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SUMMARY

Stages of spermatogenic cell cycle were described and
classified in Baladi rabbits according to the shape,
migration of the spermatid,release of spermatozoa and
presence of meiotic figures of spermatocytes. Quanti-
fication of the cells of the cycles were carried by
calculating each type and relating it to the number
of Sertoli. The diameter of the seminiferous tubules
was measured. The three indecies,stages of the cycle,
the Sertoli cell ratio and the diameter of semini-
ferous tubules were presented for pathophysiological
evaluation of the spermatogenesis in rabbit as an ex-
perimental animal.

INTRODUCTION

Although buiffalo and cow bulls are not seasonal breeders, EL-SHERRY
et g;.(lQ??)had proved low rate and disturbed spermatogenesis in summer.
For detailed studies of the pathogenesis of this process,. an experimen-
tal animal is needed to describe the testicular, endocrinal and nervous
changes during summer stress conditions. Rabbit as non seasonal breeder
was thought to be representative model experimental animal. SWIESTRA and

FOOTE (1963) had desciibed the different stages of the spermatogenic
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cell cycle of the seminiferous tubules of rabbit adopting the classific-
ation of OTRVANT (1958) in lambs. COURT, HOCHEREAU-DEREVIERS & OTRAVANT,
(1970) 1in their review about spermatcgensis substantiated that Sertoli
cell, morphologically and metabolically coordinates and regulates the
whole seminiferous epithelial cycle. SKAKKEBEAK and HELLER (1973) emplo-
yed the Sertnli cell ratio for quantitative analyses of the seminiferous

epithelial cycle.

The aim of this work is to describe the spermatogenic cell cycle in
normal rabbit= and 1t's gquantification using the Sertoli ratio together
with estimation of the diameter of the seminiferous tubules as a stander
for patho-physiological evaluation of the cycle and as a biological

assay for various hormonal influences.

MATERIALS AND METHODS

Four normal Baladi 1-1% years old male rabbits weighing 1%-2 Kg
were used. Testicles were fixed in Suza. From each block serial sections
5 u thickness were stained by Harris heamatoxylene and eosin. Typing of
the seminiferous cycle stages were carried by classification based on
the shape of spermatids, the migration of spermatids, the presence of
meiotic figures and the release of spermatozoa in the lumen of semini-
ferous tubules. The scheme of the eight stages of the classification of
the cycle applied was corresponding to that used by SWIESTRA and FOOTE
(1963) in rabbits and by COURT, HOCHEREU DE reviers and OTRAVANT (1970)

1n mammals as a general.

For estimating the Sertoli cell ratio, the different types of cells
occuping the whole C-S of ten rounded seminiferous tubulés were calcul-
ated. The ten tubules were representing the eight stages of the cycle
and stage one and eight as a repetetion. A stage was typed and calcula-
ted when all the cell population of the C-S of seminifierous tubules was
in the same stage (i.e) passage between stages was not selected. For
estimation of the diameter 30 rounded C-S from each 2 testicles were

measured and the medium was calculated.
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Typing the cells for calculation; the spermatogonia were classified
into type A and B. Intermediate type claculated in type B. The prelepto-
tene and leptotene figures of the first meiotic prophase were calculated

as one type, also the diplotene and diakinesis.
RESULTS

The result of quantification of the different types of cells is
presented in (Table 1). The different types of association of cells will
be described for each stage as follow:

Stage 1:

(Fig.1l) start from the release of mature spermatozoa into the lumen
and end with the start of nuclear elongation of the spermatid of stage
2. On the basement membrane type A spermatogonia was predominant. It is
a large cell with ovoid nucleus. The major axis of the nucleus is paral-
lel to the basement membrane.The chromation is homogenous dust like. One
or two nuclei are attached to the inner aspect of the nuclear envelop.
The triangular shape large size Sertoli nucleus was near the basement
membrane. It is characterised by large nucleolus associated with several
chromatin masses. There are two generations of primary spermatocytes.
The zygotene phase of the first meiotic prophase of the primary sperma-
tocytes.Then higher up another generation,the pachytene phase of primary
spermatocytes. Near the lumen there is one generation of rounded sper-

matids type B.

Stage 2:
(Fig. 2) This is the stage of nuclear elongation of the spermatid.

