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SUMMARY appears more evident from January to Apviner
stasisand culmination phaseand weaker in June.
Inhibin is a glycoproteic hormone mostly pro- However, in captive animals, the reaction persists
duced by the gonads. Through a feedback at ttin chromaffin cells, but disappears in steroidoge-
pituitary level, it selectively inhibits the release of netic cells.
follicle-stimulating hormone. In mammals, inhibin - The functional meaning of the presence of inhib-

has been found also in some extragonadal tissUjn a5 a factor in the local regulation of spermato-
such as placenta, pituitary, adrenal, spleen, k'd”_egenesis is discussed.

brain and spinal cord. At present, no information it
available about the existence of inhibin in reptiles
The aim of the present work is to localise, throughnTRODUCTION
immunocytochemical methods, the sites of inhibir
production in male lizards during the main phase

of the reproductive cycle: theulmination phase Inhibin, a water-soluble non-steroidal glycopro-

. : tein hormone inhibiting FSH secretion, is pro-
(April-June), thearly regressive phagearly July), duced by the gonads and several extra-gonadal tis-

themaximal regressive phaga&ugust) and thevin- . .
ter stasigJanuary). In the testis, immunostaining igSUes (Meunloeletfal;[;N1988, :\./IaﬁthehEt aI.,I 1997). 1t b
mainly localised in the Leydig cells during tear- 'S COomposed of two partially homologous sub-

ly regressive phasevhile it is observed in the Ser- Units, o andp, linked through disulphide bridges.
toli cells during themaximal regressive phastn  1Wo forms of theB-subunit have been isolatefl,
the epididymis, the immunostaining is present onh@NdBe. Inhibin dimers exist as inhibin &) and
during the reproductive period at the level of secrefinhibin B (@fs); both forms consist of identical

ing cells and inside its ducts. In the adrenal glancSubunits and differer subunits (Masoret al,
after immunostaining, both chromaffin and 1985; Linget al, 1985; Foraget al, 1986). In
steroidogenetic tissues are inhibin-positive durini@ddition, dimerisation of th@-subunit results in
the whole spermatogenetic cycle, though with varithe formation of activin, which has been shown to
able intensity throughout the year: cross-reactio stimulate FSH synthesis and secretion (\élel,
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1986; Ling et al, 1986a).The mechanism of The lizard, Podacis sicula, living in southern
actionof inhibin has been studied extensively iritaly, shows an annual spermatogenetic cycle with
mammals, where three ¢t ogans have been two periods of activity (spring-summer and
identified: pituitary hypothalamus and gonads. autumn); only the formerc@imination phasgis
Inhibin might act also at the local level infdifent  useful for reproduction, while the latter is consid
ways, from FSH-specific receptor block to theered abortive. In early Jyhafter reproduction,
inhibition of other enzymatic mechanisms (Bairdthere is a block of spermatogonial mitoses in the
and Smith, 1993). In the female, inhibin producectestis early regressive phage whereas the other
by the granulosa cells inhibits locally aromatastgerm cells continue developing up to the stage of
activity (Norris, 1996). In the male, inhibin inter spermAt the height of summer (mid-August), the
feres with diferentiating spermatogonia mitoses, spermatogenetic cycle is oyeand the testis
modulating the number of germ cells available folappears completely regressethkimal egressive
meiosis; moreoveit acts on the Leydig cells, lim  phasé; only Sertoli cells and spermatogonia being
iting androgen release (van Dissel-Emiliahial,  present in its seminiferous tubules. In the fall, a
1989). Inhibin receptors have been found on gerrslight spermatogenetical recrudescence is present
and somatic cells (Leydig and Sertoli) @@druf  but it is not useful for reproductive purposes.-Dur
et al, 1992) and therefore a paracrine action in thing the winter months, when the animals are in a
regulation of reproduction is hypothized (Moete state of semihibernation, spermatogenesis is
al., 1994). Locallyinhibin should link to the R 1I- blocked (vinter stasi¥ but it is ready to start
activin subunit receptprpreventing its action again as soon as the environmental temperature
(Leburn anadvale, 1997). In secreting epididymal becomes favourable. Leydig cells also show an
cells and in the lumen of mammals, by immunocy annual cycle: they are active during the repreduc
tochemical methods, intense inhibin reactivity wastive period, and progressively inactive during the
noticed during the spermiation and mating period early regressive phasewvhen they are very Ige
(Hurkadlyet al, 1991). but- completely vacuolised and full of lipid cho

