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Iy, was largely blocked during high frequency stimula-
tion with bradykinin diffusing into the axoplasm from
the two ends of the fiber. In many respects the effects of
internally applied bradykinin resemble those of leu- and
met-enkephalins !¢ and those of quaternary derivatives
of the local anesthetics lidocaine and trimecaine!” '8,
One interpretation of the internal bradykinin effect is
that during depolarizations, the molecules would bind to
a site located in the neighborhood of the sodium channel
and then immobilize the sodium channel gate (related to
inactivation of the sodium permeability) leaving the
channel in a closed configuration. The fast sodium inac-
tivation process can be eliminated by internal treatments
with proteolytic enzymes '°, which suggests that the ‘h’
gate is composed of a polypeptidic chain. It is tempting
to postulate that bradykinin molecules enter the sodium
channels from their axoplasmic end and bind to the re-
ceptors for the ‘h’ gate. The results of Eaton et al.>® make
the amino acid arginine a likely component of the sodium
inactivation gate; bradykinin has two arginine residues
which could bind to the receptor for the ‘h’ gate. How-
ever, since enkephalins have no arginine residue, we pos-
tulate that enkephalins would bind to the receptor for the
‘h’ gate by another amino acid, the most serious candi-
date being phenylalanine '°. Bradykinin has phenylala-
nine residue too; therefore, more than one residue may
be involved in the interaction between bradykinin
molecules and sodium channels; the positively charged
residues could interact with a site located at or near the
extracellular surface of sodium channels whereas the
neutral residues could react with a site within the mem-
brane and on the cytoplasmic surface.
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The slowing of I, inactivation and the increase of late
current could account for the exciting activity of
bradykinin, which can form aggregates, producing
polypeptidic neurotoxins acting as ‘modifiers’ of the
sodium channel gate and promoting excitation of axons.
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Inhibition of temperature-induced spermatogenic proliferation by a brain factor in hibernating Helix
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Summary. Ablation of the brain from hibernating Helix aspersa maintained at 25 °C causes a significant increase in
the proliferation of male cells in the gonad, whereas the ablation of the optic tentacles has no effect. The brain,
therefore, produces a factor which specifically inhibits the multiplication of spermatogonia and spermatocytes.
Key words. Spermatogenesis; temperature; brain; hibernation; Helix aspersa.

Hibernation is a mode of biological adaptation of ani-
mals exposed to unfavorable environmental conditions.
Normally the pulmonate snail Helix aspersa hibernates
for five months during fall-winter. When snails in their
first few months of hibernation are transferred to opti-

mal conditions which would normally permit them to
reproduce !, they fail to do so 2. It seems that a refractory
period prior to reproduction exists in hibernating snails.
Our interest centers on the role of the cephalic neuroen-
docrine organs of snails (brain and optic tentacles) in the
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Figures 1-5. Cytological appearance of the ovotestis of control and ex-
perimental snails. At 5°C there is no difference between the controls and
experimental animals (fig. 1). One can see the oocytes (OV), the sper-
matogonia (SG), the spermatocytes 1 (SC1) or II (SC2) and the large
nurse cells (NC). At 25°C spermiogenesis is complete in the controls

control of male gametogenesis. Previous findings in
Cepaea nemoralis® and Helix aspersa* have shown that
a low temperature, for example 6 °C, inhibits whereas
23 °C favors spermatogenesis. In this paper we have stud-
ied the effect of the ablation of the brain and the optic
tentacles on the proliferation of spermatogonia and sper-
matocytes and differentiation of spermatids in inactive
snails maintained at 5°C and 25°C.

Materials and methods. The experiments were carried out
in December on adult Helix aspersa Miiller collected
from the Vaucluse at the start of their natural hibernation
(November). They were maintained in the lab for 6 days
at 5°C.

