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Summary — In order to have a specific marker for studying pregnancy in cattle we examined the
characteristics of a pregnancy serum protein produced by the placenta (PSP8&0). Its profile in periph-
eral blood was determined by radioimmunoassay in pregnant cows of 3 breeds after artificial insemi-
nation (Al): Charolais (n = 24), Normande (n = 24) and Holstein (n = 26). From 27 d post-Al to the
end of pregnancy the plasma PSP60 concentration increased, especially during the last 2 wk, to
reach a peak a few d before calving, which was higher (P < 0.001} in the Charolais (1 238 + 422 ng/
mi) than in the other breeds (528 + 458 and 444 + 204 ng/ml). With an apparent half-life of =~ 8 d, this
protein was still detectable in the maternal blood from 105, 85 and 87 d post-partum in the Charo-
lais, Normande and Holstein breeds, respectively. Fertility results on 1102 inseminations in the
Charolais breed showed that the PSP60 concentration dropped then disappeared after embryonic
mortality. Sequential assays of this protein between 28-90 d after Al are useful for studying the
course of pregnancy, although they do not allow discrimination between early embryonic mortality
and non-fertilization which together constitute 75% of pregnancy failures.

cattle / pregnancy protein / embryonic mortality

Résumé — Evolution des concentrations périphériques d'une protéine sérique de gestation
de 60kD pendant la gestation, aprés le vélage et en relation avec la mortalité embryonnaire.
Afin de disposer d'un outil spécifique de suivi de la gestation dans I'espece bovine, nous avons ex-
ploré les caractéristiques d'une protéine sérique de gestation sécrétée par le placenta : la PSP60.
Nous avons étudié, par dosage radio-immunologique, sa cinétique de sécrétion dans le sang mater-
nel pendant la gestation de vaches de la race allaitante Charolaise (n = 24) et de deux races lai-
tieres, Normande (n = 24) et Holstein (n = 26) aprés insémination artificielle (IA). Détectable a partir
de 27 j post-lA, la PSP60 présente une concentration plasmatique croissante pendant la gestation,
et surtout dans les 2 derniéres semaines qui précédent le vélage. Aprés un pic situé quelques jours
avant le vélage, plus élevé (P < 0,001) en race Charolaise (1 238 + 442 ng/ml) que dans les races
laitiéres (528 + 458 et 444 + 204 ng/mi), la concentration plasmatique de PSP60 décroit progressive-
ment. Avec une demi-vie apparente d'environ 8 j, cette protéine reste détectable dans le sang mater-
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nel pendant 105, 85 et 87 j post-partum respectivement en race Charolaise, Normande et Holstein.
Les résultats de fertilité de 1 102 inséminations en race Charolaise montrent qu'une mortalité en
cours de gestation est suivie de la chute, puis I'annulation des concentrations de PSP60. Des do-
sages sérieés de cette protéine entre 28 et 90 j aprés IA s'avérent donc intéressants pour suivre la
gestation bien qu'ils ne permettent pas de dissocier mortalité embryonnaire précoce et non-
fécondation, qui constituent ensemble les 3/4 des échecs de gestation.

bovins / protéine de gestation / mortalité embryonnaire

INTRODUCTION

In cattle where 45% of artificial insemina-
tions fail (Diskin and Sreenan, 1980; Sree-
nan and Diskin, 1986), a reliable and spe-
cific marker is necessary to study the
course of pregnancy in a large number of
cows. In this species, the diagnosis of ear-
ly pregnancy is still frequently based on
the use of progesterone assays in milk or
plasma which reflects luteal activity but is
not a signal specific to pregnancy. To
overcome this, studies were directed at uti-
lizing specific placental and/or embryonic
signals to detect pregnancy, as has been
performed for many years in humans us-
ing hCG assay (Marschall et al, 1968). As
a matter of fact, in cattle as in humans
(Bohn, 1985), the placenta synthesizes
and secretes several pregnancy-specific
proteins, hormones and enzymes (Martal
et al, 1988).

In the cow, previous studies have
shown that after the 16th d of pregnancy
the presence of the embryo is essential for
maintaining the structural and functional
integrity of the corpus luteum (Northey and
French, 1980; Heyman et al, 1984; Hum-
blot and Dalla Porta, 1984) via a tropho-
blastic signal. As in sheep (Martal et al,
1979; Godkin et al, 1982; Imakawa et al,
1987; Charpigny et al, 1988) this signal is
an interferon: bTP-1 (bovine trophoblast

protein-1) (Helmer et al, 1987; Imakawa et
al, 1989; Stewart et al, 1989). bTP-1 inter-
feron is secreted by the conceptus be-
tween d 16 and 26 of pregnancy (Bartol et
al, 1985) when the majority of pregnancy
interruptions  have already  occurred
(Roche et al, 1981). Unfortunately, this sig-
nal which acts locally within the uterus
(Helmer et al, 1989) is not released in the
peripheral circulation as has been reported
by Godkin et al (1984) for oTP-1 (ovine
trophoblast protein-1), a protein of similar
function to bTP-1, so it cannot be used to
estimate the presence and viability of the
embryo.

