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STELLINGEN

I :
Het geboorteproces bij het rund wordt op gang gebracht door een prikkel van
de vrucht, waarbij de hormonale aktiviteit van de foetale bijnier waarschijnlijk
een essenti€le rol speelt. ‘

II
Voor het op gang brengen van het geboorteproces bij het schaap is de foetale
hypofyse even onmisbaar als de foetale bijnier; het is hierbij echter nog niet
duidelijk waardoor het hypothalaam-hypofysair systeem wordt geprikkeld.

G. C. Lisains, P. C. Kenneny and L. W, Hoom.
Am. J. Obst. Gynec. 98 (1967) 1080-1086.
M. Drost and L. W, HoLm. J. Endocr. 40 (1968) 293-296.

III
Het foetaal signaal voor het op gang brengen van het geboorteproces kan bij
hoogdrachtige koeien worden geimiteerd met exogeen flumethason. Hierbij
daalt, volgens Wright et al (1970), het maternaal progesteron-niveau,

A. OsINGA, TH. STEGENGA en W, JOCHLE, nog niet gepubliceerd
J. M. WRIGHT, I. SETTERGREN, R. R. SAATMAN and W. HANSEL
Abstract of papers Soc. fot the Study of Repr. 3™ Annual Meeting
Ohio State University, Columbus, Ohio, sept. 9-11, 1970 p. 32.

v
f LY
Indien er, tijdens de laatste weken van de graviditeit van de koe, in verhouding
tot het gewicht van de vrucht, weinig oestrogeen hormoon in de urine wordt
uitgescheiden, is de kans op moeilijke geboortes groter.

Dit Proefschrift.

v
Het onderzoek van erfelijk bepaalde variaties van de hormoonproduktie in
povpulaties van landbouwhuisdieren kan bijdragen tot de verklaring van ver-
schillen in produktie-cigenschappen.

VI
Het ontstaan van intersexen bij varkens, gepaard gaande met een afwijkende
ontwikkeling van de geslachtsorganen, houdt zeer waarschijnlijk verband met
een afwijkende steroidhuishouding binnen de vrucht, gedurende de eerste §
weken van de graviditeit.

VII
Uit het oogpunt van doelmatigheid, zowel in onderwijs als onderzoek, dient
het te worden betreurd dat o.a. de veeteeltkundige onderzoekinstituten en voor-
lichtingsorganen organisatorisch niet nauwer met de Landbouwhogeschool zijn
verbonden.



VIII
Het gebrek aan codrdinatie tussen de ontwikkeling van het onderwijs aan de
Nederlandse Hogere Agrarische Scholen en aan de Landbouwhogeschool ver-
hindert een gewenste doorstroming tussen de beide schooltypen.

X :
In het totale verplichte wiskundepakket in het nieuwe studieprogramma van
de Landbouwhogeschool dient de statistick relatief meer aandacht te krijgen
en de zuivere wiskunde minder.

. X
Ten behoeve van de beoordeling der examenresultaten, in het kader van het
nicuwe studieprogramma van de Landbouwhogeschool, dient gewerkt te wor-
den met het produkt van studiebelasting en waarderingscijfer per afgeronde
cursus.

: , X1
De inhoud van de propaedeuse vakken, gedoceerd aan de Landbouwhoge-
school, dient meer gericht te zijn op de vakken van de kandidaatsstudie van de
te kiezen richting.

X
Ondanks de geperfektioneerde sociale voorzieningen van de overheid lijdt het
Nederlandse volk in toenemende mate aan de ,,Stichtingen-ziekte™.

Proefschrift A. OsINGA
Wageningen, 9 december 1970,
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1. INTRODUCTION

Several factors may cause variation in foetal development, gestation and
parturition. Failures to produce viable calves may be caused by mortality,
abortions, difficult births and stillbirths.

In most instances however, the mode of action and the physiological me-
chanisms involved are unknown.

Statistical studies from A.L-data (Van Dieten, 1963; PoLITIEK, 1963;
STEGENGA, 1964a, b, ¢; SMIDT et al, 1968) show foetal-maternal interactions
with respect to gestation period, birth weight, difficult births and stillbirths,
These studies indicate that the length of gestation, the birthweight and the
ease of calving is partially determined by the foetus. On the basis of these
studies one could even postulate that the initiation of parturition is due to the
foetus. The first foetal signal to the mother to start labour can either be active
or permissive. This hypothesis also suggests that the foetal organism can influ-
ence at least part of the maternal systern (OSINGA, 1969).

This study was undertaken to establish the relationship of these foetal in-
fluences and the maternal system. It was postulated that individual differences
in levels of circulating and excreted hormones (particularly those produced by
foetal tissues during mid and late pregnancy) could explain some of the indivi-
dual differences in gestation length, birth weight, stillbirths and ease of calving,

Several authors {(Gorski and ErB, 1959; DiczraLusy and LAURITZEN, 1961;
FRANDSEN and STAKEMAN, 1963) have indicated that the major part of urinary
oestrogens, in the bovine as well as in the human, during mid and late preg-
nancy, is of placental origin. FRANDSEN and STAKEMAN (1963) postulated that
the placenta uses steroidal precursors originating from the foetal adrenals,

During gestation two important temporary, active organs develop: the
corpus luteum as an endocrine organ and the placenta as a nutritive, excretory,
endocrine and protective organ. Another small temporary organ, the foetal
zone of the adrenal cortex, develops in the foetal adrenal.

