount of collagen 15 formed,
which ncreases with the age of the tumor In the majonty of cases the neo-
plastic cells resemble the mature fibroblast but other tumors contain areas i
which the cells show a hat disorderly ar therr nucler are
arregularin size and shape and mitotic activity 15 apparent These less orderly
areas are at least suggestive of histologic malignancy and such tumors have
beend d by some pathol asfib The coverngepithel
of the tumor may show proliferation with papillary projections extendmngnto
the tumor The p helium 15 dered a component
part of the neoplastic process by McEntee (1950) who uses the term fibro-
papilloma to designate this tumor

DISCUSSION

Because of their relatnvely infrequent occurrence tumors of the gemtaba
do not represent a major economic factor in the over all problem of wfertihity
1 cattle Nevertheless they may be of sufficient importance particularly 1n
valuable breeding stock to warrant consideration by the cimcian in the dif
ferential diagnosis of the causes of infertility Furthermare 1t 1s probable that
careful post mortem exammnation particularly at the abattorr wall resultin the
recogmtion of neoplasia of the mtcrnal genital organs 1n many mstances where
the cause of infertility nught otherwise remain unexplained

Except for removal of the readily accessible fibroma of the pems 11 the
male surgical or other treatment probably has only imuted application 1 the
bovine Early diagnosis of neoplasia of the internal gemital organs m the fe
male will permut disposal of the ammal for salvage and avoid the maintenance
of an unprofitable anumal 1 a futile attempt to obtain more calves
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C L.Davis Dr Gassner 1n this article to which I previously referred the age was
given for each of the 26 cases m which we were able to examune the uterus to deter
nune the pnmary ongin I believe the youngest amumal was 3 years old and from
there on up to 8 10 and 12 years of age 1 haven t scen it 1 a very young amimal
Now the second question you ash 1s most wnportant and 1s one of the reasons
why I was glad to have an opportunity to come up and present this problem at
the Symposium We hnow very little about the chnical history of these amumals
with tumors of the bovine genitalia Gur object 1n presentng thus paper 1s to try to
stimulate a little more interest in the diagnosis or the differentation of these different
types of stenlity ‘There 1s a lot we do not know about the causes of sterility and here
we have come up with another one and very little 1s known about it There are very
few instances 1n which clinical records were made on these cases and the reasons for
it 1s that they are nat detected by the chcian 1 have interviewed several of our
leading vetermary chmcians i the Denver arca and when I ashed them what infor
mation they could give me on carcinoma of the uterus they knew nothing about st
If we can get these and v to the disease and give us
something about the case histones then we will know more about this

F X Gassner Thank you Dr Davis One more question please Have you any
wformation on the anatomucal status of the ovary in cases where you found
adenocarcinoma?

C L Davis Dr Gassner here again practically all of our matenal was obtamed
from anumals comung to slaughter We know nothing about them We don t know
whether they had had veterinary exanmnation or not We are assuming that these
cattle were sent 1 because they were unable to become mmpregnated Two of the
cases one In our own series and one that was reported 1 the foreign literature
showed that there was pregnancy assocsated with this tumor but there was no way of
teling whether the tumor occurred before or after conception Nothung was saxd
about the condition of the ovary In all cases we had an opportunuty to cxanune the
ammal but we felt that unless the ovaries were involved in a metastatic process that
they were essentially normal

H T Gizr Mr Chairman n our work on the uterus of the cow we have found
n some 3 or 4 / of the uter rather large fibroid cysts \ery definstely of bactenal
ongin Have you found any correlation between such cysts and carcinoma?

C L Davis Dr Gier by the time we get such cysts the boys on the kiling floor
usually have cut into them If they were abscessed we didn t get them because we
were wterested in neoplasia, [ can t answer with any certanty but are you asking
me 1f an abscess 15 a forerunner to carcinoma? If you are I say I don tthinkso At
least if we can draw a correlation between what we see i the bovine and what we see
in the human 1 have never read where an abscess of an ovary or a uterus or of any
other organ precedes the formation of cancer cells

RUE JenseN Thank you Dr Davis The next question is diuected to Dr
McGowan

Kennerst McENTEE  Has an attempt been made to infect bulls with the organism
which causes epididymutis 1o rams?

Brame McGowaN To my knowledge no attempt has been made using the ram
;pxdldymms orgamsm i bulls There are however plans to attempt that in the

uture

D H McWape What has been found to be the effect of high scrotal temperature
©on conception rate 1n the valley ewes?




DISCUSSION
Monday July 1 1957
Afternoon Session
RUE JENSEN Presiding
DISEASES OF REPRODUCTION

Rug JenseN  As we proceed with the Panel this afternoon you are mvited to make
further comments on the questions 1f you wish

Members of the Pancl on Reproductive Diseascs are Dr Kenneth McEntee of
Cornell University Dr C L Davisof USD A who has just discussed Neoplasta
of the Bovine Gemttaia Dr D G McKercher from the Unnversity of California
and fus colleague Dr Blaine McGowan also from the Unisersity of Califorma Dr
V A Muller a member of the staff of this University and Mr Malcolm Trueblood
from the Department of Bacteriology at the University of Wyoming I think we should
start with questions directed to Dr Davis since his presentation is fresh in your mind

E W Jones What s the d of of the bovine
uterus i relation to the total number of cows slaughtered 1n the serses reported?

C L Dawvis In a previous computation dealing with the diagnosis of adeno
carcmoma published 1n 1956 n the Veternary Research Journal we gave the total
number of cattle slaughtered for that 2 year persod but we did not attempt to
calculate the percentage I nught say that 1t 1s a small fraction of 1,/ It was not my
ntention to say that carcmoma of the uterus 1s common but 1t certanly 1s far more
common that one would expect from the mformation one gets from the hiterature or
from our veterinary textbooks

Rue Jensen  Are there any comments from the floor on that subject If not Dr
Davis another question 1§ as follows  Was any breed difference 1 susceptibility
obsetved for adenocarcinoma of the uterus? I believe you mdicated that no such
difference existed for the malignant Iymphoma

C L Davis In relation to adenocarcmoma I mught say that our 2 year survey
was conducted at the Federal establishment 1 Denver Colorado where 85-90/
of the cattle slaughtered are of the Hereford breed In our senes where the breed
was 1dentified they were all White faced except one that ammal was a Brown
Swiss Reports of adenocarcinoma of the uterus made m forergn countries and in one
or two instances 1n this country mvolved breeds other than the Wiate faced Now 1ff

there are any White faced breeders here please do not accuse me of saying that the
White face 15 more susceptible to adenocarcinoma of the uterus than other breeds
It just so happened in our observation

F X GassNner My question Dr Davis concerns the relationship of age of the
bovine female and the general reproductive status of that cow to the incidence of
carcinoma of the uterus Have you found that there is any relatronship to recent
calving or the stage of mulk secretion? I wonder whether the incidence of uterine
carcinoma 1s hugher m older cows or do you ever find such neoplasm 1 cows below
5yearsof age?In buman medicine such relationship to advanced age exists
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floor on the subject of epididymutis? If not let us proceed to the subject of  Vibriosis
nSheep  This question is directed to Dr Muler

E.M Saccut Would you please elaborate on the size and type of inoculum used
morahinoculation of pregnant ewes?

V A Muur Fifty grams of ground viscera from aborted lambs infected with
Vibrio fetus was gnven orally to cach cwe at the beginmung of the 5th month of
gestation

E M Saccmi Have you shown that oral infection 1s probably the route by which
sheep become mfected naturally?

V A Muirr OQur worh has all been done on an expenimental basis From our
findings resulting from oral noculation of suscepuible pregnant cwes i advanced
stages of gestation and by the use of rams from infected flocks or artificially infected
rams we consider oral infection of the ewe to be the route by which sheep become
mfected naturally

Rue Jensen 1 believe that mvestigators at Montana State College have shown
natural transnussion by placing normal susceptible ewes 10 a pen which contained
abortingewes The next question isalso to Dr Miller

C F Hawhins Were the aborted lambs expelled previous to normal partuntion
arwere they born dead at full term?

V A Muier The majonty of lambs were born dead approximately at full term
There were a few that were born i an excessive state of weakness and lived up to two
days following birth

C F Hawnins Was nfected bovine tissue used 10 any attempt to transmit
vibriosis to sheep?

V A Muier Ourwork was pnmanly with the infected tissue of lambs In work
of other mvestigators bovine vibriosis was attempted to be passed to sheep m some
of the earher mvestigations I think it was only one ewe m which abortion was
<caused by bovine tissues However Iam not sure whether the methods we are fol
lowmng today are the same

RueJensen Dr McEntee would you care to speak on the question

Kennern McEntee 1 don t as far as cattle are concerned I don t know of any
attempts of prod vibriosis 1n cattle with the ovine strain

RUEJEnsEN One expenment has been conducted in which six pregnant cows were
noculated orally aith the same infected sheep tissues as were used to produce
abortion m ewes without producing the disease in the cows The reverse procedure
has also been done A few years ago we fed infected tissues from an aborted calf
:;lfectcd wath Vibrio fetus to pregnant ewes without causing any evidence of the

1sease

J € OssorNe How many days after oral noculation did abortion oceur?

V A Mnrer The earliest abortions resulting after feeding mfected tissue to
susceptible ewes at the begmning of the fifth month of gestation was 4 days The
mean was 13 2 with a standard error of 4 2

J C Ossorne What was the route mterval and amount of vaccine used 1n
1mmumty studies?

V A Muier All vaccmes were given 1n 5 m! amounts ntramuscularly with the
X eption of formalized infected tissue That was given subcutanecusly All vaccina
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Brame McGowan 1 beliese that question sefess to the portion of the paper this
moring comparng lambing pereentage of one area of the state (o another I per
sonally have nat done any experimental work on the cffect of high temperature en
reducing fertilsty in the ram Gunn in 1942 pubbished & very lengthy article pazt of
seluch dealt with the adverse cffect of high temperature on fertility 1 the ram My
secollection 15 that a range of 95 -105 F environmental temperature would
adversely affect sperm potency and number This reduced fertility would be mans
fested am 2 or 3 weeks following exp w0 1
and would last for a pertod of 2-4 months 1t 15 considered a transient effect only
because of the fact that eventuatly they did recoses There was conuderable yanation
from ram to ram

A M Soressen Can tesucular biopsy be an a1d 1o diagnosss of epsdidymstis?
Some epidid are vesy firm Is 3 of the scrotum

measurable?

Brams McGowan In answer to that fiest question yes 1 think you could use the
Liopsy method as ar aid in the diagnosss of epididynuts OFF hiand however 1 fad to
see as to what practical apphication that would hase Palpation of the head or the
tail of the epididynus tself will reveal those lesions It s true that an oocasional
epididymus wilt be slightly firmer than you might expect normatly but it salf does not
have the fee] that a truly infected epididymms wall have We hase been fooled occa
swonally by rams having an 2bnorrally thick epdidymal tunie We learned to dis
tingush between cases we were calling infected and which were shown upon subse
quent staughter not to be mfected and the truly diseased glands In answer to the
second question yes one can record the mncreased scrotal temperature on at Jeast 43
artifically wiected ram with epididymuitis In many instances the disease 15 reflected
n an screase systemic temperature as well Many of these ammals casty a feser
particularfy wm cxperumental cases end wall also evidence some inappetence Whether
field cases are Jess severe or whether the rams are less carefully examumed I dont
know but we have pever had o <all 10 see a ram sick with a natural case of
epudidysiutss

Sranegy Musarave Doges el cause any
andsfso can those effects be separated from the effects of mfection?

Brane McGowan I can answer that question only sadirectly 1t 15 our assamp-
tion that there would be no abnormal effects seen m semen collected by the Marder

I Jatar 19 the ram d to done with the artsficial vaga
There 1s some work currently beusg prepared for publication companng boving
semen coll d with an b and with the aruficial vagina There ace
some punor differences These differcnces that we see 1n these ranss mfected with this
orgamsm however are much more severe and of a nature which we certanty would
not expevt 20 be caused by the method of collection As  comparison semen valuey
of our five controf rams weze withi the nosmal rangs as set up by other wethods of
collectzon I would say that the differences we got were due to the disease and sot ta
the method of coliection.

Rue Jensen In the publication of Dr Guan iz 1942 2 large satple of rams was
studsed and the testicular lesions were classified As I recall the figures Dr Guna
found approumately 2,/ of the cffected sams showing vancocele of the spermatc
cord The question is have you encousteted vazicoceles 1o rams i your study?

Brame McGowaN We have not found the vancocele m the sperratic cord
Rue Jensen Thank you Dr McGowan Are there any fusther questrons from the

1 Fags semen
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floor on the subject of eprdidy mutis? If not let us proceed to the subject of Vibriosis
wnSheep  This question s directed to Dr Miller

E. M Saccit Would you please claborate on the size and type of moculum used
noral moculation of pregnant ewes?

V A Mirr Filty grams of ground viscera from aborted lambs infected with
Vibrio fetus was given orally to cach ewe at the beginning of the 5th month of
gestation

E M Sacan Have you shown that oralinfection 1s probably the route by which
sheep become infected naturally?

V A Miuier Our work has all been done on an expenmental basis From our
findings resulting from oral mnoculation of susceptible pregnant cwes 1n adsanced
stages of gestation and by the use of rams from infected flocks or artificially infected
rams we consider oral infection of the ewe to be the route by which sheep become
wfected naturally

Rue Jensen [ believe that investigators at Montana State College have shown
natural transmussion by placing normal susceptible cwes 10 a pen which contained
aborting ewes The next question 1s also to Dr Muller

C F Hawims Were the aborted lambs expelled previous to normal parturiion
orwere they barn dead at full term?

V A MiLter The majority of lambs were born dead approximately at full term
There were a few that were born 1n an excessive state of weakness and lived up to two
days following birth

C.F Hawnns Was mfected bovine tissue used mm any attempt to transmit
wibniosis to sheep?

V A MuLer Our work was primarily wath the infected tissue of lambs In work
of other investigators bovine vibriosss was attempted to be passed to sheep i some
of the earler mvestigations 1 think 1t was only one ewe in which abortion was
caused by bovine tissues However Iam not sure whether the methods we are fol
lowing today are the same

RUEJENsEN Dr McEntee would you care to speak on the question

KenNeri MCENTEE T don t as far as cattle are concerned I don t know of any
successful attempts of producing vibriosis in cattle with the ovine stran

RUEJENSEN One experzment has been conducted in which six pregnant cows were
moculated orally mth the same mnfected sheep tissucs as were used to produce
abortion 1n ewes without producing the disease 1n the cows The reverse procedure
has also been done A few years ago we fed mfected tissues from an aborted calf
‘;‘éz‘::ed with Vibrio fetus to pregnant cwes without causing any evidence of the

J C Osorne How many days after oral inoculation did abortion occur?

. V A Murer ‘The earliest abortions resulting after feeding infected tissue to
uscepuble ewes at the begmning of the fifth month of gestation was 4 days The
mean was 13 2 with a standard crror of 4 2
J C OsnorNe What was the route mnterval and amount of vaccine used
Immumty studies?
exv A MILER Al vaccines were gien 1n 5 ml amounts intramuscularly wath the
"eplion of formalized infected tissue That was gtven subcutaneously All vaccina
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tions were made approximately 1 month prior 1o breeding All mimals recesed
only one vacemation

Rue Jensen The next question is directed to Mr Trucblood What difference i
sitro exists between Fibrio fetus and the so-called Pibrio dubiss besides the catalase
and hydrogen sulfide reaction?

MarcorM TrusnLoop At the regional Vibnosss meetmgs we classfy ¥ibrio only
on catalase and hydrogen sulfide activity ‘The Wyoming station presented evidence
at the 1956 regional mecung that showed some morphological differences Rustic
Hezberg and Sanders (1956 Colomal and antgenic varations of Vibro fefus Am
J Vet Res 17 803) of Flonda have shown that there are colons! differences
growth betveen smooth rough and mucoid Outside of these few ssolated and
unselated examples of differences T would hesitate o say there was any differcnce
between the two vibrio other than the biochermical tests I yight say that Dr Frank
who 15 on¢ of the promoters of the catalase tast bases hus test on the source fromwhich
the vibno is solated and perhaps if you went on that basis then yau could say the
source from which 1t 1 isolated 15 a difference Dr Franh mdicated to me that the
catalase negative are not found mn the aborted fatus but oaly 1n the bull and the cow
that would tend to show that there taust be & site of focation difference

Rue JenseN The next quest:onis to Dr Miller

M A Brown How does th f the placenta
and surroundtng area 11 case of vibriosis compare with changes produced by other
types of infectron?

V A MitLer In other cases of mnfection w pregnaat ewes the placeata will also
show hemorthagic areds in the witer-coty ledonary areas and also wathua the cotyle
don According 1o the expenences we kave had wath this of thereis o muxed wfection
there appears 1o be & more hemorrhagic type of exudate presert. Othernise the
wdentficaion would be based primarly on stawned smear preparations from ml‘w:c!

3 Y ol "

e c of the or throu,
studies of the membranes
M A Brown Can the gro: beusedasa ad?

V A Mirer With cortain hmatatrons and I thuak that st has been explaned that
other bactersal wfections will also produce lesions

RuUE Jensen Dr Muller would you comment on the gross lesions absened
some aborted fetuses 13 case of vibriosis of sheep?

V A Muier Gross lestons vary We have found i some of the earlier abortions
a blood tinged fhud 15 present in the abdomunal and thoraaic cavities Frequently
subcapsular bemorrhages are prescnt 1a the hidneys As the infection progresses the
storaach cantents become blood tinged thuck and contan flaky matersal In lambs
which Ine two days hver lesians were found Lesions may be several centimeters
or larger 1 diameter some lesions can be wdentfied only mucroscopically Fre
quently there is edera sa the umbilzcal region

Rus Jensen X beheve that the consensus of opinion 15 that gross appearante of
membranes 13 of hitle diagnostic value i vibriosis of sheep However m thus ared
possibly m this conntry I know of no other discase of sheep that produces the high
madence of abortion that 15 often found i vibniosis Now that is not true 1 some

other countries
“The next question s dirceted to O Mulfer
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R M Merampy Were any histochermical studies made on the placental tissues of
1nfected ewes?

V A Muier No

RUE JENSEN Mr Trueblood has Wyoming conducted any hustochemucal studies
on infected placentas?

Marcorm TRuesLooD None have been made as faras I know

RuE JEnSEN The nextquestionis to Dr Muller

M H Enters Were the tissues used to feed the yearlings subjected to a storage
peniod between ume of collection and adminstration?

V A MiLer The tissues were stored for several weeks at deep refnigeration
whichwasat =50 Cuntl time of use

RUE JensEN Those tissues were the infected placenta and viscera from the infected
aborted lambs As Dr Mller said they were stored i refrigeration for several wecks
before bewg gven orally 1o the yearling ewes

G RosertsTAD  Was vaginal or preputial inoculation attempted with Vibrio fetus
1nfected tissues?

V A Muier No just with the Vibrio fetus culture

RuE JEnsEN  The question 1s pertinent since considerable expenmentation has
shown that 1t 1s dufficult to produce abortions it pregnant ewes by feeding cultures
of Vibrio fetus Abortions can be produced by feeding infected fissues

G ROBERTSTAD Since rams failed to transnut the disease by intrapreputial i
oculation of a culture of Vibrio fetus perhaps intrapreputial inoculation with in
fected tissues should be tried

Rue JEnseN The next question 15 directed first to Mr Trueblood and then to
Dr Mitler

H T Gur What do you consider to be the normal mode of infection of Vibrio
Setus n ewes?

MavcorM TruesLoop  From case histortes 1t the field and from expenimental
work, you can only assume that it must be a sanitation problem and therefore an
ingestion of the orgamsms

RueJensen Dr Miller do you have anything to add to that?

V A MuLer Only what we have seen with ous own animals here 1n some of the
pens when anumals were aborting some of the ewes ate the infected membranes and
this 15 considered as one of the normal modes of infection in sheep

Rue JenseN  This question s close to a very vital issue n understandin,

wib
of sheep It has been demonstrated conclusively that the disease can be trinsn:a:g
by oral 1 while d

to date has not dem

a carrier conditron 11 ewes following abortion nor transmssibility by c:omon0 '}sr'fﬁf,ﬁ
data are correct where 1s the source of inoculation to the first aborting ewe? Qace
that first abortion occurs the diseasc can be transmutted by contamunatron of feed
and water Since this 15 a vital question to understanding vibriosis of sheep Lwould
appreciate anyone speaking to the subject from the audie;
sgggesuons" nce Does anyone have

MarcotM TRUEBLOOD  The Game and Fish Department of W:
lem with a herd of antelope 10 a certain area Notinga 13-15 / r’eg,":ffcl::,? p{ o
compared 10 150 or so 1 the normal areas and after requesting to check for vll::slass

£

TSRI
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we found & Vibno hke organssm sn 3 out of 25 antelopes Thus partscular organsm
is very hard to culture and we could not send it ta bavess typed to determine whether
Hwasa true Vibrio fetus or whether it was related 10 bovine Vibrio fetus os to ovine
Vibrio ferus 1 p iy feel 1t was the which we call Vibrio fesus This
year they observed the reproductron sate agan and have found several dead fawn
but only one Lve fawn in this whole particular area tndicating that the problem of
louing the fawn 1s real Of the 25 we killed 24 were pregnant ndicating that it is
not a sterlity problem Qur station is working on a wild game seservorr, particuladly
sn the antelope

RUE Jensen Thank you Mr Trueblood

Lrovp € Moss Does vibnos:s occur in deer?

Marcoim Trueswoon I have not had an opportumty to work with decr The
Game and Fish Commission i Wyoming has done some brucella studies usig the
blood of deer butas yet no vibnosis studies hase been done

W G Huser In the control amumals on your oral inoculation dsd they recene
the 50 em* of a so-called stenle tssue and f they dud 1s there any possibdity of
causing abortton by an antibody reaction? Did the controls get the tissue too without
the ¥ibrio fetus orgamsm?

¥ A Muirr Control ewes were nat grven sterilized ussues

Rug Jensen Next we have questions for Dr McEntce on the subject of wibnosss
of catdle

Eavin Smrrn What effect has freeung of semen with or without antibiotic on
the vibrio organsism?

WENKETH MCENTEZ Freezing of semen undoubiedly reduces the number of Yibrio
orgamsms But they can be recovered whether or not anubiotics are added The
problem concerns the safety of using frozen semecn from Vibrio carper bulls At
present we do not have the answer We are working on this problem and hope
evestually to come up with some saformation

G RoBerTsSTAD Have pure cultures of eatalase and hydrogen sulfide negative

Vibrio feius organisms been shown 1o cause abortions experumentally i cattle®

Kennern McEntee That is a difficult question to answer dogmatically without
trymg to recall all of the published matenal on Vibrio wransmussion expenments
Most of these reports appeared before the catalase and hydrogen sulfide tests were
used to determune the charactenstics of the Vibrio used There are pumerous 1eports
of abortion fol. the of Fibro into the gental tract and
by miravenous moculations but I do 5ot recall whether or not any of the reports
indicated if the catalase actwvity and hydrogen sulfide actvaty were determuned on
the cultures prior to inoculation

H L Easreraroons AllIcan add would be that some cultures that were used 1

early studies to produce experumental abortion would naw satisfy the criteria used
for pathogenuc vibRos gven though they have been Aept for a long time snce then
on artificial media Whether or not they were catalase negalive at the time of expent

mentation could not be proved now Because of reports of the ssolatson of catalzse
postve bydrogen sulfide possuve vibrios from abosted fetuses I think that future

p wail test th before and after

Rue Jensen Thasnk you Dr Easterbrooks
SLEFTEN A herd of 150 Hereford cows and 4 bulls expenenced an out
bxcvalﬁﬁswbnom resulting 10 ten abortions m Decernber 1956 and January 1957
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Now 1f no new female stock including heifers were introduced mto this group for
two breeding seasons and if the same bulls were used would the herd be apt to have
self-chmunated the discase?

kennert MCENTEE I would say no because bulls appear to carry the Vibrio
organssm indefisutely Consequently the cows are going to be exposed continually
Furthermore 1t has been shown that certain cows harbor the organism for a long
pertod of time It would not be safe to assume that the herd would be frec of the
organism

Marcowm TruesLoop They report finding the catalase positive pathogen i
aborted fetuses Dr McEntee 1s 1t true that you find the pathogenic catalase positive
organssms i the genitahia of the bull and the sheath?

RENNETH MCENTEE Yes

RUE Jensen  Belore leaving the subject of nbnosu 1 msh to say that mn my
opimon at least, 1t 1s of of
vibriosis between sheep and cattle If cross ml'ecuon 1 possnble on: species may act
asa reservorr for the other If not, a different problem s presented

KENNETH MCENTEE Has a virus been isolated from vesicular venereal disease of
cattle?Ifso 151t related to the California virus of catasrhal vaguuts of cattle?

D G McKercHer To my knowledge a virus has not been solated from the
vesicular type of vaginitis but study indicates that there is no relationship between
the virus vagiitis which we have reported on here this mormng and the vesicular
and granular types of vagimtis

RENNETH MCENTEE I was not refernng to the so-called granular vaguuus but the
condiuon 1n cattle charactenized by vesicles and swelling of the vulva

H J Hir. Would you please review the symptoms of the Califorma virus
infection in cattle?

D G MckercHER There 1s actually hittle T can add to what has been said this
mormng. The first indicatton of infection 1s the presence of small amounts of pus on
the external genitals In many cases the pus will be ebserved to be adherent to the tail
and to the buttocks Usually there will be a hustory of reproductive problems m such
berds On exammation of the vagina, one observes wmtense wnflammation of the
mucosa and i many cases inflammation and edema of the cervix On the floor of
1he vagina one will find considerable amounts of pus sometumes as much as 100cm
This will probably answer the question asked by Dr McEntee i that we did not
observe any vesicular lesions on any part of the gerutal tract In the bull we have on
one occasion only observed any wndication of clinical wnfection This was a muld
vesculitis which might or mught not have been related to the infection However this
bull was incrimunated as being capable of transmutting the disease

H J Hoi What mterval is requured for the disease to Linut atself by immunuty?

D G McKercHER This 18 a rather dufficult one to answer I should emphasize
agan that we actually know very httle about this vagimtis syndrome This Is par
ticularly true with reference to immunity I think I mentioned that we have made a
Lemited serological survey and found that a high percentage of cattle in Cahforma
carry antibodies to the vagimtis virus What the relationships of these antibody
tters 1s to resistance and to past infection we do not know We have observed how
ever that in a considerable number of cases we have been unable to wfect our

expenmental animals which might suggest that thc dxsease 15 more mdcspmad than
generally believed As far as th of th by
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15 coteerned I can anly guote two examgples From each of the fwo herds that
Ishall refer to a varus wassolated Int the first herd only a few of the hedfers had the
mfection They were affected for a relatively short tume and thea eleared up To our
knowledge there fias been no sub vagiutis 1nfe 1n that lar berd
The sceond herd was also one from which we isolated a virus In thus herd the prob
tem has beea contmuing now for about 3 years The infection flared up and many
of the cattle became inferufe—presumably from the mfection Of course these
anumals are sold when they cannaot be got with calf The disease will subsida for 2
short tume new anumials are brought an and then it will recur I should think that
over the last 3 year peniod from 40 to 50% of the cows m thus particular herd have
suffered from vagamutss nfcctions It would appear therefore that the mumusmty
plays Bittle or no yole m chmnating the nfection from a herd Controlled expen
ments however mught refute this

F X Gassnxer Furst have you aay therany to combat this discase and second
have you thovght of influencing the response of the mucosa by the use of estrogenic
agents or progestogemc agents? I refer to the reports w the hterature and 1o some
of our own that the estrogen stimulated mucosa s perhaps more susceptible 0
vadimg mfective agents or aid 1n repase O the other hand hormonal treatment
can prevent mvasion It depends upon the relabionship between the amount of
estrogen to progestogen bemg avadable to the mucasa The mifective state would
duffer i regard o the amount of estrogen progestogen or the ratio to each other
preseot at that tune which of course duffers widely over the normal estrous ¢ycle
Have you or anyone else observed or done anythng s that respect?

D G McKrrcwer In answer to your first question regarding therapy we have
done practically nothing along this hne On several occasions we myected strepto
mycin and penicilin but we are not able to say anythug regarding the effecttvenss
of this therapy Muller m England 1 descnbing the dusease which occurs i cattle
there claums that they can clear up the mfection 1 bulls by the patenteral mpection
of penscadtin and streptomyain Ia enfected cows they use acroffavia and glycerol as 2
douche which apparently does asd i cleanng up the fecion Thay have tned
pemctithin und streptomyen m wected cows but without fechng that at 15 of any
particutar value We hase not tried treating bulls because of the absence of chincal
nfection 1 them

Insofar as the effect of n the of the vagwal
mucosa 1s concerned we have thought about this possibility but we have not made
a sindy of 1t The South Afncan workers feel that cattls are probably moys sus
cepuible during estrus than they would be ot offier timés but 10 roy hnowledge they
have not myestigated thus particular posstbility ¥ thunk 128 defimtely one that should
be fooked mto however

1 C Ossorne Would you please elaborate on this marnung $ statement that
semen 1 wnfective yet the virus fias ro¢ been isalated from semen?

I G McKercuer  The ewidenice that the semen 18 nfective 35 rather carcum
stanbial masmuch as certam bulls bave been noted 1o trapsmit the nfection con
sistently We have taken seimen from such amunals and succeeded in infecung heiers
cannot account for our having fatled to solate the virug from the semen of such
bulls however I mught pomt ont an thus connection that we made many attempts to
ssolate the virus from vagmal discharges {rom cattie Winle ot so bappened that our

first attempt was successful we made at least fifteen or more attempts subsequenily
from discharges of cattie all of winch mamfested the typical clinical wfecton, before
we nolated a scoond straun of virus Mallar (1955 Viralinfectlity eattle Brit Vet J
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3 309) on the other hand readily ssofates the virus from semen as well as from the
discharge of mfected cows Although circumnstantial 1 feel there 15 good evidence
that n the case of the disease which occurs i ths country the agent 1s presentin the
semen although 1t does not produce any adserse effects on the semen 1a mfected
bulls that we have studied

A M SorenseN Jr  Dr McGowan, was there any observation made of injury
10 arumals that had epididymitis?

Brame McGowAN Yes we attempted to find some evidence or consistent
pattern of injury attendimg thus disease but there 15 none that we can discover That
same story 1s told by the New Zealanders and the Austrahans Ve have scen this
n ram lambs for example that have never been subgected to shearing. We have
never found any scarsing or any other evidence of injury in and around the scrotum
which would indicate that that was an avenue of mfection Expenmental mnoculation
mndicates that no matter how or by what route the eprdidyrmuus organtsm 13 gnen 1t
finally locates 1 the epididymus That makes us belicve that this is 2 very tissue-
specific orgamsm

A M SorenseN Jr  Was there any therapy practiced on these anymals?

BLaneE McGowaN  Aureont)cin combined with Terramycin 1o massive doses has
been used with limited success 1n some wdividual stud rams but the amount needed
and the duration of treatment necessary to effect improvement would probably
preclude 1ts use on a practical basis i the usual commercaal ram It may have some
apphication 1 the indnvidual stud ram Furthermore we are collecting a few rams
now that were unilaterally infected and upon which we have performed cmilateral
castrations In fact, we have gone both ways We have taken the diseased testicle out
of some of our rams and a normal testicle out of the other and we are starting to
evaluate the semen from these rams Umilateral castration may prove of some value
asa surgical means of therapy

Cecie BRANTON Dr McGowan was there an increase 1o morphologieally ab-
normal sperm n these rams mfected with epididymutis?

BLAINE McGowaN Yes there was quite an increase in the abnormal forms

Probably the most was the of the head and
the tal We also found many curled tails and guite a few protoplasnuc droplets
We found the included 10 epithelal cells of which there

wasa high percentage Hence we had quite an array of morphological abnormaliies
and evidence of mfection by epithelial cells

RALPH GANGAROSA Dr McEntee 1n an attempt to control vibriosis In cattle we
could start with the Hereford herd you have mentioned earlier Would it be practical
{0 run that herd on an mfected basis thatis would you get a swtable calf crop and
1318 practical to try to clear up this disease 0 a raach basie once it appears If some
attempt 1 made in coptrolling the disease and getting a calf crop by artificial
msemination approximately how long would that procedure have to be hept up
Yefore you could start on a natural bass?

Kenners MCENTEE 1 think the most practical way of handling large numbers of
beef cattle would be to operate on the basis of two separate herds if 1€ can be done
If they want to heep the old herd just let them run along with that and then establish
2 disease-free herd starting with virgin hesfers and virgin bulls Artificial inseruna
ton 15 used with beef cattle but T realize that there are some problems If that can
bedone 1t will work very well
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15 concerned § can only quote two examples From each of the two herds that
Ishall refer to @ s srus wassolated In the first herd only a few of the hexfers had the
wnfection They were affected for a relately shost tme and then cleared up To our
knawnledge there has been no subscquent vaginitss tnfection 1 that particidar herd,
The second herd was alse one from which we isolated a virus In this herd the prob
Jem has been continuing now for abous 3 years The anfection flared up and many
of the cattle became anfiertde~—presumabdly from the iafection Of course these
anumals are sold when they cannot be got with calf The discase will subside for a
short tume mew animals arc brought in and then 1t wall recur I should thunk that
over the fast 3 year period from 40 10 50% of the cows in thus particular herd have
suffered from vaginitis mfections It would appear therefore that the smmumnty
plays little or o role w chnunating the wieetios froms g berd Controlied expent
ments however tught refute this

F X Gassner  Furst, have you any therapy o combat thus disease and second
have you thought of inBuenamg the response of the mucosa by the use of estrogese
agents or progestogewuc agents? T refer 0 the reports 1 the iterature and to some
of our own that the estrogen stunulated mucosa 1s perhaps more susceplible 10
myading wfevtne agents or aid an repir On the other hand  hormonal treapment
can prevent mvasion {{ depends upon the refationsfup between the amount of
estrogen to progestogen bemg avadable to the mucasa The mfective stats would
differ 1 regard t@ the amount of estzogen progestogen or the rato to eack other
present at that tme which of course difiers widely over the normal estrous cycle
Hase you or anyone elsc observed or done anything ia that respect?

D G MchercHER In answer to your first question regarding therapy, we have
done practically nothing along this hne On several oocasions we myected strepto
myte and penicdlin: but we are not able to say anything regarding the effectivenes
of thus therapy Muller 1 England n describing the disea.e which occurs i catde
there claums that they can clear up the infecuon w bulls by the parenteral myection
of penicllin and streptomycn. In infected cows they use acrofiavin and glycerol asa
douche wiuch apparently docs &ud in cleanng up the snfection They have tried
pemcilhin and streptomycint i infected cows but without fecling that 1t 2s of any
particular value We have not tned treatng bulls because of the absence of climcal
1nfection in them

Tosofar as the effect of @ the bty of the voginal
mucasa s concerned we have thought about this possibility  buf we have not made
2 study of it The South Afncan workers feel that cattle are probably more sus
ceptible dwng estrus than they would be at other tmes but to my hnowledge they
have not d thus particular badety T thank at s d 1y one that should
‘be looked into however

¥ C Osporne Would you please efaborate on this mormmng s statement that
semen 15 infective yet the virus has not been ssolated from semen®

D G McKsrensr The evidence that the semen s nfective 15 rather circum
stantial masmuch as certan bulls have been noted o transmut the anfection con
sistently We have taken semen from such anunals and sucoceded rat infecting hewters
1 cannot account for our having fasled to wsolate the vaus from the semen of such
bulls howeser Imught pont out 1 thas connection that we made many attempts to
1solate the virvs from sagual discharges from catile While 1t so happened that our
first atferpt was successful we made at least Afteen or more astempts subsequently

f cattle all of whach the t 1nfection before
&:ﬁmgifcgndsuamufm Millar (1955 Varalinferubtyw cattie Bris Vet J
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R M Cocknva Dt MeBatee s st ever pussible $0 desesnune with any degree o
certainty that a herd 15 frce from vibniosss after 1t has once been infected?

RENNETH MCENTEE The persistence of the orgamsm i the bull 15 indefimte so 1
he temars the herd 15 always exposed to infectson If the butl is chmunated most cow
cleas up 10 3 few months However, there are a few reports of females remainng
wfected for approximately 400 days

R M Cockiig Whatf artificial mnsemmation s used in the herd?

Kennenit McEnree Artificsal should el it §t will elmmate
the mayonty of the trouble 1n a refatively short ime

Liovp C FavLaner Dr McEntee are there any controlled expernments on the
parenteral use of antibiotics m vibriusis  cattie?

Keanemit MCENTEE Adler has reported on that and it can be concluded from his
experiment that such therapy 1s meffective

Ravri Gancanosh Dr McEntee if vibriosss 15 found 10 2 purebred herd and
some bulls are to be s0ld out of that herd how many tests would you expect 1t would
take 10 say that there 1s assurance that the bulls are suttable ta sell?

Rennent McEnTEE T would not care to make a defimte statement on that Dr
Hughes cultured one known infected bull fourteen times before he re 1solated the
orgamsm

J C Ossorne Dr McEntee should 1iaterpret your answer as meamng that the
bull cannot be treated for vibriosis successfully?

KeNnEM McEntee No I think successful treatments bave been used I was
refernng mostly to breedmg studs with large numbers of bulls I think the mam
problem is that of remfe We have to el that bality I don t thik sf
will be too difficult to perfect a treatment procedure then

R B Lank Dr McEntee has 1t ever been shown that a catalase negative stram
would change to a catalase posshive strain of vabriosis i your studies”

Kenneri McENTeR Notthat I know of

Rue Jensen Mr Trueblood would you hike to comment on that

Marcotm Tavestoop 1 hase never seen ong change from 2 catalase positne mto
dcatalase negative but I have seen them change from path tanon p:

Rarey GaNGarosa Dr McEntee 1don t feet that one question Easked was quite
answesed 1f you had # herd with vibriosis and you were astifivially tnsemunating, do
you fee! that after a penod of ime say one year of two years on that program then
using the same cows and starting out wath a clean bull could you revert to the natural
way?

WENNETH McEntzs ¥ think you eventually can but the question concerns when
will it be safe  would nat dare to make 2 definite statement i that regard It is
probable that most of the mfection would have been ehnunated within a year of two
1 hesstate to pid it down X don ¢ think o person can do that with the evidence avaid
ablenow




RECENT STUDIES ON THE MECHANISM OF
OVULATION IN THE COW*

WiLtiaM Hanset D T ARMsTRONG and KENNETH MCENTIE
Arumal Husbandry Department N'Y State College of Agriculture and Depariment
of Pathology and Bactertology N'Y State Veterinary College Cornell Unnersity

EXPERIMENTS carried out 1n recent years have provided evidence that the re
lease of pitwitary gonadotropin(s) necessary for ovulation 1n the cow as well
asmn other spontancously ovulating species is controlled through the hypo
hal This evid has been d by Hansel (1957) Atropwe ad
mimstered at the begmnning of estrus was found to block ovulation 11 2 large
Ppercentage of cases 1n the cow Ovulation occurred at the same time of some
what earlier when both atropine and chorionic gonadotropin were admims
tered at the beginning of estrus These findings indicate that the bovine anterior
piturtary gland 1s stimulated to release the Juteinizing or  ovulatory hormone
dunng estrus by a neurogemc mechamsm having a cholinermic component
d at the t of es!rus was found to hasten
owlanon 1n the cow while diol ad. d at the b of estrus
did not hasten ovulation Ovulation remained blocked 1n a similar proportion
of heifers when either atropine alone or atropine plus progesterone wefe given
at the beginning of estrus Thc latter result suggests that the ovulation hasten
g effect of p d at the b of estrus 15 med
through the hypothalamus rather than by direct action on the antenor pitui
tary Relatively small of 1ne ad d at the begi of
estrus did not hasten ovulation n cows
These results and the results of experiments ducted with
laboratory amimals and summarized by Markee Everett and Sawyer (1952)
and Harns (1955) have given rise to a concept of neurohumoral control of the
release of the pituitary gonadotrop:c hormone(s) necessary for ovulanon The
basic features of this concept include (1) one or more neurchumoral sub
stances released by certain nuclei 1n the hypothalamus as a result of the stimu
Ius of copulation m induced ovulating species and unknown stimul 1n
spontaneously ovulating species (2) the transport of this chemical media

Supported 1 part by funds from the regional project NE 1 entitled Causes and Pre-
vention of Reproductive Faiures i Daury Cattle a co-operative study by agricultural
expeniment stations ta the notth eastern region and the Datry Husbandry Research Branch
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The possibility that certain neurohypophyseal hormones or related sub
stances may be concerned with the actuvation of the antertor pitustary has
recently been postulated as a result of the discovery that these hormones
{oxytocin and vasopressin) appear to be formed 1n hypothalamic nucler rather
thann the posterior lobe of the pitwitary itself (Bargmann and Scharrer 1951
Scharrer and Scharrer 1954) Neuro-secretory material which stamns selec
tively with chrome hematoxylin (Gomon 1941) has been described as oniginat
ing 1n the sup and p wcular nucler and down the
nerse axons to their endings 1n the posterior pitwitary Upon passage through
the median eminence these axons come 1n very close approximation to the
primary capillary plcxus of the hypophyseal portal blood vessels As a result

of these hups 1t has been proposed by Benoit and Assen
machcr (1953) and Scharrcr and Scharrer (1954) that the chemotransmitter
for ling the d hic fi of the

pitwtary may bc contained 1n this Gomon stamng matcml There 15 now
considerable evidence (reviewed by Zucherman 1954) that the matenal being
staned 1 a carner substance for the posterior lobe hormones rather than the
hormones themselves Recent studies by Adams and Slcpcr (1956) of pmu

tary and hypothal stained byahistoch
cystiie have shown cystne to have practically 1dentical dlstnbuuon wnh that
of the y matenal descnbed by Bargmann and Scharrer (1951)

They conclude that since the neurohypophyseal hormones contain cystine
they are starming the hormones themselves by this techmuque and they feel that
1t provides good confirmation of the hypothalamic angin of these hormones

Thus sf one or more of the neurohypophyseal hormones 1s actually respon
sible for anterior piturtary activation a close ntegration of posterior and
anterior lobe function 15 implied As far as gonadotropic hormone release 1s
concerned there 1s considerable indirect evidence to support such an integra
tion It 15 well known that mating in the rabbit provides the neural stimulus
for the release of the ovulatory hormone from the anterior pituitary and
there 15 evidence that a concomitant release of oxytocin also occurs as
R 1ds (1930) has ded d uterine motility following mating In
fact 1n the rabbit an increase 1n uterine contractions has been observed to
accur following massage of the vulva (Krehbiel and Carstens 1939) and this
may be correlated with the observations of Hammond (1925) that this sort of
a stimulus 1n the presence of the male will sometimes cause ovulation in the
absence of cortus

Similar supportive evidence for an integration of the posterior lobe hor
mones and gonadotropin release 1s available for the cow since Vandemark
and Hays (1952) have shown that sexual stimulation including sight of the
bull smffing of the vulva and actual all cause
utenne motility The same workers (1953) demonstrated that manual mampu
lation of the bowine reproductive tract caused an output of oxytocin as
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tor(s) to the blood sinusoids of the antenor pituitary, probably by the hypo
physeal portal vascular system where 1t causes the release of the gonadotropm

necessary to cause ovulation, (3) this h I release h
appears to contain both a cholinergic and an adrenergic component It has
also been d that epinephnne 15 the final } 1 agent that activates

the anterior pitustary
Jubb and McEntee (1955) descnibed a process of rapid degranulation oc
curning i the small basophils (delta cells) of the bovine anterior pituitary
during the early hours of estrus This process begins 1n the medulla adjacent
to the zona tuberalis and sweeps on a broad front through the whole pars
distahs proper Degranulation of the delta cells was not scen m cows which
came 1n estrus and failed to ovulate The striking affinity of the delta cells for
the blood sinusoids in the anterior pituitary and their degranulation at the
approximate time when atroptne admtmistration has been found to block
ovulation strengthened the concept of gonadotropin release sn response to 2
neurohumor carried 1n the blood from the hypothalamus to the anteror
prtuttary In addition the delta cell degranulation process has provided a use
ful new experimental techmique applicable to ovulation studies m the cow
Ob ly the next to be d 1s whether or not atropine block
age of ovulation also blocks prtuitary delta cell degranulation and some of the
studies described 1n this report were designed to answer this question
As knowledge 1n the area of pituttary-hypothalamic relatronships has acct
mulated 1t has become clear that two add lq must be red
before this knowledge can be appled sn a practical way to the problem of
g reproductive effi 1 our farm ammals [hese questions are
(1) What exteroceptive patl to the hypothal. are Ived and what
stimuli most effectively activate them 1n vanous species? (2) What 1s the chemt
cal nature of the neurohumor(s) acting between the hypothalamus and anterior
prtuttary? The latter question will be considered 1n some detad 1n this repost
The conclusion of Sawyer Markee and Everett (1950) that epinephrine 13
the final humoral agent which activates the antertor pitwitary 1s open to ques
tion Large dosages of epinephnne are necessary for mduction of ovulatron
when ad ed intr: ly to d rabbits Unphystol 1sub
stances such as copper acetate have also been shown to induce ovulation when
injected erther intravenously (Fevold Hisaw and Greep 1936) or directly
mto the prtuttary (Sawyer and Markee 1950) Relatively small doses of
pinephrine given at the b of estrus did not hasten ovulation 1 cows
(Hough Bearden and Hansel 1955) Donovan and Harrs (1956} reported
that epmephrine mjected directly mnto the pitwitary gland did not cause ovula
tion 1n rabbits when the pH of the solution was adjusted to 6 9-7 1 Three of
fifteen rabbits ovulated when an acid epiephnne solution was mjected 1m
dicating that the pH.of the epinephnne solution myected influenced gonado

tropin release
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humoral mediator which bnings about gonadotropin secretion following
appropniate sumuli that acetylcholine from nerve endings 1n the antenor
hypothalamus 1s responsible for the oxytocn release and that it 1s the acetyl
choline phase which1s blocked by chlorpromazine

‘While these experiments on the surface appear to offer a good explanation
for the hypothalamic control of gonadotropin secretion there may be some
doubt as to whether the unnary 17 ketosteroid fractions which they have ob-
served to increase are actually of testicular ongin Nishikawa ef al (1955) bave
demonstrated high titers of the same fractions 1n the unine of females and of
castrate males suggesting that they are probably of adrenal rather than
gonadal ongin Further pitocin was used 1n the experuments rather than

punfied or synth y and although this p was found to be
free of dotropm the bility that 5t d other impunties 1n
cluding vasopressin cannot be 1gnored A considerable number of recent
teports show that or hing closely d with 1t causes

pitmtary ACTH rclease whrch results 1n adrenal cortical secretion (McCann
and Brobech 1954 Gullemumn and Hearn 1955 McDonald Weise and
Patrick 1956 Swangle ef al 1956) Shibusawa et al (1955) may really be
descnbing an adrenal cortical rather than a gonadal response m their expert
ments and their evidence requires further confirmation

Benson and Folley (1956) have reported that oxytocin injections m lactating
rats marhedly retard the mammary gland mvolution that normally occurs
following removal of the suckling young These results indicate that the re-
lease of prolactin and perhaps other antenior pituitary hormones concerned
1 lactation can be lated by with

Because of these indirect indications that oxytocm of hypothalamic ongin
might be 1volved 1n regulating antenor pitwitary gonadotropin secretion 1t
gas decaded to test the effect of mjected oxytocin on ovulation time 1n datry

eifers

EXPERIMENTAL PROCEDURES

In order to obtan information on whether atropine blockage of ovulation
also blocks pitmtary delta cell degranulation 1n the bovine seven hefers were
treated with atropine at the by of estrus and slaugt d at intervals
rangimg from 14 to 47 hours thereafter The atropmne was injected subcu
taneously at the rate of 40 mg/kg of body weight a dosage known to block
ovulation 1n about 709, of the heifers to which 1t 1s admimstered The heifers
were stunned by a blow on the head bled and the pitwitary removed as
quickly as possible The whole pituitary gland was spht 1 a mud sagittal plane
and one half of the gland was fixed n Bouin s solution and the other half 1n
4% aqueous formaldehyde The tissues were dehydratedin alcohols imbedded
in paraffin sectioned at 4¢ and staned by the penodic acid Schuff techmque
of Pearse (1952)
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d by d intra These observations can be
corrclated with those of Manion et al ( 1 950) that stertle copulation 1n the cow
caused ovulaton to occur significantly earlter than 1 unmated controls,
suggesting an earher release of gonadotropim as a result of the ncreased
secretion of oxytocin

While these experniments suggest a close relationshup between oxytocn se
lease and secretion of gonadotropins none of them offer direct proof that
the latter are secreted 75 a resuit of the former It 15 quile possible that some
other substance which 1s released conconutantly with oxytocin i the factor
which stimnlates anterior pituitary gonadotropin release There is evidence
that the other known neurobypophyscal hormone vasopressin 1s often re
leased simultancously wath oxytocin when teleology would call for the Iibera
tron of only one of the hormones Thus the act of coitus, known to cause
wereased uterine contmcllons perhaps for the purpase of assisung 1 sperm
transport and Iy due to 1 has been shown to cause
a decrease in water diuresis n the human (Frberg 1953) and rats (Erankd,
Fuberg and Karvonen 1953) Presumably the latter effect 1s due to the con
comitant iberation of the d hormone {vasop ) Anu dwresis
has also been shown 10 occur m the lactating rabbst followang suckling a
stimulus known to cause oxytocin output (Cross, 1951) Conversely anin
crease in osmotic pressure of the blood evoked by the intravenous njection
ofa d NaCl sot a lus which causes release of the anti
diuretic hormone (Verney 1947) hasalso been shown to result in mulk egection
(Andersson 1951) and increased uterine actinity (Abrahams and Prckford
1953) suggesting a simultaneous liberation of oxytocin

Thus the gonadotropin secretion which has been described as being asso-
ciated with sumul which cause oxytocin release could quite concenvably be
due to vasopresstn or mndeed to some other as yet umdentfied substance of
hypothalamic ongin which is iberated at the same time

The beltef that oxytocin actually dotropin has been
expressed 1n a recent senes of papers by Shibusawa ez al (19552 1955b 1955.)
These workers have demonstrated an increase n certain chromatographe
fractions of unnary 17 ketosterords of human males foltowing the mection
of prtocin and believe that these fractions represent androsterone and etto
cholanolone These fractions are presumed by the authors to be of testicular
ongin and under the infl of dotropmn induced by the
pitocin myecttons They also observed shightly increased testicular wetghts of
injected rats but these may have been merely reflecttons of mcreased body
weights which were also observed

These workers (1955b) later d an inhib of gonadotropin
release by the 'l drug chlorp and were able to override
tbus mlubition either by the mjection of prtocin or acetylocholine (1955¢)
From these observattons they coocluded that oxytocin 15 the patural neuro
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ovulation would normally have occurred In these five cases atropme had

blocked ovulation yet delta cell d was nearly lete 1n two
cases and had occurred to a considerable extent in two other cases
TanLe I
The Effect of Atropine* Administered at the Beginning
of Estrus on Pstuntary Delta Cell Degranulation
wt Dairy Heifers
Hb:;':::: Ovanan Degree of degranulation
1
Hefer No of estrus to stats of pitustary delta
cells
slaughter
103 47 Ovulation blacked | Partial
104 44 Ovulation bloched | None (fully granulated)
10 2 Ovulation blocked | Partial
94 42 Ovulation blocked | Nearly complete
12 EX) Owulation blocked | Nearly complete
117 14 Large follicle Neasly complete
124 14 Large follicle Partial

40 mg/kg body weight subcutancously

Figure | dlustrates the fully granulated delta cells found 1n the pitustary of
a heifer slaughtered 44 hours after the beginning of cslrus and atropine ad
Frgure 21l the nearly pl i} seen 1n
another heifer slaughtered 42 hours after the beginning of estrus and atropine
admunstration Ovulation was blocked 1n both cases These results empha
sized the need for more data on the delta cell degranulation process 1n normal
ammals at known times during this entical peniod and accordingly the data
shown in Table Il have been collected

TabLE I
Pituitary Delta Cell Granulation in Late Proestrus
and Early Estrus in Dairy Heifers

Size of largest

Stage of cycle Degree of degranulation
Heifer no at slaughter °""‘":‘c““f;’“‘“= of piturtary delta cells
61 19 days postestrus 1 None (fully granulated)
s 23 days postestrus 12 None (fully granulated)
In Estrus
126 | Omin 13x17 | Nealy complete
10 30 run (Large) Partial

107 1-2hr 14x12 | Nealy complete
130 [ 23he 1x12 | Nearly complete
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Dunng the conduct of this experiment 1t became obvious that too Little was
known 1n regard to vanations in the time of delta cell degranulation m normal
heifers Consequently 6 additsonal heifers were slaughtered at very accurately
determuined times during the critical hours just prior to and after the begining
of standing estrus The heifers slaughtered after estrus were checked with a
teaser bull at 2 hour mtervals until they appeared to be approachung estrus
after which they were cheched at approximately 30 nunute wtervals They
were slaughtered as rapidly as possible after they came 1n standing estrus The
pitwitanies of these heifers were fixed sectioned and stained as descnbed above

In the expeniments to determine the effect of exogenous oxytocin on ovula
tion time n dairy heifers the length of estrus and the ime of ovulation were
determined 1n each heifer 1 a control and on oxytocin treated penod The
heifers were tested for estrus at 2 hour intervals by a teaser bull Ovulation
tune was determined by rectal palpations performed at 2 hour intervals In
some cases the control period preceded and 1n other cases followed the treat
ment period The oxytocin was admmustered as soon as possible after the
beginmng of estrus Each ammal recerved an intravenous wjection of 50 or
60 units of Armour s Punfied Oxytocn Principle® 1 addition to a subce
taneous injection of 50 or 100 unuts of the same preparation A subsequent
experiment to deterrine the ability of oxytocin to overcome atropme blochage
of ovulation was conducted n the same way except that 40 mg/hg of body
weight of atropine was admimstered along with the oxytocin at the beginmng
of estrus Todate 11 heifers have been used 1n the first experiment and 6 m the
second experiment

In addition 63 1mmature hypophysectonuzed rats have been used 1n assays
to detect the possible presence of dotropins 1 the oxy
used These rats were 1njected subcutaneously once daily with 2-5 Umts doses
of vanious oxytocin preparations for periods of 4-11 days after which they
were sacnificed and the uten and ovaries removed and weighed Appropnate
groups of control hypophysectomized rats were imjected with the solution in
which the oxytoctn was dissolved

RESULTS
The results of the expeniment in which the degree of delta cell degranulauon
was studied 1n heifers given pine at the of estrus and slaugh

at vanious time ntervals thereafter are summarized 1n Table I Although the
delta cells 1n one heifer were still fully granulated when she was slaugh!ered
44 hours after the beginming of estrus and
had undergonea derable degree of d 1 all of the other heifers
The degranulation process was nearly complete 1n 3 heifers 1 of which
was slaughtered 14 hours after the begmmng of estrus Five heifers were
slaughtered at 33 to 47 hours after the beginning of estrus at which tume
+ Rundly supplied by Dr Irby Bunding, the Armour Laboratories Chuicago m
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Fic | Tully granutated delta celts sn the pitustary of a hetfier fafled 44 hours after atcoping
treatment at the beginning of estrus Ovufation was blocked PAS  x 310 Howfer 104
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The degranulation process was nearly complete m 3 of 4 hefers
slaughtered n the first 3 hours of estrus and the delta cells of the fourth
heifer slaughtered 30 muinutes after the beginming of standing estrus were
partly degranulated Heifer No 126 1n which degranulation was nearly com
plete 20 minutes after the beginning of standing estrus 1s of partcular imterest
Thus hesfer would mount other heifers and was quite excitable 6 hours before
she would stand when mouated by a teaser bull Figure 3 illustrates theheavy
accumulationof PAS—posttive granules that normally occurs during proestrus
Figure 4 shows an area of nearly complete degranulation and an area 10
which delta cell degranulation has not yet occurred 1n the pituitary of a hefer
slaughtered 30 nunutes after the beginning of standing estrus

TasLe I
Lffect of Ox)y tocin Admunstered at the Onset of Estrus upon
Estrus Length and Tune of Osulation i Dairy Heifers

Time from end | Time from onset
Duration of
No_of of estrus to of estrus to
heifers Treatment suxz}cll;nugrsl;ml ovulation avulation
(hours) (hours)
1 Untreated 203 118 321
11 Oxytocin treated* 212 68t 280

*50-60 US P umts oxytocin wtravenously plus 50-100 units oxytocin subcutaneously
atonset of estrus
¥ Sigmficantly different from untreated hewfers (P<0 01)

TABLE IV
Effect of Atropine® plus Oxytocint Adnumstered at the
Beginning of Estrus on Ovulation Tune m Dawry Heifers

Hours from beginning of
Helferno | ™ egirus to ovlation

106 240

120 1443

107 150

13 156

122 30

121 Failed to ovulate

for two weeks

. tropune sulphate per kg body weight subcutaneously

t‘;%TJgSﬂ Po|p1mts oprxmour s Puntfied Oxytoain Principle intravenously and 50 units of
1he same preparation: subcutancously at the onset of estrus

$ Returped to estrus after approxumately 126 hours.