Some of the proteins synthesized by the
placenta can be found in the maternal cir-
culation during gestation. bPL (bovine pla-
cental lactogen), a glycosylated proteic
hormone involved in the growth of the foe-
tus and the development of the mammary
tissues (Bolander and Fellows, 1976; Kelly
et al, 1976) can be detected in the blood of
pregnant cows at very variable stages dur-
ing pregnancy (between 26 and 110 d)
which prevents it from being used for preg-
nancy diagnosis (Beckers et al, 1982). An-
other signal of pregnancy in the serum is
PSPB (pregnancy specific protein B). This
has been partially characterized in cattle
by Butler et al (1982) and is present in the
circulation of the pregnant female from d
24 until the end of the gestation. The

Abbreviations: PSP60, pregnancy serum protein of M, 60 kDa ; PAG, pregnancy-associated glycopro-
tein; bPAG, bovine PAG; PSPB (bPSPB), bovine pregnancy-specific protein B.
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PSPB family includes 5 acid glycoproteins
with an apparent molecular weight of 78
kDa for the major acid glycoprotein and 90,
85, 69, 48 kDa for the others (Crock et al,
1988). Radioimmunoassay (RIA) of PSPB
enables the course of the pregnancy or
late embryonic mortality to be studied
(Humblot et al, 1988a, b) and it is presently
used commercially as a pregnancy test in
France. Recently, Zoli et al (1991) have
purified and characterized a bovine preg-
nancy-associated glycoprotein  (bPAG)
with a molecular weight of 67 kDa from
foetal cotyledons. This protein has been
detected in maternal peripheral blood from
d 30 until the end of pregnancy in all preg-
nant cows (Zoli et al, 1992a).

A pregnancy serum protein with molecu-
lar weight of 60 kDa (PSP60) has also
been purified from extracts of bovine fcetal
cotyledons (Camous et al, 1988). lts 39-
NH,-terminal amino acid sequence (INRA
patent No FR 88 03590, filed March 18,
1988) is identical to that inferred from the
bp314 cDNA of bPAG (Xie et al, 1991), but
is not related to other published reports of
placental proteins. Two residues of the
NH,-terminus of PSP60 which correspond
to asparagine in the cDNA of bPAG could
not be identified because they were linked
to oligosaccharides. The difference be-
tween the molecular weights of PSP60 and
bPAG seems to result from the degree of
glycosylation. The amino acid sequence of
a bPSPB 64 kDa form was found to be ho-
mologous with bPAG (Lynch et al, 1992).
bPAG PSP60 proteins may correspond to
one of the 5 forms of PSPB. The presence
of PSP60 in the maternal circulation
throughout pregnancy (Camous et al,
1991) is the consequence of the migration
of secretory binucleate cells from the
trophoblast into the endometrium (Wood-
ing and Wathes, 1980) as with bPL (Wood-
ing and Beckers, 1987), PSPB (Eckblad et
al, 1985; Reimers et al, 1985) and bPAG
(Zoli et al, 1992a). The objectives of this

study were to follow the pattern of PSP60
secretion thoughout gestation and its elimi-
nation after calving in 3 cattle breeds
(Charolais, Norman, Holstein) and to deter-
mine the changes in this secretion consec-
utive to embryonic or foetal mortality.
These results, based upon concentrations
of a single protein (PSP&60), were com-
pared to those obtained with the complex
of 5 proteins (PSPB) including one form
that was homologous with PSP60.

MATERIALS AND METHODS

Animals and sampling procedure

This study included cows from 2 experimental
INRA herds corresponding to the 2 main produc-
tion systems: milking and suckling cattle. The
first was a suckling herd of 349 Charolais heif-
ers and cows inseminated several times during
the 1987-1990 period. In the second herd, dairy
cows of Normande (n = 24) and Holstein (n = 26)
breeds were used in 1990. All the females were
artificially inseminated (Al} at natural oestrus.

in order to describe PSP60 secretion during
pregnancy and its elimination after calving, 24
pregnant Charolais cows in the suckling herd,
24 Norman de and 26 Holstein pregnant cows in
the dairy herd were bled at = 28, 35, 50 and 90
d after the fertilizing insemination and weekly
during the peripartum period, from 4 wk before
calving until the next fertilizing Al. Dairy cows
were systematically bled at caiving, fortnightly
from calving to 8 weeks post-partum.

In the suckling herd, the day at which PSP60
was first detected was determined in 299 preg-
nant heifers sampled once between 20 and 30 d
after Al by taking advantage of the variation in
the date after Al when heifers were first bled
(25.3+2.3 d).

The information provided by different preg-
nancy diagnostic methods and PSP60 concen-
trations was analyzed jointly in the Charolais
herd when studying the secretion of PSP60 in
relation to pregnancy failure. The diagnostic
methods included an early pregnancy diagnosis
made by progesterone RIA from plasma sam-
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ples 22-23 d after Al, an ultrasonic examination
at 50.4 + 4.4 d post-Al and the observation of a
return to oestrus in some cases. Rectal palpa-
tion was performed at 89.9 + 3.5 d post-Al to
confirm gestation. Pregnancy was confirmed by
calving. The females were systematically bled
at27.5+6,33.7+1.1,495+3.1and89.9+44
d after Al for determination of PSP60 concentra-
tions unless oestrus had been observed mean-
while. In total, the results of 1 102 inseminations
performed in 349 females were studied.

