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of slow waves in the intestine 1'%, Some authors have
suggested that longitudinal propagation of slow waves
requires electrical coupling between the longitudinal and
circular muscle layers 517, Our results show that each of
the muscle layers has the machinery needed for the prop-
agation of current. Also, dye-coupling between the two
muscle layers could not be demonstrated in our experi-
ments. It appears, therefore, that an alternative explana-
tion to the question of slow wave generation and propa-
gation has to be sought (see also Szurszewski *%).
Experiments using the dye injection technique in smooth
muscles have been previously performed only in cultured
aortic muscle cells 7. In the present study freshly dissected
tissue was used, preserving the original organization of
the cells. This experimental approach may open new pos-
sibilities for studying intercellular coupling in smooth
muscles.
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Functions of the testicular gland of blenniid fish: Structural and histochemical investigations
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Summary. We investigated the functions of the testicular glands of blenniid fishes by fine-structural and histochemical
methods. These glands function in the differentiation and nutrition of germ cells, in the secretion of sialomucins, in

phagocytosis of germ cells, and in lipid storage.
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Since its discovery 150 years ago?, the testicular gland of
blenniid fish has been the subject of many structural and
functional investigations 2 ~ ©. The gland, which is locat-
ed adjacent to the testis, was found to store lipids, to
produce steroids and acid mucopolysaccharides, and to
have lysomatic functions 78, However, the exact role of
the testicular gland in the reproduction of blenntid fish is
uncertain.

The testicular gland of five species of adult, male Medi-
terranean blennies (8 Salaria pavo; 8 Lipophrys dalmati-
nus; 5 Lipophrys adriaticus; and 6 Aidablennius sphynx)
was investigated with routine transmission electron mi-
croscopy (fixation: 4.5 % paraformaldehyde, 2.25% glu-
taraldehyde in 0.1 M cacodylate buffer (pH 7.5); postfix-
ation: 1% 0sO, in 0.1 M cacodylate buffer) and with
histochemical techniques. Glycogen was demonstrated
on paraffin sections (7 pm) by periodic-acid-Schiff (PAS)
staining (McManus)® and Best’s glycogen detection?.
Sulfated and non-sulfated mucosubstances were stained

with alcian blue at pH 1 and pH 2.5 on 7-pm-thick
paraffin sections and on 10-pm-thick cryostat sections.
The non-sulfated mucosubstances were shown to be
sialomucins by the method of neuraminidase extraction®
(neuraminidase from Clostridium perfrigens, activity:
0.5-1.3 units/mg NAN-lactose). Lysosomal activity in
the testicular gland was demonstrated with Gomori’s
lead phosphatase method ® and steroid production with
the method of 3f-steroid dehydrogenase activity (sub-
strate: dehydroepiandrosteron)'®. Both reactions were
carried out on 10-pm-thick frozen sections.

Most Mediterranean blenniid fish have an annual spawn-
ing season lasting from the beginning of June untijl the
end of July. The mature testes of blennies do not contain
any spermatozoa; spermiogenesis in the testis progresses
only up to the stage of spermatidal development. Sper-
matids are then released into the testicular gland (figs 1
and 2). During the spawning period the cells of this gland
are characterized by an abundance of smooth endoplas-
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Figure 1. The male gonads of blenniid fish and their functions in repro-
duction during spawning (left) and during the interspawning period.
Cross section. ns, necrotic spermatid; se, Sertoli cell; spd, spermatid; spg,
spermatogonium; sz, spermatozoon.

Figure 2. Testis (te) and testicular gland (tg) of Aidablennius sphynx.
Paraffin cross section.

Figure 3. Testicular gland cell of Salaria pavo during the spawning peri-
od. Transmission electron micrograph. gl, glycogen granula; lu, lumen of
a duct of the testicular gland; sp, spermatid; sv, secretory vesicle; t, tight
junction.

Figure 4. Spermatid of Aidablennius sphynx in a duct of the testicular
gland {du). Transmission electron micrograph. mi, mitochondria. Note
that the nuclear material (n) is almost completely condensed. The caudal
pole of the cell still contains large amounts of cytoplasma (c).

