WIS TR R W R B TR THUEY W
o 2l oS s LI sty
SPRIE [ | NSRRI £ JCO | PSR |

)‘—-‘-'gL.Lau t)L_Jh.lJl .r‘ ‘_9)..——-—‘:4-“ .r

i U o lead) Jaladly cpiadl iy W1 ks o (i LS s ) i
AENPUU RIPIPS PRt | WU | Y BIP | FESPRCY PR SN | W PY |
s Lo 5, hall il s poas T Logaslipn Y1 LS o1 oy
il sl s by et SIS e ot i Latussabignad)
- 2)1)__-,._11)53“;]
I S s e oy yiadl gy 1 o G il

- . on—sels o
‘ o Crsad! Jesas iy (o piad | iglsd) iy I e i Lt il 0y

. S

30 JRN | VR | Y | BRI | DR T PO [ 9 53X PRRCPY | PES

K {JCR W PRESY . ARVCT IS | IR EPSRCRNE' GO | VP | DS P TV | IS P 38 P

o 2y (zer) wwbpwYl ol tdey () =) ol Y
Jhedls gl gpaed [ apwy ol







Depts. of Pathology, Gynaecofogy and Physiology,
Faculty of Vet.Med., Assiul Universdily,
Heads of Depts. Prof.Dn.A.R.Khater, Prof..Dr.M.0sman & Prof.Dn.Y .Hamed.

EXPERIMENTAL STUDY OF SUMMER STRESS IN RABBITS
1I- THE QUANTITATIVE AND QUALITIVE PATHOGENESIS OF
SPERMATOGENIC CELL CYCLE IN RABBIT

(With 2 Tables and 10 Figures)

By
*
M.I. EL-SHERRY, M.A. EL-NAGGAR, and SANAA; M. NASSAR
(Received at 19/2/1980)

SUMMARY

Comparing the Sertoli cell ratio,diameter and quality
of the eight stages of seminiferous epithelial cycle
in stressed rabbit to the normal control group. It
was resistant to heat, type B sharply affected. In
the process of spermatocytogenesis, there were three
target stages to heat stress application. Stage three
(pachytene transformation) and stage five ( zygotene
to pachytene transformation ) and the secondary sper-—
matocytes. The zygotene cells were found to be heat
resistant. Although the spermiogenesis were severely
affected, type A rounded spermatids were unchanged.
The processes of accumulation of dusty chromatin
(Type B), the spermatid eleongation (Type C)and sper-
matid maturation (Type D) were severely damaged.

INTRODUCTION

Summer sterility was a field problem in cow and buffalo bulls under
our climatic conditions in Upper Egypt ( EL-SHERRY et al. 1977 ). This
experiment is a representation for the three factors operating in summer
stress (i.e) temperature (VAN DEMARY and FREE,1970) ,photoperiod (COUROT,
GAFFAUX and ORTAVANT, 1968) and relative humidity ( PATRICK, JOHNSTON,
KELLGREN, FAYE, D'ARENSBOURG and BRANTON, 1954). The detailed pathogene-

sis of the stress changes of the nervous, endocrine and parenchymatdus
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organs specially the testicles will help in future correction or trials
for treatment of the stress syndrom. The present work will described the
pathogenesis of the spermatogenic cell cycle qualitatively and quantita-
tively in rabbit as a model non seasonal breeder experimental animals
for herbivorous.

MATERIALS AND METHODS

The experiment included groups of male adult Baladi rabbit of 1.5 -
2 Kg. body weight. Each group consisted of four rabbits. The first was
pilot group contained in a large thermostate with glass doors, partitio-
nally divided into four.chambers one for each rabbit. Ventillation was
specially adjusted and dishes of water were included to produce relative
high humidity. Continuous artificial illumination was provided by 400
watt lambs. The temperature of thermostate were adjusted to give 40°C

with the day and night illumination.

The second experimental group was constructed when the rabbits of
the first pilot group did not survive more than three days. The illumi-
nation was modified to be at only from 6 Oclock a-m to 7 Oclock p.m. to
represent the medium duration of summer day light. The temperature was
modified to 39°C day and night. The animal survived under these condi-

tion and was slaughtered at the end of the week.

