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SUMMARY

In this investigation the histology and histochemistry of the testes
of albino rats receiving Mepivacaine-HCl solution of differemt doses and

ooncentrations were studied using doth light and electron microscopes .

The testes of treated animals showed different degrees of damage .
The severity of the damage was olassified into "slightly' , ‘partially" and
"geverely” damaged tubules . Vacuolation was seen in the "slightly" damaged
tubules by many investigators who gave different explanations about how and

what causes vacuole formation. In this study , a new hypothesis was introduced.

The late spermatids were readily damaged after Mepivacaine-HCl admini-
stration « Then , the ocarly spermatids showed different degrees of damage
and degeneration ; the mitochondria appeared extremely electron dense and

soattered in the oytoplasm instead of being close to the cell membrancs .

The primary spermatocytes were the next in corder of sensitivity. A marked
morphological elongation of the cytoplasm of these ocells was usually seen .
Their mitochondria showed a distinet swelling and oup-shaped mitochondria

were also found. These were not typiocal of germimal cells of control testes .

The secondary spermatocytes showed marked destruotion in some parts of
the oytoplasm and the miclear membrane appeared bulging imto the cytoplasm .
Their mitochondria showed disruption and fusion of the membranes .

The light microscope did not determine the extent of damage of spermato-
gonia . However , the eleotron mioroscope showed slight changes of the Golgi
apparatus and mitoohondria after administration of Mepivacaine-HClL . The

mitochondria of spermatogonia were frequently swollen and their oristae were



disintegrating and ooalesoing together forming a conmdensed eleectron dense
bodies .

Sertoli cells were the cell type most resistant to drug administration .

The boundary tissue of tubules , "partially" and "severely" damaged ,
showed a marked increase in thickness at the 1light mioroscope level . At the
eleotron microscope level , the boundary tissue could be resolved into the

four layers which became highly folded .

The seminal vesiocle woight from the expsrimental rats did not differ

significantly from those of normal rats .

Many extremely large lipid droplets were present in the seminiferous

epithelium of the treated animals as well as in the interstitial cells .

Since Mepivacaine-HCl has a vasoconstrictor effect and spermatogenesis
is very msensitive to reduced blood flow , it could be concluded that the
injurious effect of the administration of Mepivaocaine-HCl intraperitoneally

is probably due to reduced blood flow to the testes .
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Chapter 1

General Imtroduoction

The deleterious effects of many agents , both physical and
chemiocal , on testes structure and function have been studied . The
purpose of this earlier work was to aid the understanding of suoh
conditions as natural oryptorohidism and aspermia , and also to work
towards the possible control of spermatogenssis amd so develop an
effective male contracaptive . The possible harmful effects of expo-
sure to noxious agents and radioactivity also demanded that the effect
of administration of drugs and irradiation on the testes ﬁe a subject
of a study .

The oryptorchid condition produces an aspermio testis . Arti-
ficial oryptorchidism has been well studied in guines pigs ( Moore ,
1924 ) , rats ( Moore , 1924 ; Clegg , 1961 ; 1963a,b ; 1965a,b. )
and sheep ( Moore & 0slumd , 1923 ) . Similar studies on rabbits have
been made by Fukui ( 1923a,b ) and Cummingham ( 1927 ) , and it was
generally agreed that , if artificial oryptorchidism was maintained
for a sufficiently long time , the great majority of germ cells was
lost and that reposition into the scrotum did not result in a returmm
to normal spermatogenssis . Clegg ( 1961 ; 1963a,b ; 1965a,b ) found
that , in the rat , bilateral artifiocial oryptorchidism resulted in
degenerative changes in the seminiferous tubules that were maximal
about the 15th post-operative day . Up to this stage , Clegg ( 1961 ;
1963a,b ; 1965a,b ) showed that all germ cells were reduced in mumber,
spermatogonia being least affected and spermatids most . The spermato-
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gonial mitosis and apermatooyte meiosis were also inhibited to some

