Histochemical demonstration of steroidogenic
in preimplantation bovine embryos
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has been demonstrated histochemically in bovine Day 6-8
late-morulae and early blastocysts recovered non-surgically from 12 superovulated
Friesian heifers. In some embryos grown in vitro from late-morula to enlarged blastocyst
in Eagle’s enriched medium, this key enzyme in steroidogenesis was clearly demonstrable
during all the period of their survival in culture (96 hrs).
These findings are in favour of the capacity of the bovine embryo to synthesize steroids
at least in some stages of early development.

Summary. 3p-HSD activity

In recent years there has been an increasing interest in embryonic endocrinology
stages of development, i.e. bofore implantation on the uterine wall.
One of the most important factors justifying such an interest is the need to know when
and by which processes the fertilized ovum signals its presence to the maternal organism in order to establish the pregnancy. The rapid diffusion of embryo transfer
methodology both in laboratory and in farm animals has further stimulated investigations on this and on other important metabolic functions of the early embryo.
At present, numerous findings prove the presence in the preimplantation blastocyst of steroid hormones and of enzymes involved in their metabolism and interconversion. However, the data reported by various workers on this subject are not
univocal, and are often difficult to correlate because they are the result of investigations from different standpoints and in different species.
The embryo’s capacity to synthesize steroid hormones at a very early stage was
revealed as early as 1966, when Huff and Eik-Nes demonstrated that the Day 6 rabbit blastocyst could biosynthesize in vitro cholesterol and pregnenolone from acetate.
Further biochemical investigations have evidenced the presence of progesterone,
oestrogens and other steroids in the blastocyst and/or in the blastocele fluid of the rabbit (Seamark and Lutwak-Mann, 1972 ; Eik-Nes et al., cit. by Lutwak-Mann, 1971 ;
in the initial

Fuchs and Beling, 1974 ; Borland et al., 1977 ; Fujimoto and Sundaram, 1978 ; Singh
and Booth, 1978) and of the pig (Perry et al., 1973 ; 1976 ; Heap et al., 1975).
On the other hand the uterine fluid contains large amounts of progesterone
(Seamark and Lutwak-Mann, 1972 ; Fuchs and Beling, 1974 ; Cowman et al., 1976 ;
Borland et at., 1977 ; Fowler et al., 1977) and oestrogens (Dickmann et al., 1975 ;
Borland et al., 1977). This has induced many workers to assume that the hormones
found in the preimplantation blastocyst have an uterine origin (Seamark and LutwakMann, 1972 ; Borland et al., 1977 ; Fujimoto and Sundaram, 1978 ; Singh and Booth,
1978). This hypothesis seems to be confirmed also by the scarcity of smooth endoplasmic reticulum and tubular mitochondria (Borland et al.,1977) and by the marked pinocytotic activity (Beier and Maurer, 1975) shown in rabbit blastocyst. This opinion is
not shared by other authors who suppose that the embryo signals its presence by some
active processes, and in some species, at least, this appears to involve the synthesis of
hormonal substances (Perry et al., 1976).
Biochemical investigations have evidenced that the unconjugated oestrogens and
progesterone found in the pig blastocyst are synthesized in situ and not maternally
derived (Perry et al., 1973), and that the blastocyst is capable of converting in vitro
dehydroepiandrosterone and androstenedione to oestrogens (Heap et al., 1975). In
this species the synthesis of steroid hormones is supposed to start, as also histochemically proved by Flood (1974), on Day 12 prior to the implantation of the blastocyst.
These findings can be related to recent data which are in favour of the very early
synthesis of a gonadotropin-like substance by the embryos of rabbits (Haour and
Saxena, 1974 ; Fuchs and Beling, 1974), mice (Vl!iley, 1974), humans (Saxena et at.,
1974) and pigs (Perry et al., 1976). According to Perry et al. (1976) this fact supports
the hypothesis of an autostimulation of embryonic steroidogenesis.
In favour of steroid synthesis by the preimplantation embryo are numerous histochemical findings which have demonstrated the presence of key enzymes involved
in both the metabolism and the interconversion of such hormones. A5-3p- and 17phydroxysteroid dehydrogenase (HSD) have been evidenced in the morulae and blastocysts of the rat (Dickmann and Dey, 1973, 1974a, b ; Dey and Dickmann, 1974a ;
Dickmann, 1975), mouse (Dey and Dickmann, 19746), rabbit (Dickmann et al., 1975)
and hamster (Dickmann and Gupta, 1974 ; Niimura and Ishida, 1976). According to
Dickmann (1975) the autonomous production by the preimplantation embryo of steroid hormones plays an important role in the regulation of embryonic metabolism,
in the transformation of the morula to blastocyst, in the loss of the zona pellucida and
in

implantation.

