hypoprolactinaemia in the ram :
plasma gonadotrophin levels, LH and FSH receptors and
histology of the testis.
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B. BARENTON
J.-C. POIRIER

M. T. HOCHEREAU-de REVIERS

C. PERREAU

Station de Physiologie de la Reproduction, I.N.R.A.
Nouzilly, 37380 Monnaie, France.

Summary. In order to investigate the effects of induced hypoprolactinaemia on
gonadotrophin levels and testicular function in the ram, CB 154 was administered either in
summer under natural photoperiod or in winter combined with a light regime stimulating
prolactin release.
Under natural photoperiod in summer, plasma FSH levels increased from 2.5 to
4 ng/ml in controls and from 2.5 to 8 ng/ml in CB 154-treated rams. Control and treated
groups differed significantly (P < 0.05) from the second week of treatment onwards. In
the animals photostimulated in winter, treatment with CB 154 did not change plasma FSH
levels ; no effect of CB 154 on plasma LH levels was detected in either experiment.
Treatment with CB 154 in summer led to an increase in the volumes of peritubular
blood vessels and interstitial tissue. The number of Leydig cells per testis was significantly
(P

0.05) increased in CB 154-treated

rams. However, at the time of measurement, there
in the structure of the seminiferous tubules or in the production of germ
cells. In winter in photostimulated animals, no effect of treatment with CB 154 was
detected either on the structure of interstitial and tubular compartments or on

<

was no

change

spermatogenesis.
The change in prolactin levels affected
per Leydig cell, nor the number of FSH
experiments. It is concluded that induced
FSH in the ram and change the structure

-

neither the number of LH receptors, expressed
receptors, expressed per Sertoli cell, in the
hypoprolactinaemia can modify the release of
of the intertubular tissue but that it does not
affect the number of LH and FSH receptors or impair spermatogenesis.

Introduction.
The exact role of prolactin in testicular function is still uncertain, but is
appears that this hormone in the rat is directly involved in maintaining luteinizing

hormone (LH) receptors (Zipf et al., 1978) and the responsiveness of the Leydig
cells to LH (Purvis et al., 1979). In hamsters, which have regressed testes when
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to short daylengths, a single injection of prolactin increases the number
of LH receptors and testicular weight (Bex et al., 1978). Recent investigations
have also shown that induced hyperprolactinaemia increases the release of
follicle-stimulating hormone (FSH) in the hamster (Bartke 6t al., 1981) and that
of both LH and FSH in the mouse (Klemcke and Bartke, 1981).
In the ram, we have reported that the inhibition of prolactin release by
bromocryptine (CB 154) injections leads only to a delay in testicular growth,
rapidly followed by a recrudescence of the testis (Barenton and Pelletier, 1980).
This unexpected response suggested that prolactin could act directly on the
structure of the testis or by modifying the release of gonadotrophic hormones at the
pituitary level. Therefore, further investigations were carried out on these same
animals to test these hypotheses. In the present study, we measured plasma levels
of FSH and LH, performed a quantitative examination of the histology of the testes
and estimated the number of LH receptors per Leydig cell and of FSH receptors per
Sertoli cell.

exposed

Material and methods.
P!otocol. - The first experiment (exp. I), lasting 50 days, was carried out at
the onset of the breeding season under natural photoperiod in summer. We
induced hypoprolactinaemia in 3 of the 6 Romanov rams by giving two daily s.c.
injections of 2 mg CB 154 (Sandoz Ltd., France) each. The other 3 animals
acting as controls were given the solvent only.
The second experiment (exp. 11), lasting 43 days, was carried out during the
non-breeding season in winter. In order to stimulate the release of prolactin, 10
Préalpes du Sud rams were subjected to a daily artificial photoperiod of 7 h of
light with an additional light pulse given 16-17 h after dawn (Ravault and
Ortavant, 1977). Five animals received CB 154 as outlined above. The other 5
animals acted as controls.
The testes were surgically removed at the end of each experiment after local
anaesthesia, obtained by injection of 5 ml Sylvocaine (Merieux, F) in the two
spermatic cords. The testicular material used for histological investigations and
assays of gonadotrophin receptors was taken from the left testis.
assays. &horbar; Weekly blood samples were taken by jugular
between
0900 and 0930 h. After centrifugation, the plasma samples
venipuncture
were stored at - 15 °C until assayed. Plasma prolactin (Kann, 1971), FSH
(Blanc and Poirier, 1979) and LH (Pelletier et al., 1968) were measured by double
antibody radioimmunoassay using NIH-P-S6, HG-FSH-225 1= 2.6 NIH-FSH-S3)
and LH-CNRS-M3 (= 1.8 NIH-LH-Sl), respectively, as standards.