PSP60 and progesterone assays

Peripheral blood (5 ml) was collected from the
caudal vein into heparinized or EDTA vacutain-
ers in order to determine the PSP60 concentra-
tion at different stages of pregnancy. Plasma
was separated by centrifugation and stored at
—20°C until assayed. PSP60 plasma concentra-
tions were measured with a RIA developed by
Camous et al (INRA patent No FR 88 03590,
filed March 18, 1988). PSP60 assays were per-
formed on 4 100-ul aliquots of pure or diluted
(with plasma from a non-pregnant cow) plasma.
Rabbit antiserum against PSP60 was used at a
final dilution of 1 : 1800 000. There was no
cross-reactivity with either ovine luteinizing hor-
mone (oLH) or ovine follicle stimulating hor-
mone (oFSH). Cross-reactivity with ovine pla-
cental lactogen (oPL) was minimal (< 0.003%).
Sensitivity of the assay was 0.2 ng/ml plasma.
Intra- and inter-assay coefficients of variation
were 6 and 12%, respectively, when estimates
were run for a 1.3 ng/ml sampie of reference
plasma.

Progesterone concentrations were assayed
on 100-ui samples of plasma with a rabbit anti-
serum used at a final dilution of 1/25 000 ac-
cording to a RIA procedure previously described
by Terqui and Thimonier (1974). An early preg-
nancy diagnosis was then performed as de-
scribed in Thimonier (1973).

Data analysis

Secretion and elimination of PSP60

Secretion patterns during pregnancy seemed to
present 2 phases in all 3 breeds; a first phase

with a slow increase in concentration and a sec-
ond phase characterized by a sharp increase in
concentration. At each phase, linear and expo-
nential functions of time were tested in models
including the breed effect. The duration of each
phase was computed after the breaking point
between them was determined. Between-breed
differences in the parameters for each phase
and in breaking-point concentrations were test-
ed in these models with Student's +est. The re-
lationship between calf birthweight and dam
PSP860 concentration at calving was studied,
calculating the within-breed correlation coeffi-
cient. After parturition, PSP60 elimination ap-
peared to follow a regular function of time. The
half-life of PSP60 was estimated during the
post-partum period when this protein was no
longer secreted; indeed, the number of binucle-
ate cells starts to decline shortly before calving
(Gross et al, 1985).

Fertility groups

The Al performance of the Charolais females
was assigned to 5 fertility groups according to
the information from early pregnancy diagnosis
by progesterone assay, ultrasonic examination,
rectal palpation and date of oestrus (table I).
There were 2 extreme groups. The first group
(pregnancy at 90 d) included females in which
all pregnancy diagnoses were positive and no
cestrus was observed before 90 d. The second
extreme group (non-fertilized/ early embryonic
mortality) included females with a negative pro-
gesterone diagnosis and showing oestrus be-
tween 16 and 25 d after Al. The grouping of fe-
males into the 3 intermediate fertility groups was
based on ultrasonic examination and observa-
tion of oestrus. The same female could be in-
seminated several times a year and could then
be assigned to different groups.

RESULTS

Concentration of PSP60 in cows
achieving pregnancy

The detailed study of the beginning of

PSP60 secretion in the 299 pregnant Cha-
rolais heifers has been reported in table I
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Table I. Determination of the fertility groups according to the pregnancy diagnosis methods.

Fertility groups Diagnostic methods
Progesterone Ultrasound Palpation Oestrus  Inseminations

dz2 dbo aao (d) N (%)
Non-fertilized/earty embryonic mortality - >16 and <25 333 (30)
Late embryonic mortality: 16-35 d + >24 47 (4
Very late embryonic mortality: 25-50 d + -Or? >37 62  (6)
Foetal mortality: 50-90 d + + —(+) >52 10 (1)
Pregnancy at 90 d + + + None or>90 650 (59)
Total 1102 (100)

and was undertaken to determine the earli-
est day on which PSP60 was detectable in
the maternal blood. The results showed
that the PSP60 concentration was high
enough (>0.2 ng/ml) to be detected in al-
most 100% of the pregnant females no
earlier than d 27 of pregnancy.

Profiles of plasma PSP60 concentra-
tions in the pregnant Charolais, Normande
and Holstein cows sampled from the 4th
wk of pregnancy to the 14th wk after calv-
ing are shown in figure 1. Two phases
clearly appeared during gestation, where
linear functions better fitted the evolution of

concentrations and explained 47% and
48% of the observed variances in the first
and second phase, respectively. The first
phase was much longer than the second
which corresponded to the last 2 wk of
pregnancy (table Il1).

During the first phase of secretion, the
PSP60 concentration increased slowly, by
= 0.3 ng/ml per day. During the second
month of pregnancy, between 35 and 50 d,
a slight slowing down in the curve ap-
peared. Significant differences between
breeds (P < 0.05) were observed in secre-
tion (0.35, 0.32 and 0.25 ng/mli/day in the

Table li. Early detection of PSP60 in the plasma of pregnant Charolais heifers (N = 299).