The third group was constituted of clinically healthy rabbits housed
normally under the normal enviromental condition prevailing at the time
our experiment and was slaughtered as a control model after a week. The
result of this group (Table 1) was previously puplished ( EL-SHERRY et
al. 1980). Specimens, in suiza and carnoy were taken from all organs and
endocrine glands from the three groups. In the presented work the result
of investigations of only testicular sections stained by H & E. will-ha
discussed. \ -

The spermatogenic cell cycle qualitatively was evaluated. For theiry
quantitative evaluation 10 rounded C-S of seminiferous tubules represen-

ting the eight stages of the cycle and a repetition of stage one and

Assiut Vet.Med.J.Vol. #, No. 13614,1980.
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eight was selected. The nubmer and Sertoli cell ratio for each type of
cells were calculated.

For evaluation of the diameter 30 rounded C-S were selected and
measured. The results were statistically analysed and compared to the

result of the control group by T test according to (CEPETLIEV, 1968).

RESULTS

In the first experimental group all the rabbits died. One after 8
hrs. and three at the end of the third day. The testicles of three ani-
mals were normally producing testicles till the time of death. All the
stages of the seminiferous epithlial cycle were present. Hyperaemia and
interstitial oedema were observed. The cytoplasm of all cells of semini-
ferous tubules was swollen and granulated. In only one rabbit "died at
the third day" Spermatid giant cells were observed indicating disturbed
spermiogenesis, i.e. The seminiferous epithelial cycle more or less
can persist three days of severe stress before deleterious effect can be
observed.

The rabbits in the second experimental group survived untill slau-
ghtered at the end of the week. The testicular response to stress was
variable. Two cases showed severe testicular degeneration. The majority
of seminiferous tubules were affected and lined by Sertoli and spermato-
gonia only. Some of the Sertoli cells were lysed. The spermatogonia in
one case were flatened with hyperchromatic nuclei. (Fig. 1). Few spora-
dic tubules showed persisting elements of zygotene spermatocytes, rarely
pachytene (Fig. 2). Sproadic tubules showed rounded spermatid of stage
one beside the zygotene and pachytene spermatocytes. The testicular
degeneration was mild in the third rabbit. Few seminiferous tubules
showed functional stages up to the stage six of the cycle. Stage seven
and eight were absent. Few tubules were lined by Sertoli and spermato-
gonai. The majority of the tubules were lined by the different type of
spermatocytes showing that spermatocytogenesis were more or less procee-

ding (Fig. 3). The spermiogenesis were not complete. Few tubules showed

Assiut Vet.Med.J.Vol. 7, No. 13514,1980.
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round spermatid of stage one or elongated spermatid of stage two and
three. The epididymis contained unmature spermatids (Fig. 4). All the
seminiferous tubules were producing in the fourth rabbit although cyto-
plasmic swelling, granulation and partial Vacuoulation were observed.
The following irregularities of the cycle were observed. In stage one
failure of cytokinesis lead to appearance of spermatid giant cells (Fig.
5) .Stage to was more or less normal (Fig.6).In some tubules showing stage
three, the spermatocyte differentiation was retarded. The bundles of
spermatids were gathered with pachytene instead of diplotene. All the
tubules in stage four showed coaggulative necrosis and hyalinization of
the secondary spermatocytes. (Fig. 7). Stage five showed karyolysis of
some pachytene spermatocytes (Fig. 8). The spermatids were necrosed in

stage seven and eight of release. (Fig. 9).

The interstitium of the four cases was hyperaemic. The interstitial

cells were more or less normal.

The numbers of cells and their Sertoli ratio were presented (Table
2) . Stress decreased the nubmer of Sertoli (P /_ 0,999) as some of them
were suffering cytolysis. The spermatocgonial production in stress diff-
red according to their types. Type A spermatogonia were increased in
number (P/_ 0,999) and ratio while type B sharply decreased (P /. 0,999)
in number and ratio.The increase of type A spermatogonia reflects a com-
pansatory proliferation beside retarded transformation to type B. In the
two cases of severe testicular degeneration the whole circumference of
tubles were lined mainly by hyperchromatic spermatogonia A as a compan-
satory replacement for other type of cells occupying the basement mem-
brane in normal tubules. The total nubmer of spermatogonia decreased (P
4. 0;999] .