Meded. Landbouwhogeschool Wageningen 70-12 {1970) i



2. REVIEW OF LITERATURE

2.1. FACTORS AFFECTING GESTATION LENGTH AND PARTURITION
CHARACTERS

2.1.1, Factors affecting gestation length
2.1.1.1. The foetal organism
2.1.1.1.1, Foetal genotype

KORTSTEE (1963) and BANERJEE-SCHOTSMAN (1964), found significant diffe-
rences in average gestation lengths between calf groups of different sires.
The maximum difference KorTSTEE observed between sires was 8.5 days in the
Dutch Red and White and 8.2 days in the Friesian breed. Both investigators
also established a relationship between the length of the gestation period of
the sire himself and the length of the gestation period of his calves.

The part of the total variance in gestation length, due to additive genetic
differences between calves, is about 309, KorRTSTEE {(1963) estimated it to be
28.0% for the Red and White breed and 26.8% for the Friesian breed. JAFAR
et al (1950) estimated it to be 327 and ReENDEL (1959) 26 %,.

Jarar et al (1950) concluded, that the calf genotype, including dominance
deviations and sex influence, is responsible for 77 %4 of the variation in gestation
length. The literature review by BANERJEE-SCHOTSMAN (1964) shows many
investigators working in this field but studies with sufficient data are limited.
However, most authors agree that the calf’s’ genotype influences the length
of the gestation period.

BrAkEL et al (1952) wondered what mechanism from the sire could affect
the gestation period of his offspring. Initiation and inhibition of parturition
is hormonally controlled. The foetal portion of the placenta probably has
hormonal functions either related to the inhibition or initiation of parturition.
This foetal placenta may be the mediating organ in the influence of the foetus
on gestation length.

The influence of the calf’s genotype on the length of gestation is also indicated
by the observations of RiFe (1950), GERLAUGH et al (1951) and JOUBERT and
Bonsma (1959). They observed that cross bred calves are carried for a period
which is intermediate between the average gestation periods of the parent
breeds.

From literature it is wellknown that male calves are carried 1-2 days longer
than female calves (KORTSTEE, 1963).

Summarizing the data from literature it seems rather clear that gestation
length is mainly determined by the foetal genotype. It may, therefore, be postu-
lated that the initiation of parturition originates from an unknown foetal
agent.

2.1.1.1.2. Foetal aberrations
In 1969, OsiNGA summarized the literature concerning pregnancy and
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parturition as related to malformations of the foetal pituitary and foetal
adrenzl cortex.

In prolonged pregnancies in women (anencephalic foetus), cows and sheep
(caused in sheep by veratrum-—californicum) the pituitaries and adrenals are
absent or only rudiments are present in the foetuses.

It is possible to prolong gestation in sheep artificially by removing the foetal
pituitary or the foetal adrenal (LIGGINS et al, 1967; Drost and HoLM, 1968).

LiGGINs (1968) induced parturition in sheep by intra uterine administration
of cortisol and ACTH to the foetus,

Apams and WAGNER (1969) and OSINGA, STEGENGA and JOCHLE (1970)
induced parturition in cows by parenteral administration of a synthetic corti-
costeroid to the mother.

VAN RENSBURG (1965) postulated that the habitual abortions in Angora
goats were due to adrenal hyperplasia of both mother and foetus.

It is evident from these data that the mechanism of the initiation of partu-
rition originates from the foetus.

2.1.1.2. The maternal organism

KORTSTEE (1963) and BANERJEE-SCHOTSMAN (1964) found a significant effect
of the parity of the cow on gestation length. The largest difference is found
between first and second parity (1-2 days). WiLcox and Roy (1968) found,
in 1304 single parturitions, no influence of parity on gestation length.

Administration of teratogenic agents (Veratrum californicum) and synthetic
corticosteroids to the dams influence also the gestation period but are discussed
elsewhere in this review.

2.1.1.3. Month of calving

[t appears that in the Netherlands the gestation period varies from month to
month. KORTSTEE (1963) and BANERJEE-SCHOTSMAN (1964) both indicate that
calves born in August and September are carried for a significantly shorter
period than calves born from October to January.

Literature from other countries do not always confirm these Dutch studies
(reviews of KORTSTEE, 1963 and BANERIEE-SCHOTSMAN, 1964),

DiIckiNsON (1961) reported short gestations in April and late summer and
long gestations in May and autumn.

2.1.1.4. Twin births

As an average twins are born 3-6 days earlier than singles (KORTSTEE, 1963;
CoMBERG and VELTEN, 1962),

2.1.2. Factors affecting birth weight

It is well known that part of the total variation in birth weight is due to the
sire, the parity of the dam and the calf’s sex (KAssAB, 1964; BANERJEE-SCHOQTS-
MAN, 1964).