FiG 3 The normaf accumulation of granufes 1n the delta cells of a heifer Lalled at the
nineteenth day of the estrous cycle PAS x 440 Hafur 63



F1G 2 Nearly complete degranulation of the delta cells in the prtuitary of a heifer halled
42 hours after atropine treatement at the beginning of estrus Ovulauon was blocked PAS
» 440 Heifer 94



FIG 4b (see legend at Fig 4a)
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had proceeded only part way down the core arca of the pars distalis inthiscase PAS 440

Herfer 1.0
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TasLe V
Results of Gonadotropin Assay of Ox)tocin Preparations
using Hypophy sectomu.ed Rats

¢ | Daidydoseof Duration of Mean Mean
No of oxytocn nyeetion period | utenne weight | ovanan weight

B8 | (USP ums) (days) (mg) (mg)

8 none 4 141 717

7 2 (Armour) 4 129 79

7 5 (Armour) 4 134 83

12 n 146 6.5

4 (Armour) H 144 66

10 none n 133 60

13 2 (International it 145 55

Inc)

The results of the experiment 1n which oxytocin was admunstered at the
beginming of estrus are summanzed in Table IH The length of estrus was not
sigmficantly different 1 the control and treated pertods but the ume clapsig
from the end of estrus to ovul; was ly (P<001) d d by
the oxytocin treatment Actually the time from the end of estrus to ovulation
was shortened 1 7 of the 11 heifers and appeared not to be affected
at all in the remaiming four The total tme elapsing from the beginning of
estrus to ovulation was not sigmificantly different 1n the treated and untreated
penods

Although oxytocin shortened the length of time from the end of estrus to
ovulation 1t was not effective 1n overconung the blockage of ovulation by
atropme as may be seen from Table IV Ovulation occurred at the normal fime
1 only 1 of the 6 heifers treated Atropine alone does not block ovulation
1n every ¢ase

The results of the assays of the oxytocin preparations used 1n these studies
as well as one other oxytocin preparation are shown in Table V No significant
ncrease 1 either utenne or ovarian weight was noted after the injection of
any of these preparations in amounts up to 5 U § P unuts per day for penods as
longas 11 days

DISCUSSION

The results of the studies of pituitary delta cell degranulation show that
atropine 18 capable of blocking ovulation even when the degranulation pro-
cess has ovcurred Actually the process seems to occur slightly earlier 1n nor
mal amumals than Jubb and McEntee (1955) previously reported and had
probably occurred to a derable extent before the atropine was admuns
tered 1n most cases The one case 1n which the delta cell degranulation did not

¥ TSRI
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occur at all 1n an atropimzed heifer, slaughtered after 44 hours and th
cases 10 which only partsal degranulation had occurred suggest that atrog
may have blocked the degranulation process in those cases where 1t had
occurred or was not complete by the time the atropmne was admumster
These results suggest that atropine blocks ovulation 11t the cow by block
some pituitary process that normally occurs later than the delta cell degra
lation and 15 presumably related to LH release The delta cell degranulat
may well represent the FSH release which causes pre ovulatory swelling of
folhcle and the manner 1n which the process occurs suggests that it too may
under the control of some humoral substance 1n the blood sinusords

After 1t was found that oxytocin shortened the mterval between the enc
estrus and ovulation 1t became necessary to determine if the preparation u
contained gonadotropins The assays conducted with hypoph d:
showed that gonadotropins were not present in measurable amounts in
oxytocin preparation used It 1s not known whether the results obtamned
due to oxytocin per se or to vasopressin or some other substance conta
1n the oxytocin preparation used The dosages of oxytocin used faed to ov
come atropine blockage of ovulation 1n fact chorionic gonadotropin 1s
only substance tested to date which has been effectrve 1n causing ovulatior
atroptmzed heifers If atropine also blocks some pituitary change occurr
later than the delta cell degranulation as the data suggest 1t 1s quite conct
able that oxytocin mught hasten ovulation 1 normal ammals and yet be
effective mn overcoming the atropine blockage of one of the two processes
will be interesting to study the effects of various oxytoctn preparations on
delta cell degranulation process and also to test the effects of prolactin
ovulation ttme 1n view of the report of Benson and Folley (1956) that oxyto
njections prolong prolactin secretion m the lactating rat

SUMMARY AND CONCLUSIONS

Evidence for the hypothalamic control of pitwitary gonadotropin secrett
1n the cow and other species has been reviewed

The degranulation of penodic acid Schiff starming matenial in the sm
basophils (delta cells) of the bovine prtuitary has been studied i normal heife
and heifers treated with atropine at the beginning of estrus Delta cell ¢
granulation occurs shghtly earlier in pormal anmmals than was previout
reported Atropime ss capable of blocking ovulation even when the degranu;
tion process has occurred Oxytocin admustered at the beginmng of estr
d.creased the time 1nterval between the end of estrus and ovulation This cffe
was not due to gonadotropins contained 1 the oxytocin preparation use
Oxytoan 1n the dosages used did not overcome atropine bIoSkage
ovalation 1n the cow Oxytocn or some sub other than g P

d 1n the p used affects ovulation ime 1n daxry heifers




A CYTOLOGICAL STUDY OF THE MATURATION
PROCESS OF THE OVUM OF THE EWE DURING
NORMAL AND INDUCED OVULATION

R O Berryand H P Savery
Texas Agricultural Experiment Station

IN THE reprod process of ammals the egg assumes a major
role 1n companson with the male germ cells At least 209 of the sperm cells in.
a semen sample may be abnormal and <uch a sample can still produce a lugh
percentage of conceptions However when the egg 1s abnormal 1n any of its
vanous capacities subsequent estrus cycles are necessary to obtain fertiliza
tion The egg undergoes rather ctical cellular changes duning the process of
maturation When these changes do not occur on schedule the result 1s an egg
that 1s incapable of bewng fertihzed

Since ewes that have been induced to ovulate by using gonadotropic hor
mones have had low conception rates a cytological study was made of the
maturation process of the eggs from such ewes in order to determune if this
low fertaity could be attributed to the production of immature eggs The pro
cesses of maturation as exhibited by the normal and induced ovulated ewes
was studied on a comparative basis

As early as 1875 Van Beneden s work on the maturation divistons 1n the
rabbit ovum 1nitiated an nterest for mvestigations 1n other mammals Since
this work polar body formation has been described for the mouse by Sobotta
(1895) Kuarkham (1906) Long (1911) Allea (1923) and Snell (1940) for the
guinea pig by Moore (1908) for the bat by Van der Strickt (1923) for the rat
by Sobotta and Burckhard (1911) Rsrkbam and Burr (1913) and Blandau
{1945) for the cat by Longley (1911) and Dawson (1940) for the monkey by
Corner (1923) Allen (1930) and Hartman and Corner (1941) for the human
by Thompson (1919) Hoadley and Simons (1928) Rock and Hertig (1944)
Harulton (1944) and Shettles (1953) for the cow by Hartman et al (1931)
and for the sow by Corner (1917) and Spalding (1955)

The above mvestigators found that 1n general the maturation pattern extu
bited by the eggs 1n these mammals follow a umform scheme The egg nucleus
undergoes one division and mtiates a partial second division Just prior to
ovulation Thus at the time of ovulation the normal egg possesses one polar
body and the nucleuse 1s n metaphase IT of the second division
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egg nucleus remamns quiescent and vesicular The nucleus Lies toward one side
of the egg and contains several conspicuous nugleol along with the chromatin
granules (FIG 1¢) After the ewe 1s 1n estrus for several hours the nucleus
goes to the merotic prophase stage This 1s charactenized by the presence of
one or more darkly stained nucleok and long paired chromosomes Subse
quently the nucleol and the nuclear membrane disappear and the chromo
somes become short and compact (FiG 1d) The chromosomes are then
onented 1nto a metaphase plate which 1s located near the penphery of the
ovum (FIG le} Ths first metaphase 1s of short duration and the chromo
somes quichly divide and migrate to opposite poles (FiG 1f) The nucleus 15
now prepared for the formation of the first polar body It appears that the
first polar body 1s abstricted by a furrowing process 1n the cytoplasm sur
rounding the penpheral nucleus Upon completion of abstnction the polar
body 1s completely surrounded by a membrane and becomes a separate and
independent structure (Fig 1g) The egg nucleus immediately forms the
second metaphase plate It 1s in this stage 1e one polar body formed and
the chromosomes 1n metaphase of the second division that the egg leaves the
folkicle at ovulation (Table T)

If fertilization 1s successful the nucleus completes the second maturation
division and a second polar body 1s abstricted (FiG 24) In the fertifization
process many of the epgs showed that the head nech and muiddle prece of the

TasLe I

Cytological Data of Follicular Ova Recavered
Prior to Ovulation from Eves in Estrus

Ene Hours | Number Maturation
No m of ova stage
estrus | exanuaed of nucleus

39a 19 2 Vesicular metaphase [

3a 7 1 Prophase
32 7 3 Prophase
72 7 1 Metaphase [
70 19 1 Prophase
51 27 1 Metaphase IT

8a 16 2 Vesicular metaphase I
204 16 1 Metaphase T
24 16 1 Prophase

16 1 Metaphase

23a 16 1 Metaphase IT
31a 16 2 Prophase metaphase I
7 24 1 Metaphase 1T
30a 18 1 Metaphase I
41a 18 1 Metaphase H
43 18 1 Metaphase

68 24 5 M:Inphasc lI {4) vesicular

Approxunate number of hours
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Vanation from the above pattern was reported by Evans and Cole (1931)
for the dog by Pearsons and Enders (1943) for the fox and by Hamiiton (1945)
for the horse In these three groups of ammals they found that the first polar
body was not formed until the ovum reached the oviduct

Cytological studies of the maturation of eggs induced to ovulate by hor
mone treatments are meager Mordicard (1940) obtained polar body forma
ton 1 adult viegin cabbuts by the of chorionic dotropins directly
in the ovanan follicle Eggs from sows that had been induced to ovulate by
nyections of gonadotropins were obsersed by Spalding (1955) to follow the
same maturation process as normally ovulated eggs

METHODS AND MATERIALS

More than 800 ova were obtained from foliicles from the oviducts and
from uten of slaughtered ewes Follicular ova were obtained by aspirating the
flud from the follicles with a syringe fitted with a 22 gauge hypodernuc
needle Tubal and utenine ova were obtamned by irngating this portion of the
tract with 1sotomc saline solutton The recovered ova were fixed 1 acetic
alcohol (1 3) and stained as whole mounts 1n aceto-carmune The follicular
ova were dissected from the granujosa cells before being mounted for study

One hundred and forty nine grade rambourllet ewes were used 1n this study
Twenty five of these anumals were classified as being in anestrum and 124 were

cycling
The hormone used to produce ovulation was furmshed by Armour Research
Laboratory of Chicago Ilnois It 1s di ly the follicle

fraction (FSH) of the prtuitary gonadotropsc hormone Since this hormone did
not produce estrus stlbestrol was 1myected stmultaneously with the gonado
tropic hormone when estrus was desired for mating

OBSERVATIONS

Maturation of the Normal Ovum

The maturation process may be considered from two areas One 1s con
cerned with extra ovum changes that occur in the granulosa cells which sur
round the egg and the other chromatic changes 1n the nucleus

Before the ammal comes into estrus the egg 1s tightly encased wittun the
cumulus oophorus (FiIG 1a) Dunng middle or late estrus these cells are
somewhat dispersed and the egg while still within the folitcle there becomes
surrounded by 2 gelatinous mass interspersed with scattered granulosa cells
Thas viscous plug surrounds the egg until after ovalation (FiG 15) but shortly
after the egg enters the fimbnated end of the ovaduct this mass of loosely
adhering cells along with the cells of the zona radiata1s dispersed from the zona
pellucida of the ovum This change in the of the flud diately
surroundingtheeggwas always found tobe dwith nuclear

Dunng the development of the pnmary sccondary and terttary follicle the




A

Arn ¢ mm omd hopgd p Nt mpaky !oa N fiy my
i moami il doo
6 A7 v wtaggmt o ah sxptgTh gg bl dfomen b td
Me 0T ol um ) gapn Apasd ba o sihemt  om d@
&

e
Whatem  tofamt LU o m
Ny

w [ 4

e m Ymm  moecov dff ma €t Th b dr afth B omo
W th fiv oo popnose 3B
N dew TomAT Y ule g3 ko gihefirstm of m taok

‘ﬁ»',’ trtlphse i 26 tpl b dyformu 3D




78 R O BerrY AND H P Savery

sperm penetrated deep 1n the cytoplasm before comung to rest The sperm
head and the ovum nucleus are transformed 1nto male and female pronucle
(F1G 2b) The pronucle: fuse and form one nucleus The chromosomes 1
this nucleus soon regain their identity and align themselves 1n the first mitotic
metaphase (FiG 2¢) The nucleus then divides by mutosis forming the first
segmentation spindle Shortly thereafter cytokinesis occurs and two-celled
embryo1s formed (FIG 2d)

If fertihzation does not occur the achromatic spindle of the second metotic
division of the ovum undergoes a senes of changes resulting 1n complete de-
generation While the non fertile eggs are still in the regton of the oviduct, the
achromatic spindle of the sccond meiotic diviston breaks down and the chro
mosomes scatter at random 1nto the cytoplasm (Fig 2e, f and g) Subse
quently the scattered chromosomes become small pycnotic masses The
wvitellus eventually fills the entire zona pellucida and the cytoplasm begins to
degenerate Sometimes the ovum undergoes fragmentation which may or may
not be accompamed by some nucleat divisions

The spdle seems to be the shortest lived structure in the mature cgg The
first visible deg sve changes are fest by a breakdown of the spindle
fibers and scattening of the chromosomes nto the cytoplasm Later cyto
plasmuc extrusions are evident at the periphery of the egg Subsequently the
cytoplasm appears shrunken within the zona and the chromatic matenal 18
pycnotic or completely disintegrated

Maturation of Ova it Treated Enes

Theovaob df that dwith gonad followedthe
same maturation pattern as thatof normalmaturingeggs The nucleus of the fol
bcular eggs underwentthe first divistonand reached hase I before

ovulation occurred (Tables ITand I1) Cytologically no difference was detected
1n normally ovulated eggs and eggs from induced ovulations (F16 3a-f)

Of the 14 tubal eggs obtained from the treated anestrous ewes 11 were 1n
the metaphase I1 stage one showed a spindle breakdown one was fragmenting
and one had cleaved 1nto two blastomeres The three utenine ova from these
ammals yielded one that was pycnotic and two 1n metaphase Il (Table IT)

Data from the ova recovered from treated tuteal phase ewes slaughtered 40
-63 hours after tnjections of FSH yielded 41 tubal ova in metaphase II and 3
that had a pycnoti¢ nuclel or spindle breakdown Ova recovered from the utert
of these same ammals showed 19 1n metaphase II and 21 with pycnotic nuclet
(Table 11I) Some of the eggs with pycnotic nucler may have been from the
previous ovulation

1t 1s of interest to note that t many of the follicles that were not adequately
stimulated to produce ovulation the nuclear maturation was 1mtiated 10
shightly more than one half of the eggs obtained from such follicles that were
3 mm and over in diameter (Table IV) The ultmate fate of such stimulated
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TanLe IL

Cytological Data from Ovulated Orva Recovered
Jfrom Treated Anestrous Enes

Tubal ova Uterne ova.
No ova Maturation No ova [ Maturation
exarmuned stage stage
n Metaphase II 2 Metaphase IT

1 Spindle breakdown 1 Pyenotic

1 Fragmenting

1 Two-celled stage

Tasie IIL

Cytological Data from Ovulated Ova Recorered
Jfrom Treated Luteal Phase Ewes

Tubal ova Uterine ova
No ova Maturation No ova | Maturation
examuned stage exarmned stage
41 Metaphase I 20 Metaphase I
1 Spindle breakdown 21 Pycnotic
1 Pycnotic
3 Fragmenting
2 Diploid
Tapre 1V
Cytological Data of Follicular Ova from Treated Ewes
Proestrum | Anestrum { Luteal
No of ova exammed* 41 133 404
‘With vesicular nucleus 11 87 232
Prometaphase I 4 17 42
Metaphase 1 14 14 77
Anaphase | 2 1 5
Telophase I 0 1 4
Metaphase IT 8 13 40
Pycnotic 2 0 4

* Ova from follicles 3 mm 1n diameter and larger
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TanLe Il
Cytological Data from Ovulated Ora Recorered
from Treated Anestrous Enes

Tubal ova Utenne ova
No ova Maturation No ova | Maturation
examned stage examined stage
n Metaphase IT 2 Metaphase I1
1 Spindle breakdown 1 Pycootc
1 Fragmenting
1 Two-celled stage

Tanre 111

Cytological Data from Ovulated Ora Recorered
Jfrom Treated Luteal Phase Enes

‘Tubal ova Uterine ova
No ova Maturation No ova Maturation
examuned stage examuned stage
41 Metaphase I 20 Metaphase IT

1 Spindle breakdown. 2 Pycnotic

1 Pycnotic

3 Fragmenting

2 Diplod

TABLE IV
Cytological Data of Follicular Osa from Treated Enes
Proestrum | Anestrum | Luteal
No of ova examined 41 133 404
‘With vesicular nucleus 1 87 232
Prometaphase 1 4 17 42
Metaphase I 14 14 7
Anaphase | 2 1 5
Telophase I [ 1 4
Metaphase IT 8 13 40
Pycnotic 2 0 4

Ova from follicles 3 mm 1 diameter and larger

k4
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yet unovelated follicles 1s unknown, butit)s surnused that they would beco
alrelic and subsequently degencrated This would elimmnate them from fut
reproductive processes and 10 a certam extent temporanly deplete the ov
of many of the tertiary follicles This may account for the condition deserit
by Willet (1952) as ovanan refractivencss m repeated admtmistration
gonadotropins for producing superovulation in cows

Fertiluy of Induced Ovulated ha

Attempts were made to fertshze these cggs by breeding some of the anm
Of the 45 eggs (5 from proestrous 7 from anestrous and 40 from luteal es
examined from bred ammails only three showed cleavage Two of these |
tlized eggs were {rom proestrous ewes and one from a ewe that had previow
been m anestrum

Sperm were never seen in the zona pelluctda of the non fertile eggs T
would tend to ndicate that esther the zona was smpenetrable by the spermt
else adequate number of sperm neser reached the upper region of the ovid
to effect fertlization The lafter scems most hikely since recovery of spe
{from the washings of the uterus and oviduct was very lmuted It 1 belies
that the tract and especraily the uterus 1s unfavorable for sperm survinal wt
a corpus tuteum s present This 1s further substantiated by the fact that 1
luteal ewes that were bred by injecting sperm dtrectly wmnto the horn of |
uterus all exhibited a very large number of leucocytes and phagocytes in
lumens of the uterus within 40 hours

Cervical Smears

Rowland(1952) andde Paz(1953) reported that at times the cervicalsecrets
are hostile to sperm survival They noted a defintte relationshup between ¢
hostility and low blood estrogen level These workers observed that smears
cervical secretions that are receptive to sperm survival extubit a fernlike p
tern when flame dned and examuned under the microscope A smear of ¢
type was designated as typical Smears of cervical secretions that arc hos!
1o sperm survaval are charactenzed by the absence of a fernhike pattern wh
flame dried They designated smears of this type as negative Atypical was!
term used to denote ihe condition between negative and typical

The cervical secretions of ewes 1 estrus and for at least one day followt
estrus gave a fern hke pattern when flame dned (Fig 3g) Smears ma
from ewes which were treated with stitbestrol i combsnation with gonad
tropins most often gave a negatne smear (Fic 37) Oceasionally
atypreal response was obtamed (FiG 3h) Some of the ewes yelded .
occasional smear which was classed as typical However within 48 hours aft
1njection the typical smear had reverted to a negative pattern With the Jeve
of hormones used (35 Armour Units of gonadotropins and 12-15 mg
stilbestrol) the cervical smears were predommately negatne
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From this study 1t 1s apparent that the eggs which were induced to ovulate
with gonadotropins are normal 1n so far as the maturation process 15 con
cerned It 15 believed that the hostility of the female tract toward sperm
longevity 1s the major obstacle preventing ferulization

SUMMARY

‘The maturation process of normal and artificially ovulated ova of cwes was
studied cytologrcally

Normally the first maturation process of the ovum nucleus 1s completed
duning estrus Metaphase I stage 1s evident by mid-estrus and the first division
1s completed before the expulsion of the ovum from the follicle Just prior to
ovulation the first polar body 1s formed

Induced follicular growth maturation and ovulation were obtaned by
ntramuscular mjections of Armour s pituitary gonadotropin (FSH)

Artificially ovulated ova undergo the normal process of maturation includ
ing the extruston of the first polar body and the formation of a viscous plug
around the egg prior to ovulation

The shortest lived structure of the matured female germ cell appears to be
the chromatic matenal for this 1s the first unt to show visible degenerations
when fertilization does not occur This degeneration 1s manifest by a break
down of the maturation spindle and a random scattering of the chromosomes
1ato the adjacent cytoplasm

The eggs obtained from the Iuteal ewes that were bred gave no evidence of
fertilization It 1s assumed that the reproductive tract of these ewes was not
favorable for adequate sperm survival since no sperm were observed 1n the
zona of the egg and only a very few sperm 1f any were found 1n washings from
the tract

Cervical secretion smears made from the animals treated with gonadotropic
hormone alone were negatine possibly indicating that thetr cervices were hos
tile to sperm longevity This condition was somewhat changed by imjections of

b given 1n with the d pin as 1nd d by the
presence of the fernhike pattern for a short mterval of ime in some of the
smears of treated ewes
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RELATION OF THE NERVOUS SYSTEM TO

IMPLANTATION*
A V Nasanpov and L E St Crar
Unnersity of Hhinois
IN A senies of publ from this lab y (Moore and Nalbandov, 1953
1955, Nalbandov Moore and Norton 1955) 1t was shown that utcrine con
tents exerta p d effect on the of fi 1 activity of corpora

lutea and that prolactin has luteotropluc effect 1n sheep In brnief the expen
ments consisted of implanting plastic beads 1nto the cornu of normally cycling
ewes i different stages of the estrus cycle When a bead was implanted on day
3 of the cycle subsequent cycles became significantly shortened (Table 1)
Removal of the beads caused the return of cycle length to normal Subsequent
expenments showed that implantation of the bead on day 8 of the cycle caused
an increase 1n cycle length and that the bead bad to be larger than 2 mm 1
diameter to cause a lengthening or a shortemng of cycles (Table IT) Further
more it was shown that denervation of the horn segment contaiming the bead
prevented modification of cycle length (Table II) The types of operation per
formed and the degree of distention obtained 1s shown 1n F1G 1 of Moore and
Nalbandov 1953

These results were interpreted to mean that uterme contents—beads and
hence probably embryos—are capable of determuning the length of survival of
corpora lutea Since denervation of the uterine segment contaiming the bead
prevented modification of cycle length the theory seemed plausible that under
certam circumstances a neural stimulus emanating from the utenne lumen

TABLE 1
Effect of Presence or Absence of Beads n Uterme Cornu on Length of
Estrous Cycle
Fust cycle Cycle length with Cycle length bead
AnmalNo | jenetn days) | bead an uterus (4255) | xemoved from uterus (day$)
913 16 105559 15 715
378 16 7155 16 16 18
858 17 6147 15 16 17
Mean 1633 818 1611

* Thus s ork was supported by grants from USPH (No 3557C through 40)
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Fi¢ 1 Blach lines on left cornu show the cuts made to denervate a uterme seg
ment The arcows on right horn pont to the actual cuts made 11 a uterine comu con
tamng a 12 mm plastic bead located 1n the upper third of the denervated segment
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Tanre I1
Effect of Uterine Distention on the Estrous Cycle Length of the Ene
Day of | Diameter of | Number of ewes
cycle bead (mm) and cycles Mean cycle length (days)
2 5-21 1674042 SE
3 4 4-8 1284208
8 422 130£130
2 8-30 1731049
8 8 8-22 2284121%
8 +den 5-18 1704055
13 2 7-16 16 1100
8 7-27 1784080
= T e 1634011

SE =Standard error of the mean *=<P005 **=P0o 0l

noufies the prtwitary gland via the hypothalamus that the corpus luteum should
be mamtamned The fact that beads were able to prolong cycles to a maximum
of only 23 days (vs the normal length of 16 days) 1s not considered particu
larly disturbing The bead after all 1s an mert obyect of fixed size which does
not enter 1nto intimate relationstup with the uterine endometrium while the
growing blastocyst elongates enormously duning the early stages of pregnancy
and eventually becomes intimately attached to the utersme wall It 15 obvious
that ving and growing utenne contents provide a much more adequate and
sustained neural stimulus than can be provided by the bead

‘The next step 1n these experiments was to determune the pathways by which
the sttmulus from the uterus was translated into the presumed continued pro-
duction of luteotrophic hormone by the hypophysis The Ppresent paperisto be
regarded as a prelimsnary report of this work Sections of the hypophyseal
stalk were studied as the next step n these expenments The results obtained
very soon confirmed the finding of Harns (1955) and others on rats who ¢s
tabhshed that stalk section to all intents and purposes was equivalent to
hypophysectomy if the cut stalk ends were prevented from re establishing con
tact and from regenerating However during the early stages of expeniments
on sheep it was not known 1n which of these operations stalk regeneration was
successfully prevented The majority of animals 1n which thus operation was
attempted contmrued to cycle normally and it was found at autopsy that 1
them the stalks were cut incompletely or that they had re established neural
and} 1 post operatively Some of the ammals withcut stalks

were mated to fertile rams prior to autopsy but only a very small number of
d to be a rel between the complete

them co: d There app
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ness of the stalk section and the ability of these ammals to concenve and sug
gested the possibility that even though enough of the stalk connections re
mained intact to nsure normal cyclic behavior the damage to the pathway
was sufficiently great to interfere with the ability of these amimals to concerve

Concurrently with the expeniments on the sectioning of the hypophyseal
stalk studies were made on the effects of cutting the hypogastric nerves sup-
plying the uterus This expenment at first glance proved disapponting be
cause all the females so treated continued to have cycles of normal length and
to ovulate at the expected time However the unexpected happencd when
females in whach the stalks or the utenac nerves had been cut were mated to
fertile males Matings were begun 1n November and continued untl March
1956 The results obtaned 1n both groups of sheep are shown in Table III
Because of the simularity of results obtained 1n the two groups 1t was felt that
combiming the groups and g their breed: to a control
group of normal females was Jusut'ed (bottom lines Table III) Adtention 1s
called to the fact that when the stalk 1s completely severed and when 1t 1s pre
vented from regenerating all reproductive activity stops and the reproductive
organs become atrophic Incomplete stalk section or section of the utenne
nerves has no effect on cyclic reproduction behavior but 5097, of the animals
1 which these operations were performed did not concenve after an aver

Tasee 111
Effect of Section of Hy pophy seal Stalk or Hypogastric Uterme Nerves on
Reproductine Performance

“Treatment | Number of | Total mumber of| YRS 2T | Reproductine state
females. times bred before autopsy at autopsy
Stalk cut 2 7 35 2wath fertilized eggs
Stalk cut 1 not bred ~— norhmal reprod O%rg:ms
rej
stalk cut 3 not bred — "cal,e:;f,,c proc organs
Stalk cut s 1 25 pregnant
Utenne
4 with fertized 2 wath
nenes 6 z 35 uncleaved eggs
1 notbred — noheats after operation
3 6 20 pregnant
Combied | 2 35 6 with fertlized 2 wath
pregnant uncleaved eggs.
Combined
;‘eg‘:am 8 17 213 pregnant
Normal
controls 10 12 12 pregnant
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age of 3} breedings per female Of significance 1s the fact that 1n 6 of the
8 ammals mn this group fertihzed and cleaved ova were recotered at
autopsy while in two of the ewes the eggs recovered were uncleaved with
sperm being seen in the penwitteline space Only 3 out of 9 ammals with
severed utenne nerves concened dunng the time these females were exposed
to fertile males and these females required two matings per conception Itis of
course, unknown whether all of them would have concenved pnor to the ter
munhation of the breeding season had matngs continued, but 1t appears signt
ficant that even those females which did concenve required about twice 2
many matngs as did their unoperated controls

DISCUSSION

The reasons for the failure of the females 1n which the nene connections
between the uterus and the pitustary gland ss interrupted 1o concene 10 3
normal number of matngs reman to be determuned 1t 15 possible that fol
lowing nerve section the signal (which 1s thought to emanate from the uterus)
for mantenance of corpora lutea fails to reach the pituitary gland or reaches
1t [ess relsably than it does 1n intact females If this assumption which forms
the basis for reasearch now 1n progress 1s correct 1t may adequately explan
the phenomena described It 1s also interesting to note that the reproductive
behavior of these females resembles the reproductive pattern of so-called

hard to settle females which show estrous cycles of normal length normal
ttme and rate of ovulation and fertilization but which fail to concene 1 spie
of repeated matungs The question anses whether 1n these cases there 15 an
imparrment of the signalling mechamism existing between the uterus and the
hypophysis leading to non maintenance of the corpus luteum and hence 1o
failure of implantation That 1n these cases too the impairment 1s not neces
sanly permanent can be seen from the fact that hard to-settle females
conceive eventually if they are mated sufficiently frequently

SUMMARY

The nerve connection between the uterus and the hypophysts can be nter
rupted by cutting the hypophyseat stalk or by cutung the utenine splanchnc
nerves

Incomplete stalk section or cutting of utenne nerves has no effect on pormal
heats ovulation and fertilization but animals so treated either fal to conceive
1n spite of repeated matings to fertile males and 1n spite of the fact that the
majonty of eggs ovulated are fertiized Those conceving require sigmficantly
more breedings than do normal controls

These results are interpreted to mean that the cutting of the nerve connec
t1on between the hypophysis and uterus preveats a neural signal emanating
from the fatter to reach the pituitary gland and to cause it to secrete the luteo-
trophic hormonenecessary for mantenance of corporalutea dunng pregnancy
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pora lutea between 25 and 45 days of pregnancy and stressed the vaiation in
size shape and staining qualitres of the sndividual lutein cells Dunng the
second month of pregnancy this mvestigation showed that the lutein tissue
was more compact and the lutem cells were Jarger and more rounding in
shape with the cytoplasm being more lightly stamed than between 25 and 30
days

More comprehensive wmvestigations have been conducted on the corpora
lutea of other species Corner (1915 1919) m hss classic mvestigations of the
corpora lutea of pregnancy in swine described three prncipal types of lutein
cells (1) true futein cells onginating from the granulosa (2) type 1 cells with
smaller round or oval and more chromatic nucler which occur on the pen
phery of the corpus luteum and along the connective tissue septa (3) type 2
cells with a spindle shape and 4 cytoplasm that stained dark brown or purple
with Mallory s stain He noted also that there were many cells which seemed
to be transitional stages among all three types Warbntton (1934) concluded
fram a detailed histological study of the cyclic corpus luteum n the ewe that
the three types of cells which were present (embryonic normal regressing)
repre ented three phases in the hife cycle of a single lutein cell derived from
the granulosa

Brewer (1942) after an intensive study of human corpora lutea of meastru
ation was able to estunate their age within two or three days on the basis of
their lustological characteristics Among the sigas of regression or degenera
ton of granulosa Juten cells Brewer Lsted the following (1) a shrnkage in
over all cell size (2) an wcrease 1n the size and number of ipoid droplets (3)
vacwolated cytoplasm (4) dense shrunken and pycnotic nucler (5) increased

tissue (6} by Gulmana and Stemn (1941)

descnibed in detail specific mclusions of the granulosa lutein cells in the human
corpus luteum of pregnancy mcludmg sccmory granules hipoid substances

collead droplets vacuoles hondna and Golgt
apparatus They rcporled that secretory granules Iipoid droplets vacuoles
and ch were n the lutern cells during

the first half of the gestation penod and tended to decrease with advancing
gestation Collord droplets on the other hand were rare durmg the first two
months of pregnancy but 50% of the cells contained colloid at term These
autbors also descibed light and  dark cells and concluded that they re

presented different phases of secretory activity and that the dark lutemn cells
eventually degenerated White ez al (1951) studied 28 corpora lutea of normal
human pregnancies from the two celled egg stage up o 43 months of pregnancy
and 13 corpora lutea associated with abnormal ova They described a cell
type 1dentified as K which was charactenzed by a stellate shape eosmo

phulic cytoplasm and a small dense hyperchromatic nueleus which was irregu

lar 1n outlme Thcse m\cstlgators found a direct relationship between the
amount of h d with L abnormal ova and the




CYTOLOGICAL CHANGES IN THE BOVINE
CORPUS LUTEUM DURING EARLY PREGNANCY*

Riciarp € Foley and JuLius S GREENSTEIN
Unnersity of Massachusetst

REPRODUCTIVE fatlures in both beef and dairy cattle present major problensin
herd management and disease control to beef producers and dairy farmers
throughout the United States Until recently very few data based upon funda

mental research have been avanlable for the purpose of evaluating the impor

tance of the bovine ovanes the uterus the placenta and the embryo stself as
factors 1n lowered reproductive efficiency resulting from functional causes A
thorough understanding of the morphological ch 1stics of the 1
corpus luteum of Y 15 1 to the g of primary of
secondary tuteal farlures assoctated with early embryoruc mortality

REVIEW OF LITERATURE

Notwithstanding the mmportance of the corpus luteum 1n cattle for estab
hishing and a normal pre the information 1n the Iiteraturé
relative to 1ts histological charactenstics dunng early pregnancy 15 very
Limited Furthermore 1nmany cases the previous breeding history of the cattle
studied was unknown or not reported Hammond (1927) reported that the
corpus luteum of pregnancy in cattle resembled that of mid cycle 1n micro
scopicappearance McNutt (1924 1927)studsed thecychic corpus luteum as well
as the corpus luteum of pregnancy in the ox and concluded that the lutem cells
arnse from both the granulosa and theca interna but added that many lutein
cells exhubited intermedate characteristics and the origin of these cells could
not be stated with certamnty He concluded also that regression of the corpus
luteum of pregnancy did not differ 1n any way from regression of the cyclic
Jutein cells Asdell (1946) stated that the corpus Juteum reached its greatest
size about the fourth month of pregnancy and that regressive changes began 2
Iittle befote parturition but that more careful study was nceded Foley and
Reece (1953) reported on the gross and microscopic anatomy of bavine cor
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scgments The appearance of the lutein tissue especially 1n younger corpora
lutea 1s quite vanable beth along a radius from the central area toward the
penphery and along an axis from the ovulation papilla to the opposite pole

"The mndividual lutein cells are surrounded by a thin layer of connective tissue
and capillanes are abundant throughout the tissue 1 close assoctation with
each cell Some leucocytes arc usually present

Earher reports to the contrary it seemed Iogical to expect the cytological

appearance of the corpus luteum to change with advancing pregnancy and to
reflect any abnormal developments in the early bovine placenta and embryo

The sections of corpora futea from cach individual cow or heifer were there

fore studied 1n detail 1n an effort to record such changes Since the youngest
ussues 10 this study represented 16 days of gestation no attempt was made to
1dentify the lutemn cells on the basis of ongin For our purposes whether they
came onginally from the granulosa or the theca interna was of less concern
than their appearance and function during the period under mvestigation

It was evident at once that the individual lutem cells exiubited marked dif

ferences 1 size shape and appearance of the nucler and 1n staiming qualities
and vacuolization of the cytoplasm After studying representative sections of
tissue from cattle slaughtered at each day of pregnancy between 16 and 33 days
the authors were able to estimate wathin 2 day or two the stage of gestation of
unmarked tissues Further study showed that the vanous types of lutern cells
could be classified nto five groups In this investigation the lutetn cells will be
designated as Types T 1T TIT IV and V but they are considered to represent
different stages of growth regression or secretory activity of a single basic
lutemn cell 1t was also posstble to rdentsfy unmarhed sections of corpora lutea
as beng from cattle with normal reproductive histortes (Group 1) or from
abnormal cattle (Group IX) on the basts of the proportion of the five lutein
cell types the amount of connective tissue the degree of vasculanzation of the
lutern tissue and the vacuohzation of the cytoplasm of the lutein cells The
cytological charactenstics of each of these five cell types are described 1n

the following paragraphs

TabLe I
Mean Diameters of Fise Lutein Cell Ty pes and Their Nucler

Stze of cells Suze of nucler
Type Duameters in micra | Diameters 1n micra
‘Width Height Width  Heght

T 11053:40x1803:55%1 55:415x65+10
11 185445%2754+70 | 70+£10x90+15
m 150440x265460 | 60+10x80+10
v 130440x310185 | 50420x75415
v 70425x1653+40 | 50405x60415

* Standard deviation
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appearance of the corpus lulcum Embryos almost desoid of trophablast were
without exception accompanied by corpora lutea charactenzed by total
umform collotd degencration ofall K cells

MATERIAL AND METHODS

One hundred and fifty six head of dairy and beef cattle have been slaughtered
1n this project On the basis of their previous breeding hustory and ante and
post mortem examination of their reproductive tracts 76 head were classified
1n Group I (normal) On the same basis 32 other cows and hetfers were classt
fied 1 Group I (abnormal) Forty eight cattle were classified 1n Group Il
(doubtful) These cattle were abnormal in some respect Some required more
than two services others were abnormal 1n one way or another upon post
mortem exammation though the previous breeding history may have been
normal Of the 93 cattle which were pregnant when slaughtered 56 head
yiclded timed embryos between 16 and 33 days of gestation The others were
culied at more advanced stages of pregnancy

The corpora lutea from ali mdividuals were weighed sub sampled and
fixed 1 Boum s formol subhmate or buffered neutral formalin Tissuemat
sections fixed 1n Bown s were stained with hematoxylin-eosin and Mallory s
connective tssue staiy Sections from formol sublimate fixed tissuc were
stained with piero Mallory phloxine-methylene blue (Greeastein 1957) and
penodic acid-Schuff (PAS) stains Frozen sections of gelatin embedded tissucs
fixed 1n neutral formalin were stamned for ipids with Ol red O and Sudan black

In this investigation the lutemn cells were classified for descrniptive purposes,
mto five types d by Roman Is and the data in Table I were
obtained by measunng 25 representative cells of each type To obtain the per
centage distribution of cell types shown 1n Table 11, 500 indvidual luter cells
were counted mn each section using a 6 mm? eyepiece crosshne micrometer at

x 512 magmificatton Twenty five cells were counted at each of 20 sampie
areas selected at random tn the section of tissue Six areas were selected 10 a
central vertical plane and fourteen addttional counts were made diagonally
across the long axs of the section The cells to be counted were selected at the
intersections of the vertical and horizontal lines of the gnd s the upper left
and lower right quarters Counts were made from shides with tissue identifica
t1on numbers mashed out Only lutein cells which could be positively idennfied
were counted

RESULTS AND DISCUSSION
The corpus luteum of pregnancy 1n cattle 1s an eccentric oval body varymg
1n color from a deep yellow through various shades of orange to a cocoa brown
and ranging 1 weight i this mvestigation from 3 20t0 930 g The ojulcr
connective tissue capsule is well I and trabeculae with ab t
fibroblasts grow inward towards the center dividing the tissue inta well defined
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Type I Cells

Type I cells are quite vanable 1n size and shape but are easily identified by
their round centrally located vestcular nucle; with one or more prominent
nucleolt These cells are less plump and regular 1n cell outhine than Type II
cells and as shown i Table I vary in size from one third to one half of the
Type Il cells The nucle: are about two thirds the size of Type I nucler The
cytoplasm 15 lightly stained but not as pale staiming as some Type II cells
These immature lutewn cells are present 1n ali corpora futea of early preg
nancy 1n substantial numbers (FiGs 1 and 2) In corpora lutea from normal
cattle they apparently grow and become mature Type 11 lutetn cells

Type Il Cells

These mature lutein cells often referred to as  blossoms 1n the hiterature
are the largest lutein cells of the five types and extubit alarge round or shightly
oval vesicular centrally located nucleus with a distinet nuclear membrane
one or more promunent nucleoh plus imited amounts of other chromatm
matenal surrounded by a clear nuclear sap These plump cells round or
slightly oval in shape wath a distnct cell wall and hghtly stained granular
cytoplasm are a charactenstic feature of normal corpora lutea dunng early
pregnancy (FiGs 1 and 2) As indicated earher they are quite sumilar to the
Type I cells except for larger size Cells which are intermediate between a
typical Type I and Type II cell can be seen 1n all sections (FiG 1)

Type HI Cells

Type 1 cells are intermedate tm appearance between Type I and Type IV
cells Both the cell wall and the nuclear membrane appear to have shrunhen
Thus frequently leaves empty spaces between the cell and its neighbors The
nucleus 1rregular 1 outline 1s coarsely granular in contrast to the vesicular
nucler of Type 11 cells The cytoplasm stains more wntensely than Type Il cyto
plasm and the cell outline tends to be ehpsodal (F16 3) The Type Il cells are
quite vanable i shape and staining qualities and sometimes the cell wall 18

d; or ly d. d It 1s belteved that these cells represent
the tnitial stages of regression which leads to Type IV and Type V cells

TypelV Cells

These cells are casily 1dentified even at low fications by the intense
and diffuse staming of the cytoplasm with various types of stamns by their
stellate or spindle shaped appearance and by their hyperchromatic nucter The
typical cell 1s quite d often fated and one or more
cytoplamic processes The nucleus 1s oval to spindle shaped with svanable and
progressive loss of nuclear detail charactenstic of pycniosis {FiGs 3 and 5)
‘Their distnbution 1s highly srregular both from tissue to tissue and among
10 the same tissue If these cells do not represent a regressive phase from

areas
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the Type I cells they certainly indicate a marked change m secretory activity
or some other aspect of cellular physiology

Type V Cells

The smallest Iutein cells measure 7042 5x16 5440 p in diameter as
shown 1n Table I with a small dense nucleus measunng 50£05x60x15
mcra These amorphous cells with pycnotic nuclet and very imited cyto
plasm are relatively rare in the tissue but are belicved to represent the end
point of the series of regressive changes 1n «he lutein cells

Changes in Normal Corpora Lutea with Advancing Gestation

Asdell (1955) states that the cychic corpus luteum begins to regress about the
sixteenth day following an estrous period Unfortunately our seres of cyclic
corpora lutea from normal cattle has not becn completed and it 1s notyet
possible to compare the morphology of a 16 day cyclic corpus luteum with
that from an animal bred duning the previous estrous pertod However the
changes which occur 1n corpora lutea from normal cattle slaughtered between
16 and 33 days of pregnancy can be descibed

At 16 days of pregnancy the lutein tissue 1s reasonably compact and exhx
bits a well developed capillary network around the lutein cells Type I and
Type 11 lutetn cells predomunate but 111 s 1V s and even V s can occasionally
be seen (Fic 1) Type I cells are much more numerous than Type II cells and
the latter are smaller and less plump than at later stages Type 1II cells when
present show the ch 1stic shrunken descnibed earler and
when the tissue 1s stained with Mallory s connective tissue stain their nuclex
are often extremely fuchsinophilic

Between 17 and 22 days of pregnancy the corpora lutea of Group I cattle
with normal breeding histories exhibit considerable vanation 1n their cyto
logical appearance Type I and Type II cells predomnate but their relative
proportion varies and most of the Type II cells have not reached their maxi
mum size Type 1T cells are more common at this stage than at 16 days
especially in some tissues Type IV and V cells are present in scattered arcas
and m lmuted numbers As a result 1t 1s more difficult to estimate the exact
number of days of gestation during thus period

From 23 to 33 days of gestation the presence of many large plump TypeII

blossom lutemn cells makes 1t easy to recogmize tissues from cattle slaugh
tered duning the fourth weeh of normal pregnancy The lutemn tissue 1s firm
and compact with 2 mmimum of space between the individual cells When
starned with Mallory s connective tlssue stain Type V cells continue to show
fuch: hilic nucler and ly a Type TI or IIT cell exhibits briliant
pink secretory granules tt i the p The of these
granyles 15 not understood Some lutein cells are binucleate and a hmited
number of ytes are scattered tt hout the tissue
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Type [l cellsat 23 days of gestation NE
113 Group [1] (See Table I Note 3
Type 11 cells open tissue structure and
numerous fibroblasts and  leucocytes
Picro-Mallory 750

Fic 5 Three Type 1V cclls at nght
Type I cells on left and portion of Typell
cellat bottom NE 19 Grouplll 22days
post breeding Note extreme vacuoliza
tron of Type IV cell at upper nght and
characteristic ~ cytoplasmic processes
dense cytoplasm and pycnotic nucler of
other IV s This Group 111 hesfer yielded
chorion but no embryo when slaughtered
at 22 days and the corpus luteum 1 be
wnning 1o regress Picro-Mallory x750

Fic 6 A regressing corpus luteum
at 27 days post breeding NE-44 Grovwp
If Note arteriole and numerous captlt
aries excessive connectivetissue vacuoles
\n coarsely granular cytoplasm of scat
tered lutem cells with pycnotic nucler and
empty spaces left by Iutein cells resorbed
or phagocytized by leucocytes This cor
pus luteum wassmall 208 and heavily
encapsulated when recovered  Picto
Mallory 300
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Tasee I1
Percentage Distributton of Prelinunary Cell Counts int Normal and Abnormal
Corpora Lutea During Early Pregnancy

NE Number  Days Post Percentages of Cell Types Pregnant
Number Scrvices Breeding Tand Il ur IWandV

Group I—pormal

NE25 2 18 880 46 74 +
NE37 1 18 46 i1z 142 +
NE66 1 20 804 132 64 +
NESBI t 2. 850 114 26 +
NE48 1 23 854 98 48 +
NE§ 1 2% 930 50 20 +
NE24 1 8 746 182 72 +
AVERAGES 11 221 830 106 64

Group Hl—doubtful

3 2 2% 5S6 176 168 -

NE62 1 20 452 276 268 -
NEI3 1 23 234 456 3o +
NE1IS 2 29 194  S62 244 -
AVERAGES 15 23 359 392 247

Group —abnormal
NE68 5 18 348 348 304 -
NES§3 9 2 92 24 384 Che
AVERAGES 7 19 220 436 344

Chorion only

Among the Group III cattle neither NE 58 nor NE 62 yielded a timed
embryo when slaughtered at 20 days and the cell counts shown 1 Table I1
indicate that both corpora lutea were beginung to regress NE 113 classified
m Group IIT because of a previous abortion showed only 23 4% normat
lutem cells at 23 days but was pregnant when slaughtered NE 119 was open at
29 days though she passed over one estrous period Both horns were filled with
cream colored pus The ussues from these two amimals average 559% M
and about 27 7% IV and V

The corpus luteunn of NE 68 (Group II) was defimtely regressing when the
ammal was slaughtered at 18 days but this could have been exther nonfertihza
tion or resorption of the blastocyst prior to slaughter NE 63 (Group 1I)
yielded chorome tissue proving fertihization but the embryonic dish was not
located 1n the knotted choron upon subsequent sectioming This corpus
luteum was ly in an ad: d stage of at 20 days and thiss

supported by the cell counts
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Corpora Lutea from Group 11 and Group I Cattle

Corpora lutea from cattle classified 1n Group II (abnormal) and Group 111
(doubtful) could not be distinguished 1n most cases from those of normal
cattle on the basis of size shape color weight or other gross morphological
charactenisics Weight data on corpora lutea from all three groups are being
analyzed statistically 1n relatton to the weights of ovanes and the live weight
of the cattle

Nineteen cattle yielded corpora lutea wath fluid filled central caviues of
varying size Three were classified in Group I eleven 1n Group Il and fise1n
Group I These data also are being studied 1n relation to the tistological
characteristics of the corpora futea

As indicated earher 1t was possible 1n most cases 1n this investigation to
rdentify fissues from cattle classified 1 Group 1 (normal) and Group II
(abnormal)

1t should be emphasized however that the accuracy of the dentification
depends upon the amount of regression which has occurred 1n the corpus
luteum While the proportion of the five cell types n the luten tissue espe
cially the relative numbers of Type 1f and IV cells 1s a major factor in classify
ing the tissue 1t must be understood that other charactenstics also contnbute
to the final decision and 1t may not be possible or desirable to evaluate the
tissues strictly on a mathematical basis Other cntena which must be con
sidered are  the compactness of the tissue the deg ree of vacuolhizauon the
amount of connective tissue including the number of fibroblasts present the
size and distnibutton of smaller blood vessels and capillanies the number of
leucocytes and the appearance of the cytoplasm and the nucler under vanous
types of stains

Nevertheless 1n an attempt to obtain a more objective method of evaluating
the lutetn tissues prelminary cell counts have been made on sections selected
at random and the results are summarnzed 1n Table I Since both Type I and
Type II cells are associated with normal development and function of the
corpus luteum they are combined 1n a single figure 1n the table Likewise
Types 1V and V cells are shown as a single figure Type HI cells which repre
sent an intermediate stage are shown separately

The average percentages shown in Table II for the Group I tissues support
the carlier general observations relative to the appearance of the lutein cells
duning early pregnancy All of these cattle yielded normal embryos when
slaughtered and the corpora lutea were charactenzed by a high percentage of
Type I and 1T cells and with one exception by a low percentage of Type 1V
and V cells ' With only seven amumals represented here the effect of advancing
gestation on ceil type distnbution 1s not clearly demonstrated The greatest
vanation percentage wise occurs in the Type 11T cells and this 1n turn affects

the percentage of Type Iand IT cells



OVARIAN FUNCTION, BLOOD BIOCHEMISTRY
AND REPRODUCTIVE PERFORMANCE OF
REPEAT BREEDER COWS*

D H McWape J A Wiruiams and C W DuNcan

Departments of Vetersnary Pathology and Agricultural Chenustry
Michigan State Unnersity East Lansing

REPEAT BREEDER cows compnse a group of cattle which has been studied 1n
tensively by numerous research teams and vetennary practitioners From their
nvestigations of the varous aspects of functional stenlity has been com
prled a wealth of statistical information  however the basic cause or causes
of the syndrome has successfully evaded elucidation

Many reviews have been ably presented on the vanous causes and treatment
of repeat breeding therefore this report 1s only mtended as a supplement to
the available data already pubhshed

The Michigan Artificial Breeders Cooperative 1n co operation with the
Michigan Agricyltural Expenment Station iitiated a study of repeat breeder
cows 1n this state This project was undertaken to obtain mformation which
could later be utilized to gurde more 1ntensive research on the problems found
to be most urgent under ficld conditions

METHODS AND PROCEDURES

A total of 50 repeat breeder cows and heifers was obtained from local dairy
men Each animal was examined by a member of the project to establish 1ts
previous breeding history and present health status Only those cows were
purchased which () were negatie to the agglutination test for brucellosis
vibriosis and leptospirosis (b) had been unsuccessfully bred at least four times
{¢) were between the ages of 2 5-10 years and (d) revealed no evident cause for
sterility upon physical and bacteniological examination All cows were non
lactating or were dried upon entrance to the expeniment Grade and purebred
wows and herfers of the Holsteitn Guernsey and Jetsey breeds were included
All cows were given a rest from breeding for 2 mmimum of one heat peniod

Approved for publication by the Director of the Michigan Agricultural Experiment
Station as Journal atticle no 2106

o TS work was supported 1a part by a graat rom the Michigan Aruficial Breeders Coopera
1ve
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Though the number of luten cell counts completed to date 1s Iimited the
data acquired thus far suggests that this approach may be uscful i recogniz
g luteal failures during early pregnancy The average percentages for Groups
I 1I and 11 1n Table 1T are consistent with the earlier general impressions

gathered from these tissues

Summary and Conclusions

1 Theluten cells of bovine corpora lutea recosered from cattle slaughtered
between 16 and 33 days of gestation can be grouped mto five types on the basis
of therr cytological charactenstics

2 Type I cells represent 1mmature lutemn cells and Type II cells are
maturg cells which have reached their maxsmum size and development

3 Type HI cells are believed to be 1n the imtial stage of regression which
continues through Type IV cells and termmates with Type V cells

4 Between 16 and 33 days of gestation there 15 an ncrease in the number
and the size of the Type 1l cells with a correspondmg reduction in I's

5 Lutem tissues with high percentages of Type III IV and V cells espeet
ally Type IV cells are considered to be abnormal

6 The cytological changes in the bovine corpus luteum dunng easly preg
nancy coincide with advancing gestation and are related to the reproductive
performance of the individual ammal
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recovered from cows going to slaughter from tl ¢ eapcniment These were ob
served for gross lesions or abnormalities photographed and tissues obl d
for histopathological examimation The ovanes were observed grossly for
evidence of ovulation and 1n 12 of the cows slaughtered 24-72 hours after
msemnation the oviducts were flushed with physiological sahne The ova
thus obtained were obseried for fertihzation

RESULTS

Data on 50 repeat breeder cows and heifers were obtained over a 6 year
peniod During this time a total of 32 cows and hexfers conceived This repre
sents 70% of the total numbers These figures exclude four ammals which
were pregnant on arrsal Sesenty nme per cent of the 28 cows concerved
after an average interval of 10 8 months and 46% of the 22 heifers concerved
after an average mterval of 12 3 months A companson between the cows and
heifers on the control and ex 1 rations ind a 72%
rate for control amimals and a 659 conception rate for those on the expen
mental rations

From accurate records avarlable 1t was determined that 21 cows whuch con
ceived required an average of mine insemunations per conception and ten
herfers wiuch concerved required an average of 9 6 insenunations per concep-
tion

‘These figures represent the mnterval from first msemmnation until eventual
conception and include the time the ammals were 1n the owners herds plus
the time on experiment

In contrast to these data 1t 1s noted 1n Table I that following entry 1ato the
expeniment the period of time until conception and inseminations per con
ception are reduced 1n both control and experimental groups It 1s interesting
to note that a total of 17 cows and hetfers of the 32 which conceived did so
after only one msenunation following entry into the experiment

TabtE I
Insemnations per Conception and Perod
of Tine m Experiment unl Conception

Insemunation | Intenvalto
per conception | conception

Combined average 25 2 93 (months)
Cows 214 275 (months)
Hefers 309 3 27 (months)

The average 1aterval in days of the estrous cycle was determimned from data
obtained 1n the experiment plus any reliable data from the farm breeding
records The cycles which fell withun the range of obvious double cycles or
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between fast farm ton and first anexpeniment {o estab
hish their normal estrus cycle

The cows were al ternately placed 1 a control or cxpenimental group as they
entered the expenimental heed Those in the control group recesved an avesage
Mict farm ratton coy 8 of merage to low profein mired hay a16%
crude protem grain myxture of corn oats soybean oif meal 39 steamed bone
meat and 39, salt The cow § wt the expenimental sroup recesved 3 ration con
sisting of second cutting alfalfy hay containng 14-16° crude protem with 2
mmmum of 10 sg of cargtene pef gram and a 16% crude protem
grain muxtuse of corn oats wheat bran soybean afl meal 3°4 steamed bone
meal 3% salt and all the hnown trace munerals

Feed and blood smples were obtuned and analyzed perodically for
‘arious constituents by the Department of Aguicultural Chenustry

During the months of May through Octaber both groups grazed the same
bermanent pasture consisting prancipally of blue grass and smooth brame No
fertthzation of the pasture was carrsed out nor were pasture plants and grasses
analyzed for constituents

Cows and herfers were checked twice dasly for onset or termination of estrus
between8am and 5 Pm Onset or termmnation of estrus oceurriag between
Spm and 8am was arbitrandy determined as ane half the fime between
check perods In some mstances the length of estrus was more closely deter
mined concurrently with a series of bt hourly ovulation examimations Estrus
was coustdered to be standing heat and 5t was considered termmnated when the
cow no longer stood Lo be mounted Except in the early stages of the expert

ment a nymph COW was fas a tease animal for the detection
of estrus

Al cows m the expenment were mseminated arificially by a member of the
project The semen was ab from the Michigan Artificsal Breeders Co

operative and was the same as that provided for use i dary herds throughout
the state None of the semen was more than 48 hours old when used

