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LH stimulates the glycolytic activity in the rat ovary and during the periovumarked changes in thefollicular energy metabolism occur. This report reviews
some data on the respiratory activity of isolated oocytes and cumulus cells near the time
of ovulation.
The behaviour of follicle-enclosed oocytes explanted from immature PMSG-treated
rats was similar to that of adult proestrus rats. In cultured preovulatory follicles the oocyte
remained in the dictyate stage and no changes in cumulus morphology occurred, while
exposure to LH brought about oocyte and cumulus maturation in a similar way as in vivo
and glucose uptake and lactate formation were stimulated. Cyclic AMP mimicked the LH
effect on cumulus maturation and glycolysis but prevented oocyte maturation.
LH decreased the respiration in isolated cumuli both in vivo and in vitro before any
morphological changes occurred.
In isolated oocytes oxygen consumption increased following the resumption of meiosis
whether the oocytes were induced to mature by LH in vivo or matured spontaneously after
isolation. Cyclic AMP prevented both maturation and increase in respiration.
The possible relationship between glycolysis and respiratory activity and morphological
maturation is discussed as well the role of cyclic AMP in these events.
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Introduction.

Luteinizing hormone (LH) induces the ovulatory process leading to functional
and morphological transformation of the mature Graafian follicle into a corpus
luteum. This process comprises changes in the steroidogenesis, resumption of oocyte
meiosis, morphological transformation of the cumulus oophorus, luteinization of the
granulosa cells and eventually follicular rupture and release of the mature ovum.
According to current opinion the changes in steroidogenesis and luteinization are
mediated by cyclic AMP (review : Kolena and Channing, 1972 ; Marsh, 1976). Much
less is, however, known about the role of this nucleotide in the other events of the
ovulatory

process.
It has long been known that LH can acutely stimulate ovarian carbohydrate
metabolism (reviews : Armstrong, 1968 ; Ahr6n et al., 1969), but since this knowledge

mainly derived from experiments on whole ovaries and luteinized tissue it has
far been difficult to interpret the hormonal effects in physiological terms. It has
recently been found in our laboratories that LH can stimulate the lactate formation
in the isolated preovulatory follicle in vitro (Nilsson, 1974 ; Tsafriri et al., 1976).
Furthermore, following the ovulatory LH surge explanted rat follicles show a markedly increased lactate production. At the same time a decrease of the respiration by
isolated cumulus cells occurs (Hillensjo, 1976 ; Dekel et al., 1976). These acute changes
in follicular energy metabolism indicate the possibility of a specific role for the LH
effects on ovarian carbohydrate metabolism in relation to the ovulatory process.
The mouse oocyte has a specific demand for certain energy substrates for normal
development in vitro (Biggers et al., 1967) and one possiblity could thus be that LH
by stimulating follicular glycolysis changes the intrafollicular environment to suit the
maturing oocyte. In this report we will review some data from studies on the respiratory activity of isolated oocytes and cumulus cells in relation to the maturational
changes prior to ovulation.
was
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Results and comments.
Characterization

of oocyte

and cumulus maturation in the PMSG model.

Immature Sprague-Dawley rats were kept under standardized conditions and
exposed to light between 0 500 and 1 900. When 28 days old the rats were injected
s.c. in the morning with 8 IU of PMSG resulting in follicular development with subsequent release of endogenous LH between 1 500 and 1 800 on day 30, and ovulation
of a physiological number of ova in the early morning of day 31 (Fuxe et al., 1972 ;
Hillensjo et al., 1974 ; Herlitz et al., 1976). Oocytes isolated from preovulatory follicles
and examined by Nomarski interference contrast microscopy (Tsafriri and Kraicer,
1972) were found to have resumed meiosis after the endogenous LH surge (fig. 1,
left panel). About 50 p. 100 of the oocytes examined at 1 900 day 30 showed germinal
vesicle breakdown (GVB) and about 50 p. 100 of the oocytes examined at 2 400 day
30 had expelled the first polar body (PB). The time-course of oocyte maturation in this
PMSG model is thus in principle similar to that seen in the adult proestrus rat (Ayalon
et al., 1972 ; Tsafriri and Kraicer, 1972 ; Vermeiden and Zeilmaker, 1974). The struc-

ture of the cumulus

oophorus isolated before the LH surge was compact, consisting
of densely packed cells, and there was no lysing effect of hyaluronidase. Following
the LH surge the cumulus gradually changed into a dispersed structure of cells embedded in a hyaluronidase-sensitive matrix (fig. 2). The changes in cumulus morphology
and sensitivity to hyaluronidase, here referred to as cumulus maturation, started somewhat later than oocyte maturation. These results are in agreement with a more detailed
chronological analysis of the maturational changes in the cumulus of the adult proestrus rat (Dekel and Kraicer, 1974 ; Dekel et al., 1977).