It start with elongation of spermatid nuclei and with the formation of
bundles of spermatids in the Sertoli Cytoplasm. On the basement membrane
type A spermatogonia is still present beside the Sertoli cells. The two
generation of primary spermatocytes are present. The zygotene spermato-
cytes and then higher the pachytene spermatocytes. The shape of elonga-

ted spermatid varies from ovoid to eleptical with centrally located
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nuclei at the end of the elongattion phase.The elongated nucleus will be
diffusely stained with euchromatin with accumulation of chromatin mass

at the base of the head opposite to the achroscme.

Stage 3:

(Fig. 3): Start from the formation of bundles of elongated sperma-
tids in the sertelian cytoplasm up to the appearance of the metaphase
plates of the first maturation division. On the basement membrane tvpe A
spermatogenia are still present beside the Sertoli cells. Then the zygo-
tene generation of the spermatocytes. Then this stage is characterised
by the appearance of diplotene phase of spermatocytes from the previous
pachytene of stage 2. Few figures of diakinesis could be encountered.
The diplotene are characterised by large nuclei. The chromosomes of
which dispersed forming tetrades. The clear zcne of nuclei increases,
the nucleolus disappears and the nuclear membrane alsc disappearsat the
end of this stage. Few diakinesis fiqure could be seen where paires of
highly spiralised chromosome either apart or partly attached together.
The elongated spermatids moved towards the Sertoli cytoplasm to be

arranged in bundles.

Stage 4:

(Fig. 4): Start with the metaphase plates on the first meiotic divi-
sion to the disappearance of the second maturation division. This stage
is characterised by the appearance of type B Spermatocgonia on the base-
ment membrane. The target morphology for (the intermediate and) type B
spermatogonia would be ovoid or rounded nuclei with centrally located
nucleus and apppearance of course chromatin granules. The zygoténe gene-
ration of spermatocytes are still present near the basement membrane.
Above this zygotene generation,the configuration of metaphase plate will
be seen with the appearance of secondary spermatocytes generation. The
nuclei of secondary spermatocytes were smaller than that of primary

spermatocytes and larger than that of spermatids. It is characterised by

Assiut Vet.Med.J.Vol. 7, No. 13614,1980.
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thin network chromatin to which attachad fine chromatin granules. The
second meiotic division gives rounded spermatids type A. The second me-

taphyseal plate is small than the first metaphyseal plate.

The elongated spermatids are in bundles in the Sertoli cytoplasm.
Characteristic for this stage is higher up pogitionc pf the Sertoli nuc-
lei.

Stage 5:

(Fig. 5): Start from the end of last maturation division up to the
appearance of dusty chromatin in the nuclei of young spermatids. The
spermatids of this stage are ciassified as type A spermatids. They have
small nucleus containing some karyosomes connected with chromatin net-
work. From the stage five the cycle will be characterised with two
generation of spermatids in bundles which appeared previously in stage
three and still persisting in the maturation phase and the young sperma-
tid type A which arised from the previous secondary spermatocytes of
stage four. The one generation of spermatocytes are the pachytene which
arised from the zygotene of stage four. The bouquet like arrangement of
the chromosomes of the zygotene nucleus will now be lost. The chromoso-
mes becomes thicker and are distributed through out the whole nucleus of

the pachytene. There is prominant nucleolus.

On the basement membrane dark spermatogonia type B predominate be-
side type A.

Satge 6:

(Fig. 6): Start from the appearance of dusty chromatin in young sper-
matids up to the migration of the bundles of elongated spermatids towar-
ds the lumen of the seminiferous tubules. On the basement membrane, type
B spermatogonia are predominating. There is one generation pachytene
spermatocytes and there are two generations of spermatids. The differen-
tiation of type B spermatids with dusty chromatin accumulation, and the
elongated spermatids in bundles in the Sertoli cytoplasm which start to

migrate the lumen.
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Stage 7:

(Fig. 7): It start and end with the centripetal migration of the
elongated spermatids towared the lumen. Cn the basement membrane type A
is present beside type B. This stage is characterised by the appearance
of leptotene spermatocytes from the dark spermatocgonia. The nucleus of
leptotene is characterised by individualised thin filaments within the
chromatin distributed in crusts and in later stage, it assume more 4iff-
use euchromatin. The pachytene spermatocytes 1is persisting. Then the
rounded type B spermatid and the elongated spermatids centripetaly

arranged around the circumference of the seminiferous tubules.