‘The cows in the controf Broup were transferred to the expenmental group 1f
after ssx months they had not soncerved

The cows 1n the cxpenmental group were mscnunated on two successie
estrus periods and f they fasled to concerve were treated with varous hor
mone preparations as dictated by their endocrine function These sncluded

thyrop chenonse dotropins axytocin and progesterone
In general those cows fauling to concerve after a year in the experimental
group were dered stentle and subsequently sent to sl

Exceptmn twonstances all cows which concenved and were not returned to
the owners were mamtauned m the herd uny! parturition Gestation and par
tunition data on the pregnant cows seturned 1o the owners were obtaned
whenever possible but subsequent conception data were not obtaned

The reproductive tract thyroid adrenal and some pituitasy glands were
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establish the fact of ovulation in each cow and hewfer En only three observed
heat peniods was there bl of ovulatson fmlure and one of
1hese ammals eventually concened All amsmals which wese sent to slaughier
displayed evid of recent ovulatron and futeal develop
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Table 11 gves the results of attempts to recover ova Trom cows and herfers
on post mortem exanunation $ix 03 were recosered of which only two were
wmthe esghs-celi stage This would suggest that only 1w 0 ova had been fertilized
i this group In six other attempts no 0va were recovered and one can only
speculate whether this falure was dua to faulty techiique or the absence of
ovaanthe Fallopraa tubes

Taste 111
Post mortens Recorery of Tubal Ora

Recorered Aot recovered

ZovamBeelistage  2animals showed hydrosalpinx
4 ova unferhhized 4 anuymals grossly normal
All animals had ovulated

Upon post mancm exammanon 16 of the cows and hetfers showed gross
lestons or alby 1 the d tract which might have
alfected fertthty These abnormahtxes mc[ud:d hydrosalpinx  myometeial
£)sts ovanzn adhesions avanan cysts and cervical sincture Included n thus
group were € cows and § herfer which had concened while on the expen
meat The most consistent abnormakhty noted among the cows and heifer was

ui o
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greater have been eliminated because of the difficulty m determimng whether
or not the tong peniods of wnestrum were real or presumed The means are
outlined i Table fI

TanLe 11
Interyal {day s of Estrous Cycle

Group | No of cons [Average

Feruge 25 2159
Sterile 13 21 16
To determine more 1y the pertod of greatest freq! of theaverage

estrus cycle Iustograms were constructed for the fertsle and stenle groups
Figure 1 ndicates that 1n the fertile group 72 2% of the estrous cycles fell
within the 18-24 day interval with 2 mode of 21 67 days whereas  the stenle

Fertite group
223 observed heot perods
72 2/ between 18 24 doys
403 4 bebwean 38 44days

Mode = 21 67 days

Numbers of heat cycles
3

50 €

20 30 40
Boys

Fio | Histogram showin g distrsbution of estrous cycles in the fertile group

<

group (Fic 2) 74 5% of the observed estrous cycles occurred wathin the 18~24
day wmterval with a mode of 21 44 days Asdell de Alba and Roberts {1945)
determined the mode of estrous cycle length 1 normal herfers as occurring at
20 days and mn normal cows at 21 days This compares reasonably close to the
figusre for repeat breeder type cattle In contrast to our results m repeat
breeder cows and herfers these authors found s thesr study that 84% of the
estrous cycles in normal anunals occurred withun the 18~24 day interval

Duration of heat as detcrmined from information obtamned on 26 fertile
cows and hesfers and 13 permanently stentle cows and herfers indicated a mean
of20 13 and 21 73 hours respectively with a vanation of 3-72 hours

Many of the ammals were extremely difficult fo palpate with any degree of
certamty data were on y ttmed ovula
tons fo estabhish a mean Sufficient observations were made however to
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99 mg % calcium fell on the low side of normal 1n both the stenle and
fertile groups
Table V shows the average sodium and potassium values obtained from a
total of 28 cows and heifers used in the expenment The individual hemo
globmn values ranged from 99 to 17 5% of blood but the average values fell
witlun a narrower range The volume of the packed red cells (CV) 1s included
for comparative purposes
Wide vanations occurred 1n the amount of sodium 1n the cells and of potas
sum 1n all three consutuents These vanations are attributed 1a part to the
wdividuality of the cow rather than to stenlity because the repeat breeder
amimals that eventually concerved showed almost as wide vanations as the
stenle cows and heifers

TaBLE V
Na and K Content of Blood of Fertile and
Sterile Repeat breeder Cons and Heifers

Group j No of cows | No of detn | Hb | CV

Fertile 14 33 131340
Sterile 14 38 138 1 351
Na X
Group
Whole blood Plasma  Cells | Whole blood Plasma  Cells
—— g ——— —— mg —
Fertile 2805 3373 1685 555 L09 126
Stenile 2639 3376 1337 708 207 1675

The most marked differences in the average values for the two groups appear
1 the amount of sodium 1n the cells and 1n the amount of potasstum 1n the
whole blood and cells There 1s very little difference in the sodium and potas
sium content of the plasma 1n the two groups

The data 1n Table VI gives a companson of the average values obtained
from the two groups of stenle amimals and values for normal cows These
values are expressed as milli equivalents per liter of whole blood plasma and
cells and show a decrease 1n the sodium content of the whole blood and cells
and an ncrease 1n the potassium content of the whole blood and cells as
compared to normal values

The ratio of sodium to potassium 1z the whole blood of the stenle cows and
heifers was found to be 6 5 1 compared to 8 6 1 for normal cows and 14 1
comparedto2 5 11n the cellsn normal cows

‘When the sums of sodum and potassium are compared (Table VI) these

" TSR
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a varyng degree of ovanan adhesion Nane out of the 14 cows and befers
which faled to conceswe showed some degree of reproductive absormalhity

Gestation and partantson data were avaitable on 30 of the cows and befers
which concened Amang thss group there were 21 normal and nine abnormal
gestations and parturitions These figurcs represent a 30% wnedence of gesta
uon and pasiontion difficulties They nclude one dystoca thiee re
ned placentas one monster one utenme prolapse o abortions and one
pyometats

One cow and four heifers concened following the admmistration of thyro
protemn oxytocit or chonome gonadotropin These numbers are 100 few t0

blist any 1 how these data appear to be 1 agreement with

Asdel s {1949) conclustons that there 15 very httle benefit dersved from hor
moene under adequately fled cond

TapLe IV
Blood Plasma Levels of Various Vitgiuns and Mmerals Hemoglobin
Levels and Celf Volumes in Repear breeder Cous and Heyfers

Group* |t 2 3 4 {Hs 2+¢4

Nugmnber of cows. 7 18 151 15 12 33
Number of deta | 41 131 159 87 200 218
e ¥ ¥5 135 145 140 140 } 137
Cell volume o 360 § 338 | 353 | 356 { 354 | 346
Vitamin Cmg o 03%] 037] 036| 038] 03| 038
Vs Emg , 0401 45} o33] 039 038f 43
Vitamn Apg / ] WO 122 101 101 109 it4
Carotenemg™ [4380 {3680 } 6040 [ 6030 |5820 [3820

Ca mg® w1 928 98 101 29 9
Pmg, 591 5s 55 50 56 56
Mg.mg 2521 2741 277 289 27 28
*Group § wrol ration elid st Groups & Group
3--expenmentsl ration dud not concerve Group 4—eaperimental ration did concesve
1 Includes 7 cows aad hetfers from controt } ration
h 1 d t1ons were ob a by standasd methods for packed

cell volume and hemoglobin caleswm inorganic phosphosus magnesian,
carotene and wtamns A C and E concentrations Blood samples wera cal
Tected monthly whle the cows and hetfers were on the expenment Table IV
summanzes the data pertaining to these determnations

No differences existed between cows and heafers on the average ration and
{hose ot the supernior ration n either the iafertle or ferhie group Groupmng
the vatues for ail cows and besfers into those which concensed and those which
rematned nfertile failed 10 show any sigmficant differences between groups
regardless of the ration fed The average blood Jesels for afl constituents were
within ranges generally accepied as normal for catfle howeses the Jevel of
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appear to support their findings The significance of this observation 1s not
clear however the high incidence of conception upon first service after entry
on the experiment may be related to the penod of rest from breeding between
last service 1n the owners herds and first service on experiment

The data on length of the estrous pertod 1n this expeniment would suggest
that repeat breeder cows average 4-5 hours longer than the normal cows
reported by Tnmberger (1948) The method of observaton and the low num
bers of obserations would tend to reduce the rebability of the results in the
1afertility expeniment

The ovulation data from this expeniment indicate that failure of ovulation
15 not an important factor 1n repeat breeding In those few cases in which ova
were recovered upon post mortem there 15 p: d
that failure of fertilization ts @ more important cause of repeat breeding

The mcidence of gestation and partuntion difficulties observed 15 greater
than can be expected from a group of normal cows Under the conditions of
this experiment howener this observation s not surprising when the ngorous
screenung of repeat breeder cows before purchase 1s considered

The results of the biochemucal analyses indicate that repeat breeder cows
ard herfers are not likely to show disturbed blood levels of vitanuns A D and
E and the iorganic constituents Ca P and Mg assuming that intake 15

to meet for normal body weight and pro
duction Adreno-cortical msufficiency has been shown to cause an increased
unnary excrettion of sodium and a d d excretion of p The

repeat breeder cows and heifers 1n this experiment had lower whole blood and
cell sodium and higher whole blood and cell potassium values than normal
cows
‘The possibihity exists that the stenlity encountered i this myestigation may
have been caused by an endocrine disturbance The fact that adreno-cortical
i causes supports this possibility A border

line msufficiency may have been present 1n the cows that eventually did con
cave

SUMMARY AND CONCLUSIONS

A group of 50 adult repeat breeder cows and hetfers were assembled for a
study of the varous causes of mfernlity The ammals were divided into con
trol and expenmental groups The basic control ration consisted of average
hay and grain whereas the expenimental ration consisted of high quality hay
and a gran muix supplemented with vitamns and trace munerals

A a70% ption ratecan b d among any selected
group of repeat breeder dairy cows and heifers although the protracted period
of infertility would tend to make such an ammal a poor economuc nsk

Ovulation failure was not a major cause of 1nfertility 10 this group of repeat
breeder cows however fertilization failure did appear to be a factor Ferti
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values are almost 1dentical 1n the three groups which would indicate that the
total amount of these two clements 1n the circulating blood tends to be con
stant but the ratios of sodium to potassiym 1n the cells vary widely

Tapre VI
Comparison of the Mully equn alents per Liter of Sodiunt and
Potassium n the Blood of Normal and Repeat breeder Cattle

I Na { K
Group®|

Whole blood Plasma  Cells {\\holcblood Plasms  Cells

——— Mg% —————y ———— mg o =
1215 146 8 759 142 55 301

1

2 1220 1467 733 142 53 4

3 1169 1468 581 181 53 428

Group Ratio Na/K. Sum of Na +h

——— mg e ——

1 861 2671 251 1357 1523 1060

2 861 2771 231 1362 1520 1047

3 651 27171 141 1350 152.1 1009

* Group 1 —normal cows Group 2 — fertile repeat breeder cagtle  Group 3— sterile
repeat breeder cattle

DISCUSSION

The 70%, over all conception rate obtained 1n this expenment at an average
of 11 4 months would mdicate that the m1jonty of repeat breeder cows and
herfers will eventually 1ve upon repeated The prolonged
penod of infertility and the numbers of services required howeser, produce an
economuc situation for the owner that makes 1t difficult to justify the prolonged
retention of a repeat breeder type cow 1n the herd.

Post mortem examunation of the cows and heifers which remained stenle
revealed that 78 6% had some reproductive tract abnormality which was un
detected by rectal palpation Eleven of the exp ] cattle which d
were examned post partum Six (53 5%) had minor chmucally non detectable
ovanan Thus of reproductive tract abnormahities 1 much
Tugher than reported by Tanabe and Casida (1949) mn cows (I0 6%) and
Tanabe and Almquist (1953) 1n heifers (13 5%) It 1s dufficult from these data
to conclusnely evaluate the effect of munor ovaran adhesions on ovum
rugration and fertihzation

Tanabe and Casida (1949) reported no sigmficant difference between cont
n rate and previous numbers of services i a group of 111 cows of low
The concept1on rate and interval which we obsers ed (Table D would

cephiol
ferulity
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ar to support their findings The significance of thus observation s not
- however the lugh incidence of conception upon first service after entry
1e expeniment may be related to the peniod of rest from breeding between
iervice 1n the owners herds and first service on experment

1e data on length of the estrous period 1n this expenment would suggest
repeat brecder cows average 4-5 hours longer than the normal cows
rted by Tnmberger (1948) The method of observation and the low num
of observations would tend to reduce the reliabihity of the results 1n the
tlity expeniment

1e ovulation data from this expenment indicate that fadure of ovulation
» anmportant factor in repeat breeding In those few cases i which ova
s recovered upon post mortem there1s p d
failure of fertilization 15 a more 1mportant cause of repeat breeding

he ncidence of gestation and partuntion difficulties observed 1s greater
1 can be expected from a group of normal cows Under the conditions of
cxpeniment however this observation is not surpnsing when the ngorous
zning of repeat breeder cows before purchase 15 considered

1c results of the biochernical analyses indicate that repeat breeder cows
heifers are not hikely to show disturbed blood levels of vitamins A, D and
nd the morganic constituents Ca P and Mg assumung that intake 1s
crent to meet requirements for mamntaunng normal body werght and pro-
son Adreno-cortical insufficiency has been shown to cause an increased
ary excretion of sodim and a d of The
at breeder cows and hexfers 1n thus expenment had lower whole blood and
sodium and higher whole blood and cell potassium values than normal
s

he possibility exasts that the stenlity encountered 1n this imvestigation may
¢ been caused by an endocrine disturbance The fact that adreno-cortical
ifficiency causes p supports this b A border
msufficiency may have been present in the cows that eventually did con
e

SUMMARY AND CONCLUSIONS

1 group of 50 adult repeat breeder cows and heifers were assembled for a
1y of the vanous causes of infertiity The ammals were divided 1nto con

and expenimental groups The basic control ration consisted of average
‘and gran whereas the expenmental ration consisted of hugh quahty hay
la grain mix supplemented with vitamuns and trace minerals

ly a70% ratecan b amonganyselecied

up of repeat breeder dairy cows and heifers although the protracted peniod
nfertility would tend to mahe such an amumal a poor econonuc rsk
dvulation failure was not a major cause of infertility 1a this group of repeat
eder caws howeser fertilization farlure did appear to be a factor Ferti




108 D H McWape J A Wittiams axp C W Dunean

hzavson falure may be due in part to chmeally non-detectable physical
abnormalities of the reproducine tract

Ahigh percentage of gestation and pasturition difficulties can be anticrpated
wmrepeat breeder cows and hesfers which eventually concene

The addition of tugh carotene hay and trace minerals 1o the ration did not
snfluence the blood Jevels of vanious vitaruns and minerals nor was there any
significant difference 1 the numbers of cows which concesved 1n esther group

The repeat breeder cows and hetfers i this expeniment had lower blood and
cell sodium and higher blood and cell potassium values than normal cows The
possible relatronshup of adre no-cortical ansufficiency to stentlity has been
discussed
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Summary and Conclusions

1 A technic 1s descnibed by which ovulation may be observed in the lLiving
immature rat whose ovaries have been by

2 The time required to complete ovulation in single follicles vanes from $ seconds
to 760 seconds and depends largely upon the position of the cumulus oophorus in
relation to the stigma

3 In 112 ovulations in which most of the follicular flnd escaped 1n advance of the
ovum the mean time required to complete ovulation was 72 seconds (range 5 to
280 seconds 3 59 seconds)

4 In 51 ovulations wm which the cumulus oophorus preceded the follicular fld
1n passing through the ruptured stigma the mean time required was 216 seconds
(range 11 to 760 seconds § 159 seconds)

5 The tume interval between the various ovulations m a single ovary vanes con
siderably and a number of typical examples have been tabulated

6 Ovulation 1n the largc follicles 1s usually explosive 1 nature In the follicles of
by a gentle cozing out of its contents

The Effects of the Ad: of opins on the M of the Egg
Nucleus in Enes by R O Berry and H P Savery Department of Ammal Hus
bandry A & M College of Texas College Station

Relation of Nervous System to Implantation by A V Nalbandov and L E St
Clarr Department of Ammal Science Unnversity of Hlinots Urbana

Cytological Changes i the Bovine Corpus Luteum During Early Pregnancy by
R C FoleyandJ S Greenstern Dairy and Ammal Science Department Univer
sity of Massachusetts Amherst.
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Orarian Function Blood Biochenustry and Reproductise Performance of Repeat
Breeder Cows by Donald H McWade Clifford W Duncan and James A Williams
Department of Veteninary Pathol, Mich State U ty East Lansing

DISCUSSION

F X Gassner We shall open the discussion period on the presentation of this
morrung s papers by asking Dr Hansel to attend the lectern

H S Teacue I should like to ask Dr Hansel to comment on the following
questions

1 What relation has nutntion to the 1 h 1n sp
ovulating species?

2 What levels of estrogen and progesterone were used at the beginning of estrus
to determune effects on the tume of ovulation?

WiLLIAM HanseL In reference to the first question on the effects of nutriion on
ovulation there are five or s1x expeniments now neanng completion at various places
1 the world all of which show rather conclusively that the inttiation of first estrus
and the age at which an ammal first ovulates 1s markedly mnfluenced by the level of
nutntion In our own expertments the age of first estrus and ovulation of heifers ona
low plane of nutrition 1s about 18 months heifers raised on a medium plane of
nutrition come 1n heat and ovulate first at about 12 months and heafers raised on 2
hugh plane of nutnition at about 9 months In other words 1t 15 possible to speed up
the process by nearly 9 months by heavier feeding On the other hand once estrous
cycles have started we really have no good basis for saymg that there 1s much
dufference 1n either regulanty of estrus or in the number of ovaran abnormalties 18
the low medium or high fed groups These observations concern only the first 80
weeks of life 1t 1s not yet known whether differences will develop m later Iife as @
result of different feeding levels in early bfe

As far as the second question 18 d the levels of used at the
beginning of estrus were quite low namely 15 mg of progesterone 1n most cases The
levels of estrogen used were also rather low I believe about 2000-4000 inter
national units In that respect 1t 1s rather interesting that Dr Dutt (Kentucky) has
conducted a similar expenment with ewes using higher levels of estradiol and has
cntire cycle found a significant delay n ovulation

W W Brown Wil a single dose of atropine prevent ovulation for longer than
one estrus?

WiLLiaM HanseL No I think not Our data are not as good as they should be on
what eventually happens to thesc cows after they get beyond the fifth or sixth day
after ovulationwas blocked because rectal palpations become difficult A few cows re
turned to estrus on the fifth or simth day after the bloched ovulation ovulated
normally and had normal cycles thereafter A few cows have also gone through an
enture cycle without ovulating after which they came n heat and behaved normally

C F Hawnins How do you determine when estrus begins to indtcate that a
hetfer was slaughtered 30 munutes after that ttme?

WirLiam HanseL In heifers we checked for the begmnmng of estrus by using a
teaser bull at 2 hour mtervals In the closely imed cows we started out chechung
at 2 hour 1ntervals and when 1t appeared as though they were getting near to
o hecked them at 30 munute mntervals
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R.M Cocking Iwould like to posc the following questions

1 What was the dosc of atropine?

2 Does this have a practical application?

3 Does the admunsstration of oxytocin have a practical application 10 cows which
scem to fail to concenve because of abnormally late ovulation?

Wiriam HanseL In regard to the first question the dose of atropine used was
40 mmykg of body weight given subcutancously at the begmning of estrus Thisis 2
rather large dose of atropine although it 1s somewhat smaller than other workers
have used 1n laboratory ammals

F X Gassner Has this a practical application?

WiLtiam HanseL Defimtely not It 1s strctly an experimental tool In regard to
the thurd question  Does oxytocin have a practical role in hastening ovulation m
those cases where 1t 1s delayed”” the answer1s 1do not know Many of you are pro-
bably aware of Van Demark s earher report of mncreased conception rate 1n Cows
mjected with oxytoain However I believe Dr Van Demarh will agree that the
question has not been adequately tested There is alse some question as to how many
late ovulating cows there are There are defimtely some late ovulating cows but
whether or not they constitute a major stenity problem 1n daury cattle 1s unknown
We are approachmng this problem by to use the
effects of and of when given at the beginning
of estrus to increase the conception rate in repeat breeder cows

G B MARION Were you able to determuine whether or not ova resulting from
delayed ovulations were normal and fertlizable?
‘Were resulting corpora lutea normal i appearance and function?

Witiiam HanseL  Unfortunately we do not know the answer to either of these
questions

D J Rezac Would there be an advantage to give POP intramuscularly routmely
at tune of artificial 10 10 rate by early

Wiriam HanseL Agam at wall be interesting to find out We simply do not know
at the moment and should not yump to the conclusion that hastening ovulation will
ncrease conception rate It may work 10 the opposite way 1 many cases

VAN DeMARK. We tned injecting oxytocin along with artificral insemunation by a
topnotch inserinator We got no increase 10 conoeption rate when oxytocin was
injected

WiLiiam HANSEL Thus was 1 contrast I believe to your earlier work where the

anumals were bred natusally and 1n which both epiephnine and oxytocin appeared to
ncrease the concepuon rate

VANDeMARR In natural mating we did get an terease in conception rate with both
Oxytocin mjections and wath epimephinne mjections Likewise 1n a hnuted number of
hard to settfe cows with both artificial insemunation and natural mating we got an
increase m conception rates Using exther technique on hard to settle cows the in
Crease 1 conception rate amounted to about 10-15 / With the number of animals
used the difference was just barely significant

F X GASSNER Thank you Dr VanDemark Do you have anything more to say
onthis Dr Hanse]?

‘WiLLiam Hansel, No more
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Osvarian Funcrion Blood Biochenustry and Reprodicine Performance of Repest
Breeder Cons by Donald H McWade Chifford W Duncan and James A Willams,
Department of Vetenmnary Pathology Michigan State Unpersity East Lansing.

DISCUSSION

F X Gassner  We shall open the di period on the p of thus
mornung s papers by asking Dr Hansel to attend the lectern

H S Teacut I should ke to ask Dr Hansel to comment on the following
questions

1 What relation has nutrition to the ovulat h 10 sp l
ovulating species?

2 What levels of estrogen and progesterone were used at the beginmng of estrus
to determine cffects on the time of ovulation?

WirLLiaM HaNSEL I reference to the first question on the effects of autrition 0
ovulation there are five or six expeniments now nearing completion at varsous places
1 the world all of which show rather conclusivcly that the inttianon of first estrus
and the age at which an ammal first ovulates 1s markedly mfluenced by the level of
nutntion In our own eapertments the age of first estrus and ovulation of heifers ond
low plane of nutrition 1s about 18 months heifers rused on a medwm plane of
nutnition come m heat and ovulate first at about 12 months and hexfers raised on &
high plane of nutrition at about 9 months In other words 1t s possible to speed up
the process by nearly 9 months by heavier feeding On the other hand once cstrous
cycles have started we really have no good basts for saying that there 15 much
difference m esther regularity of estrus or in the pumber of ovanan abnormalities 1t
the Jow medium or high fed groups These observauons concern only the first 80
weeks of Iife 1t 1s not yet known whether differences will deselop 1n later Ife as 8
result of different feeding levels in early ife

As far as the second questton 1s concerned the levels of progesterone used at the
beginning of estrus were quite fow namely 15 mg of progesterone i most cases The
levels of estrogen used were also rather low I beheve about 2000-4000 wmnter
national unts 1in that respect 1t 1s rather imteresting that Dr Dutt (entuchy) has
conducted a similar experrment with ewcs using higher levels of estradiol and has
entire cycle found a significant delay 1 ovulation

W W Brown Will a single dose of atropme prevent ovulation for Jonger than
ong estrus?

WirLiam HanseL No I thirk not Our data are not as good as they should be on
what eventuaily happens to these cows after they get beyond the fifth or sixth day
after ovul was blocked b 1 b difficult A fewconsre
turned to estrus on the fifth or sixth day after the bloched ovulation ovulated
normally and had normal cycles thereafter A few cows have also gone threugh an
entire cycle without ovulatng after which they came 1n heat and behaved normally

¢ F Hawnins How do you deternune when estrus begins to mdicate that a
heifer was slaughtered 30 nunutes after that time?

Witeiam Hanser In heufers we cheched for the beginnng of estrus by using a
teaser bull at 2 hour mtervals In the closely tumed cows we started out checkmg
at 2 hour imtervals and when 1t appeared as though they were getting near to
estrus we cheched themat J0Tninute antervals,
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F Haag Attheend of your talk Dr Berry youmade a remark that you founda
very small number of spermatozoa present. Was thus 1n all anumals studied or wasat
a group which were treated with gonadotrophins?

R O Berry Iamnotsure that I get your question.
F X.Gassxir Will you speak louder please

F Haac At the end of your talk, you made the remark that you were searching
for amouants of spermatozoa present i the oviduct, and it 1s not quate clear to me 5f
you found a small number of spermatozoa present only wn arumals which recened
gonadotrophuns or 1f this was generally true for others including the control antmals?

R.O Berry I was particularly searching for sperm in the ammals that had been
treated vath gonadotrophuns particularly those in the luteal phase As I recall, there
was only one instance of having found any sperm m that type of ammal, Whereas
n the normally bred anumals 1t was not difficult to find some sperm 1 the oviduct
after mating

E.P Remnexz Dr Berry 1believe you mentioned that when you desired to breed
some of these ewes you gave an injection of stilbestrol to nduce heat. I wonder
whether the reproductive performance of any of those ewes was followed up and
whether you obtaned fertilization and conception m those cases The question that
arises 1n my mnd 1s whether the estrogen mught increase utenne motfity to the
extent where retention of the ovum might be difficult or impossible

R.O Berry Nearly all the animals n which breeding was attempted were gnen
estrogens Not alf of them came 1nto estrus but this did not alter the situation as to
the population of sperm wathun the tract. It did alter somew hat the cervical conditon
As you perhaps know the cervical mucus responds to the level of estrogens In most
of ourammals the cervical mucus gave what we call a negative smear but with those
ammals that were treated with estrogens this smear was only partly modified In
other words the flame dned cervical mucus showed a slight fernlike pattemn which
:olu}d be typical of a normal estrous ewe I think mn that way the estrogen was

elpful

F X.GassNer Does thus answer your questton Dr Reincke?

E P Remxear While I am not sure whether there would be a complete answer to
the question at this time I had wondered whether you did have companisons as to
actual fertility in these anumals 1f they were carried through Jong enough so that you
wfuld tell whether you had actual conceptions that would be carried for any penod
of ime

R.O Berry The amimals were all slaughtered about 60 hours after the imjection
50 we were relying on observations as to whether or not the sperm had entered the
ova or whether there was a male and female pronuclens i the egg or whether there
Wwas imtiation of cleavage

E P Remexe Thank you

F X.Gassner Any other questions from the floor for Dr Berry Thank you Dr
Berry Dr Nalbandov wall you please attend the lectern

L T Samurrs What 1s the relationshup between Dr Berry s observation that
sperm do not reach the ovum 11 gonadotropm induced ovilation and your observa
tions on the importance of the utenne nerves 11 pregnancy?

A V Natsanpov Thatisa good question We have planned some studies on the

di mn motility of the uterus resection of h; nerves We are of the

opuien that the motihty itself 1s not greatly affected by this operation that the only
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F X Gassner Anyone else from the floor? It 1s an important and nteresting
subject I should like you to participate No questions from the floor? Mr Bunding
from Armour Laboratortes

I Bunping I would hke to raise a question for the record as fo the route of
admmstration in Dr Van Demark s expeniments

VanDemark  The roule of injection was mtravenous I have anotber questionI
would like to place to Dr Hansel Dr Hays of our laboratory has noted and I think
others have also noted that fi manual of cows
often will precipitate estrus in such cows In more recent work by Dr Hays electnical
stimulation of the reproductine cows using an electroejaculator will frequently
brng these anestrous cows 1nto estrus Dr Hansel do you mterpret this to suggest
that oxytoctn may be involved mn stimulating the estrous cycle as well as affecting
ovulation as shown mn your report this morning®

WitLiam Hanser It 1s possible that the hypothalamus 1s myvolsed As was em-
phasized earlier the whole problem of the exteroceptive pathways to the hypo-
thalamus involved and the stmulatory effect in vanous species 1s poorly understood

F X Gassner Thank you Dr Hansel Will Dr Berry please attend the lectern for
the discussion of hus paper

H J Hur Did I understand that the ova released as a result of simulation by
gonadotrophins were mature ¢y tologically but did not become ferulized as readdy?

R O Berry Thats correct The eggs were just the same in appearance as those
that ovulate normally but very few of them became fertilized 10 ammals that were
bred

G B MarioN Do you feel that fer of 81

R O Berry I would like first to have your defimtion of what consttutes an
unmature egg If by that you mean an egg i which the nucleus 1s 1o a vesicular
stage or one in which there has been no diviston prior to ovulation Iwould say that
1t would be impossible to fertilize that type of egg

G B MarioN The question was prompted by your observation that most of the
normal appearing egps which you classified as good eggs were w the second meta
phase at the ime of ovulation Were other ova that had not reached that stage of
maturation observed after ovulation and if so was fertiization of such ova
attempted?

R O Berry No Idid not observe ovulated eggs that had not matured If I had
been given tume to have shown you one more siide it would have indicated that
about 90 / of the eggs from follicles 3 mm and over it drameter in the hormone
treated ewes had started maturaton. These were from follicles that did not ovulate
I found none that ovulated without having produced eggs that had reached matunity

A V NarLsandov Iwould like fo speak on this pomnt You are aware of the work

of Noyes 1n which he actually found that the fertiltzability of follicular eggs was as
good as that of eggs that had been ovulated There 1s other recent work 1 whuch the
same observation has been made Runnez finds that tnmature female mice can be
ovulated with gonadotrophic hormone and these eggs too are fertilizable Of course
here the question 1s whether these eggs are matured then by hormone treatment. In
the sheep data that you saw Iwas very much impressed by the fact that those ewes
which ovulate every three or four days have eggs that are highly fertilizable at least
as ferulizable as they are 1n the ewes that have normal 16 day cycles In these cases,
the maturation process was greatly speeded up

ble?
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to slaughter these heufers to get that corpus lutcum picture only We have a record
of hesfers which were slaughtered for timed embryos which were open at all days
between 16 and 33 but we certaunly caanot call these normal So Ido not have the
answer 1hnowweneed st and we are getung vanous days in the cycle to contrast
particularly agawnst thus 16-22 day group which were bred

J C.Osporne  Have you made studies of the corpora lutea of laboratory antmals
1¢e muce or rats for these cell types and if so do the cell types correspond to those of
the bovine?

R C Forey No we have not We are concentrating on cattle and we have no
laboratory facilities at all for small animals 1 our department In relation to these
cell types I omutted the review of the literature 1n my paper because of the tune
factor nvolved As you study the reports on the corpus luteum of the human or that
of Comer i swine or others 1o monkeys 1t 1s easy 10 pick out these same cell types
They use different names As you know Corner descnibed the typical corpus luteum
cell Then he added type 1 This type 1 s were our type I s and his type 2s are our
type IV's In the work of Hertig and Roch 1n the human his k cells are obviously
type IVs 1 have not worked on enough rat gunea pig or rabbit corpora lutea to
answer for those species

E C Rearenstan Jr - Do you have information on the effects of gonadotropins
either pitwtary or or of gonadal on the of
the types of corpus futeum cells you hase described?

R C Foey The Massachusetts NE 1 Regional Project which was mutiated m
1954 consisted of two phases Phase two 15 the one that your guestton pertans to
2nd we hope to start that in October In other words we have finished the med
embryo phase in pretty good shape with at least three tumed embryos for each day
of gestation from between day 16 to 33 We will now obtatn cyclic corpora lutea from
vormal virgin heifers and at times we will use hormones to see whether or not we
canmodily the corpus luteum hology by such

G B Marlon Dr Foley we are wondering whether or not you correlated the
stages of corpora lutea as indicated by cell types with the previous cycling perform
ance of these cattle prior to slaughter In other words did you have the records from
the past reproductive performance of these animals so as to correlate the age of the
corpora lutea with the animal s previous cycles thereby making 1t possible for you not
only to classify the corpora lutea as acertamstage of butalso
AS representing a certamn number of days since the formation of each corpus luteum

R.C FoLey We kept complete records on all the anumals They were either from
the Unnersity herds or from state mnstitutions and that was of course the bass for
our classification into Groups Ito 111 When we do not have a timed embryo to check
against the corpus luteum there was a question on cattle that were slaughtered after
20 days as to whether ot not the ansimal had come m heat and gone undetected This
has been a little bit of a problem on weekends at the main dairy barn We have our
own herd of research amimals but we also use the ammals culled from the dairy
herd and I was goIng to give 0u two or three interesting examples of that but there
Just was not enough time For example we have two 26. day corpora lutea One of the
cows yielded a tuned embryo and the other dtd not Of course the question on the one
that did not 15 whether she had come heat and passed unnoticed We do havea 4
day cychie corpus lutcum and 1n cheching agamst that one 1t seemed quite obvious
from the appearance of the corpus luteum that the latter 26 day corpus luteum
Tepresented  new corpus luteum and a new cycle
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thing we are mterrupting 1s the pass anay from the uterus to the hypothalamus
Now I know thus sounds anatonmcally reversed but 1 have na explanation as to why
:gle uterine motility is not reduced at Jeast visually We have no measurements on

s

L L Larson What consideration will be grven ia the study you have proposed to
the ogx:r affereat gerve fibers from the uterus namely those carned in the pehac
BeNe’

A V Napanoov Wewould be very grateful for any suggestions concerming any
studies that you may know of dealing with inoenation of the uterus of the sheep
‘We have not found anything that is very informatne on ths subject, Tam sure there
must be some studies that we are pot aware of that would elucidate this pomnt We
have not proposed to study anyth except the of the } nerve
because thes seems to do the, 1ob

F X Gassner Any suggestions from the floor? Cananyone add to thus?

L L LarsoN Wehave done some oscilloscopic studies of the nerve supply to the
genital tract both i male calves and 1 male and female sheep and we have found
that there are afferents from the gemtal tract m the pelyvic nerve ard my thought was
that if the uterus shouid be denervated then perhaps these should be transected as
well

A V Nareanpov T think that 1s 2 8ood suggestion which I will take up wath Dr
St Clair and see what he thinks of 1t Thank youvery much Dr Larson

W E PerErsN In respect to the monility of denervated uterus perhaps the
observations that we made on the mammary gland may be of mterest m that the
denervated gland vesponds to the oxytotic pnnciple 15 well as does the normal gland

A ¥V Natsanoov I think thats a very nteresting observation

R O Berry Have you tried putting  artificial embryos n amumals other than
theewe?

A V NaLBanoov Yes this work was onigmally started on gusnea pigs and 1s now
bemg continued on that species by Br W W Moore {now at the Unusersity of
Indianz) while he was associated wath me m the sheep work at Illmnots He told me
recently that the effects he gets are the same as those observed 1n sheep There s alse
& paper by Velardo and Hisaw 1 which it was shown that the size of placentoma
rats 15 directly proportional to the length of the period of pseudo pregoancy The
smaller the placentoma in the uterus the shorter the pseudo pregoancy The larger
and the more placentoma there are the longer pseudo pregnancy Tlus scems to fit
tato the consideration that we are talkiag about

F X Gassner Dr Foley please attend the lectern for discussion of your paper

M A BrowN Will you gne relatne percentages of the vanous types of luteal
cells i mid-Cycle nonpregnant corpora lutea 1n contrast fo what 1s scen 1 those of
early pregnancy?

R C Fouev 1was prepared for that question but I doubt that I will be able to
answer it Qur first objective was to get ttmed embryos Incidentally we do senal
sectsons on alf of these embryos to get a standard of development We concentrated
onthe 16 17 and 18 day pregnancies sice we had no passed over estrous persods to
gude us However we are now just about finishang the embryo senes and are x;p 1
the 30~33 day group Wearealso just beginning theanalyseson the corpora lutea from
normal cycling heders In other words, 5t seemed Like a fot of wastage 1n some ways
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R.C. Forey That is one we have not worked out as yet As I told you we have
mneteen of them and the impression that I have from scanning them 1s that the cell
types III 1V, and V in the abnormals predomunate but whether or not there 1s a
difference between an abnormal corpus Juteum with and without a cavity we do not
know yet. I am under the impression that there is not a marhed difference

F X.Gassner Dr McWade s paper 1s now open for discussion

C BrantoN Was thyroidal activity (PBI) deternuned on the cows? If not, why
not, since you indicated that certain cows received thyroprotein therapy?

D H McWape There was only one mstance when we attempted to determne
the protemn bound 10dine 1n these cows Thyroprotein additive was atbitranly de
aided upon m the ongnal experiment We did not continue with the protein bound
1odine determinations because of 1ack of facilities

V W Zurrcier Do you know of any authentic cases of pregnancy tn cows that
were after the app of bloody

D H McWane No

PERRE LieuX  You mention using thyroprotein when treating some repeat
breeders Could you state the dose and method of admumustration?

D H McWabe Thyroproten was given orally with the grain at approximately
10 g daily over a penod of 30 days

E.P Remeae Were there any indications 1n the StTucture or microscopic anatomy
of the adrenal cortex that could be correlated with the altered sodwm-potassium
ratio found 1n the stenle cows?

D H McWipe We ars 1n the process of evaluating the tissue sections taken

during this past expenment. So far there are no ndications of sufficiency related
to the sodmm~potassium levels
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G B Marion I would hike to comment on some of the work we have gomg
which 18 probably very sumlas to Dy Foley s work We have followed the cows to
sfaughter that have been renoved from the Kansas State dawry herd ¢sther to attempt
recovery of embryos or for fertility reasons At the present tme our work 1s appar
ently somewhat in continuaton of Br Foley s because our embryo and fetal seres
range from approximately 30 to 240 days However we have a great number of cows
that were sent to slaughter because of lack of nommal reproductive performance and
from those ansmals we have recovered a great number of corpora lutea from ovanes
representing various stages of the estrous cycle We have been able by studying the

1 hstol } and histoch " bramed

Tutea

and correlating these findings with d

atumals prios to slaughter to determine the exact age of each corpus futeum man
ovary Wecan thereby trace each corpus luteurn back to theparticularcycle ithappens
to represent. 1 do not want to chatlenge any of Dr Foley s grand material wiich
was 50 well presented However we would hike to present a hittle different aspect of
thus thang We feel that we have enough information to state that the cells which he
classified as type I are probably of theca mterna onigtn The cells of considerable
larger size probably represent the granulosa cells and that the type 3 cells are actually
the secretoty cells that are responstble for progesterane secretion We have a number
of very young corpora futea representing 1 2 3 4 days and older following ovalation
o which our conclusions are based

R C Fousy May I ask a question On what basts did you assign the secretory
function to the type 3 cells?

G B ManioN Our determunations were based maunly on fustochenucal evalua
hons The p f fatant t For the factthat som
of the large cells were more granular and decper staming as wers your number IV cells
right dicate that they has e gone beyond the secretory phase In other words this
would be sunlar to some of the work done with the patastary gland whers degranula
tion mdicates the actusl function of the cell rather thau the presence of granules
indicating actively secreting cells We are not certan of some of these theories
however working with both frozen sections and the normal histochemycal techniques
and correlating the findings of both techmques our results seem ta be conssstent
with these thoughts

R C Foury Y would like to ask just one more question What hpod stains did
you employ?

G B MARION We used both Sudan dlack and Sudan IV as well as hesnotoxyla
and counter stam and found the Iimd matenal to be rather consistent

R C Fosy We are using Sudan black and gettng particularly good results with
Onred O However we are still confused on the signficance of both of these stans
[ purposely avaided the kpd story because we just do not know what the answer 1
yet A lot of people have beem working with these fat stans m other species and they
do not seesm 1o come out with very posttie answers and I am withholding judgment
antil we can get a better understanding of our own results

G B Mamon 1 would bhe tosay amen  to that Jast statement We have con
siderable matenial which 15 somewhat confusing as well but a majonty of our
matenal 1§ consistent and 5o possibly adds another theory to the action of corpora
luteal cells where they onguate and what function they petform

WiLiam Hanser  What are predosmnating cell types 1 corpora utea with Jarge

central cysts?
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BIOSYNTHESIS OF STEROID HORMONES

L T Samues
Department of Biological Chenustry
Unnersuty of Utah Salt Lake City

TEN years ago this title would have had relatively hittle meaning At that time
nothing was known of the biosynthesis of the steroid hormones except the
observations of Sayers ef al (1944) that injections of ACTH led to a fall in the
cholesterol and ascorbic acid of the adrenal and that this was associated with
evidence of increased adrenal hormone production Today we can present a
general outhine of the synthesss of all of the sterotd hormones which while not
necessanly perfect 1n all of the steps indicated 1s probably very close to the
truth

Ths will be a general review embodying certamn concepts Frrst there seems
to be a common path of synthesis Nature has used a general route for the
formation of both the reproductive and the adrenal hormones Second the
differences both between species and between those organs which form
the steroid hormones are quantitative and not quahtative This explains why
abnormalities 1 the derelopment of these organs can lead to any type of
steroid hormonal excess Third hormonal control 1s achieved 1n the organsm
by the rapid formation and breakdown of these hormones The products
formed by metabolisin are not those which are used 1n biosynthesis thus
there 1s hittle or no feed back and the levels in the circulation are proportionate
to the simulus for release Fourth from the stage of steroid ning formation on
only two coenzymes seem to play important roles diphosphopynidine nucleo
tide and reduced triphosphopynidine nucleotide The latter 1s particularly vital
1n a number of the reactions which take place It 1s important to draw atten
tion to this because here we may find the explanation of the action of the
trophic hormones

Our knowledge of steroid metabolism has developed rapidly 1n the last
10 years because of two major tect d first the devel of
chromatography and particularly paper chromatography which has made
possible the separation of very small amounts of material from large amounts
of very similar compounds and second. the availability of radioactive carbon
which could be incorporated 1nto organic compounds The latter has been
1mportant not only because it makes possible the 1dentification of metabolic
products 1 very small amounts as such but also because the trapping tech

1
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examiming cholesterol synthess m the Iver (Bloch 1956) Apparently the
aeetate 15 first involved 1 the formation of acetoacetic acid The acetoacetic
acid 1 turn reacts with further acetate to form 6 catbon acids which have
a branched chain sumilar to the structure found 1n the 1soprene umt of rubber
The exact acids invohed here are under dispute because these can only be
d d by the trapp h or by addition of the acid and determuna
tion of mcorporation but 1t does seem that these acids are finally combined
to form a 15-carbon acid famnesimc acid (Diturt ef al 1956) and that two of
these units unite to form a hydrocarbon This of course 1s a reductive seres
of reacttans
The hydrocarbon squalene was ongnally identified in the livers of sharks
as1ts name ymphes It had not been tdenufied 1n any other source until traces
of 1t were found 1n human skin Langdon and Bloch (1952) ustng the trapping
technique found that when acetate was fed and squalene was also supphed to
the amimal radioactine squalene could be 1solated from the liver Using the
d qual so obf d they showed that cholesterol could be
formed from this matenal
Squalere can be so folded that 1t will by forming cross bonds at pomts
1nvolving a double bond yield another substance which has the four nags
charactenistic of the sterord hormones and cholesterol (Woodward and Bloch
1953 (F1G 1)) Thisis lanosterol the sterol from wool fat which again had not

™
HO

Squa Lono ¢ rof Chol  terol
Fic I Biosynthesis of cholesterol from squalene

been recogmized as an tmportant general metabolite By using the trapping
technique howesver Loud (1956) and Clayton and Bloch {1956a b) have been
able to show that both squalene and fanosterol are very rapidly turned over
1 the ammal and that cholesterol 1s rapidly formed from them this accumu
lates because 1ts further metabolism 1s much slower than that of the previous
two compounds From the point of nng formation on trphosphopyndine
nucleotide m 1ts reduced form wnd atmospheric oxygen were found to be
necessary This system plays an important part in many of the subsequent steps
1n the formation of the steroid hormones

Not only does the synthests of cholesterol from acetate occur 1n the hser
but st happens 1n the adrenal (Srere e1 2/ 1948) the testis {Brady 1951) and
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mque can be used That 15 a large amount of non radwoactie wtermediate
can be lmroduoed mnto a metabolic system and any of this compound formed
from a rad: will then exch with it The major portion
undergoing funher mctabohsm will then be nou radroactive Thus the radio
activity 15 trapped at this point and can be identified by subsequent isolation
where it muight not be possible to find the amounts that exist as such, evenasa
radioactive compound
The first break through 1 the solution of the problem of brosynthesis was
the worl, done at the Worcester Foundatson for Experimental Brology where
Hechter ef af {19493 perfused adrenal glands and showed that the mtroduction
of radioactive acetate of radioactne cholesterol led to the formation of radio
active adrenal hormones They also demonstrated that :1f ACTH were added
this conversion could betncreased infact the conversion without the peesence
of ACTH was very small Two umportant factors were thus establshed that
acetate and cholesterol could both be precursors and that the trophic hor
mones could act directly and promptly n this syathetic conversian
Saffran ef al (1952) and others demonstrated that ACTH could have this
action when just shices were mtroduced with radioactive acetate However
when homogenates of the glands were used it was found that ACTH did not
merease the converston of acetate or cholesterol to these steroid hormones
There have been reports that the trophic hormone could have an effect it
homogenates but these expertments as a whole have not been dupheated, and
at the present fime 1t would seen that the action of the trophe hormone can be
demonstrated clearly only in the presence of intact cells Moreover st wasdis
covered that when an excess of the nucleotides was added the production of
sterosd hormones by the homogenates was as large as that which was acheved
with the shees incubated with added ACTH
‘These obscrvations were made with adrenals but i 1951 Brady demon
strated that slices of testes from a wide number of anumals would also convert
acetate to the androgenic hormone testosterone He showed that if he added
chononie gonadotropin to these shices be achieved greater meorporation of
the acetate The Utah group {Samuels and Helmrech 1952) found that acetate
wasconveried o yne and and dione by testis I y but
was not able to find any effects of the chonome gonadotropin 11 vitre If
however the chonome ponadotropins were presiously injected the abilsty of
the animal to canse conversion was increased More than that such testes had
sreater speais hormonal and enzyme effects {Samuels and Helmreich 1956
50 there was a difference between the i vutra effect which could be immediately
achieved and which could only be demonstrated 1n shices and the effects which
could be obtamned with homogenates where the gonadotropin had been
allowed ta actin the anumal previously
“T'he series of reactions mvolved 1 steroid biosynthests begins with the syn
thesss of cholestesol from acetate Bloch et al bave studied tis problem by
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wn alf those places where steroid hormones are formed (Popjak and Tetz,
1953 Hearderal, 1954)

The next steps in the conversson of cholestero! to sternsd hormones hate
been worked out by Staple er al (1956) The largest sterod hormone molecule
which we know is the adrenal hormone cartrsol, which has 21 carbons This
21 carbon structure now appears to be formed by hydroxylation of cholesterol
atcarbon 20 then sphtting at this point wath the formation of xsocaprose acid
and 2 compound which had been isolated from the testss, the adrenals, and
possibly the corpus futeum 5 pregnen 38 of 20 one (Fia 2) These steps again

Thocnh

requure the p of reduced tr phopyndine nucleotide and oxygen

HG Hy
Chotesterol 204 ~Hydeoxycholesterol
o]
{CHa1, CHEN; CHZL00R
HO'
£~ Pregren—3h~ ol —20~ o0 Isocapros acd

Fic 2 Formanon of 5 pregnen 34 ol 20 ong from cholesterol

Our own group found that when 5 preguen 38 of 20-one was mcubated
with adrenal testicular placental or ovapan tissue progesterone was ob-
tasned It did not scem to make any difference which tissue was used  proges
terone was always the product when diphosphopyndine nucleotide (DPN)
alone was cafactor (Samuels e of  1951) For the next steps some source of
reduced tnphosphopyndine nucleotide (TPNH) had to be used, and oxygen
was essentsal These cofactors were always required when hydroxyl groups
wete mtroduced A senes of enzymes each using these cofactors but a dif
ferent substrate has beenshown tolead to the secretory products of the adresal

FiG 3)
¢ One of the mportant hormones of the adrenal, other than cortisol and
15 the sub 1d Kahat ¢t al (1955} were able to
show that pr or d could be converted to aldo
sterone by incubation with adrenal issue and more receatly the discoverets
of aldosterone Tart and Sumpson (Ayses esaf 1857) have shown thatof they
use the outer part of the adrenal cortex they can get rapid formation of this
compaund from esther desoxycosticosterone or corticosterone
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requires tophosphopynidine nucleotide and oxygen asin the simple introduc
tton of a hydroxyl group Further 1t was found that 17« hydroxyprogesterone
appears 1o be the best substrate while1f a second hydroxyl group s introduced,
as1n 17 hydroxydesoxycorticosterone then the material will not go directly to
the carbon 19 androgens (Lynn and Brown 1956) There appears to be a pre
ferential sequence
More recently 1t has been shown that testosteronie can be converted to
estradiol by human ovanes (Baggett ef o/ 1956) and 1n the pregnant mare
(Heard ef al  1955) Also Meyer (19552 b) demonstrated that a number of
tissues such as ovary adrenal and placenta will oxidize androstenedione to
the 19 hydroxyandrostenedione and 1t 1n tumn will be converted into the estro
gen estrone These sequences have not been worked out so thoroughly as the
others thus far but agamn starting with a compound the ongin of which can be
traced the are ob d So froma
long 1n the presence of enzymes of these various llssues one can form all of
the steroid hormones with which we are acquainted
Nowthequestionanses Do all of these reactions occurin all of the tissues?
We don t Anow Obviously there are marked differences but we have evidence
that these are not absolute differences They are quantitative and not quahita
tive Slaunwhite and Samuels (1956) found evidence for the presence of com
pound A of Kendall (dehydrocorticosterone) m incubations of testis slices
and matenal 1s always obtamed which has 21 carbons and 1s quite polar In
testicular tumors Samuels (1957) has been able to demonstrate formation of
desoxycorticosterone  Also Zander (1957) has found that the corpus luteum
niot only contains progesterone which of course 1s 1ts major hormonal com
ponent but also 17 hydroxy and and, d It may be
that the androstenedione 15 an intermediate m the formation of estrogens by
the human corpus luteum
So much then for the senies of reactions which lead to the steroid hormones
and the evidence that the differences between organs are quaniitative rather
than qualitative Short consideration will be given to the present status of the
mechamsm of action of ACTH and HCG (chortonic gonadotropim) If a
single ntras enous yection of chonom gonadotropin 1s given to a dog and
the blood from the testis 1s collected thereafter within the first half hour there
15 a marked 1ncrease 1n the output of both andr d and
the ratio between the two remauung relatively constant (Brnck Johasen
1957) Thus as poted out earlier could not be demonstrated in homogenates
and when shices were pared with h the prod of homo
genates resnforced with the proper cofactors approaches that which can be
obtamed by the shces stimulated by the tropic hormones Recently Haynes
and Berthet (1957) have d d that ACTH the activity
of an enzyme phosphorylase Phosphorylase has long been hnown as an
enzyme 1n carbohydrate metabolism but there are probably different phos
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Staunwhite and S 1s (1956) d ated that when was
mcubated with testis shees one could obtasn androstenedione which 15 a good
androgen and which West et al (1952) showed was secreted mnto the blood by
the testis along with testosterone (FIG 4) When progesterone with radio-
active carbon 21 was tncubated with testis slices 50% of the radioactivity was
soluble m ethyl acetate 429 remamed aqueous solution and a small

OH H
HO’ HO'
X0
G
OK %
[+] = HO xa
=0 o
[+}7]
HOCH;
5, - H, i
& w o X p 4
‘D

Fia 4 Probable biosynthesis of androgens and estrogens

amount (about §9) still remaimned attiched to the protein precipitate  Very
little was found 1n the aqueous solution when ning labeled progesterone was
used so apparently something happencd which split off carbon 21 ind made it
water soluble while carbon 4 was not affected These workers went further
and showed that when carbon 4 was marked radioactive androstenedione and
testosterone could be found after ncubation of progesterone while 1f carbon
21 were marked no actvily was found in these compounds They showed that
the radioactive compound formed when carbon 21 was splt off was appar
ently a volatile acid Since that time the evidence seems to pomt to acetic acid
as the product which s spht off

Martin (1955) found that the sequence actually was an oxidation of
17 hydroxyprogesterone to andr d foll d by red to testo
stcrone and not 1 hydrolytic reaction yielding accuc acid and testosterone
fallowed by oxidation to androstenedione Thus side chamn splitting reaction
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phorylases in different tissues Such words have been used as 1 collective term
and we sometimes forget that enzymes catalyzing the same reaction can differ
between different tissues This 1s seemingly very important 1 bormonal
actton The phosphorylase i the adrenal apparently 1s activated by ACTH
leading to a greater conversion of glycogen to glucose 6 phosphate, and this
1m turn can supply energy to the systems which produce trphosphopyridine
nucleotide 1n reduced form Tnphosphopyridine nucleotide ualike diphos
phopynidine nucleotide 15 only present in tissues 1 very small coneentration
It 1s igher 1n the adrenal and the testis than 1n most tissues but 1t1s still Tow
and can be the limiting factor since 1t enters 1nto so many of the reactions
mvolved in the sequential synthesis It may be therefore that the action of
these tropic hormones 1s not directly on some specific enzyme 1n the biosyn
thetic sequence but to supply this imiting cofactor so that the ulitmate out
come Is to 1ncrease the whole sequence of reactions involved 1n synthesis Thus
remarns to be proved but the evidence 1s sufficient to indicate that we should
look 1n this direction

Thus we see that there 15 a sequence of biosynthetic steps which can be
traced all the way from acetate through cholesterol and pregnenolone to each
of the steroid hormones While enzymes catalyzing certain steps predomnate
1n specific tissues there 15 evidence that the others are not necessanly com
pletely absent and abnormalities which lead to production of hormones not
usually associated with a tissue would not require mutational change Lasily
the control of production by the tropic hormones may be not through action
on an enzyme catalyzing a specific step wm steroid brosynthesis but through
influence on the production of a cofactor present in himited amounts

COMPOUNDS IN FIGURES 3 AND 4

T 4% pregnen 38 ol 20-one (Pregneno I Testosterone
lone) KII Estradiol
II Progesterone XIII Estrone
1 17« hydroxyprogésterone X1V Estriol
IV Deoxycorticosterone XV 17« hydroxypregnenolone
V 17 hyd XVI D
(Reichstein s Compound §) XVII 118 hydroxyandrostenedione
VI Aldosterone XVII 68 hydroxyprogesterone
VII Corticosterone AIX 19 hydroxy 4* androstenc 3 17
dione

VIII 17= hydroxycorticosterone (Ken
dall s Compound F) (Cortisol) XX 18 aldo 11 deoxy corticosterone
IX Cortisone(Kendall sCompound B} XXI A (44 and 3
X At androstene 3 17 dione
(Androstenedione) XXII

1117 treone)
68 Hydroxycortisol
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THE MAINTENANCE OF HUMAN PREGNANCY
WITH PROGESTATIONAL COMPOUNDS*

EpwaRD C REFENSTEIN Jr M D

ENDOGENOUSLY PRODUCED hormones with progestational activity have im
portant physiologic i mn the of the normal course of
gestation in ammals and sn man Consequently 1n both of these species
h 11 d pounds with potent progestational acvity
must have important roles 1n the management of those gestations wiuch fol
low an abnormal course because the endogenous support with progestational
hormones 1s not adequate

Thus concept has not been accepted unwversally because the favorable in
fluence upon p of with the naturally
occurnng hormone progesterone has not been easy to demonstrate The
essential problem has been to supply therapeutically the quantittes of proges
tational activity which apparently are required for the successful maintenance
of pregnancy The difficulties with progesterone preparations have resulted
from three factors (1) the steroid has a very short duration of action (2) 1t
has a low solubility 1n o1l and weak activity when admumstered by routes
other than by injection and (3) the existing oily solutsons or aqueous suspen
sions of this pound are poorly tol d following and cause
mamfestations of localirntation