Since the exact time for the endogenous LH surge was impossible to predict in
the individual animal, the following treatment was chosen in experiments concerned
with respirometry of isolated periovulatory cells : the rats were given Nembutal
to block the endogenous LH surge and injected with 10 fL9 ovine LH ip between 1 400
and 1 500 on day 30. As can be seen in figure 1, right panel, about 50 p. 100 of the
oocytes examined 3 h after the LH injection showed GVB and about 50 p. 100 examined at 9 h had formed the PB. Cumulus maturation occurred analogously to that
described above.
Studies

on

isolated

preovulatory follicles.

Experiments on cultured follicles of proestrus rats showed that the follicle-enclosed
in the dictyate stage throughout a 12-24 h culture period in the
absence of hormone, whereas addition of gonadotrophin to the culture medium
induced meiosis (Tsafriri et al., 1972 ; Lindner et al., 1974). Also when preovulatory
follicles of the PMSG model were incubated in a chemically defined medium (modified
bicarbonate buffer with glucose and albumin) for 2-10 h the follicle-enclosed oocytes
remained immature and the cumulus preserved its compact structure, while, on addition of gonadotrophins to the medium, oocyte and cumulus maturation occurred
similarly as seen in vivo (Hillensj6, 1976 ; Hillensjo et al., 1976). Under the same
oocyte remained

conditions LH

markedly stimulated glucose uptake and lactate formation bythe follicles
(fig. 3). Dibutyryi-cyclic AMP (dbcAMP) mimicked the effect of LH on cumulus maturation (Hillensjo, 1977), and follicular lactate formation (fig. 3), but as long as the

nucleotide was present it prevented
in dbcAMP followed by transfer to
maturation

(Hillensj6,

et

maturation. Preincubation of the follicles
control medium, however, enabled oocyte

oocyte

plain

al., 1977).

Oxygen consumption by

isolated cumuli.

was shown to acutely decrease the oxygen uptake by the
cumulus
(Dekel, et al., 1976). In further analysis of this effect it was
preovulatory
found that cumuli isolated after i.p. injection of 10 tig LH showed a significant decrease
occurring 4 h after the injection (fig. 4). Oxygen consumption was measured by a
microspectrophotometric method using hemoglobin as an indicator of oxygen tension
(Hultborn, 1974), and the incubation medium was a modified phosphate culture
medium (Mills and Brinster, 1967 ; Magnusson et al., 1977). Thus the inhibitory effect
of LH on cumulus respiration showed a lag-phase just as did the morphological
changes after the exposure to hormone. Also when LH was added to cumuli in vitro
for various periods of time there was a decrease in respiration showing that LH acts
directly upon these cells. This decrease, however, developed much more rapidly
than in vivo, and a new steady state respiration, amounting to approximately 50 p. 100
of the control respiration, was found already after one hour of culture. By this time
there was yet no morphological signs of LH action in the cumulus (Magnusson and
Hillensj6, unpublished results). FSH but not prolactin also decreased cumuluscell respiration in vitro (Magnusson and Hillensj6, unpublished results).

In

a

previous study LH

Oxygen consumption by

isolated

oocytes.

In a preliminary study the oxygen consumption by mechanically denuded oocytes
obtained from antral rat follicles was analysed by the micro-divertechnique (Hillensj6,
et a/., 1975). Certain energy substrates which are known to support mouse oocyte
maturation in vitro, such as pyruvate and oxaloacetate (Biggers et al., 1967), when
added to the incubation medium increased the oocyte respiration (fig. 5). It was
therefore of interest to investigate the oocyte oxygen consumption in relation to the
resumption of meiosis.
When oocytes were induced to mature in vivo by LH, the oxygen consumption
of isolated and denuded oocytes increased as compared to oocytes in the dictyate
stage (fig. 4). In these studies performed with the microspectrophotometric technique,
the variation between oocytes within the same experimental group was small allowing
a detailed analysis. An increase in oxygen consumption was observed after GVB &horbar;
3 to 4 h after the LH injection. The respiration then gradually increased to maximal
values seen in the oocytes with PB.
When the oocytes were induced to mature spontaneously by culture in the
medium containing pyruvate, a similar rise in oxygen consumption was found (fig. 6).
In this case no hormone was present and the observed rise in respiration must thus
be a consequence of the nuclear activation rather than due to a direct hormonal
control of the oocyte metabolism. This assumption is supported by the finding that
cAMP and dbcAMP, which prevented the spontaneous maturation also prevented
the rise in oxygen consumption normally induced by culture (fig. 6).