In male mammals, the testis is the main source desterol-positive droplets (Della Cor¢ al, 1969;
inhibin, Sertoli cells and, to a lesser extent, Leydi¢Varanoet al, 1973). Duringmaximal egressive
cells being involved (Jégou, 1993). Howewehib-  phase the Leydig cells appear completely
in and its MRNAs hare also been detected in sucregressed and indistinguishable from fibroblasts.
extragonadal sites as adrenal gland, brain, pityitar The adrenal gland ¢tfodarcisis juxtaposed to the
kidney and placenta, though the meaning of the epididymal head and is formed by a parenchyma
presence has not been completely elucidated{Meof steroidogenetic cells and chroraf tissue
nieret al, 1988; Sawchenket al, 1988; Robertst  (Varano et al, 1969a,b;Varano and Laf@ia,

al., 1989; Merchenthalest al, 1987; Jd€ et al, 1976; Lafogia andVarano, 1978;Varano and
1993;Voutilainen, 1995; Schwall, 1999). Laforgia, 1991; Lafogia and Muoio, 1997). Chro

As in mammals (Skinnerl991), diferent sub  maffin tissue does not show evident changes at the
stances produced at the gonadal level, disphay light microscope during the annual reproductive
reptiles, a paracrine action on the modulation ocycle. Steroid-producing cell activitynstead, is
spermatogenesis and other structures correlated low in winter (January-February), and highest in
reproduction; among such substances, inhibithe spring-summesutumn. Experimental treat
might be of particular importance. ments stimulating spermatogenesis and androgen-
Data on the presence and the meaning of inhibidependent structures (i.e. epididymis) during the
in the lizardPodaris siculaare lacking.There  resting period (Angelini e Botte, 1992), stimulate
fore, the aim of the present work was to localizealso the adrenal gland (D’U al, 1985). More
the sites of inhibin production in the testis ancover, Leydig cell activity in androgen synthesis is
associated tissues (epididymis and adrenal glanstrictly related to the plasma corticoid levels
of this species during the tifent phases of the secreted by the adrenal gland, particularly under
reproductive cycled) culmination phaseB) ear  stress (Manzet al, 1994).Therefore, the gonad-

ly regressive phaseC) maximal egressive phase epidydimis-adrenal gland complex can be consid
D) winter stasis ered as an integrated system in the regulation of
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reproductive activity in these vertebrat€be pos
sible presence of inhibin in these thregams can
be useful for understanding the regulation o
reproductive mechanisms.

MATERIALS AND METHODS

Animals

Five adult males oPodarcis siculawere cap
tured in the vicinity of Naples during &fent
phases of the reproductive periédg:culmination
phase B) early regressive phaseC) maximal
regressive phaseD) winter stasisAfter capture,
the animals were kept in a terrarium up to 3 day:
exposed to natural temperature and photoperiod
and fedad libitum The specimens were killed (in
the periods indicated above) by decapitation afte
ether anaesthesia. Five animals of¢bkmination
phaseperiod were mantained in a terrarium for
twenty days in the same conditions of the preceel
ing groups and then killed as above.

Tissue peparation

Gonads, epididymis with the adrenal gland wert
immediately removed, placed in a cryoembedding
compound and rapidly frozen. Sections fr8 in
thickness were cut by a Leica Frigocut cryostat
fixed in methanol-acetone (70:30 v:v) and stored
-80°C until use.

Antisera

The polyclonal antibody used was raised in rabbi
against the 1-32 N-terminal sequence of the
chain of human inhibin, obtained from Peninsule
Laboratory Belmont, California (U.S.A.). Normal
goat serum, biotinylated fafity-purified goat
anti-rabbit 1IgG andABC staining reagent were
obtained by Pearce Rockford, lllinois (U.S.A.).