The purposes of this presentation are (1) to give a report of prelimnary
observations on the effectiseness of a new long acting progestational agent
17 o hydroxyprogesterone caproatef 1n the maintenance of human preg
nancy and (2) to stimulate further evaluation of this steroid ester 1n the treat
ment of pregnancy compliations 1n amumals The evidence indicates that
man hydroxyprogesterone caproate has none of the undestrable features which
have hampered the full clinical application of free progesterone

THE DISCOVERY OF HYDROXYPROGESTERONE CAPROATE}
In 1954 Junkmann prepared thirty eight denvatives and esters of proges
terone and determined their biologic activity by the Clauberg test He dis

From The Medical Drvision 'The Squibb Institute for Medical Research E R Squibb
and Sons Division Oln Mathieson Chermical Corporation New York, and the Department
:{l’ ;Vlcdlcme New York Medical College Flower and Fifth Avenue Hospitals New York

t Delalutn, B R Squibb & Sons New York.
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1 d) The used to supply the estrogentc action
arc giveninTablel Comparable dosagelevels ofthc o progestational agents
were adminustered 1n the trials that are pared the ployed are
listed 1n Table IT

TapLe I
Regimen Employed for Priming and Ce Tr with g
Tiune of giving estro-
gen to tume of giving
Interval last dose of progesta
Type of Number tional agent
estrogen Compound | Amount of doses b;twen
oses
Furstdose | Last dose
estrogen | estrogen
Short achng ) Estradiol Smg 4 34days | 14-17 days | sumul
(21 trials) benzoate mjections before | taneously
Long acting | Estradiol 5-20mg 2 7-14 days | 7-17 days | sumul
(23 tnals) valerate® injections before | taneously
{a) Diethyl 1mg dalpo |opeday |l14days contnued
stubestrol before dadyafter
Continuous progesta
(8 toals) tional
agentto
desqua
‘mation.
(b) Endogenous + see below | see below | see below | see below

Delestrogen E R Squibb & Sons New York
't Endogenous estrogen adequate for full secretory endometrium at desquamation proved
by biopsy n a prelnmary tnial with progestational agent

The results ob d by ths dure with free pi are guen
graphucally 1n Fic 1 The duration of action of this steroid averaged 4 0 days
with short acting estrogen 6 1 days with long acting estrogen 4 5 days with
continuous estrogen and 5 1 days with all types of estrogenic activity com
bined The results with Delalutin are shown g inFiG 2 The d
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covered that csteriication with caproic acid of free 17 « hydroxyprogestcrone
(acompound with mimmal activity as a progestogen (Yunkmann 1954 Kessler
and Borman 1957)) to produce 17 « hydroxyprogesterone 17 1 caproate re

sulted 1 a steroxd ester with derably prolonged d and greatly i

creased degree of progestational activity Furthermore the ester had sufficient
solubtlity 1n oily vehicles (sesame o1l with benzyl benzoate castor oil with
ethyl lactate and castor otl with benzyl benzoate) for use mn human therapy

The progestational action of hydroxyprogesterone caproate 1n ammals has
been confirmed by Kessler and Borman (1957) The author elsewhere (1957) has
summanzed some other published reports on the physiologic properties of
this compound 1n ammals and 1n man and on the 1itial chimcal experence in
gynecologic and obstetric disorders The caproate ester 1s available under the
brand name Delalutin which for convenience will be employed hereafter 1
this presentation

A COMPARISON OF CERTAIN PROPERTIES OF
HYDROXYPROGESTERONE CAPROATE (DELALUTIN) WITH
THOSE OF FREE PROGESTERONE

The investigations i man (Reifenstein 1957) permut a comparison of cer
tam propertes of Delalutin with those of free progesterone Three pomts
will be considered briefly (1) the duration of action (2) the solubility 1
ol and (3) the freedom of patients from reaction following tntramuscular
Injection

1 Duration of Action An ndex of the duration of action of the two pro
gestational compounds was obtained by comparing the intervals between the
last injected dose of the agent and the onset of desquamation of a mature
secretory endometrium The analysis 1s based on the data of four groups of
veshigators (Boschann 1954 1955a 1955b Daws and Wied 1955 Cohen
et al ,1956) which consist of 52 trnals in 14 patients (4 castrates with an intact
uterus whose ages ranged from 32 to 42 years and 10 pattents with secondary
amenorrhea whose ages ranged from 21 to 26 years) Estrogenic hormones
were adminstered to these women for two objectives (1) to prume the uterus
and induce endometnal prohferation and (2) to supply estrogenic activity

1y while the p 1onal agents were exerting their mfluence

Three types of estrogenic action were evaluated (1) short acting estrogenc
actvity (estradiol benzoate by njectton) (2} long acting estrog‘emc actiity
{estradiol valerate* by mjection) and (3) contmuous estrogemic actty
(dlethylstxlbestml by mouth daily for 2 weeks before the administration of the

gestational t and d thereafter each day until desquama
uon or endogenous estrongenic acuvxly proven by biopsy to be adequate for a
d rium at desq; 10n 11 a prel y tral with the

full secretory
* Delestrogen E R, Squibb & Sons New York,



The Maintenance of Human Pregnancy with Progestational Compounds 133

long acting or continuous estrongenic activity was available The results are
presented graphically in Part 1 of Fic 3 With adequate estrogen the aserage

17~ALPHA HYDROXYPROGESTERONE ~CAPROATE”

Last
njection
uration of action
Oays 37 4 PR N )
Short 7Y
estrogen S o et
i T +
24
T N ‘3 |
. 8o,
lestrogen R -
" L 1__lwo4
estrogen [ X% = —
17 AHPC (Delolutin Squ bb)

Fia 2. The duration of action of 17 a hydroxy progesterone-caproate (Delalutin)

For discussion see text The regimen employed with estrogen for pnming and concom?
ant ad with the 1 agent ts given 1 Table I The rcgumen employed
with the progestational agent 1s given 1o Table 11 The range of response 1 the trials 15
shown by theblack bar  (Prepared from the data compiled by Refenstem 1957)

COMPARISON OF 17 ALPHA-HYDROXYPROGESTERONE
CAPROATEAND FREE PROGESTERONE

{1) Duration of oction {adequate estrogen®*)

Doys 9 F) 3 5 B« D
it
njeShen
Free P 7 72077 |5 Sdays
77 AHPC"| 125
) — days

2) Solub Ity m ot
Mg /ec 25 S0 75 K0 155 10 15

Free P b7 /1 25 Mg% c
17 AHPCH 125 Mg /e
I 1 T T t
(3} Freedom from locol reacton
(2 25 E3) 7. 1o
7 _
Fee P i
€eP | 1Proctically none 94%‘
17 AHPCT] X8

NI
17 Alpha Hydraxyprogesterone Caprodtes 17-AHPC (Defalatin Squ bb)
Delestrogen or cont nuous estrogen
Fia 3 Companson of three properties of 17 « hyd
and of free progesterone
‘or discussion see text

te (Delalutin)

(Prepared from the data compuled by Reienstern 1957}
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TanLe 1T
Regunen Employed for Treatment with Progestational Agent

Type of Interval
progestattonal | Compound Amount Number betivrevgan Number of
agent of doses doses trials
Short acting 75-100 mg 4-5 one day 5 tnals
(15 tralsy *
150-350 mg v = ] o
Long actig 65-125 mg 2 6 days 11 trials
(37tals) | 17 AHPC* ’
250-500 mg 1| — | 26tnas

* 17 « hydroxyprogesterone-caproate (Delalutn E R Squibb & Sons New York}

of action of the steroid ester averaged 74 days with short acting estrogen
12 4 days with long acting estrogen 13 0 days with contmuous estrogen and
10 4 days with all types of estrogenic activity combined

FREE PROGESTERONE

nestion
< Durot.on of action
Doy O 7 . 3 01213 B 1B 20
IShort Y
estrogen 7
Long 2
estrogen | 2.7 *“'F—L

45
estrogen {7 7/ L<

a0 >
estrogen |/ ﬂ

Fig 1 Theduration of action of free progesterone
For discussion see text The regimen emplo) ed with estrogen for priming and concomt

tant with the lagent 1s given 1 Table I The regtmen employed
wath the progestational agent 1 given i Table IL The range of response in the trials 1s shown
by the black bar

(Prepared from the data compiled by Reifensten 1957 )

It 1s apparent from FiGs 1 and 2 that insufficrent estrogenic activity was
avadable duning the action of both progestational agents when short acting
estrogen was employed since under these conditions the shortest duration
was obtained with both compounds Therefore to obtam an index of the
duration of the effect of these two agents when adeguate estrogenic activity
was present, averages were calculated by combining the trials in which exther
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Tastr 1T
The Effectiveness of Free Progesterone i Habitual Abortion
{41l patients with three or more consecutne abortions)

Data of Davis and Plotz (1957)

Number | Number | Number | Salvage
of of Inving rate
patients | pregnancies | babies

Pastrecord %0 289 40 138
Progesterone Rx pregnancy 50 90 63 700
a fetal salvage rate of 700% Thus ad and d 1

therapy resulted 1n over three times as many successful pregnancics with hve
babues 1n these patients However the authors stressed the inconvenience and
impracticality of months of daily mjections of free progesterone

THE EFFECTIVENESS OF DELALUTIN IN HABITUAL ABORTION
Because of the advantageous features of Delalutin we began as soon as this
compound became available to collect reports of cases of recurrent abortion
treated with 1t The observations on 82 cases formed the basis for this prelims
nary commumcation The reports were made avalable for this compilation
through the kind cooperation of 23 different investigators who admmstered
the caproate ester to their patients and recorded the responses to it The series
includes only patients who have had at least three previous abortions all
(except two*) had classical habitual abortion The series s restricted to patients
who did not recerve estrogen i addition to Delalutin no restriction was made
on the basis of the use of other non t 1 Each
who has employed the caproate ester has devised tus own dosage schedule and
regimen of administration Therefore the cases in this analysis have been
hmited to (1) those that have recenved the steroid ester by njection 1n a dosage
of at least 125 mg every 10 days (2) those that were given at least three m
Jections of the hormone preparation and (3) those that were started on
treatment not later than the 12th week The average dosage for the entire
series was approxumately 250 to 375 mg once 4 week throughout the treatment
period  therapy usually was started by the Sth week and continued 1o the 30th
week of gestation However there was considerable vanation (1) the dosage
ranged from 125 to 875 mg per week (2) thenterval between injections ranged
from once 1n 10 days to three tumes a week (3) the maintenance program
cluded cases on constant dosage mcreasing doses decreasing doses and 1n

* It1s our mtention to include only cases with three consecutive abortions After the statis-
tics and dlustrations for this prelimunary report were prepared we discovered that the three
zbo\;hom m two of the women were not consecutive These cases will be elimimnated 1n the

nal series

x TSRI
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duration of action of free progesterone was 5 5 days while that of Delaluun
was 12 5days

2 Solubility 1 O Other chimeally important properties of the two com
pounds also are compared 1n FIG 3 Free progesterone can be dissolsed 1 oif
to form a true solution only to the extent of 25 mg/ml (cm?) whereas Delalutin
forms a true solution in o1l 1n an amount of 125 mg/ml (FiG 3 Part2)

3 Freedom from Reactions Another important difference between the two
progestational agents 15 the d of local following
cular mjection (FIG 3 Part 3) Practically none of the patients mn this senes
(or of other ndividuals who were given free progesterone mn solution or 1
oily or aqueous suspensions) was free from some local manfestation of imta
tion (such as pan tenderness or induration) In contrast 94% of a semes of
over 500 patients who recerved a single injection of Delalutin i doses ranging
from 125 to 500 mg was completely free from local reactions

4 Advantages of Delalutin orer Free Progesterone The companson of the
two progestational agents indicates that Delalutin has at *east twice the dura
tion of action five times as much active matertal per umt volume and a very
markedly greater freedom from local reaction after injection than free pro

These ad Jif features diatel gested the p

usefulness of Delalutin 1n patients with habitual abortion

THE EFFECTIVENESS OF FREE PROGESTERONE IN HABITUAL

ABORTION
Recently Dawvis and Plotz (1957) 1n an mmportant study demonstrated the
effectiveness of adeq and d nal therapy with free pro

gesterone 1n habitual abortion Thus msestigation has been 1n progress for the
past 5 years at the Chicago Lymng mn Hospital Only women who had had at
least three consecutive abortions were 1ncluded m the sertes 1n other words
these patients had classical habitual abortion Treatment with free proges
terone was started immediately after the first missed menstrual period and
continued either (1) until the patient felt life at about the 16th to 18th weeh

of gestation or (2) 1f the pattern of pi abortions nd d lty at
mud pregnancy until the baby reached a safe period of viability at about the
34th week The free prog was ad) d by 1n a dosage of

100 mg daily for 4-5 days each week This schedule of treatment was
difficult to admunister because 1t requured frequent and often long trips to the
hospital and because the caused ferabl fort from the
accumulated o1l 1n the muscles

In spute of these unfavorable features the therapeutic program was com
pleted by 90 patients (Table III) Prior to the gestation treated with free pro
gesterone the 50 women had had 289 pregnancies with 40 living babies a
fetal salvage rate of 13 8% Dunag the 90 pregnancies mn which free proges
as admunistered as previously described, there were 63 living babes

terone w
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Although four of these patients were started on the steroid medication before
the Sthweek of latively small of the compound were em
ployed In contrast 1n the other three women who aborted with  missed
abortion  the pregnancies ternunated m spite of moderate to large doses of
the agent It1s of interest also that approximately one quarter (12 cases) of
the 53 women who delivered live babies following treatment with Delalutin
had premature labor (at 30 to 36 weeks) Two-thurds of these patients were
started on therapy during the 6th or 7th week of gestation One-half had been
on moderate or small doses which were discontinued for ten or more weeks
before the onset of the premature labor In contrast three women developed

Iabor ly while still g the caproate ester The
m the therap ployed by the collaborating invest1
gators and the occurrence of mussed abortion and of premature labor n
some of the cases support the interpretation that not all of the women 1n the
serieswere given optimal and, d; hedulesof Delalutin

COMPARISON OF THE EFFECTIVENESS OF DELALUTIN WITH
THAT OF FREE PROGESTERONE IN HABITUAL ABORTION
The effectneness of Delalutin therapy in increasing the fetal salvage rate of
the 82 women with habitual abortion 1n thus senies 1s compared with that of
free progesterone 1n 1mproving the fetal salvage rate of the 90 women with
habituat abortion reported by Davis and Plotz (1957) in FIG 4 In spite of the

PROGESTATIONAL THERAPY
) __HABITUAL ABORTION
Progesterone | Fetal |17 AHPCDelalubn
@3 or more consec) salvage| (3o mare)

Davis /5/56 Y | EeRapafsT

Fic 4 Ci of the effects f 17-a te (Delalutin]
with that of free progesterone in habitual abortion - ?

For discussion sec text The data for this figure are given i Tables 1T and IV Prev =
Previous pregnancies not treated with a progestational agent Treated =pregnancies

treated with one of the progestational agents 17 AHPC=17-a hydroxy progest
caproate (Delalutin Squibb) -a Dy 3 progesterone
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creasing then decreasing dosage (4) the time of starting therapy ranged from
the 2nd to the 12th week of gestation and the time of voluntanly terminating
the therapy ranged from the 15th to the 38th weeh Because of these vanations,
some of the patients included in the serics may not have recenved adequate
amounts of the progestational agent

"The results on the 82 patients are given 1n Table IV Prior to the gestation
that was treated with Delalutin the 82 women had had 363 pregnancies with

TABLE IV
The Effectseness of 17 « Hydroxy progesterone caproate* (Delalutin)
n Habuual Abortion

Number of cases 82
Previous Record

No of pregnancies 363

No of babies 62

No ofabortions Eli

Salvage rate 1719
17 AHPC* Therapy

Neo of pregnancies 82

No of babies 53

No wviable cases 5

Total babies and viable 58

No of abortions 24

Salvage rate 707 o
Missed abortions 7t
Other abortions 17
Total abortions 24
Premature labor 123
Delivered nocomplications 40

. ll<7 AHPC =17-q hydroxy progesterone<caproate (Delaluun E R Squibb & Sons New
or]
Tt A)ppromm;uely 1/3 of total abortions

1 Approximately 1/4 of total deliveries
62 Iiving babues a fetal salvage rate of 17 1%, Dunng the 82 pregnancies in
which Delalutin was administered as previously descnbed there were 58
lLiving and viable babies (53 delivered and 5 viable (over 28 weeks of gestation))
a fetal salvage rate of 70 7% Thus ad and d 1
therapy wuh Delalunin resulted 1n over three tumes as many successful preg
nancies with ive babies in these patients The investigators without exception
were very favorably impressed with the convenience and practicality of using
17 « hydroxyp m the t of abortion and wath
the almost complete frecdom from local reactions to the ijections 1n spite of
the admsnistration of large amounts (up to 5 cm? as a single dose)

It wall be noted 1n Table 1V that approximately one third (7 cases) of the 24
patients who aborted 1n spite of Delalutin therapy had a  mussed abortion
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Although four of these patients were started on the steroid medication before
the 5th week of gestation relatnvely small amounts of the compound were em
ployed In contrast i the other thrce women who aborted with  missed
abortion  the pregnancies termunated in spite of moderate to large doses of
the agent It 15 of interest also that approximately one quarter (12 cases) of
the 53 women who delivered hive babies following treatment with Delalutin
had premature labor (at 30 to 36 wecks) Two thurds of these patients were
started on therapy dunng the 6th or 7th week of gestation One half had been
on moderate or small doses which were discontinued for ten or more weeks
before the onset of the premature labor In contrast three women developed

labor ly while still g the caproate ester The

1 the therap Je ployed by the collat mnvestt

gators and the occurrence of mussed abortion and of premature labor 1n

some of the cases support the mterpretation that not all of the women in the
"

seniesweregnenoptimal dfora dulesof Delalutin

dufe

COMPARISON OF THE EFFECTIVENESS OF DELALUTIN WITH
THAT OF FRFE PROGESTERONE IN HABITUAL ABORTION
The effectiveness of Delalutin therapy in increasing the fetal salvage rate of
the §2 women with habstual abortion 1n this sefies 15 compared with that of
free progesterone 1n improving the fetal salvage rate of the 90 women with
habitual abortion reported by Dawvis and Plotz (1957) in FiG 4 Inspite of the
PROGESTATIONAL THERAPY
) HABITUAL ABORTION
Fetal [17 AHPCOelaluting

Progesterone
3 or more consec) smvorqe {3or more)
Dovis §/5/56 [ ECR 4/723/57

rieXo]

[ o] 7

iz g
7

289
20 5 bes

<0 FPu t 82

82
58

o
i
A

Fi6 4 C of the effe of 17a b
with that of free progesterone i habitual abortion

For discussion see text The data for this figure are given 1 Tables 111 and IV Prev =
Previous pregnancies not treated with a progestational agent Treated =pregnancies

treated with one of the progestational agents 17 AHPC 17« hyd,
caproate (Delalutin Squibb) " e ko progesterone.

(Delalut)
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fact that the patients treated with Delalutin by twenty three different mvestt
gators did not receive umformly as much or as sustamed progestational
therapy as those treated wath free progesterone by Davis and Plotz, essentially
the same fetal salvage was achieved with both compounds With Delalutn
the fetal salvage rate rose from 17 1 to 70 7 and with free progesterone from
138 to 700 The important differences between the results with the two pro
gestational agents are (1) the improrement in the fetal salvage rate was accom
phshed with an average of one wyection a week with Delalutir 1n contrast to an
average of five injections a week with free progesterone and (2) the patients
recening yections of the caproate ester were practically free from local re
actions whereas almost all of those given the free compound had local dis
comfort with pain or tenderness at the sites of injection

DISCUSSION
From the data presented, failure of hormonal support appears to be a major
cause of habitual abortion Hence pr 10nal therapy 1s d1n all

women who have a lustory of abortion or who are pregnant and threatening
to abort The fetal salvage results obtained with Delalutin for practical pur
poses are the same as those obtained with free progesterone Therefore be
cause of the ease and less frequency of admunstration and the freedom from
reactions even at lugh doses the caproate ester 15 obviously the therapeutic
agent of choice 1n classical habitual abortion The same conclusion applies
logically to the treatment of women with less than three recurrent abortions
and to patients with threatened abortion

At the present 1t 1s our impression that a total of at least 7 g of Delalutin1s
needed during the course of the gestation in patients with habitual abortion
The best response seems to occur when treatment with the steroid ester 1
started as soon as possible after the onset of therapy, and when a single
Jjection of 250 to 500 mg 1s admunistered once each weeh until the patient1s
within 14 days of the expected or the proposed date of dehvery If treatment
15 started early and continued regularly to term a dosage of 250 mg per week
may prove to be satisfactory therapy 1n many patients with classical habifua
aborfion and 1n most women who have had Jess than three consecutive inter
rupted pregnancies Smce prompt and vigorous treatment 1s indicated for
threatened abortion a single injection of 500 mg or more 1s suggested every 2
or 3 days until symptoms subside and have been absent for 10 days

SUMMARY AND IMPRESSIONS
1 Failure of hormonal support 1s a major factor responsible for classical
£ ad

habitual abortion 1n man The ad, of of pro
1 therapy through n patients with this condition

:esulls 10 a miore than three fold ncrease 1n the number of babies that are saved
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2 17 o hydroxyprogesterone caproate Delalutin * because of 1ts high
potency, prolonged action and freedom from reactions 1s the preferrcd agent
for treating patieats (1) with habstual abortion (2} with less than three con
secutve abortions and (3) with threatened abortion

3 The current data suggest that adequate Delalutin therapy for habitual
abortion1s

{a) atotal of 7 g admumstered during the course of the gestation

(b) treatment started as soon as possible after the onset of pregnancy

{c) treatment continued to within two weeks of the expected or proposed
date of delivery and

(d) a single mjection of 250 to 500 mg once a weeh

4 A smgle ijection of 250 mg of Delalutin once a week may prove to be
satisfactory therapy in most women who have had less than three consecutne
nterrupted pregnancies

5 For threatened abortion a single injection of 500 mg or more of Delalutin
15 suggested every 2 or 3 days until symptoms subside and have been absent

for 10 days

6 When too hittle Delalutn 1s gnen 1n habitual abortion 1t appears that
undesirable events may occur

{a) moderately suboptimal dosage started between the 6th and the 7th
week and terminated before the 28th week of gestation often 15 fol
lowed by premature labor

(&) markedly suboptimal dosage started after the 5th week of gestation
often fails to prevent the death and simultaneous expulsion of the
products of conception (aborsion) and

(¢) markedly suboptimal dosage started before the Sthweek of gestation
often 1s followed by death of the products of conception and delayed
expulsion with  sussed abortion

7 17 o hydroxy progesterone caproate (Delalutn) 1s a potent long actmg
progestational agent which has an important role 1n the therapy of human
obstetrical complications  particularly recurrent abortion 1t should be

luated as a tt agent 1 the of repeated abortion in
domestic amimals
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ESTROGEN DETERMINATION IN BLOOD AND
BODY FLUIDS OF CATTLE

JoeL Bitman T R WreNN and J F Syaes
DHRB Nutnition and Physiology Section
USDA Beltsville Maryland

THE object of our 1nvestigations has been to develop a routine chercal proce

dure for the deternunation of estrogens 1n the blood and body fluids of dairy
cattle The studies contamned 1n this report may be grouped broadly wnto two
sections

1 The determunation of estrogens in blood urine colostrum and follicular
flmd

2 The mfluence of tmpunties 1n biological extracts on the chenucal deter
mnation of the estrogens
A Alteration of partition chromatography charactenstics
B Quenching of fluorescence of the estrogens

MATERIALS AND METHODS

Partition chromatography on a Celite-NaOH column by the method pre
viously described (Bitman and Sykes 1953) was used to separate estrone
estradiol and estniol One mod 1n the d d of trans
ferring the estrogen contaiung residue to the column 1 10 ml of alcohol-
toluene (1 19) rather thann 1 0 ml of benzene

was by the i of Engel ef al (1950) 1
a Colem:m Model 12 photofluorometer with a lamp filter transmutiing at
436 mp (Corning No 3389 and Cormng No 5113 glass filters) and photocell
filter transmutting at 488 mp (Baird 488 mp 1nterference filter and Cormng
No 3387 glass filter)

The biological activity of the extracts was estimated by the 6 hour uterme
werght method of Astwood (1938) Each extract was dissolved 1n ohve oil and
0 1 ml inyected subcutaneously in 20-24 day old Osborn female rats weighing
between 39 and 47 g Four to ten ammals were used for each determina
tion Dose response curies were established for our colony for estradiol
estrone estriol estradiol benzoate and estrone sulfate standards

The estrogen fraction was separated from the neutral fraction of the ex
tracts by the procedures of Engel ef o/ (1950) and Frniedgood Garst et al
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(1948) The residue from an extract contaimung the estrogens and the neutral
sterowds was dissolved 1n 95 ml CCly~cther (48 1) and the solution extracted
Ix100 ml 2x350 ml N KOH The CClg-ether was washed 2 x5 ml water
and the washings added to the KOH phase The KOH was adjusted to
pH 9040 5 with 6 N H,50, 2 m! of Engel concentrated buffer (20 volumes
saturated KHCO, and { volume saturated K,COy) were added and the solution
extracted 4 xS0 mi ether The ether solutzon was dried over Na SO, and
evaporated o dryness under reduced pressure

1a order to temove hipid matenal from the extracts, the sesidues wese dis
solved 1n 50 mi 709, ethanol and the solution extracted 2 x SOmi Skelly sobve B
(pd fraction discarded) Twenty milileters of disniled waterwere addedtothe
ethanol to make a phase consisting of 50% ethano!l It was found advantageous
to extract against 509, ethanol since only 1 volume of ether was aceded to pra
duce a plete phasic sep of ether-ethanol vs water whereas 4-5
volumes of cther were necessary aganst 70%, ethanof The 50%, ethanol was
then extracted 2 x 100 mi ether The lower phase consisted of 35 wml water
wiile the upper phase of cthes~ethanol contamed the estrogens The ether~
e«hanol was distilled off under reduced pressure This procedure was tested

dently with estrone drol and estriol and they were guantitatively

recovered n the ether-alcohol phase

Unless otherwise hoted all extracts which have been chromatographed on
the Celite~NaOH partstion column have been pursfied via the CCl-ether-hOH
procedure to remove neutral steroids and via the bipid removal procedure

1 The Determination of Estrogens u Blood Urine Colostrum and
Folhewlor Fhnd

After the development of a satisfactory partstion cf aphtc method
which would effectively separate pure estrone estradiol and estriol (Bitman
and Sykes 1953) the application of thus method to suitable exteacts of blood
was next mvestigated Szego and Roberts {1946 1947 Roberts and Szego
1946) using bivassay methods teported concentrations of 30 to 80 pg of
A estradiol equvalents per hiter of blood Extracts were prepared according 10
thetr methods and the material so obtaned was subjected to our chromato
graphse and fluormmetrnic procedures Several of the chramatographuc fractions
exhbited fluorescence but were not hologically acttve when tested by the
3 day utenine weight method (Lauson et o 1939) on ovanectomized 21 day
old rats

Since the Szego and Roberts procedure m our hands yielded extracts with
flusrescence but with no biological acuvity st seemed necessary to obtam

extracts which satisfied both of these crtestn s e fluorescence and mological

activity before we could the §} d to the p of
estrogens The non-correlation of fiuorescence and biological actvty demon
strated the danger i rehance uposn alone We
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to prepare extracts which would be biologieally actine The 6 hour Astwood
uterine weight bioassay was used 1n this phase of the study Ths permutted
work up of a smaller amount of blood than that needed for the 3 day uterine
weight method It was found possible to prepare an extract and test it on the
following day The vanations 1 the extraction procedures which we made
were based on the possible forms 1n which estrogen may exist in blood These
possibilities are (1) free estrogen (2) estrogen-conjugate (3) estrogen
protein (4) estrogen protein Appr ly fifteen vanations have
been attempted Most of these procedures fall into four main categones

A Dualysis subsequent hydrolysis and extraction

B Direct extraction of free estrogens

C Durect hydrolysis extraction of the liberated estrogens

D Diruct of free and cony d estrogens sut hydro
lysts and extraction

(A) Dualysis of the Estrogens from Blood

Two dralysis procedures were used that of Szego and Roberts (1946) and
the method reported by Zaffaron: (1953) In the Szego and Roberts procedure
whole blood or plasma from pregnant cows was dialyzed against distilled
water for 48-96 hours In the Zaffarom method the blood or plasma was
diluted with equal volumes of water and methyl alcohol and dialyzed against
40% methanol for 48-96 hours The results of dialyzing blood or plasma from
pregnant cows are shown in Table I Included are data on utenne werghts of
control rats and rats imjected with estradsol In two cases (exp 2 7) positive
biological activity was obtamed with the Szego and Roberts techntque When
four other samples of pregnancy blood (exp nos 3 4 5 6) from the same cow
(N293) were tested no estrogenically active matertal could be obtained The
other brologically active sample was obtamned from cow N646 A previous
sample (exp 1) of whole blood was mactive another sample of plasma treated
by the Zaffarom techmque was mactive (exp 8) The protems obtamned from
blood and colostrum by precipitation with MeOH were dalyzed by the
Zaffarons method (exp 15 16) No biologreal activity was observed

The colostrum samples exhibited estrogensc actiuty of 10 zg 175 pg and
175 pgequivalents of § estradiol per hter

Samples of pregnancy plasma from all cows except one were negative (15
samples from 13 different cows) The samples from one cow (No 298) con
sistently showed biological activity (exp nos 5 6 7 8 and 9) During the
next pregnancy of this cow one, sample of plasma was negative while another
showed borderlne activity (exp nos 23 and 24) Samples of blood from a cow
in heat and from an abnormally cycling cow were worked up using this pro
cedure One sample (exp no 27) from the abnormally cycling cow was positive
atalowlevel of ¢strogenic activity Another sample showed no activity

Samples of follcular flmd from two nymphomamac cows with ovanan
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(1948) The residue from an extract containing the estrogens and the neutral
steroids was dissolved 1n 95 ml CCl—cther (18 1) and the solutton extracted
1x100 ml 2x50 m! N KOH The CCly-ether was washed 2 x5 ml water
and the washings added to the KOH phase The KOH was adjusted to
pH 90105 with 6 N H,50, 2 ml of Engel concentrated buffer (20 volumes
saturated KRHCO, and 1 volume saturated K ,CO;) were added and the solution
extracted 4x 50 ml ether The cther solution was dried over N2,SO, and
evaporated to dryness under reduced pressure

In order to remove lipid matenal from the extracts the residues were dis
solved 1n 50 m1 70% ethanol and the solution extracted 2 x 50 m! Skelly solve B
(lipid fraction d ded) Twentymullil of distilled water ddedtothe
ethanol to make a phase consisting of 50% ethanol It was found adyantageous
to extract against 50%, ethanol since only 1 volume of ether was needed to pro
duce a complete phasic separation of ether—cthanol vs water whereas 4-5
volumes of ether were necessary against 709 ethanol The 50% ethanol was
then extracted 2 x 100 ml ether The lower phase consisted of 35 ml water
while the upper phase of ether—ethanol contained the estrogens The ether—
ethanol was distilled off under reduced pressure This procedure was tested
independently with estrone estradiol and estriol and they were quantitatvely
recovered 1n the ether~alcohol phase

Unless otherwise noted all extracts which have been chromatographed on
the Celite-NaOH partition column have been punified via the CClether-KOH
procedure to remove neutral steroids and via the bpid removal procedure

1 The Deternunation of Estrogens s Blood Urine Colostrum and

Follicular Flud
After the develop of a satisf: y partition chr hic method
which would effectively pure estrone diol and estrrol (Bitman

and Sykes 1953) the application of this method to suitable extracts of blood
was next investigated Szego and Roberts (1946 1947 Roberts and Szego
1946) using bioassay methods reported concentrations of 30 to 80 ug of
B estradiol equivalents per liter of blood Extracts were prepared according to
their methods and the material so ob d was sub to our
graphic and fluonmetnc procedures Several of the chromatographic fractions
exiubited fluorescence but were not biologtcally active when tested by the
3 day utenne weight method (Lauson et al 1939) on ovariectomized 21 day
oldrats

Since the Szego and Roberts procedure 1n our hands yielded extracts with
fluo but with no bio} 1 activity 1t seemed necessary to obtam
extracts which satisfied both of these criterin 1 ¢ fluorescence and biologcal
actity before we could attribute the fluorescence obtained to the presence of
estrogens The non-correlation of fluorescence and brological activaty demon‘
strated the danger i rehance upon fl alone Weth
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Taste 1l
Extraction of Estrogens from Bod) Fluds with McOH
. Average Estrogen
o | e | BaE
- Flud CowNo | weight{mg) | estradiol

Free  Con) nell
1 | Colostrum 10 1216 309 10
2 | Colostrum, sample A 1 — 313 20
Colostrum, sample B — 1 — 309 15
3 | Colostrum sample A 2 | = 32 15
Colostrum, sample B — — 343 20
4 | Plasma—pregnancy 6-8 months S8 (243 29 —
5 | Plasma—pregnancy 6~8 months 298 — 1 08

6 | Plasma—~pregnancy 6-8 months 298 — 5
7 | Plasma—pregnancy 6-8 months 298 — 288 06
8 | Plasma—pregnancy 6-8 months 298 — 81 05
9 | Plasma—pregnancy 6-8 months 298 - 37 08
10 | Plasma—pregnancy 6~8 months 829 — 353 —
11 | Plasma—pregnancy 6~8 months 184 — 242 —
12 | Plasma—pregnancy 6-8 months |26 s -
13 | Plasma--pregnancy 6-8 months 8 | — 248 —
14 | Plasma—pregnancy 6-8 months 8.9 — 26 —_
15 | Plasma—pregnancy 6-8 months 186 |25 217 —
16 | Plasma—pregnancy 6-8 months 2886 | 244 236 —
17 | Plasma—pregnancy 6-8 months 82 | 20 259* —
18 { Plasma—pregnancy 6-8 months 830 215 229 —
19 | Plasma~pregnancy 6-8 months B |25 — -
20 | Plasma—pregnancy 6-§ months 331 26 — —
21 | Plasma—pregnancy 6-8 months | 835838 | 207 .06 —
22 | Plasma—pregnancy 6-8 months | 837-1018 | 228 238 —
23 | Plasma~—pregnancy 6-8 months 298 |24 237 —
24 | Plasma~—pregnancy 6-8 months 98 258% 259 —
25 | Plasma—dunng estrus i .98 — 215 -
26 | Plasma—irregular estrus cycle 2414 199 215 —
27 | Plasma—urregular estrus cycle 2414 — 274 03
28 | Follcular find—nymphomamac 803 | 353 230 | 790
29 | Follicular flud—nymphomaniac 466 | 330 232 | 295

A 255 mg ulerus has been taken 10 represent the threshold value for the Astwood
utere weight assay with our colony Utert of this weight are 1 the borderline range o
activity and their sigificance 15 dfficult to assess

estrogens showed 790 pgll and 295 pg/l of B-estradiol equivalents
Fluorescence indicated 126 pgfl and 62 pgl respectely All other
fractions of the free estrogens were negative and showed hittle fluorescence

Th both showed n the earlest efuate the
fore run fraction which calculated as 36 pgfl (803) and 325 ugil (466)
of estrone When tested biologically one fraction (803) was negative whule the

other (466) showed 8 9 g/l of B-estradiol equivalents or 49 0 pg/l of estrone
equivalents
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Tasre I
Dualysis of Estrogens from Blood

Cow |Equoatent | Dualysis| A% | g pyrago
Exp Treatment dose (ml | temp equivalents
No floodira| € [ et g/l
a mmgkSE|
S.ego and Roberts Method
1 | Blood vs H,0 48-96 hours 646 20 0-5 12224089 —
2 | Blood vs H;0 48-96 hours 293 29 0-5 | 2791070 31
3 | Bloodvs H,048-96 hours 293 38 0-5 | 2254059 -
4 | Blood vs HyO48-96 hours 293 33 0-5 (2094076
5 | Blood vs H,048-96 hours 293 33 05 | 2374128
6 | Bloodvs H,0 48 96 hours 293 25 25 2174087 —
7 | Plasmavs H,0 646 33 25 271+182 07
Zaffarors Dialy sis Method
8 | Plasma H,O MeOH(1 1 Ds
40% McOH 616 33 25 2214128 ot
9 | Blood H,O MeOH (1 1 ) vs
40°, MeOH 1003 17 25 2334140 —
10 294 33 25 198156 -
11 87 33 25 2234024 -
12 829 100 25 2494124 -
13 829 50 25 2344230 -
14 829 85 25 2464025 -
15 | Blood protemns 33° MeOH vs
40°, MeQH 331 100 25 2211140 -
16 | Colostrum protems 33 MeOH
vs 40% MeOH 331 75 25 2404188 -
17 | Control group 2184023
18 | Estradiol standards 00125 ug 2571082
0025 ug 2751075
0050 g 3174059
0075 g 3554117
Astraight lne 1d: i ‘B-estradiol from 0 01258

uter
10 0 10 ug With dosages below 0 0125 ug varations i response are great and results are meaning.
less A 25 5 mg uterus has therefore been taken to represent the threshold value for the Astwood
assay with our rat colony Utent of this weight are in the borderlme range of activity and their

significance 1s difficult to assess
* Sygnuficant at 1 / Jevel (Fisher s £ test)

cysts were ot d at slaughter and p according to the Pope and Roy
procedure (Table IT Nos 28 and 29) The free and conjugated fractions werc
chromatographed on the Celite partition column and each fraction was assayed
biologically and fluorometnically The results are shown Table III Both
samples showed essentially suml1r patterns The estradiol fraction of the free




Estrogen Deternunation i Blood and Body Fluds of Cattle 145

TabLE I
Extraction of Estrogens from Body Fluids with MeOH

T Average | Esteogen
Ex utenine as g-
No Flud CowNo | weight (mg) | estradiol
Free Con) g

1 | Colostrum 10 216 309 10
2 | Colostrum, sample A 1 3s 20
Colostrum sample B — — 309 15

3 | Colostrum sample A 12 — 352 15
Colostrum sample B — — 343 20

4 | Plasma—pregnancy 6-8 months 94 43 29 —
5 | Plasma—pregnancy 6-8 months 298 — 291 08
6 | Plasma—pregnancy 6-8 months 298 — 257 —
7 | Plasma—pregnancy 6-8 months 298 — .88 06
8 | Plasma—pregnancy 6-8 months 298 — 281 05
9 | Plasma—pregnancy 6-8 months 298 - 87 08
10 | Plasma—pregnancy 6-8 months 829 — 253 —_
11 | Plasma—pregnancy 6-8 months 184 — 12 -
12 | Plasma—pregnancy 6-8 months 134 | 26 28 -
13 | Plasma—pregnancy 6-8 months 184 — 43 -
14 | Plasma—pregnancy 6-8 months 829 — 1 —
15 | Plasma—pregnancy 6-8 months 186 2ts 217 —_
16 | Plasma—pregnancy 6-8 months 886 | 244 236 —
17 | Plasma—pregnancy 6-8 months 832 | 20 259 -
18 | Plasma—pregnancy 6-8 months 830 | 215 229 -
19 | Plasma—pregnancy 6-8 months 3B | 25 — -
<0 | Plasma—pregnancy 6-8 months 331 |26 — —
21 | Plasma—pregnancy 6-8 months | 835-838 | 207 206 —
22 | Plasma—pregnancy 6-8 months | 837-1018 | 228 238 -
23 | Plasma—pregnancy 6-8 months 298 | 224 237 —
24 | Plasma—pregoancy 6-8 months 298 | 258 259¢ —
25} Plasma—durmng estrus 298 — s -
26 | Plasma—imegular estrus cycle 2414 | 199 25 —
21 | Plasma—urtegular estrus cycle 2414 — 274 03
28 | Follicular fiuid~-nymphomaniac 803 ] 353 20 790
29 | Follcular fluid—nymphomamac 466 | 330 232 295

* A 255 mg uterus has been faken to Tepresent the thresbold value for the Astwood
utenne weight assay with our colony Uteni of this weight are 1n the borderhne range o
actvity and their sigmificance 15 difficult to assess

estrogens showed 790 pg/l and 295 pgfl of Bestradiol equivalents
Fluorescence indicated 126 pg/l and 62 pgil respectively All other
fractions of the free estrogens were negative and showed little fluorescence
The conyugated fractions both showed fluorescence 1n the earliest eluate the
fore run fraction which calculated as 36 pgl (803} and 325 pgfl (466)
of estrone When tested biologically one fraction (803) was negative while the

other (466) showed 8 9 #gfl of B-estradiol equivalents or 49 0 ugfl of estrone
equnalents
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Tases I1f
Fiuorescence and Brological Activity of C) hromatographic Fractions from
Folliewlar Flud
g equivalents per hter wr column fractons
le%w Fraction | Fore run l Estrone Inaterzone | Estradiol Estriof

Biol Flvor |Biol Fluor [Rwl Fluor {Biol Fluor |Brol Fleor

803 Free ] g [ ] 9 ] 790 126 1 Q e
Comy {0 36 ] 0 0 0 4 efo 0

466 Free 0 [ ] o o 0 1295 62
Cony 89* s o 0 ] 0 0 [

* As g estradial equivatents.

oo
oo

These results are 1 a greement with the recent data of Duncan ez al (1959)
who reported 130 g/l of £ estradiol for folicular flurd and 86 g/l for an
ethano! extract of the fuud No of the estrogens was reported

Stnce the methanol extraction procedure gave ol I 1ctivaty with colos
trum and folhcular fluid but yelded negatise results 1 almost all samples of
bovine blood assayed 1t seemed destrable to test the procedure further with
samples of human blood known fo contam estrogens Accordingly several
100 mi samples of blood were obtatned from a human patsent 1 or 2 houss after
the imntravenous admnistration of 100 mg doses of Premann Four samples
were worhed up through the methanol procedure and the fractions chromato
graphed and assayed flucrometrically and bologically Almost similar qualita
ve patferns were obtamed Estrogenicactvity was generally found i she fore
run and/or estrone eluates of the conjugated estrogen fracttons Thus was the
expected finding since Premann 38 maimnly composed of estrone sulfate Re
sults are shown m Table IV R bly close correspond betwoen the
estrogen content as cafculated frora Auerescence and from broassay data was
obtamed particularly where larger smounts of bielogical activty were found
The values however were considerably lower than the estrogen content ob
tained 6 years previously when the samples were fresh and were assayed
directly by mjection of the secum sita ovanectonuzed rats the samples were
frozen duning the period 3949-1955

Two experuments were conducted (o test the procedure on the recovery of
estrogens 1 bovine blood In both trals 200 mg of 178 estradiol 3 mono-
benzoate was imjected intrar enously into cow N2414 Pre-mgection and 1 hour

post imjection bload samples were tvken and worhed up by the Pope and Roy
procedure  In expeniment 1 the free fraction comtamed 188 ppfi of B
estradiof equivalents 18 experiment no 2 conducted 2 months later the ,rre::
fraction contamed 400 pgft of 8 diol equivalents This was eq
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TABLE IV
Estrogen Comtent of Human Blood from Patient after tdnumstration of
100 mg Premarin
#g equuvalents per ml

Sar{,?k Fracuon| Forerun | Estone | Interzome | Estradiol |  Estriol
Biol Fluor |Biol Fluor |Biol Fluor |Biol Fluor |Biol Fluor
1 Free 0 07 |0 [} 0 o [ ] [} 14

Comy 0 ] 525 55 ) L] 075 0 0 0
2 Free ] 08 |19 [} 19 0 0 o 0 17
Cony '] 07 |38 07 0 L] 02 o L] 08
3 Free [ 06 (0 05 [ o 0 0 o 13

Cony 45 S50 [9¢C 60 0 0 0 ] 0 0
4 Free ] 0s |0 08 o 0 o 0 o 15
Com § 25 33 |0 25 [0 o |o 211 04 29

to 1 3mgand 2 § mg of B estradiol 1n the total calculated blood volume of the
cow 1 hour after the myection of 200 mg of estradiol benzoate (equivalent to
145 mg of 178 estradiol) and represented recovenes of 090°; and 1939%
respectively Duncan et al (1955) found 145 ug of estrogen as § estradiol
equivalents n the total calculated blood volume of a cow 30 minutes after the
intravenous njection of 10 mg of estradiol This was a recovery of 145% of
the ad dose The d fi 1 both of our expenments
and the pre 1jection biood sam ples showed no biclogical activity

2 The Influence of Impurities in Biological Extracts on the Chenucal
Determunation of the Estrogens

(a) 4l of Partition Chr phy Ci ist
A factor ofl the nter, of the ch hic results 1s the
possibility that a particular ch aphic system which ly separ

ates pure compounds may be altered 1n the presence of other substances from
2 biological extract Such alterattons m distnbution have been noted 1
chromalography of steroids (Dobriner Lieberman and Rhoads 1948) and n
partition chromatography of steroids (Savard 1954) The usual effect 1 an
elution of the compound 1n the extract by a less polar solvent than 1s used with
the pure compound 1 the case of chromatography or of an earlier elution
1n partition ch hy In several the fore run and inter zone
fractions exhubited and biol 1 achivaty (Tables 111 and 1V) m
dicating an earher elution of estrone and estradiol This effect was studied by

o::servmg the displacement 1n elution behavior of the pure steroids added to
plasma
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Quantities of 50 and 100 pg of 2 estradiol were added to 200 ml and
500 ml samples of pregnancy plasma respectively and treated according to
the methanol extraction procedure descnibed above Recoveries of 729% and
94% were obtained biologtcally in the free frrctions The sample which had 2
recovery of 94%, by bioassay showed a recovery of only 14 824 fluorometnically
Quenching and/or self absorption 1 the impure browmsh colored eatracts
1ndicated the need for further purification

The free fraction from this sample was therefore chromatographed on the
Celite-NaOH column to punfy the extract and separate the added estradiol
The punfication effected on the column was sufficient to enable estradiol to be
determied fluorometrically Complete fluorometric recovery was obtamed
The fore run fractions of the control chromatogram and the estradiol added
sample were assayed biologically since they extubited fluorescence No actt
vity was observed With extracts from brological sources 1e blood or unne
a yellowish zone which exhibits fi has usually appeared mn the fore
runfraction of ourct ms The use of bioassay andfluoro
metry has enabled us to attribute this fluorescence to non estrogenic matenals

The fact that the estradiol which had been added to the plasma appeared
mthe estrone fraction and in the inter zone eluate of the chromatogram i
dicated that a disturbance 1n the partition characteristics had taken place
with these extracts The estradiol fraction where the added material was
expected to appear exhibited no brological activity and hitle fluorescence
Thus alteration was further established by adding 50 pg of g estradiol to 2
control extract of this plasma just prior to 1ts chromatography on the Celste-
NaOH column (Table V no 3) The added estradiol eluted earber and ap

TaBLE V
Chromatogi aphy of Estradiol added to Plasma Fractions

/o Tecovery 1n columa fractions
Fraction Fore run ] Estrone ’ Interzone | Estraduol | Estriol
Biol Flyor |Biol Fluor |Biol Fluor ]mol Fluor 'Blol Fluor

1 Plasma o 2| 0o o o o o o ]o 0
2 Plasma+ 0 2 |6 65|40 45|0 o o o0

10 pgestra

diof
3 Plasma ex 0o . (16109 10 0 o o [0 o

tract +5 pg

estradiol

added just

prior to

chromato-
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peared quantitatively in the estronc  fraction both fluorometncally and
brologically A small amount (0 5 :g) was determined brologieally in the inter
zone eluate Bauld (1955) using a Cehie-NaOH partition column also founda
decrease 1n the reteation volumes of estrone and estradiol 1n the presence of
unnary chromogens

1t seemed worthwhile to mmvesuigate further the column behasior 1n the
presence of biological impunties Free and conjugated fractions were pre
pared from a 30 1 sample of pregnincy plasma Quantines of 10 ug of
estrone and estradiol werc added to aliquots of the free and conjugated frac
tions equnvalent to 500 mi of plasma and chromatographed on the Celite~
NaOH column The fluorescence and biological activity of the eluted fractions
are shownin Table VI

TapLe VI
Changes m Partition Chromatography of Estrogens i the Presence of
Biological Extracts

N B Percentage Recosery m Column Fractions

Fore run Estrone Interzone Estrad:ol Estriol
Fraction
Biol Fluor |Biol Fluor |Biol Fluor |Biol Fluor {Biol Fluor
1 Free 0 o o oflo o |0 o |0 [
2 Freetl0pg (| ¢ 6 (106 107 (6 G |0 o0 (O
Estrone
3 Free410pg | 0 © o o0 |3 28 |70 T3 [ 0
Estradiol
4 Conjugated L] o ojo o 0 o 0 0
5 Com +10pg | 100 24 o o0 0O [V} 0 [
Estrane
6§ Com+l0ug| 0 o0 100 100 |0 © [ 0 0
Estradiol

One sample of plasma (198) and two samples of whale blood (840A and
840B) were dialyzed according to the Szego and Roberts procedure m the cold
room for 3.6 days The dialyzate was hydrolyzed and extracted according
to their procedure and the 1 extract chra hed on the Celite
partition column No biological activity was obtamed 1n the chromatographic
fractions although fluorescence equivalent to 64 pgfl and 30 pg/l was
obtained sn the estriol fractions in 2 of the 3 samples

{B) Direct Extraction of Free Estrogen

Veldhuss (1953) recently described a method for the cherical determination
of estrogens mn plasma based on fluorometry of ether extracts of unhydro
lyzed plasma  Fluorescence corresponding to 31 to 49 pgft of unconjugated
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estrogens was obtamed m the three samples of human pregnancy plasma he
studied The Veldhwis procedure was followed exactly with plasma from preg
nant cows up to the point of the separation of the estrone-estradiol and estriol
fractions In one case borderhne activity (calculated to be 02 pgl o
8 estradiol equivalents an average uterine weight of 256 mg for the test
group) was observed Tlus same sample gave a fluorescence value of 25 pgl
Two other fluorescent samples gave no mdication of estrogemc actiaty on
bioassay
Two 600 ml samples of pregnant cows plasma were processed n the
Veldhuis procedure as outlined above and chromatographed Sample 198
prior to chr phy gave a ] value of 7 8 pgjl calculated 25
estrone the fluorescence of sample 840 calculated as 14 1 pg/l of estrone
Biological activity was found only 1n the estrone fractions of both plasma
samples corresponding 10 05 pg and 04 pg B estradiol equvalents/l The
fore run and estriol fractions both showed fluorescence but no biological
activity thereby serving as a renunder of the non speaificity of the fluoro
metric method Veldbuts has estmated the non specific fluorescence by de
stroying the estrogen fluorescent compound with hydrogen peroxide and
measuring the residual non specific fluorescence He found that non
specific fluorescence was 24% 71% and 82% of the total fluorescence n the
estriol fractions and 18% 21% and 25% of the total in the estrong-estradiol
fractions
In a study of urinary estrogens using countercurrent fractionatton, Migeon
(1953) found that the non specific fluorescence was 70% of the total for urinary
extracts from normal adults and 25-30% of the total for pregnancy urine
extracts
The data presented here also indicate a large amount of non specific
fl since the fl fractions show Ittle if any biological
activity Phystological specificity of an organ or tissue s sull 1n most instances
much greater than that which can be achieved with physical or physico
b 1 proced notwitk ding a vanety of solubilities reactions or

optrcal systems

(C) Direct Hydrolysis and Extraction of the Liberated Estrogens

Preliminary attempts to hydrolyze the conjugated estrogens 1 blood and at
the same time release them from protemn conjugates by heating with HCI or
H SO, m the concentrations commonly employed for unpary hydrolyses (15
vol % and 5vol % respectively) produced troubl foamung p: tat
suspensions and gels The emulsions that form when organic sohents are
added also offer considerable difficulties which must be overcoime in preparing

extracls
A concentration of 35% H,50, (54 vol %) has been used to completely

hydrolyze protemns (Schmidt 1938) and when this concentration 15 eflccted
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with plasma or blood the physical troubles described above can be avoided
Dunng the 10 mnute heating penod the foaming can be controlled by the
addition of a small amount of Dow Corming Antifoam AF Emulsion This
silicone pound exhibits na or estrogenic actnvity It does not
quench the fluorescence or inhibit the biological activity of the pure estrogens
Ether extraction can be carried out with little difficulty since the emulstons
which form are not stable Since this 1s 2 much higher concentration of acid
than 15 usually used the effect of tius treatment on small amounts of pure
estradiol was determuned
After heating 10 pg of estradiol m 54° (vol %) H,SO, for 16 munutes
a 40% loss 1 biological actimity was observed No loss 1n fluorescent
intensity occurred however This difference between the partial recovery of
biological activity as compared with the complete recovery of fluorescence
may be explained by an alteration of 40%, of the estradiol 1n such a manner
that the structures necessary for biological activity were not present while
those portions of the estrogen molecule necessary for fluorescence remained
1ntact
Katzman ez al (1954) have recently studied the effect of refluxing pure
estrogens 1 aqueous solutions wath 15 vol % HCI for periods ranging from
10 to 60 minutes No losses were observed when determuned by the kober
reaction Stmilar experiments carried out by workers using bioassay resulted
n marked losses m activty (Smuth and Smuth 1941 Van Bruggen 1948)
Katzman the possibility that all mught have occurred
even though those structures necessary for color development with the Kober
reagent were maintamed Boscoit (1949) found that changes i the absorption
characteristics of estradiol occurred after refluxing in aqueous solution with
15vol 9% HC1
‘When 10 g of estradiol were added to plasma and heated with 54°, H,$O,
only 40% of the activity could be recovered biologically In spite of and con
sidenng these Josses this procedure was apphed to the plasma of pregnant
cows All samples tested were negative
Since the plasma proteins were responsible for many of the practical difi
culties of extraction attempts were made to hydrolyze them prior to the acid
hydrolysis of the conjugated estrogens Strong alkaline hydrolysis (heating
plasma with 16 5 NKOH followed by hydrolysis with 15 vol 9, HCD
trypsin hydrolysis followed by glucuromidase treatment or glucuronidase
treatment alone all failed to yreld estrogemcally active extracts Treatment of
precipitated plasma proteins with 54% H SO, or 15 vol % HCl also gave
negative biological results Dilution of the plasma with 1 volume of ethanol
followed by hydrolysis with HCI was meffective as was HCI hydrolysis
alone
Several unine samples from pregnant cows were hydrofyzed with 15vol %,

HCl extracted with ether and the phenolic extract chromatographed
L

TSR
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Results are shown in Table VI Some degree of correlation was found between
biological activity and fluorescence Thus, the estrone fraction of cow 331
showed 51 3 ug biologically and 35 9 ug flucrometncally and the estrone frac
tion of cow 828 contained 227 pg biologically and 198 pg fluorometrically

Tastz VIL
Fluorescence ard Estrogeme Actonty of Chromatographic Fractions of
Urwnary Extracts

rp equivalentsfl 1 cofuron fractions

CowNo Fore run Esttone | Interzone Fstradiol Estrio}
Biol Fluor } Biof Fluor { Biol Fluor | Biol Fiuor { Biof Fluor
k2l 390 o {513 359 0 230 {121 426 o 0
828 140 13 221 198 0 0 0 17 0 0
M8 1648 —~ |64 — {6 — [0 — |0 -

Some correspondence was found in other fractions In certain frachions, how
ever biological activity was obtained with no fiuorescence and conversely
i was exhibited althougt I activity was non exsstent A
stmilar Jack of specificaty 1 the fl 10 of gens 1 COW
unne has been recognized by Smith Dickson and Erb (1956) These trials also
suggested that impurines 1n the unnary extracts had altered the distnbution
of estrogens on the chromatogram since estrogenic activity was found 1n the
fore run fracuions in all three samples

(D) Durect Extraction of Free and Conyugated Estrogens followed by Hy draly
315 and Extraction

Direct extraction of the blood or plasma with methvl alcohol was neat
attempted Pope and Roy (1953) 1n a recent myvestigation of the estrogenic
actwty of bovine colostrum  extracted colostrurm with bowmg methanol
Since colostrum  at least with regard to 1ts protein content 1smuch like plasma
1t was decaded to apply their method to plasma Asa preluninary three samples
of bovine colostrum were assayed for thewr estrogenic activity These resalts
are shown m Table Il along with the apphcation of this procedute to biood
and folhicular flud

