Immunohistochemical Demonstration of a Testicular

Substance Related to Luteinizing Hormone-Releasing Hormone

Abstract. A substance related to luteinizing hormone-releasing hormone was
demonstrated, by immunohistochemical procedures, in the cytoplasm of interstitial
cells within the rat testes. In many seminiferous tubules, nuclei of spermatogonial
cells were also immunopositive. Both cytoplasmic and nuclear fractions of testicular
homogenates contain immunoreactive compounds, and this report identifies which
cell types contain this substance. The localization of a peptide hormone within the
nucleus of a target cell population may indicate its mode of action.

The elucidation of the structure of
luteinizing hormone-releasing hormone
(LHRH) and its subsequent synthesis led
to attempts to use this compound and its
analogs to promote fertility. However, it
was soon found that long-term adminis-
tration of LHRH or its agonists has
antigonadal effects, causing testicular at-
rophy and suppression of spermatogene-
sis (1), decreases in the weights of the
ventral prostate (2) and ovaries (3), and
pre- and postcoital contraception (4). At
the molecular level, long-term treatment
with LHRH leads to reductions in the
numbers of receptors for follicle stimu-
lating hormone, luteinizing hormone,
and prolactin in the ovaries (3, 5) and
testes (3, 6), with concomitant decreases
in steroidogenesis. It is now clear that
LHRH agonists can also act directly on
the gonads, and specific saturable high-
affinity LHRH binding sites in the testes
have been described (7).

Although the extremely low levels of
circulating hypothalamic LHRH are
probably insufficient to activate the tes-
ticular binding sites, these sites may me-
diate the action of an LHRH-like sub-
stance present in the testes and ovaries
(8). Immunopositive staining for LHRH
has also been found in the adrenals (9).
(Many other brain peptides, including
somatostatin, substance P, the endor-
phins and enkephalins, and thyroid hor-
mone-releasing hormone, are distributed
in a variety of organs throughout the
body.)

We have investigated the cellular and
intracellular distribution of an immuno-
reactive LHRH-like substance within rat
testes. Radioreceptor assay and radio-
immunoassay techniques can be used to
measure the amounts of the LHRH-like
substance in homogenates, but do not
indicate the location of the substance
within a specific cell type or within com-
ponents of these cells. Therefore, we
used immunohistochemical procedures
(10) to examine histological sections of
the rat testes.

Nine young adult male rats (CD strain
from Charles River Breeding Labora-
tories, weighing approximately 200 g)
were anesthetized with pentobarbital.
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After thoracotomy and cardiac perfusion
with Bouins’ fixative, the testes were
hemisectioned, dehydrated in ascending
concentrations of ethanol, and embed-
ded in paraffin. Sections were cut at 8
pm and mounted on subbed slides. After
the tissues were rehydrated, a rabbit
antiserum against LHRH (R743) was ap-
plied at a dilution of 1:250. The recogni-
tion sites of antiserum R743 extend from
tryptophan at position 3 to proline at
position 9 of the LHRH molecule, as
revealed by cross-reaction with various
fragments of LHRH. Twenty-four hours
later the slides were washed in tris-buff-
ered saline containing 1 percent normal
sheep serum, and the antiserum was
conjugated to peroxidase-antiperoxidase
with sheep antiserum to rabbit immuno-
globulin G. A reaction product was
formed by incubating the slides in 0.05
percent 3,3'-diaminobenzidene hydro-
chloride and 0.01 percent H,O, in tris
buffer, pH 7.6. For controls, the primary
antiserum was replaced with (i) normal
rabbit serum, (ii) primary antiserum ab-
sorbed with synthetic LHRH for 24
hours, or (iii) tris-buffered saline. The
tissues were then dehydrated and exam-
ined with a light microscope.

The reaction product was clearly visi-
ble in the cytoplasm of the interstitial
cells of Leydig (Fig. 1) and in the nuclei
of spermatogonia within the seminifer-
ous epithelium of some, but not all, of
the seminiferous tubules (Fig. 2). The
nuclei of the Leydig cells were negative;
the cytoplasm of the spermatogonial
cells was also negative whether or not
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their nuclei stained. In other seminifer-
ous tubules, nuclei of spermatogonial
cells located in the same position as the
positive nuclei described above were not
stained. No reaction product was ob-
served within the interstitial blood ves-
sels or connective tissue elements. Both
the nuclei and cytoplasm of Sertoli cells
and of the more mature cells of the germ-
cell line located closer to the lumina of
the seminiferous tubules were negative.
No reaction product was observed in
tissues that had been incubated in the
absorbed antiserum, normal sheep se-
rum, or tris-buffered saline.