The process of spermatocytogenesis was damaged by stress. The total
number and Sertoli cell ratio of spermatocytes decreased. (P /_ 0,999).
This was true for all types of spermatocytes except the zygotene cells

where their number was not affected and their ratio increased. This is

Assiut Vet.Med.J.Vol. 7, No. 13614,19580.
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explained by the relative resistance of zygotene cells as they were the

persisting spermatocytes in severe and mild testicular degenerations.

The spermiogeneses in general was sharply affected in stress than
in the spermatocytogenesis. The number and Sertoli ratio of the total
spermatids were sharply decreased (P / 0,999). Inspite of the presence
of spermatid giant cells of stage I ( Failure of cytokinesis ) and the
necrosis of secondary spermatoctes of stage four (in the slightly dege-
nerated testicle, there is no change in the number of type A spermatid
and it's Sertoli ratio increased. This is only explained by retarded
differentiation of type A type B. Confirmaory is the sharp decrease in
the type B Spermatids (P /_ 0,999) (Stage of accumulation of dusty chro-
matin D.N.A.). The decrease in nubmer and ratio of type C spermatids
(p / 0,999) also indicating retardation in the process of spermatid
elongation. As in mild testicular degeneration all the tubules were
lined by one generation of rounded spermatids only. Type D spermatids
were sharply decreased (P / 0,999) partly by prevention of new genera-
tion of previous type and partly by necrosis of already present sperma-
tids of stage 7 and stage 8 (of release). The calculated elongated sper-
matids were those of stages 3, 4, 5 of the cycle in slightly degenerated
testicles.

DISCUSSION

During the pilot test, the rabbits did not servive under 40°C with
illumination and relative humidity. When temperature lowered to 39°C the
animal survived. Increase of temprature over 40°C for any length of time
causes an unreversable destruction of the phospholipid components of all
mammalian cells (CHAMPMAN, 1967). Also increase of temperature 6-10°C
above the body temperature causes non-specific lethal effect (STEINBERGR
and DIXON, 1959). The seminiferous epithelial cycle persists three days

before severe effect could be observed at the end of the week.

The spermatogonial production in stress differed according to their

types. Type A were increased in number and Sertoli ratio while type B

Assiut Vet.Med.J.Vol. 7, No. 13£14271980.
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sharply decrease in nubmer and ratio. ASDELL and SALSIBURY, (1941) repor-
ted alteration of spermatogonia of rabbit after experimental cryptorchi-
dism for one day. PLOEN (1973) stated that the pathological changes are
rare although the cryptorchydism experiment continued for 35 day and he
stated that the spermatogonia is the most heat resistant germ cells. The
resistance of spermatogenia to heat appears to be general 1low among
other species. Local application of heat and experimental cryptorchidism
did not affect the spermatogenia in mouse (PAYNE, 1956), ram (WAITES and
ORTRAVANT, 1968), rat (COLLIN and LACY, 1969), pig (MAZZARI,et al.1970),
buffaloe bulls (SHERRY et al. 1970).

Differential among the types of the spermatogonia, type A is the
most resistant. Their survival during short period of temperature eleva-
tion is responsible for the continuation of spermiogenesis after the
heat application (DUTT and HAMM, 1957; MOULE and WAITES, 1963; WAITS and
SETCHELL, 1964; BOWLER, 1967 and ROCK and ROBENSON, 1965). Type A incre-
aseed in bulls after heat application (SKINNER and LOUW, 1966) .

In our experiment the increase of type A spermatogonia reflects a
compansatory proliferation beside retarded transformation to type B. As
in the two cases of severe testicular degeneration, the whole circumfe-
rence of seminjferous tubules were lined mainly by hyperchromatic sper-
matogonia type A replacing the other types of cells occuping the bas-
ement membrane in normal tubules. The total nubmer of spermatogonia

decreased more or less on the expenses of type B damage.