Contrary to the results of the previous expenment there was fittle disturb
anice 1n the distribution of the estrone and estradiol which had been added to
the free fraction of the pla,ma Estrone was eluted i the expected fraction but
estradiol was eluted somewbat earher 28% appeanng in the inter zone frac
tion When added 1o the conjugated fraction of the plasma and chromato
graphed both estrone and estradiol were eluted much earlter Estrone was
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found 11 the fore run and estradiol 11 the estrone eluate The control con
jugated fraction showed the fluorescence usually seen 1n the fore run fractions
The estnol fraction also extubited fluorescence Neither of these fractions
exhibited biological activity The sample to which estrone was added yielded
an amount of fluorescence equivalent to a recovery of only 249 Bioassay
showed that 10 pg of estrone was present in this fraction thereby indicating
that the remaming three quarters of the fluorescence due to the estrone had
been quenched No quenching of the estradiol was observed and complete
recovenies were ob d biol 1ty and rically from the estrone
fraction 1n which 1t was eluted It thus appears that the yellowish zone which
usually 15 eluted i the fore run fraction 15 capable of quenching the fluores
cence of estrone to a marked degree The elutton of estnol has not been
affected by the impunities present 1n the extracts Bauld (1955) has reported a
sumlar finding

e all of the p. h 1cs of the column was vanable
1 the presence of the impunties n the extracts It seems necessary therefore
to effect further punfication of the extracts prior to chromatography to re
move these substances which influence the elution pattern n studies of this
kind In heu of this 1t would appear that standard columns on which pure
estrogens are chromatographed 1 the presence of biological extracts must be
runif reliable inter of the ¢t hic patterns are to be made

(B) Quenching of Fluorescence of the Estrogens

The finding of high biological activity but hitle fluorescence in many of the
chromatographic fractions could be due to guenching of the fluorescence of
the estrogens by other components of the fraction An attempt was therefore
made to dilute the quenching agent sufficrently to enable the fluorescence of
the sample to be measured Accordingly several ahiquots of chromatographic
fractions which showed this behavior were treated 1n the normal fluorometric

dure and the fl reading ded They were then diluted with

an amount of 65%, H,SO, equivalent to the total volume (8 2 ml) 1n the fluoro
meter tube mixed thoroughly and the fluorescence reading again determtned
A thurd dilution was made 1n one 1nstance by adding an additional 8 2 ml of
the diluent acid When standards are diluted the fluorescence decreases as ex
pected 1n almost direct relation to the quantity of diluent added Table VIII
shows results of dilution of the h e m ct pl
fractions In several mstances (1 2 4)a 2 x dilution produced 1ncreases 1n the
fluorescence of the sample Inseveral other cases (3 5 6 7 8) the fluorescence
decreased but did not do so proportionally as the standards did Considering
the volume changes these ncreases range from 1 5 to 11 times the ongmal
fluorescence

Quenching s a factor which must be taken 1nto consideration when usmga
fuorescent method on biological extracts The vahdity of this method of elimi
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TasLE VI
Dilution of the Qi ung Agent m Fli I
Fluorometer reading
Fraction Ongmal | 2x Diution | 3 x Dilution
#2mly (164 mDh (24 6ml)

1 181 11 29 37
2 REIB1 0 100 bt
3 1B4 36 26 —_
4 1BIC1 88 94 —
5 1B2C 100 66 —_
6 198 22 17 —_
7 830 42 33 —
8 840 36 28 -—
Estrone 20ug 92 54 _
10 pg 52 26 —
Estradiol 20 ug 62 34 -
BE 32 18 —

Estriol 20pg 62 32 —
10ug 30 16 —

Blank 6 6 4

nation of the quenching action has not been established Other correction
procedures are (1) the determimatron of fluorescence of aliquots of extracts
with and without the addition of estrogen standards (Finkelstein, 1952) and
(2) the application of correction equations (Braunsberg Osborn and Sternt
1954)

SUMMARY
Several procedures based on the possible forms m which the estrogens
mght exist 1n blood have been applied to the determimnation of the estrogens
1n bovine pregnancy blood Only 1 a few mnstances did the resultant extracts
exhubit biological activity usually at a low level (04 to 07 pg 8 estradiol
equivalents per liter) Szego and Roberts (1946) have reported values as
B estradiol approximately 5-10 tumes higher for normal and pregnant cows
(30-80 pg B estradiol equivalents per liter) Duncan ef al (1955) were not
able to detect estrogens n the blood of estrus and non estrus cows using
either the dialysis or the acetome precipttation methods of Szego and
Roberts
We have consistently been successful i detecting brological activity m
colostrum urmne and follicular flud of the cow and i bovine and human
er the of Our methods of separ
:}:’:r? :rftd estimation are able to detect 02-03 ug of g estradiol 1 of blood

or flurd
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The conjugated estrogen fraction of three colostrum samples contained
10 175 and 1 75 ug p-estradiol equivalents/l Pope and Roy (1953) found
52 pgestradiolfl i the colostrum from one cow

Two samples of follcular flwd from r h cows (pol
ovaries) showed biol 1 activity and in the diol fraction
equivalent to 79 0 ug and 29 S ug £ estradiol per liter of fluid Thus value agrees
closely with that reported by others (Duncan er al 1955)

Unne samples from pregnant cows exhibited much higher nmounts of
fl and biol 1 activity eql to 100-400 ug gens|

In the presence of biological impurities vanations in chromatography may
be encountered This alteration of the partition charactenistics was variable
but may be studied by running standard columns on which pure estrogens are
chromatographed in the presence of the impunties Further punficatron of the
extracts to obviate this difficulty would be desirable

Quenching of the fluorescence of the estrogens has been noted n the pre~
sence of certain biological impurities A vahd quantitative method for elim
nation of this quenching has not been found

Unequivocal 1dentity of the estrogens in biological matenals by chenucal
means 15 difficult due to the low concentration of the sterord in the presence
of high concentrations of extraneous impunties The conconutant use of bio
assay and fl has proved le 1n the preceding studies In view
of the many possible pitfalls such as quenching changes in partition chroma
tography the exlubition of fluorescence but no biological activity etc a bio
logical matenal should satisfy both of these critenia before 1t can be termed
an estrogen
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ESTROGENIC STEROIDS IN SWINE PREGNANCY
URINE*

H E Brepechtand D T Maxer
Unnermy of Missourt
(Dep of Ag 1 Chenustry in with
Ammnl Husbandry Department)

INTRODUCTION

THE importance of a 1 d ding of the physiol 1 pro
cess of reproduction both from the acadenuc and commercial aspects needs
no reiteration  As a possible means of gaiung nsight 1nto this extremely
complex process the pattern of estrogen excretion via the unine has been ex
teasnvely studied n a vanety of ammals Man most domestc farm anymals
and several laboratory ammals have been used One domestic farm ammal
which seems to have been almost completely neglected n this type of study
ss the pig The fact that Squiers ef al {1952) reported a 35%, embryonic death
loss in swine emphasizes not only the financial loss to swine breeders but also
the need for further research n this species The following work was concerned
with the deters of estrone diol and estriol and was done with the
hope that some particularly crtical phase of the gestation period might mifror
stself 1n the pattern of estrogen excretion 1n the urine and thereby indicate an
area for further concentrated research

MATERIAL AND METHODS
The urine used n the following expertments was obtained at early morning
collections from 4 purebred Hampshire sows This type of collection was
chosen because 1t had been previously reported by Glasgow (1953) working
on progesterone metabolites 1n sow urne and suggested by Holm and Firch
(1955) who used bovine urme that early mormng urine contamed the greatest
concentration of steroids All sows were bred within three days of each other
Analyses were made on pooled urine samples which were obtained by minng
togetber 100 ml of unne from each sow From this composite sample a 100 ml
aliquot was withdrawn for analysis
The methods of acid hydrolysis and extraction used were essentially those of
Finkelstein (1952) wath the that a larger sample 100 ml unine was
Approved for publication by the Durector of the Missour Agricultural Experiment

Station as journal serics no 1766
1 Presentaddress  Colorado State University
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employed Following hydrolysis the sample was divided 1nto two equal por
tions and each part analyzed scparately for estrogens

The hydrolyzed sample was diluted 1o 100 ml, saturated with sodium chlonde
{27 g) and extracted three times with 100 ml of anhydrous ether per extraction
The cther extracts were pooled, washed once with 20 ml of saturated sodrum
bicarbonate solution and once with 20 m! of distilled water These washings
werc discarded and the ether phase extracted three imes with 150 mi of I N
sodium hydroxide solution The alkaline extracts were combined chilledinan
1ce bath brought to pH 8 5 with hydrochlonc acid and extracted three times
with 250 ml of ether These ether extracts were pooled washed once with
20 ml of distilled water and distilled to dryness The dry residue was taken up
1n 1 mi of 95% cthyl alcoho! 20 ml of benzene added and the solutton trans
ferred to a separatory funnel Next 20 m!of petroleumether (b p 345-550 C)
was added and the resulting phasc extracted twice with water once with an
equal volume of water and once with half its volume

At thus point estnol would be removed into the water phase leaving estrone
and estradiol 1n the orgamic solvent fraction The fraction containing estrone
and estradiol was evaporated to dryness on a boiling water bath and set aside
pending further 1solation

The two water extracts which would contain any estriol werc combined the
PH adjusted to around 8 5 by the addition of 5 ml of 1/15 M disodium phos
phate solution (pH 9-9 3) and extracted three times with 33 ml of anhydrous
ether The ether extracts were combined washed once with 2 ml of water and
eraporated to dryness The residue was taken up m 10 ml of 50% methyl
alcohol and washed once with 2 ml of carbon tetrachlonde Centnfugation was
required to obtain a clear methanol layer after this washing with carbon tetra
chlonide An aliquot of 5 ml of the clear methanol layer was withdrawn
evaporated to dryness and the amount of estriol present determuned colort
metrically by treating the residue with kober reagent

CHROMATOGRAPHY
Since this extraction procedure would not have separated estrone from
diol this was lished by a partition chromatography

method simular to that reported by Braunsberg et af (1954)

The chromatography column was prepared by thoroughly mixing 125 g of
Celite 535 and 1 ml of 3 1 N sodium hydroxide solution with a glass rod until
a damp coarse powder resulted This damp powder was pached as evenly as
possible into the chromatography tube by adding small amounts and tamping
down with a glass rod after each addition The Jength of the column was
usually 45 mm £6 mm and the chromatography tube had an internal dia
meter of 9 mm The pached tube was jacketed 1n a water condenser which
maintamed a temperature of 211 C throughout the separation AS5mi

portion of a mixture of 2 parts benzenc and 1 part petroleum ether (bp
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600-900 C) was then transferred to the column and forced through under
pressure by means of a bulb and air reservoir until the memscus almost
reached the top of the Celite Care was taken to deliser the liquid just above
the Celite column Thus fills the column with mobile phase and removes any
air from the interstices of the supporting phase It was found by measuring the
volume of the cluate that approximately 2 m! of the solsent was retaned by the
column Equhbration between the 1 ml of sodium bydroxide solution used 1n
packing the column and the mobile phase 15 unnecessary due to the relative
wmsolubility of the two phases

The cstrone—estradiol restdue was taken up ta 85 ml of the benzene—
petroleum ether muxture and transferred to the column Once again the lquid
was carefully delivered just above the Celite Four further transfers were made
from the vessel containing the residue which removed all of the estrone
estradiol present The collection of 5 m! fractions was then begun using an
automatic fraction collector Pressure was applied to the top of the iquid to
force 1t through until the menscus reached the top of the Celite The pressure
was removed 2 ml of eluting solvent added to wash down the sides of the tube
and pressure reapplied Two further nasings of the tube were carned out be
fore the remainder of the solvent was added to the reservoir and forced through
the column at a rate of 05 ml/minute A small amount of chromogenic
matenal was eluted in the first 5 ml fraction but fortunately this fraction con
tained no estrone or estradiol

After discarding the first fraction 30 m! were collected which should con
tain any estrone present The receiving vessel was then changed and additional
50ml collected which would have cluted any estradiol

The first 30 ml of eluate which contaned estrone if present and the next
50 ml which contained any estradiol were reduced in volume to approxt
mately 5 ml on a steam bath transferred to separate test tubes and the drying
campleted under reduced pressure The resultig restdues were subjected to
colorimetric analysis to ascertain the amount of estrone and estradiol] present

QUANTITATIVE ESTIMATION

The quantitative estimation of the hormones under investigation was done
colorimetrically using the Kober reagent (1931) by the modified method of
Venmng et al (1937)

Although this method works admurably with pure estrogens a major dif
ficulty 1s encountered when st ss applied fo unnary extracts dve to the presence
of chromogens which result 1n a brown color Even though the mterference 1s
extremely shight m the case of estrone and estradiol due to its removal by

means of ¢k hy 1t must be reck d with partwularly m the estriol
fraction To do this a correction formula must be employed
‘The equation used 1 this work to for the color

was proposed by Allen (1950)
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In order for thus correction formula to have validity howeser the absorp-
tion spectrum of the mterfering color must be for all practical purposes
linear withun the range under consideration

It was found using pure crystalline estrogens that the color produced with
Kober reagent had an absorption maximum at 520 mu: This wave length was
therefore chosen to measure the absorption and thereby estimate the estrogens
quantitatively It was also necessary however to measure the absorptton at
two other wase lengths equidistant from the one selected 1 thus case 520 mp
Consequently 420 mu and 620 my were chosen The aforementioned require
ment must now be considered In order to employ the following correction
equation the absorption curve of the contaminating color must be linear
between 420 and 620 myp The cune was determuned by treating the residue
of an estrogen free unary extract with Kober reagent This absorption cunie
as well as that of pure estrogen* treated with Kober reagent are illustrated m
FiG 1 These data illustrate that the stipulation regarding the use of Allens
formula has been met and 1ts use in tius nstance justified
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The correction formula used was

CDX,=0DZL3+0D_D

CDX, =calculated density due to substance X having absorption
maxtmum at wave length x
OD,=observed density at 520 mp at the absorption maximum
their
- thor 15 indebted to Parke Davisand Co and Chas Pfizerand Co Inc. for
don:zll:: :rm stalline estrogens used i this mnsestigation.
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0D, and OD, = observed densities at 420 my and 620 mu a and b must be
equidistant from x

Thus the appropriate residues were treated with Kober reagent the color
developed and the absorption measured at the three different wave lengths
The observed densities were wnserted mto the above equation and the caleu
lated density due to the estrogen found This calculated density was then ap
phed to a standard curve for that estrogen and the amount of hormone read
directly

RESULTS AND DISCUSSION
Analysis of the unne throughout pregnancy from four sows showed the
presenice of two ovanan hormones estrone and estriol Thus is the first time
estriol has been reported in the urine of swine It has been stated by Markee
(1954) that estriol has been obtained only from human matenal (pregnancy

unne and placenta)
The found gt n the sow are summanzed 1n
Tablel
TasLe I
Estrogen Eacretion in Four hire Sows During I "y
pgestrone per | pgestriol per
Week of gestation} "l ofunne | liter of unne
1 0 [
2 o 0
3 o 740
4 Q 200
5 0 80
6 [} 0
7 [} 0
8 [} 0
9 0 0
10 [ 600
n 20 1540
12 140 1000
13 260 520
14 60 40
15 440 740

From these data 1t can be seen that there are two defimte and distinct peaks
1m estriol excretion occurring around the third and eleventh week of preg
nancy The estrone begins to mise around the twelfth week and after a drop
reachesits maxumum concentration around the fifteenth week
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In order for this correction formula to have validity, howeser the absorp
tion spectrum of the wterferng color must be, for all practical purposes
Linear within the range under consideration

It was found using pure crystalline estrogens that the color produced with
Kober reagent had an absorption maximum at 520 mp: This wave length was
therefore chosen to measure the absorption and thereby estimate the estrogens
quantitatively It was also necessary however to measure the absorption at
two other wave lengths equidistant from the one selected 1n this case 520 rou
Consequently 420 my and 620 my were chosen The aforementioned require-
ment must now be considered In order to employ the following correction
equation the absorption cunve of the contaminating color must be hinear
between 420 and 620 my The curve was determuned by treating the restdue
of an estrogen free uninary extract with Kober reagent This absorption curve
as well as that of pure estrogen® treated with Kober reagent are illustrated in
FIG | These data illustrate that the stipulation regarding the use of Allen s
formula has been met and 1ts use 1n this tnstance justified
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The correction formula used was
~OD,+0D,
CDX,-0D,——5——*
CDX, =calculated density due to substance X having absorption
maximum at wave length x
OD, =observed density at 520 mp at the absorption maxumum
thesy
115 mdcb!ed toParke Davisand Co and Chas Pfizerand Co Inc fort
do;:::: :}h clo'ysullmc estrogens used 1a this investigation.,
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0D, and OD, =observed densities at 420 mg and 620 mu @ and b must be
equdistant from x

Thus the appropnate residues were treated with hober reagent the color
desveloped, and the absorption measured at the three different wave lengths
The observed densities were mnserted mnto the above equation and the caleu
lated density due to the estrogen found Thus calculated density was then ap
plied to a standard curve for that estrogen and the amount of hormone read
directly

RESULTS AND DISCUSSION
Analysis of the unne throughout pregnancy from four sows showed the
presence of two ovanan hormones estrone and estriol This 15 the first time
estriol has been reported 1n the unne of swine It has been stated by Markee
{1954) that estriol has been obtamned only from human matenal (pregnancy

unne and placenta)
The found th A\ 1n the sow are summanzed 10
TableI

TasLe [

Estrogen Excretion in Four Hampshire Sows During Fregnancy

g estrone per g estriol per

Week of gestation| AR T PUr R | e of urme
1 [} 0
2 [\ 0
3 o 740
4 o 200
5 0 80
6 0 [
7 0 o
8 [} 0
9 0 o
10 0 600
1n 20 1540
12 140 1000
13 260 5.0
14 0 0
15 440 740

From these data 1t can be seen that there are two definite and distinct peaks
1 estriol excretion occurnng around the third and eleventh week of preg
nancy The estrone beguns to mise around the twellth week and after a drop
reaches 1ts maxumum concentration around the fifteenth week
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Thedatap din Table fare hically ilustrated 1n FiG 2 where the
relationships may be more readsly seen
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k16 2 Estrogen excretion in four Hampshire sows during pregnancy

The presence of estrone was indicated by a positne Zimmermann (1935)
reaction To venfy the unexpected appearance of estriol the following expernt
ment was carried out 100 ug of estrone and an equal amount of estradiol
were taken up in the benzene—petroleum ether phase previously mentioned
and partitioned twice agamst water Thus should quantitatively remove any
estriol mto the water phase leaving estrone and estradiol behund in the organic
solvent phase When the water phase was analyzed for the presence of any
hormone which 1n this case would represent contamination only 2 pg could
be found Ths represents a carry over of 19 of the estrone—estradiol into the
estrof fraction Therefore the color produced by the estriol fraction with
Kober reagent could not be explained by estrone—estradiol contamination

In order to obtain more mformation about the substance giving a positive
Kober reaction 1 the estriol fraction a number of tests were made

To obtain suitable urine the same sows were rebred after farrowng and the
unne analyzed during the early part of their second gestation period Estriol
however could not be found duning the first four weeks of pregnancy but
estrone excretion occurred during this time  Collections were therefore con
unued until estriol was agam indicated to be present dunng the tenth to the
thirteenth week

An unknown unmne extract from the eleventh week of pregnancy which pre
viously indicated estniol to be present by a positive Rober test was used i
these trials After drymg the residue was spotted on paper and developed for
24 hours 10 an ¢ dichlorobenzene-formamude system as described by Axelrod
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{1953) Simultaneously five other stnps of paper were developed i the same
chamber They were spotted with estrone estradiol estniol a mixture of these
three hormones and a blank respectinely After the 24 hour peniod of deselop-
ment narrow strips of approximately 2 mm width were cut from each stnp
mcluding the unknown and dipped in concentrated sulfunic acid After

1y 1 minute spots became visible and when viewed
under ultraviolet Light they were seen to fluoresce It was observed that estriol
moved 18-2 cm estradiol 23 5-24 5 cm and estrone had moved off of the
paper The unknown extract exhubited a fluorescent spot 10-20 cm from
the starting line corresponding in position to known estriol

This spot was eluted with methanol from the remainder of the stnp the
eluate dried and the residue taken up in a few drops of methanol and respotted
onanother chromatogram Theunknown and two other stnps contaiungestriol
were developed for another 24 hours 1n a methyley clohexane—formamude
system (Axelrod 1953) After the development period narrow strips were
again cut from the chromatograms and treated with sulfuric acid as before It
was found that the estriol moved about 2 cm i this system and a corres
ponding fluorescent spot was agamn obsers ed on the strip contaimng the uninary
extract about 2 cm from the starting line

The unknown spot was eluted for a second time respotted on a third
chromalogram and developed for 27 hours tn an ammomnum hydroxide—

ne system dingto I (1953) along with known
estnnol When the known estriol contaming stnp was immersed in sulfuric acid
and viewed under ultraviolet light 1t was seen that the estriol had moved only
1 em from the starting lme A similarly located spot was also found on the
stnp spotted with the unnary extract Thus paper chromatographtc evidence
mdicated that the substance 1n the estriol fraction was indeed estriol

Further evidence was obtaned when tlus fraction after treatment with
Bachman s reagent (1939) produced the typical pink color characteristic for
estriol alone

1t 15 beheved that these results while not 1 ly proving the p
of estriol strongly ndicate 1ts existence m the unne of swine

Thus 1f we consider the two hormones found i swine unine estrone and
estriol their bio potency can be calculated n mouse umts This has been
done by considering estrone to be 16 times as active as estriol and that 1 ug
of estrone 1s equal to 10 mouse units (Fieser and Fieser 1949)

In Table 11 these values were calcul and with figures ob d
by hust and Struck (1935) and Faxerm:uk (1936) who used bioassay tech
niques

As can be readily seen there 1s a stribing stmilanty between all three groups
of data The dafference in values occurning 1n the third and fourth weeks nught

suggest the exstence of a pro estrogen or substance having biological activity
not detectable chemscally
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TanLe I
Comparison of Estrogens found it Swine Urme during Pregnancy
by Bioassy and Chenucal Methods
(expressed m mouse umits per iter of urine)

Week of | Kustand Struck | Fazermark | Chemical assay
gestation
1 (] 0 0
2 o 300 [
3 1000-2000 300 460
4 1000-2000 1000-3000 125
3 [} Drops to 1000/ [
6 0 but more 0
7 [} often 300 [
3 0 [ 0
9 0 I 0
10 [ Ruses 370
11 1000 to term 960
12 1000 2026
13 Rises 2925
14 to term 600
15 5000 5-10 000 4360

The pattern of unnary estrogen excretion 1n humans 1s somew hat different
from that of the sow but certamn aspects are similar In humans estradiol 15
excreted at a fairly uniform rate throughout pregnancy with a sudden nse
occurnng at term The amounts of estrone and estriol constantly increase
durng gestation unul partunition at which time estrone disappears and estriol
decreases Biologtc and gravimetric determimations on the excretion of these
three hormones show that about 0%, of the estrogenic activity 1n the late
months of pregnancy 1s caused by estriol (Markee 1954)

In the case of swine no estradiol was found throughout pregnancy The
total estriol was seen to rise early m g disappear and reappear later
pregnancy whereas estrone made 1ts first appearance late 1n gestation Of
course free estrone would be approximately 16 times more active than free
estriol but no conclusions as to the actual proportion of the activity contrl
buted by erther one can be reached without knowing what portion of each

hormone was free and what portion was conjugated

SUMMARY AND CONCLUSIONS
1 Estrogen excretion does occur through the urme in swine during preg

nancy
2 The estrogenic steroids found 1n the urine at certain pertods duning

pregnancy were estrone and estriol
3 There 1s some evidence that estrone may or may not be excreted early in

gestation (dunng the thurd to the fifth week) Further work 1s required to
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clanfy thus Estrone 1s excreted during the last fourth of the gestation period
and reaches a maximum around the fifteenth week

4 Estriol excretion though possibly reaching a munor peah around the
third week of pregnancy reaches 1ts maximum concentration i the urine
around the cleventh week

5 Estrogen excretion occurs at the time of placentation (dunng the second
to the fifth week) but there 1s some evidence indicating that 1t may be estrone
orestriol

6 One of the urinary estrogens was tdentified as estrone and its presence
confirmed by a positive Zimmermann test

7 The second estrogen which possessed charactenstics of estriol was
established as thus steroid by means of paper chromatography and the use of
Bachman s reagent
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DISCUSSION

M L Hoepwoon Dr Samuels paper 1s now open for discussion I have one
question I would like to ask Dr Samuels Following the use of progesterone
labeled C** 1n what form 1s the carbon found 1n the aqueous fraction?

L T Samuets Apparently acetic acid

A V Narpanpov Dr Samuels would you care to speculate on the possibility
that the progestational activity 1s not due to but to the p:
metabolites?

L T Samuets I think this 15 a defimute possibility In the uterine tissue we do find
definrte converston of progesterone to certain other compounds which have not beent
1dentified and 1t may be that this 1s associated with the action in those tissues

W E PererseN Have you any 1dea whether the triphosphopyridine nucleotide 15
synthesized locally as the result of the trophic hormone action or whether it 1s
mobilized from other parts of the body?

L T SAMUELS Most of these tissues can synthesize the triphosphopynidine
nucleotide as demonstrated by the presence of transphosphorylases

R P MARTIN Assunung this role of a trophic hormone 1n relation to the phos
phorylation and production of the TPNH and also assunung the brosynthetic path

way of androgen to cstrogen would you comment on the climical obsenations 12
relation to of ¢h hint in men whereby the output of
7

estrogenis d derably over that of
I T Samurts At the moment my only thought would be that perhaps the 1t
creased production of TPNH enables the metabolism of the androgens to be carned

more completely to the aromatic stage
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T BunomG I would Like to have Dr Samuels speculate more about the nature of
the action of the hormone on the intact cell as he described earher, as opposed to
the lack of action in the tissue homogenate We scem to be working ourselves down
to very small molecules such as ACTH and perhaps some of the other trophic hor
mones Do you fecl that the action of these small molecules 15 localized at the cell

or do the mol actually mto the cells?

L T Samutts Whether the difference between the two is a question of the i
complete system which results from destruction of some of the enzymes mn the
homogenates or whether the tropic hormone attacks the cell surface I would not
want tosay Howesver thisis an important problem to study We have of course the
observations on phosphorylase A aod B n regard t0 epmephnne action That, of
course can be demonstrated 1n systems that have no cellular structure

M L. Hopwoop Dr Redenstemn s paper enutled The Maimntenance of Human
Pregnancy with Progestational Compounds 15 now open for discussion

F Haac I'would ike to know just how soon treatment with progestattonal com
pounds would help m preventng abortions and more parucularly i preventing the
loss of very early pregnancies Could you for instance start treatment immediately
after estrus?

E. C ReEnsteN Jr o A number of mvestigators have been studying patients
who ovulate but who have what 1s called an inadequate luteal phase These workers
haye started such patients on treatment with Delalutin within one week of the nse 1n.
basal body temperature which suggested that they bad ovulated Some of these
pauents now are gomg through pregnancies Whether the hormone preparation had
any effect, J cannot say without a much larger expenence The patients referred to in
my paper were individuals who had a past history of repeated abortions They were
started on Delalutin treatment at the earliest on the 14th day and most of them were
started at the 2nd 3rd, 4th 5th or 6th weeh of gestation 1t 1s my impression that the
earher the Delalutin treatment 1s mtiated and the larger the dose the better the
chances of a favorable response As [indicated we determune what 1s going to hap-
pen toward the end of as far as labor 15 by the
adequacy of the therapy dunng the 6th or 7th week. This 15 a very mnteresting pomnt
Progestational treatment durng the early period may have an important influence
on the full implantation and the further development or maturation of the placeata
atthis stage Thus may be a very critical phase of gestation

M L Hopwoop Dr Bitman s paper entitled Estrogen Determenation m Blood
and Body Fluds of Cattle 1s now open for discussion

Jack Gorsnl In view of Klynes (Biochern J 1956) 1solation from cow urne of
17 a-estradiol which has low brologreal activaty could some of your fluorescent
fractions thus be accounted for?

JoEL BrtAN Tt 1s possible I'do not recall the amount ssolated If Mr Gorska has
that nformation, I could better esimate whether that could be contributing to the
fluorescence which we determined

Jack Gorskt I do not remember the exact amounts T think 1t was about 100
gammafl It was less than estrone but 1t was a substantial amount and no
estradsol 17  was found or reported i that paper (J Endocrinol 14 33 1956)

Joer, BriMAN - Such amounts of 17 a-estradiol could contribute to the unnary
fluorescence we measured although fairly good agreement was found between
fluorescence and biological actvaty of urine

M
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H Nowanowskr Have you examined the estrogenic content of the ejaculate and
what are the results?

Jor BuMAN No we have not done that The only other biological matenals we
hasve examuned are bile and feces

A M SoRENSEN Was recovery cheched of known amounts of estrogens added
to spayed heifers urine or blood?

JoeL Bitvan No we have not carried out recovery experiments with the blood
or urine of spayed heifers However we have mjected estrogens and assayed blood
samples of normal nonpregnant cows Our results agree essentially with those that
Dr Melampy and his group reported (Duncan et al 1955) We obtained recoveries
of 090° and 1 93°, one hour post injection and the Towa State group reported a
recovery of 1 45% one hour post injection

A M SorensEN At what period of pregnancy were samples of blood and urine
taken”

Jozr, Brrman  All pregnancy blood and urme samples were obtained from cows
6-8 months pregnant

L T SamueLs Were methods of Brown and Bauld tried i your studies?

JoeL BrrMaN  The method of Brown involving chromatography of the methyl
ethers of the was not The we used 15 very sumlar to
the one that Bauld has published Our method 1s a modification of the Braunsberg
method (Syer and Braunsberg J Endocrino! 7 Ix 1951) and 1s sumilar to the pro
cedure reported by Haenmi et al (J Am Pharm Assoc 42 167 1953) Within the
last year we have investigated the Bauld method but have found no advantages i
this procedure when compared with our own In fact we do not get as good a
recovery  also we have observed constderable tailing with the estradiol fraction

R M MsLamMpy We have had constderable expenence using the Szego and
Roberts dialysts procedure (Endocrinol 41 322 1947) on cow blood Our assays
have been conducted by using the 6 hour test on 21 day old female rats (Astwood
E B Endocrinol 23 25 1938) as well as ovatiectomized 21 day old ammals Qur
results have been nconsistent and simular to those reported by Dr Bitman today I
noticed 10 two of his experiments he indicated the presence of estrogenic activity n
the dialyzates of cow blood We observed the same thing occasionally I am wonder
g 1f Dr Bitman would care to comment as to why we obtain thts positive test only
at certan trmes Is 1t the physiologic condition of the cow at the trme the blood
sample 1s drawn?

JOEL BITMAN - As shown 1n one of the shdes we obtamed the same results that Dr
Melampy just reviewed 1 which we determined estrogenic activity i one sample
while various other samples from the same cow and the same pregnancy yrelded no
biological activity This same cow showed brological activity 1 her neat pregnancy
Twelve other cows however showed no detectable activity I think rtis an indrvidual
matter in that one particular cow may at times have a slightly higher level than most
other p cows and dically we can detect activity As most
people m ths field have come to realize the bovine seems to have a lower hormone
output than almost any other species studied The steroid and gonadotropic ex
cretion 1s much lower than in the human We ate faced with an ammal which bas 2
low level of hormone excretion and we have no explanation for the occasional
activity except that sporadic individual samples may have enough activity to be

detectable
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CONTROLLED ESTRUS IN CATTLE

J D Donker J R.Niciots E F Grauamand W E PETERSEN
Unnersity of Minnesota St Paul

‘THE importance of controlling reprod n Is 15 1ncreas
1ng with apphications of new control mcthods recently introduced Techniques
are being designed to prevent conception as well as abortion, and to redate
or mitiate estrus m order that the conception date may be controlled In artx
fictal inserunation of farm anmals control of breeding dates would mcrease
the efficient use of time and semen as many ammals could be bred during a
short penod of ime In ova transfer work synchrony of donor and recipient
animals1s a must to ensure favorable results

This discusston will center around the ovanan sterord hormone proges
terone asitis a natural substance controlling estrual cycles (reviewed by Dutt
1953) and has been most extensively used It can be mentioned here that
Smuth et al (1957) found lactogen as they used 1t to be ineffective in prolong
g the estrus cycle 1n the bovine This 15 1n contrast to the evidence already
alluded to by Dr Nalbandovearler on the ding a positive effect
with ewes Progesterone has been applied in several ways to control the sex
cycle To enumerate bnefly they are brng to estrus anestrous sheep or cattle
not showing cyclic heat controlling date of estrus 1 cyching cows and sheep
as an adjuvant to gonodotroprc treatment of cattle to suppress ovulation
the human beng and estrus 1 the dog

In sp te of the practical rature of the problem very Lttle work has been
reported since the report of Ulberg (1955)

InTablesI I Il and IV are presented data on attempts to recycle cows
mn expeniments conducted by the Minnesota group (Dzk 1955 Donker
1952 Nichols 1957 and Graham 1952)

The result of ad: ng ly varying
1 corn o1l and in a saline suspension 1§ hsled m Table I The adrmmstraucns
began from the 13th to the 17th day of the cycle and were continued for from 1
to 12 days It will be noted that the interval between the last admunistration
and the appearance of heat vanied from 3 to 8 days While data are not
extensive enough to warrant drawing conclusions 1t appears that where
50 mg were adnunistered daily the salne suspension had a longer nterval
between the last treatment and the appearance of heat than was observed with
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TaBLE I
Recycling Cons with Progesterone
(Donker 1952)

Cow | Day ofcycle Type of No days | Interval between
No | injection began treatment treated [ treatment and heat
686 14 50 mg 10 corn ol datly 11 3
886 17 70 mg i corn od daily 6 5
T57 16 50mg m corn ol daily 1 3
355 16 S0mgsalinesusp daily 4 8
686 15 30mgsalinesusp daily 6 3
T42 15 50 mg corn ol 7 3
708 16 50 mg corn ol 7 6
706 14 50mgcorn oif 8 6
630 14 50 mg cor ol 4 7
355 14 50 mg salne susp 4
ays
skipped 1 day then
50mgain o 3 days 8 7
705 15 50 mgevery other day
1n saline susp 9 8
355 14 30mgsalinesusp daily 7 6
T89 14 30mgsalmesusp daly| 12 6
T 14 30mg saline susp 5§
days 10 5
50mgincornoul 5 days
T80 14 50 mg corn od dasly 5 4
T89 14 30mgsalmesusp daily 10 5
T88 13 30mgsalmesusp daily 10 s

the corn o1l solution of the same amount When 30 mg in saline suspenston
were used there was a tendency to shorten this interval
In Table II are presented the results of attempts of recyching 1n which pro
gesterone was dissolved 1 corn oil and admimstered subcutancously The
beginning of treatment vaned from the 13th to the 17th day of the cycle The
amount of progesterone from 40 to 60 mg/day and the duration of the
treatment from 4 to 18 days The interval between the last treatment to the
onset of heat vanied from 3 10 9 days
It 1s to be noted that within the kmits studied there 1s ro 1ndication of any
relationship between the day of the cycle when treatment began the number of
days of treatment and the mterval between last treatment and the begtnning
of heat It was found that as dosage level mcreased there was a tendency for
lengthenng the mterval between ireatment and heat Eight cows mn this series
farled to show any signs of heat
In Table ITT are listed the results of 17 trals m which the daly dosage was
Lept constant but the begmmng of treatment varied between thc1 15th anId
18th days of the cycle and duration of treatment from 4 to 12 days It
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Tante 11
Recycling Cons with Progesteronc
(Dziuk 1955)

Cow Day of cycle Doscin | Days Days to hcat
No | injection began | mgiday | treated | post treatment
E799 14 50 10 5
E799 15 50 9 4
E799 15 60 11 9
E798 14 50 8 4
E798 14 50 9 5
E797 13 50 1 4
E797 15 50 9 4
E7197 15 60 14 8
E797 14 60 10 7
E800 14 50 9 s
E800 15 50 7 6
ES00 15 50 6 6
T6S 14 50 10 5
T53 15 50 10 3
T53 14 50 13 4
TS4 15 50 4 3
77 15 40 7 4
T8 17 60 4 3
929 15 60 18 5
Ti41 15 60 16 6
T140 15 60 5 5
T140 17 60 4 4
E801 15 50 13 3

Eight cows farled to show heat following withdrawal of progesterone

will be noted that the interval between the last day of treatment and onset of
heat varied from 4 to 7 days and that vanations in the time of begmn
ming of and d of the t were not related to the differ
ences 1n the time of appearance of heat

In Table IV are given the results of trals on six cows where recycling was
done three consecutive times It will be noted that there 1s no significant dif
ference 1n the interval between treatment and onset of estrus with sucoessive
recyeling Follicles were developed 1 all cases but m third recychng no
corpus luteum was formed 1n four of the six cows treated

In general of the data presented 1n Tables I I{and IIY 1t was observed that
the older and fatter cows failed more often to return to heat within the expected
time Also these ammals more often showed a tendency to develop cystic
follicles fol d 1 of one and ly show various
degrees ofnymphomama (Dziuk ezal 1958)

Ovulation which was detected by rectal palpations in many instances was
normally retated to estrus in the great majonty of cases but several anamalous
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Taste 11l
Synchrom.anon of Estrus Cycle
(Nichols 1956)

Cow Dayofcycle | Dosein | No days | No of days between end
No ingection began | mg/day mjected of treat and estrus

T132 13 50 10 5
ES93 i 50 7 5
E895 17 50 5 4
E89%6 18 50 4 4
T141 15 50 12 4
Ti41 16 50 9 5
E898 15 50 4 a
ES02 14 50 5 4
Eg97 16 56 7 5
929 18 50 8 5
E801 15 50 9 4
1114 14 50 9 4
ES07 15 50 7 4
E909 16 50 5 4
ES05 15 50 7 7
E902 15 50 9 6
911 15 50 5 4
Mean 151 50 717 459
Range 11-18 —_ 412 4-7
Standard deviation 40866

cycles were seen One animal ovulated while showing an 1ntense and some
what prolonged heat and displayed metorrhagia concurrent to standmng heat

Two antmals which had been recycled on two previous occastons came mto
heat and ovulated 8 and 9 days after cessation of progesterone and then
came into heat againn 4 and 3 days later and again ovulated No corpus
luteum developed following the first estrus but one was found on the ovary
of each cow after the second ovulation

Nine of the animals were bred at first heat after treatment and of these
2 concerved The remaming 7 and 2 ammals which were not bred at first
service were bred at the second heat period or at later heats until they
concetved Other animals were bred after several intersemng estrus periods
and 1t was concluded that fertility though adversely affected at first heat was
not permanently affected

From a report by Graham (1952) 1t appeared that recycling at three con
secutive cycles altered the formation or mantenance of the corpus luteum
When cows were examined 5 days after estrus there were several ammals
after the second or third recycling 1n which a corpus luteum was not palpable
on the ovary The results of possible ovulation and development of a normal

corpus luteum are givenin Table IV
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TabLg IV
Deternunation of Normalcy of Estrous Cycle as a Result of Progesterone
Treattnen?
(Graham 1952)

Furst Recycling of Estrous Cyele

Rectal palpation of ovaries

Treatment
Cow | ofsomg | Intenvalfiom
No | progesterone
1n days 10 estrus Estrus | Five days post estrus
E 53 5 4 Follcle cL
E 54 5 4 Follicle CL
E S5 12 4 Follicle Cl1
Es7 7 4 Follicle CcL
E 59 10 5 Follgle CcL
E-62 0 4 Follicle NoCL
Second Consecutne Recy ling of Estrous Cycle
ES3 4 3 Follicle CL
Es4 4 3 Follcle [o3 8
E 55 4 4 Follicle CcL
E 57 4 3 Follcle CL
E 59 3 4 Follicle NoCL
E-62 4 3 Follcle CL
Third Consecutrve Recycling of Estrous Cycle

E 53 4 3 Folucle NeCL
E 54 4 4 Follcle NoCL
ESS 4 4 Follcle CL
E-57 4 4 Follcle CL
E-59 4 4 Follicle NoCL
E-62 4 4 Follicle NoCL

From the work reported to date 1t 1s evident that estrus 1n the cow as well
as 1n other species can be controlled withmn certain imits Much remains te
be done regarding the hmts of control of the tune of estrus and ovulation and
1 1mproving fertility at the firct heat pertod after treatment The pomt of
greatest concern with recycled dairy and beef cattle 1s the low conception rate
at first estrus Willett (1950) reported 11 of 22 ammals conceving at first heat
after treatment when using two 1nseminations spaced 24 hours apart Tnm
berger and Hansel (1955) had only 3 out of a group of 24 cows concene
to first service after cessation of progesterone and 15 5 2and 1 on succeeding
estrous pcnods Ulberg (1955) presented data which suggested that larger

d ratesatth estrous per
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In this report, he also suggests that the adverse effect may be due mainly to
embryoric mortality

In making application of a progesterone recychng technique with beef
animals Mellor and Cole (1956) used a single large subcutancous imjectton of
crystalline drug suspended 1n a 0 3% starch suspension (360-1120 mg) They
found that admimstration of 750 1 U of pregnant mare serum (PMS) after
the last progesterone treatment resulted 1n a higher incidence of estrus within
a shorter interval than if 1t were not used In what appears to be their most
successful treatment  heifers weighing approximately 550 Ib (14-16 months of
age) were given 560 mg progesterone followed with PMS 15 days later Con
ception to first service was 17%,

Contrary to evidence n an early report that progesterone recyclng did
not adversely affect fertility of recycled ewes later reports have shown that
progesterone recycling reduced fertiity O Mary ez al (1950) usmng 10 mg
progesterone myected subcutaneously on a daily basts for 14 days beginning
after the last ewe of the experrmental group had shown estrus found the lamb
ing rate of the treated equal to the control group They obtamed 19 lambs
from 20 treated ewes and 20 lambs from 19 control ewes The duration of
both the breeding nterval and the lambing penod was shortened as a result of
treatment

Robmson (1956) treated Merino ewes with 10 mg progesterone in otl daily
for 16 days Half of the treated ewes were given PMS on the day after stopping
progesterone and the other half of the treated anumals recerved no PMS
Results indicated that progesterone used alone reduced fertility from control
levels but that the addition of PMS overcame the difficulty In 104 control
ewes 58 lambed to give a 71% lamb crop There were 104 ewes 1n the pro
gesterone alone group of which 53 ewes lambed for a 62% lamb crop The
group of 107 ewes which recerved progesterone plus PMS yielded 2 lamb crop
of 79% with 61 ewes lambing Davies (1957) however using the same treat
ment as Robinson found that progesterone with PMS caused a decided
lowenng of fertility with Merino ewes Davies observed that 30 of 36 treated
ewes returned to heat a second time after having been bred at first service after
treatment whle the nonreturn rate was expected to be about 60% The ewes
used by Dawvies were observed to show heat much sooner on the average than
Robinson s group (22 vs 40 hours) Davies hypothesized that in his ewes there
was a dissynchrony between estrus and ovulation because of early heat

Attempts to bring anestrous ewes to fertile service have recently recewved
the attention of Raestde and Lamond (1956) Progesterone alone PMS
alone or a combimation of both were used using 105 Romney ewes Proges
terone 1 ofl myected subcutaneously for 4 days at the rate of 10 mg/day
did not cause anestrous ewes to come nto estrus or to ovulate PMS used

alone resulted 1 60% of the ewes ovulating but no estrus was showr} tiro
gesterone with PMS caused 60% of the ewes to show estrus and all of them
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owlated The reproductis¢ tracts of all animals were examuned histologically

Tt was ascertained that affected 1n order of the follow
1ng gental organs or parts of them uterne hung cervix vagina and oviduct
It would scem that detailed hustol 1 such as d by

Raeside and Lamond or more detailed histochemtcal examination of utens
as exemplified by the report of Rosenbaum and Goolsby (1957) and such as
exemplified by the work of Folley and fus group which was reported on yester
day will gnve important clues to explain and possibly overcome the difficul
ties after using p one to recycle cattle and sheep
A recent report from Germany (Burkl and Kellner 1956) indicates that the
pomary difficulty of 1nfertility after recychng should not anse as a result of
owulating young ova Ther study of the maturation process 1n rat ovaries
indicated that ova examined n ovanes in all stages of the cycle displayed all
stages of the maturation process but that only those at certamn advanced
stages in the presence of follicle simulating hormone would go on to ovulate
while those reaching thus stage prior to follicle sumulaung hormone release
regressed and degenerated There still remains the question of the fertiity
status of old ova in gonadotropin treated ammals where the o ulating sub
stance 1s given late A discussion of this point is given by Young (1953) n
which he stressed the 1dea that old eggs 1n terms of the time of umion of
gametes led to fewer fertilizations and more abnormal embryos
In attempts to produce fertile ova from superovulated cows progesterone
pretreatment has been compared to no pretreatment by Nichols ez al (1957)
Daily subcutaneous ngections of 50 mg progesterone m ol preceded the
admumistration of gonadotropins starting at the 15th day of the cycle The effect
of was eval d by companng the mudence of early
corpora lutea and mcidence of estrus in groups wath and without progesterone
Forty animals recenved progesterone and 26 served as controls Upon autopsy
of 36 animals 36% of treated ammals and 82% of controls showed early
corpora Of the 40 progesterone treated ammals 53% showed estrus after
superovulation 1n contrast to 15% of the 26 control animals With but one or
possibly two exceptions the ammals showing estrus did not possess early
corpora lutea In the cows producing fertilized ova 70% displayed heat with
none of these aumals showing an early corpus luteum No fertilized ova were
recovered from I3 cows possessing an early corpus luteum Progesterone
appeared to decrease the number of ova developed from gonadotropic treat
ment It should be clearly understood that the differences noted by Nichols et
al (1957) do not satisfy the criterion of statistical significance but they do
nerertheless appear to mdicate real differences and would probably have been
significant had greater numbers of ammals been employed
Progesterone has heen dtoseveral p like ds
recent years Zarrow et al (1957) d the of such
compounds by companng their activities using the Hooker-Forbes test They

m
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potnted out 1portant species differences 1n the reactivity to the compounds
tested 17 hydroxy progesterone was 60 times as potent as progesterone by
their assay using the mouse, but was not active 1 caustng progestational
activity in the human

From the work reported to date 1t 15 evident that estrus m the cow, as well
asn other species can be controlled within certain hmits Much remams to
be done regarding the imts of control of the time of estrus and ovulation and
mmproving ferulity at the first heat peniod after treatment
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PROBLEMS OF INFERTILITY
IN THE DAIRY HERD

Dr P M HINZE BS DVM
Carnation Mulk Farms Carnation Washington

It 15 the purpose of this paper to discuss some of the factors other than con
tagious disease which may alter reproduction 1n the datry cow Emphasis will
be placed on individual cow problems many of which are very famihar to the
veteninanan but which often respond unsatisfactonly to therapy and also on
munor factors which are important causes of infertility but may be overlooked
because of 1nadequate breeding records or lack of persistent observation
Much of the foll g data will be ch 1stic of the extra well cared for
herd and may not necessanly apply to the average herd Most of these prob
lems nced further study before they are fully understood and an attempt will
be made to emphasize these needs 1n the hope that 1t will stunulate further
d and d research by bers of this group

THE APPARENTLY NORMAL COW
The man problem facing the dairyman today aside from contagtous gemtal
disease 15 the cow which appears grossly normal 1p every respect yet fails to
concerve after repeated breedings to known wiable semen Diagnosing the
cause of infertility 1n these cases presents quite a problem and many of them
are diagnosed and corrected only after a method of tnal and error This of
course 15 a long and costly procedure and many cases are disposed of before
a correct d 1s made Ob ly the needs help on this

syndrome and research should be continued i this direction
Research to date indicates that 2 high percentage of cows that are having
regular heat peniods and appear grossly normal otherwise are failing to
reproduce because of a mild utenne infection of non specific ongm Fitch and
Bishop (1932) bave found that the healthy bovine uterus1s 1 general free of
bactena De Camp (1935) has reported that metritis 1s most commonly cavsed
by Streptococes Staphylococet Corynebacterum and E colt all of which are
found n the normal surroundings of the dairy herd Easley etal (1950) found

that 75% of the repeat breeding cows 1 a generalized survey had a low grade
1nfection of the uterus
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INTRA UTERINE THERAPY AT BREEDING TIME

These findings have stimulated the use of vartous intra uterine treatments
some of which have met with considerable success Todine and oil weak
Lugol s solution and Sulfamerazine and o1l were among the drugs first used
for this purpose and the mjections were made once or twice a weeh throughout
one or more complete estrous cycles with the last treatment at least 4 days
before anticipated heat It was even suggested that the anestrous phase was the
optimum time for treatment because the uterus was somewhat flaccid at this
stage and would therefore retain the medication longer Results from this
routine were only fair even after the antibiotics came tnto common usage In
the meantime the bovine uterus was found to be more susceptible to infection
duning the luteal phase or when progesterone predomnates and conversely
the uterus appears to resist infection during the heat period or when estrogens
predominate This information explains i part the inconsistent results
obtained from promiscuous 1ntra uterine therapy and 1t also opened the way
for thecurrent practice of treating the uteruswhen estrogens domnate the cycle

Van Demarh et al (1952) found that spermatozoa depostted 1n the cersix by
artifical msenunation will reach the ovanan portion of the oviducts 1n as little
as 2 5nunutes Simlar rapid transport takes place after natural breeding and
1f conception occurs 1t takes at least 4 days for the embryo to reach the
uterus from the oviducts With these facts in mund 1t appeared practical to
treat the uterus at any time from 10 munutes to 3 days following breeding
and a trial was set up on this basts Combiotic* (pentcillin-streptomycin) was
the drug of choice because of 1ts low toxicity to spermatozoa and 1ts broad
spectrum activity against the organisms commonly found 1 the bovine uterus

It was decided that 100 cows would give an accurate evaluation of this
procedure but before the records were tabulated 130 cows had been treated
Sixty five cows or 50% of the group concerved from the breeding at the time
of treatment and 31 cows or 24% of the group concerved at the next breeding
without any further treatment This made a total of 74%, conception followng
one treatment with Combiotic and these cows were bred from one to 13 tunes
with an average of 3 3 breedings prior to treatment Twenty four cows or 18%
concerved after additional therapy with Combiotic and/or other therapy
and 11 cows or 8% of this group of problem cows were finally disposed of as
sterile
Cows failing to respond to one or two treatments with Combiotic usually
would not respond to tr and would tually fall into one
of several categories Furst a few of them would concerve wathout any further
treatment 1f bred long enough Also a few of them are ovulatng too late and
may respond to a follicle stimulating hormone Fourteen cows or 25 5% of
58 cases 1n one tral concetved following the intravenous use of Gonadogen

*Pfizer Laboratonics
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carly in the heat period although they had been bred an average of 6 6 tmes
before Gonadogen therapy Another group of cows will continue to have
normal heat periods for a while and then develop cystic degeneration of the
ovaries This would suggest that a hypo functioning pituitary gland 1s pro
ducing just enough gonadotropins to sumulate a heat period but not quite
enough to round out a completely normal cycle 1n all its phases because
many of these cows will exbit a normal heat penod and concewve shortly
afier they are treated for cystic ovanes

Observations have disclosed also that a few of these apparently normal
cows may be harbourng a uterine infection that 1s not readily dtagnosable by
rectal exanunation nor by the character of the vaginal mucus at estrum and it
1s a type of nfe that ds poorly to Comb: therapy It takes the
action of several heat periods or supplemental estrogen therapy to expel a
rather small amount of thich heavy pus from the uterus and allow the endo
metrium to resume 1ts nermal function after which conception usually occurs

Intra uterine therapy at breeding time has continted to give good results in
selected cases venfying the fact that low grade utenne wfections are an 1m
portant factor in delayed conception These ﬁndmgs prompted another tral
onintra uterine med this ime diately foll g parturition

INTRA UTERINE THERAPY AT PARTURITION

One assumption 1s that most of these mixed uterine infections are mitiated
at partuntion tune or during the puerperal phase post parturmn and not after
the uterus has returned to s non gravid state If this assumption 1s correct
approprate treatment of the uterus as soon as the placenta 1s passed would
probably prevent these chronic infections and increase subsequent breeding
efficiency Therefore every female that calved over a period of about 18
months was placed consecutively in one of three groups Group 1 consisted
of the untreated controls group 2 was treated with two lg tablets of
Terramycmn and group 3 was treated with two utenine tablets composed of
Neomycin urea boric acid and sulfathiazole It was onginally planned to have
at Ieast 100 cows 1n each group however before this goal was reached 1t
became obvious that the controls or the untreated group were breeding
better than either treated group and the trial was discontinued The following
table summanizes the results of this triaf and defimtely shows that breeding

Crour ! { Grour2 { Grour 3

Notreat | Terramy | Neo-
ment cn mycin

Number of cows in trial 3 75 74

Number concetved 7 &7

Conceived at first service 4460 | 1349 4| 9 o

Conceived on first 3 breedings | 853 ns 7 O 28 o )

Breedmgs per conception 167 224 256
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efficiency 13 not enhanced by routine medication of the uterus immediately
post partum but tothe contrary conceptionis actually delayed by this practice

Hanold (1957) did a group companson between the breedings per concep-
tion for Group 1, no treatment and those for Group 2 treated with Terra
mycin, according to the method presented by Snedecor (1953) for two groups
of different sizes and found the difference to be statistically significant A
separate group comparnison was done between Group 1 no treatment and
Group 3 treated with Neomycin and the difference was highly significant Itis
difficult to understand why medication of the uterus at parturition time 1n the
normal cow should lower sut breed it when
ntra uterme treatment 1s so successful when used at or near the heat peniod
One can only assume that the antibiotics destroy beneficral orgamisms
enzymes or other factors which are necessary for the normal cleanup of the
uterus following parturition This of course does not infer that antibrotics or
other therapy should not be used following pathological parturition to prevent
septicerma

ENDOCRINE DISORDERS

Endocninologists and others worlung i the field of endocrinology have
compiled constderable information on ovanan abnormalities i the daisy cow
and advancements have been made 1n the diagnosis and treatment of these
conditions Clinically speaking however diagnosis and treatment of endo
crine disorders 1s still a major problem even for the specialist and the com
plexity of the problem 1s nat fully appreciated until accurate records are re
viewed on a large number of cases Such a review was made by Erb and
Morrison (1954) from the breeding records of a large herd of registered
Holstein cattle covering a thirty year period from 1920 to 1950 Most of this
data was compiled before gonadotropins wete in common usage and manual
mampulation of the ovanes was the main therapy

The inaidence of ovanan abnormalities and the effect of these abnormalities
on the fertihty of this herd both directly and indrectly are tabulated 1 the
following table

Cystie Short heat Herd

ovartes pertods average
Incidence 12139, 1727 , —
Breedings per conception 328 325 212
Abortions 1089 92 o 68%
Twinnng rate 93 4 77% 473%

Tlus gross summary suggests that cystic ovanes and short estrous cycles
directly delayed conception 1 29% of the cows 1n this herd at some tune
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during therr Lfettme and indirectly by increasing the abortion rate and
twinming rate above herd average The twinntng rate was largely governed by
the time of conception and the method of therapy following cystic ovaries
Unexpressed cysts resulted 1n a twinmng rate of 4 3% which was essentially
herd average whereas d cysts were p d by an d
of 113% Those conceiving within 25 days had a twinmng rate of
23 39, while cows conceiving within the first 75 days twinned at a rate of
1579 Cows concetving later than this conceived at a rate similar to herd
average

The wncrease in abortion rates following cystic ovary cases s hard to evaluate
but probably s d with the d twinning caused by cystic ovaries
and possibly from utenine infection which 1s incrimunated as one of the causes
for cystic ovaries The records from thus herd have not been summanzed as yet
10 this respect but it appears that far more cases of twins are aborted than
ever reach matunty and that for every case of visible abortion there are a
number of cases that have been passed unrecognized 1n the embryonal stage
Add these factors to the decrease tn breeding efficiency due to retained
placenta following twin births or abortions and cystic ovaries are 1ndirectly
responsible for more infertthty than first meets the eye Also cows with a
cystic hustory tend to show recurnng cysts at a rate three to four tumes that of
first offenders and the cystic ovary syndrome 15 defimitely an inhentable
character

