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SUMMARY

Studies of the Spet'mamgenu. cycle and quantification of the
germ cells during winter and.syumer in buffaloes revealed that
the total number of germ cells decreased in summer The sperma-
tids were the highlv affected cells. w hile the number of spermatogonia
was stable. The early differentiated type of spermatocytes pre-

,laptotene -and leptotene mere neoti affected. The advancely dif-* ~ ©
feyentiated, types zygotene and pachytene demonsirated significantieg
.decrease. The decrease in the num r, of secondry spermatocytes |
‘Was associated with stunted mioses. sI‘he sértbli cells decreased
in summer and the sertoli éell ratio was un“fepresentative. The *

TS _diameter of sémineferous tubm'es was sensitive index to:the.condi- E

tion of the spermatogenic cycle. The number ofJeydig ceils was
stable, but tﬁelr cytop'asm shomd degenerative . changes.

i
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Sl Ly : ""INTRODUCTION

Se\?eral vears chmcal of;servatlon in governmental buffaloes farm at
Hawotka Assiut provmce and in the clinic of Faculty of Vetennary Medicine
had showed that sires of buffalo bulls completely loose lipido to copulate
female in estrous during the peak of summer season ‘“May and juli. Even to the
extent that it is impossible to gather semen for evaluation and diagnosis.
Examination of biopsy speeimens from these bulls microscopically did not
demonestrate any inflammatory changes but showed slight to mild degenerative
changes. The question raised was, whatever these changes:are properly .due
to summer temperature, and if sg.what are the quantitative. and qualitative
changes which can be atributed to it.

* Dept. of physiology Fac. of Med.
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124 EL-SHERRY et al.

Several works had described the different associations of the cells of”
s« mircferous tubules in regular spermatogenic cell cycle (ROOSEN - RUNGE
and GIESEL, 1950, in rat; ROOSEN - RUNGE, 1962, in rat, mice and
ram; CLERMONT, 1963; in man, and COOUROT, and ORTAVAN, 1970,
in bull). 'CLERMONT (1963) suggested the spermatogenic cell cycle as a
bascs for physiological and pathological evaluation of the changes in the
testes. SKAKKEBAEK and HELLFR ( 1973) had applied quantitative
analyses of the different types of cells in the spermatogenic cycle employing
the sertoli cell number as a basis for reference. The variation in the so

called Sertoli cell ratio was in his openion an efficient method for quanti--
tative evaluation of a spermatogenesis

This work aim to confirm and evaluate quantitatively and qualitatively

the influence of summer temperature on the spermatogenic cell cycle of
buffaloes using the Sertoli cell ratio.

Materials and Methods

The work started by examination of testicular biopsy specimens from
12 sires buffaloe bulls at Hawatka Governmental farm during the Summer
SEASON of 1973. To confirm the effect of seasonal temperature random testi--
cular specimens were obtained from antimortem healthy and post mortem
- frec buffuloe bulls over 3 years old at Assiut slaughter house. The first con--
trol group of specimens were taken from 10 animals during winter season
(Januvary and Februvary, 1974). The second group of specimens were taken
from 10 animzls during the symmer season (May and Juli, 1974). The
third group (10 animals ), the specimens were obtained during the next
summer season (May and Juli, 1975).

Specimens were fixed in Zenker’s formel solution. Paraffin  sections.
were stained by Hurris Haematcxylin and eosin. Randumly shoosen cross
sections of seminiferous tubules were used for the study. Tangentially cut
tubules were avoided. A total of thirty tubular cross sections were used.
for counting the cell types and classification of the cycle in each case.

The cells of the seminiferous epithelium and the cyclic stages were
classified according to the criteria given by COURT ET; AL. (1970), for
bull.  Differentiztion was nade beiween type A pale (AP) and type
A dark (AD) spermatogd nia. Spermatocytes were classified as prelepto-
lere (Pl, ) leptotene (L), Zygotene (Z) and Pachytene (P) spermatocytes.

