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SUMMARY
Male quails kept in segregation from or in cohabitation with females were injected with
H3
-thymidine and the passage of labelled spermatozoa through the epididymis and the vas deferens was followed by autoradiography.
Labelled spermatozoa appeared in the epididymis on the 11th day after injection and reached
the distal part of the vas deferens within 2
¢ hours both in segregated males and in those kept
with females.
Three sperm

dymis on days
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with decreasing intensity of labelling were identified in the epidi5 and x6 after
14 and IS, and in the distal part of the vas deferens on days xz, i

populations

From the distribution of labelled spermatozoa along the vas deferens of the males of the two
was concluded that some slowing down in the transit of the main bulk of the spermatozoa had occurred in the males kept isolated from females. This fact indicated the role of the vas
deferens as a transitory storage place of the segregated males, unejaculated spermatozoa which
were eliminated about 24 h later than those of the males kept in cohabitation with females.
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UNRO 8)
M
193 showed that cock spermatozoa acquire motility and fertilizing
(
capacity during their passage through the epididymis and the proximal part of the

deferens. Using indirect methods, he concluded that the duration of sperm tranthrough the excretory ducts is 24 hours in sexually active males but the transit
E
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6 hours o in non-active males. Using autoradiography, de R
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8) found that in regularly «

collected» cocks the spermatozoa passed through
deferens within I to 3 days, according to season.
Murrxo 8)
193 attributed no storing function to the vas deferens, but LAKE
(
and NicArln!R ),
and
GLOVER
1957
(
)
1971 on the grounds of anatomical and histo(
came
to
the
conclusion that in the domestic cock the vas
considerations,
logical
deferens does serve as a transitory storage place for spermatozoa. Also de R
BVIERS
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reserves
in
the
deferens
vas
of
«
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»
and
« nonby
sperm
2), counting
7
(ig
collected » cocks, concluded that the distal part of the vas deferens serves as a storage organ for unejaculated spermatozoa.
In view of the functions of the excurrent ducts of the domestic fowl as organs
for the maturation and storage of spermatozoa, the present study was undertaken
in order to study both the duration of sperm transit under different sexual regimes
and the role of the vas deferens as a sperm storage organ in the Japanese quail. This
was done by following the transit and the rate of disappearance of spermatozoa
which had been labelled with 8
H-thymidine. This method, used previously by de
in
enables
us to distinguish between and to follow different
EVIERS 68)
R
19 cocks,
(
under
normal
sperm populations
physiological conditions. These advantages cannot
be achieved by the use of India ink, or by the production of spermatozoal abnormalities with X-rays, methods employed by Murrxo (ig
8).
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MATERIALS AND METHODS
Male Japanese quails which had been kept from puberty until the start of the experiment
in isolation from females, were used. During rearing as well as during the experiment they were
maintained under continuous light by supplying artificial illumination during the hours of darkness. The birds were injected intraperitoneally with 100 !.Ci of 8
H-thymidine (
6 Cim/M-,
2
1
C.E.A., France) in o.
5 ml 9
p. 100 NaCl sterile solution.
In the first series of experiments 30 males, three per cage, were used. Beginning I h after
5 ml
th day, by intracardial injection of o.
injection, two males were killed each day until the ’4
Nembutal (Abbott Laboratories, Ltd.). One testis, with the adjacent epididymis and vas deferens,
was removed immediately. The vas deferens was divided by ligatures into the proximal, middle
and distal parts. These segments, after having been stretched on cardboard, as well as the epidi-ethanol-formol-acetic acid 0
dymis and a portion of the testis, were fixed in a 95
70
(
2
)
5
5 fixative
for 2
¢ h, embedded in paraffin, and cut in 4 fL sections. The parts of the vas deferens were cut

longitudinally.
In the second series of experiments two groups of 30 males each were used : (a) three males
per cage, and (b) one male with two females per cage. Two males from each group were killed
each day from the loth to 24
th day after injection. Homogenates of the epididymis and the three
5 ml of an isosegments of the vas deferens were prepared using a slow gear homogenator and o.z
tonic phosphate buffer (pH !.2) containing 3 p. 100 PVP(
), to avoid swelling and disintegration
I
of the cells (S
EMPENICH personal communication). Smears were prepared
K
,
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from the homogenates as well as from homogenates from non injected birds. The sections and
the smears were mounted on Ilford coated slides and dipped in K. and K. Ilford radioautographic
emulsion, respectively. After 3 weeks of exposure of the sections and one month of exposure of
the smears, the slides were developed in an Amidol developer (F
, 1952
ERRAGI
) and stained with
Mayer’s haemalum solution, except for the sections from the testes, which were stained with
haematoxylin eosin.
On each smear the percentage of labelled spermatozoa was determined by a random count
of at least 500 spermatozoa, using oil immersion ( x i
oo). The intensity of labelling was deterS
mined by counting the number of silver grains above the head of each labelled spermatozoon.
Observations of smears prepared from non-injected birds or from unlabelled parts of injected
males revealed that fewer than I p. 100 of the spermatozoa were associated with background
clusters of two or more grains in one lot of autoradiograms and three or more grains in a second