extent . One of the effects of artificial oryptorchidism upon the testis
was an apparent inorease in the amount of interstitial tissue . This
change may be wholly or partly due to great shrinkage which ocourred in
the seminiferous ‘tubules , with oonsequent aggregation of the interstitial
tissue into a smaller volume . Some authors considered that the effect was
wholly due to this ocause ( Bascom , 1923 ; Moore , 1924 , 1945 ; Moore and
Oslund , 1923 ; pace and Cabot , 1936 ) , but others considered that there
was probably an actual increase in the amount of interstitial tissue ( Sand,
1921 ; Hanes and Hooker , 1937 ; Engberg , 1948 ; Lynch and Scott , 1951 ).
In the natural oryptorohid rat testis , spermatogenesis was arrested at or
about the meiotioc division in stage XIV ( Leblond and (lermont , 1952 )

and the interstitium and Sertoll cells appeared histologically unaffeoted .

This interesting effeot of exposure to body temperature , as
oonpared to the lower scrotel temperature , has led to a wider interest
in the effeoct of heat on testis funotion . Many such studiés have been
carried out ( Young , 1927 ; William & Cumningham , 1940 ; Elfving ,
1950 ; Steinberger & Dixon , 1959 ; Chowdhury & Steinberger , 1964 ;
Bowler , 1967 ; 1972 ; Collins & Iacy o 1969 ; Chowdhury & Steinberger ,
1970 ; Parvinen , 1973 ) . It was olear from studies where testes temp-
erature was raised by heating the serotum ( usually about 40 C ) for a
short period , that the damage caused was more severe than ocourred in
short-duration oryptorchidism . For example , permanent sterility ocould
ocour . The primary and secondary spermatooyte stages were thought to

be the most temperature sensitive ( Collins & lacy , 1969 ; Chowdhury &
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Stoinberper , 1964 ) , but it was olear that at some stages in the

cycle , spermatogonia were also temperature sensitive . Few tubules

were seen to be oompletely devoid of germ cells ( Bowler , 1972 ) .

For tubules to be irreversibly damaged , stem cell spermatogonia mst

be killed . Indeed Dym & Clermont ( 1970 ) have shown that A-~type sper-
matogonia were sensitive to irradiation ( 300 r )} during mitotisc division
in stages IX , XII , XIV and I of the cycle in the rats . Bowler( 1972 )
suggested that stem cells were heat sensitive only at certain times in
the cycle , acocounting for the 74 of permanently damaged tubules observe.d
following heat treatments . Clegg ( 1963b ) noted that spermatopgonia
undergoing mitosis were sensitive to artificial oryptorchidism , whilst

" resting " spermatogonia were resistant . Sertoli cells were relatively
insensitive and were apparently unaffected other than for occasional
displacement from their normal position . The interstitial cells were

also apparently unaffected by the heating ( Collins & Iaocy ., 1969 ) .

More recently , Dutt gt al. ( 1977 ) showed following the expo-
sure of the testis or the whole body of rams to elevated temperature
( 32 ¢ ) for one week , that ;-
(a) The blood flow to the testes deoreamed amignifiocantly . (b) The sper-
matic wall thiockened significantly , antsrior to the pampiniform plexus
by 214 , at the middle by 62% , and at the top of plexus by 224 . and

(¢) The arterial lumen diameter was reduced by 48% .

They concluded that the reduced blood flow to the heated testes
was associated with a thickening of the wrll and a reduction in size of

the lumen of the spermatic artery in the pempiniform plexus .



It was observed that X-irradiation of the testes , with doses
sufficient to cause deplotion and / or destruction of the germinal
elements , was not followed by atrophy of the accessory sex organs ,
or by ocessation of copulatory aotivity ( Bourg , 1931 ; Mirskaia &

Crew , 1931 ; Witschi et al., 1932 ; Johnston, 1934 ; Hu & Frazier ,
1941 ;5 schaver , 1953 a3 ) . ¥~irradiation has also been
shown to adversely affeot spermatogenesis , ( Oakberg , 1955a,b ; 1956a,b;
1959 ; 1964 ; Edwards & Sirlin , 1958 ; Abbott , 1959 ; Jones , 1960 ;
Iacy & Rotblat , 1960 ; Nebel et al., 1960 ; Oakberg & DiMimmo , 1960 ;
Dym & Clermont , 1970 ) « Momigliano & Essemberg ( 1944 ) , using
immture rats , reported thaet irradiation of the testes with a cuml-
ative dose of 300 r was followed by atrophy of the acocessory sex organs.
Exposure of the testes to higher doses was made by Abbott ( 1959 ) .