Asstut. Vet. Med, J. Vol. 4 No. 7 (1977).
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Zygotene and pachytene were grouped together. The secondary sperma-
tocytes were recorded. Spermatids were classified as rounded early sper-
matid (SA), (SB) and late elongated spermatid (SC), (SD) In addition to
the germ cells, all sertoli cells with vesible nuclei were counted.

The mean number of the counted germ cells of each of the different
typeswas devided by the mean number of the sertoli cells in 30 cross sections
of tubules. ‘The result and value is refered as sertoli cell ratio for each
case.

The mean diameter of 30 cross section of seminiferous tubules was
measured in each case.

The number of leydig cells aggregated between the cross sections
of fcur seminiferous tubules was counted. The mean number of 30
randemly shosen islets was obtained for each case.

Any quantitative pathological changes in the cytoplasm and nucleus
in any type of these cells were described.  The data obtained from these
different index in the 3 groups were tested for significance by analysis of
variance (SENDECOR, and COCHRAN 1967).

RESULTS

The result of quantification of the germ cells is demonestrated in table
(1). The total germ cells number was reduced in the first summer season in
comparison to the winter (163.9) to half its pumber (84.3). Inthesecond
summer season the number decreased one third (105.7) than that of winter.

The pale spermatogonia were sensitive than the dark spermatogonia.
They showed degenerative changes in form of vacoular proteinous dystrophy
in their cytoplasm. The dark spermatogonia were more or less resistant.
The number of pale spermatogonia decreased to (6.3) and (4.8) in the first
and second groups of summer than that of winter (11.4). The dark sperma-
togonia recorded significant increase (12.3) and highly significant increase
(14.3) in summer than that of winter (7.8). As a result the total number
of spermatogonia was stable and not affected within the three groups.

Differentially from the stable number of the total spermatogonia the
spermatids were the highly sensitive and affected cells, The mean number
of the total spermatids (75.6) in winter was decreased to (34.6) and (39.1)
in summer. The mean number of SA and SB spermatids was (51.4) in winter
and was lower to (25.8) and (28) in both Summer first and Second group.

Assiut, Med, Vet. ]. Vol. 4 No. 7 (1977).
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‘There was increased amount of cytoplasmic remainents sheded during
the differentiation of mature spermatids. This was increasingly unrropo
rtionate to the actual number of the SD spermatids present, indicating
lysis of the majority of them (Fig, 3,4). The mean number of the advancely
differentiated spermatids SC and SD in winter was(24.2) and it decreased
to (8.8) in the first and (11.2) in the second summer seasons.

The secondary spermatocytes demonestrated significant decrease in the
first group of summer season (2.7)from (11.4) in winter. In the second
group of summer season, there was no significant variation {frem winter.
Although in both groups, these cells were associated with figures of stunte d
mioses of the dividing primary spermatocytes.

The mean number of the early differentiated types of primary sper-
matocytes preleptolene and leptotene was not affected within the three
groups Although in summer, some cells manifested hydropic proteinous
dystrophy with vacuclation of the cytoplasm / (Fig 1). In few celis the
cytoplasmic lysis was sever tc the extent of leaving bare nuclei. The
advancely differentiated types zygotene and pachytene demonestrated
highly significant decrease from (39.6) in winter to (6.7) in the first and
(16.9) in the second group of summer. On the contrary, these cells
seem to resist longer the degenerative changes . (Fig. 2).

The sertoli cell ratio was unrepresentative for the actual changes which
occur in each type of germ cells between the three groups (table 2). This
i due tc the variability in the -number of sertoli to be reffered. The
sertoli cells manifested varjable degrees of hydropic protenious dystrophy
up to total lysis of the sertoli cells (Fig 2). The sertcli cells showed high
significant decrease form 11 in winter to 3.3 and 7.2 in summar. The
sertoli cell ratio was increased for both the spermatcgonta and total
number of germ cells. Although the actual number of spermatogonia was
stable and the total number of germ - cells was decreased. This increase
of the sertoli ratic was false and arised from the decreased number of
sertoli. Sertoli cell ratio may be representative to evaluate quantitatively
the spermatogenic cell cycle within the physiological range of activity when
the number of sertoli cells is stable. But in patholcgical conditicns, the

sertoli cells are highly sensitive to alteration and the ratio is unrepresenta-
tive.