The data on this subject in the literature on bovines are scarce, relating mostly
to the endocrine processes regulating implantation. In particular the role of cestrogens in this stage has been studied biochemically (Eley et al., 1975 ; Robertson and

King, 1975). Robertson et al. (1976) have demonstrated the production of aestronesulphate by the Day 30 bovine embryo. According to these authors, who have demonstrated also in the sheep and the pig oestrone-sulphate embryonic synthesis before
the establishment of vascular connection with the mother, this substance could diffuse
through the embryo membranes and reach the uterine wall where it might be reduced

by

a

sulphatase

into

biologically active 17!-oestradioL
generally agreed that insufficient knowledge of the

On the other hand it is

meta-

bolic processes of the early bovine embryo is a factor which considerably limits sucin transfer pratices, especially when the embryos are cultured in vitro longer than
a limited number of hours (Seidel, 1977).
No information is available so far in the literature on the endocrine activities
of the bovine embryo in its earlier stages of development.
The purpose of this paper is therefore to contribute to the knowledge of this important aspect of the metabolic behaviour of the bovine late-morula and early blast-cyst
collected between Days 5 and 8 after fertilisation, i.e. when, in embryo transfer practices, the fertilised ova are flushed from the donor and transferred into the recipient.
cess

Materials and methods.
For this investigation, which is part of a research program on embryo transfer,
used 52 morphologically normal latemorulae and early blastocysts recovered from
12 superovulated Friesian heifers and flushed non-surgically Days 6-8 after artificial
insemination using the method applied by the Institute of Animal Physiology of the
A. R. C. at Cambridge (Newcomb et al., 1978a, b). All the embryos were classified
according to their morphology and stage of development. A part of them was used
immediately after recovery ; the remaining part was cultivated in small test tubes
stoppered with silicon rubber. During the subsequent 5 days some embryos were
recovered from the tubes every 24 hrs after evaluation of the morphological features
and the stage of development.
For the study of steroidogenic activity, histoenzymological reactions for 3pHSD were performed according toVl!attenberg (1958), Baillie and Griffiths (1964),
Baillie et al. (1966a, b) and Jones et al. (1968). The embryos were incubated for 20 min ;
the substrates used were dehydroepiandrosterone (DHE) and A4-androsten-3p17p-diol. The same substrate-free solutions were used for control. Starting from Day 4,
reactions for lactic and succinic dehydrogenase activity were performed according
to Pearse (1961a, b).
The following culture medium was used : 0.12 g L-glutamine ; 0.045 g yeast
extract ; 45 ml 5 p. 100 lactalbumin hydrolisate ; 0.878 g triptose phosphate broth ;
0.0378 mg Fe(N0
0 ; 100,000 IU G sodium penicillin ; 0.1 g streptomicin sulz
). 9 H
3
phate ; 0.1 g neomicin sulphate ; 12.5 ml 0.1 p. 100 phenol red ; 200 ml bovine foetal
serum and Eagle’s minimum essential medium to 1,000 ml. Sodium bicarbonate
was added to reach pH 7.2 7.3.
we