He found that rat testes exposed to 5000 or 10.000 r were hyperaemio

ard soft and the tunioca albuginea becams inoreasingly thickened and
opaque « Extremely rapid depletion of spermatogonia amd spermatocytes
was observed « Two weeks after the irradiation ( 10.000 r ) , the tes-
tes were devoid of germ cells ; whereas those exposed to 5.000 r only
contained oocasional tubules with a few spermatids and spermatozoa »

At periods varying from 2 to 25 weeks after treatment the shrunken semi-
niferous tubules consisted only of a thiokened basement membrans enclos-
ing a synoytium of Sertoll ocells . No signs of regeneration of the ger-
minal epithelium were seen . Most intertubular ocells remained histolo-
gically normal after irradiation , but the proportion of intertubular
to tubular tissues was oonsiderably higher in irradiated than in the

non irradiated animals .
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The effect of vaseotomy on spermatogencsis has been atudied
extenalvely . Some workers olaimed a deleterious effect ( Altwein &
Gittes , 1972 ; sackler et al., 1973 ) , whereas others oiaimed that
spermatogensesis remained normal ( Smith , 1962 ; Kar et al., 1965a;
Segal , 1972 ) . Blockage of the ductus deferens has yielded impaired
spermatogenssis ( Smith , 1962 3 Flickinger , 1972 b ;
Segal , 1972 ) «+ However , Iee ( 1967 ) claimed vasectomy without
ligation had no effeot on the testes while Rumke & Titus ( 1970 ) and
Sackler et ale,( 1973 ) desoribed that these operations produced some
testis abnormalities . Reocently , Neaves ( 1974 ) indiocated that vas—
eoctomy by various procedures , had no effeot on spermatogenesis and
suggested that reconoiliation of conflicting reports in the literature
must involve faotors other than procedural differences . He supposed
that inadequate disorimination between the comsequences of vasectomy
and induoced cryptorchidism might still be responsible for mich of the
disagreement surrounding vaseotomy . It was of interest however that

Derriock et al.( 1974 ) showed a depression and then gradual return of

spermatogenesis after vaseotomy .

The administration of chemioals , usually by injection ;, on
spermatogenesis has been the subjeot of considerable interest . Reagents
used oan be grouped in three categories , hormones , pharmacological
agents and ocompounds likely to have sgpecific deleterious eytologioal or

vhysiologiocal action on the testis .

Iacy & Iofts ( 1965 ) showed that the treatment of male rats
with oestrogen resulted in a decline of spermatogonesis , which could
be reversed by administration of FSH ; they ooncluded that of the



germinal ocells , the spermatocytes were the most sensitive to the action
of oestrogens . Ericsson et al.( 1964 ) and Eriosson & Dutt ( 1965 )
showed that progestins inhibited spermatogenesis in rabbit and ram .
Normal elements of the germinal series were absent ', muich sloughing of
immature cells ocourred , causing testes atrophy . Atrophy of intersti-

tial cells was also reported .

Recently , Terner and Maclaughlin ( 1973 ) showed that atrophy
of the testes and the accessory sex glands , which ocourred after pro-
longed treatment with progestins , was prevented by conscurrent treatment
of the animals with small doses of testosterone propionate. However , the

androgen did not reverse the suppression of spermatogenesis .