Measurements of the mean diameter of thirty seminiferous tubules were
sensilive index to the condition o1 spermatogenic cycle. The mean diameter
was (35.08u) in winter and decreased to (18.8 wyand ( 179 u ) in summer.
(Fig.1). :

No significant changes were demonstrated in the number of levdig cells
between the winter and summer groups. in the first summer group, there were
3 cells higher. But in our openion, this increase is not significant as the aggie--

Assiut. Vet. Med. ]. Vol. 4 No. 7 (1977).
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gation and distribution of leydig cells are more or less histologicaly not regular
Qualitative changes in leydig cells were observed in the form of loss of charac-
teristic vacuclation of the fine lipid droplets, granulation of the cytcplasm
and in some cells hyalinization of cytoplasm.

There were variations in the cyclic stages of the spermatogenesis in the
summer groups than that of winter. In summer, the seminiferous tubules
demonstrated lower stages of the cycle. Stages from 1-5 were the most freg-
uent and advanced stages from 5-8 were of rare frequency. Abnormal assoc-
4ations of germ cells were observed. Some seminiferous tubules showed the
presence of spermatogonia and spermatids with abscence of spermatocytes.
(Fig 5, 6) Others, demonstrated the presence of dark spermatogonia and
lysis of pale spermatogonia. The preleptotenes were the only present cells
from the spermatocyte series. Although, the various types of spermatids
were present. Some seminiferous tubules were totally empty with the bare base-
ment membranes. (Fig 7). Still another seminiferous tubules demonestrated
aggregation of the spermatocytes and spermatids around the sertoli cells
coastituting the sertoli trees with spaces inbetween indicating lower produc-
tion (Fig. 8).

TABLE 3, Mean number of 30 islets of leydig cells during winter and sunumer
| Winter (1974) [ Summer (1974) i Summer (1975)
Case | |
e e e e e DR b
Lo e | Mew | Bewe | Mam | Raor | Mde
1 1 10-—36|‘ 18.4 | + 1.2 | 3~465|9.4ii.8 2—23i 9.9 + 1.0°
B Ry .i;.ll 757 | 2.54:22 8—19]14.0 % L1
3’4M17i 9.5 |'+0.6]9.—30]18.2+ 1.2 6V26il5.8i1.0
o1 7] 174 | £20] 537189+ 1.5 3—19 ] 12:6 +0.9
51‘4’33i1“ji”"7_u 16.9 £ 1.3 5 — 36 | 16.6 + 1.2
6‘4—66;!73’—_*—23!5—37 16.1i14‘6—18_!l3.310.6
7 | 5~3o‘ Il.91¢1.0i9w38rl7.511.21 8§ — 34| 142+ 1.4
‘8‘ .= | 150 i,9i4¢451,7.7i!.7' s — 25| 14.0 £ 10
9 4-30! 1z9§¢_1.31’4_z| 12.3 £ 0.8 3 —25|13.3 % 1.0
ﬂ,!,_i—}?: 9.2 {08 9—31! 184+ 13 3-34}13.91-;[
Total. mean ¢ i + 0.8|

4.4 | 4+ 1.0 | G- 1 13.76+ 3.7

Assiut. Vet. Med. J. Vol. 4 No. 7 (1977).-
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Discussijon