Immunocytochemistry

For immunocytochemical localisation of inhibin,
the indirect immunoperoxidagd3C staining proce
dure was used (Hset al, 1981) with some modifi
cations. Endogenous peroxidase activity wa
destroyed by incubation with methanol containing
0.3% hydrogen peroxide at room temperature for 3
min. Sections were washed with phosphatdelped
saline (PBS) containing 2% normal goat serum, the
incubated with primary antiserum (1:500 dilution) at

o

4°C for 24 h. in a muist chambeéMuclear contrast
was carried out with Harris haematoxylin. PBS
instead ofAb-inhibin orAb-inhibin after preabsorp
tion with synthetic inhibin (Inhibirm-subunit, Sig

ma Chemical Co., U.S.A.) were used as controls
(Polak andvan Nordeen, 1983).

Negative controls were obtained: a) by replacing
the primary antisera with non immunised rabbit
sera, b) by preabsorbing primary antisera with the
corresponding synthetic peptide prior to use.

RESULTS

Testis

During theculmination phasef spermatogenetic
activity (April-June) no immunopositivity was
observed either in Leydig or in Sertoli cells (Fig. 1).
The reaction was negative also in twenty days cap
tive animals (data not shownNYhen, following the
slowing down of spermatogonial mitoses, dagly
regressive phasgearly July) started, immunopesi
tivity was strong in lage Leydig cells, whereas no
reaction was observed in the seminiferous tubules
(Fig. 2).Afterwards, at the end of the early regres
sive phase (the end of July), when, after the resting
of spermatogonial mitoses, only few stages of the
spermatogenetic wave were present in the seminif
erous tubules, slight immunopositivity inside the
tubules was detected between germinal cells, at the
level of Sertoli cell cytoplasmin evident positivi
ty was also observed in Leydig cells, which
appeared completely vacuolised (inactive and pre-
degenerative appearance) (Fig. Bhis situation
increased in the first days Afigust when a strong
cross-reactivity in the vacuolised Leydig cells and
inside the involuted seminiferous tubules were
observed (Fig. 4). During themaximal egressive
phase (half August), seminiferous tubules were
completely regressed and contained only spermato
gonia and Sertoli cells; Leydig cells were indistin
guishable from connectival fibroblasts. In this-con
dition, the cross-reaction was detected only inside
the tubules and in Sertoli cell cytoplasm (Fig. 5).
During thewinter stasisno testicular immunopes
itivity was observed (data not shown).

The reaction results always negative in all the
specimens obtained after preabsorbing the -antis
era with the corresponding synthetic peptide.
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2) Cryostatic section of testis at the beginning oy regressive phasgx 650).
Note the intense inhibin cross-reactivity only at the Leydigsclelel.3) Cryostatic section of testis near the end oktdy regres
sive phaséx 490). Note the cross-reactivity in the vacuolised Leydig cells (asterisk) and some immunopositivity inside the tubules,
between germ cells (arrowd).Cryostatic section of testis during eaklygust (x 320)The tubules are regressed and without lumen.
Inhibin cross-reaction is strongly present in degenerating Leydig cells and inside the seminiferouSiubrylestatic section of
testis during thenaximal egressive phasg 225). Note the immunopositivity only inside the completely regressed tubules atthe Ser
toli cell's level. Insert: detalil of a sector of a tubular wall showing an inhibin cross-reaction (arrow) in the cytoplasm of allSertoli c
(x 590).6) Cryostatic section of the cranial portion of the epididymis duringuheination phaséx 200). Note the cross-reactivity
only at the level of secreting cells of the channel; the ductules are instead negative (arrow).
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Epididymis positive to it. This suggests, that, in this period,
The reaction was strongly positive in normal ancLeydig cells might also secrete inhibin; this -hor
captive animals during theulmination phaseand mone, through a feed-back at the hypothalamic
also in theearly regressive phasef spermatogere and/or the pituitary level, would give rise to a
sis (from May to early July) in the secreting cells oistrong decrease in gonadotropins output and,

epididymal channel and inside its ducts. Converselthrough a local action, might act on the sdrag

ciliary ducts were always negative. (Fig. 6 and 7). dig cells, limiting androgen release as in Mammals
During the other periods (from the endfafgust  (Moore et al, 1994). Gonadotropin decrease in

to March), when the epididymis is regressed, thJuly is followed by a total block of spermatogonial

channel cells were negative (Fig. 8). mitoses, a decrease in androgen plasma levels, a
regression of the secondary sexual characters and
Adrenal gland degeneration of the last phases of spermatogenesis