Mny different kinds of oompounds have been studied for their
antifertility effects in the hope that a suitable chemlcal male contra-
ceptive can be found . Recently the combination of progestin and androgen
hes been tested with promising results ( Segal , 1973 ) , for it was

reported to produce reversible infertility whilst libido and male sex

oharaoteristios were maintained ( PFrick , 1973 ; Coutinho & Melo , 1973 ).
The rationale behind the administration of & progestin-androgen combina-
tion was that it was thought to diminish gonadotropin release and suppr-
ess spermatogenesis ( Terner & Maclaughlin ,1973 and Kragt et al.,1973 ).
However , the leydig cells becams suppressed , resulting in a deoreased
seoretion of testosterons . Secondary sex characteristics and libido

could then be maintained by the similtansous administration of exogen-

ous testosterone .
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The histology and ultrastruoture of the testis , epididymis and
gex accessory glands of rats treated with medroxyprogesterone ( provera )
( 1 mg/ 100 g. body weight / day ) alone and combined with testosterons
(15, 30 or 100 ug / 100 g / day ) was studied following treatment for
up to 16 weeks by Flickinger ( 1977a,b ). He showed similarity of the
mioroscopic alterations in the testes of animals administered " provera "
alone or " provera " and different levels of testosterone . Spermatogonia,
spermatooytes and early spermatids were abundant in treated rats and did
not show ultrastructural changes . However , many degenerating or necrotio
spermatids of the cap phase ( approximately stages 6~7 ( leblond &
Clermont , 1952 ) ) and later were presemt . late spermatids of the aoro-
somal and maturation phases were rare . Some neorotic spermatids were
surrounded by Sertoli cells , also many arge lipid droplets were present
in Sertoli oells of treated rats . [eydig cells were smaller in treated
animals than in control rats . These results of Flickinger(1977a,b) suggz-
osted that with this treatment germ cells can be developed up to cap-
phase spermatids , but then they undergo degeneration . These alterations
in spermatogenesis might be responsible in large part for the antiferti..

lity effect of the progestin and androgen .

The antiandrogens , cyproterone and cymroterons acetate , caused
reversible infertility ( whalen & Iuttage , 1969 ; Steinbeck gt al.,l971;
Morse et al., 1973 ) « Cyproterone acetate has been more widely used
and had & greater potency , although it was said to have more progesta~
tional aotivity than oyproterone ( Wiechert & Neumann , 1965 ; Steinbeck
et al., 1971 ) . The literature on the mechanism of action of these comp-

ounds and clinical and experimental studies with them has been reviewed



on several ocoasions by Neumann and his assooiates ( Neumann , 1966 ;

1971 ; Neumann et al., 1968 ; 1969 ; 1970 ) . The weights of the testis
and the acoessory sex glands of animals treated with oyproterone acetats
were reduoed ( Neumann et al., 1970 ) « Light mioroscopic studies indica-
ted that the testes iﬁ the oyproterone or cyproterons-acetate ~treated
animals displayed a great reduction in the abundance of late spermatids.
Neorotio oells were present in the seminiferous epithelium . Sertoli cells
oontained many large lipid droplets and lysosome-like structure with a
ocontent of cellular debris , including parts of spermatids . Late sperm-
atids were absent from the lumen of the tubules ( Neumamn & Von Berswordt
Wallrabe , 1966 ; Mietkowski & Lukaszyk , 1969 ; Markewitz et ale,1969
Steinbeck et ale, 1971 ; Morse et al., 1973 ) . Iate spermatids were the
most severely depleted stages in rats treated with oyproterons ( Mietkowski
& Imkaszyk , 1969 ) or oyproterons acetate ( Neumamn & Von Berswordt-
Wallrabe , 1966 ; Steinbeck et al., 1971 ) and in men administered oypro-
terone acetate ( Morse et al., 1973 ) ; aleo the drug affeoted spermato-~
gonia and primary spermatooytes ( Markewitz et al., 1969 ) . Different
reports have been made on the effects of oyproterone acetate on Leydig
cells . In studies of oyproterone acetate-treated rats , lLeydig cells were
reported to be unchanged for several weeks and then to undergo slight
shrinkage ( Neumann et al., 1970 ) . A decrease in size of Ieydig cell
nuolei was observed ( Heinert & Teuwbert , 1973 ) . In one study leydig
cells were said to deorease in size for six weeks and then return to normal
( steinbeck et al., 1971 ) « Others reported that rat Leydig cells remained
unchanged in the presence of oyproterone acetate may reflect the use of
shorter treatment periods ( Junkmann & Neumann , 1964 ; Neumann , 1966 ).