Under anesthesia with succinylcholine the supra-
esophageal cerebral ganglia (brain) and/or the optic
tentacles were removed surgically. After operation, re-
tracted inactive snails (6 in each group) were placed ei-
ther at 5°C or 25°C for four weeks. 5 h before sacrifice
each snail received 5 uCi/g of methyl *H thymidine (sp.
act. 1 Ci/mmole) by injection into the hemocoel. Pieces of
the gonad and hepatopancreas were fixed for semi-thin
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(fig. 2) and in the brain-ablated snails (fig. 3). The spermatogonia and the
labelled spermatocytes (—) are clearly more numerous in brain-ablated
snails (fig. 5) than in controls (fig. 4). ST: spermatids; SZ: spermatozoa.
Bar equals 25 pm.

plastic sections for cytology and autoradiography *. Oth-
er pieces of the gonad and hepatopancreas were weighed
and hydrolyzed with 0.3 M NaOH for 1 h at 60°C. An
aliquot was used to estimate the DNA content of the
tissues by fluorometry using the DAPI-DNA complex
method®. Another aliquot was chased with unlabelled
thymidine for 1 h, 1 mg/ml of DNA was added as carrier,
and DNA was then precipitated with 20% perchloric
acid for 20 min at 4 °C. The precipitate was collected on
a filter and washed ®. The radioactivity was measured by
scintillation counting and expressed either per mg wet
weight or per pg DNA of the organs studied.

Results and discussion. A cytological examination of con-

trol snail gonads (fig. 2) or gonads from brain ablated -

snails (fig. 3), placed at 25 °C for four weeks, shows that
cell divisions of spermatogonia and spermatocytes and
differentiation of spermatids into spermatozoa proceed
normally, whereas the gonads of animals kept at 5°C
contain only spermatogonia and spermatocytes, suggest-
ing that in the latter situation cell divisions are arrested
(fig. 1). Autoradiography shows that at 25°C only the
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Comparison of *H thymidine incorporation in the ovotestis and hepatopancreas of brain-ablated and control snails. The incorporation in the ovotestis
is 2-2.5 times higher in brain-ablated snails over controls, whereas the incorporation in the hepatopancreas remains unaltered in both experimental
and control groups. The values marked with an asterisk (*) are significantly different from control values (p < 0.05 non parametric U test of Mann

and Whitney).

3H incorporation Organ Experiment
(cell replication) Controls Brain Optic tentacle Brain and
ablation ablation optic tentacle
ablation

dpm/mg wet weight Ovotestis 158 + 14 398 + 52% 157 + 38 414 + 112%*
means + SD Hepatopancreas 68 + 14 58 + 10 48+ 5 594+ 18
dpm/pg DNA Ovotestis 24+ 6 100 + 6* 38+ 6 109 + 14*
means + SD Hepatopancreas 36+ 6 21+ 3 13+ 3 23+ 13

male cells such as spermatocytes incorporated *H
thymidine (figs 4, 5). In brain-ablated snails, these cells
incorporating *H thymidine were more numerous in the
acini (40-60 positive cells/mm? section) (fig. 5) than in
controls (15-17 positive cells/mm? section) (fig. 4). The
incorporation of *H thymidine in the ovotestis as well as
in the hepatopancreas in both control and brain-ablated
snails maintained at 5 °C was appreciably less and was of
the order of 10—17 dpm/pg DNA. On the other hand, in
snails of the experimental goup (brain-ablated) main-
tained at 25 °C the incorporation of *H thymidine in the
ovotestis was appreciably higher than in controls
(table 1). The table also shows that the response to higher
temperature after ablation of the brain is specific to the
male lineage and that the cellular division of a control
organ (the hepatopancreas) is not affected. The ablation
of the optic tentacles, which exerts an action on the male
lineage of the ovotestis in vitro”, is not accompanied by
any change in spermatogenic multiplication (table). The
simultaneous ablation of the brain and the optic tentacles
has similar effects to those caused by the removal of the
brain alone (table).

These data lead to the suggestion that at the beginning of
hibernation the stimulation of spermatogenic prolifera-
tion by high temperature (25 °C) is inhibited by the brain.
This inhibition represents one of the probable causes of
the delayed reproduction seen during the first month of
hibernation. We have also, for the first time, identified
the site of action of temperature in the control of male

germ cell multiplication, and found that it is located in
the brain. The differentiation of spermatids into sperma-
tozoa is independent of the presence of the brain, so the
factor responsible for this may be situated elsewhere. The
action of temperature on the brain of snails can be com-
pared to that of the photoperiodicity in the brain of
insects from temperate regions in their adaptive response
to winter conditions resulting in the diapause®. In the
future we hope to perform ablation experiments involv-
ing different parts of cerebral ganglia and also surgically
to remove the endocrine dorsal bodies which are closely
associated with cerebral ganglia, in order to determine
the precise location of the sensitive zone(s) in the brain of
Helix aspersa which apparently produces a factor inhibit-
ing male cell multiplication.
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