The chromdin tissue was always positive (Angelini and Botte, 1992 hese dEcts could be
throughout the yeathough with variable intensity also linked with factors diérent from
From January to Juneipter stasissndculmination  gonadotropin decrease. In mammals, inhibin might
phasg, immunolabelling was very evident in all have a paracrine action on the testis (Magirel,
chromafin cells, no diference was evident between 1994) by limiting testosterone release from Leydig
adrenaline and noradrenalin cells at level of opticecells and decreasing the number of spermatogonial
microscopy (Fig. 9), while in other periods the reacdivisions (van Dissel-Emilianét al, 1989).This
tion was slightly weaker (data not shown). effect is of the direct type and not FSH-mediated

Immunopositivity in steroidogenetic tissue was(Woodruf et al, 1992). InP. sicula during the ear
comparable to that of chroniif cells, more ly regressive phase of Jugpermatogonial mitoses
intense from January to June and weaker in othare scarse and the seminiferous tubules reduce their
periods (Fig. 9). spermatogenetic activityeydig cells are present

In twenty days captive animals, the reaction wabut lagely vacuolised, immediately before their
evident in chromdin cells, but completely absent functional involution (\ranoet al, 1973). In this
in steroidogenetic ones (Fig. 10). phase of the cycle Leydig cells are immunopositive

to inhibin, and that is in accordance with the loss of

their ability to convert precursors into androgens,
DISCUSSION as is indicated by the collapse in androgen plasma

levels (Angelini and Botte, 1992)he inhibin

The present study is concerned with the firscross-reaction in the Leydig cells in this phase of
immunocytochemical localisation of inhibin in a the spermatogenetic cycle can be considered as a
reptilian speciesPodaris sicula The absence of local modulating factor both of steroidogenetic
immunopositivity in control specimens obtainedactivity and of the resting of spermatogonial
after preabsorbing primary antisera with the corremitoses, as proposed for mammals (Moetrel,
sponding synthetic peptide, is a reliable confrma1994). InAugust, during thenaximal egressive
tion, in the absence of biochemical evidence, cphase,the spermatogenetic cycle is completely
the specificity of the reaction in these reptilBse  over; and the seminiferous tubules, reduced and
finding of a-inhibin chain-like immunoreactivity without lumen, contain only spermatogonia and
in the testis and adrenal gland cells provides evSertoli cells.Within the interstitium, Leydig cells
dence that they are one of the possible sources are morphologically indistinguishable from fibrob
inhibin, suggesting a new explanation for thelasts and no reaction is present in the interstitium.
mechanisms that regulate seasonal spermategetlmmunopositivity to inhibin can be, instead, detect
sis in this lizard living in temperate zones. ed only in the Sertoli cells. In this period, both testis