Sampling No of Heifers with detectable PSP60 Mean PSP60
interval sampled heifers (concentration > 0.2 ng/mi) concentration
after Al (d) N N (%) (ng/mi)
20 + 21 12 0 0 0.00
22 34 2 6 0.03
23 35 7 20 0.13
24 29 6 21 0.13
25 24 22 92 0.64
26 44 38 86 0.50
27 69 68 99 0.68
28 42 42 100 0.68
29 + 30 10 10 100 1.30
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Table IIl. Parameters of secretion during gestation and post-partum elimination of PSP60.

Breed  1stsecretion Inflexion point 2nd secretion  Maximum point Elimination phase
phase phase

o’ dbefore PSP60 duration  «* dbefore PSP60  a** Half Cancelling
(ng/ml/day) calving (ng/mi) (d) (ng/miiday) calving (ng/ml) (ng/mi/day) -life (d)

(o]
Charolais
(N=24) 0.352 -17 802 16 732 -1 12382 (0.0832 842 105
Norman
(N=24) 0.25° -18 56¢ 14 330 -4 528> (.0882 7.9a 85
Holstein
(N=26) 0.322 -18 690 15 26b -4 444> (0852 8.2 87

* Regression coefficient in a linear model: C = C, + at; ** regression coefficient in an exponential model: C = Cy &
ab< means with different superscripts in the same column ditfer significantly (P < 0.05).

PSP60 (ng/mtl)

1300 { 10 a 14
{ 1 [m} 12 4 Q
8 ]
1100 — 10
_ * :
. _
900 | v 8]
_ 64 0O
47 m] ] \
700 1 KD 4 - 0
2 4 —0 4 N
] | /51" \ 2 4 "D
500 LM W0 . 'DQ
0 LA A B B | 0
7] .36 -34 -32 -30 -28 weeks 6 8 10 12 14 16
300 + 2835 50 90 days EI\
100 - v a
0- mm-m . -V Smmr
[ EAAALS BMALSLEN BLEMEMS BLELELES BLELELSN BLELALES BMALSLEN BLALELES BMALEME RAELELE BLALEMES SLALALE) SMALELE BASLAMEY BANLAAS

40 -36 -32 -28 -24 -20 -16 -12 -8 -4 0 4 8 12 16 20
weeks from calving
O Charolais & Normande ¥ Holstein

Fig 1. Concentration of PSP60 in plasma of Charolais (N = 24), Normande (N = 24) and Holstein (N =
26) cows during pregnancy and after calving.
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Charolais, Holstein and Normande breeds
respectively) and consequently in the
PSP60 concentration at the end of the first
phase (80, 69 and 56 ng/ml respectively).
At each stage of pregnancy during this
phase, PSP60 concentrations varied wide-
ly amongst these pregnant females with
observed within-breed coefficients of varia-
tion between 50% and 130%.

PSP60 secretion during the last 2 wk of
gestation was 80 to 200-fold greater than
at previous stages. The increase in con-
centrations in the Charolais breed (73 ng/
ml/day) was significantly higher (P < 0.001)
than in the dairy breeds (33 and 26 ng/ml/d
in the Normande and Holstein breeds, re-
spectively). Duration of the second phase
was similar in the 3 breeds. It ended when
PSP60 concentration reached a peak, gen-
erally a few d before parturition as ob-
served in 17 Normande and 17 Holstein
cows. This maximum was significantly
higher (P < 0.001) in the Charolais breed
(1238 ng/ml) than in the dairy breeds (528
and 444 ng/ml in the Normande and Hol-
stein breeds respectively). At this stage of
pregnancy, the within-breed individual vari-
ation coefficients of the PSP80 concentra-
tion amongst cows were very high, ie, be-
tween 36 and 87%. In the Charolais breed,
the maternal PSP60 concentration at calv-
ing appeared to be related to the calf birth-
weight (r = +0.51; P < 0.001). PSP60 con-
centration was highest in the Charolais
breed (P < 0.001), which might be partly
due to a higher calf birthweight (P < 0.05)
than in the 2 dairy breeds (48.0 vs 43.0 and
43.3 kg in the Charolais, Holstein and Nor-
mande breeds respectively). However, such
a high level of PSP60 secretion does re-
main specific to the Charolais breed (fig 2).

After parturition, the decrease in the
plasma concentration (C) of PSP60 was
shown to follow an exponential function
(C= Co e—af) that explained 69% of the
observed variances. A linear relationship
was obtained after the logarithmic transfor-

mation and the apparent half-life for
PSP60 was computed as follows H/2 =
(Log 2Ya. Half-life estimates for PSP60
were 8.4 d in the Charolais 7.9 d in the
Normande and 8.2 d in the Holstein breeds
(table IIi). Differences between breeds
were not significant (P > 0.05). Using the
regression function the expected time re-
quired to reach a residual concentration <
0.2 ng/mi was 105 d post-partum in the
suckling Charolais breed, 85 d in the Nor-
mande and 87 d in the Holstein dairy
breeds. The actual time when residual con-
centrations of PSP60 became undetecta-
ble was observed in 18, 21 and 26 cows
from the Charolais, Normande and Hol-
stein breeds. The mean and extreme val-
ues were : 107 d (91 to 119 d) in the Char-
olais breed, 84 d (56 to 105 d) in the
Normande breed and 88 d (63 to 126 d) in
the Holstein breed.

PSP60 plasma concentration in females
exhibiting pregnancy failure

Only heifers and cows of the Charolais
herd were examined in this part of the
study (table IV, fig 3). The distribution of Al
results over the different fertility groups de-
fined for these females is reported in
table I.