Larpgest differences between sires were found to be about 8 kg for male calves
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and 7 kg for female calves (BANERJEE-SCHOTSMAN, 1964). The difference in
birth weight between sexes is estimated to be about 1-3 kg and between pri-
miparae and pluriparae about 3-5 kg (KAssag, 1964; BANERJEE-SCHOTSMAN
1964),

No differences in birth weight could be found between the months of calving
{KassaB, 1964; BANERJEE-SCHOTSMAN, 1964; WiLcox and Roy, 1968).

2.1.3. Factors affecting incidence of stillbirths and the ease of calving

VaN DIETEN (1963) established significant differences between sires in the
incidence of stillbirths and the ease of birth of their calves born from primi-
parae as well as from pluriparae. The differences in stillbirth frequency between
sires were insignificant within groups of normal vs. abnormal parturitions. He
postulated, therefore, that the frequency of stillbirths and the ease of calving
are related to each other; the factors determining the stillbirth probability
coincide with the factors responsible for abnormal deliveries.

Primiparae show a much higher incidence of stillbirths than pluriparae.
More male calves than female calves are stillborn; the male calves also show
a higher incidence of difficult birth. No relationship is found between the gesta-
tion Iength and the number of stillbirths, though CLOPPENBURG (1966, cited by
SmiDT et al, 1968) indicated the existence of a positive correlation between the
gestation lengths longer than 280 days and the still-birth frequency in heifers.
The stillborn calves are heavier than the viable calves, though there is no causal
relationship between birth weight and mortality at birth. The study of VAN
DieTeN (1963) showed a significant influence of month of birth on stiilbirth-
frequency. In primiparae as well as in pluriparae the frequency is low in april.
In primiparae the frequency is high in December and January and in plurl-
parae the frequency is high in September and October.

GRrOMMERS et al (1965) confirm the influence of the dam’s parity, the calf’s
sex, the ease of calving and the month of calving on the stillbirth-frequency.
Stanchion barns or loose-housing had no influence on the stillbirth frequency.

VAN LEEUWEN (1967) concludes from the total A.L-birth registration in the
Netherlands that the differences between sires as well as between sexes in
stillbirth frequency are rather high.

2.2. PROGESTERONE AND OESTROGEN DURING PREGNANCY
2.2.1, Progesterone and ovestrogen in maternal and foetal circulation

During pregnancy the steroid level is increased in the human as well as in the
domestic mammals. Very high concentrations of oestrogens and progesterone
are found in the maternal blood circulation and the maternal excreta during
late pregnancy. In earlier days one assumed, therefore, that these hormones
were produced by the maternal organs, like the ovaries, with the corpora Iutea
and eventually the adrenals, When the biological analytical methods were
replaced by chemical techniques, with higher sensitivity and specificity it was
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proved that the placenta was also able to produce these steroids, even in greater
quantities than the ovaries do (DiczraLusy, 1960).

Though a great resemblance exists between these hormonal mechanisms in
the human and in the domestic mammals, still essential species differences are
observed in synthesis.

2.2.2. Progesterone in the human and in the cow

In pregnant women progesterone is not only produced in the corpus luteum
but also in the foetoplacental unit (SHORT and ETON, 1959; JOHANNISSON, 1968;
RYAN and AINSWORTH, 1966).

Progesterone is not found in the bovine placenta. SHORT (1960) postulates
that the increased progesterone in the pregnant cow is secreted by the maternal
corpus Iuteum, other tissues of the ovaries and the adrenals.

WickersHAM and TANABE (1967) state that the functional activity of the
bovine corpus luteum remains relatively constant throughout gestation.

ERrs et al (1968a) observed that the bovine corpus luteum is not essential
for pregnancy maintenance during days 200-237 of gestation. Ovariectomy
caused a severe decrease in peripheral progesterone blood level to about 479,
though not before 9 or more days after surgery. An extra ovarian source of
progesterone, during gestation in cows, seems obvious. Since the maternal
adrenal cortex hypertrophies during pregnancy, the adrenal cannot be elimi-
nated as an increasing source of progesterone, during gestation.

2.2.3. Qestrogens in humans and domestic animals

production; metabolism; excretion
The species differences are apparent in the excreted epimeric oestrogens.

Human: mainly oestriol and Little .oestradiol-178 and oestrone (DICZFALUSY
and LAURITZEN, 1961).

Cow:  50-709; oestradiol-17x, 30-40%;, oestrone, very little oestradiol-178
and oestriol (MELLIN, 1965; VELLE, 1958).

Sow:  mainly oestrone, little oestradiol-17p (RAESIDE 1963; RomBoUTS,
1962; BOWERMAN, 1963).

Although oestrone and oestriol are present in placental and ovarian tissue,
oestradiol-173 is assumed to be the most important primary oestrogen. Oestra-
diol-17x and oestriol both are metabolites of oestradiol-178 and oestrone,
Oestradiol-17f is biologically the most active oestrogen, and is inactivated by
metabolism into less active oestrogens and by conjugation into sulfates and
glucuronates. This conjugation takes place mainly in the foetal and the
maternal liver. The endocrine activities of the placenta and the foetal organs,
like liver and adrenals, are responsible for the biosynthesis of the oestrogens.
These oestrogen producing organs are frequently called the ‘foeto placental
unit® (JOHANNISSON, 1968).