In the lizard testis showing full spermatogeneticand SSC are completely refractory to gonadotropin
activity (from April to June), no cellular type was stimulation (Angelini and Botte, 1992). It could be
immunopositive to inhibin both in normal and eap hypothysed that, through a paracrine mechanism,
tive animals. In early Julywhen spermatogenesis inhibin would contribute to keeping the gonads
starts its involution, Leydig cells, instead, resultecrefractory either blocking gonadotropin receptors,
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as has already been hypothesised for mamme As in several mammalian species by vitro
(Baird and Smith, 1993), or stimulating sertolianexperiments using intact and castrated specimens
aromatase from the inside, which, in this phase(Hurkadli et al, 1991), also in the lizard,
would lead to the production of ada& amount of immunopositivity to inhibin has been detected in
estrogens (Angelini and Botte, 1992hyroid hor  the epididymis at the level of the channel secret
mones might also be involved in this regulation. Iring cells and in the lumen, while ciliary ducts are
the rat, through a direct action on the testis, fiigh always negative. In our lizard, inhibin is probably
levels reduce proliferation of Sertoli cells andsecreted in the lumen and positivity is present only
induce inhibin production in these cells, causing ifrom April up to July during the mating period,
decrease in FSH levels (van Haasteal, 1993)A  while from August to the following spring, when
similar mechanism might be hypothesised also iithe epididymis is regressed and emptlits com
Podarcis, where thd: plasma concentration is very ponents are completely negative. present this
high in the periods considered (Sciarréibal, in  aspect has not yet been elucidated; howétvean
press).After this situation, at the end @fugust, be hypothesised that, at the epididymal level,
there is an intense resumption of spermatogoniiinhibin might either take part in the maturation of
mitoses, which are known to be stimulated by estrcsperm or protect them from the damage occurring
gens in this species (Angelini and Botte, 1992), afrom oxygen radicals, by decreasing the lipid-per
well as in mammals (Moget980; van Der Molen oxidation, as in mammals (Hurkag al, 1991).
and Rommerts, 1981). lAugust-Septemberfol- In mammals, the presence of inhibirsubunits in
lowing the resumption of spermatogonial mitosesthe adrenal gland is probably due to the production
the spermatogenetic block is over and germ cellof inhibin, since the gene for the inhilirRsubunit
start diferentiating by meiosis, giving rise to the is known to be expressed in the ovine adrenal cor
autumn spermatogenetic wave (Angelini and Bottetex (Crawfordet al, 1987), and immunopositive
1992). In this period, Sertoli cells appear to be-comcells containing inhibin have been observed in the
pletely negative to inhibin. sheep adrenal cortexg¢gramachanest al, 1989).

In other vertebrates, especially mammals, inhibiiThese data suggest that inhibin may be involved in
a-subunits have also been identified in both1eysome stress-related responses, as it is known to
dig and Sertoli cells (devinter et al, 1992;Van-  have inhibitory dects on the reproductive system
nelli et al, 1992;Vliegenet al, 1993; Nagat&t through an increase in corticosteroids (Lance,
al., 1998). By a local action, inhibin is believed t01984). In the lizard, too, capture-related stress-caus
modulate both steroidogenesis and gametogenetes a strong increase in corticosteroids, which results
(Halvorson and DeCherngy996), in particular in a decrease in androgens, and thifecefis
decreasing androgen production (Hsugthal, reversed after acclimatation in terrarium for some
1987). Risbridgeet al (1989) and Maddocks and time (Manzoet al, 1994). In our captive animals
Sharpe (1989) demonstrated that male rat Leydiafter twenty days of acclimatation, when the stress
cells express mRNAor the a-subunit of inhibin  capture dect is over steroid producing cells are
and produce biologically and immunologically completely negativelhis result could be interpret
active inhibin. On the other hand, patientsfesuf ed as a confirmation that inhibin production from
ing from Klinefeltets syndrome, whose testes arethe adrenal gland is related to the strefectf.In
practically devoid of Sertoli cells, show high 1ev the lizard studied, the chrorfiafcells, instead, are
els of LH and inhibin (de Kretsest al, 1989), always positive with a variable intensity in normal
which is supposed to be produced by Leydig celland captive animals; but at present, data are lacking
under LH stimulation. to explain these results.

Figs. 7/10 -7) Cryostatic section of the middle portion of the epididymis duringtimination phaséx 280). Note the inhib

in cross-reaction in the cytoplasm of the secretory cells and in the lumina filled with sperm and s&ri@tigrstatic section

of an involuted epididymis at the endAfigust (x 390). Cross-reaction appears ab@ntryostatic section of adrenal gland
during theculmination phaséx 320). The inhibin cross-reaction is detected in catecholamine (CA) and steroidogenetic cells
(ST). 10) Cryostatic section of adrenal gland during ¢hémination phasef twenty days captive animals (x 29%e inhibin
cross-reaction disappears from the steroidogenetic cells but persists in the catecholamine ones. In the lower left lsitrner an in
in cross-reaction is still present in the secretory cells of the epididymis.
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It may be concluded that inhibin production -dur (Callithrix jacchug and rat epididymis. Indian Journal
ing the diferent phases of the lizard spermatoge Experimental Biology29, 715-720, 1991.
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matogenesis local inhibitor factaacting on germ life. Ann. N.Y. Acad. Sci687,1-9, 1993.
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