) Polyvinylpyrrolidone (Sigma,
1
(

U. S. A.).

lot. Thus, spermatozoa with three and four or more silver grains/nucleus for the two lots of autoradiograms, were considered as labelled. The labelled spermatozoa were divided into ten classes
according to the number of grains above their heads, the last class being the one which included
the spermatozoa having more than 29 or 30 grains. It was impossible to count with accuracy more
than 30 grains over the strongly labelled spermatozoa.

Analysis of

results

According to the labelling intensity of the spermatozoa, different sperm populations and
tl eir arrival in the epididymis and the distal part of the vas deferens at different intervals after
the injection of the precursor, were presented graphically according to the method of L
AZAR and
ARCHANT 6
-M
ERARD
C.
1.
(
)
5
9 This method allows the linear representation of the cumulated frequencies of labelled spermatozoa, by plotting these frequencies, on a probit scale, against the
logarithm of the maximum number of silver grains of each of the ten classes of labelled sperma.
tozoa. All the spermatozoa which were found labelled among the 500 or more sperm cells counted
in each bird, served for the calculation of each labelled sperm population (average of 240 labelled
spermatozoa for each population).
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of the injected precursor into the germ cells, their advancespermatozoa in the testis, and the passage of the labelled spermatozoa
through the epididymis and the vas deferens of segregated males, were followed in
autoradiograms of histological sections of these organs (transverse sections for the
testis and the epididymis and longitudinal sections for the vas deferens).
Labelled primary spermatocytes found one hour after injection evolved to
round spermatids on the 7
th day and to elongated spermatids and spermatozoa on
the 9
th and ioth days. On the mth day a great number of strongly labelled spermatozoa entered the epididymis and the proximal part of the vas deferens (Plate I,
, 2
, 3
fig. 1
), and some of them reached the upper portion of the middle part of the
ductus. On the i2th day the middle and distal parts of the vas deferens contained
many labelled spermatozoa (Plate I, fig. 4
), whereas in the epididymis and the proximal part of the ductus, such spermatozoa were present only in small numbers.
On the 13
th day only a few radioactive spermatozoa were found in the excurrent
ducts, but on the 14
th day many such spermatozoa entered the epididymis and the
proximal part of the vas deferens again.
Having established the times of appearance of labelled spermatozoa in the different parts of the excurrent ducts in segregated males, the influence of copulation
on the rate of passage of these spermatozoa through the epididymis and the vas
deferens was studied in autoradiograms of smears prepared from the different parts
of the genital tract in males kept in segregation or cohabitation. The percentages
of labelled spermatozoa and the intensity of their labelling were scored. The examinations were carried out until no more labelled spermatozoa were found. The results
are presented in table i.
From the fact that labelled spermatozoa in both segregated and cohabiting
males entered the epididymis on day m and reached the distal part of the vas deferens on day 12 (table i), as was established also in the first experiment, it appears
that the sperm transit through the excurrent ducts of the male quail can be accom-
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ment up to

plished within 24 h. But table i also shows that the distribution of labelled spermatozoa along the vas deferens was different in the two groups of males. On day I fewer
labelled spermatozoa reached the proximal part of the vas deferens of segregated
males (
41 p. 100
). In accordance, more
14 p. 100
) than of those kept with females (
middle
and
distal
in
the
labelled spermatozoa remained
parts of the ductus on days
than
in
birds
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; on day 3
and
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100
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. These facts show that in the segregated males the passage of the main
and 3 p. 100
bulk of spermatozoa

was

slowed down.

it
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also be
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rens
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seen

that waves of

spermatozoa entered the epidi-

m, 14 and 15
, whereas in the middle and distal parts of the vas defe6. By plotting, for
, 15 and 1
many labelled spermatozoa were found on days 12

dymis

on

days

each of these days, the cumulated frequencies of labelled spermatozoa against the
log of the number of grains of these spermatozoa, it was possible to distinguish three
sperm populations at the two ends of the excretory duct in both the segregated and
the cohabiting males (Text
fig. r, 2). The mean radioactivity of these populations
each
other in all except one case.
from
differed significantly
In the cohabiting males the percentage of labelled spermatozoa in the vas
-

<

deferens decreased rapidly after the 1
6th day, whereas in the segregated males this
decrease occurred one day later (table i). After the 20
th day fewer than I p. ioo of
the weakly labelled spermatozoa (up to 6 grains/spermatozoon) were found in the
different parts of the excurrent ducts in the males of the two groups.