PSP60 concentration in non-fertilized
females or in females exhibiting early
embryonic mortality

in all except 7 heifers of this group (total
N = 123), mean PSP60 concentrations re-
mained below the detection limit of the
assay. On the other hand, at the first 2
stages of sampling, the cows (N = 210)
had a detectable’ mean concentration of
PSP60 which declined gradually with time.
This indicated that residual concentrations
were present in the blood of some cows
during the post-partum period.
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PSP60 (ng/mi) PSP60 concentration in females exhibit-
2250 : o ing late embryonic or foetal mortality
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Fig 3. Concentration of PSPB0 in plasma of Charolais heifers and cows according to fertility groups
(note the logarithmic scale on the Y axis).
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concentration of PSP60, 6 had a slight in-
crease in secretion between 28 and 35 d;
the 15 others had a declining concentra-
tion from 28 to 35 d.

Heifers and cows exhibiting a very late
embryonic mortality, /e between 35 and 50
d after Al (20 + 42 = 62 interrupted preg-
nancies) generally showed an increasing
concentration of PSP60 between 28 and
35 d and a drop in concentration between
50 and 90 d. Between 35 and 50 d the
PSP60 concentration remained constant
or declined. Nevertheless in some cases,
although the embryo was aiready dead at
50 d according to ultrasonic scanning (and
sometimes return to oestrus), the concen-
tration increased steadily between 35 and
50 d and decreased only thereafter. As ex-
pected, the concentration at 50 d in fe-
males of that group was significantly lower
than that in pregnant females (P < 0.001).
At the previous stages (28 and 35 d) be-
fore mortality had occurred, the concentra-
tion was already significantly lower. More-
over, it should be noted that amongst the
35 females in this group, 14 had no detect-
able PSP60 at the d 28 stage.

When foetal death occured between 50
and 90 d, a decrease in the concentration
of PSPB0 was noted between these 2
stages. In some cases, this decrease start-
ed before 50 d, although, according to ul-
trasonic examination, the embryo was still
alive at this stage.

DISCUSSION

The time at which 60-kDa bovine pregnan-
cy serum protein (PSP60) appeared in the
maternal blood varied relatively little, je be-
tween 22 and 28 d after Al. Sasser et al
(1986) detected PSPB in 3 out of 15 preg-
nant cows as early as 15 d of pregnancy.
It is possible that one of the PSPB proteins
appears in the maternal blood earlier than

PSP60 does, but its flow in the maternal
circulation at a moment when implantation
has not yet begun remains an open ques-
tion. However, these early detected con-
centrations may correspond to residual
protein from a previous pregnancy. Almost
all females had a detectable plasma
PSP60 concentration 27 d after Al. First
detected during the 4th wk of pregnancy,
PSP60 was present throughout pregnancy
at an increasing concentration level. The
plasma profile of PSP60 during pregnancy
was very similar to the PSPB (Sasser et al,
1986) and bPAG profiles (Zoli et al,
1992b), which tends to confirm that PSP60
and bPAG might correspond to a form of
PSPB. The lesser secretion between 35
and 50 d could result from a change in the
regulation of the development of the foeto-
placental unit and/or reflect the unknown
function of PSP60. We have no explana-
tion for this phenomenon at present.

A major PSP60 increase occurs at the
end of pregnancy, as has also been de-
scribed by Sasser et al (1986) for PSPB
and by Zoli et al (1992b) for bPAG. Howev-
er, we may note that bPAG levels are con-
sistently higher (Zoli et al, 1992b) than
those reported for PSPB (Sasser et al,
1986) and for PSP60 (this paper). We can-
not explain this sudden increase in blood
levels. Does this evolution in concentra-
tions mean that these proteins are involved
in the induction of parturition or is it only a
result of certain hormonal or physical
changes in the placenta at the end of preg-
nancy?

In this study, the levels reached at calv-
ing were higher in the Charolais than in the
Normande and Holstein breeds; this differ-
ence could depend on herd management
and location, but certainly also depends on
the breed (suckling/dairy). A higher calf
birthweight in the Charolais than in dairy
breeds (+ 5 kg) only explains part of the
gap between the 2 maternal PSP60 levels
at calving associated with a possible varia-
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tion in placental size and consequently in
the number of binucleate cells. Guilbault et
al (1991) have investigated bPAG concen-
trations at calving in relation to calf birth-
weight in Holstein and Hereford cows both
carrying pure-bred Holstein foetuses. Low-
er peak concentrations of bPAG in Hol-
stein recipients (3.0 vs 7.6 ug/ml) were as-
sociated with higher calf birthweight (50.0
vs 43.3 kg). This suggests that peripheral
concentrations of protein of placental origin
are also probably affected by the dam
weight, which is higher in Holstein cows
because of the dilution in blood volume. In-
deed, in our experiment the Charolais
cows presented the lowest weight just after
calving (633 vs 664 and 685 kg in Holstein
and Normande breeds respectively).
These differences could also be due to dif-
ferences in metabolism between dairy and
suckling females.