The extra activity of the foetal adrenal is also indicated by the fact that the
foetal adrenal weight, in relation to the body weight, during the final stage
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of pregnancy in humans is about 10-20 times as high as after birth (NAKAYAMA
et al, 1967; CoMLINE and SiLver, 1961). This extra size of the foetal adrenal
is due to the foetal zone of the adrenal cortex, which degenerates after delivery
(JOHANNISSON, 1968; NAKAYAMA et al, 1967).

JoHaNNISSON (1968) reviewed the present knowledge about the oestrogen
biosynthesis in the foctovplacental unit.

The foetal adrenal cortex is able to synthesize several steroidal precursors
from acetate (‘de novo mechanism'). Some of these precursors, like dehydro-
eplandrosterone sulfate (DHEAS) can be aromatized in placental tissue.

Starting from the normal steroidal intermediate pregnenolone, the synthesis
of oestradiol-17f requires:

1. hydroxylation

2. side chain hydrolysis ; in the foetal adrenal cortex
3. sulphurization

4. aromatization in the placenta

Maternal and exogenous DHEAS can be converted into oestradiol and
oestrone by a pregnant woman (SHUTERI and MacDoNALD, 1963, 1966; KNap-
STEIN et al, 1968). The foetal production of ocestriol probably does not rely too
much on the maternal supply of precursors for bilaterally adrenalectomized
pregnant woman showed a normal wrinary oestriol excretion though the
oestradiol excretion was markedly reduced (Sutert and MAacDoXALD, 1966).
HAMMERSTEIN and NEVINNY-STICKEL (1965) observed a decreased total oestro-
gen level after subtotal maternal adrenalectomy, only in one patient.

A living foetus or a continuous blood flow in the placenta is required for a
normal oestriol excretion pattern (CAssMER, 1959; KLoosTERMAN and Huis IN
'T VELD, 1961; BELING, 1963).

Goecke and TiMONEN (1966) postulated that the high correlation they found
between urinary oestrogen level and the babies’ body weight (0.469) was due
to the possible relationship between birth weight and adrenal weight. The
maternal and foetal livers are responsible for the inactivation of the oestrogens,
though conjugation of oestrogens has been observed in the kidney as well,
The conjugated oestrogens are more soluble in water than the free oestrogens
and, therefore, enter more readily into the urine (literature reviewed by MEL-
LIN, 1965).

Since part of the oestrogens leave the liver with the bile, part of the cestrogen
will leave the pregnant animal with the faeces (EL-ATTAR and TURNER, 1957;
LEvIN, 1945; ADLERCREUTZ, 1962 and WRIGHT, 1962), This has been called
the enterchepatic pathway.

SANDBERG and SLAUNWHITE (1957) recovered 50% of the radio-activity of
the injected labeled oestrone and oestradiol from the bile in human patients
with a biliary drainage. In normal patients 50-809; of the radio activity was
recovered from the urine and 7%, from stools, which suggests that reabsorption
from the gut into the blood occurs.
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BrowN (1959) concluded that, in humans, 109, of the oestrogens will be
excreted in the faeces, 659 in the urine with 25%; unaccounted for. Hunt,
LEGAULT and Herrick (1961) found reproducable ratios between the radio-
activity in urine and faeces after intravenous injection of two levels of labeled
oestrone in & luteal phase heifer. Therefore urinary cestrogen levels may provide
a reliable means of evaluating the oestrogen metabolism rates during different
reproductive states. MANER ¢t al (1963) postulate that the placental oestrogens
are not only transported to the maternal blood circulation by the umbilical
cord but also directly into the vessels of the myometrium. This, at least, is the
most plausible explanation for their finding that the uterine blood shows a
higher oestrogen concentration than the peripheral blood. With this transport
system from the foetal tissues into the maternal organism the oestrogens might
act on the myometrium before they are inactivated.

2.2.4. Possible functions of progesterone and oestrogen during gestation and
parturition

Much more is known about the role of these steroids during the oestrus
cycle than about their function during gestation and parturition.

Several studies indicated that the contractibility of the myometrium is regu-
lated by progesterone. It inhibits the contractibility of the uterus musculature
and this mechanism is therefore called the ‘progesterone block’ (Csara, 1959;
BENGTSON and SCHOFIELD, 1960). Oestrogen is antagonistic in this respect to
progesterone and the net result of this antagonism depends on their respective
concentrations. (RYAN and AINSWORTH, 1966; HoLm, 1964).

RUsse (1968) reported that the myometrial 3-receptors dominate during
oestrus and parturition and the a-receptors in the other periods., These 3-
receptors are sensitive to nervus sympaticus impulses; these impulses cause a
decrease in uterus muscle tone, which starts the parturition proces with the
help of the well known oxytocine activity (RYAN and AINSWORTH, 1966).

One might postulate that the dominance of a- and B-receptors is due to
respectively low and high oestrogen/progesterone ratios, because during both
oestrus and partus this ratio is particularly high.