‘The reduction of the total germ cells number in summer is a fact universally
stated through works with semen evaluation. The adverse effect of summer
season was related to high temperature, incieased duration of light exposure
and relative humidity. SALISBURG and VANDEMARK (1961) surveying
the results of 34 investigation from different parts of th2 world, found that the
highest fertility was in the spring and the lowest was in summer. SEN
GUPTA, MISRA and ROY (1963) MISRA and SEN GUPTA. (1965)
and SINHA, SEN GUPTA and ROY, (1966) have shown decrease in the
percent of live sperms during summer in indian buffaloes. Buffalo bulls given
almost no protection against heat stress in summer rapidly lost lipido and
semen quality of ejaculates just prior to loss of lipido was poer. SOEV.
APOSIOLOV and LALKOV (1966) reported from Belgaria that high and low
atmospheric temperatrure and sudden temperature changes associated with
high relative humidity were related to subsequent reduction in the ejaculate
volume, sperm numbers and sperm servival in buffalo. )

Quantification of the germ cells showed that while the spermatids were
the most senstive and affected cells. the total mumber of spermatogonia did
not show variation in the two summer seasons from winter and remain more
less constant. A fact confirmed by the MOORE (1924), NELSON (1951),
PAYNE (1956); CLEGG (1963). The spermatogonia resisted the action of
heat either in cryptorchid animals or by artificial elevation of temperature or
through survival of abdominal temperature in geunia pig. mouse, pigs and rats.

Within the stability of the total number of spermatogonia. there wasa
decrease in number of type A spermatogonia and an increase in type B sperma-
togonia. The decrease of type A was accompanied by degenerative changes.
Experimentally, raising of the temperature of testicle up to 43 C’ for 15 min
(CHOWDHURY and STELNBERGER, 1963; 1964) or for 30 min
(COLLINS and LACY, 1969) lead to degeneration of spermagonia, a fact
which cenfirm our findings.

The decrease of type A spermatogonia was compensated by increase in
type B. The increase of B type spermatogonia conicided the work of SKIN-.
NER and LOUW (1966) who reported an apparent tendency for the number
of spermatogonia in mitotic divison to increase after Bulls are exposed to
high air temperature. WAITES and ORTAVANT (1967), demonestrated that
while the A type spermatogonia were not affected by heat treatmentin rams, the
number of B type spermatogonia increased four to five times when heated to
40°C for about 215 hour. Many of thesz cells do not complete mitoses and are
apparently blocked between prophase and metaphase. In the authors openion,
this was considered to be evidence for synchronization of cell division among
spermatogonia.

Assiut. Vet. Med. ]. Vol. 4 No. 7 (1977).
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The number of early differentiated types of spermatocytes were not affected
during the summer season, although they manifest degenerative vacuolation
in their cytoplasm. In our openion, these degenerative changes account for
the considerable loss of the number of advancely diffrentiated spermatocytes.
Survey of literature demonstrated that the primary spermatocytes were speci-
fically thermally sonsetive in all species examined. The Pachytene spermato-
cytes were the first cell to die following increase testicular temperature in pig
(YOUNG 1927) and in rat (STEINBERGER and DIXON 1959: CHOWDH-
URY, STEINBERGER, (1964) STEINBERGER, STEINBERGER, VILAR,
SOLAMAN and SUD 1967, COLLINS and LACY, 1969). The pachytene
spermatocytes of sheep and pig pass through thermally senstive period toward
the end of stage 7 and the begning of stage 8 (WAITS, and ORTAVANT,
1967). Diplotene spermatocytes were considerably reduced in the pig testis
(MAZZARRI ET AL, 1970).

The secondery spermatocytes decreased in number in summer season.
This result is supported by data in rat (STEINBERGER and DIXON 1959:
CHOWDHURY and STEINBERGER, 1963, 1964, and COLLINS and
LACY 1969) and sheep (WAITES and ORTAVANT 1967). The previous
authors also observed abnormal mitotic figures in sheep like that observed by
us in buffaloes. Our observation emphasizes the openion of ORTAVANT,
(1959) CLERMONT, (1962) ROSSEN - RUNGE (1962) that heat cause
losses of mioses. The losses of mioses account for the decrease in the num-
ber of round spermatids observed at later stages.