Stage 8:

(Fig. 8): It is the stage of release of the mature spermatid type D
from the Sertoli cytoplasm intc the lumen as spermatozoa leaving the re-
sidual bodies. On the basement membrane individual number of type A is
present and few number of type B spermatogonia is present. The majority
of the basement membrane is occupied by leptotene spermatocytes, higher
up the pachytene spermatocytes then the rounded spermatids type B arran-

ged along the whole circumference of the seminiferous tubules.
DISCUSSION

Several quantitative methods have been introduced for the evaluation
of the spermatogenic cell cycle. The number of spermatocytes generated
from one stem cell was calculated by CLERMONT and LEBLOND (1953). The
number of spermatids generated from one primary spermatocytes was calcu-
lated by OTRAVANT (1959). 1In rabbit the two indecies weré calculated by
SWIERSTRA and FOOTE (1963) to be 16-1 and 31-1 respectively. The Sertoli
cell ratio introduced by SKAKKEBAEK and HELLER (1973) was in advantage
because of the fellowings. There are regular degeneration of germ cells
during the process of spermatogenesis. MONEI (1972)stated that at several
points during the mitotic division of spermatogonia,the cells degenerates

specially type A spermatogonia. Further degenerations occcur during the
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two mitotic divisions so that there is about 27-37% loss of spermatid.
SWIERSTRA and FOOTE (1973) calculated 24% loss of spermatid in rabbit
during normal spermiogenesis. Sertoli cells unlike germ cells are very
resistance to various influences (CLERMONT and MORCENTALLER, 1968). The
Sertoli cells did not divide (STEINBERGER and STIENBERGER, 1971). The
Sertoli ratio for a given cell type of a given individual is smaller
than inter individual variation and provides a constant which would com-
pensate for variation due to the shrinkage caused by different fixative

(SKAKKEBEAK and HELLER, 1973).

In this work the same basis of classifications has been used as
that applied by SWIESTRA and FOOTE (1963). But the following difference
can be noted. The spermatid classification used is type A spermatid cor-
responding to the young rounded spermatid arising from secondary sperma-
tocytes of stage four. Type B spermatid is the young rounded spermatid
aquiring the dusty chromatin in stage six, and continuing during stage
seven, eight and one. Type C spermatid 1is the elongating spermatid of
stage two. Type D spermatid, the elongatid maturing spermatid which is
formed at the end of stage two and continue to stage eight of relase.
Spermatozoa is applied to the spermatid when released into the lumen of
the seminiferous tubule during stage eight. SWIESTRA and FOOTE (1963)
applied the term spermatozoa to the spermatid from when the new genera-
tion of spermatids appeared. The associations described for stage three
in SWIESTRA and FOOTE (1963) classification start from the end of elon-
gation of spermatids to the begenning of the first maturation division
of primary spermatocytes. An important moment had been missed. That is
migration of elongated spermatid to form bundles in the Sertoli cytoplsm
which is the start point of stage three in our observation. In SWISTRA
and FOOTE (1963) observations the, elongated spermatids moved towards

the Sertoli during stage five.

The diplotene type and few elements of diakinesis primary spermato-
cytes were forming the second generation with 2zygotene in the associat-

ion of stage three in our Baladi rabbit.

Assiut Vet.Med.J.Vol. 7, No. 13614,1980.
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In SWISTRA and FOOTE (1963) observation,the diplotene and diakine-
sis of prophase with the two meiotic divisions, secondary spermatocytes
in between and the young spermatids at the end were regarded in one sta-
ge, the stage four with relative frequancy of 11 days.

In our observation stage four start with the presence of the meta-
phase of the first meiotic division, presence of secondary spermatocytes
and end with the presence of metaphase plate of the second meiotic divi-
sion and presence of young spermatid type A. The frequency of such
association of stage four is very low. Peculiar to this stage is the
high position of the Sertoli nuclei in the seminiferous wall and the in-

serted bundles of spermatid type D in the Sertoli cytoplasm.

That the diplotene and diakinesis phases of primary spermatocytes
are found 1in separate stage agree with the classification given by
ROOSEN-RUNGE (1962) for the spermatcgenic cell cycle of rat, mouse and
ram. This was true in bull ( COURT, HOCHEREAU-DE REVIERS and ORTAVANT
(1970).