The process of spermatocytogenesis was damaged by stress. The Ser-
toli ratio for spermatocytes were decreased (P /_0.999). This was true
for all types of spermatocytes except the zygotene cells where their
number was not affected and their ratio increased. Many authors had de-
monestrated the general heat sensetivity of the meiotic prophase of the
primary spermatocytes in different species, genia pigs (YOUNG, 1972),
rat (NIEMT and KORMANO, 1965), mouse (PYANE, 1956), pig (MAZZARI et al.
1968) ram ( WAITES and ORTOVANT, 1968 ), rabbit ( ASDELL and SALLSBURY

Assiut Vet.Med.J.Vol. 7, No. 13514,1980.
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1941, JOHNSON et al. 1968; ZOGT et al. 1968, IGBOELI and FOOTE, 1969 and
PLOEN, 1973 ).

There were individual variation between the four rabbit spermatocy-
togenesis in this experiment. In two severely affected cases the semini-
ferous tubules were lined by zygotene and pachytene spermatocytes (i.e)
the spermatocytogenesis did not proced after the pachytene of stage
two. The diplotene, diakinesis and secondary spermatocytes were not pro-
duced. This agree with work of STEINBERGER and DIXON (1959), CHOWDHURY &
STEINBERGER (1963 & 1964), COLLINS and LAGY (1967) in rat, that the pri-
mary spermatocytes from the pachytene to the secondary spermatocytes were
damaged by heat. The same was stated by STEINBERGER et al. ( 1967 ) in
cryptochidism. In sheep and pigs the heat sensetive spermatocytes were
reported to be the pachytene at the end of stage seven and begening of
stage eight (WAITES and ORTRAVANT, 1967, 1968 and MAZZARI et al. 1970).

In the third and fourth case all types of spermatocytes were prod-
uced although showing coaggulation of the cytoplasm and pycnosis of
stage four, retarded differentiation form the pachytene to diplotene in
stage three and karyolysis of pachytene of stage five ( the stage of
transformation from zygotene to pachytene ). Pycnosis of secondary sper-
matocytes and abnromal meiotic figure due to heat effect were observed
in sheep by ORTAVANT (1959). 1In rat, by CLERMONT (1962), ROSSEN-RUNGE
(1962) and COLLINS and LACY (1969). In mouse by OAKBERGE, (1956) and in
bull by ATTAL and COURT, 1963. The findings of ROOSEN-RUNGE (1955) in
rat and ORTAVANT (1956) in ram and AMMAN (1962) in bull that the end of
the zygotenes and the befenning of the pachetene stages are particularly
sensetive agreed with karyolyses of pachytene of stage five (transfor-

mation from zygotene to pachytene).

In our observation the Sertoli ratio for zygotene was increased.
This is explained by the fact that with the arrest of the cycle at ear-

lier stages most of the tubules were lined by zygotene , pachytene

Assiut Vet.Med.J.Vol. 7, No.13614,1980.
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spermatocytes, Subsequently their frequency, number and ratio were in-
increased. But this is true for the zygotene, but not true for pachy-
tene. This allows to conclude that the zygotene cells are probably
heat resistant cells. This result did not agree with ploen Statment
(1973) that there are no resistant stages of the meiotic prohase in ra-
bbit. The auther has categorized three critical heat sensetive periods.
The first was the midpachytene (stage Eight and stage One). The second
was between the two maturation divisions. The third was the spermato-
leosis. 1In our observation the critical target point for heat stress
during spermatocytogenesis were: The stage of zygotene-pachytene trans-
formation ( stage five ) and pachytene-diplotene transformation ( stage

three ) and the secondary spermatocytes.

The spermiogensis was sharply affected in stress than the spermato-
cytogenesis. The Sertoli cell ratio of the total spermatids were sharply
decreased. The sensetivity of spermatids to temperature elevation was
demonestrated in several species: rabbit ( ASDELL and SALISBURY, 1941,
ZOGY et al. 1968, JOHNSON, et al. 1968, IGBOELI and GOOTE, 1969, PLOEIN,
1973 ), bull ( SKINNER and LOUW, 1966 ), buffaloe bull (EL-SHERRY et al.
1977 ), ram ( WAITES and ORTRAVANT, 1968 ), mouse ( PAYNE, 1959 ) and rat
(KANWAR, 1971).

Spermatid giant cells were observed in cross sections of seminifer-
ous tubules of stage one. Multinucleated Spermatids have been found
after temperature elevation of the testicle in the rabbit by ASDELL,
SALISBURY (1941), ZOGG et al., (1968), JOHNSON et al., (1968), IGBOELI
and FOOTE (1969).