Hormone

Histo%gy. - Fragments of testicular tissue were fixed in Bouin’s solution
and embedded in paraffin wax, and 10-pm sections were cut for histological
studies. The cycle of the seminiferous epithelium was classified into the eight
stages described by Roosen-Runge and Giesel (1950) for the rat. The type A,
spermatogonia and the Sertoli cells were counted in ten cross-sections of
seminiferous tubules at stages 7.8 and 1, and round spermatids were counted in
the same sections but at stage 8 only. The total counts were corrected for
differences in nuclear volume by the formula of Abercrombie (1946), modified by

Ortavant (19591, but no correction was made for the Sertoli cells since they have
irregular shape. The tubular diameter was measured on 20 cross-sections per
testis. The relative volume of the intertubular tissue, as compared to the
seminiferous tubules, was determined with a 25-point ocular integrator (Hennig,
1957) on 20 microscopic fields per testis. The relative proportion of Leydig cells
and blood vessels was compared to that of the other intertubular cells using the
same method.
The profile surface area of Leydig cell cytoplasm and Sertoli cell nuclei was
measured on 20 randomly selected cells per animal with a microscopic-area
measuring system (AMS, Leitz), and the mean volume of the Leydig cells was
determined. The total length of the seminiferous tubules per testis was
calculated from the above data by the formula of Attal and Courot (1963). The
total number of type A, spermatogonia per testis was calculated from the total
length of the seminiferous tubule and the mean corrected number of cells per
10 pm tubular cross-section. The daily productions of A
1 spermatogonia and of
round spermatids per testis were calculated from the total number per testis and
the duration of the seminiferous epithelium cycle which is 10.4 days (Ortavant,
an

1959).
Estimation of the numbers of LH and FSH receptors per target cell. - the
of ovine LH (oLH-CNRS-M3) and ovine FSH (oFSH-CNRS-P26 = 14
NIH-FSH-S3) to testicular membrane preparations was assessed using hormones
radioiodinated with !251 (sodium 1)
125 iodide, IMS 300 ; The Radiochemical
(
Centre, Amersham, Bucks.) by the lactoperoxidase-plus-glucose-oxidase method
1-labelled ovine LH and !z51(Tower et al., 1977). The specific activities of 125
labelled ovine FSH were 20-40 Ci/g and 30-50 Ci/g, respectively.
The numbers of LH receptors were measured as described previously by
Barenton and Pelletier (1980). The numbers of FSH receptors were measured
according to the method of Cheng (1975) as described for bovine FSH receptors,
but using the same preparation of ovine testicular membranes as for LH
receptors and an homologous hormonal system. The results were first expressed
as femtomoles of hormones bound per milligram of membrane protein and
calculated per testis. These were then multiplied by Avogadro’s number
(6.02 x 10
) and divided by the relevant number of target cells in the testis to
23
obtain the mean number of binding sites per cell. LH receptors were assumed to
be located in Leydig cells and FSH receptors in Sertoli cells (Mancini et al.,

binding

19671.
Statistical analysis. &horbar; Comparison between treated and control groups
made using Student’s t-test.

were

Results.
Effects of the treatment of prolactin levels.
In the first experiment,
in
levels
remained
around
200
the
controls but fell from
plasma prolactin
ng/ml
200 to less than 5 ng/ml in CB 154-treated rams (fig. la). Under the effect of the
light regime, plasma prolactin levels increased from 30 to more than 100 ng/ml in
the controls of the second experiment but fell from 30 to less than 5 ng/ml in
CB 154-treated animals (fig. 1b).
-

Effects on LH and FSH levels.
Figure 1 shows the levels of FSH and LH
in the plasma during experimentsI and II. Under natural photoperiod in summer
(exp. I), plasma levels of FSH increased from 2.5 to 8 ng/ml in CB-154-treated
Romanov rams and from 2.5 to 4 ng/ml in the control group (fig. 1c). The
difference between the treated and the control groups was significant (P < 0.05)
from the second week of treatment onwards. The mean plasma level of LH
increased from 2 to 5 ng/ml in the controls and from 1.5 to 7 ng/ml in CB 154treated rams, but the two groups did not differ significantly (fig. le).
-

In rams photostimulated in winter (exp. 11), plasma levels of FSH varied
around 1 ng/ml (fig. 1d) and plasma levels of LH varied around 1.5 ng/mi (fig.
1f). No significant difference for either hormone was found between the control
and the CB 154-treated groups.