The decrease in PSP60 concentrations
initiated before calving may correspond to
a similar decline in the binucleate cell
count at this moment, as was shown in
sheep by Wooding (1983) and in cattle by
Gross et al (1985). The post-partum elimi-
nation rate of PSP60 was similar in all 3
breeds. However, residual plasma concen-
trations after calving were detectable over
a 15-wk period in the Charolais breed com-
pared to 13 wk in both dairy breeds, due to
higher levels at calving. Similar residual
concentrations of PSPB were found in
dairy cows over 100 d post-partum (Hum-
blot et al, 1988c). The decrease of PSP60
concentrations is exponential; hence, resid-
ual concentrations cannot be explained as a
release by the endometrium after parturition
as was suggested by Humblot et al (1988c).

The study of PSP60 secretion in fe-
males exhibiting pregnancy failure showed
different patterns according to the time of
failure. In the non-fertilization and early
embryonic mortality (before 16 d) group,
which represented 75% of pregnancy fail-
ures, there was no or little PSP60 secre-

tion. This phenomenon combined with the
non-extension of the luteal lifespan reflect-
ed the limited development of the tropho-
biastic tissue, which secretes bTP-1 in-
volved in the maintenance of corpus
juteum activity in cattle (Knickerbocker et
al, 1984, 1986). When there was a late
embryonic mortality (between 16 and 50 d)
or foetal mortality, the PSP60 concentra-
tion curve became straight, determined by
the moment of embryonic or foetal death.
These different patterns and their respec-
tive frequency are consistent with the data
previously reported in dairy (Humblot et al,
1988a) or in beef breeds (Humblot et al,
1990). However, it should be noted that
PSP60 concentrations dropped and disap-
peared some time after embryonic death
on account of the long half-life of this pro-
tein. In the 3 groups of embryonic and foe-
tal mortalities, PSPB80 concentrations de-
clined between 28 and 50 d of pregnancy
but remained detectable until 50 d, espe-
cially in cows.

On the other hand, in cases of very late
embryonic mortality (after 35 d), we found
both a delay in the secretion of this protein
since at 28 d it was not always detectable,
and a low level of secretion. This can prob-
ably be explained by a delay or anomaly in
the development of the conceptus. As a
consequence, in 67% of the heifers and
81% of the cows with a PSP60 concentra-
tion below 0.6 ng/mi at 35 d, pregnancy
was interrupted before 50 d. Humblot
(1991) also reported that with one PSPB
assay at = 30 d post-Al, it is possible to de-
tect > 85% of the non-pregnant females.
However, as there is a wide individual vari-
ability of the concentrations at a given
stage, it seems difficult to accurately pre-
dict the future course of pregnancy via a
single concentration measurement. Never-
theless, the secretion kinetics between dif-
ferent points in time (at least 3) provide
more information on the time of embryonic
mortality than a single concentration.
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In conclusion, assaying this pregnancy
serum protein (PSP60) in the peripheral
circulation of the cow has proven useful as
a new method for studying the course of
the pregnancy. It has to be utilized within
the limits fixed by the patterns of its secre-
tion, ie from 27 d after Al, and not before
13 to 15 wk after the previous calving.
Comparing secretions between several
stages provides complementary informa-
tion on embryo viability.

ACKNOWLEDGMENTS

The authors wish to thank staff at the INRA ex-
perimental herd of Galles, particularly P Dando,
L Gressins and D Krauss for help with cestrus
detection, blood sampling, ultrasonic examina-
tion, rectal palpation and data collection; the
staff at the INRA animal experimental herd of Le
Pin au Haras, particularly E Daburon and Y Gal-
lard for help with blood sampling and data col-
lection; O André for performing progesterone
assays and diagnoses, MC Aubriére for techni-
cal assistance, ML Le Paih for typing this manu-
script and JP Butler for helping us with the Eng-
lish.

REFERENCES

Bartol FF, Roberts RM, Bazer FW, Lewis GS,
Godkin JD, Thatcher WW (1985) Characteri-
zation of proteins produced in vitro by periat-
tachment bovine conceptuses. Biol Reprod
32, 681-693

Beckers JF, Decoster R, Wouters-Baliman P,
Fromont-Lienard C, van der Zwalmen P, Ec-
tors F (1982) Dosage radioimmunologique
de I'hormone placentaire somatotrope et
mammotrope bovine. Ann Med Vét 126, 9-21

Bohn H (1985) Biochemistry of pregnancy pro-
teins. An overview. /n: Early Pregnancy Fac-
tors (Ellendorff F, Koch E, eds) 127-139

Bolander FF, Fellows RE (1976) Growth-
promoting and lactogenic activities of bovine
placental lactogen. J Endocrinol 71, 173-174

Butler JE, Hamilton WC, Sasser RG, Ruder CA,
Hass GM, Williams RJ (1982) Detection and

partial characterization of two bovine preg-
nancy-specific proteins. Biol Reprod 26, 925-
933

Camous S, Charpigny G, Guillomot M, Martal J
(1988) Purification of one pregnancy-specific
protein by high-performance liquid chroma-
tography (HPLC). In: Proc Bard Workshop,
Maternal Recognition of Pregnancy and
Maintenance of the Corpus Luteum. Jerusa-
lem, 20—-24 March, abstr 2