Environment such as forced feeding and hugh conditiomng for optimpm
production plus the delay in breeding that 1s necessary for the cow to
preduce a 365 day record 1s a management practice which percentagewise
1s responsible for the majonity of cystic ovanes 1n thus herd This 1s under
standable when one realizes that the endocrine system of a lugh producing
dairy cow remains in a rather delicate balance duning heavy lactatton and the
gonadotrophic portion of the anterior pituitary gland may become hypo
functional to the extent that the gonads fail to recetve the proper stimulus to
mutiate or complete anormal estrouscycle Generally speaking each successive
heat period up to 100 days aidsin the uterus for P how
ever each estrous cycle beyond this arbitrary pomt ncreases the chance for
endocnine dysfunction and an arrest of the cycle 1n one of its phases

Another phenomenon associated with cystic ovaries ts that of post concep
tion estrus Erb and Mornson (1956) found that S 6% of all the cows studied
1n their herd survey showed one or more heat periods after they were pregnant
and that 71 3%, of them had been cystic before conception This tendency 1s
quute pronounced 1n one cow family and repeated pregnancy examinations are
Decessary to make sure that these cows are still safe in calf This phenomenon
18 of practical importance because pregnant cows may be thought to be sterile
and sent to slaughter and also because of questionable patermty when
dufferent bulls were used

N

TSR
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DIAGNOSIS OF CYSTIC OVARIFS

Cystic ovares are usually thought of as either folhicular or luteal 1n nature
depending upon their physical appearance and the way 1 which they 1fluence
the estrous cycle However, many cystic ovaries are not typically follicular or
futeal 1n appearance nor 1n the way 1n which they influence the estrous cycle
Many of these cysts show the physical charactenistics of a follicular cyst that
1s thin walled and easily ruptured yet they are no larger than a normal
Graffian follicle and they cause only a very mild polyestrus that may be easily
nussed if not carefully observed Others may be confused with a normal
embedded yellow body yet when they are ruptured there 15 no evidence of
luteal tissue present and the main clinical symptom 15 that of anestrus This
type of cyst 1s plentiful 1n the cow that has been fresh 4-10 weeks and
has not yet had a normal heat period and also 1n heifers Some of these cysts
will disappear spontancously before time to breed the cow but others will
persist for long periods unless they are treated Climical symptoms are a
slightly swollen vulva and a persistent watery discharge of mucus from the
vagina Physically both ovaries appear about the same size and can be very
easily confused with a normal ovary except there 15 a tenseness about one or
both ovares that can be recognized with experience A quick firm thrust with
the thumb while the ovary 1s held securely in the hand will usually rupture
the cyst leaving practically no substance left to the ovary If a yellow body
should be present this procedure will partially dislodge 1t producing a
crunchy or cr again r d by expenience To avoid
1njury to the ovary just the nght amount of pressure must be used Once these
cysts are ruptured the cow will usually proceed with 2 normal estrous cycle
without any further treatment

Typical follicular cysts which cause polyestrus present no diagnostic prob
lem nor does the typical tuteal cyst which 15 responsible for some cases of
anestrum therefore they will not be discussed at this time

RESPONSE TO CYSTIC OVARY THERAPY

Albrechtsen (1917) as far back as 1910 maintamed that cystic ovaries were
caused by metritis and cervicitis and that he had excellent results in curmg
cystic ovartes as well as the metritis and cervicitis merely by treating the
uterus and cervix with a strong 1odine solutton Today the use of gonade
teopins is the preferred treatment but unlike Albrechtsen s expenence i 1910,
results of today are far from excellent and there 15 a lot yet to be learned In
order to learn more about cystic ovary therapy a summary was made on 113
cows in one group that had recewved erther choronic gonadotropin or anterior
pituitary gonadotropin one Or more times as a treatment for cystic ovarles
In general the urer d were followed very carefully
Most of the cysts were ruptured manually or drained with a needle to supple

ment this treatment




Problems of Infertility i the Dairy Herd 185

Thirty seven cows or 32 5% faled to concenve following therapy and they
were treated an average of three times with several cows being treated eight
times Thirteen of these 37 cows resumed what appeared to be normat heat
periods for a while only to become cystic agan Seventy six cows or 67 5%
concenved with an average of 167 48 of which d after
one treatment The remainder of the group took up to six treatments and as
long as 667 days before conception occurred making an over all average of
121 days from untial therapy to conception Another group nvolving less
cows, was treated with a speaific brand of chonioruc gonadotropin for clinical
evaluation purposes Sixty per cent of the cows 1n this tral responded to
therapy 1n a reasonable manner and a total of 829 became pregnant eventu
ally however the time from nitial therapy to conception averaged 103 days
The fime was extensive on these trials partly because it was the custom to
breed the cow at the second or third heat pertod following gonadotropin
therapy to avoid multiple births Erb s work has since proven that multiple
births are due to the cystic ovary and not necessanly to the gonadotropin
Results are better 1f the cow 15 bred at the first heat after therapy before she
has had a chance to become cystic agam Anaphylactic reactions occurred 1
four cases following the use of chononic gonadotropin and 1n several cases
of manual rupture without hormone therapy There were no reactions
those cows treated with Vetrophin* (antenior pituitary gonadotropn)

More recent experience with this problem suggests that treatment can
become too vigorous and that many cases are retreated before they have had
time to estabhish a physiological endocrine balance thus delaying a normal
estrous pertod Also repeated treatment especially in the form of manual
rupture increases the destruction of ovarian tissue and may cause inflamma
tion of the ovanes with subsequent adhesions and permanent stentity If
treatment has to be repeated the cyst should be draned with a hypodermic
needle via the vagina

The draimng of a cystic ovary with a hypodermic peedle brings up one of
the more important advances 1n cystic ovary therapy This procedure has
several advantages over the conventional practice of manual rupture First
less damage 1s done to the ovary 1f aseptic precautions are followed and 1t
also elimunates the follicular flud from the body It 1s a personal assumption

that the rupture of a cyst into the abdominal cavaty actually injects the animal
with the same non physiological amount of hormone that 1s already altering
the estruscycle In other words 1f the estrogen level of a follicular eyst 1s high
rupture of thiscystnto the abdommal cavity will allow rapid reabsorption back
mto the blood stream and cause polyestrus all overagain and the same goes for
a luteal cyst anestrus may contmue longer sf the contents of the cyst are
allowed to be reabsorbed Records have not been summarized 1a this respect
butresultsfromcysticovary therapy appear superior when this techntque sused
* Abbott Laboratosies
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Ths technique may also open up new channels for additonal research on
ovanan secretions because 1t 15 possible to collect ovarian flwd for analysis
and 1f a simple test could be developed to determine the hormonal content of
such a cyst 1t mighit be possible to use a dosage of the proper gonadotropm
that would be physiological for each individual

SUMMARY AND CONCLUSIONS
Some of the nfertility probiems of the well cared for dairy herd have been
discussed in detail Data herein presented was gathered partly from spectfic
trials that have been conducted within this herd and partly from a review of
the breeding records over a thirty year period
Research to date indicates that a lugh percentage of the grossly normal
cows are failing to concerve because of a low grade uterine rafection In one
trial, 74%, of 130 cows conceived following one intra utenne treatment with
Combiotic given any time from ten minutes to three days after breeding and
these cows had been bred previously from one to thirteen times wath an aver
age of 3 3 breedings Twenty four cows or 18%, of the group conceived after
addittonal therapy Some were ovulating too late and responded to a follicle
stunulating hormone and some developed cystic ovaries and conceived after
a lutetmzing hormone was used Eleven cows or 8% of the group were classed
as stenile
The 1ntra uterine use of Combiotic at breeding time has continued to gnve
good results but routine use of other antibiotics 1n the uterus at partuntton
time as soon as the placenta 15 passed did not ancrease subsuquent breeding
efficiency as was assumed but to the contrary 1t actually increased the num
ber of breediags necessary for conception in the treated groups
Considerable time had been devoted to the cystic ovary syndrome because
1115 felt that this condition 1s more Sertous than 1s generally assumed especially
1 certatn herds and this 1s one field where continued research would be very
fruitful A thirty year summary on one herd disclosed a cystic incidence of
12 13% and a 17 27% incidence of short estrous cycles which according to
this survey 1s practically as important as Cystic ovaries m causing nfertibity
Gonadotropins are useful i treating cystic degeneration however 32 5% of
113 cows 1 one trial failed to conceive after an average of three treatments
Of the 67 5% that did only 639, d with one
(42 5% of the entire group treated) and the others were treated up to s
times and 1t took 667 days before conception occurred 1n one cow These
problem cases made an average time of over 100 days from mutsal therapy to
conception m the entire group and this delay 1 breeding, plus the cost of
therapy would be prohibitive 1n the average commercsal herd The tume was
extenstve 1o this trial partly because 1t was the custom to delay breeding until
the second or thurd heat penod to avoid multiple births It has since been
proven that multiple births are caused by the cyshc degeneration and not
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necessarily by the gonadotropin and this time 1s reduced by breeding the cow
at first good heat penod following therapy before she has had a chance to
relapse

The fact that a fair percentage of the cases that do respond to gonadotropic
therapy doso at one treatment would suggest that more cases should respond
if n “ere posslblc to gx\e a physmloglcal dose of the pmper hormoncs to each

I ds of d possibly by ch 1 assay of the

blood or oy an:m secretions may some day make this possible

Thus discussion of infertility 10 the dairy cow has by no means been com
plete However a big majonty of all individual cases will fall within the realm
of this discussion The remamning cases may be caused by minor endocnne
disturbances not discussed poor management heredity and anmatomical
vanations in the gemtalia With our present knowledge of the subject all cases
of infertihty cannot be corrected even when constant supervision of a herd 1s
possible However infertility work 1s most successful when each herd can be
observed at regular ntervals and treatment prescnibed at a time when 1t 15
most effective
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LOW-LEVEL ANTIBIOTIC INFUSIONS IN BOVINE
REPEAT BREEDERS

E M Saccur* E B Smrmifand ¥ H Towrst

INTRODUCTION
AN EXTENSIVE review of the evaluation of uterine infusions for the treatment
of bovine infertility amenable to this type of therapy has been published by
Roberts (1956) who also reported his experience with various agents from
1944 to 1953 Usually problem ammals were infused when not n heat Ifa
repeat breeder was freated at the time of estrum she was not usually 1n

seminated at that ume apparently because it was felt that semen viability
would be tmpatred by the type of infusion employed or perhaps because of
extenstve conception impatring uterine pathology

In additionto repeat breeders sh g obvious evid of end: 14
or other genital complications there are many which do not concerve but for
which there 1s no apparent reason for continuous fatlure In recent years the
terms low grade or non specific metritts have been more frequently em
ployed 1o sigmify a cond of the end rium due to bac
tenal populations which would apparently preclude conception or at least
lower fertility presumably by creating an unfavorable environment for the
fertihized ovum Even more recently it has been theorized that mild undiag
nosable metrtis might be 1n part responsible for carly embrvomnic death or for
the degeneration and subsequent absorption of the embryo The present
1nvestigatton deals mainly with cases 1n this category

It was felt that 1n repeat breeders showing no gross pathology the
application of a low level antibiottc infuston might overcome unfayourable
uterine conditions and permit pregnancy to occur without Ioss of a cycle

MATERIAIS AND METHODS
Among substances tested for compatibility with sperm one was chosen
because of its broad antimicrobial spectrum and because solutions m sterile
distilled water have a pH range from 6 3t0 6 7 This substance 1s a calcium-~

* In charge Large Amumal Vetcninary Research, Chas Pfizer & Co Inc Terre Haute

Indiana
+ Vetermary Practitioner Cl@mon New York

{ Vetennary P hs Summit,
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oxytetracyclhne*-glucose complex The amount used for each treatment was
equivalent to 100 mg of oxytetracycline bio actvity The volume of solution
was most often 10 m® but ranged from 5 m® to 20 m® Infusions were admis
tered by means of a 10 m® synnge through the same plastic cannula
used for the insermnation No special adapter was found necessary as a
small wad of cotton tmpaled on the needle seemed to furmsh a satisfactory
scal

The antibiotic infuston was applied to dawry herds in Indiana New York
Pennsylvamia and Illinois In the Indiana tnal there were 4 untreated
controls and eight to which the infuston was admumstered within seconds
after inserunation In the New York tnal there was a single group of
94 repeat breeders which served as their own controls being compared ona
‘basts of their conception records before and after the infusion program These
ammals also were treated within seconds after artificial insemination Oane
group studied 1n the Penasylvama tnal compnised 18 repeat breeders
with no evidence of pathology The second group comprised mineteen repeat
breeders 1n which there was 1rregular heat metntis or enlarged cervix In
fusions were admumustered two to 24 hours post insemination The companison
1 this tnal also was on a basis of conception hustory before and after the
douching program

Dr W G Huber Cissna Park and Dr R P Link of the University of
llinois conducted the trials 1n that state Their complete results will be
reported elsewhere but they have kindly permutted mention of their imttal
data from two groups One of these numbering 24 repeat breeders without
obvious pathology teceived the anttbiotic tnfusion 24-72 hours post
semunation The other group numbered 28 ammals for which pre treatment
breeding records were mot available but which were affected 1n vanous
degrees by acute or chromic metntis and/for cervicttis These cows were given
the antibiotic 1nfusion 30 to 45 days post partum and insemination was per
formed the first or second estrum after medication For both groups compart
sons of conception rates before and after infusion were made

‘When the infusion was used immeduately after artificial insemunation the
semen was deposited with routine equpment as high as possible 1n the uterine
cavity The msemination cannula was then withdrawn a few centimeters and
the infusion placed at the cervical region of the uterus No effort was
made to distribute the medication as 1t was determined from study of the
uteripe mucosa of a cow killed twelve hours after infusion that shortly after
admnsstration the antibiotic was umformly well dispersed within the uterine
body and the two horns When usmg the infusion at any time during the
24 hours preceding or the 24 hours followsng msemnation or during the so
called breeding rest  the solution was deposited wath the same equipment
and the same technique as any other uterine medication would be apphed

* Trade mark of Chas Pfizer & Co Inc for oxytetracyclne s Terramycin
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RESULTS

The results are presented in Table I It will be observed that 1n the Indiana
tnals all of the animals to which the infusion was adminstered wathin seconds
after insemnation concerved with eleven services or1 37 peranimal Of the four
control ammals after thirteen services or 3 25 per animal only one concerved

In the New York tnial the previous breeding records showed that 327 ser
vices had been given unsuccessfully to the group of 94 an average of 344
services per cow After infusion a 669% conception rate was obtained with a
total of 94 services An effort was made 1n this trial to exclude from this
experiment any animals with apparent anatomic abnormalities obvious
wwregulanity of cycle or other physiological dysfunction

in the Pennsylvania trials the group of 9 repeat breeders without evidence
of pathology had recetved prior to infusion 3 37 services per amimal without
occurrence of conception 1n any After infusion a single service per ammal
resulted 1n pregnancy i 78 9% The group of 18 with irregular heat enlarged
cervix or metritts had achieved no pregnancies prior to infusion although 3 44
services had been given per animal Subsequent to infuston a single service per
ammal resulted in a conception rate of 50%, In the Illmois trials among the
repeat breeders without obvious evidence of pathology there had been 3 21
insemunations per amimal prior to mnfusion but without success After nfusion
all animals conceived after 124 services per anmmal Among the 28 with
pathology of the cervix or uterus the breeding record prior to infusion was
not known at the time of this report All animals became pregnant despite
the existence of pathology with 1 21 services per cow after infusion 30 to 45
days post partum

The statistical method of Chi square for attribute data (Snedecor 1956) was

applied to evaluate significance These calculations showed that tn all com
mn P rate foll t fusion

panisons the mmpr
was significant to a degree of 95% or greater on the basis of the number of
anumals per group Such calculations could not be apphied to the Illinots group
for which previous reproductive performance had not been recorded

DISCUSSION AND SUMMARY

Infusions of relatively small volume prepared by dissolung i sterile
neutral distilled water an amount of cal ytetracycline-gl complex
having a bto activity of 100 mg of oxytetracychine hydrochlornde were applied
at or near 10n or during breeding rest to known repeat breeders
Significantly higher rates of conception occurred 1n all groups following the
use of the antibiotic infusion In some groups there was 100% conception from
approximately 12 services per animal following the use of this infusion
whereas there had been no conception before treatment from a larger number

of services per animal
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In the New York tnal with 94 cows, the 669, conception rate obtained
with one service per ammal when the infusion was given 3 few seconds
post insemination shows that the antibiotic, applied according to the pro
cedure outlined 15 compatible with semen and uterine phystology of estrum
and may be used within seconds after insemuination However, 1n the Ilnos
and Pennsylvama trials, 1n which the infusion was admumstered after a
lapse of time there was a higher conception rate indicating that a delay of
hours or possibly minutes between insemination and 1ofusion may be
desirable

The anuobiotic infusion afso appears to be an aid to conception by cows
with acute or chronic nonspecific metnitts andfor cervicttis This 1 shown by
the 1linois group with unrecorded pre douche breeding records These all
concetved with an average of 1 21 services after infusion during breeding rest

It 1s suggested that the ligher percentages of successful nidation achieved
following the 1nfusion was probably because of suppression of existing
although undragnosable bacterial populations on or within the endometrium
of the bovine repeat breeder
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THE PRESENT STATUS OF THERAPY IN
ANIMAL INFERTILITY

HJ Hi,pvM
Department of Chnics and Surgery
Colorado State Unnersuty

StaTisTICS show that a cow produces an average of 3 5 fecundated ovules
which will produce 2 § hiving calves although we hnow there are about 80 000
possible ovules 1n the ovary of a heifer  These alarming figures quoted by
Philodore Choguette (1956) at the recent annual meeting of the Canadian
Veterinary Medical Association pomts out the stniking wastage i amimal
reproduction There are many factors which contnibute to this situation some
of which yield to therapy but many of which resist tenactously all attempts to
correct the canse Needless to say infertility in anmals 1s a vitally important
1ssue 1n the economy of the human race

In developing the theme of this paper 1t1s necessary to present information
relative to therapy resulting from experiences 1n the treatment of sub-fertile
animals which have been accumulated and reported incident to the practice
of veterinary medicine One must concede immediately that there are some
patterns of treatment the vahidity of which cannot be proven conclusively by
the standards which are set up for formal research Some styles of therapy do
not lend themselves to controlled experimental procedures either by virtue
of the fact that 1t 1s impossible to set up valid controls because of the physio
logical variables mnvolved or the of the at hand Tud
such a well orgamized program The purpose of this review 1s to record the
present status of therapy 1n animal mfertility based on both exacting scientific
data and reltable clinical reports

Specific reproductive diseases (such as trichomomasis vibnosis brucel
losis wiral catarrhal vagiutis coital exanthema contagtous granular vul

ginutis) and the bactertal wadent to partuniion
are usually a herd problem and can be handled with a satisfactory degree of suc
cess by what we should refer to as  therapeutic management  and the use of
antibiotics sulphonamdes and/or specific drugs known to be effective against
the specific disease Modifi of herd alone will often improve
breeding efficiency particularly in herds using an artifictal breeding program

The more troublesome 1nfertility problems lie withun the realm of nutntion

physiology and endocrinology pt will be d: dun thus paper




194 H J HL

The meidence of mfertility in male ammals, particularly n the bovine species
has become more obvious to us through the years of expanding artificta
breeding services To date howener, the treatment of these ansmals has bez:
disappointing  Except for sporadic reports n the hterature from researc]
worhers and veterinanans there are no repeatable successful treatment sched
ules for stenile or sub fertile males

Over the past five years we have had the opportumty to study m detail 1
sub fertile bulls of both the dairy and beef breeds, presented with suffictently
accurate lustorzes and rehiable data to justify critical research as to cause and
possible correction (Gassner 1955) These bulls exhibited fairly normal sex
dnve but produced abnormal semen showing etther oligospermia or azoo
spermia Tt with vanous 1 gonadotrophin preparattons
steroids thyro active agents and combinations thereof for intermittent periods
ranging from 2 to 12 months yielded discouraging results Of this group 3
bulls were returned to scrvice as breeding bulls The remamng 7 did not
respond although 1 asmmal who had never sired 2 calf was maintaned at
the research station for more than 2 years The three that were returned to
service were treated with several sertes of special gonadotrophin preparations
one containing follicle shmulating fraction and another luteiizing fraction
given 1m vanous b and ! d with testosterone

Darlington and Chassel (1956) reported the use of tocopherol succinate
to increase ibido and sumulate sperm production in the stalion Oral admims
tration of 1000 umts of this compound daily during the breeding season has
resulted in marked improvement in sex dnve and capacity to cover mares
quickly as well as increased sperm concentration and motility 1n a quarier
horse stallion under care of the author Withdrawal of the medscune causes
recession of sexual activity within a week to 10 davs

The effectivencss of testosterone or other androgens on spermatogenesis
when mven alone 1s so vanable that they cannot be classed as a successful
therapeutic agent for conditions other than decreased sex drive

Receutly the use of Predmisol (31 hyd tisone) on arthrtic
bulls has brought to hight an increased sperm concentration and lends support
to the work of Cupps ef al (1955) who have mndicated that the adrenal cortex
1s sometimes mnvolved in sterility of cattle

Therapy 1 the future may consist of various combimations of steroids and
gonadotrophins and even corticoids (Rasbech 1953) as more mformation
becomes avalable to the climcian through research

Many beef bulls presented to the sterility clnuc are valuable show stock
carrymg excessive flesh put on during a bfettme of supra natural feeding con
ditions Thyrowd therapy stmulation either through tajections of thyroxin of
by feeding thyroprotein (todinated casemn) 1s as effective a treatment as any
providing that the obesity has something fo do with the lowered ferihity

(Schultze and Davis 1946 Maqgsood 1951 Rasbech, 1953)
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Exeraise 1s certainly ndicated 1if only from the standpomt of improving
general health ind  hardening  of the bull for the physical demand during
the breeding season It 1s true that Little or no effect on semen quality has been
demonstrated under carefully planned expeniments (Lepard et al 1941
Snyder and Ralston 1955 VanDemark ef al 1956) but many workers have
mdicated that exercise 1s necessary for certain bulls (Woodward 1920
Bartlett and Perry, 1939 Hamulton and Symungton 1939 Hander 1955)

It 15 evident from results accumulated by vetermarians working on the
Colorado Bull Evaluation program (Faulkner and Hill 1956 1957) that testic
ular bypoplasm may be of greater incidence 1 range bulls than heretofore

to or sp recosvery 1s d dent upon
the degxee of degeneration and the basic cause Improvement rarely occurs
overa period of from 6 months to a year

It may be said currently relative to the treatment of the mnfertile male that
no single therapy nor complex pattern of therapy 1s truly effective In spite of
the spontaneous recovery of some males subjected to rather empirical treat
ment we need considerable more information on basic phystology of repro
duction before d d can be developed which will pomt the
way to successful treatment

The role of nutnhion stll presents a confusing picture It 15 well established
that most nutritional problems involve multiple deficiencies (Asdell 1949)
and for the most part clinical other than d
become apparent first Animals are most vulnerable to nutritional deficiency
effects during the growth period (Asdell 1949 Hammond 1952 Reid
1957) Hammond (1952) propounds that young animals on a high plain of
nutntion develop target organ sensibility earlier so that the various organs
respond to hormones earlier in e

The chinician 1s often required to decide whether or not a given male of a
certain species or breed found to be sub fertile or reproductively mefficient 1s
yet sexually mature Expenences 1n evaluating semen of great numbers of
Young bulls presented at random indicates that bulls mature over a consider
able range of ages (Faulkner and Hill 1956 1957) Some possess sexual
desire and physical attributes as well as mature semen as early as 11 or 12
months of age while others may not reach sexual maturity until 24 to 28
months of age It 1s questionable whether one can say that a bull 1s sexually
mature and ready to serve a normal sized harem without a critical evaluation
of the entire reproductive system including several semen samples Pethaps
some of the infertility in later ife results from overwork because of the assump
tion on our part that if a bull 1s a year old he must fall wathin the sexually
mature class Hs plane of nutntion duning development may well account for
this tardy matunty

Phosphorus defi has been incr d mn the sterility
pcture (Asdell 1949 ngnen and Hignett 1951 Hignett 1956) usually
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manifested by anestrous delayed heat periods an above average incidence of
so called silent heats and prolonged nterval between calving and the first
estrous period Hammond (1952) suggests that phosphate deficiency inhibuts
the production of pitwtary FSH and the situation can be brought about by
low level phosphorus mtake in the ration or by a deficiency m the souls upon
which the feeds are grown, or through the effects of heavy lactation 1n spite of
a seemingly plentiful supply Blood serum levels of 2-8 mg/100 cm?® are con
sidered normal for most domestic animals (Duhes 1955) Cattle should re
cetve about 15 g of phosphorus per day plus an additional 3 g for lactating
cows (Ldds er al 1952) Hignett of England (1956) recommends 50 g plus
20 g for each gallon mulk daily

The ratio of dietary calctum to phosphorus infl the reprod
efficiency of cattle Hignett (1951 1956) states that where the calcium (Ca)
exceeds the phosphorus (P 205) amumals concerve most readily The optimum
ration approaches 1 5~1 Normal blood serum values for calctum in ammals
range between 9 and 15 mg per 100 em® (Dukes 1955)

Bentley and Phillips (1951) have pointed out that a ration contarung less
than20p pm of manganese mught affect heat periods and conception rates

Other trace munerals such as iron cobalt iodine efc may exert hidden
effects thus warranting therapeutic use of trace minerals mn certan herd
problems

Awvitaminosis A apparently does not cause distortion of heat cycles
although the number of services required for conception may be more than
average Weak calves calves born dead and retained membranes are common
symp In most ymp of weakness might blindness rough
hair coat anorexia and even prostration occur 1t mature males before semen
quality and fertilizing capacity are impaired  Young males are more vulner
able to vitamin A defictency and may mature later than normal for the breed,
or fail to serve females shortly after first sexual activity Semen from such buls
1s hugher thin normal pH (normal reaches about 6 7) and does not store well
(Sutton ez al 1940 Davis and Madsen 1941 Thorperal 1942 Erbetal
1944 Hodgsonetal 1946 Madsenetal 1948 Asdell 1949)

Vitamin A given at the rate of 3000 I U /100 Ib body weight untl serum
values equal 20-100 pg/100 cm3 should be an adequate supply A therapeutic
level of carotene 1s about 30-50 mg per day until blood serum Ievels reach
60-80 g/100 cm® Response of males so myured reproductively s dependent
upon the age at which the deficiency became destructive and severity of de
generative processes at the time therapy 1s instigated Response in the female
1s apparently much quicker and easicr to measure

vitamun E apparently 1s of value in the single stomach ammals however
since research worhers have shown that this vitamun s synthesized 1n the
rumen (Gullickson ef af 1944) 1ts use 1n cattle 1s a highly controversial sub
ject There 13 considerable clinical data supporting the value of wheat germ
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oil wheat embryos sprouted oats and tocopherols given orally or mjected
and 1n the everyday treatment of mfertility one cannot disregard the many
actual case histories where such therapy has brought about improved breeding
efficiency
We cannot leave the subject of nutntion and infertihity without bniagmg up
the subject of degree of obesity Asdell (1949) proposes that the tendency to
fatten readily 1s indicative of an endocrine imbalance which may also affect
fertiity Hammond (1952) notes the fact that Samuels reports testosterone as
soluble 1n fat and intimates that this may be a reason for low sex dme and
marginal reproductive performance of fat males We must consider the effects
of accumulations of fat in the neck of the scrotum covenng the eprdidynus and
proximal pole of the testicle acting as an insulation and thus decreasing normal
function of the gonads Fatty deposits 1n the substance of the ovanes and 1
the penovanan tissue adversely affects the physiological function of the motile
bursa duning the process of ovalation Mecharucal pressure on the delicate
utenne tube may be a factor We cannot say that fat sterile cows are stenle
because they are fat but we must concede that excessive fatness when the
deposits are found to be modifying the anatomy or physiological function of
the sex organs 15 certainly a cause for infertihty
Dietary changes must be presciibed and exercise advocated to reduce the
total weight 1n fatness of the animal over a period of time The so-called let
down should cover 4-6 months depending upon the reaction of the aimal
Thyroxninjected or thyroprotein given orally 1s often ndicated
Considenng the information available today relative to nutnition and nfer
tility 1t ts obvious that careful scrutiny of the diet and food element intake
should be an part of every of herd infertslity problems
Even though the cause 1s later found to be a specific bactenal protozoan or
viralinfection the status of nutrstion of the herd should be assessed and modi
fied whenever necessary
Endocnines as related to the treatment of infertihty have always been
looked at sceptically by research workers because of the difficulty encountered
in setng up any type of treatment schedule supported by adequate controls
The very nature of endocrines acting as catalysts 1n a very complex metabolic
system confuses the symptomatology However there are sufficient data
from both research and clintcal workers to support the contention that endo-
crines do have a role n the successful treatment of nfertility of amumals
Tt 15 becoming more evident that the sequence of mfluences of vanious hor~
mones 1 the female reproductive cycle fall one upon the other in very rapid
each il d exerting its fl; within
arelatively short penod One vanable in the success of endocrine treatments in
the hands of vanous practitioners 1s related to tming of the wjection relative
to the phase of the cycle Hanscl and Trimberger (1952) showed that the
wgection of progesterone 4-5 hours before estrus reduced the average
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length of the estrous penod almost 4 hours while the same injection, if ghen
more than 2 hours after the begmning of estrus, had no effect upon the
ovulation time Uren (1954) states that if PMS 1s given 1n the presence of a
corpus luteum multiple follicles desvelop with a tendency toward a cystic con
ditton whereas if the PMS 1s adminustered 1n the absence of luteal tissue the
ovary often produces a normal, single follicle Black ef af (1953) hase
indicated that forced ovulation dunng the luteal phase mvanably results
m Jow fertility Berliner (1951) has pointed out that estrogens admustered 1
the early part of a heat penod can be effective 1n improving follicular develop
ment and ovulation whule estrogens given 1n the last part of the heat period
haye little or no effect upon ovulahion Such information plus practical ex
penence, has led the author to propose this theory relative to treatment with
endocrines for teaching purposes or as a thumb rule to assist practigroners
m determiming when and how much of an endocrine to inject
Let us assume for a moment that the phases of the estrous cycle are the
paddles of an old water wheel Each of the twenty one spokes of the wheel
represents a day of a normal 21 day cycle The hormone or hormones 1n
fluenttal during each phase of the cycle are identified with each spoke Turning
at a constant speed then the spokes would pass a given pomt on the circum
ference of the wheel at regular ntervals of time until a revolution or cycle s
completed
The dnve shaft brings about the changes 1n the cellular structure of the re
productne system manifested by follicular maturation the escalator action of
the myometrium and utenne tubes ovulation fertihization movement of
embryo to the mdatory bed and so on through the necessary stages comcident
with and related to the development of a zygote
Now 1f the revolution were stowed down at any tume or it took longer
(delayed heats) for the spokes representing any given phase to pass the point
then an effect would be brought about 1n the cellular structures mentioncd
above Rotation at a faster than normal speed (polyestrus) would also have an
effect If thus deviation from the normal were severe enough the result mught
benfertility or non conception or embryonal death And even f the number
of days within each cycle were normal perhaps the effect on the drive shaft
1s not optimum we could say  the clutch s shpping
The logical treatment would them be to push on a spoke with the proper
hormone to regulate the revolving wheel Regardless of which spoke we push
(£ we use the mfluential hormone for that peniod of the cycle the whole wheel
will be affected For example 1f we were to give the spoke of proestrum a push
by ngecting FSH. the most 1nfluential hormone of that period we would affect
all the other phases of the cycle as the wheel revolved If we gave progesterone
at the proper tume we would affect all the other phases of the cycle as the
wheel passed through them It would follow then that the cellular structures
mfuenced by each phase would also be affected the final result bemng a more
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suitable environment for the vanious phenomena invohved m the process of
reproduction

This would not agree with the theory advanced that an ammal exhibiting
regular heat periods could not be deficient 1n any endocnne (Reece 1954)
Sucha theory 1n the author s expenience does not hold true Mamfestation of
clinical heat does not mean that the wheel will follow through each phase with
out floundenng a single step of the way Therapy should be designed to adjust
this balance to that most beneficial to the animal

Casida et al  (1943) Marden (1952) Black er al (1953) have all shown
that ovulation can be brought about by administenng vartous dosages and
combinations of gonadotrophins Several reports of practical application of
this information ndicate that gonadotrophins are of value in the practical
treatment of infertibty (Cameron 1942 Bilizergl 1944 Biltz, 1944 Lubin
1946 Hancock 1947 Rasbech 1953 Hill 1954) Lutemnizing hormone 1s
used to correct all degrees of polyestrus including nymphomama This
bormore usually denved from pregnant women s unne 1s given at the ime
of exapunation of the ammal and may or may not be accompamed by
manual rupture or vaginal dramage of the cyst Glandular extracts assayed
as having an excess luteimzng hormone are effective also Craige (1954)
advances the theory that hugher blood progesterone levels are required to
suppress FSH than to suppress LH Accordingly cystic ovares may result
when the blood level of progesterone is high enough to suppress LH but not
FSH thus allowing mtermedsate follicles to enlarge but ovulation 1s deterred
because of lack of LH 500 mg of Reposttol progesterone 1s thus recom
mended as a corrective agent 1 cystic ovanes manifested by degrees of
polyestrus

Crtically involved 1n the complex process of ovulation LH 1s also given
duning the latter part of the heat penod to force ovulation Because of 1ts con
tamination with LTH the hormone the secretion of
habitual abortion 1n animals may be treated by a seres of mjections at weekly
mtervals until the 4th or 5th month of gestation

The FSH usually denved from pregnant mares serum is most effectine
when used during proestrus or very early estrus (Lubin 1946 Hill 1954) to
improve the environment of the developmg follicle Apparently its penod of
mfluence 1s bmited to that phase of the cycle when luteal tssue has ceased to
function but before the heat peniod has advanced Cows should be examined
carefully about the 16th or 17th day of the cycle for absence of luteal tissue
before administration of the drug if optimum results are to be obtaned It
may be used to mduce estrus 1n antmals having inactive or nfantile ovanes
1n both the mare and the cow (Cameron 1942)

Low potency estrogens admunmstered early in the heat penod to supplement
the endogenous estrogen of the developing follicles has been advocated as
effective therapy (Berhner 1951)

o
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More recently progesterone has been given attention 1n the role of mfer
ity wnd has been mjected duning the heat period to affect ovulation (Herrick
1953 Dawson 1954 Wiltbank czal 1956)

It 15 evident that the end result of any of the above treatments 1s (o correct
an imbalance or to re adjust the quantity of the various hormones involved m

follicular genests and ovulation With reference to the theory of the water
wheel advanced above timing of the mjection determines the success Use of
any one of the four basic hormones mentioned ultimately changes the values
of one hormone i relationship to another and therefore modifies the target
organ tissues of all the phases of the heat cycle Scrutiny of all the reports of
chinical use of hormones indicates that any one of the several will result 1
practically the same degree of success of given at the proper ime 1n the cycle
and 1n physiological doses Approximately 60-65% of those cases treated
will concerve on one or two breedings after treatment

Thyroxine njections 1n large ammals are of course econonucally impractt
cal except 1n special cases However the administration of 1odides such as Hi
amme has been reported as beneficral (Baker 1953) Considening the many
physiological benefits of 10dides themselves plus the effect on thyroid activity
this therapy seems logical (Mason 1948)

Treatment of the anestrous cow 1s determined by accurate diagnosis since
all must agree that the most common cause of anestrous is pregnancy

Confining this discussion to those eticlogical factors for anestrous which
are not nfe we must der the basic glandular failure as occurring m
the prtuttary Replacement therapy m the form of FSH (rarcly LH or com
binations or both) will produce estrus 1n those amimals having ovanan tissue
receptive to stimulation by the gonadotrophins In the case of retained actne
luteal tissue or a static condition of the cycle due to the presence of a corpus
luteum active over a long period of time but now non functiomng we must
resort to stimulation of the pitwitary Estrogenic compounds are here 1ndi
cated

Here again we arc applymng the theory advanced above that regardless of
which spoke we push we are assuming that each other spoke 1n the wheel will
turn also In one instance we are pushing the gonadal wheel by injecting
gonadotrophins and 1n the other casc we are pushing the pituitary spoke by
mjectng sterrods The ultimate effect 1s the same

There 1s evidence to support the belief that natural estrogens are more likely
to produce an ovulatory hett than synthetic estrogen (Rasbech 1953) How
ever from the practical point of view 1t 1s advisable to have the animal bred
on the heat period following the 1nduced estrus for although a few ammals
conceive on the artifictally produced heat the percentage 1s not high enough
to warrant the added expense of the extra professional call (Gibbons 1951

Easterbrooks 1952)
Enucleation of the corpus Juteum as a treatment for mnfertility in cattle 1s a
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controversial subject It 15 apparent that the current condition of the corpus
luteum as 1t 1s embedded 1n the ovanan stroma at the fime of examnation
should dictate the procedure used Jakobsen (1956) reports no adverse effect
of 2746 enucleations of the corpus luteum periodicum removed on the tenth
to twelfth day following a normal heat period Such a corpus futeum can be
removed quite readily 1n 1ts entirety by exerting a shight pressure on the luteal
tissue (not on the ovanan stroma) along the line of demarkation Howeser
those corpora Jutea which have been present for considerable periods of ime
(post parturient retatned C L) often are covered by a thick fibrous capsule
and are palpated as a smooth elevation protruding above the normal contour
of the ovary Other corpora Iutea are large and irregular and gne the impres
ston of being fibrous 1n nature Attempted enucleation of these fibrous deeply
1mbedded corpora lutea often results 1 shredding or splitting remnants re
mammngmn the cavity Such structures should not be enucleated manually under
any conditions Hemorrhage and fibrous adhestons of bursa and pen ovanan
tissue blood leaking 1nto the utenne tubes and eventual immobilization of
the fimbna and ovary and possibly portions of the utenne tube may result
(Hill 1956 Moberg, 1956) It 1s not contested that enucleation of the corpus
luteum 1s an effective therapy The incidence of success 1n treating anestrus 15
as lugh as any other known technique and the of s fol
lowing enucleation of the corpus {uteumt perodicum 1s as high as with any
therapy known Judicial practice of enucleation of the corpus Iuteum may be
condoned however the effectiveness of long acting estrogens such as ECP
and Rep type des the necessity for expressing every
corpus luteum which 15 incnmnated 1n anestrus or repeat breeder cows

Utenne distention with wanm sterile PSS s reported as a treatment for
anestrus 1n the mare although 1t 1s of little value in other ammals (Roberts
1956)

Hays and Carlevaro (1956) report a respectable degree of success 1n treat
ing anestrus cows with electrical sumulation the estrus occurmnng 1-7 days
after sumulation and a corpus Juteum formung in each case This therapy
should be imestigated more extensnely as the theory has been applied for
centyries 11 the form of massage per rectum and is still advocated by many
veteran stenility experts

The incidence of embryonal death 1s alarmungly high 1n cattle (Tanabe and
Casida 1949 Casida 1953 Tanabe and Almguist 1953, Hawk ef al  1955)
Thus phenomenon which usually 1s manifested by one or more normal pre
service cycles and then return to estrus at prolonged mntervals of time after
service to a known fertile sire 1s the most annoying abrormality of antmal
reproduction Apparently it occurs 1n all mammals including humans The
causes advanced are many and of course, physiological finction from matu
ration of the ova i the female maturation of the sperm 1n the male union of
the two gametes to produce the zygote cl ge and devel of the zygote
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as refated to 1ts inherent actiuity plus the environmental effects which the
young embryo 1s subjected to during 1ts early Iife prior to permanent attach
ment of the placenta present many stages where the embry o 1s vulnerable and
may succumb Treatments prescribed include bactertocidal agents endocrne
dretary and systems of mating

In the light of present day knowledge treatments for embryonal death
would probably be most effective 1n this order First, infuston of the uterus
with antibrotics  secondly, endocrine replacement therapy 1n the form of
i hormone adi ed during late estrus dunng metestrus and
continued 1nto diestrus to strengthen the corpus luteum and stimulate its
function to a higher degree untdl placental function 1s adequate to hold the
pregnancy Progesterone given at weekly ntervals after conception has oc
curred 15 also of value (Woelffer 1951 Hernich 1953 Craige 1954) Thirdly
correction of adverse dietary factors and fourth changing the sire used

From the wealth of information obtained, probably the greatest single canse
of death of the embryo 1n ammals 1s a low grade infection of the uterns com
monly called end 1tis This pathol, ! d 1s dufficult to diag
positively since there are no abnormal discharges noticeable Sometunes there
15 a slight abnormality 1n tone and resilience of the uterus during estrus which
can be detected rectally Bactenal culture of the endometnum may reveal any
one of several of the common pathogenic organtsms The ovarian cycle 1s not
modified

Intrauterine mjections of antibiotics have been reported by many workers
{Woelffer 1951 Chambers 1952 Fincher 1952 Lindley 1954 Sacchietal
1957 Roberts 1956 Hienze 1957) with a vanation 1n time of mnfusion rela
tive to tiume of service Injection just prior to breeding  15-30 munutes after
aservice 6-12 hours post service or infusion on one heat pertod with ser
vice on the following heat are all of value Recently Sacchi et al (1957)
reported enviable success with low level antibotic 1sotonic douches of
caltium-oxy ychne*—glucose lex injected through the same instru
ment used to inseminate the cow smmeduately after the semen was expelled

Hienze (1957) reports that routine intrautenne treatment of parturient cows
with antibiotic boluses did not improve breeding efficiency but n fact the
ammals so treated required more services per conception than untreated con
trols

The volume of sterile water or physioclogical salt solution or sulfonamide
solutron used as a vehucle apparently 1s not cnitical but 10-25 cm® s sufficient
Evidence 15 available to pont up the fact that semen from certain bulls partic
ularly low brecding efficiency bulls when used on cows for first service may
adversely effect conception when semen from different bulls 1s used on repeat
services (Chnstian et al 1951 Flerchinger and Erb 1953 Hawketal 1955)

and ammal husband; have often reported that

# Trade mark of Chas Pfizer and Co Inc Terramycin

Vetennanans
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mating a shy breeding cow to a bull of another breed resulted 1n conception
however careful study of the phenomenon (Christianera/ 1951 Corleyetal
1952) reveals that 1t 1s not cross breeding per se which 1s beneficial but that
there 1s usually a difference 1n bull fertility or the successful conception 1s due
1 of this bility factor d above

The effectiveness of treatment of infertility in ammals and humans ahke 1s
severely inhibited because of our inad hods of d. Our
adequate methods of diagnosis often hinge upon our meager knowledge of the
over all complex ph of reproductive physiology 1n either the male or
female It scems evident now from the great store of mformation available
that there 1s no single panacea for the problem of infertility but that successful
therapy must include all the facets of influence Our therapeutic instruments
can advance only as rapidly as our knowledge of the subject Investigations
must on the 1nfl of pituitary-gonadal rel 3 we must
unveil the secrets of the other glands such as the adrenal the thyroid and per
haps the uterus 1tself as 2 gland and their influence on reproduction Combi
nations of hormones mixture of drugs and/or dietary factors as therapeutic
measures should recerve careful consideration

Although we do have a himtted ar tum the effect;
of which 1s dependent upon expenence 1n diagnosis our greatest need 15 1o
find practical workable methods of detecting the site and/or cause of the
pathology which can be applied 1n the everyday stenlity practice
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CLASSIFICATION OF MALE HYPOGONADISM

HENRYR. NOWAROWSKI
From the 2 Medical Chimc (Prof Dr A Jores)
Unnersity of Hamburg Germany

THE first attempts to classify the vanous forms of male hypogonadism were
made1n U S A Heller and Nelson (1948} and Howard et al (1950) used the
gonadotrophin excretion 1n the urmne as base for thewr classification whie
Albert et al (1953) believed that morphological cntena would be the best
way for exact and cl; of lar disorders How

ever we still do not yet possess a rehable and all-embracing classification of
every type of male hypogonadism The reason for this 1s that 2 varety of
potential factors are responsible for the final chmeal picture The most 1m

portant of the ¢are

Thefact thatthe male gonad b yand incretory
hich can be d sep. 1y and independent].

The intensity of the damage can vary from an only shght to a very con

siderable one

The disorder or lesion may start in pre or post puberal time

The site of the defect may be located 1 the testicle atself or in other

organs ¢ g m the pituitary the hypothalamus the adrenal cortex and

elsewhere

[N}

W

To classify the vanous forms of testicular disorders the clinician uses may
drverse chmeal and laboratory cnteria Of the latter may be mentioned only
the pical and ch 1 of the ejaculate the
biopsy d of d huins and dhormone bol,

n the urme In discussmng the classification it seems important to recognize
the value of the various laboratory methods but also first of all to review the
cnterta of normal testicular function

At the first chiucal examination it 15 smporiant to note the size and con
sistency of the testicles although a normal finding does not mdicate that they
are functioning adequately This point needs emphasts because 1t happens
sometimes that for example the success of an orchidopexte has been con
sidered only with regard to a normal position and the postoperative size and
consistency of the gonads This conclusion 1s erroneous however since an
exact analysis of the ejaculate of op ly treated cry hids may show
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severe defects in spermatogenesis (Hansen 1946 1949) For a long time the
microscopical 10n of the ejaculate has played the most decisive role
in the diagnosts of normal or defective testicular function Indeed a changen
the sperm number and quality gives good information concerning the func-
tional state of the tubules although such finding naturally does not exclude
the possibility of pathological changes n efferent seminal ducts A pormal
count 1s assumed when over 60 mill sperms per ml with 70-85% normal forms
are found The percentage of mobile sperms varies from 50-90% the average
being approximately 70% Based on 2 critical analysis of 536 ejaculates of
normal males Simmons (1947) has shown however that even 1 cases with
sperm counts over 100 mill about 30% may be found wath pathological forms
and nsufficient motility Below 60 mull the quality of the ejaculate progres
sively dechines In spite of all the criicism one can raise against normal
values of sperm counts m the human one cannot deny the fact that the
spermrogram reflects precisely the functional condition of the tubules From
this we conclude that the microscopical analysis of the ejaculate 1s really the
most relable criterion of tubular funcuon Cases with pathological changes 1n
efferent suminal ducts resulting 1n lowenng of the sperm number can be ex
cluded by testicular biopsy
"The next question 1s how to obtatn objective critena about the Leydsg cell
function 1¢ about the production of testosterone presents a much more diffi
cult prob} Normal develop of sex ct and normal size con
sistency and secretion of the accessory sex glands are undoubtedly very useful
criteria It must be keptin mind however that the secondary sex characteris
tics once developed become relatively ndependent of the circulating testicular
hormone as shown by the experience 1n late castrates A somewhat more
sensitive ndex of testosterone production 1s the status and function of the
accessory sex glands and these organs are therefore from the diagnostic
standpoint more reliable indicators than the secondary sex characters
But here also size and consstency of prostate and/or the amount of semunal

flud give only indirect approximative data Biological assays and chenucal
techniques have therefore been introduced to measure the presence and amount
of testicular androgen With these endeavours we encounter the difficulty of
separating the androgens produced 1n the testis from those denving from
the adrenal cortex Such 15 p 1 ble (Voigt and
Nowahowskr 1957) In the last few years the interest has been focused on the
chemical assay of the seminal plasma Mann (1955) observed that the sugar
content 1n the ejaculate 1s not glucose but fructose produced by the epithelium
of the sermnal vesicles and mamtamed that secretion of thus fructose 1s closely
related to the Leydig cell function On the basts of this relationship he de
veloped a new quantitative test for the estimation of testosterone production
It 15 however still an open question whether the results of Mann s ammal
expenments can be applied to human beings If it could be proved the
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cliucian would have a simple and seasstive method of getting the information
which he needs about testes endocnne function

The normal values of the fructose concentration 1n healthy and sexually
normal developed males published by different authors are shown 1n Table I

TanLe 1
Fructose Concentration m Human Serunal Plasma
{Males with normal sperm counts)

Number of Fructose
tests viml

Harvey (1948} 123 50-6400
Exchenberger and

Goossens (1954) 5 700-3700
Landauand

Loughead (1951} 24 2100-8070
Raboch

Hradec (1954) 24 1390-5290
Gropper

leolowskl (1954) 15 15004000

There 15 relatively good agreement between Raboch and Hradec (1954) and
Gropper and Nikolowsk1 {1954) 1n regard to their normal concentrations The
mmmal values found by Harvey (1948) and Erchenberger and Goossens
(1954) are much lower

To dnvide whether these extremely wide vanations are physiological I have
in collaboration with Schmidt (in press) studied the fructose concentration
with respect to age

In Fig 1 are entered the fructose-concentrations of 83 normal males be

H/m MV
Murh e of spermm-celly =4~ 4
Pl ‘SW P e g é £
5 4000) 0 5
2 ko <&
g 83 maies0
2 mles
{ ]
201 |
®
=
&
o 1
20 30 40 50 60 o
Age nyears

Fic 1 F of thy 83 healthy
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tween the ages of 20 and 70 years For each decade the average values and
dard d were caleulated The cor hng average values of the
sperm counts are also shown graphically It 15 obvious that the fructose
falls with p cagem a 1) fi maaner
Between 20 and 30 years the average fructose level 1s about 2800 y/ml and
only 800 y wm the suxth decade of hfe whichis one third of the younger group
The dechne of the fructose concentration with progressing age has the same
correlation as the exoretion of androgens m the unne determined biologically
or chenucally If one considers further the standard dewiations 1a the
youngest and oldest group ¥ becomes quite evident why fructose determmna
tions n the human seminal plasma yield such wide normal ‘anations
{between 300 and 3800 »/ml) Thus these vanations are no argument agamnst
the use of this method as an mdex of androgemic activity 19 man simee they
can be explamed by d hed one prod m the Leydig cells
with progressingage We wilf return to this pomt Jater but may conclude here
that a close relationshup between the fructose content 1n the ejaculate and
testiculat androgen production exists and that fructose determinations are 2
very usefuf chmcal yndex of Leydig cell function In this conaexion it 35 of
interest to hnow that the relatise number of the Leydig cells and their hipd
content decreases progresshely with age—~as recently shown by Tilhnger
(1957) aud Lynch and Scott (1942)

Male gonadal snsufficiency or hypogoenadism can be defined as insufficiency
of testicular function n regard to sperm and testosterane production But
since the testis has a double fi it 55 1o d clearly
between tubular—and hormonal isufficiency

The dragnosis of tubular msufficiency 1s easy because a damage of the

tubules affects sper and 15 d with a fall of the sperm
quantity and quality Ohgospermta may be constdered the earhiest symptom
of tubular T Itss d by ch 1stic changes i the

microscopic structure of the testss 1f the disease progresses the sperm number
falls continuously until azoospermia or aspernua are reached These different
stages of tubular msufficiency are characterized by typical pathologieal
findings m specrmen taken by testicular biopsy

If oligospernua 1s not very severe the tubules are of normal size The
epithehum looks quite normal and there 1s only slouglung of immature sperm
cells into the lununa (P16 2a) Figure 2b 13 obimned from a patient with severe
oligospermis The tubules show more degenerative changes wx':'h shght pen
(ubular fibrosis and disor of the epithel Reg y letel,
atroptuc tubules may be seen

Further progress of the disease results i azoospermia and wt ths stage the
ubules contasa osly Sertolt cells In some parts remnants of speym cells can
be detected The pentubular fibrosis 1s much more severe and sometimes

prolifetation of Leydig cells may be seen
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Much more difficult than the diagnosss of tubular insufficiency ts the de-
tection of hormonal 1nsufficency of the gonad IT typical eunuchoidal {early
or late) symptoms govern the picture d 1s easy But lties are
greater if of dary sex 18 lacking and only certain
subjective complaints point to deficient testosterone production e g. 1 the
socalled male chmactenc In such cases fructose determmations are
useful to get object fi about the 1 state of the Leydig
cells

The expenments and conclusions of Mann and his group that the fructose
concentration 15 a reliable index of testosterone production 1o the ammal
cannot be doubted and have been confirmed by Gassner (1952) but its
vahdny bad to be demonstrated for human beings by showing (1) that i

15 d by fall of fr1

non and {2) that the laiter can be raised by testosterone adrunistration We
examined thus problem with Schurren (Nowakowski and Schuren 1956) 1n 31
aspernuc patients who were divided 10to two groups in the first aspermia
was the result of bilateral occlusion of seminal ducts 1n the second group
asperrua was of testicular ongin In the later group two subgroups could be
separated one with normal size of the prostate the other with marked
prostatic atrophy

'y

TasLe 1T
Aspermua with Bilateral Occlusion of Senmnal Ducts
n—normal r—nght l—left

Testes Prostate Ejaculate
Fructolysis
Flud Fructase
No Name Age ||} ]Hstology| Swze ml | pH1 yml
1 HE 29 |nn —_ n 25 | 78 2300 —
2 Whr 30 jn|n n n 25 1117 2576 -
3 AsSche 31 [unfn —_ n 25 | 16 2100 -
4 ARGu B lnl— - n 30 |74 1776 -
5 FMa 37 {nin - n 25 (78 4646 -
6 J s 38 |njn —_ n 45 178 2300 -
7 HS 40 {nln _ n 35 | 718 1800 —_
8§ CZ 4 |nln —_ 1 40 |74 1343 —
9 BBL 44 {n|n o n 30 | 78 1200 -
10 HGr 46 {nin — a 10 176 3680 —

From Table 11 1t will be scen that 1n cases of aspermia due to bilateral
occlusion of sermnal ducts but normal functiomng tests the fructose content
1s normal and 1n good correlation with normal size and consistency of the
prostate
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TapLe I
Aspernua with Bilateral Primary Testicular Atrophy
(S1ze of prostate normal)
Testes Prostate Eaculate FSH | 17Rst
Flud Fruct se
No Name Age| 1 | Hstology | Size | ml | pH | yjml |MUjday | mefday
1HOKK 42 letalra 3 o 10 | 72 | 2760 96 1640
12 W Go 3L [+++4|+++ 2 n 12 | 74 | 2500 264 | 2138
13 KOe 45| ++f +4 — n 25 [ 76 | 1300 — -
14 O0Bo 3L | 4+ ++ 2 n 10 | 78 | 1380 % 14
15 R We 36| 4+ w4 2 n 12 | 80 | 3600 264 { 316
16 hSh 240 +4| +4] 2 0 45 {72 | 3760 | 192 89
17 GHa 22 + o+ 2 n 10 | 74 | 2576
18 AHo 32 + o+ 2 0 30 | 78 | 3700
19 i Ga 3t +HoH - n 30 [ 74 { 1480 | 192 -
Key ++ + shght ‘l
+ + mod atrophy
+ marked J

r=rnght

1=left

14  Grade of atrophy Cl 10

(1942}

n=normal FSH=unnary follicle stimulating hormone

17 Kst=

unmary 17 hetosteroids MU =mouse units

Table IIT summarizes our findings 1n patients with aspermia of testicular
ongmm Herewe found agam normal fru
ctose levels the secondary sex charac

o ey
?.g. : o [28Qma, Jestor | temstics in ths group were normally
23 v | | developed, and size and consistency of
EE ° ) the prostate was also normal in spite of
@ 3<x>C the atrophic testis In the next group of
yemd patients with far more severe testicular
§ 200! / atrophy (sometimes we found only con
K nective hssue) a sigmficant lowenng
% 1000 / of the fructose content was recorded
§ (Table IV) As a matter of fact some
¢ times no trace of fructose could be
3 ° w24 714 28 detected Some of these patients had
3 Apr 1 May June typical eunuchord symptoms and 1n all
& 1955 cases the prostate was marhedly atro

Fig 3 The effect of one smgle 1m
mjection of 250 mg testosterone oenan
thate on the fructose-concentration and
the amount of seminal flud 1 a case of
rrmia with prumaty testicular atrophy

aspe

(Pat C Fe see Table IV case No 22} Nr 22)

phied To 8 of these patients testos
terone was given resulting m a sig
mificant rise of the fructose content to
normal levels (see Fic 3 Pat C Fe
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TaeLe 1V
Aspernuia with Bilateral Primary Testicular Atrophy
(Prostate atrophic)

Test Prott Ejac late FH ke
F ciose
Name l 1 | Mt lgy | Sze | mt | pH | »ml | MUMay meid y
o HBa 4| ++| ++ 3 ++ 13078 0 9
21 OSh 48| 44 +4 2 ++ |32 ] 76 [ 96 1009
2 GF + + B + (@2 (74 a 488 1475
B Ww B — + — + bos ) ~ o 58 1543
24 Lr 2| 4| + 4 + o3 t74l sz 192 1097
5 RSh 22| +| + 4 4 | 15 | 72 0 384 53
§ KHa 31 4| & 4 + (1174 ] 70 192 939
7 MA S| 4| + 4 + 12|78 8 96 83
2% ALls W ) — ++ [ 20176 950 384 1420
2 HPF 38| +| + ++ [ 20179 96 1378
3 P3| o+ 4+ ++ |06 [ 76| 46 9% 1562
n 2 ul o« — - ++ {10 | 74 40 = —
Rey 4+ +shght
++ modemle}l!sucular resp prostatic atrophy (macroscopically)
+ marked
r=nght
1=left
1-4 Grade of testcutar atrophy mucroscopically (Classification according 10
Staemmler (1942))