Effects on testicular weight and intertubular spaces (fig. 21.
The testicular
weight, measured at the end of each experiment, was always similar in the
control and the treated groups (fig. 2a). In the rams injected with CB 154 in
summer (exp. I), there was a highly significant (P <
0.001) increase in the total
intertubular volume per testis (fig. 2b). This was the result of a significant
(P < 0.05) increase of the volume of both the blood vessels (fig. 2c) and the
interstitial tissue (fig. 2d). In rams photostimulated in winter (exp. II), these
volumes tended to be lower in CB 154-treated animals (figs. 2b, c, d) but the
difference was not statistically significant. In summer (exp. I), the total number
of Leydig cells per testis was significantly (P < 0.05) increased in CB 154injected rams as compared with the controls (fig. 2e). There was also a decrease
in the profile areas of the Leydig cells (fig. 2f), but the difference was not quite
significant (81.7 + 2.4 vs 90.4 ± 3.0 pm
2
; P ! 0.05). In winter (exp. II), the
injection of CB 154 had no effect on the number (fig. 2e) or the size (fig. 2f) of
the Leydig cells.
-

Effects

experiments,
between the
difference in

(fig. 3c, d).

the tubules and on spermatogenesis (fig. 3).
In the two
the length and diameter of the seminiferous tubules did not differ
controls and the CB 154-treated rams (fig. 3a, b), nor was there any
the number and the area of the nuclear profiles of the Sertoli cells
The rate of spermatogenesis, as indicated by the estimated daily

on

-

production of A! spermatogonia and round spermatids, did not differ between
control and treated animals in either of the experiments (fig. 3e, f).
The numbers of LH
Effects on LH and FSH binding sites per target cell.
sites per Leydig cell and FSH binding sites per Sertoli cell, measured at
the end of each experiment, were never different between the control and the
treated groups (fig. 4). The number of LH receptors per Leydig cell was
significantly (P < 0.001) correlated with the cross-sectional area of the Leydig
cells (r
16). The number of FSH receptors per Sertoli cell was
0.9 ; n
significantly (P < 0.001) correlated with the sizes of the Sertoli cell nuclear profiles
-

binding

=

(r

=

0.75 ;

=

n

=

16).

Discussion.

The present results show that the delay in the spontaneous recrudescence
of the testis, previously observed in rams treated with CB 154 in summer
(Barenton and Pelletier, 1980), is associated with modifications in the structure

of Leydig ceHs, volume of the blood vessels)
of the intertubular tissues <number
and with an increased plasma FSH secretion. Although the use of the statistical
test is questionable in this experiment since there are only theree animals per
group, it is unlikely that so many changes would occur at random in the same

experiment.
A stimulating effect of bromocryptine treatment on FSH levels
reported in suckling ewes (Kann et al., 1977) and women (Seki

has also been
et

al., 1974 ;

results contrast with the increased release of
Nader et al., 1975). However,
FSH in hyperprolactinaemic rats (Voogt et al., 1969), dwarf mice (Bartke et al.,
1977) and hamsters (Bartke et al., 1981) and also with the decreased secretion of
FSH in men treated with bromocryptine (Lackritz and Bartke, 1980). Thus, there
may well be a species-dependent effect of prolactin on FSH release in rams,
rodents and humans. This is important in understanding the differential effect of
season on the reproductive activity of hamster and ram. We were unable to
show any significant change in LH secretion, probably because the blood was
sampled too infrequently to reflect quantitatively the episodic secretion of that
hormone.
Treatment with CB 154 only in summer induced hyperplasia of the Leydig
cells, and their size was a little reduced at the time of measurement.
Presumably, hypoprolactinaemia initially allowed the division of these cells, but
during subsequent growth they did not reach as large a size as the Leydig cells
in the control animals. The monitoring factors in this process are difficult to
determine since prolactin (Rajaniemi et al., 1974 ; Charreau et al., 1977), as well
as bromocryptine per se (Vermes and Telegdy, 1978) and FSH (Ketelslegers et
a/., 1978), have been assumed to act directly on the Leydig cells in rodents.
Furthermore, an action of LH could not be excluded here. One hypothesis is that
the inhibitory effect of hypoprolactinaemia on testicular activity has been
compensated by increased FSH, and possibly LH, secretion. This could explain
why testicular growth was only delayed.
The number of Sertoli cells per testis in the two experiments did not differ
between the treated and the control animals, although it did differ between
experiments. Consequently, it was possible to compare the histological data
between the treated and the control groups. Such comparisons should not be
made between experiments since the number of Sertoli cells is correlated with
both the volume of the intertubular tissues and the production of A,
spermatogonia (Hochereau-de Reviers and Courot, 1978) and thus, the
differences between experiments would not necessarily be caused by the
different experimental treatments.
As suggested earlier (Barenton and Pelletier, 1980 ; Barenton, 1981), the
evaluation of the number of LH receptors per Leydig cell confirms that changes
in plasma prolactin levels do not affect the regulation of LH receptors in the ram.
In addition, the present results show that the numberr of FSH receptors per
Sertoli cell is likewise unaffected. The correlation between the number of LH
receptors per Leydig cell and the size of the profiles of those cells and the
correlation between the number of FSH receptors per Sertoli cell and the size of
the nuclear profiles of those cells indicate that LH and FSH binding site
our