It is possible that other steroids interfere in this oestrogen-progesterone
antagonism {OSINGA, [969). Basserr and THORBURN (1969), for example,
observed a sudden increase in the corticosteroid content of foetal blood-plasma
in sheep, just before parturition.

Since it is not clear whether progesterone levels in the late pregnant cow
decline prior to parturition, the alternative mechanism for the initiation of
parturition is a sudden increase in oestrogen to overcome the progesterone
domination in the uterus (MELLIN et al, 1966).

In sheep and rabbit the sensitivity of the myometrium towards oxytocine
increases just prior to parturition. BENGTSON and SCHOFIELD (1960), therefore,
postulated also that the parturition is initiated by the oestrogen dominance of
the myometrium.
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- 3. THE QUANTITATIVE CHEMICAL ESTIMATION
" OF OESTROGENS IN BOVINE PREGNANCY URINE

3.1. THE ESTIMATION OF THE CONCENTRATION OF OESTRADIOL-17x
: : AND OESTRONE

3.1.1. Introduction

Since 1930 attempts have been undertaken to develop chemical methods
for urinary oestrogen determination. This has resulted in two reliable tech-
niques. The first was described by BRoOwN in 1955 and the second by FrTRICH
(1958). Both were developed primarily for human urine, but with slight modi-
fications they also have been applied to urines and other material of domestic
animals (VELLE, 1958; MELLIN, 1965).

Data from literature prove that oestradiol-17«! is quantitatively the major
bovine urinary metabolite during pregnancy, followed closely by oestrone.?
KLYNE and WRIGHT (1957) found oestrone in a larger quantity than oestradiol-
17« in cow and goat urine. Pore and McNAUGHTON (1957) isolated and iden-
tified oestrone in late pregnancy cow urine. VELLE (1958), using a milder form
of acid hydrolysis than the former authors, estimated a larger quantity of
oestradiol-17x«. than oestrone in some late pregnancy urine samples of cows.
MELLIN (1965), MELLIN et al (1964, 1965, 1966) and ERB ¢t al. (1968b) using a
combination of enzymatic hydrolysis and acid hydrolysis showed definitely
that oestradiol-17x is excreted in the largest quantities, particularly during the
last four weeks of pregnancy. This group identified ocestradiol-178 in minor
guantities in bovine pregnancy urine. An oestriol-like compound was present
but could not be identified. NeLsoN and SMiTH (1963) also found a small amount
of oestradiol-178 and RoMMEL and RoMMEL (1968) found oestriol.

The method used in this study was developed from those of BrowN (1955)
and of BeLinG (1963). It involved enzymatic hydrolysis and omitted several
purification steps from the original method of BrRowN.

The chemical method for the quantitative estimation of oestrogens in bovine
urine, developed by MELLIN, (1965) is quite complicated. The double hydrolysis
is followed by aether extraction, removal of pigments, paper chromatography
and fluorimetry utilizing labeled internal standards for procedural losses.
Only one sample can be estimated in eight hours. Such a method is not suitable
for every-day-routine use, SCHOTT and KATZMAN (1964) use acid hydrolysis in
combination with an enzymatic hydrolysis with f-glucuronidase; in their
study oestradiol-17x was mainly liberated by the f-glucuronidase and oestrone
by the acid-hydrolysis. SINaADINOVIE and VELLE (1968) found the enzymatic
hydrolysis more than five times as effective for the liberation of cestradiol-17x
and about 1.3 times as effective for the liberation of oestrone as compared to

! Oestradiol-17« is abbreviated as Oe2.
2 Oestrone is abbreviated as QOel,
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their mild acid hydrolysis. These last authors found that the enzymatic hydro-
lysis is very expensive and therefore less useful.

3.1.2. Material and methods
3.1.2.1. Urine sampling
The urine samples are taken from the pregnant cow by a metal catheter for
normal routine studies. For studies concerning diurnal rhythms a permanent
catheter is frequently used. The catheters are stored in a 0.1 % aqueous solution
of ‘Hibitane’-gluconate (I.C.I.-Holland). ‘Hibitane’-obstetric créme is used for
the actual catheterisation. : '
The urine samples are stored at 4°C in stoppered plastic centrifuge tubes.

Creatinine concentration of the urine (paragraph 3.2.2.) is used for the calcu-
lation of the required sample volume for the oestrogen analysis. This required
sample volume is expressed as the mgs creatinine the sample should contain.
Since the oestrogen excretion increases with the stage of gestation the required
volume of the urine sample should decrease with the stage of pregnancy in order
to have a limited quantity of oestrogens per sample. The required creatinine
quantity depends on the stage of pregnancy as follows:

days of . mg approximate
pregnancy creatinine sample volume
100-180 20 10-30ml
180-210 10 5-20 ml
210-partus 5 3- 5ml

3.1.2.2. Chemicals

Generally the grades of the reagents are as recommended by BRowN (1955)
and BeLING (1963). The analytical grade chemicals are obtained from Merck
(Darmstadt).

Pure crystalline oestrogens, used for reference standards, were provided by
N.V. Organon, Oss.