DISCUSSION

The results of this work show that sperm transit in the male quail can be accomwithin 24 h. Therefore, the three sperm populations of declining labelling
intensity which entered the epididymis on days m, 14 and 15
, and which were also
found in the distal part of the vas deferens on days 12
6, can be considered
, z
5 and 1
as corresponding ones passing through the ductus in about one day. The decline of
the average intensity of labelling can be attributed to the additional divisions of
the germ cells from which these sperm populations issued. The rate of this decline
was indeed close to the theoretical relationship of 4
: a : i. The actual deviations from
this relationship may arise from (a) possible differences in the duration of DNA synthesis between the different types of germ cells
as reported for the bull (H
OCHE
the
to
count
more than 30 grains over
with
AU i
E
R
,
accuracy
(b)
impossibility
),
7
6
9
the heads of the very strongly labelled spermatozoa and (c) the fact that each sperm
population issued from a different pair of animals. In spite of an identical dose of
injected precursor, different animals could have been labelled differently, as was
observed in rams (A
A,
T
R
O
T
N
V ig68).
MIR and A
An unusually stronger labelling of the i
th-day animals may have been one of
5
the causes of the i
th-day sperm population being labelled more strongly than the
5
i2th-day population in the distal part of the vas deferens of the segregated males.
Another possible contribution to this deviation may have been a delay in the release
of the strongly labelled spermatozoa from the testes of the 15
th-day animals, as
in
for
rabbits
none
of
the
six
animals
killed I days
however,
reported
, 1972
ANN
(Aat
) ;
after the injection of the precursor was such a delay in the release of labelled spermatozoa found.
Although no quantitative measurements of the sexual activity of the cohabiting
males were made, nor was the possibility of semen emission by the segregated males
checked, some slowing down of the sperm transit had occurred in the males kept
isolated from females. This is shown by the fact that in these males fewer labelled
spermatozoa arrived at the proximal part of the vas deferens on day mand more
labelled spermatozoa remained in the middle and distal parts of the vas deferens on
days iz and 17
, than in the males kept with females. In bulls -C
BIN i
t
RG
(O
,
RIST
6z)
9
and rams (AnaR and T,
AVAN 19
T
R
O
68) frequent sperm collections were found to
hasten the epididymal transit by 10
30 p. ioo. The slowing down of the rate of sperm
transit in the segregated males suggests that the vas deferens can serve as a transitory storage place for unejaculated spermatozoa, as was pointed out by LAKE (i
),
957
CA )
I
N
R
E
GLOVER and ND
1971 and de RuviiuRs )
(
1972 for the cock. The similarity
(
of the distribution of labelled spermatozoa in the vas deferens of the segregated males
on day 17 with that of the cohabiting males on day 1
6, indicates that the storage

plished

-

period may be

of about

one

at which the observations

day,

were

as far
made.

as

could be assessed from the 24 h intervals

After this additional day of remaining in the vas deferens of the segregated males,
the spermatozoa were eliminated as in the males kept with females, but one day
later.
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RESUME
PASSAGE ET DISPARITION DBS SPERMATOZ6iDES
DANS LE TRACTUS

GENITAL

DB LA CAILLE

MALE SEPAREE

MARQU!S

OU NON DES FEMELLES

Des cailles m
les sdpar6es ou non des femelles ont dt6 injectées avec de la thymidineg
H
3
; le
passage des spermatozoides marques dans 1’epididyme et le canal déférent fut suivi par auto&dquo;

radiographie.
e jour apr6s 1’injection et
Des spermatozoïdes marqués apparaissent dans 1’epididyme le II
sont trouvds dans la partie distale du canal déférent le i2
e jour chez les males de deux groupes.
Le transit des spermatozoides dans les voies déférentes de la caille peut donc être accompli dans
délai de 24 h.
Trois populations de spermatozoides, d’intensite de marquage decroissante, ont été identifi
es
6
dans l’épididyme les jours m, 14 et 15
, 15
, et dans la partie distale du canal d6f6rent les jours 12
,
6. II semble que ce sont les mêmes populations de spermatozo
1
des qui proviennent des différentes
ï
generations successives des cellules germinales.
La difference entre les cailles de deux groupes dans la distribution des spermatozoïdes marqu6s dans les canaux d!f&euro;rents montre que chez les males séparés des femelles il y a un ralentissement du transit de la masse principale des spermatozoides. Ce fait indique que le canal ddf6rent
peut servir comme un lieu de stockage transitoire des spermatozoides non éjaculés. Pour autant
que des observations espacées de z¢ h permettent d’en juger, ces spermatozoides sont éliminés
une journée plus tard que chez les males maintenus en presence des femelles.

un

.
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