The spermatids suflered the highest losses in summer. The adverse
affect of the summer season on the number of spermatids in buffaloes was
also observed soon after temperature elevation in rats (CHOWDHURY and
STEINBERGER 1963 1964, NIEMA and KORMANO 1965), sheep (WAIT-
ES and ORTVANT 1967) and pig (MAZZAR] ET AL 1970). Simillar losses
were inferred from changes in bull semen (AUSTIN ET AL, 1961 SKINN-
ER and LOUW, 1966).

The losses in the number of sertoli cells and their degenerative changes
observed during summer has a central significance for both retarded spermato-
and spermio-genesis. This can be explained by surveying the function of the
sertoli cells. The sertoli cells contribute to the organization and cohession
‘of the whole semineferous epithelium as all the germ cells except the spermato-
gonia are serounded by cytopalsmic processes of the sertoli cells (NICANDER
1967). The sertoli cells through this contact control the exchanges of metab-
olites in and between the germ cells (ROOSEN - RUNGE 1962). Sertoli
cells Coardinate the whole process of spermatogenesis (LACY, 1967). It
has been demonestrated that, only when the elongated spermatids implanted
in the Sertoli cytoplasm are released, the production of young spermatids occur.
This organization is varified by the phagocytic activity of the sertoli cells and
phagocytosis of the spermatid residual bodies (LACY, 1960; ROOSEN - RUNGE
1962 ; COLLINS ET AL, 1968).

Assiut. Vet. Med. J. Vol. 4 No. 7 (1977).



SUMMER STERILFTY 145

Thus losses of sertoli cells are responsible for the degenerative changes
both in spermatocytes and spermatids due to lake of metabolites exchanges of
these cells. The loss of sertoli - the organizator of spermatogenesis-will explain
the abnormal cyclic stages of germ cell association observed in summer.

The number of leydig cell was not changed in summer season. Work
with cryptorchid testicles (CLEGG 1961, HALL, 1965 LEVIER, 1968 and
LEVIER and SPAZIONT 1968) had demonestrated that elevated testicular
temperature do not interfer with the number, morphological integrity of the
leydig cells or with their differentiation but it leads to lower androgen product-
ion. In our work, the loss of fine droplet lipid granules, granulation and hya-
linization of some cells are morphological indecess for this fact. Although,
the increased number cf the leydig cell in the first summer season was interpret-
ted to be due to more or less unregularity in the aggregation and disitribution
of leydig cell. CLEGG (1961), reported transit increase of the leydig cells
about 21 day after cryptorchidization in the rat when the production of androg-
ens appears to be lost. Androgen may stimulate certain aspect of spermato-
genic activity but administration cf androgen by CRUMLY (1969) to cryp-
torchid rat do not counter act the damaging effect of higher temprature on the
process of spermatogenesis.
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Figure (1) Corrigation of the seminiferous tubules conutour. Degeneration of prelep-
tene and leptotene spermatocytes. H & E 12.5 X 35

Assiut. Vet Med. ] Vol. 4 No. 7 (1977).







SUMMER STERILITY

Figure (2) Vacoulative lysis of sertoli cytoplasm. Zygorene and pachyiene more
or less normal. H & E 12.5 X 40
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Figure (3) Degeneration of the spermatocytes The elongated spermatids are reduced
severely in number than rounded. H & E 12.5 X 25
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Figure (4) Residual cytoplasmic processes increasingly uaproprtionate to the number
of elongated s-ermatids. H & E. 12.5 X 40.
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Figure (5) Abnormal association of garm cells presence of elongated and round
spermatid. Nearly absence of spermatocyes. H & E. 12.5 X 25
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Figure (6) Abnormal association of germ cells presence of elongated and round
spermatid. Nearly abscence of speimatocye;. H & E 12. X 40
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Figure (7) Total absence of germ cells with bare B.M. except for few number
of spermatogonia. H & E. 12.5 X 10.
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Figure (%) Low production of germ cells around the Sertoli forming sertoli trees
with spaces inbetween, H & E. 12.5 X 25.
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