Standardized and stabilized ‘Helix pomatia’-extract and Séphadex-G25 ‘fine’
and ‘coarse’ were obtained and treated according to BELING (1963); the Sépha-
dex-‘medium’ was not available in 1965 and therefore not used in the develop-
ment of this method.

3.1.3. Method in detail

Enzymatic hydrolysis: The urine sample is brought to a pH of 4.1 with
an acetate buffer (BELING, 1963). About 2000 Fishman wunits pB-glucuronidase
and 16.000 Roy units sulfatase are added to each sample. After mixing the

sample with the acetate buffer and the enzymes the mixture is incubated for
about 16 hours at 37°C.

Aether-extraction: The incubated mixture is extracted twice with at
least 30 ml di-aethyl-aether (if less aether is used, emulsions might occur).
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Without further washings {BELING, 1963) the aether is evaporated in a Soxhlet
apparatus.

Methylation: Fifty ml 1.6% NaOH, 0.9 gram boric acid and 1 ml di-
methyl-sulfate is added directly to the dry residue in the flat bottomed Soxhlet
extraction flask, The flask is shaken until the boric acid and dimethylsulfate
has dissolved and is placed in a 37°C water bath for about 20 minutes. This
procedure is repeated once by adding another 1 ml dimethylsulfate together
with 2ml1209%;, NaOH. The flask is shaken again and kept at 37°C for another 20
minutes or allowed to stand at room temperature overnight in the dark. In
order to destroy contaminating substances by oxidation 10 ml 209 NaOH and
2.5 ml 30% H,0, are added to the flask. The flask is then placed in the dark
for two hours (BRowN, 1955).

Extraction with petroleumaether: The contents of the flasks are
transferred to a 250 ml separating funnel, extracted once with 25 ml petroleum-
aether and washed twice with § ml aqua dest. (BRowN, 1955),

Absorption chromatography: The column is prepared by partly
filling the chromatogram tube with petroleumaether and then adding 3 gram
standardized aluminumoxide. The alumina is simply standardized by adding
9.5% aqua dest. at least one month before use. The alumina surface is overlaid
with at least 5 mm of dry acid-aethanol washed sand. The petroleumacther
fraction is added to the column and the column is then eluted with:

a. 12 ml of a mixture of 259, benzene in petroleumaether; the effluent is
discarded;

b. 15 m} of a mixture of 409 benzene in petroleumaether; the effluent is col-
lected into a Kober-tube and contains all of the oestrone methylaether;

¢. a further 12 ml of the same mixture of 409, benzene in petrolevmaether;
the efffuent is discarded; and

d. 12 ml of benzene; the effluent is collected in a Kober-tube and contains all

of the oestradiol methylaether (BRowN, 1955).

Appreciable amounts of oestrogens have never been found in fraction a.
and c.

Evaporation of solvents: 0.2 ml of a 29/ solution of hydrochinon and
two small pieces of porous tile are added to the two Kober-tubes, Solutions
are evaporated completely by heating in a water bath at 50—60°C under reduced
pressure. -

Blank tubes containing hydrochinon only are prepared at the same time
(Brown, 1955).

Kober-colour reaction according to Nocke (1961); For oestrone and
oestradiol-17x the same Kober-reagent was used. This reagent contained 20
gram hydrochinon per liter of a 669, solution of H,SQ,. After adding the

10 Meded. Landbouwhogeschool Wageningen 70-12 (1970)



Kober-reagent to the tubes, the tubes are shaken and placed in a boiling water
bath. During heating the tubes are shaken twice. After cooling for 5 minutes
in tap water a certain amount of aqua dest. is added and then the shaking and
heating procudure is repeated. After the seccond heating time the tubes are
cooled again for 5 minutes in tap water and placed in the dark for at least 10
minutes. Extinctions are read in a Beckman-B-spectrophotometer, using the
ALLEN (1950) correction formula:
Ecorr. =2 E2 - El - E3

The colour reaction conditions for the oestrone and oestradiol-17« are shown

in table 3.1.

TaBLE 3.1. Colour reaction conditions and wavelengths for colorimetry used in the Kober-
reaction, modified by Nocke (1961).

oestradiol-17x oestronemethyl-
methyleather acther
Kober-reagent (ml) 22 21
Ist heating time (min.) 4 20
water added (ml} 1.0 1.1
2nd heating time {min.} 6 6
wavelengths: E; 486 nm 476 nm
E; 521 nm 516 nm
E, 556 nm 556 nm

Calibration-curve for routine use: Standard solutions of about 1-10
pg/m! are methylated, extracted by petroleumaether, chromatographed and
coloured in the same way as the dry sample residue after aether extraction.

3.1.4. Séphadex gelfiltration

The BELING (1963) gelfiliration technique has been tried in order to obtain 2
purified fraction that could be enzymatically hydrolized.