Camous S, Charpigny G, Guillomot M, Mialon
MM, Renand G, Martal J (1991) Intérét d'une
protéine de gestation de conceptus bovin, la
PSP60 dans la détermination de la gestation
et de la mortalité embryonnaire. In: Maitrise
de la Reproduction Animale: Sém Franco-
Britannique. CRITT-ISIS-SSAB, Tours, 29—
31 May, abstr

Charpigny G, Reinaud P, Huet JC, Guillomot M,
Charlier M, Pernolet JC, Martal J (1988) High
homology between a trophoblastic protein
(trophoblastin) isolated from ovine embryon
and a-interferons. FEBS Lett 228, 12-16

Crock JE, Ruder-Montgomery CA, Sasser RG
(1988) Characteristics of bovine pregnancy-
specific protein B (bPSPB). Bio/ Reprod 38
(suppl 1), 78 abstr 88

Diskin MG, Sreenan JM (1980) Fertilization and
embryonic mortality rates in beef heifers after
artificial insemination. J Reprod Fertil 59,
463-468

Eckblad WP, Sasser RG, Ruder CA, Panlasigui
P, Kuczynski T (1985) Localization of preg-
nancy-specific protein B (PSPB) in bovine
placental cells using a glucose oxidase-
antiglucose oxidase immunohistochemical
stain. J Anim Sci 61 (suppl 11), 149-150
abstr

Godkin JD, Bazer FW, Moffat J, Sessions F,
Roberts RM (1982) Purification and proper-
ties of a major, low component weight protein
released by the trophoblast of sheep blasto-
cysts at day 13-21. J Reprod Fertil 65, 141-
150

Godkin JD, Bazer FW, Roberts RM (1984)
Ovine trophoblast protein-1, an early secret-
ed blastocyst protein, binds specifically to
uterine endometrium and affects protein syn-
thesis. Endocrinology 114, 120-130

Gross TS, Williams WF, Manspeaker JE (1985)
Peripartum changes in fetal placental binu-
cleate cells number, viability and plasma



A pregnancy serum protein in cattle 281

membrane fragility. J Cell Biol 101, 321,
abstr 1213

Guilbaud LA, Beckers JF, Lapierre L, Zoli AP,
Benites W, Roy GL (1991) Peripartum con-
centrations of placental protein hormones
(bPL and bPAG) in Holstein and Hereford re-
cipients carrying purebred Holstein fetuses.
Theriogenology 35, 208 abstr

Hetmer SD, Hansen PJ, Anthony RV, Thatcher
WW, Bazer FW, Roberts RM (1987) Identifi-
cation of bovine trophoblast protein-1, a se-
cretory protein immunologically related to
ovine trophoblast protein-1. J Reprod Fertil
79, 83-91

Helmer SD, Gross TS, Newton GR, Hansen PJ,
Thatcher WW (1989) Bovine trophoblast pro-
tein-1 complex alters endometrial protein and
prostaglandin secretion and induces an intra-
cellular inhibitor of prostaglandin synthesis in
vitro. J Reprod Fertil 87, 421-430

Heyman Y, Camous S, Fevre J, Meziou W, Mar-
tal J (1984) Maintenance of corpus luteum af-
ter uterine transfer of trophoblastic vesicles in
cyclic cows and ewes. J Reprod Fertil 70,
533-540

Humblot P (1991) Signaux embryonnaires et
contréle de la gestation des ruminants. Rec
Meéd Vét 167, 193-202

Humblot P, Dalla Porta MA (1984) Effect of con-
ceptus removal and intrauterine administra-
tion of conceptus tissue on luteal function in
the cow. Reprod Nutr Dév 24, 5293-541

Humblot P, Camous S, Martal J, Charlery J,
Jeanguyot N, Thibier M, Sasser RG (1988a)
Pregnancy specific protein B, progesterone
concentrations and embryonic mortality dur-
ing early pregnancy in dairy cows. J Reprod
Fertil 83, 215-223

Humblot P, Camous S, Martal J, Charlery J,
Jeanguyot N, Thibier M, Sasser RG (1988b)
Diagnosis of pregnancy by radioimmunoas-
say of a pregnancy-specific protein in the
plasma of dairy cows. Theriogenology 30,
257-267

Humblot P, Jeanguyot N, Ruder C, Leriche I,
Thibier M, Sasser RG (1988c) Accuracy of
pregnancy diagnosis by bPSPB RIA in the
plasma of dairy cows 28 days after Al. In:
Proc 3rd Int Congr Anim Reprod and Artif In-
sem. Dublin (short commun), vol 2, p 94

Humblot P, Payen B, Jeanguyot N, Thibier M,
Sasser RG (1990) Progesterone and preg-

nancy-specific protein B concentrations in
serum and plasma 28-30 days after Al and
their relationship with embryonic mortality in
French beef breeds. In: Proc 3rd Int Rumi-
nant Reprod Symp. Nice, 25-28 March, abstr
21

Imakawa K, Anthony RV, Kazemi M, Marotti KR,
Polites HG, Roberts RM (1987) Interferon-
like sequence of ovine trophoblast protein se-
creted by embryonic trophectoderm. Nature
330, 377-379

Imakawa K, Hansen TR, Malathy PV, Anthony
RV, Polites HG, Marotti KR, Roberts RM
(1989) Molecular cloning and characteriza-
tion of complementary deoxyribonucleic ac-
ids corresponding to bovine trophoblast pro-
tein-I: a comparison with ovine trophoblastic
protein-1 and bovine interferon «, Mol Endo-
crinol 3, 127-139