Figure 5. Testicular gland cell of Salaria pavo at the beginning of the
postspawning period. Transmission electron micrograph. bi, basal Jami-
na; lu, lumen of a duct of the testicular gland; nu, nucleus; ser, smooth
endoplasmic reticulum. Note the formation of lipid vacuoles (li) and the
increase in rough endoplasmic reticulum (rer).

Figure 6. Testicular gland cell of Lipophrys daimatinus during inter-
spawning petiod. Transmission electron micrograph. b, lamellar body
comsisting of phospholipids; nu, nucleus. Note lamellar bodies in the duct
of the testicular gland (Ibdu) originating by necrosis of spermatids and of
remaining testicular gland secretion.
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mic reticulum and tubular mitochondria, and by a layer
of microvilli (fig. 3). The cells secrete glycogen and sialo-
mucins into the glandular ducts as an apocrine secretion.
Within the testicular gland, spermatids undergo further
differentiation (fig. 4) and are nourished with glycogen,
which they take up by pinocytosis. The final differentia-
tion of spermatids into spermatozoa occurs in the sper-
matic ducts, which also function in the nutrition and
storage of spermatozoa and in the secretion of sulfo-
mucins (fig. 1). During the height of the spawning period
male blennies spawn almost every day with a preference
to early morning hours!!. This timing of activity indi-
cates that there is a diurnal cycle of differentiation of
spermatids in the testicular glands and spermatic ducts.
The sialomucins of the testicular gland and the sulfo-
mucins secreted by the spermatic ducts are thought to
increase the viscosity of the seminal fluid as do the sialo-
mucins of the bulbourethral glands of mammals!?. In
blennies, a seminal fluid of high viscosity and agglutina-
tion may be important to cause layers of sperm to adhere
to the substrate on which the eggs then are deposited.
The eggs of blenniid fishes adhere to the substrate with
the micropylar region *3; however, the precise mode of
fertilization is still unknown **,

During the postspawning period (beginning of August
until the end of November) the amount of rough endo-
plasmic reticulum increases remarkably in the testicular
gland cells (fig. 5), as does the number of lysosomes. The
remaining spermatids degenerate and are resorbed into
the testicular gland cells. Here they are transformed into
phospholipids and lipids greatly increasing the levels of
these substances in the testicular gland cells (fig. 6). Dur-
ing the postspawning and interspawning periods (begin-
ning of December until the end of February) stored lipids
and phospholipids are re-transformed into the testicular
gland secretion for the prespawning period (beginning of
March until the end of May).

Steroids are not synthesized by the testicular gland cells
themselves, as reported by former authors™ %, but by
interstitial cells that are homologous to the Leydig cells
described in the testes of other fishes *°.

The testicular gland is involved in the following five func-
tions: a) regulating the differentiation processes in sper-
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matids, b) nutrition of spermatids, c) secretion of sialo-
mucins, d) phagocytosis of remaining germ cells, and ¢)
storage of lipids and phospholipids. In (a}), (b) and (c) the
testicular gland has similar functions to the Sertoli cells
of other fishes !* and therefore, the gland may be consid-
ered to have taken over testicular functions to some ex-
tent. This is clearly seen in Lipophrys spp., where the
testes are smaller in relation to body weight than in other
blennies, while the testicular glands are very voluminous.
In Salaria pavo, the volume of the testicular gland
amounts to 30 % of the testicular volume, but in L. dal-
matinus it is 250 % of the testicular volume (unpublished
observation). In the spermatids of Lipohrys spp. which
are released into the testicular gland, nuclear condensa-
tion is less advanced than in species having a voluminous
testis, and the spermatids contain larger amounts of cyto-
plasm and have an undifferentiated flagellar sheet. This
observation suggests that in Lipophrys spp. spermatids
are released into the testicular gland at an earlier stage of
maturation than in other blenniid species which have a
large testis.
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