populations

are

closely related

to the size of their

respective target cells in the

testis.

The summer experiment in particular suggested that the gametogenic
function of the ram testis is not impaired by reduced prolactin levels since the
injection of bromocryptine did not decrease the daily production of A,
spermatogonia and round spermatids. This finding is in agreement with those in
bulls (Stolla et al., 1978) and mice (Bartke, 1974). On the other hand, Howles et
a/. (1980) have shown that a constant long or short light regime induced a
precocious, desynchronized and shortened breeding season in rams. These
results and ours support the hypothesis that the summer surge of prolactin does
not interfere with the sequence but with the timing of the events initiating the
breeding season in the ram.
We conclude

that, under some conditions, which yet remain to be clearly
modify the release of at least FSH and the structure of the
intertubular tissue. On the other hand, prolactin deficiency causes only a
transient delay in testicular growth (Barenton and Pelletier, 1980) and has little or
no effect on sperm production. Furthermore, the effects of prolactin were
detected only in summer, suggesting that the hypothalamo-pituitary-testicular
axis is not continuously sensitive and/or responsive to prolactin in the ram.
defined, prolactin

can
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Résumé. Afin d’étudier les effets de l’hypoprolactinémie provoquée sur les niveaux plasmatiques des hormones gonadotropes et sur la fonction testiculaire, un traitement au
CB 154 a été administré chez le bélier, soit en été sous une photopériode naturelle, soit en
hiver mais combiné à un traitement lumineux qui stimule la sécrétion de la prolactine.
En été et sous une photopériode naturelle, le niveau plasmatique de la FSH a augmenté de 2,5 à 4 ng/ml chez les animaux témoins et de 2,5 à 8 ng/ml chez les animaux
traités au CB 154. La différence entre les deux lots était significative (P < 0,05) dès la
deuxième semaine de traitement. Chez les animaux photostimulés en hiver, le traitement
au CB 154 n’a pas eu d’effet sur la sécrétion de la FSH. Dans les deux expériences, le traitement au CB 154 n’a pas montré d’effet significatif sur les niveaux plasmatiques moyens
de la LH.
Le traitement

CB 154

été

conduit à

augmentation du

volume des vaisnombre des cellules de Leydig par
les béliers traités au CB 154. Toutefois, au moment de la mesure, nous n’avons constaté aucune modification de la structure des tubes séminifères ainsi que de la production des cellules germinales. En hiver, le
traitement au CB 154 n’a produit aucun effet notable ni sur la structure des tissus interstitiels et tubulaires, ni sur la spermatogenèse.
au

en

a

une

sanguins péritubulaires et du tissu interstitiel. Le
testicule a significativement (P < 0,05) augmenté chez
seaux

Le nombre des récepteurs à la LH, exprimé par cellule de Leydig, ainsi que le nombre
des récepteurs à la FSH, exprimé par cellule de Sertoli, n’ont pas été modifiés par les
variations du niveau de la prolactine lors des deux expériences.

Nous en concluons que l’hypoprolactinémie induite est capable de modifier la sécrétion hypophysaire de la FSH chez le bélier et de changer la structure du tissu intertubulaire. En revanche, elle n’affecte pas le nombre des récepteurs à la LH et à la FSH et ne
perturbe pas la spermatogenèse.
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