Results.
All the embryos used showed good morphological features and were accompanied by a zona pellucida except for a number of the more advanced blastocysts recovered on Day 8. The embryos were at different stages of development, ranging from
the morula with many blastomers to the blastocyst with an evident blastocele.
Histoenzymological reactions for 3!-HSD performed 1 hr after recovery were
always markedly positive in both morulae and blastocysts. Numerous formazan precipitates were present in the cytoplasm of blastomers. However, since the reactions

have been carried out

on the embryos in toto, it has not
always been possible to idenwith
the
zones
where
the
reaction
was
more
or less intense. In the embryos
tify
precision
in an intermediate stage between morula and blastocyst it was even possible to identify cells with such marked positivity that the negative nucleus was evident among
formazan precipitates (fig. 1). The zona pellucida was always negative. Among the
different techniques used, the best reults were achieved with the method of Jones et
al. (1968) using A4-androsten-3p-17p-diol as a substrate, whereas reactions with DHE
were always weaker and more diffused. The results obtained with other
techniques
, b) were substan0
(bVattenberg, 1958 ; Baillie and Griffiths, 1964 ; Baillie et al., 1966
tially similar but the positivity was less marked and localized. No formazan precipitates were present in embryos incubated with substrate-free solutions (fig. 2).
After 24 hrs in culture the embryos further developed and the most evident progress was noted in embryos recovered at the stage of morula. In many of them the
beginning of the formation of the blastocyst cavity was detectable. The reactions for
3p-HSD showed a pattern of positivity similar to that described above in the embryos
just recovered.
After 48 hrs in culture the blastocysts appeared larger in volume, in more advanced stages of development, and often well preserved. The rupture of the zona pellucida always occurred. 3!-HSD activity was still present in all the embryos examined.
After 72 hrs in culture, other embryos besides those with evident morphological
alterations showed morphological symptoms of incipient suffering ; in some considerably enlarged and completely hatched blastocysts 3p-HSD activity was still present and well localized even though weakened in general (figs. 3, 4).
After 96 hrs in culture, all the remaining embryos showed symptoms of acute
suffering ; a weak positivity to the 3!-HSD reaction could be observed in only two
blastocysts which appeared less damaged than the others.
Given the limited number of embryos available, the reactions for respiratory
enzymes were performed only in the more advanced cultures. It was thus possible to
demonstrate that after 72 hrs in culture, lactic and succinic dehydrogenases were
clearly present. These activities, though weak, were also present after 96 hrs of culture.

Conclusions.
Our results have shown the presence of3!-HSD, a key enzyme for steroid horsynthesis, in bovine latemorulae and early blastocysts recovered on Days 6-8
after fertilization. This activity is present in the embryo even in culture for the whole
period during which it can develop in vitro. The intensity and the localization of such
activity gradually diminuish with the increase of morphological symptoms of suffering.
These results are in accordance with those obtained by other authors on laboratory animals. Dickmann et al. (1975) demonstrated histochemically the presence of
A5-3p-HSD activity in rabbit embryos from the 78th hour post-coitum (p. c.) till the
168th hour, i.e. shortly after implantation. It is significant that these authors found
16 6 3p-HSD-negative rabbit morulae out of 40 at 72 hrs p.c., thus suggesting a drop
or even a cessation of steroidogenesis at that time. Dey and Dickmann (1974)
and Dickmann and Dey (1973, 1974a) also demonstrated A5-3p-HSD activity in rat
embryos starting from Day 4 p.c. Such activity decreased from Day 6 and was no
longer detectable on Day 7. In hamster embryos, according to Dickmann and Gupta
(1974), A5-3p-HSD activity appears at three days p.c. and cannot be demonstrated
on Days 5-6, whereas more recently Niimura and Ishida (1976) also evidenced the
presence of this enzyme in unfertilized eggs and, after fertilization, from the 1- and
2-cell stage till the blastocyst stage ; this discrepancy with the data of Dickmann and
Gupta (1974) is probably due to a difference in the incubation time and in the substrates used.
On the other hand, the endocrine activities of embryos from other species have
been demonstrated in mere advanced stages of development, i.e. shortly before or
after implantation. A5-3p-HSD activity in pig embryos was studied histochemically
by Flood (1974), starting from Day 10 after fertilization. This enzyme, not detectable
on Day 10, is present from Day 12, the period when the first connections are established between the embryos and the uterus in the pig. These data, together with those
obtained by the same worker on other enzyme activities involved in steroidogenesis,
coincide with the biochemical findings of Perry et al. (1973) which prove that the pig
blastocyst at that time produces unconjugated oestrogens and progesterone, and that
oestrone and oestradiol are synthesized in vitro from neutral steroids.
On the other hand many workers have demonstrated histochemically the presence of 3!-HSD during and immediately after implantation in the trophoblast of
the rat (Deane et a/., 1962) ; Deane and Rubin, 1965 ; Ferguson and Christie, 1967 ;
Schmidt et al.
9
1970 ; Legrand and Hung, 1972 ; Legrand, 1975 ; Marcal et al., 1975),
mouse (Botte et a/., 1968 ; Chew and Sherman, 1973, 1975), guinea pig (Ferguson
and Christie, 1967) and hamster (Legrand, 1977). Legrand (1977), also doing experimental studies, asserts that the HSD activities of the hamster trophoblast are autonomous, not depending on maternal hormone control. This also seems to be the case
of the mouse in which Chew and Sherman (1975) have biochemically demonstrated
that in the trophoblast AS-3p-HSD activity can be monitored both in vitro and in
mone