These data confirm our earlier finding
of a testicular LHRH-like substance, as
indicated by radioimmunoassay with
antiserum R743 (8). We now report that
this substance is located only in certain
cell types, and that it is distributed with-
in different intracellular components of
these different cell types. The immuno-
positive material is probably not the de-
capeptide LHRH. Since R743 is directed
toward the amino acid sequence from
positions 3 through 9 of LHRH, any
compound within the testes having this
sequence of amino acid residues would
be detected by this antiserum. We have
also assayed testicular extracts with oth-
er LHRH antiserums having different
recognition sites (8). Antiserums that re-
quire either the COOH- or NH,-terminus
of the LHRH decapeptide for binding did
not detect any LHRH immunoreactivity
in testicular extracts, and therefore it is
unlikely that the testicular LHRH-like
substance is the free decapeptide.

Electron microscopy will be required
to determine with which organelles, or
population of organelles, the LHRH-like
substance observed in the cytoplasm of
Leydig cells is associated. The observed
staining may indicate that the LHRH-
like substance is synthesized in the cyto-
plasm of these cells.

The localization of the immunoposi-
tive LHRH-like substance within certain
nuclei of the more basally located sper-
matogonial cells suggests that this sub-

Fig. 1. Low-magnifi-
cation view of a field
of Leydig cells and
seminiferous tubules
(ST) in the rat testis.

Fxg 1 " The Leydig cell cyto-

. g plasm is immunoposi-
tive (arrowheads), but
their nuclei are im-
munonegative. Fig.
2. High-magnification
view showing the im-
munopositive  cyto-
plasm of the Leydig

50 um

cells (arrowheads), and immunopositive nuclei of spermatogonia cells (asterisks) within the

seminiferous tubules.

0036-8075/81/0911-1263$01.00/0 Copyright © 1981 AAAS

1263



stance may play a regulatory role in
initiating or inhibiting spermatogenesis.
In the rat, germ cells of the seminiferous
tubules are not all at the same stage of
spermatogenesis. The heterogeneous
staining we observed might reflect the
various stages of the cycle of the seminif-
erous epithelium encountered in random
histological sections through the seminif-
erous epithelium.

It is unlikely that the LHRH-like sub-
stance is synthesized in the nuclei of the
spermatogonia. The mode of action of
this substance could be similar to that of
androgens, which are also produced in
the interstitial cells. In this paradigm, the
LHRH-like substance might be synthe-
sized in the Leydig cells and transported
by diffusion, or perhaps in conjunction
with a carrier molecule, to the seminifer-
ous tubules. Upon gaining access to the
germ cells it may be translocated to the
nucleus. The LHRH-like substance
could then affect the mitotic rate of the
cell in a fashion similar to that of ste-
roids.

The concept of a peptide gaining ac-
cess to the nuclear compartment is new.
Marchisio et al. (11) have recently demon-
strated by immunofiuorescence and auto-
radiographic methods that nerve growth
factor can be localized within the nuclei
of pheochromocytoma cells. These au-
thors suggest that nerve growth factor
may serve to form or modulate nucle-
ation sites for pools of tubulin and actin.
The testicular LHRH-like compound
might serve a similar function in initiat-
ing spermatogenesis within the testes.

W. K. PauLL
Department of Anatomy,
Tulane University School of Medicine,
New Orleans, Louisiana 70112
C. M. TURKELSON
Laboratory for Molecular
Neuroendocrinology and Diabetes,
Tulane University School of Medicine
C. R. THOMAS
Department of Anatomy,
Tulane University School of Medicine
A. ARIMURA
Laboratory for Molecular
Neuroendocrinology and Diabetes,
Tulane University School of Medicine

References and Notes

1. G. Pelletier, L. Cusan, C. Auclair, P. A. Kelly,
L. Desy, F. Labrie, Endocrinology 103, 641
(1978).

2. C. Rivier, J. Rivier, W. Vale, ibid. 105, 1191
(1979).

3. L. Cusan, A. Auclair, A. Belanger, L. Ferland,
P. A. Kelly, C, Seguin, F. Labrie, ibid. 104,
1369 (1979).

4. C. W, Beattie and A. Corbin, Biol. Reprod. 16,
333 (1977).

5. G. S. Kledzik, L. Cusan, C. Auclair, P. A.
Kelly, F. Labrie, Fertil. Steril. 30, 348 (1978).

6. C. Auclair, P. A, Kelly, F. Labrie, D. H. Coy,
A. V. Schally, Biochem. Biophys. Res. Com-
mun. 76, 855 (1977).

7. R. N, Clayton, M. Katikineni, V, Chan, M. L.

1264

Dufau, K. J. Catt, Proc. Natl. Acad. Sci.
U.S.A. 77, 4459 (1980).