When 1-10 ml urine was percolated into the séphadex columns and eluted

TaBLE 3.2. The cffectiveness of gelfiltration measured on the corrected optical densities of
the Kobercolour.

sample I sample I1

experiment I: densities % 1000 densities x 1000
Ocl Oc2 Oel Oc2

séph. coarse (dupl.) 129- 62 469493 83-158 410485
séph fine (dupl) 72-160 394-457 125-97 412-420
without séph. (single) 153 500 167 484

sample TII sample IV
experiment I1: densities x 1000 densities x 1000
all duplicates: Oe 1l Oc2 Ocl Qe
séph. coarse 64-176 476485 122-91 248-246
without séph., 178-206 532-502 87-92 285-265
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with aqua dest., the fractions 33—45 ml contained most of the oestrone and
oestradiol-17x, but the fractions 20-33 and 45-60 were not completely free
of Kober chromogens. The distinct coloured bands, indicated by BELING
{1963) were not to be found.

In two experiments (table 3.2.} a comparison of enzymatic hydrolysis was
made with and without using the gelfiltration. As proved by the figures of
table 3.2. the enzymatic hydrolysis without the previous filtrations showed no
lower extinctions and better duplicate determinations; and the séphadex gel~
filtration technique was discontinued in further analysis.

3.1.5. Enzymatic versus acid hydrolysis

It is hard to estimate the efficiency of the enzymatic hydrolysis. In general
these studies are carried out with pure oestrogen conjugates but even then it is
difficult to compare the results with the hydrolysis of urinary oestrogen conju-
gates. In the analysis of human urinary oestriol acid hydrolysis (BrRowN, 1955)
is generally practiced. This is thought to be also the most efficient method.
MELLIN (1965) used a combination of enzymatic and acid hydrolysis.

It was worthwhile to investigate the effectiveness of enzymatic hydrolysis
as compared to acid hydrolysis in cow urine. The acid hydrolysis was carried out
according to VELLE (1958) with a final HCl-concentration of 6 volume 9.

The acid hydrolysis of oestradiol-17x conjugates is not appropriate for the
labile oestradiol-17x« is destroyed rather fast (VELLE, 1958; GOMES et al, 1965).
This is also shown in the first experiment, in which the enzymatic hydrolysis
is compared with the acid hydrolysis in 3 urine samples (table 3.3.). The acid
hydrolysis of oestrone conjugates in this experiment agrees very well with the
enzymatic hydrolysis, but most of the oestradiol-17x is destroyed by the acid
hydrolysis. This agrees with the experiment, carried out by VELLE (1958) and
Smapivovié and VELLE (1968) who found 3-5 times as much oestradiol-17a
in a urine sample, using enzymatic hydrolysis, as after acid hydrolysis.

In the second experiment urine samples of six different pregnant cows are
first enzymatically hydrolyzed and the waterphase is thereafter hydrolyzed
with HCl, 6 volume 9. The two aether-fractions are separately purified and
analysed only for oestrone with the results shown in tabel 3.4,

TasLe 3.3, Efficiency of enzymatic vs. acid hydrolysis

ug cestrone/ g creatinine® g ocstradiol-17=/ g creatinine®
Sample p : . .

Enzymatic acid Enzymatic acid
1 881 852 4298 485
819 417
2 981 983 2230 296
986 296
3 734 854 3509 460
865 496

* see paragraph 3.2,
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TabLE 3.4. The efficiency of enzymatic hydrolysis as compared to additional acid hydrolysis

eg/oestrone/g creatinine®

Sample

Enzymatic hydrolysis Acid hydrolysis
(water phase)
1 1145 117
2 1361 95
3 1263 86
4 590 74
5 557 26
6 1254 33

* see paragraph 3.2

About 5-10% of the oestrone is found in the fraction hydrolyzed with acid.
This loss of oestrone in the normal procedure can be due to an imcomplete
enzymatic hydrolysis as well as to an incomplete aether extraction.

Gowmes et al (1965) found a much larger effect of the additional acid hydroly-
sis. However they used only glucuronidase and no sulfatase as enzymes.

3.1.6. The oestriol-fraction in bovine pregnancy urine

Since MELLIN (1965) indicated the presence of an oestriol-like substance in
bovine pregnancy urine it was necessary to study the relative quantity of oes-
triol as compared to oestradiol-17« and oestrone, present in pregnancy urine.

Therefore the urinary oestriol fraction, obtained after the enzymatic hydro-
lysis according to BELING (1963), was analysed according to the method of
BrowN (1955). The oestriol fraction and standard oestriol-solutions were
coloured with Kober-reagent (767, H,SO,) according to Nocke (1961).
The absorption spectrum of the urinary oestriol-fractions agreed with the
absorption spectrum of the methylated pure oestriol. Further proof of specifity
or reliability was not obtained.

Three urine samples were each investigated in duplicate for their oestriolf
creatinine ratio. (tabel 3.5., see for creatinine paragraph 3.2.).

These figures confirm the work of MELLIN (1965). For a quantitative study
it is not necessary to measure the oestriol fraction.