FSH =urwary follicle stmulating hormone
MU--mouse umts
17 Kst=unnary 17 hetosteroids

From these results 1t must be corcluded that in patients with aspermia of
testicular ongin the fructose content of the seminal plasma 1s a reliable index
of’ prod and thata 1y low di
sufficient hormonal function

In the same way we studied the effects of testosterone on the fructose level
1n normospermic males If the assumption we made was night that the fall of
the fructose content with progressive age 1s the result of diumnished testo
sterone production we expected a fise of fructose level n the elder groups
approaching the normal range of younger mdividuals Fagure 4 d
the effect of testosterone phenyl propionate m a 65 year old man the
fructose nises to normal levels before the reduction of the sperm number
begins After discontinuation of hormone admimstration the fructose level
remams normal for a Jong time and 15 independent of the sperm number which
r1ses i a typical rebound masnner

We treated 17 older patients 1n this way 13 of them (=76%) showed the

expected positive reaction One of the remaining four cases received an jn
sufficient dosage of the male hormone In the other three cases we are presently

unable to decide 1f the negative result 1s due to one or more other contrbutary
factors
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Mill/mt
Testasterone Phenyl Propionate I
| {Androteston PP 1 Joso
| mgi00 ! q260
50| es0
p/ml 220
f 200
s lPhs0 &
% . Fruclose A\ "r—|60 ‘é
= [ 140 £
§ v \! 0 £
81 4 oo &
g ral ' e ©
35 2 Y N f [
3 = Sperm No/—{ 0
[ ! P Too
ol S5-~ I
0w 12 12 3 4 %
Months.
1955 Year 1956
Fi6 4 The effect of h on the fruct; and

sperm number i a 65 year old man After a nise of the fructose to normal levels the de-
pression of the sperms begins After discontituation of the hormone treatment typical
Tebound effect

Summanzing our results we lude that exact diffe and
classificatton of tubular and hormonal 1ssufficiency of the testis 15 possible by
the microscopical and chemical analysis of the ejaculate

Refernng to the disturbed tubular or hormonal function of the testis we can
classify the vanous forms of male hypogonadism n different groups as seen
1 Table V where we have furthermore listed the different stages of tubular

TABLE V
Classification of Testicular Disorders
{(after Hellinga)

Tubular function
Leydig cell
function Normal ‘ Defictent Absent
Normal Az00 resp
Normal Oligospermia
male (of testzcular ongim) aspermia
Male ‘Tubular + hormonal
Deficient chimacteric deficiencies
[ f—
(@) Castration
hs fibrosts testis
Absent Fertile eunuchs ® Taopaine

eunuchordism




hffesent stages of pomary resticulur atrophy (0) bepmmng (b} fomplee atro;
q prolferation of Leydig celisistobescenie 160 & 77 azan)
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Milty/ml
Testosterone Phenyl Propionate I
{Androteston P-P] i
| _mgi00 t ]
50
[ 5
é Fructose £
2 150! H
H
8 . £
5 o
8 1 &
g /
3 o
2 500 perm No =]
0l ] Y
0 11 12 4 ~
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1955 Year 1956
Fic 4 The effect of henyl on the fruct and

sperm number mn a 65 year old man After a nise of the fructose to normal levels the de
pression of thc sperms begins After discontinuation of the hormone treatment typical
1ebound eff

Summanzmg our results we lude that exact diffe and
classification of tubular and hormonal insufficrency of the testis 15 possible by
the microscopical and chemical analysis of the ejaculate

Referning to the disturbed tubular or hormonal function of the testis we can
classify the vanous forms of male hypogonadism in different groups as seen
1 Table V where we have furthermore listed the different stages of tubular

TasLe V
Cl of Testicular Disorde
(after Hellinga)
Tubular function
Leydig cell
function Normal ' Deficient Absent
Normal Az00 Tesp
Normal Oligospermia
male (of testicular ongn) aspermia
Male Tubular +hormonal
Deficient climactenc, deficiencies
(@) Castration
fibros:s testis
Absent Fertile eunuchs (5 Iiopathic
eunuchoidism
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Fic 3 Different stages of pumary testular 2trophy (@) begmning 18} complets atrophy
InFro Saprolferaionof Leviig rellsastobeseenfa x1od & x 77 azan)
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Mil/mL
Testasterone Phenyl Propionate
(Androteston P-p)
| mgi00,
50
3 l H
s Fructose ‘E
B e 5
£ —
oL [T £
H o
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o
3 500] Y Sperm No~]
[ |‘ '
o H-__}.. o
0 1 12 1 3 4 ~
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Fio 4 The effect of h on the fr and

spermta number 1n 2 65 year old man  After a nise of the fructose to normal Jevels the de-
pression of the sperms begins  After discontinuation of the hormone treatment typical
rebound effect

Summanazng our results we lude that exact di ton and
classification of tubular and hormonal insuffictency of the testss 15 posstble by
the microscopical and chemucal analysis of the ejaculate

Refernng to the disturbed tubular or hormonal function of the testis we can
classify the vanous forms of male hypogonadism in different groups as seen
in Table V. where we have furthermore hsted the different stages of tubular

TABLE V
Cl of Testtcular Disord
(after Hellinga}
Tubular function
Leydig cell
function Normal Deficient Absent
Normal Az00 TESD
‘Normal Oligospermia.
male (of testicular ongm) dspermia
Male Tubular +hormonal
Deficient chimactenc deficiencies
—
() Castration
il chs fibrosis testis
Absent Fertle eun (5) ldiopatine
cunuchoidism
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Vi .rf,m“ stages of prumary testicular atrophy {a) beginnirg (6) complete atrophy
feration of Leydig cedsistobescente » 160 & x77 wzan)
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160 azan)

(a) begmning, (4) complete

Different stages of secondary testicular atrophy
Note no well-developed Leydig cellsto be detected (

6

Fi6
atrophy
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and bormonal insufhiciency from normal to deficient to absent In this arrange
ment it may be scen that

1 In the adult healthy male the production of sperm cells and testosterone

1s normat
2 The most extreme stages of tubular and hormanal deficency are en
countered in
{a) castration and complete fibrosts of the testes and
(8} n rdvopatt hordism and plete d of antenior
pturtary 1n which FSH and ICSH production 1s completely
laching

Between these iwo extremes we can find all vanattons

3 Such as the male chmacteric as an example of selectne Leydig celt
defictency and

4 The fertslecunuchs which represent the extreme stage of the latter

The result of 1solated damage of tubular function 15

5 Qiigospermia or

6 Azoo resp aspernua of testicular onigin

In the remaiming squares we can fit 1 all other cases with disturb d tubular
and hormonat deficiencies Such cases we will find especialily in patents with
selective prtutary faifure and deficient gonadotrophin secretion but also 1
cases with prumary hypogonadism  where tubules and Leydig cells are
vohed

A further step towards a satisfactory classification is the age of the patieats

{a} If the far d: begns b that means afler
tete devel of dary sex characters the chinicaf signs of
‘hormonal deficiency are not very sesere and sometimes only subjective
complaints pont 1o this If the b { defi 15 of

Jonger duratson the clintcal picture of late eunuchordism develops

(&) Prepuberal beginmng Ieads to the classical picture of carly cunucherd
asm The chimeal signs ate 5o well known that T need not discuss this 1
detal

(&) The destruction of the male gonad 10 the fetal penod leads to different
chimeal syndromes One typscal example 1s the Turner s sysdrome pro
vided th 1sex wt th 15 of the male type

In general we may differentiate between primary and secondary hypogona
dism In mstances of defects within the testis (he condiion 15 regarded as
prunary hypogonadism When the defect can be shown to be faslure of the
production ot release of dotrophic hormones or a dissocation of hypo
thalamue control over the testis the cond Y dered 10 be d:
hypogonadism

»

¥
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"o distinguish between these two forms, two methods are at our disposal
estumation of gonadotrophin excretion mn the unne and the testicular
psy 17k d deter and fr d steroxd hormone
lysis are necessary to get information about the adrenal function

n spite of the criticism which may be and has been levclled at the different
hods recommended for the assay of gonadotrophuns the esmation of
ad stinulation hormones has been wadely used by chmcans for the
ractenzation of pnmary and secondary hypogonadism

[eiler and Nelson (1948} classify male hypogonad;sm wm hyper and hypo
adotrophuc forms The hyper d d are of primary and
hypogonadotrophic cases of s:condary ongin Yetitis well known that
letimes one meets cases with extreme tubular and hormonal insuffictency,
‘hich gonadotrophin excretion 1s normal Therefore Howard et al (1950)
wated three groups of testicular insufficiency with low normal or hugh
adotrophin excretion It seems to be umportant that the second group
taims very different chmeal matenal intra and supra selfar pitwtary
ors oligospermia of testicular ongin and ohgospermia subsequent to oc
1on of seminal ducts From this it must be concluded that gonadotrophm

‘etion alone cannot be dered a suffi clue ford
esucufar biopsy 1s also a very useful method Before I consider its role for
differentiation of primary and dary hyp dism some pre} y

arks seem necessary Recently Getzofl' (1955) sent questionnaires to
ous members of the Amencan Society for the Study of Sterikty and the
logical Society and recerved surpnsingly negatne answers about this
10d But early 1n 1947 Charny (1947) one of the ploneers and expertsin
field presented a cntical five years survey He stated that in cases with
‘ertility or stenhty of testicular origin there 1s good agreement between
m number and biopsy findings 1f this 1s not so a lesion of the sermnal
way must be assumed But the value of testicular biopsy 1s not restricted
xplain cases with subfertility and stenlity of testicular onigin 1t 1s also
ible to differentiate with the help of the lustological findings primary and
ndary hypogonadism These two groups can be separated by the con

n of the Leydig cells In cases of advanced pnmarv testicular atrophy the

fig cells may have more or less prol d whereas in dary hypo-
idism the atrophy of the Leydig oclls 1sthe most characteristic histological
ng A subgroup of dary hyp 1 d by the 1m
are testicle (e g 1n 1diopathic hoidism) owmg to hypo

eal sumulation dunng puberty

iese statements show that the use of histologieal cnitersa enables the
san to get more precise ml‘ormauon with regard to differentiation
cen pnmary 4nd dary h pectally m patients where
sonadotrophin secretion 13 narmal Apart from this it 1s possible 1n this
prognosticinformation 1n regard to hormone treatment

to get
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In Figs 5a and b different stages of primary testicular atrophy are illus
trated The earlsest stages were demonstrated just above 1n the discussion on
oligosperma (see FiG 2) The section1n FIG 5a has been taken from a case of
advanced peritubular fibrosis The tubules contain only Sertoh cells In the
tertubular tissue excessive prohferation of Leydig cells occurs

If the atrophy progresses further the tubules obliterate completely and 1n
this stage degenerative changes in the proliferated Leydig cells occur The
final stage 1s complete fibrosss of the testes Very different are the pictures in
secondarytestrcularatrophy Figures 6a and bdemonstratetwo different stages
In the first case 2 necrosss of the pituitary was present in the other an mtra
sellar chromophobe adenoma has been found In none of these cases have
reasonably developed Leydig celis been detected

The analysis of the steroid hormone pattern in the urine 1s a further step in
the differential diagnosis especially mn those cases 1n which the adrenal
cortex 1s imolved (see Fic 10) Summanzing 1t can be sad that exact
differentiation between primary and secondary hypogonadism 1s only possible
with the help of all the methods menttoned But 1t should be ponted out that

cases present themsehes 1n which 1t 1s smpossible to classify them

precisely 1n one or another group in spite of the use of all tests

Some chinical aspects of male gonadaliasufficiency need discussion to prove
the value of the different d proced for the classift of male
hypogonadistn With this aim 1n mund 1t seems very useful to gine a survey of
our chnical matenal obsenved 1n the last six years at the 2 Medical Clinic of
the University in Hamburg because this gives a good 1dea of the frequency of
the different forms of male hypogonadism

Our matenal comprises 132 cases with aspermua of tesucular ongin Two
thirds are of pnmary one third only of secondary ongin  The proportion
cbanges 1 favor of the former 1f patients with oligospermia and selective
Leydig cell faslure of testicular ongin are added to the first group

TanLE VI
Primary Hypogonadism
Number of Cases

Surgical castration 4
Functional prepuberal castration 10
Cryptorchidism (bilateral) 36
Klnefelter s syndrome. 3

Bilateral testicular atrophy
Traumatic 1
Infectious 1
Dystrophia myatonica 8
‘Unknown ¢uology 22
85
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In primary hypogonadism (Table V1) testcular atrophy resulting from
cryptorchidisim occupies the first place This 15 followed by cases wath bilateral
atrophy of unknown etiology and functional prepuberal castrates It demon
strates clearly the high importance of cryptorchidism as a cause of male
sterility Furthermore 1t can be concluded from this survey that in the majonty
of the other cases with primary testicular atrophy nothing can be said with
regard to etiology This 1s also true for ohgospermia of testicular ongin, 1n
which we see the first stages of primary atrophy In dystrophia myotonica the
observed testicular atrophy belongs to phimary hypogonadism because we
found, together with Mertcns and Nowakowsk (1954) the same histological
changes as 1 other cases of primary atrophy

In the group with secondary hypogonadism (Table Vi) patents with idio
pathic sclective pitwtary failure and deficient gonadotrophin secretion are the
most prevalent They represent in our matenal over 50% of all patients with
secondary hypogonadism

Tante VII
Secondary Hypogonadism
Number of Cases
Idopathic selective pituitary farhure wath

deficient gonadotrophin secretion 21

Adrenogenital syndrome 4

Hemochromatosis 2

Piturtary tamors 8

Pituitary necrosis 2

Hypothalamic tumors 3

‘Transection of spinal cord 1

47
With the aid of gonadotrophin assay and lar biopsy different sub-
groups of partial gonad h may be sep d as shownin

the sunvev presented on Table VIII The first group 1s made up by those
patients who concluding from hormone analysts and biopsy findings pro
duced nclther FSH nor ICSH To this group also belong the so called 1dwo
pathie d the adi 1 syndromes and 1ntrasellar pitwitary
tumors with complete lack of both gonadotropmns Apart from this group
we have to separate patients with an solated lack of ICSH the so called
fertile cunuchs (McCullagh ef al 1953} In the first group no detectable
amounts of gonad sumulating hormones are to be traced 1n the group with
ICSH deficiency normal or subnormal titers are to be found Wath the help of
phun assay (and it bwpsy) 1t 1s not only possible to dif
fcrentlate between pnmary and dism butalsoto
the latter group 1nto one with FSH and ICSH deficiency and into another with

lack of ICSH only
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i o Fic 9 Isoseaual adrenogenital syndrome

with congenital adrenal hyperplasia n the
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(8) Testicular biopsy of
the same patient under

developed tubul's with
spermatogentc arrest slight
fibrosis of the tubularwalls
No Leydigcells i the inter

tubular tissue
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In pnmary hyp d (Table VI) lar atrophy lung from
cryptorchudism occupses the first place ‘Thus 15 follow ed by cases with bilateral
atrophy of unknown ctiology and functonal prepuberal castrates It demon
strates clearly the ugh importance of eryptarchidism as a cause of male
stenfity Furthermore it can be concluded from this survey that in the majority
of the other cases with primary testicular atrophy nothing can be sad with
regard to etiology This 1s also true for oligospermia of testicular ongm, in
which we sce the first stages of pnmary atrophy Tn dystroplia myotonica the
observed testicular atrophy belongs to pimary hypogonadism because we
found together with Mertens and Nowakowsha (1954) the same histological
changes as 1n other cases of primary atrophy

In the group with secondary hypogonadism (Table VII) patients with 1dio-
pathuc selective prtuttary farture and d ge are the
most prevalent They represent 1n our matenal over 50% of all patients with
secondary hypogonadism

Tasie VI
Secondary Hypogonadism
Number of Cases

Tdiopathue selective pitutary fadure with
deficient gonadotrophm secretion 27
Adsenogental syndrome 4
Hemochtomatosis 2
Pituitary tumors 8
Pituitary necrosis 2
Bypothatamue tumors 3
Transection of spinal cord 1
47

With the asd of dotrophun assay and lar biopsy different sub-

groups of partial gonadotrophic insufficiency may be separated as shown 1
the survey presented on Table VIII The first group 1s made up by those
patients who conciuding from hormone analysis and biopsy findimngs pro
duced ncuher FSH nor ICSH Tao thus [,mup also belong the so called 1di0
pathic d 1he ad 1 syndromes and mtrasellar puuitary
tumnors with lete Jack of both d P! Apart from this group
we have to separate patients with an 1solated lack of ICSH the so called

fertile eunuchs (McCullagh er af 1953) In the first group no detectable
amounts of gonad stmulating hormones are to be traced 1n the group with
1CSH dehaency normal or subnormal titers are to be found With the help of

d phin assay (and lar biopsy)} 1t 1s not only pos ible to dif

ferentiate between pnmary and secondary hypogopadism but also to separate
the latter groupnto one with FSH and ICSH deficiency and into another with
fack of ICSH only
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TapLe VIII
Selectne Pisuitary Falure in the Male
Deficient Gonadotrophta Secretion

FSH+ICSH ICsH
A
Prepuberal boy
Idiopathuc cutuchordism Fertile cunuchs
Adrenogental syndrome
Prtwitary tumor (intrasellar
craniopharyngeoma)
B
Ocstrogentherapy Secondary dwopathue Leydig cell
failure in the adult
Hemachromatosis
Pitutary tumor Puustary tumor (chromophobe
adenoma)
Mo detectable gonadotrophins in urine Normal resp subnormal gonado-
(<66 MU/day) trophun-levelsan urine

A Prepuberal B Postpuberal

From these prepuberal forms (A) we divide the postpuberal cascs (B) as
shown 1n Table VIIT

It now remains to discuss the d m phic hypo
physeal deficiency and this wall be done by illustration of some selected cases

Figures 7a and b show two patients of the same age with marked sexual
mfannllsm One man (a) with idiopathic eunuchoidism  shows hypo

1 dism becauseth f the testicles was not bigger than

apea But n the other (b) also with extreme hypogenitalism the testes had
approximately normal size and consistency The most importaat fact here 15
the dissociation between the size of the penus and that of the testes that means
the bypogemitalism without remarhable hypogonadism

Tn Figs 8aand b the histol ] findings of lar biopsy are
presented An extreme undcrdcvclopmcnt of the tubules and Leydig cells IS
evident 1 the case with 1d h (@) but
normal size and differentiation of the tubules and their epithelum are fouud
1n the other patient (5) In the first patient the hormone analysis yielded no
gonadotrophinsntheunne whilstinthe other thelaboratory reported normal
amounts

This example demonstratcs that 1t 1s possible to dilferenuate the two sub-
groups of partial di ofa
study and hormone analysxs and combinung the rcsults with the chmcal
examination
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The next example 1s a case of male gonadal insufficiency resultng from
bilateral adrenal hyperplasia which I first described 1n 1952 with Puschel
(Nowahowsks and Puschel 1952) This 25 year old man (Fic 92) requested
medical advice because of stunted growth and steriity Besides the stunted
growth the study of this patient revealed aspermia and a2 dissociated  de
velopment of the sex apparatus The size of the pems was normal and no lack
of dary sex ch 1stics could be d d but the testes were
etremely small and the biopsy specimen mamifested the typical prcture of
1nfantile tubules and immature Leydig cells as well as some degree of tubular
fibrosis (Fig 9b)

The hormone analysis d a high of 17k ds buta
lack of gonad sttrmulating hormones 1n the unine While under treatment with
cortisone the high 17 heto excreton wasreduced gonad stimulating hormone
appeared 1n the unne and growth and development of the testes was observed
(F1iG 10)

This case seems of interest because 1t demonstrates that classification of
hy dism by aid of gonadotrophin assay alone 1s msufficient With the
shghtest suspicion of hyperfunctiomng adrenal cortex determmations of
17 ketosteroid becomes mandatory

Studying with Schirren (Nowakowshki and Schirren  1956) and Schnudt
(Nowakowski and Schmidt m press) the relationship of sperm plasma-
fructose and Leydig cell function we sometimes observed mn normospermc
males (as d above) 1y low fruct m the
ejaculate of the same grade as 1n cases of aspermia with bilateral testicular
atrophy and hormonal deficiency If these patients reacted favorably on
testosterone application the diagnosis of selective Leydig cell faillure was
made In some cases 1t was possible to treat them—after discontinuation of
testosterone and fall of the fructose to the pretreatment level—with HCG

It can be demonstrated from FiG 11 a nise of the fructose content after
HCG application was obtamned Schirren (personal communication) observed
more cases of this kind who all reacted favorably to HCG treatment From
this I conclude that 1n cases with postpuberal Leydig cell deficiency there are
some of dary ongin To d them from primary Leydig cell
msufficiency seems only possible with the help of HCG
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Mormng Session

E P REenNEAE, Presiding

GENERAL PROBLEMS OF REPRODUCTION

W E. Perersen 1t 15 perfectly obvious from Dr Donker s presentation that the
problem of regulating estrus 1n cattle 1s quite complicated and 1s far from solved
There are a number of important phases that need to be imvestigated by competent
worhers In going through the Literature published siace the 11 Symposium was held
two years ago we were rather dismayed by the fact that new evidence in thus direction
15 scarce marnly because the number of people working 1n this field is quite small in
spute of the fact that for mstance application of such mformation 1 artificial
semination could have a real practical value With regard to the complemty of this
problem may I call your attenton to the fact that we 1n Minnesota have dibigently
tned to transplant fertilized ova and have completely failed to accomplish this One
of the reasons for this as Dr Donker pointed out 1s our nabtlity to synchromze the
responses of donor to recipients It also appears that much fundamental work must
be done to pomt up the reasons for the apparent low fertility dunng estrus following
the withdrawal of progesterone Smce we are unable on the basis of the knowledge
presently available to determmne the reason for thus I certamly would strongly
support Dr Donker s suggestion that rather competent and detatled hustochenucal
studies of the entire reproductive tract should be done to ascertain just why fertility
15 reduced 1n the heat following progesterone treatment. I should like to cail your
attention also to the fact that we at Minnesota have mntiated a rather substantial
projectinwhich progesterone 1sadmimstered to alt cows We then attempt to ascertain
on a large scale the status of fertility following services at the first estrus and sub-
sequent ones It s unfortunate however that at the present tune we do not have the
faciltties nor the man power to permit us to carry on detailed tustochemical studies
of the various parts of the reproductive tract that may be affected

H J Humr Will the heat periods following the first estrus occurting after pro-
gesterone treatment fall within a few days of the normal cy¢le or do they become
scattered again?

J D Donker Itappears that each animal has a more o less charactenisuc estrous
pattern While we concede that the normal duration of the estrous cycle to be
between 17 and 24 days 1t 1s quute likely that 3f a cow cycles normally at 17 days that
1t would cycle again at 17 days On the other hand many cows will establish a new
pattern after treatment and depart from that previously shown In other words at
the second estrus ong can expect that the
estrous penod 15 spread over a much wndcr ume,
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uterus and vagina. Were the levels of estrogen in the young calves treated with FSH
determuned?

W G MarpEN May I comment on that Follicular development in these calves
was tremendous and the vagmal the FSH were so
hegh that we sometunes obtawned as much as 3¢ ml of cervical flud  This would
wdicate that there 15 quite a large amount of estrogen being produced by these
follicles

Irey M Bunping Dr Clegg does progesterone work via the pituitary hypo-
thalamug ovary or the duct system?

M T Crece 1 detect a note of collusion between Dr Bunding and Dr Nal
bandov with respect to this question Both he and 1 have beert interested 1n the role
of the hy pothalamus upon estrous actpy ity in the ewe That progesterone might exert
its effect upon estrous behavior by way of any one or ail the structures mentioned m
the question 1s certainly possible The evidence however 1s at least equisoeal with
regard to the participation of some of these organs in response {0 progesterone Thus
for example as Dr Donher pointed out 1n fus paper that progesterone nught exert
1ts effect as an anti fertility factor 1n humans by way of an intubition of the pitwtary
ovulation stmulating hormone has been questioned by Pincus (1956 Acra Endoc
28 18) A direct influence of progesterone on the ovary appears unhkely since
progesterone does not prevent ovulation 1n the rabbit following copulation when
exogenous LH 15 given Finally the work of Hansel and s colleagues at Comell on
the cow and Everett and Sawyer on the rat wdicates that progesterone may act as an
ovulation sumufator 1n the presence of high estrogen fevels and as an ovulation
whibrtor 1 the presence of low estrogen levels by 1ts mfluence upon some neural
mechanism probably by way of the hypothalamus

R O Berry Dr Donker do you feel in the light of your own observations that
the low fertility of anumals followng progesterone treatment 1s due to hostility of the
reproductive tract to sperm or to the production of defectne eggs?

J D Dovker Considering Dr Berry s work and the work that is in the hterature
1t appears that whatever 1s blocking or lowenng the conception rate or the fertility
s due to of the female rep: tract to sperm It could of course
beatalater stage Ulberg feels that fertihizatton or the meetiog of the gametes 1s Bot
impaired and that the lowered fertility 1s the result of embryonic mortality Thus the
Ctucsllon 1s open 1o debate and certainly needs considerably more research to clanfy
1

IrBYM BUNDING It seerns appatent from all the work that has been reported here
particularly on the sheep breeding studies wherem the timing of the psychuc many
festations of estrus become all important and 1n the attempts by many msestigators
10 use estrogen for the job of inducing these states of psychic hyperactivity that we
should give careful consideration to the question of judiciously balancing the psychic
manifestations with those events which occur 1n the tubular porttops of the repro
ductive fract

Now I think the time 15 ripe for one to ook for substances which would mduce
the psychic activity wathout interfering with the tubular portions of the tract I think
that heremn bies the fault on which many mvestigators have stumbled they have given
such large doses of estrogen that the musculas activity of the tract 1s mncreased to a
poit where the egg 1s shot down very quickly to an area where fertilization and or
implantation 1s difficult or impossible

E P Renexe If I may be permutted 2 comment here I believe that Mr Bunding
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JouN E Nettor In this regard e have found that after synchromization of
estrus with progesterone some heifers would come in heat sgain within 4 4-11 day
pertod This seemed to be associated with failure 1o ovulate at the synchromzed
estrus These hetfers would continue thewr normal cychc pattern whereas heifers
which had ovulated at the, controlled estrus would assume the pattern imposed by
the new corpus luteumn

WiLiian HANSEL  Are the corpora lutea formed after ovulations following pro-
gesterone treatments lhely to be cystic or are they normal?

W E PETERSEN We have found that there was a tendency toward a hugher than
usual maidence of cystsic ovaries

Joun E Nellor  As you recall daily mjections of progesterone have been
necessary in the majonity of the work ¢ited mn order to attam this control of estrus
and ovulation INellor and Cole (1956) found that a macrocrystalline implant of 560
mg of progesterone was capable of mhibiting estrus and ovulatton 15 19 days post
injection This spread in the tme of estrus imited the success of a single insermination
for large groups of ansmals For thus reason we have recently attempted oral ad

of nal actwe ¢ m an attempt to more sharply
Limut the post treatment estrus Ahrenbold on our campus using 17-ethiny] testos
terone (a compound having about one tenth the oral effectn eness of myected pro-
gesterone m tonogastric anumals) could rot nhibit estyus or follicular deselopment
in cycling heifers even when feeding as bigh as 2000 mg per day This 1s a tremendous
amount of hormone about 5 times as much daily as necessary by subcutaneous
admumstration to intubit estrus and ovulation for a two week pertod

V W ZuercHER Has there been any evidence of an increased mcidence of pehic
suchasis seen 1n the following use o!
hormones?

J D Donner Yes Iwould say not directly due to progesterone treatment but
perhaps due to after-effects of the treatment We have observed on occaston cattle
thus treated to become what we consider genwne nymphomaruacs in which the bone
structure was adsversely affected but in the usnal sense where treatment has been
suceessful there was no such complication

W G R MarpeEN Would the Panel care to speculate on

Why when young calves (under 8 weeks of age) are injected with Antenor
Pitwitary Extract high in FSH even though ovulation may occur estrus wall be
noted 1 only a low percentage of the calves so treated Subcutaneous pretreatment
before or during FSH injection of or of stilb 1wl not 1
increase the percentage of calves showmng estrus even though superovulatton may
bave occurred

E F GraHaM We have on occasion stimulated ovarian growth 1 very young
calves 6-8 weeks of age We have had almost the same results that Mr Marden
has mdicated We have been able to get from 100 to 140 follcles to develop on the
ovaries of these very young cafves The calves however did not exhibit outward
symptoms of heat and I cannot answer why actual heat or symptoms of heat did
not occur It was noted however that many of the follicles ovulated and several

corpora lutea developed

CLecg The principal effect of iyections of gonadotrophns high 1n FSH
b ature rats 15 to cause the development of multiple follicles which do not
do they secrete estrogen as determined by the response of the

nto 1mm
atsan full size nof
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has brought up a very important pomnt I was much interested 1 Dr Berry s state-
ment yesterday that there was a great possibility of estrogen interfering with migra
tion of sperm into the oviducts of these antmals

A V NaLeanoov The longer I work with the less Tund how
1t acts For instance 1n chickens we can show that progesterone 1n certam dosages
actually has gonadotrophic effect causmg ovaries to enlarge Progesterone also acts
as an ovulating hormone rel b and finally, 1f the dose 1s high enough
1t completely inhibits the ovary and the pitwtary gland Sammelwitz reported from
Ithnos last year that 1n pigs he 1s capable of completely obliterating corpora lutea
with high doses of progesterone to the point where you can t even see any trace of
luteal tissue In the rat in contrast no amount of progesterone will nduce destruc
tion of the corpus luteum I think that we should pay a lot more attentton to the dose
with which we are working In regard to the sperm situation I would like to call
attention to the fact that all available evidence begmmng with Chang s and Blan
dau s work, that few sperm reach the oviduct Accord
1ng to some estimates not more than 100 sperm reach the oviduct in the rabbit In
the cow too very few sperm literally just a few hundred reach the oviduct

W E PererseN Some observations that we have made i connection with
fertility and superovulation may be only apropos and may further confuse the 1ssue
Nichols 1n his work observed that when there was evidence of a follicle developmg
earlier than the rest of them dunng superovulation 1t resulted 1n none or very few
fertiized ova This of course does not at all disprove the hypothesss that faulty
mottlity of the tract mught be responsible for interfering with sperm transport But
agamn 1t mught also mndicate that something else happens to fertiizability of the egg
when one of them gets the jump on the other

Joun E Netror In regard to Dr Nalbandov s comment on vartous levels of

effecting y or mhibitory action we have noted that 560 mg
of progesterone suspenston 1if given on day -1 or day -2 of the estrous cycle will
occasionally inhibit the formation of the corpus luteum In these cases the follicle
develop to the b does not ovulate In view of
the suggestion that progesterone Is necessary to uutiate ovulation mn other spon
taneously ovulating species we have wondered whether the lack of functional luteal
trssue 1s the endocrme deficit nvolved in these cases where ovulation does not occur

A pomt referred to earlter in Dr Donker s presentation should be clarified We
did obtan a 17% conception rate but not in the usual sense of by first service
Groups of heifers were treated the same day with progesterone suspension and 15
days later with gonadotrophun myectson This was followed by a single insennnation
48 hours later since we were nterested 1n practical application By this method of
treatment the magorty of heifers came in heat 16-19 days after progesterone i
jection smee the smgle 1asemmation was not given at an optunal ime It 1s felt that
thus conception rate could be improved if each ammal were followed tndrvidually and
nsemnated 24 hours from the start of estrus

H T Gir Dr Donker you estrus indogs by
Could you review that work briefly? In my work with dogs I have never encountered
reduced fertihity at the n you give
any suggestion as to the reasons for the difference 1n reactions 1 dogs and cows?

J D Donker The work that I referred to concerming the dog was one that Dr
Dzuk gave reference to 1 hes doctoral thests and Icannot elaborate further Nerther
can I tell you very much about why the bitch appears to be different from the cow in
this respect We can of course cite many many examples of species diffurences m
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thesr response to vanious hormones I would certamnly entertam any notion of Dr
Gier on this matter

WitLam HanseL Dr Clegg do the ova go down the oviducts faster than pormal
1n the presence of progesterone?

M T CLeGG I would like to add somethung to this qucsucn of mduced fertility
m the estrous cycles f¢ ! My source of
information 15 from some of Dr Nellor s work which he originated when he was in
Cabforma. Thrs was a field expenment involving 23 Hereford herfers 500 mg of

was ingected subx without regard to the
stage of the estrous cycle Fourteen days later these same anumals recetved a second
myection of 750 I U ‘of equune gonadotrophin The followmg day all antmals were
artificially 1nseminated with sement from an Angus bull and then turned m with
Hereford bulls Four black calves Were born and 19 red calves As mdicated from
the calving date all the remarmmng ammals had conceived by the first or second estrus
following the treatment induced ovulation In other words a penied of 310 days had
passed between being placed with the bulls and the burth of the last calf Ali calves
were dropped within a 40 day period Rather than 4 reduction of fertility on the
contrary these results seem to suggest a beneficial effect of progesterone on sub-
sequent conception and embryonal survival

E F GrasgaM I mught refer to one expenment we conducted m which three

cycles were with p Dunng the third cycle six of
the animals came 1nto estrus on withdrawal of progesterone and while afl anumals
showed visual signs of estrus only two of these on the third recyching developed a
corpns luteum 1 think this 1s very important because if the administration of pro-
gesterone and 1ts subsequent withdrawal gives us the psychic evidence of beat yet no
development of 2 corpus Iuteum there 18 no question why we might have a very low
conception rate on first service after withdrawal of progesterone

E P Renexe [ would Like to bning up one pont which I believe has not been
mentioned directly ¥ recall that some years ago Dr Casida of the University of
Wisconsin showed that progesterone 1n low dosages had a stmulating effect on the
ovanes of swige through some mechamsm unknown at that time Where he had &
vety small amount of progesterone present there was a tendency toward cystic
follicles Larger doses of course dd suppress follicular development I believe the
1nfluence of larger doses has been largely emphasized m this discussion so far I
would like to know 1f anyone s this group has any explanation for the apparently
stmulating effect of small doses 1 swine

W E PeTErSEN This 1s Just incudent to some work we did using different dosages
with the object of ascertaming what 1s the optunum In gomg down to 25 mg there
was some evidence of delaying the anset of estrus but not preventing 1t About 50 mg
per dav seems 1o be what 1s necessary to corpletely suppress development of estrus
but at thus lower level there was no evidence that estrus was stimulated 1 beheve
that 25 mg per day was the lowest level we used

J D Donker I do not know of any work at all m c:mle on ﬂ-us matter of
ovananstumulation and Iwondes if; ations

WrLiram HANSEL  We mentioned yesterday our earlier work m which small doses
of progesterone given to cattle at the beginning of estrus did hasten ovulation
Under these condrtions progesterone has an ovulatory effect in the cow as 1t has i
many other species As to an explanation of this effect, I don t think we can give a
really good one at present When we first found this ovulation hasterung effect of
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progesterone we were inclined to think that it caused an earhier than normal release
of the lutenizing hormone One might even mterpret the mhibition of estrus and
ovulation which occurs following larger daily doses of progesterone in the same
manner In other words progesterone given daily earher 1n the cycle might mhibit
estrus and ovulation by shifting the pituitary from the secretion of predommnantly
FSH to LH at a time when no follicles have yet reached a stage at which they are
able to respond to the LH by ovulation

Jon E NeLLor In regard to the site of progesterone action we have assayed
the pitwitanies of progesterone treated heifers and of control herfers at a comparable
stage of the estrous cycle I grant you piturtary content s probably a poor index of
secretory activity but we do use this 1n lieu of accurate methods of measuring eircu
lating hormones We could find no differences at all in the pitustary gonadotropin
content of progesterone treated and control herfers Although there 1s considerable
evidence that progesterone imhibrts pituitary secretion there 1s also good evidence
that it has a direct effect on the ovary Larger amounts of gonadotropm are necessary
to mduce ovulation in progesterone treated hesfers or in heifers during the Juteal
phase of the estrous cycle than during the follicular phase

‘WiLtiam HanseL I certanly would agree with Dr Nellor that the assay methods
for speaific gonadotropins leave a great deal to be desired The problem 1s further
complicated by the extremely transient nature of some of the antenior pitmtary
changes such as the rapid degranulation of P A S positive materal seen 1 the
small basophils One would have to have a pitwitary from an arumal killed at pre
cisely the right time to show the expected changes Dr Nellor has suggested that
progesterone acts directly on the ovary If progesterone has a direct effect on the
ovary itself 1t should be able to overcome the ovulation blocking effect of atropine
‘When both atropine and progesterone were admumstered to herfers at the begimning
of estrus ovulation remained blocked 1 most cases suggesting that the effects of

on ovulation are through the hypothalamus and the anterior

pitustary

Joun E NEeLLoR It 1s agreed that very lugh levels of LH will induce ovulation m
progesterone inhibited amimals but can we overlook these quantitative differences?

J D DonxEr I think the work of Nichols quite defirutely shows that progesterone
has a direct effect on the ovary or the response to the ovary as the anmmals which
had recerved pr previous to d only produced on the average
about 30 follicles while those which did not recerve any progesterone produced on the
average of about 50 follicles Even though there was not a statistically significant

itdid the 1level

E P Remeke Thank you Dr Donker Iknow it 1s often the custom in a panel
discusston to attempt to summarize what has been sard Dr Nellor says he will
summarize thus for us

Joun E NetLor We mught consider a quotatton from Zawadowsky (1935) one
of the earhest reported attempts 1n controllmg estrus and ovulation m cattle He
successfully mduced single and multiple ovulations at all stages of the estrous cycle
but encountered low fertility This was believed due to the mcomplete readiness of
the gemtal tract to secure the vitality and mugration of the sperm cell It 15 noted
that the reasons suggested by this Symposium for the low fertility encountered 10
hormonal controlled ovulation namely not the production of faulty ova but in the
sperm participation have been available for some time
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E P Remexe 1 think that states the case very well Dr Nellor I want to thank
the members of the panel and the audtence for their parttcipation 1n this very worth
while discussion Thank you very much gentlemen

Problems of Infertility in Dary Herds Phillp M Hmze Camation Milk Farms
Camation Washington

Low-Level Antibiotie Infusions in Bovine Repeat Breeders E M Sacchi Large
Ammal Veterinary Research Chas Pfizer & Co Terre Haute Ind E B
Smuth Canton, New York andJ H Tower Clarks Summt Pennsylvania

Present Status of Therapy in Amumal Inferulity H J Hill Department of Clinics and
Surgery Colorado State Umvmsuy Fort Collins Colorade

Cle of Male H) Henryk MD Medical U
versity Clinic Hamburg Eppendorf Germany
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progesterone we were inclined to think that it caused an earlier than normal release
of the luteimzing hormone One might even mterpret the mhibition of estrus and
ovulatron which occurs following larger daily doses of progesterone in the same
manner In other words progesterone given daily earher 1n the cycle might mhebit
estrus and ovulation by shifing the piturtary from the secretion of predomumantly
FSH to LH at a ime when no folircles have yet reached a stage at which they are
able to respond to the LH by ovulation

Joun E Newror In regard to the site of progesterone action we have assayed
the pitwitares of progesterone treated heifers and of control heifers at a comparable
stage of the estrous cycle I grant you prturtary content 1s probably a poor mdex of
secretory actvity but we do use thes 1t heu of accurate methods of measuring circu
lating, hormones We could find no differences at all 1n the pitustary gonadotropin
content of progesterone treated and control heifers Although there 15 considerable
evidence that progesterone inhibyts prturtary secretion there 15 also good evidence
thatit has a direct effect on the ovary Larger amounts of gonadotropir: are necessary
to induce ovulation 1n progesterone treated hesfers or 1 heifers dunng the luteal
phase of the estrous cycle than during the follicular phase

‘Wirtram HanseL I certamly would agree with Dr Nellor that the assay methods
for specific gonadotropins leave a great deal to be desired The problem 1s further
complicated by the extremely transient nature of some of the antenor pitwitary
changes such as the raptd degranulation of PA S positive matenal seen m the
small basophils One would have to have a pituitary from an arumal killed at pre
asely the right time to show the expected changes Dr Nellor has suggested that
progesterone acts directly on the ovary If progesterone has a direct effect on the
avary tself 1t shonld be able to overcome the ovulation blocking effect of atropme
‘When both atropine and progesterone were admumstered to heifers at the begimnmg
of estrus ovulation remamed blocked 1n most cases suggesting that the effects of
progesterone on ovulation are medtated through the I and the antertor
pituitary

JouN E NeLLor It 1s agreed that very hugh levels of LH will induce ovulation 1n
progesterone ithtbited ammals but can we overlook these quantitative differences?

¥ D Donker 1 think the work of Nichols quite definrtely shows that progestercne

has a direct effect on the ovary or the response to the ovary as the anumals which

had received previous to ds only produced on the average

about 30 follicles while those which did fiot recerve any progesterone produced on the

average of about 50 follicles Even though there was not a statistically stgnificant
1tdid h the 1level

E P Remneke Thank you Dr Donker I know 1t s often the custom n a panel
discussion to attempt to summarze what has been said Dr Nellor says he will
summarize this for us

Joun E NELLOR We mught constder a quotation from Zawadowsky (1935) one
of the earliest reported attempts m controllmg estrus and ovulation 1nt cattle He
successfully induced smgle and multiple ovulations at all stages of the estrous cycle
but encountered fow fertiity This was belicved due to the incomplete readmess of
the genttal tract to secure the vitality and migration of the sperm cell It 1s noted
{hat the reasons suggested by this Symposium for the low fertiity encountered 1
hormonal controlled ovulation namely not the productton of faulty ova but 1n the
sperm participation have ‘been available for some time
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WiTH the advent of the Atomtc Age radioactive 1sotopes of biologrcal interest
have become available on a scale not dreamed of when the early tracer expen
ments were conducted a quarter of a century ago Tracer studies ivolving

d have their ad ges and disad ges but one needs only to
consult any recent 1ssue of a scientific journal covering the ficld of biochemistry
or phystology to see that 1sotopes have become an integral part of modern
laboratory techniques

Artificial breeding and the Atomic Age have developed almost simul
taneously While artificial breedimg 1s an «pphed science 1t 1s based on funda
mental studies of semen phystology and t ducted over a period
of many years Many of these studies have been reviewed by Mann (1954)
and no attempt will be made to review the Iiterature at this ume With the
adwent of such Inghly techmical procedutes as the freening of semen and the
promise of eventual storage of semen at room temperature (VanDemark
and Sharma 1957} the industry must place still more emphasis on the mvest
gation of fundamental activities such as cellular metabolism The object of
this paper 15 to d the useful of 1S0tOpes as tracers
m approaching problems of thus nature

MONOSACCHARIDE UPTAKE AND UTILIZATION

In imtiating the work at this laboratory (Fhipse 1954) 1t was shown that
when spermatozoa were mcubated m a buffer contaming carbon 14 labeled
glucose the spermatozoa acquired radioactvity which was not removed by
repeated washing of the cells Thus 1t was established that exogenous glucose
becomes associated with the sperm cell durmg mcubation It was not deter
mned whether the activity was located on the cell surface or within the cell
Such a localization would be of nterest but perhaps not of great importance

¢ Authortzed for publication on June 3 1957 as paper No 2155 1n the journal series of
the Pennsylvania Agricultural Expeniment Station This work was aided by grants from the
National Assoctation of Artificial Breeders the Pennsylvansa State Association of Artifictal
Breeding Cooperatives and the Atomuc Energy Commusston contract No AT(30-1)-1849
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wiously glucose 1s used in preference to fructose as was reported by Vantien
hoven ef af (1952) A word of caution may be in order with regard to studies
of substrate utilization Interpretation 1s simple when the comparison s be
tween similfar compounds such as glucose and fructose Other comparisons
such as a sugar with a phospholipid may be pl ! by such things as
permeability or colactor req 1n the simphified system
Uptake of glucose C!¢ having been established Flipse and Almqurst (1955)
d the d of glucose bol After washed spermatozoa
were ncubated with glucose C1 the classes of products were scparated
as indicated 1 Fio 3 Carbon diovide produced dunng incubation was
trapped 1n alkali protein was precspitated with trichloroacetic acid alcohol
was removed by steam distillatton at pH 90 and volatile acids were re
moved by steam distillation at pH 20 The residue from steam distillation
was then continuously extracted with ether first at pH 90 then at pH

& Loctate from ghieomCn,
Products from glicose €™ 4
o €
— €0z €
TCA nsol. E 10 %
Neut. SD 2
| Acd 5D 3
1] Ak EE
Acd EE
o
¢ W0 ¢ 30 0 0
counts/fmin/prmole C F octon No
Fia 3 Dustributron of radioactivity in ¥1a 4 Flution profile of lacticacid
products fmml the metabolism of from Dowex 1 formate column
glucose

20 Specific actvities were much higher for CO and the acid cther extract
than for the other fractions The actd ether extract was dried taken up i
water and tmnsfcrrcd to a Dowex ! formate column The column was cluted
with of formic acid and the fractions
analyzed for radxo:xcuwty (FIG 4) after drying Allhough 150 of the 2 ml frac
tions were coll Ily all the d activity was in fractions 10 to
25 Colonimetric analysis of these fracttons for lactic acid by the Barker and
Summerson (1941) method resulted 1n a curve which 1s superimposcd on the
radioactivity curve

The effects which the method of preparation of spermatozoa may have on
thetr metabolic activity 1s shown 1n Fic 5 The usual experiment consists of a
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for many enzymes function at cellular mterfaces Studies of uptake by cells
have obvious linitations There 1s first of a1l the problem of removing residual
activity without excessive diffuston of radioretvity which has entered the cell
Secondly simple measurement of uptake does not mdicate the chemcal form
of the matenial taken up Thirdly a study of uptake n atself reveals httle re
garding bolism of the compound It rep only the be
tween labeled compounds entering the cell and those leaving the cell In its
simplest form uptake 1s useful as an ndication of metabolic activity but should
not be over emphasized

Having established uptake some of the factors affecting 1t were studied
Inactivation of sper prior to \: Ily reduced uptake
dicating that 1 the normal cell uptake was a metabolic function rather than
sumple diffusion As shown in FIG 1 washing of spermatozoa prior to incu
bation results m increased uptake This presumably 1s the result of removal of
energy sources present mn the sermnal plasma or the removal of cofactors 1n
volved 1n glycolysis The latter would reduce the rate of removal of C* from
the cell and thus appear to 1ncrease uptake

Uptake of glucose ¢ counts/min -in washed celts=counts/n
Ipteke

200]
60}
[
5 ad
5 100}
8
20
o o
No of washngs fu ¢ ouc
Fio 1 Effect of washing of Fie 2 Uptake of glucose in preference
bovine spermatozoa on the to fructose by bovine spermatozoa
uptake of glucose C* G =unlabeled glucose F=unlabeled

fructose

Isotopes often offer simple approaches to problems such as preferential
substrate utidizatron Thrs 1s dlustrated 1n Fig 2 Four flasks were prepared m
which the total amount of both labeled and unlabeled sugar was the same
‘When unlabeled glucose replaced unlabeled fructose the uptake of labeled
fructose was reduced and when led fructose replaced unlabeled glucose
the uptake of labeled glucose was increased If a product of metabolism such
as CO 15 measured the results are even more strihing Replacing unlabeled
fructose with unlabeled glucose reduced the C*O produced from Jabeled
fructose by a factor of 10 repl labeled glucose with unlabeled fructose
1ncreased the CHO, produced from labeled glucose by a factor of six Ob
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Glcose dissmicton

Expt a

FiG 7 Evaluation of pathways of glucose degradation in three experiments by radio-
acuvity in CO, (1) acetate (2) and lactate (3}
lactate agree somewhat more closely than do those with CO, but they are also
much more difficult to recover than 1s CO; The results with each product
indicate that the Embden Meyerhof pathway 1s predomnant but they also
dicate that other pathw ays may be present Isotopic studies should not be
accepted as of the of such path but should
be supplemented by demonstrating enzymes 1nvolved 1n these pathways or
1solating intermed. h, istic of these p;

y
FACTORS AFFECTING PHOSPHOLIPID UPTAKE
Lardy and Phllips (1941) reported that spermatozoa readily utihize phos

pholipids as sources of energy Crawford Flipse and Almquist (1956) nvestt
gated the uptake of phosphorus 32 labeled phospholipids by sper

h as labeled phospholipids were not labl dly they
were 1solated from eggs after the hen had been fed morganic phosphorus 32
AsshownmFIG 8 the uptake by washed spermatozoa was almost three tumes

P2PL ploke

cou tsfmn

Fic 8 Companson of uptake of Fic 9 Effect of fructose
P phospholipids by whole semen and 2 4-utrophenol on
washed sperm and washed sperm the uptake of P* labeled
resuspended tn semmal plasma phospholipids
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control of spermatozoa mactivated with acid as well as motle spermatozoa
which have been freed of seminal plasma by two washings with buffer
Occasionally however spermatozoa subjected to two washings show no
motility when examined under the microscope With glucose C!* such 1m
motile spermatozoa wncorporated nearly twice as much radioactivity 1nte
CO, but only about 20%, as much radioactivity 1nto lactic acid as did motile
spermatozoa
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spermatozoa appeanng as CO;

One of the attractive features of 1sotopes 1s the fact that mdividual atoms
within the molecule can be tagged Such specific labels can be extremely useful
i studying metabolic pathways (Wood 1955) Glucose | C1 was used by
Flipse (1956a) 1n studying glycolytic pathways mn spermatozoa The most
widely d pathways of glucose catabolism are rep ted m FIG 6
The Embden Meyerhof process results 1 a symmetrical division mto ¥
3 carbon units Carbon dioxide 1s not released until pyruvate enters the hrebs
cyele In the Oxidative or Entner Doudoroff schemes carbon diowde 1s 1€
leased by sphtting off carbon 1 The Embden Meyerhof process can be dif
ferentiated from the alternate pathways by comparing the production of
labeled CO, from glucose 1 C with that from unsformly labeled glucose
Other direct products of glycolysts such as lactate or acetate have sOome
advantages over the use of CO; according to Blumenthal Lewis and Weu:‘
house (1954) We have conducted a number of expeniments using glucose ¥ C
and umformly labeled glucose and recovering CO, acetate and lactate mdivt
dually or in combination The results of three expeniments 1n which alt thrc;
products were recovered are presented m Fig 7 Resvlts with acetate an
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fiG 7 Evaluation of pathways of gl by radio-
actmity 1n CO, (1) acetate (2) and lactate (3)

lactate agree somewhat more closely than do those with CO, but they are also
much more difficult to recover than 1s CO, The results with each product
ndicate that the Embden Meyerhof pathway 1s predomunant, but they also
mdicate that other puthways may be present Isotopic studies should not be

accepted as i of the of such p but should
be supplemented by dcmonstratmg enzymes mvolved 1n these pathways or
1solating intermed: 1stic of these pathway

FACTORS AFFECTING PHOSPHOLIPID UPTAKE
Lardy and Phillips (1941) reported that spermatozoa readily utilize phos
pholipids as sources of energy Crawford Flipse and Almquist (1956) invest1
gat:d the uptake of phosphorus 32 labeled phospholipids by sper
as labeled phosphol; were not tabl lly they
were 1solated from eggs after the hen had been fed inorganic phosphorus 32
Asshownm FiG 8 the uptake by washed spermatozoa was almost three tumes
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control of spermatozoa mactivated with acid as well as motile spermatozoa
which have been freed of seminal plasma by two washings with buffer
Occasionally however sper ts d to two wash show no
motifity when examined under the microscope With glucose C* such 1m
motile spermatozoa mcorporated nearly twice us much radioacthvity mto
CO, but only about 20%, as much radioactivity into lactic acid as did motile
spermatozoa
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One of the attractive features of 15otopes 1s the fact that 1ndividual atoms
within the molecule can be tagged Such speaific fabels can be extremely usefut
n studying metabolic pathways (Wood, 1955) Glucose 1 €M was used by
Flipse (1956a) 1n studying glycolytic pathways 1n sper The most
widely recognized pathways of glucose catabolism are represented i Fid 6
The Embden Meyerhof process results 1n a symmetical division 1nto tWo
3 carbon umts Carbon dioxide 15 not released until pyruvate enters the Hrebs
cycle In the Oxidative or Entner Doudoroff schemes carbon diouide 15 f€
leased by sputting off carbon 1 The Embden Meverhof process can be &f
ferenttated from the alternate pathways by companng the production of
tabeled CO, from glucose 1 C4 with that from umformly labeled glucose
Other direct products of glycolysis such as lactate or acetate have somé
advantages over the use of CO  according to Blumenthal Lewss and Wm"t.
house (1954) We have conducted a number of e, 15 using, glucose 1 €
and umformly labeled glucose and recovering CO  acetate and lactate indivt
dually or 1n combimation The results of three experiments 1n which alt ““‘i

ducts were 1 d are p d sn Fic 7 Results with acetate an
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Glyane and glucose were compared and the glucose was found to be utilized
somewhat more readily thin was glyane Using identical concentrations of
001 M each, addution of glucose reduced CO, formation from glyeme but the
addition of glycine had hittle effect on CO, formation from glucose The O 1M
concentration of glycine approaches the concentration effective as a semen
diduent and produced some reduction in CO, output from glucose
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Fio 11 Distnbution of radicactinty Fro 12, Oudaton of glucose
from glycine-2-C* 1n €O, and cell and ghane ;m suspensions of
ular fracuons. T=aad soluble spermatozoa i Ranger phosphate.