Kelly PA, Tsushima T, Shiu RPC, Friesen HG
(1976) Lactogenic and growth hormone-like
activities in pregnancy determined by radiore-
ceptor assays. Endocrinology 99, 765-774

Knickerbocker JJ, Thatcher WW, Bazer FW,
Barron DH, Roberts RM (1984) Inhibition of
estradiol-17{} induced uterine prostaglandin
F2ct production by bovine conceptus secreto-
ry proteins. J Anim Sci 59 (suppl 1) 368 abstr
543

Knickerbocker JJ, Thatcher WW, Bazer FW,
Drost M, Barron DH, Fincher KB, Roberts
RM (1986} Proteins secreted by day 16 to 18
bovine conceptuses extend corpus luteum
function in cows. J Reprod Fertil 77, 381-391

Lynch RA, Alexander BM, Sasser RG (1992)
The cloning and expression of the bovine
pregnancy specific protein B (bPSPB). Biol
Reprod 46, (suppl 1) 73 abstr 89

Marshall JR, Hammond CB, Ross GT, Jacobson
A, Rayford P, Odell WD (1968) Plasma and
urinary chorionic gonadotropin during early
human pregnancy. Obstet Gynec 32, 760-764

Martal J, Lacroix MC, Loudes C, Saunier M,
Wintenverger-Torres S (1979) Trophoblastin,
an antiluteolytic protein present in early preg-
nancy in sheep. J Reprod Fertil 56, 63-73

Martal J, Chene N, Charlier M, Charpigny G, Ca-
mous S, Guillomot M, Reinaud P, Bertin J,
Humbiot P (1988) Protéines trophoblas-
tiques. Reprod Nutr Dév 28 (6B), 1655-1672

Northey DL, French LR (1980) Effect of embryo
removal and intra-uterine infusion of embryon-



282 MM Mialon et al

ic homogenates on the lifespan of the bovine
corpus luteum. J Anim Sci 50, 298-302

Reimers TJ, Sasser RG, Ruder CA (1985) Pro-
duction of pregnancy-specific protein by bo-
vine binucleate trophoblastic cells. Bio/ Re-
prod 32 (suppl 1), 65 abstr

Roche JF, Boland MP, Mc Geady TA (1981)
Reproductive wastage following artificial in-
semination of heifers. Vet Rec 109, 401-404

Sasser RG, Ruder CA, Ivani KA, Butler JE,
Hamilton WC (1986) Detection of pregnancy
by radioimmunoassay of a novel pregnancy-
specific protein in serum of cows and a pro-
file of serum concentrations during gestation.
Biol Reprod 35, 936-942

Sreenan JM, Diskin MG (1986) The extent and
timing of embryonic mortality in the cow. /n:
Embryonic Mortality in Farm Animals (Sree-
nan JM, Diskin MG, eds) Martinus Nijhoff
Publ, 1-11

Stewart HJ, Mc Cann SHE, Northorp AJ, Lam-
ming GE, Flint APF (1989) Sheep antiluteo-
lytic interferon: cDNA sequence and analysis
of mRNA levels. Mol Endocrinol 2, 65-70

Terqui M, Thimonier J (1974} Nouvelle méthode
radioimmunologique rapide pour l'estimation
du niveau de progesterone plasmatique. Ap-
plication pour le diagnostic precoce de la
gestation chez la brebis et la chevre. CR
Acad Sci (Paris) 279, 1109-1112

Thimonier J (1973) Diagnostic précoce de la
gestation par l'estimation de progestérone

ptasmatique chez la brebis, la vache et la ju-
ment. Rec Méd Vet 149, 1303-1318

Wooding FBP (1983) Frequency and localiza-
tion of binucleate cells in the placentomes of
ruminants. Placenta 4, 527-540

Wooding FBP, Wathes DC (1980} Binucleate
cell migration in the bovine placentome.
J Reprod Fertil 59, 425-430

Wooding FBP, Beckers JF (1987) Trinucleate
cells and the ultrastructural iocalisation of bo-
vine placental lactogen. Cell Tissue Res 247,
667-673

Xie S, Low BG, Nagel RJ, Kramer KK, Anthony
RV, Zoli AP, Beckers JF, Roberts RM
(1991) Identification of the major pregnancy-
specific antigens of cattle and sheep as inactive
members of the aspartic proteinase family.
Proc Nat/ Acad Sci USA 88, 10247-10251

Zoli AP, Beckers JF, Wouters-Baliman P, Closset
J, Falmagne P, Ectors F (1991) Purification
and characterization of a bovine pregnancy
associated glycoprotein. Biol Reprod 45, 1-10

Zoli AP, Demez P, Beckers JF, Reznik M, Beck-
ers A (1992a) Light and electron microscopic
immunolocalization of bovine pregnancy-
associated glycoprotein in the bovine placen-
tome. Biol Reprod 46, 623-629

Zoli AP, Guilbault LA, Delahaut P, Benitez Ortiz
W, Beckers JF (1992b) Radicimmunoassay
of a bovine pregnancy-associated glycopro-
tein in serum: its application for pregnancy di-
agnosis. Biol Reprod 46, 83-92