TaBLE 3.5. The oestriol equivalent in bovine pregnant urine compared to the oestradiol-17a
and oestrone/creatinine ratio

Sample pg Oe 3%/ g creat. ug Oe 2/ g creat. pg Oe 1/ g creat.
1 130 3647 882
101
2 60 2511 7
79
3 43 1638 627
48

* Oe 3 = oestriol
Oe 2 = oestradiol-17x
O¢ 1 = oestrone
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3.2. THE ESTIMATION OF THE OESTROGEN/CREATININE RATIO IN
BOVINE PREGNANCY URINE

3.2.1. Introduction

To measure urinary oestrogen excretion quantitatively in both pregnant wo-
men and animals it is desirable to use 24-hour urine samples (KAHMANN et al,
1969). The collection of 24-hour urine samples is also possible with cows (MEL-

_LIN, 1965) but since it is very time consuming it is only possible in a limited
number of animals. One can then work with a permanent catheter or a harnass
with a collection apparatus adapted to the vulva (MELLIN, 1965; Van Es and
VogGT, 1959).

Studies concerning the individual variation in urinary oestrogens required a
large number of experimental animals. Therefore a method requiring 24-hour
urine samples is inconvenient,

The oestrogen concentration of a single sample, however, has no direct
refationship with the 24-hour oestrogen production, because the volume of
voided urine per short interval varies too much,

Dt GrooT and AAFJES (1960) found that the creatinine excretion in the urine
of cows was constant over the entire day (about 10 mg/min. = 14.4 g per day).
They proposed that the creatinine concentration of a single sample can serve as
a measure for the daily urine production. Since oestrogens, excreted during
pregnancy, are primarily placental in origin, it was reasoned that they might be
produced at a constant rate, not subject to divrnal variation like adrenal
steroids (Vagnucci et al, 1965).

This lead to the hypothesis that the oestrogen/creatinine ratio should be
constant within a day (chapter 5).

3.2.2.The estimation of the creatinine content in urine

The most commeon used method for the creatinine analysis in urine is the
method described by FoLiN in 1914, This method is based on the fact that
creatinine forms an orange colour with picric acid and sodium hydroxyde. The
creatinine concentration is calculated from the linear relationship (up to 3 mg
creatinine per sample) between the quantity of creatinine and the colour in-
tensity,

The method used in this study is slightly different from FoLiN’s method, but
the principle is the same. The extinction of the orange colour is not measured
at the wavelength with the absorption maximum but on the slope of the spec-
tral curve (at 534 nm). This is done because the yellow colour of picric acid
influences the extinction at the absorption maximum of picric acid.

In literature only EDWARDS and WHITE (1958) have advocated to measure the
extinction of the creatinine colour complex at the absorption maximum {490
nm). Therefore this method has been compared with the standard method
used in this study.
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3.22.1.Material and methods

The reagents and equipment used for the creatinine analysis are:

1. NaOH 109 and 3%,

2. Saturated solution of picric acid.

3. Standard creatinine solution of 1 mg creatinine per ml (161 mg creatinine-
ZnCl, diluted in 100 ml 0.1 N HCl).

4, ‘Beckman-B’-spectrophotometer.

3.2.2.2.Creatinine analysis modified after FoLix (1914)

One ml urine is pipetted in a 100 ml volumetric flask and diluted with 5 ml
aqua dest. Twoml NaOH 10% and 3 ml saturated picric acid is added to the dilu-
ted urine. After 10 minutes the flask is filled to 100 m! with aqua dest. The
extinction is read at 534 nm, against aqua dest. as a blank, not before 20 minu-
tes after filling the flask to 100 ml.

3.2.2.3. Creatinine analysis after EbwAkDs and WHYTE (1958)

In a volumetric flask of 100 ml 1 ml urine is diluted with aqua dest. to a to-
tal volume of 100 ml. From this flask 2 ml is pipetted in a tube to which 2 ml
aqua dest. is added. In another tube 4 ml aqua dest. only is pipetted, this serves
as a blank. To both tubes 1 ml of & sodium picrate solution is added. This
sodium picrate-solution is prepared by mixing equal parts of a saturated picric
acid solution with a 3% NaOH solution. The tubes are well shaken and kept
in a4 25°C waterbath for 30 minutes. The extinction of the urine sample is read
at 490 nm against the reagent blanc.

3.2.2.4. Results of the comparison of both methods

The absorption maximum of the yellow colour of picric acid is measured at
355 nm. The maximum absorption of the orange creatinine colour complex is
found at 470 nm (in contrast to the 490 nm indicated by EDWARDS and WHYTE,
1958).

The calibration curves of the first method proved to be linear up to 3 mg
creatinine per sample. In order to get a reproducable and linear calibration
curve with the method of EDwARDS and WHYTE (1958) a very constant tempera-
ture (25°C) during the whole procedure and calibrated pipettes are requi-
red. .

In order to compare the accuracy of both methods one urine sample is ana-
lysed 10 times by both methods. With FoLiN’s method a variation coefficient
of 1.259, was reached and under the very restricted conditions of the second
method & variation coefficient of only 0.09 %/ was calculated.

3.2.2.5. Conclusions and discussion ‘

The method of EDWARDS and WHYTE (1958) is very sensitive for external
influences. These influences are not included in the comparison made in the
previous paragraph for all measurements are done on the same day. Furtheron
this method is much more complicated than the first method.
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