The present observation agreed with SWIESTRA and FOOTE (1963) that
type A spermatogonia are present in all stages. The begenning of appe-
arnce of type B spermatogonia differed. It appeared from stage four, in-
our observation is counted as type B; the target morphology started with
more or less rounded cells with centrally located nuclei with course
chromatin granules. Alsc the preleptotene and leptotene were counted in
one category. The leptotene was observed in the association of stage
seven in our association instead of stage eight in SWIESTRA and FOOTE
(1963)observation. The target morphology was the appearance of thin fil-
amentous chromatin distributed all over the nucleus. The leptotene con-
tinued during stage eight with increasing intensity of euchromatin. The
passage from leptotene to the zygotene stage started in stage one but was
predominant in stage two with the characterestic bouquete like chromosome
polarised to one side of the cell.The passage from the zygotene stage to
pachytene stage was observed in stage five based on the transformation of

the polarised bouquetes of the chromosemes of the zygotene nuclei to the

Assiut Vetf.Med.J.Vol. 7, No. 13814,1980.
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pachytene nucleus where the chromosomes become thicker and distributed
throughout the whole nucleus. In SWIESTRA and FOOTE (1963) observation

the passage from zygoene to pachetene was observed in stage four.

In conlusions, the different cell association in the above enumera-
ted eight stages of the epithelial cycle of the seminiferous tubules
together with the Sertoli cell number of each cell will be standered
qualitative and quantitative indecies for detailed analyses of the sper-

matogenesis in rabbit under various pathophysiological influences.
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Table 1: Average number of cells, their Sertoll ratio and diameter of seminiferous tubules in normal

Spermato-
Spermato- =
Case  Ser- Total i Abdnba- Secon- Total Spermatids Total Diame
Num- Type Type il Pachy- paoe dary Sperma- ter of
z ol ¥ Sperma- Lep- 2ygo- ne diak- o o et Sper- semin-
ber = perma ocytes
A B togonia tote- tene tene inesis A B c D matids ferous
ocytes
ne tubules inW.
1 8.5 108 /43 18.0 2.3 10.8 16.3 35 3.2 36.1 6.4 ' '29.68 '12.9' 35,5 "H4.4 221
2 5.1 8.0 B3 A6 3.1 3137 22.5 1.8 2.0 37.8 4.0 38.9, 9.7 dsH T3 167
3 6.3 1 e Sy G R o e 4.0 10.8 25.4 2.0 1.1 39.3 8.2 539 7.4 3R M7 178
4 9.3 1206 3470 163 3.7 "9l Z21.2 4.2 2.6 46.8 2.3, 46.% 8.3 20.4.  89.5 179
Mean 7.3 103" 'SR 16y2 3.3 .11:1 22.9 2.9 2.2 40.0 5.5 42,0 .9.6 25.2 @ 83,9 186.3
8.D. 1.6 2 15l TR I - 0.8 06711 17 4.1 1.0 0.8 4.1 2.6 8.7 o2 i aE Y 0T 23.8
S.E. $8.3 20.3 40.3 * 0.1 40.1 +0.2 + 0.7 +0.2 +0.1 + 0.7 +0.4 + 1.4 +0.3 #0.7 +1.7 + 2.2
B - 1.4 0.8 22 g8 . .5 3.1 0.4 0.3 5.5 0.8 U i e e -G TS S -
oli
ratio
S.D. Standerd peviation. S.E. Standerd FError.
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( Fig. 1 ) : Stage I
Rounded spermatids type B,

Pachytene spermatocytes.

Zygotene spermatocytes.

Sertoli cells & spermatogonia type A,
H&E 40 X 125,

( Fig. 2 ) : Stage 11
Elonatiag spermatids Type C.

[

Pachytene spermatocytes.
~ Zygotene spermatocytes.
= Spermatogonia type A.
H&E 40 X 12.5.
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( Fig. 3 ) : Stage 111
—~ Migration of spermatids to form bundles.
— Diplotene.
— Zygotene
— Sertoli cells and spermatogonia type A.
H&E 40 X 12,5,

( Fig.4) : Stage 1V
Elongated spermatids type D in bundles.

Secondary spermatocytes.

[

Upper right cormer diplotene spermatocytes.

Lower left correr first nelapbyseal plate.
H & E 40 X 12.5.
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( Fig. 7 ) : Stage V11

-~ Start of centripetal arrangement of elongated spermatid.

— Rounded spermatid tyve B.
— Pachytene spermatocytes.

— Leptotene spermatocytes & spermatogonia type B,
H & E 40 X 125,
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( Fig. 8 ) : Stage VIII
of release
— The malure spermatozoa were releas:d into the Ilumen of

seminiferous tubules leaving residual bodies.
H & E 20 X 12.5.