L =phospholipid, 11T =puclesc acid,
IV =phosrhoproten

Hawing established the fact that glycine 1s readily metabolized by sperma
tozoa we have concentrated our recent efforts on the nature of this break
down As shown tn FIG 13 we have isolated labekd fornuc and glyoxylic
aads from spermatozoa recemng glyctne C* In order to recover these com-
pounds however, 1t was necessary to add a small pool of the unlabeled
compound This pool served as a metabolic trap in which sufficient radio-
activity accumulated to permut rsolation Without the pool the labeled for
mate and glyoxylate were broken down as rapidly as they were formed and
thus escaped detection It was noted that CO, production was reduced when
formate or glyoxylate was added Some of thts may have been due to actvity
trapped in formate of glyoxylate which 1ly would have app i1 CO.,
but 1t may have been due 1n part to hibition  glyoyylate 1n particular is an
effective snhibitor of respiration

Figure 14,111 the relative of rad red 1z CO,
and 1n formate when specifically labeled glycine was uscd As expected car
bon 1 labeled glycine produced more C'*O, than did carbon 2 labeled glycine
Contrary to expect.tions glycine 1 C also resulted m considerable labeling
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that of spermatozoa 1n whole semen A third treatment consisted of sperma
tozoa resuspended 1n semmal plasma nstead of buffer after the washing pro
cedure This treatment was used to determine the effect of washing upon the
fi g of the sper and 1t was found to have very httle effect
upon the uptake of labeled phospholipids A superfictal comparison of the
data presented mn Figs 1 and 8 indicates that seminal plasma has a much
greater effect on the uptake of phospholiptd than on the uptake of glucose
Presumably this could be the result of utilization of fructose 1n semmal plasma
m preference to phospholipids The results shown m Fic 9 would appear to
contradict such an assumption for the addition of fructose to washed sper
matozoa mcreased the P* uptake Addition of an uncoupler of phosphoryla
2 tion and resprration such as 2 4 dinitro
FEop uptake phenol had the same effect as additron of

Molorct fructose From this 1t would appear that

o owme ] the addition of fructose may not alter the
e passage of P3 into the cell but delays its re
s lease from thecell In Fi 10 the effect of
S = o 5 ik on the vptake of phos
counts/m n pholipid P? 1s shown As expected malo

nate cyamde and 2 4 dimitrophenol each

produced an apparent increase 1 uptake
as a result of mhibiton of the normal

cataboltc processes which result m the release of metabolites from the cell

Fi1G 10 Effect of metabolic inhibitors
on uptake ot P* phospholipids

METABOLISM OF GLYCINE AND RELATED COMPOUNDS

In recent months diluents consisting of glycine solutions and egg yolk or
mulk have been used and have resulted n an increase m the survival ime and
fertility of bovine spermatozoa stored at 5 C (Roy and Bishop 1954 Flipse
and Almquist 1956 Flipse and Almquist 1957)

Flipse (1956b) utilized carbon 14 labeled glycine to determme the extent
and nature of glycine metabolism by spermatozoa Data presented 1n Fic 11
represent the result of an attempt to fractionate the products of glycine meta
bolism Washed cells were mcubated with glycine 2 C!¥1n Ringer phosphate
buffer and the CO; produced was trapped and assayed After incubation the
cells were wasbed to remove the medium and unused glycine and the cells
were fractionated into acid soluble phospholipid nuclerc acid and phos
phoprotemn fractions as outlined by Schnerder (1945) The fractions were not
punified beyond the procedure hsted by Schnerder but all four of the cellular
fractions contained activity Semen metabolism 1s ordinarily considered only
from 1ts catabolic aspects and these resulfs suggest avenues of work which
have not as yet been investigated

Since considerable radioactive CO was produced from glycine we con
ducted the substrate preference experuments which are summarized i Fic 12
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Glyeine and glucose were compared and the glucose was found to be utilized
somewhat more readily than was glyaine Using tdentical concentrations of
001 M each addition of glucose reduced CO, formation from glycine but the
addition of glycine had hittle effect on CO, formatton from glucose The 01 M
concentration of ghycine approaches the concentranon effectise as a semen
diluent and produced some reduction in CO, output from plucose
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Fic 1t Distnbution of radicactinty Tie 12 Oudation of glucose
from glycine-2-C** in CO, and cell and glyane tn suspensions of
ular fractions I=aad scluble spermatozod in Ringer phosphate

Il=phospholimd NI =nucleic actd
1V =phosphoprotein

Having established the fact that glycine 1s readily metabolized by spermn
tozoa we have concentrated our recent efforts on the nature of this break
down As shown 1n FiG 13 we have 1solated labeled formuc and glyoxylic
acids from spermatozoa receiving glycine C!4 In order to recover these com
pounds however 1t was necessary to add a small pool of the unlabeled
compound This pool served as a metabolic trap 1n which sufficient radio-
activity accumulated to permit 1solation Without the pool the labeled for
mate and glyoxylate were broken down as rapidly as they were formed and
thus escaped detection It was noted that CO production was reduced when
formate or glyoxylate was added Some of this may have been due to activity
trapped n formate of glyoxy which 1ly would have d1n CO,,
but 1t may have been due 1n part to mnhib glyoxylate i lar 1s an
effective intubitor of respiration

Figure 14 1llustrates the relative amounts of radioactivity recovered 1n CO,
and m formate when speafically labeled glycine was used As expected car
bon 1labeled glycine produced more C¥O  than did carbon 2 labeled glycine
Contrary to expectations glycine | C* also resulted i constderabl. labeling
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The scheme shownn FIG 16 has been established 1n mammalian liver and
tidney (Nakada and Weinhouse 1953) and could account for the results
which we have discussed Since glycolte acid 15 1nvolved in this scheme we
have included 1t 1n our investigations In FIG 17 the production of CHO, from
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glycine and glycolate 18 compared Stnce the permeabituty of the cell wall to
plycolic actd was not known  the experiment was performed on homogenates
of sp and on sp treated with versene {(hocfoed Johnsen
and Mann 1954) 1n addition to washed spermitozoa Permeability did not

Sromfcte
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here1C dyne 1-C*
1o +C a Greviate 1-C*
& .
Py
DD» . i )
ol
Woshed  Homog  versene Voshed Homog  Varsene
ho 17 €0, production Fia 18 Glyoxylate-Ct forma
from glycmne 1-C* (1) and tion from glycine [-C (1) and
glycolate 1-C*(2) glycolate 1-C1* (2)

senously imat the degradation of glycolate for it was readily converted to
C10, Figure 18 shows the production of labeled glyoxylic acid by the same
preparations Glyoxylate was readily recovered following glycolate admints
tration even without the use of a poof of unlabeled glyoqyfate As was
mdicated carlter 1n the discussion a teap was necessary for the recovery of
glyoxylate from glyaine These results mdicate that the limiting reaction tn

the d1s the of glycine to glyoxylate
The mechamsm involsed 1n the converston of glycine to glyoxylate has not
been el d but there are that may be involved

Tosic and Walton (1950) were unable to demonstrate the hburation of am
monta from glycine by spermatozoa In our studies glycine has failed consis
tently to mcrease the oxygen uptake above endogenous levels Perhaps the
most logical transammatton scheme would be one involving the amino acids
glyoine and alanmne and the keto acids pyruvate and glyoxylate Such a
scheme would help to explain the reduced production of lactic acid observed
by Fhipse and Almquist (1957} 1n glycine containing difuents

DISCUSSION AND SUMMARY
Ad of all of the 1 of the experiments which have been
cited as examples of the use of radiotracer techniques 1s beyond the scope of
this paper It 1s obvious that spermatozoa are capable of extensive metabolic
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Processes mvolving at least certain harides, phospholipids and
amuno acids as well as degradation products of these compounds It has been
demonstrated that the metabolism of the particular compounds studsed 15
mfluenced by the presence of avarlable substrates as well as by nhibttors co
factors and other additives In addition to the generally recognized catabolic
activity there has been a suggestion of synthesis in these cells Ths s stself
may alter the approach to the problem of diluent composition

Examples have been given demonstrating the use of (1) labeled compounds
to determine the uptake of sugars phospholipids and glycine by spermatozoa
(2) carbon 1 labeled glucose to determine the metabolic pathways of glucose
(3) various tracer compounds fo study preferential substrate unilization and
(4) 1sotopes as a means of locating and characterizing metabolic products of
nterest

These examples by no means indiate the lrmits of the use of tracers 1
semen physiology and metabolism The possible applications in the laboratory
are without number and are lrmsted only by the imagination of the investtgator
This does not mean that comventional research techniques should be aban
doned 1n favor of tracer methods tracer techmques assume their greatest
potential when used 1n conjunction with other modern physiological and bio
chemical procedures
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DISCUSSION
Wednesday July 3 1957
Afternoon Session

F X Gassner Presidimg

SEMEN METABOLISM AND ARTIFICIAL
INSEMINATION

Isotopic Studies of Semen Metabolism R J Flipse Daury Cattle Breeding Research
Center P ate U Ui ty Park
F X Gassner Thank you Dr Flipse for a very fine paper Will you please fill
out your question blanks and they will be collected as soon as you have completed
them We will begin now with the discussion of this morning s papers I should hke
to ask the authors to come forward and sit 1n the front seats so they can attend the
lectern Dr Hinze will you come forward first?

Duscussion of Papers Given W ednesday Morming
Problems of Infertuity in Darry Herds Plhp M Hinze Carnation Mik Farms
Carnation Washington

J C OssoRNE Have you seen d performance
with subchinical ergotism If so would you please elaborate your expenence

Puure M HiNzE We have no ergotism 1n the state of Washmgton that I know
of therefore T have had no expenence with this condition

J C OsporRNE Subclinical ergotism 15 considered to be a definite cause of em
bryonal death and aborttons m cattle and other livestock 1n certain areas of North
Carolma Abortions can be caused routmely with subchrucal Ievels of ergot n
laboratory ammals and the constricting action of ergot on the vascular systermn of the
uterus 1s thought to be the predisposing vause of abortion

CeciL BrantoN May I pose the following question to Dr Hinze Have you
observed any relationship between conception rate or repeat breeding and Jevel of
milk productton?

paitLir M Hinze There 1s evidence which suggests that high producing dairy
cows have a lower conceptton rate than average or low producers but I would hike
to answer the question this way We have a famuly of cows at the Camation Mk
Farms called the Madcaps which 1s the hughest producing fanuly of cows 1n the
world m regard to total butterfat production and this fanmly has consistently been
one of the best 1 not the best reproducing farmilies in ths herd To cite 20 example
Carnation Homestead Datsy Madcap who tw1ce broke the world s record for butter
fat was bred only eight tumes to produce her first seven calves Other hugh producms
cow families have experienced a poor breeding record therefore I thimk we should

ted
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assume that high production might mfluence breeding efficiency depending upon the
of the indisidual and over all d with prod
Cion. Biranton Would you recommiend that intrutenine infusion of intibiotics
beusedintreating repeat breeders ?

Piesr M Hivze  As desenibed sn detasl in the text of my paper satrautenne

treatment wath Combuotic and perhaps other antituotics that have a low tovicty for

has met with ble succees when the infusion was mide during

the time when estrogen domunated the cycle This means that the cow can be treated

several hours before breeding or any time from ten minutes to three days following

breeding Most treatments are made following breeding and before the embryo has
made the descent to the uterus

CraL Branton Do you have any on adh caused by
ovanan cysts? Particular reference 18 made to luteal cysts

Punttrr M Hinze 1can t give any exact figures on ovanan adhesions 1t this ime
However I rocovered all of the genitalia from cattic slaughtered from our farm for
several years and adhesions were found in only a very small percentage of these cows
Many of them had been victims of cystic ovanes and therefore subjected to the
usual therapy It wasmy /| that were d with
and traumatic or mfectious exudates and not necessartly with the type of cyst
involved Naturally the luteal cysts are more prone to trauma because of their
greater resistance fo manual rupture but 2 thin walled evsily ruptured cyst may
also produce n vast amount of hemorthage Also one cant help but wonder if
hemorrhage docsn t occur on oceaston from spontancous rupture of a cyst or even
from the normal rupturing of a follick. because unitateral as well as bilateral ovanian
adhesions have been noted in virgin heifers with no evtdence of genatal disease

V W Zuercirr Do you think there may be a protein sensitvity factor adversely
affecting conception in repeat breeders that have not responded to treatment show
no gross pathology and mamfest regular estrus? (We have noted that a fair per
centage of this type animal will concerve on natural service )

Piittie M Hivze Regarding protein sensitization 1 recall three cows in our herd
which absolutely would not concenne on artificial imsemination when bred with
diluted semen These same cows would concerse when bred with undiluted semen
T'bred one cow eight times 1n one year with diluted semen 17 routine msemunation
without conception 1 then bred her with undiuted semen and she concerved The
following three years I bred her to routine snsermmnation without conception for onc
or two breedings and then I would go to unduted semen and she would concerve
1t therefore appears that proterm scnsitization 1s a factor in repeat breeders in a small
percentage of cases

A M SorenseN Did your observations show that cystic ovanes was a hereditary
charactenstic? Have you examined cows at slaughter for adhesions in the area of the
ovary which may have been caused by manually rupturing cysts toexpel the CL 7

PP M Hinze 1 would fike to refer that question to Dr R T Lrb of Wash
Ington State Colluge who s 1n the audience Dr Erb had the patience to run down
allblhc data on this cystic ovary summary and should be able to claborate on this
subject

T X Gassner Wil you come forward Dr Erb?

R E Lre We have done some herstability work with the data Dr Hinze has
referred to Our estimates were for evidence of genes acting 10 an additive manner
using a rather simple method This method was to determine if daughters of cows
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assume that hugh production might influence breeding efficency depending upon the
of the land over all d with
CeaiL Branton Would you that infusion of
be used i treating  repeat breedurs ?

Prnure M Hinze  As described 1n detad in the text of my paper imtrautenne

treatment with Combiotic and perhaps other antibrotics that have a low toxicity for

has met with success when the infusion was made during

the time when estrogen derunated the cycle Thes means that the cow can be treated

several hours before breeding or any time from ten minutes to three days following

breeding Most treatments are made following breeding and before the embryo has
made the descent to the uterus

CeciL Branton Do you have any infermation on adhesions caused by rmipturing
ovanan cysts? Particular reference 1s made to luteal cysts

Priie M HinNze 1can t give any exact figures on ovarian adhestons at this time
However I recovered all of the genitalia from cattle slaughtered from our farm for
several years and adhesions were found 1n only a very small percentage of these cows
Many of them had been victims of cystic ovanes and therefore subjected to the
usual therapy It wasmy 1 that adh were d with h
and traumatic or mfectious exudates and not necessanly with the type of cyst
mvolved Naturally the luteal cysts are more prone to trauma because of therr
greater resistance to manual rupture but a thin walled easily ruptured cyst may
also produce & vast amount of hemorrthage Also one cant help but wonder if
hemorrhage docsn t occur on occasion from spontaneous rupture of a cyst of even
from the normal rupturing of a follicle because unilateral as well as bilateral ovanan
adhesions have been noted 1n virgin herfers with no evidence of genutal disease

V W ZuercrHer Do you think there may be a protein sensttivity factor adversely
affecting conception n repeat breeders that have not responded to treatment show
no gross pathology and manufest regular estrus? (We have noted that a fair per
centage of this type animal will concesve on natural service )

PritLre M Hinze Regarding protein sensitization 1 recall three cows in our herd
which absolutely would not conceive on artificial insemmation when bred with
dituted semen These same cows would concesve when bred with undiluted semen
1bred one cow eight times 1n one year with diluted semen 1n routine insemination
without conception I then bred her with undiluted semen and she concerved The
followmng three years 1 bred her to routine imsemmation without conception for one
or two breedings and then I would go to undiluted semen and she would conceive
It therefore appears that protein sensitization 1s a factor in repeat breeders m a small
percentage of cases

A M SorensiN Did your observations show that cystic ovaries was a hereditary
charactenistic? Have you examuned cows at slaughter for adhesions m the area of the
ovary which may have been caused by manually rupturing cysts to expel the C L ?

Prur M HmzE 1 would bike to refer that question to Dr R E Erb of Wash
ington State College who 15 m the audience Dr Erb had the patience to run down
all the data on this cystic ovary summary and should be able to elaborate on this

subject

F X Gassner Will you come forward Dr Erb?

R E Erp We have done some hentability work with the data Dr Hinze has
referred to Our estimates were for evidence of genes acting 1 an additive manmer
using a rather simple method This method was to determine if daughters of cows

N
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showingap h 1stic have it more f ty than d fromcons
a0t showing the characteristic The diffe m of betwesn
the two groups multiplied by two yields a crude esimate of herstabshity The cows
were clasufied as showing cystc tendency if they had two or more estrous cycles of
fifteen days or less duning the same reproductive period or had cystic follicles present
on the ovary Under these 4 cystic y showed a of
approamately 035 Further studies mvolving estrus after conception and twinnsng
rates show these charactenstics ecourning with cystic tendency m a non random
manner Odd sex ratios have also been obsenved suggesting presence of a female
Iethal(s) Retamned placenta rates are also above the herd average for the previously
mentioned charactersstics The possibility that cysue tendency estrus after con
ception twinmung rate and deranged sex rattos are snterrelated is currently bemg
mvestigated

G W McKay Having treated a cow with cystic ovaries once how Jong do you
wast before considering retreating?

Pritie M Hevze This of course depends a lot on each indivdual case butin
general 1 give them from theee to four weeks to resume 3 normal cycle Ifa cowis
gosng to respond 1o treatment the vulva will usuably fose 1ts turgrdity considerably
ahead of the tune a normal heat peniod 1sdue therefore observations should be made
periodically on the external gemtabiz to note any progress If the vulva remamns
turgrd for two weeks or more following therapy there 1s @ good chance that further
treatment 1 necessary If the vulva atrophues followang treatment a normal heat
persod wilt usually follow

Kenners McEntee How f ly do you d; 4 Iutea s com
pared to cystic follicles? What are the chnical ofcows with Iuteal eysts?

Parue M Hmvze Luteal cysts are defiutely i the munonty w so far as chaeal
manifestations are ¢oncerned perhaps in the neighborhood of 5% ip my area
Clmical symptoms of the classical Juteal cyst are anestrum a shghtly turgid vuha
and only rarely a mucous discharge from the vagima The eysts are uniform M size
between individual cows varying only shghtly i swze from that of a large marble to
that of a black walnut They are thick walled and difficult to rupture Diagnoss ¢an
be confirmed by drauung them with 2 ypodernuc needie via the vagina

Renwverst MCENTEE Mr Chatrman may I make a remark I realize that cystic
corpora lutea are difficult to dugnose I have seen quate a few futeal cysts m exper
mental hewfers which were slaughtered The peneral impression 15 that they are rare
and that they cause anestrum However we examined a large number of bovine
avaries at a locat slaughter house and found that cystic corpora lutea were approt
mately three tmes as common as cystc folicles In our expermental hafers with
cystic corpora tutea e did not obserse anestrum They had estrons cyclss of rela
tuvely normal lengih but were somewhat seregular at the time of heat

Pt M Hivze My results are based entirely on chinical evaluauon and not
staughter house data I tried to bring out the fact 13 my paper that there are classscat
uteal cysts aud classical folicular cysts and then there ate a number of cystic
avanes that fall somewhere 1 between these two extremes both in physical appear
ance and mn the manner m swhich they mfluence the estrous cycle 1 thmk Dr

McEntes and 1 differ 10 our manner of snterpretation as to just what a eystic corpus
futeum s Siaughtes house data are more accurate than chnical mterpretation and
1am pleased to have thas information

Heamann Mever Do you have a theory which mught explain the hugh twinnmg

rate 1 cowd With cystic ovaries?
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PriLLir M HINZE My thoughts on ths are strictly theory butI think that manual
mamipulation of the ovary will alter follicle production and when the ovary 1s dis
turbed by manuaf rupture more than one follicle may mature at the subsequent heat
peniod The theory behind ovanian massage is that 1t stimulates increased blood flow
to the ovary and this increased blood supply may bring an abundance of gonado
tropins to the ovary which would m turi mature and ovulate more than one
follicle

LesTER S LARSON What was the conception rate of controls of repeat breeders
where the intrautenine treated animals conception was 50° at first service?

Puitiie M Hinze I can't recall the figures percentagewise but it took 22
breedings for conception on the controls as aganst 1 6 breedings per conception on
the trea ed group

F 8 Scott When there 1s a high of 1n a well d for herd
of dairy cows—on routine rectal exammation at about 2 week intervals 1s 1t better
to manually express corpora Jutea found in known anestrous cows or 1if no CL 1s
present should and/jor be mjected 1s 1t better to do
nothing and let nature take 1ts course? Would you suggest an arbrtrary period post
partum to initiate therapy and/for enucleation of the CL 7

Prntip M HINZE There does appear to be 2 higher incidence of anestrum among
the extra well-cared for cattle especally 1n some herds and a high producing cow
may take longer to show her first estrus after partuntion than the average cow
Therefore 1t 1s dufficult to say just when to mtiate treatment Some cows will not
show a heat period for 60-80 days after calving which 1s apparently normal for
them Hence no effort should be made to get them into heat any sooner than this
If anestrum s prolonged beyond this pownt then therapy should be initsated

‘The type of yellow body that causes prolonged anestrum usually does not lend
itself well to enucleation On the other hand of there is Iuteal tissue present estrogens
such as diethylstilbestrol wall usually produce 2 heat period to be followed by a
normal cycle If there 1s nio luteal tissue on either ovary and they remam that way
stilbestrol even n large amounts will do no good and stronger estrogens such as
ECP will have to be used Alternate therapy for this condition 1s the use of
progesterone to enhance the action of or 1
penodrcally with estrogens Esther treatment should be given ample time to work
before further treatment 15 given

If I find thata cow 1s cy ling yet having stlent heat periods I estimate the approx:
mate time of the next estrum and nyect this cow with 10-16 mg of sulbestrol This
will add just enough estrogen to stimulate a heat peniod yet 1t 1sn t enough 1 the
average cow to alter the cycle and conception will occur in many of these cases 1f
bred

HarrY HERMAN How do you favor handling utenne  pus cases? Do you bke
stilbestrol”

PuuLie M HINZE Uterine pus cases can be classified as anything from a muco-
purnlent discharge to pyometra ‘The mucopurulent discharge coming from an
uterus that 1s grossly normal as palpated per rectum can best be treated by wecting,
10-15 mg of stilbestrol IM  every three or four days for about two weeks and

d with of soluble The pus case that
has p d to p 1¢ uterine eal with varymg amounts of a
thin foul smellng pus 15 treated shightly different Before antibiotics can be of much
help the uterus has to be evacuated of nearly so This 15 accomplished by larger
injections of stilbestrol up to 35 mgevery three or four days or by the use of ECP

R TSR
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If the pyometea s of long standing the C L. 1s probably not producing progesterone
i very large amounts and 50-100 mg of progesterone may be snyected fo enhance
the action of the estrogens After the uferus 15 emptied then tetracyclme should be
snjected mto the Uterus

Harey HermvaN Do you consider extreme uterme contractions specifically
caused by sulbestrol hanmful m foremng pus up the Fallopian tubes and causing
adhestons and the end result beung blocking of the tubes?

Putee M HINZE 1 dunk thss 1s entirely possible but T have nothing to base my
opimon on other shan from bie ]

R O Beray How large does the cavity tn the corpus Juteum have to be i order
to be considered cystic?

Poner M Hinze 1 was of the opuion that these small cavities tn the corpus
luteum were mote ot less normat but after heaning Dr McEntee s report any cauity
may be abnormal and therefore would hase to be considered cystn Clically 1
would be difficult to recognze a cyst much smaller than 2 cm in diameter

¥ X Gasswer Thank you Dr Himmze J am sorry I cannot allow any more
questions from the flaor if there were any We will have o o to the next discussion
Thank you very much

Duseussion of Dr Sacchs s Paper
Kennern MCEwTEE What 15 the value of this work without controls? Smce it
was not established that the treated ammals had endometrius and adequately con
trolled experiments have not shown antibiotics to be of value m treating ths class of
repeat breeders 1t does not seern that it was justifiable to omut controls

E M Sacchr 1t was justifiable from owr standpomt In working with anttbioties

as we do we probably know more abous them than the next fellow We have done
work wfusmg utert and we have deternmmed the amount of apubiotic that can be
recavered 1 the blood stream after utenine mfusion It was possibk 1n many vases o
recover up to 70-80% of the antbiotic m the blood stream Now it seems to me that
f we mtend to treat & condition withun the womb we should not wse true solutions
>f antbioties but just hke m the case reported ths mornng we have prepared
olutions that would finally precipitate and nebubize the vtenne cavity when ad

ninistered and wonld semain mr swrw anstead of gomg wmto the bload stream As to
he lack of control I would hike to cite the fact that other ivesugators {Chambers

Noelffer Herrick Lndley Easley Trotter Leonard) before ourselves have avorded
hat If Dr McEntee can assure me of our being able to detect abnormahties and
ubdivide expenmental anunals into two homogeneous groups then f can see the
yossibility of keepng contsols By not keeping controls we have recognuzed our
nabifity to subdmde ;o two equal groups the ammals avaslable However [ shail
ry to correct tfus report before it appears i pudlbicanion

R D Ancus Is the antibiotic used i these toals one of the presenatly produced
orms of terramycin such as your IV mntramuscular or soluble powder 0ri it 2
ew formula not yet on the market?

E M Saccit 1t ss 3 new formula 1 the expentmental stage Ouar reasoning be
mnd the of thus new was that & before Present
ntibsobtic sahitions do not remam locally with them most of the antibiotic 1s 78
overed systenueally The present compound was designed for local action and
Athy compatibiiity for sperm 1 mund two things that 2re seldom posuble with

sya) Bnttbrotic solutions
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DISCUSSION

H J HiL We want to begin this panel on artificial breeding by askmg the par
ticipants to discuss vanous phases of frozen semen work as related to artificial
breeding There are two phases the practical use of frozen semen 1n an artifictal
breeding program and the technical aspects of freezing semen

The first speaker will present information on frozen semen from the practical

standpownt I ntroduce Richard kellogs, General Manager of Central Ohio
Breeders Association

RicHARD heLLoGG  Shortly after the information about frozen semen came back
from England we became interested 11 the technique because a Jarge number of
purebred breeders i Ohio were anxious to have available the select mating made
possible through a frozen semen program I think this selective matwmny, program
using frozen semen accounts for the fact that over 20, of the cows we breed are
registered ammals

Qur first techmician started using frozen semen in February of 1954 gradually
area by area technicians were changed over to using frozen semen unt:l on June 14
of this year all of the techmeians 1n our organszation were on 2 strictly frozen semen
service About 57 000 cows were mseminated with frozen semen in 1955 and almost
93000 1n 1956 Throughout this pertod of tine the conception rates were comparable
to those reported by technicians using liquid semen from the same bulls There was
less than one tenth of 1 / difference between the averages of the men using Iiquad
semen and the men usmg frozen semen To date those men using frozen semen this
year are reporting slightly higher conception rates than those that were using Iquid
semen

Collected semen 1s diluted with half the ulumate diluting matenal allowed to
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stand for a period of 6 hr 1n a cold room at 41 F After this cooling period the
remander of the diluting material contarning the glycerue is added drop by drop
while the samples are continually stirred by the action of an oscillating table

Asillustrated in Fig 1 the glass ampules are filled and sealed automatically This
particular ampule filling machtne (Popper) places the desired volume of diluted
semen mnto the ampule very gently rather than squirting 1t in as 1s true of hand filling
techniques The ampules then go on by three burners which complete the seal and
then on mto a tray

This machine will process about 2400 ampules at a time The alcohol n the
freezing tray 1sat 41 at the beginrung of the freeze Liquid CO, 15 fed into the freez
ng tray at a predetermined rate designed to produce the proper rate of temperature
fall A small motor drives a rotary blade to assure constant muxng of the alcohol
Toward the end of the freczing process the Liquid CO, 1s allowed to flow into the
alcohol bath rapidly thus dropping the temperature quickly The amount of CO,
allowed to come into the alcobol 1s controlled by 2 cam which operates the valve
openings A portion of the cold alcohol can be drawned off warm alcohol added to
the remaiming in such quantity to bring the temperature back up to 41 F and the
freezing process can be started agamn

This machine and the automatic filling and sealing machine went into operation
almost Prior to 1 of these machmes our average loss
during the freszing pro ess approached 27 4 our average loss now 1s about 13/
‘We do not have any controlled experiments to support this and 1t may not be due to
these two machines The improvement began at about that tme and we cannot
help but feel that the machmes are an important factor in improving our freezing
techniques

After the semen 1s frozen 1t 15 placed 1n our mechamical refrigeration storage bank
which stores 2 maximum of 58 000 ampules From this umt the semen s distributed
to the techmcians

Our field technicians use these Meese kuts to carry the semen with them at all
times The boxes store about 480 ampules and are carrted 1n the car at all times
Each technicran has about 45 different bulls available at all times The box uses about
8 Ib of dry ice per day which 1s one disadvantage to this equpment Semen
supplies are transported back to the district supply banks by the three field super
visors after our regular Monday morning staff meeting These district banks supply
semen for from three to seven technicians depending upon the demand

H J HiL The next speaker M H Ehlers will discuss rate of temperature drop
as related to the effictency of recovery

M H Enrers Thank you Dr Hill Members of the Sympostum

We started our semen freezing work a bittle later than some of you and we hase
been trying to catch up In many ways we have taken advantage of earlter work such
as the recommendations on percentage of glycerol to use i an extender However
1 one particular area, the rate of semen freezing published reports have been very

lar Froma th 1 we can think of freezing rates as being m

two categories On the one hand a slow cooling rate has the advantage of allowing
adjustment to environment On the other hand freezing produces changes n physical
state Accompanymng damage may be reduced iof freezing 15 carried out rapidly
These two theories are ot mutually exclusive 1t1s probably desirable to use different
f freezing at different temperatures Most reported freczing processes are
erzed by an acceleration i cooltng rate at lower temperatures

rates O
charact
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It became apparent to me 1 Jooking over the different freezing patterns that they
are not casily categorized We think of rates as being slow orbeing fast and yet
realize that these are relative terms Another difficulty in categonzing s that there 1s
constderable variation as to the temperature or temperatures at which freezing rates
are altered There 1s at least one report of deceleration Rates are not always linear
The mamtenance of a fast dechine 1s also of course physically hmited as one

hes the of the cooling medium
I invite your attention to the first reference mn the Table Smmth and Polge (1) i
1950 used baths at successively lower temperatures transfernng semen ampules
from one bath to the next after selected time intervals In this reference as wellasin
subsequent ones temperatures refer to the coolng medium surrounding the
ampules For the first trial of Smith and Polge (1) ampules were in each of the eleven
stages or baths for 5 min A subsequent tnal was similar except that 2§ mun
stages were used In a third tnial two additional stages somewhat slowed the cooling
rate at lower ranges Differences were not pronounced but there were somewhat
better sperm survivals in the last mentioned method parucularly with higher glycerol
levels
Polge and Lovelock (2) it 1952 described a device which brought about a cooling
rate of about I Cymin to —15 C after which a faster rate was achieved At that
tune the opmion among English workers apparently was that the freezing rate
should be slow 1n the forepart of the coolng When a temperature of —15 or—20 C
was reached 1t was pernussible to accelerate the freezing rate Bruce (3) in 1953
reported work in which a dechine of I C/mm was followed to —50 €
Subsequent to this early work freezing rates may be described as divergent Some
experiments have used 1nitial cooling of a fractional degree per munute Buch ef af
(13) of Wisconsin froze at 033 C/muinto —I0 C atan accelerated rate to —15 C
and then froze at an extremely rapid rate In talking to Mr Kelloge I gamed the
umpression that the freezing pattern foflowed by Central Ohro Breeders Association
{COBA) 1s somewhat similar The most recent report that I have seen from England
1ndicates that Bruce (14) usesa rate of 05 C/mun to 10 C followed by accelera
tion A somewhat intermediate example of cooling rate 1s that of O Dell and Alm
quist (9) which starts at 08 C with a stepwise acceleration after —10 C Mller
and Van Demark (8) 1 1954 reported on a comparison of 025 050 10 20 and
40 Cfmunto—20 C after which each freezing rate was doubled More favorable
results were obtained with the 1 2 and 4 C/mun 1nitial rates than with the slower
1nitsal rates Direct immersion of sermen ampules into —79 € cooling medium gave
1nfenor results
Minnesota work 1n 1953 (6) and 1954 (7) indicated that the optimum for freezing
with 10% glycerol-milk extender was a rate of 2 C/min from 5 to ~30 followed
by 5 Cimin thereafter For 7/ glycerol yolk-citrate the optumum rate was
3 Cjmun to —15 C and 5 C,mun thereafter A Kentucky expenment by Jones
et al (12) compared rates of 11 22 and 33 Cymun to —344 C after which
temperature all ampules were frozen at 44 C/mm With milk and yolk-citrate
extenders the slowest coolmg rate was inferior

I will not have time to comment on the other freezing rates reported It should
be mentioned however that this hasty appraisal does not give adequate attention to
interactions which may exist between freezing rates and other vamables of the
freezing process My chief interest 1s to emphasize the sizeable differences in
freezing rates It1s really quite amazing that successful freezings can be accomplished
over thus wide range of rates

Let me summanze our own work with 75 7 glycerol-milk extender Essentially
rem bmeos Temans guse 4 vt “he pre in a fow more sections We have nsed rates of 11
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22and33 C/mindownto—40 followedbyarate of 5 C/mun thereafterto—79 C
The slowest rate was nferior Subsequently weused 1 1 C'mmnto—10 € followed
by accelerated rates <ad 11 Clmtn to —25 C followed by acceleration The
11 Ciminto—10 C followed by acceleration was favorable over delayed accelera
tion However m our work thus far we have not found any advantage m starting
witha slow rateascompared with an mitial rate of 2 C/mum or faster

Taste I

Semen Freeung Rates

Reference

Brief description (temp = C)

1 Smith A U and Polge C Ver
Ree 62 115 1950

2 Polge C and Lovelock J E Fer
Rec 64 396 1952

3 Brure W Ver Rec 65 562 1953

4 Polge C Vet Rec 65 557 1953

5 Rowson L. E A Jet Rec 65
559 1953

6 Graham E F and Manon G B
J Dairy Ser 36 597 1953

7 Enckson W E Graham E F
andFrederick E C J Dairy Sct
37 651 1954

8 Milter W J and Van Demark N
L J Dairy Set 37 45 1954

9 ODell W T and Almquist J O
J Dawry Ser 37 652 1954

10 Mixper J P and Saroff 7 J
Dairy Ser 37 1094 1954

11 ODell G D and Horst V J
Dairy Sci 39 1155 1956

12 Jones W M Perkins J R and
Seath D M J Dairy Seci 39
1574 1956

13 Buch N C Smith V R and
Tyler W I J Dawy Sai 39
1712 1956

14 Bruce W III Int Cong on Ammal
Reprod 1956

15 Bratton R W _Flood J C.
Foote R H Wearden S and
Durn H O 7 Dawry Scr 40
154 1957

16 Graham E F Erckson W E
and Baley N D J Dawy Ser
40 510 1957

Successive S min stages at 0 —2 ~5 —38 —13
—~15 ~20 —~40 —60 —79 successive 2* min
stages at same femperatures successive 25 stages
at same temperatures plus additional 2 min
stages at —30 —50 and —70 The latter method
?omcwhat better particularly at higher glycerol
evels

Freezing device requinng about 15 nun to reach
—15 and ar addiuional 15 min to — 60

1 /mn 0 to —50

1 /minSto—15 3 /mm—15t0 —79

2 fmn5to—15 3 /mmn thereafter

Yolk—citrate optiraum 3 /mun 5 to —15 5 /min
thereafter (7°, glycerol)
Heated milk optrmum 2 /mm § to —30
5 /o thereafter (10 glyverol}
02505 10 20and4 O/minto ~20 2x these
rates thereafter Also direct tmmersion 1m —79
medwum 10 20and 4 0 rates better
08/mmn Sto—10 10;mm—10to—15 15/mm
—15t0 —.0 2/mun —20 to —35 rapdly there

after
2 /mn5to—1S 0 7/mun thereafter
08 /minSto—15 3 5/mmto—65

11 22 and 33 /min to —344 thereafter at

4 4/mn 1 1/mm nfinor

033 /mun 5 to-~ 10 Ifmn — [0 to — 15 rapidly
thereafter

05/mm S to—10 to—16 1 1 mun rapidly

thereafter
08/min5to—15 44/mnto7-9

See6 7




Round Table Discussion on Artificial Insemination—Fro.en Semen 253

In reconciling the different freezing rates 1t 1s of note that those following a slow
mittal drop may be d as having an ly rapid rate starting at
around —10 C Certamly the temperature at which freezing should be accelerated
appears to be a critical one

In summarizing the situation as I see 1t we can say (1) Semen can be frozen
successfully over a rather wide range of rates However 1t would appear that we
should have a more accurately described optima than published work presently
mdicates I think the evidence clearly shows that it 1s not only possible to freeze at
relatnvely fast rates after —10 or —15 C but that a relatively fast rate after this 1s
requisite for best results (2) It ss apparent that many trials on freezing rates have
teen carned out and that such mformation has not yet reached publication stage
I thank you for your attention

H J HitL T am sure you will have some questions for Dr Ehlers 1 a moment.
The next speaker 13 from the University of Wyoming where some research 1s being
done on freeze-drying of semen Dr Charles P Stroble will discuss this phase

CHARLES P StrosLE  We undertook the expenimentation m frecze-drying semen
1n the hope of developing a method whereby stored semen could be shipped more
economucally than now posstble with the frozen semen I must confess that our luck
has been practically nul In [945 Cole Smuth and Parkes successfully freeze dried
fowlsemen using 1 1 dilution with Ringer solution and 20 / glycerol After freeze
drying for approxmmately 3 hr they were able to reconstitute and observe from
30 to 50 / motity As far as I can deternune 1 the available literature no such
success has been accomplished with bovine semen

Ledl at the Unwversity of Munich reported at the International Congress for
Animal Reproduction that a few motile sperm were observed after freeze-drying in
s laboratory He used the egg yolk—citrate extender and subjected his semen to
3-4 days of drying He was of the opimion that the few sperm which did survive 1n
some way were incorporated around the sides of his freezing tube and did not under
go complete drying Lerdl pointed out possible reasons for sperm kill One of the
most important 1s a possible toxic effect of glycerol If the semen 1s dried to less than
5, of water the glycerol content rises at that same trme to approximately 50 / In
the Munich laboratory researchers found that sperm could not survive m 50/
glycerol at room temperature

Sherman of the Foundatton for the Study of Genetics now called the American
Foundation for Biological Research obtamed results quite similar to those obtamed
at the Munich laboratory He also suggested the possibility that many sperm were
hilled on reconstitution because of the non method of
In other wards at some time during the replacement of water the salt content
became so large to the reawakened sperm as to be toxic to them

In my expeniments at Laramie I have attempted to replace glycerol with high
butterfat I must confess agam that I have had no success I have on several tnals
managed to obtain a very small number of motile sperm after reconstitution

M A BrowN I wonder 1f Dr Stroble would briefly outline the procedure he
follows in lyophilizing semen?

CuarLes P Stroete 1 have used the several different diluters 1 started using the
egg yolk-citrate and froze the semen according to the rate as described by Polge
that 1s [ /mun down to about —15 and then at about 4 /min to —79 Tough
top vials were used They have a funnel shaped top and will fit into the tube on a
;n;‘all Iyophilizer They were put on the Iyophihzer under vacuum for about 2—

r
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1 have not tried to dry any semen to complete dryness The Iyophilized semen as
soon as reconstituted was removed from the hilizer and tested
I am now trying to work with high butterfat diluters to replace glycerol I havent
had any success there are only 1 2 or 3 sperm in each mucroscopic field but
notenough to warrant any field test
H J HiL There has always been a question among many of you from various
states as to the advantages of undertaking a frozen semen operation We have some
Canadians 1n the audience who have been In the frozen semen busness for two or
three years on a hundred per cent basis Dr C F Hawkans of the Waterloo Cattle
Breeding Association represents one of the first studs on the Continent to convert to
a one hundred per cent frozen semen program
Our reasons for converting to frozen semen 1 Colorado were prmanly those
mvolving economics In our small operation we could serve all of the cows that we
semmate with one bull of each breed 1f we could use all of the semen Therefore as
of October 1956 we changed to frozen semen I think Richard Kellogg represents
one of the largest operations that has finally converted to one hundred per cent
frozen semen
Now the question among many of the and 1 an this
field 1s  Should we convert to frozen semen or Should we not? and why?1have
asked Dr S W Mead from California to sit on this pane] because I know that frozen
semen 18 not being used 1n Califorma to the degree that 1t 15 beng used 1 the Mrd
west Dr Mead s comments will surely lead to some questions
S W Meab I agreed to participate only because 1t appeared to me that this would
be an excellent opportumty for me to raise some questions that are of concern to our
organzations in Califorma although I fully appreciate that this s ar unconsentional
approach to a panel discussion of this nature At the University of California we
have been freezing semen quite regularly 1n a small way since early 1953 Ihave also
tried to follow the Diterature since this subject first appeared Nerther our own
studies nor the work reported by others have answered many of the questions that
are being asked by the breeding organizations m our state These questions mvolve
the application of the research reported to the practical use of frozen semen In spite
of certain advantages many of the breeding or are sertously
the advisability of converting to frozen semen With your mdulgence I would Like
to take just a minute to review artificial breeding 1n Calforma Artificial breeding
as an organized busmess was slow m getting started It was thought to be all right
for the small herds m the relatively thickly populated areas in the east and muddle
western states but not for California While our herds are large they are also widely
separated except for the metropolitan areas around Los Angeles and San Francisco
1 don t know how these figures compare with other states but the technicians work
1ngmn one co op with which I have been associated travel an average of 3800 miles
per month and some of them travel nearly 7000 rmles The first shipments of semen
{from a semen producing business were made 1n early 1945 At the present time there
are seven Orgamizing groups operating five are privately owned and two are co ops
Al are operating under contract with the PDCA T believe all of these orgamizations
are doing a very satisfactory Job of breeding cows In fact they must or go out of
business stnce compention 1s extremely keen In some counties as many as four of
the seven organizations are competing for bustness Last year these seven businesses
ryeported 262 000 first services representing 29/ of the 900 000 cows it our state
Fluid semen has served the purpose of these organtzations very well at least up
sent time None of them has used frozen semen as a part of therr regular
Ithough at least four are trymg to keep up to date on frozen semen through

to the pre:
busmness al
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freezing storing and shipping small amounts They are not ready to invest in equip
ment for converting over to frozen semen until they are convinced that it would be a
real advantage to their clientele Certainly the use of frozen semen must esther
reduce costs or 1mprove service I am not sure that 1t will accomphish either one
under our conditions

Here are some of the questions that have been asked by the managers of some of
our California breeding orgamizations I hope that those of you here can help us in
answenng these questions My first question  Except for special matings s there
actually a real advantage to the average dairyman of having an additional number of
bulls available through frozen semen? The second question  Has it been defimitely
established that the savings 1n cost through less frequent shipments will pay the
mtial cost and of for to frozen semen besides
the necessary field equipment which 15 another large ttem? One co-op with which
1amwellacquainted has 26 technicians Of these 19 would require separate storage
boxes, My third question  What percentage of the good bulls now 1n use in tte
average stud would have to be culled because their semen would not freeze satis
factonly? We all appreciate the difficulty of getting good bulls After paying a big
price for them and knowing that they are good bulls how many of those bulls would
have to be culled because their semen would not frecze satisfactonly?

H J Hit Thank you Pr Mead 1am sure you have raised many questions that
have been 1n the minds of several people 1d hike to address the question relative to
cost to Richard Kellogg ‘Will you enlarge on that subject Mr Kellogg

Riciarp KeLroGa I think it is going to depend a lot upon the condition of your
orgamzation Bus shipments are the most feasible method of transportation in Ohio
and yet many boxes of semen armive a day late Our costs today for shipping Lqud
semen would probably run in excess of 840000 a year Indications are that we can
put frozen semen into the field cheaper than that

H J Hie Dr Hawkms would you comment on this cost wise?

C F Hawkms Our orgamuzation 13 perhaps unique compared to some in the
United States in the fact that 1t 13 quite a lot smaller than most of the organzations
down here Even before we started to use frozen semen we had our techaicians
located in central offices 1n the areas m which they worked We have a total of seven
offices which means that we had to buy one large holding box for the central office
at Waterloo and six other smaller ones (2 fitboxes) for the field offices Since that
time we have added three more 5 {1? botes to keep up with increase in business that
has taken place Our total cost was approxumately $20 000 00 which 1s much different
than what some of you people are faced with here

We have found that 1n usuing frozen semen we have been able to obtain more
business because people have a choice of sires We have found also that the owners
of some large private herds carrying on a natural breeding program now employ us
to freeze semen from their own bulls and to inseminate the herd aruficrally That not
only adds doltars and cents to our business but also gives us some prestige m the
neighborhood as these men are often carrying on 2 large operation As far as the cost
of producing hqwd semen and putting it 1n the field versus frozen semen we have
not kept any accounting but I do know one must do one or the other a stud cannot
carry on a dual program for any great [ength of time

H J Hir Thank you Dr Hawkins Another question which was asked of the
panel 1s very pertment Perhaps Dr Ehlers could give us some lightonthis  Isthere
a real difference between bulls as to freezmg and recovery from freezing?

M H Esers In Pullman we have not noticed any differences n freezability
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patterns for bulls associated with different rates of freezmg Of course as far as the
freezability of different bulls certainly we have all the problems that anybody has

H J Hir Mr Kellogg 1s 3t a big problem to find bulls that will survive
the freezing process?

Ricarp RELLOGG No we haven t found it to be as yet The bulls whose semen
does not freeze successfully were the low conception rate bulls on Iiquid semen also
It might be a good 1dea to get rid of them

H J Hui Dr Ellott could you add a comment relative to the difference m
freezabuhity of bull semen?

F I Ewuiorr Our expertence has been about the same Recently we sent one
bull to one of cur studs which 1s still on liquid semen because we weren t having too
much success 1n freezing hus semen The number of such bulls 1s not too great and I
would agree with Mr Kellogg probably the ones that don t freeze well shouldn ¢
be i service anyway

H J Hur A number of the bulls which are presented to us in our custom freezng
service are old bulls frequently physically unsound and sexually degenerating and
Tam sure this has an influence on their rate of recovery

S W Meap I want to hknow how much advantage there 1s to the additional
number of bulls that are made avatlable to the average daryman when you convert
to frozen semen I know with special matings 1t has a distinct advantage but for the
average dairyman 1s1t a real advantage?

H J Hi Which of you gentlemen would comment on that? Dr Ehlers what
would your optnton be?

M H Enrers Being interested 1n the genetic aspects as all of us are Tstill ike to
feel that an average datryman can improve his herd by selecting the bulls that he uses
1nstead of letting all control of selection be 1t the hands of the organization I feel
1t 1s to hus advantage to be able to select a bull to use

H J Hi Mr Kkellogg doyou have a comment?

RicHARD KELLOGG In a few areas about 50 / of our clentele request a partwular
bull In addition to that our technscians are tramned to follow a program of sel.cting
the bull that might do the best yob on the particular cow being bred Certamly with
frozen semen they can do a better job than with iquid semen For instance 1if the
cow to be bred has a particular type defect then a bull 1s used on that cow which has
done the best job of mmproving 1n his offspring that particular type defect If the

technicrans will do 1t religiously then I think we can make more improvement m the
darry cattle m the area in which we work than we have ever done before Itis a by,
responstbility but such a program can be adapted to frozen semen American people
are peculiar 1 that when they make up their mmnds as to what they want whether
our opimon t1s best for them or not they are going to try to get 1t someplace 1f we
can gove fum what he wants he 1s gowng to be happier about it The owners of some
of our good grade herds are about as choosey about which bull they use as any of our
purebred breeders and I am sure we are breeding more cows today because of
frozen semen than we would if we didn thave it

M A Brown I fecl that where technicrans help dairymen select bulls for matings

to cows more emphasts should be placed on mmp: t of physical ch i
1n progeny such as weak udders weaklegs etc aswell as improving mulk and butter
fat production We may have been over-emphastzing the production aspect at the
expense of physical charactenstics We still have dairymen in Texas who are not
doing the best job of management and feeding so that the inheritance for milk and
on 15 at a level above what we re achieving n feeding and management

fat producti
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“This may not be true of type characteristics Loose udders or other body weaknesses
may prevent some dairy antmals from achieving their inherited potential for mulk
and fat production These defects or weaknesses can often be corrected in the cow s
progeny through proper selection of the bull to which she is mated

A M SorenseN Ewould like to know 1f we are using this technique to fulfill one of
the advantages pointed out when we began to use frozen semen  thats to test young
bulls hold semen from such animals i a bank 1nd then have greater use for 1t in
the future after the bull was proven

Wiirans HanseL  Young bulls are being tested at the New York Artificial
Breeders Co operative Actually frozen semen from young bulls 1s not being stored
except for @ mummum of 25 ampules from each bull for future use m planned
matings

H J Hue T think the advantages have certamly justified switching to frozen
semen providing you can do 1t within the limits of finances you have available T
concede to Dr Mead that switching to frozen semen in some mstances 1s finrancially
impossible Itis apparent from the one year that we have been on frozen semen that
after the process 1s known and the dairymen appreciate the choice available and the
techmcians become farmihiar with the slightly modified technique few of them would
go back to iquid semen

The subject of economy of the use of semen has been raised many tumes The
question has come up as to whether or not a bull used with flurd semen if used
maximum would beget more calves than the same bull used on frozen semen
‘because of the death rate of sperm during the freezing process 1 wonder if any of
you who are freezing semen now still feel that frozen semen 1s actually more costly
when we think of total number of cows bred than s iquid semen Is it going to take
more or less bulls to operate a bull stud now on a frozen semen program?

RicHarp KErtoGg We are going to use less bulls particularly 1 some breeds
However we are stll going to have to maintain a certain number of bulls to provide
the advantages of frozen semen such as having semen available from sires of
different famulies Ines of breeding and so on I believe we are going to be able to
cut our bull numbers down by about one fourth

C F HAwkINs We have found that if anything happens to one particular sire 1f
he goes out of service or has to be shipped to slaughter we don t have to rush night
out and buy another bull to replace um We usually have plenty of frozen semen
from that particular bull and the other bulls maintatn the current semen production
and demand

RicHarp KELLoGG Some dairymen select a particular sire for use in the herd
Under the iquid semen program the use of this bull may be frequently interrupted
by one or more causes which prevents delivery of semen weekly or by weekly A
frozen semen program can provide a contmuous service to this darryman because
ampules are delivered from the stock supply even though the bull is temporarily out
of service This1sa great advantage of frozen semen over fluid

H J Hur In discussing economy as related to frozen semen with many of the
bull stud managers and others 1t 15 evident that if the kill durmng the freeze can be
kept under 30/ there 15 economy gamed by using frozen semen Omginally we
questioned that When we started freezing semen here 1t looked as though we needed
to collect more semen agarnst the same number of cows bred but with the improve
ment m freezmg techniques this has changed considerably Now do any of you in
the audience have any questions to be addressed to the panel” Anything relative to
rates of freezing economy etc ?
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J R Colrrer What 1s the maximum shelf hfe of frozen semen?

H J Hiir What would you say Mr Kellogg How long have you stored semen
to date?

RICHARD RELLOGG We have some semen that1s about 2} years old that still looks
very good I think the length of storage time 18 gong to depend entirely on the bull
that produces it Some bulls semen will store longer than others

H ¥ Huv I think the oldest stored semen we have 1s about 2} years old and the
motility 1s about the same as 1t was ongtnally but semen of other bulls has deters
orated constderably 1 do not know what factor or factors are 1volved n semen
quality that would enable us to determune how long the sample will survive storage

R O Berry Iwould ike to ask the panel if they know of anyone who has made
a companson of longevity of frozen sperm cells withun the reproductive tract of the
female as compared with stored fluid semen or with the cells from natural service

H J Hir Are there any compansons between the longevity of sperm cells
thawed after freezing and deposited m the female reproductive tract versus sperm
cells stored 1n the iquid form”

T M Lubpwick {from Tables submutted) It has been observed that frozen semen
after thawing declines i quality more raprdly than corresponding samples of Iiqud
semen Nimety two samples of semen were divided into two portions one of which
was evaluated as iquid semen and the other as frozen semen  Microscopic evalua
tions for percent of hive spermatozoa and progressive motility were made at intervals
during an incubation pertod Each portion frozen and hqud was further divided
1nto two different meubation temperatures 37° Cand7 C

‘The means of percentage of live sperm of 92 samples of semen are listed in Table

TaBLE [

Time of Liquid semen Frozen semen
Incubation 7cC 7C 3ncC 7C

0 hour 6755 6755 3804 3804

2 hours 6300 66 50 1728 3000

4 hours 5783 6505 502 2701

6 hours 5260 63 50 0 2076

8 hours 4701 6152 —_ -

* Interpolated from ongual data for comparison purposes

The means of progressive motihity of 92 samples of semen are listed 1n Table IT

TasLE 11

“Time of Ligtd semen Frozen scmen
Incubation nc 7C nc 7C

0 hour 849 849 712 712

2 hours 769% 837 21 564

4 hours 689 828 058 509

6 hours 609 §04* 0 404

8 hours 528 782 —_ —

* Interpolated from onginal data for companson purposes
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A M Sorensen Mr Kellogg what percent Livability are you asking for before
shipping frozen semen mto the field?

RicuARD hi110GG Most of our frozen semen would contam from 40 to 60°%,
living sperm Some of the 40 / has done equally as good a job getung cows with
calves as some of the 60 / however 1t depends too on the activity of those sperm
and the concentration Microscopic study of thawed semen doesn t tell us the whole
story as we all know wn studying iquid semen

H J Hrt Are there any other comments?

M A BrowN There is one pomt I would like ta make concermng the seasonal
vanation of bull ejaculates We find that in Texas dunng hot weather the quality of
epaculates from our bulls decreases to such a degree that we cannot successfully
{reeze the semen from those bulls If we are patient and wast until fall good ejaculates
will be produced that can be frozen successfully

H J Hie Do you have any comments on that anyone on the panel? Is there a
seasonal difference Mr Kellogg thatis noticeable in bulls?

RicHaRD KeLrooG We have always found a slightly lower quality of semen
during July and August We have found more ejaculates during that period of time
that wouldn t freeze I think probably hot weather has a fot to do with 1t

H J Huv Thatss true the general lethargy the mactivty of the bull physio-
logically and physncal]y reduces &hc quality of semen and in some instances 1t 1s not
after the freezing process has been
completed Is it passxble and pracuwl to freeze stallion semen?

M A BrowN We ve had a graduate student from India who made some pre
limwmary attempts on freezing stalbion semen He was muldly successful in obtairing
sperm Livability after thawing frozen semen He used a buttermilk diluter with a
10/ glycerol level I believe that he was successful enough to warrant further study

Frirz M HaaG Durmg the past few years we collected a rather large number of
stallton semen specimens and upon taking some of these untreated samples (without
the addition of glycerol or anything else) out of the dry ice box we noticed that
there were some sperm coming back to hfe This 1s an observation only with no
recorded data

H ) HiL Isit possible to freeze boar semen?

M A BrowN We have had a graduate student who has frozen boar semen The
results are encouraging and this work wall be continued

S W Meap Dr Hdl mayIaskaquestion Hasanyone had experience i freezing
ram sernen? [ know that someone in Australia has tried it without very much success
It would be quite useful in our state

R O Berry Ihad one student doing this as a class project Using 7 5/ glycerol
and egg yolk-aitrate or 75/ glycerol and reconstituted buttermutk as a diluter m
three tnals he observed 12-25 / sperm survival m semen that had been frozen
and stored for about 3 weeks It 1s my opuuron that ram semen will equal that of
the bull in storage qualities

H J Hur Thank you very much We can conclude from this discussion and from
the hterature available that frozen semen 1s practical It 1s an economical process of
mscmlmatmg dairy cattle at least, but there are still many questions unsolved
namely

Why the difference between semen from different bulls and between ejaculates
within bulls?
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J R CoLLEr What 1s the maximum shelf Iife of frozen semen?

Ic—ll J 7HILL What would you say Mr Kellogs How long have you stored semen
to date

RiCHARD KELLOGG We have some semen that 15 about 2} years old that still looks
very good I think the length of storage ttme 15 going to depend entirely on the bull
that produces 1t Some bulls semen will store longer than others

H J Huv I think the oldest stored semen we have 1s about 2% years old and the
motility 1s about the same as 1t was originally but semen of other bulls has detert
orated considerably I do not know what factor or factors are mvolved 1 semen
quality that would enable us to determune how long the sample will survive storage

R O Berry Iwould like to ask the panel if they know of anyone who has made
a comparisont of longevity of frozen sperm cells within the reproductive tract of the
female as compared with stored fluid semen or with the cells from natural service

H J HiL Are there any comparisons between the longevity of sperm cells
thawed after freezing and d 1 the female d ‘€ tract versus sperm
cells stored mn the hquid form?

T M Lupwick (from Tables submutted) It has been observed that frozen semen
after thawing declines 1 quality more rapidly than corresponding samples of iquid
semen Nimety two samples of semen were divided mnto two portrons one of which
was evaluated as iquid semen and the other as frozen semen Microscopic evalua
tions for percent of live spermatozoa and progressive motility were made at mtervals
during an incubation pertod Each portion frozen and liquid was further divided
nto two different incubation temperatures 37 Cand7 C

The means of percentage of hive sperm of 92 samples of semen are listed 1 Table

TABLE I

Time of Liquid semen Frozen semen
Tncubation 37C 7C 37C 7C

0 hour 6755 6755 3804 3304

2 hours 63 00* 66 50 1728 3000

4 hours 5783 6505 502 2701

6 hours 52 60* 63 50* 0 2076

8 haurs 4701 6152 —_ —_

* Interpolated from original data for comparison pusposes

The means of progressive motility of 92 samples of semen are listed i Table IT

TasLe IT
Time of Liquid semen Frozen semen
Incubation 37¢C 7C 37C 7C
0 hour 849 849 712 712
2 hours 769% 837* 211 564
4 hours 689 828 058 509
6 hours 609* 804 0 404
8 hours 528 782 — —

* Interpolated from origmal data for companison purposes
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‘What determines longevity in storage?

How can we separate those samples of semen which will not freeze and thaw satis
factonily from those which do before subjecting them to the freezing process?

We still need to know the optumum rate of freezing and we have not exhausted
our mvestigations of diluters which will work better with frozen semen than with
hquid semen

If there are no other comments from the panel or from the floor I want to thank
you panel members for contributing to this discussion and all of you in the audience
who have taken partinit

This 15 the close of this Symposium T certamly express the appreciation of
Colorado State Unuversity for your coming I know you have enjoyed this and that
we have all ganed considerable knowledge of the subject at hand I will turn thes
meeting back to Dr Gassner
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