Conclusions and

prospects.

In this series of experiments it was shown that acute changes in the respiratory
activity occur in the oocyte and in the cumulus cells in relation to the preovulatory
morphological maturation. The preovulatory cumulus decreased its respiration
at about the same time as the oocyte increased its respiration. The metabolic shift in
the cumulus cells produced by LH was evident before any change in the morphology
of the cumulus complex was observed. An early step in the LH action on the cumulus
is probably generation of cyclic AMP. The morphological changes induced by LH
can be mimicked by dbcAMP as well as by phosphodiesterase inhibitors (Dekel and

Kraicer, 1977 ; Hillensjo, 1977).
In the oocyte oxygen consumption increased after the onset of nuclear maturation. It is likely that the breakdown of the germinal vesicle (GVB) per se triggers the
increase in oocyte respiration and that no direct hormonal control of this metabolic
event exists. Cyclic AMP may be involved indirectly in the resumption of oocyte meiosis
(Tsafriri, et al., 1972 ; Hillensjo, et al., 1977) but it does not act as a stimulatory agent

directly on the oocyte.
One finding of special interest in this study was that the changes in oxygen
consumption by the oocyte and the cumulus respectively developed much more
rapidly following artificial release of the cells into culture about 1 h as compared to the lag-period observed when LH was given in vivo-about 4 h. These differences
in time might reflect that the action of LH in vivo has to counteract an inhibitory influence,
which is rapidly removed by the artificial isolation but which needs a longer time
-

-

for inactivation in vivo. The presence of a follicular oocyte maturation inhibitor has
been shown in several other species (Pincus and Enzmann, 1935 ; Foote and Thibault,
1969 ; Tsafriri and Channing, 1975 ; Gwatkin and Andersen, 1976).
Further studies are needed in order to determine the exact mechanisms involved
in the gonadotrophic stimulation of both resumption of meiosis and changes in cumulus respiration.
It is not known at present whether the decrease in cumulus cell respiration is
essential for oocyte maturation. It is possible that the decreased respiration reflects a
Crabtree-effect related to increased glycolysis making more pyruvate available for
the oocyte, as discussed in a previous paper (Magnusson, et al., 1977). It is also possible
that the decreased respiration is due to a specific inhibition by LH of mitochondrial
activity in the cumulus cells. The metabolic adjustment in the cumulus cells would
then lead to a higher oxygen availability in the oocyte, which may be of importance
for the resumption of oocyte maturation (Zeilmaker, et a/., 1972). Studies are in
progress to determine the glycolytic activity in the LH exposed cumulus and to analyse
the substrate availability of the oocyte within the follicle under various experimental
conditions.
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La LH stimule l’activité glycolytique de l’ovaire de rat et pendant la période
périovulatoire interviennent des changements importants dans le métabolisme énergétique du follicule. Cette étude analyse un certain nombre de résultats sur l’activité respira-

Résumé.

toire des ovocytes isolés et des cellules du cumulus au moment de l’ovulation.
Le comportement des ovocytes intrafolliculaires prélevés sur des rattes immatures,
traitées à la PMSG, est semblable à celui observé chez les rattes adultes au proestrus. Dans
les follicules préovulatoires en culture, l’ovocyte reste au stade dictyé et aucun changement
ne se produit dans la morphologie du cumulus. Si on ajoute de la LH, la maturation de l’ovocyte et du cumulus se produit de la même manière qu’in vivo et la consommation de glucose
et la formation de lactate sont stimulées. L’AMPc mime l’action de la LH sur la maturation
du cumulus et la glycolyse, mais ne permet pas la maturation de l’ovocyte.
La LH diminue la respiration des cumulus isolés in vivo comme in vitro avant qu’aucune

transformation morphologique ne se produise.
Dans les ovocytes isolés la consommation d’oxygène augmente après la reprise de la
méïose, que la maturation des ovocytes soit induite par la LH in vivo ou reprenne spontanément in vitro après isolement. L’AMPc empêche la maturation et l’augmentation de la res-

piration.
Les relations possibles entre la glycolyse et l’activité respiratoire et la
morphologique sont discutées, ainsi que le rôle de l’AMPc dans ces événements.

maturation
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