8. C. M. Turkelson and A. Arimura, Fed. Proc.
Fed. Am. Soc. Exp. Biol. 40, 433 (Abstr.),
(1981).

9. L. A. Bernardo, J. P. Petrali, L. P. Weiss, L, A.
(Ste;g;)erger, J. Histochem. Cytochem. 8 613

10. L. A. Sternberger, Immunocytochemistry (Pren-

tice-Hall, Englewood Cliffs, N.J., 1974), pp.129-
171,

11. P.C. Marchisio, L. Naldini, P. Calissano, Proc.
Natl. Acad. Sci. U.S.A. 77, 1656 (1980).

12. Supported by NIH research grant HD14761 and
Basic Research Science Grant from the dean of
Tulane School of Medicine.

1 April 1981; revised 26 June 1981

Fluorescence of Photoreceptor Cells Observed in vivo

Abstract. Most rhabdomeres in the eye of the fly (Musca domestica) are fluores-
cent. One kind of fluorescent emission emanates from a photoproduct of the visual
pigment, other kinds may be ascribed to photostable pigments. These phenomena
provide not only a means of spectrally mapping the retina but also a new
spectroscopic tool for analyzing the primary visual processes in vivo.

Fluorescence is not the most salient
property to be expected from a visual
pigment. Rather than waste excitation
energy in such a “‘trivial’’ process, mole-
cules of visual pigment would be expect-
ed to have a high efficiency for photo-
isomerization, as they have (I). When
rhodopsin fluorescence was reported (2),
it was found to have a low quantum
efficiency of less than 1 percent. These
considerations may explain why fluores-
cence methods, despite their selectivity,
have not been used extensively for
studying the primary steps in the visual
process. But now more than a century
has passed since Helmholtz first report-
ed fluorescence of the vertebrate retina
and subsequent studies have ascribed
the various fluorescence colors, in part,
to intermediates of visual pigment
bleaching (3).

Using a technique of ommatidial fun-
dus fluoroscopy applied to an intact ani-
mal, we show that retinula cells of flies
may exhibit various fluorescence colors
closely related to the properties both of
visual pigments and of the recently dis-
covered accessory photostable pigments
contained in the rhabdomeres.

In the compound eye of diurnal in-
sects, the receptor cells are separated
from the outside world by transparent
components (crystalline cone and cor-
nea) whose total thickness rarely ex-
ceeds 0.1 mm. Taking advantage of this
situation, which is encountered in no
vertebrate eye, we recently devised sev-
eral techniques for studying photorecep-
tor cell processes in live animals (4, 5).
One of these techniques consists of cov-
ering the ‘‘waffled”’ corneal surface with
a medium such as nail polish, immersion
oil, or even water, whose refractive in-
dex approximately matches that of chi-
tin. Optically neutralized in this way,
each corneal lenslet becomes a porthole
behind which the seven receptor endings
of a retinula can be viewed with a micro-
scope (4).
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We have combined this technique with
epifiuorescence microscopy (Fig. 1B),
using excitations at various wavelengths
within the spectral range relevant to fly
vision. The basic observations we made
under steady-state conditions are illus-
trated in Fig. 2 and summarized in Table
1. (For the numbering of receptor cells in
a fly retinula, see Fig. 1F.)

When excited by blue light (400 to 500
nm), all rhabdomeres R1 to R6 of Musca
domestica (white-eye) emit red light
(Fig. 2A), the emission maximum of
which (A > 620 nm) was estimated by
substituting a pupil spectroscope (Zeiss)
for the microscope eyepiece. In contrast,
the distal tip of the central rhabdomere
R7 may exhibit three different colors:
green, black (no fluorescence), or red,
depending on the ommatidium.

Under ultraviolet (UV) excitation (300
to 400 nm) all R1 to R6 exhibit a pinkish
color (Fig. 2B). By contrast, the three
types of R7 and R8 exhibit the following
colors: black, black, and pink, respec-
tively (Table 1) (6).

To ensure that the emission arose from
the rhabdomeres, we cut the eye with a
vibrating razor blade and examined the
eye stump and eye slice (Fig. 1, C to E).
In all cases the characteristic red color of
R1 to R6 as well as the green color of
some R7’s could still be observed under
blue excitation. Hence, we conclude that
the rhabdomere itself is an extended
fluorescent light source, which, through
its light-piping property, channels part
of the emitted light up to the micro-
scope.

We then examined the retinas of flies
deprived of vitamin A obtained by rear-
ing their larvae on a B-carotene and
vitamin A~free Sang’s synthetic medium
(7). The fluorescence of all rhabdomeres
appeared to be reduced to very low
levels, suggesting that the colors ob-
served emanate from the visual pigment,
B-carotene, or vitamin A photostable de-
rivatives, or a combination thereof.
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