vivo.
are

Chew and Sherman (1975) have also proved that trophoblastic cells in culture
capable of forming progesterone and of secreting it in the medium. Eley et al.

(1975), Robertson and King (1975) and Robertson et al. (1976) have demonstrated
that bovine, pig and sheep embryos synthesize steroid hormones even before the vascular connections with the mother are established.
It should also be stressed that the presence of steroid hormones in the blastocyst
is substantiated by numerous biochemical data on the rabbit (Seamark and LutwakMann, 1972 ; Fuchs and Beling, 1974 ; Dickmann et al., 1975 ; Borland et al., 1977 ;
Fujimoto and Sundaram, 1978 ; Singh and Booth, 1978) and pig (Perry et al.,1973,
1976 ; Heap et al., 1975), even though some authors (Seamark and Lutwak-Mann,
1972 ; Borland et al., 1977 ; Fujimoto and Sundaram, 1978) maintain that these hormones are not produced by the embryo but are of maternal origin.
Regardless of the various opinions on the endocrine autonomy of the embryo
and its meaning, it is a fact that our data demonstrate that the bovine embryo in
advanced morula and early blastocyst stages possesses a key enzyme for steroidogenesis and retains it for a number of days in culture. It must also be taken into consideration that recent data are in favour of an early blastocyst synthesis of LH- or
HCG-like substances in rabbit (Haour and Saxena, 1974 ; Fuchs and Beling, 1974),
rat (Wiley, 1974), humans (Saxena et al., 1974) and pig (Perry et al., 1976). The function of these substances is supposed to be the autostimulation of embryonic steroidogenesis (Perry

et

al., 1976).

On the basis of the above, the logical extension of
mitantly with ultrastructural research :

our

work will include,

conco-

of the behaviour of the enzymes involved in steroid hormone synthesis,
all
the
stages of embryonic development from fertilization to implantation in
covering
order to (i) determine the appearance and the duration of such activities and (ii)
to clarify the significance of their presence among the complex, and yet little-known,
endocrinological phenomena regulating the first stages of pregnancy ;

1)

The

study

Culture of the embryo in vitro under more favourable conditions and with culture
media permitting the embryo to reach more advanced stages of development. Particular attention will also be given to the substances secreted in the culture medium ;
these investigations will not be confined to the substances involved in steroidogenic
mechanisms, but would also cover all the substances which could play an important
role in embryo implantation, including prostaglandins (Evans and Kennedy, 1977).

2)

the obvious difficulties, especially with bovines, this research
urgent and esential. It is our belief that the results will supply information useful in achieving better results in embryo transfer practices, particularly
when the interval from recovery to transfer into the recipient is longer than a restricted number of hours.

Notwithstanding

program is both

.

EEC Seminar on « Ovarian stimulation and egg
in mammals », Luynes, France, octobre 1978.
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Résumé. Chez les bovins, l’activité 3p-HSD a été démontrée histochimiquement aux
jours 6-8 dans des morulas tardives et des blastocystes précoces prélevés non chirurgicalement chez 12 génisses Frisonnes superovulées. Dans quelques embryons cultivés in
partir de la morula tardive jusqu’au blastocyste développé dans un milieu Eagle
enrichi, cet enzyme vital de la stéroïdogenèse a été clairement montré pendant toute la
période de leur survie en culture (96 h). Ces résultats sont en faveur de la capacité de
l’embryon bovin à synthétiser des stéroïdes au moins à quelques étapes de son développevitro à

ment

précoce.
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