PLOEN (1973) had an openion that the formation of multinucleated
spermatids are non specific reaction as it occures after application of

variable pathological conditions.

In the presented work, inspite of the presence of spermatid giant
cells, and the necrosis of secondary spermatocytes, there is no change

in number of type A spermatid and their Sertoli ratio increased. These

Assiut Vet.Med.J.Vol. 7, No. 13614,1980.
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results is in contrast with work of CHOWDURY and STEINBERGER (1963 &
1964) NIEMI and KORMANO, (1968) in sheep and MAZZARRI et al. (1970) in
pig who reported immediate losses among the rounded spermatids soon af-

ter heat elevation.

In our openion early stages of spermatids are less sensetive than
advanced stages of spermatid. The increase of Sertoli ratio of type A
is explained by decrease in Sertoli number and retarded differentiation
of type A to B. Confirmatory was the sharp decrease of type B (stage of
accumulation of D.N.A. dusty chromatin.). Also the process of spermatid
elongation was affected as indicated by the decrease in the number and
ratio of spermatid type C. Advanced stages of spermatid maturation ty-
pe D were sharply decreased, Necrosis of already stage Seven and Eight

were observed.
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Table 1: Average number of cells, their Sertoli ratio and diameter of seminiferous tubules in normal

Spsrmato- Spermato- -
Case Ser- Total e atolare- Secon- Total Spermatids Total Diame
cytes pio d s - ter of
Num- . Type Type Pachy- alak- ary perma
‘ber ot Sperma- Lep- 2ygo- 1 s Sperma- tocytes Sper- semin-
A B togonia tote- tene tene inesis tocytes A B c D matids ferous
ne tubules in
b 8.5 10.8 4.2 15.1 2.3 0.8 16.3 3.5 3.2 36.1 6.4 29.6 12.9 25.5 74.4 221
2 5.1 8.0 8.1 16.1 3.1  13.7 22.5 1.8 2.0 37.8 4.0 38.9 9.7 1.5 3.1 167
3 6.3 15,1 7:2 173 4.0 10.8 25.4 2;0 p e | 39.3 9.2 52.9 7.4 29.2 98.7 178
4 9.3 12.6 3.7 16.3 3.7 . 9.] 27.2 4.2 2.6 46.8 2.3 46.9 8.3 28.4 89.5 179
Mean 7.3 10.3 5.8 16.2 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 1.6 @ 1.8 0.8 0.6 1.7 4.1 1.0 0.8 4.1 2.6 §. 7. 21 4.8 207 23.8 _
S.E. +0.3 #0.3 +0.3 + 0.1 +0.1 +0.3 + 0.7 #0.2 +0.1 + 0.7 40.4 + 1.4 +0.3 +0.7 +1.7 ¢+ 2.2 |
goar= . LA 0.8 2.3 0.5 1.5 3.1 0.4 0.3 5.5 .8 3.8 1.3 35 1.8 - |
oli
ratio |
S.D. Standerd peviation. S.E. Standerd Error.
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( Fig. 1)
The seminiferous tubules are lined mainly by flattened
spermatogonia with hyperchromatic nuclei.
H&E 20 X 125.

" ( Fig. 2)

The s miniferous tubules are lined by persisting (lements of
zygotene spermatocytss & rarely pachytene.

Ha&E20 X 125,
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( Fig. 3)
The process of spermatocytogencsis is going with absence of
any spermatid generalion.
H&E20X125,

( Fig. 4)
The epididymis contains immature spermatids.
The spermatid cytoplasm is not detached.
H&E 20 X 125,







( Fig. 5 )
Stage one : Spermatid giant cell
H & E 40 X 125,

( Fig. 6)
Stage tow : Cytoplasmic swelling & granulation,
The association more or Iess mormal.
H&E 40 X 12.5.







( Fig. 7)
Stage four : Coaggulative necrosis & hyalinization of
secondary spermatocytes.
H&E 20 X 12,5,

( Fig 8)

Stage five : Karyolysis of some pachytenc spermatocytes.
H&E40X 125,
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( Fig. 9)
Slage seven : Necrosis of the spermatids.
H&E 20 X 125.

( Fig. 10 )
Stage eight : Release, necrosis of the spermatids.
H & E 40 X 12.5.