The ococurrence of no , or only a few changes in Ieydig cells in the
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presence of oyproterone acetate has been rationalized as a balancing
of the antiandrogenio and gonadotropin-suppressing action of this comp-
ound ( Steinbeok gt g}., 1971 ) .

Three nitrofurans ( furacin , furadroxyl and furadantin ) have
been studied for their effects upon reproduction ( Nelson & Steinberger ,
1953 ) . The three compounds , usually administered in the diet , have
been examined for their effectiveness in producing spermatopenic arrest
and testioular atrophy at levels varying from O.l gm to 3.0 gm / Kg of
diet « The minimal effeotive level per kg of diet in animals 30 to 35
days old initially , and treated for 30 days were : furacin , 0.2 gm ,
furadroxyl , 0.75 gm , furadantin , 1.5 gm. At these dose levels , the
testes were apmroximately one~third the control size , but body weights
and the weight and histology of other organs were essentially the same
as in untreated controls . Testiocular da_.mge was not permanent since
animals maintained on the drugs for as long as 100 days have shown comp-
lete recovery , inocluding fertile matings , on the subsequent withdrawal

of the drugs ( Nelson & Steinberger , 1953 ) .

Busulfan ( Myleran or Misulban : 1,4-dimethylsulphonyl oxybutane )
is an alkylating agent possessing an inhibiting effect on the cell divi-
sion of the seminiferous epithelium cells ( Gillet & Laporte , 1973 ) «
Hemsworth & Jackson ( 1962 ) have studled the sterilizing effect of
busulfan on the rat embryo by & dose of ;O mg / kg of the body weight
and have shown that the critieal period for sterilization in meles was
between the 12th & 20th day including the gestation . The inhibiting eff-

ects of busulfan caused a decreased in testioular volume . The small
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diamoter of the tubules appoared to be linked with the aspermatogenioc

condition of the testis ( Gillet & Laporte , 1973 ) .

The testes of mice injected with nitrogen mustards have been
shovn to undergo histopathologic changes ( Ianding et al., 1949 ) .
These changes included degenseration of tubules and cells , swelling of

cells , giant cell formation and inhibition of mitosis .

Kindred ( 1952 ) showed that in the testes of rats intravenously
injected with 0.6 mg/kg body weight ( sublethal dose ) of tris ( 2 chlo-
roethyl ) amine code name HN-3 , the cells most geverely damaged were
the spermatids , whioh formed gliant cells in which the nuolei were either
pyknotioc or undergoing karyolysis . The muolei of the germ cells ware
initially swollen . Dividing spermatooytes were also abnormal with many
ochromosomal and spindle abberations . A few primary spermtooytes formed
giant cells . Spermatozoa were often ocollapsed and fused . Completely
degenerated tubules containsd only remnants of Sertoli cells and sperm=
atogonia . All these changes were maximal on the third day after treat-
ment . There were no visible morphological ochanges in the interstitial
ocells despite their exposed position . Congestion and haemorrhage were
present to a slight degree in the HN=-3 rats of the first day « Following
this condition there seemed to be a ocontraction of the vasa and an

ischemla .

Cadmium was shown ( Kar et al., 1965b; Kar & Kamboj , 1965 ;
Parizek , 1960 ; Parizek & Zahor , 1956 ) to have a destructive effect
on the testes of the rat when administered parenterally as cadmium
chloride , and similar activity has been described in the mouse ( Meek ,

1959 ) and monkey ( Girod & Chauvineau , 1964 ) . Intracellular



( Kar et al., 1961 ) and suboutansous ( Cameron , 1965 ) injections in
rabbits wero also effeotive . Cadmium apparently interfered with the
normal uptake of zino by the testis ( Gunn et al., 1961 ) « It was

known that zino-deficient diets in rats resulted in irreversible testi-
oular atrophy ( Millar et al., 1958 ) . It has been suggested ( Chiquoine,
1963 3 Gunn et al.; 1963b ) that vascular factors are of great importance
in the regiomal destruction of the testis , rather than specific sensi-
tivity of the seminiferous tubules . Gumn et ale (1963b) suggested the
presence of an enzyme system peculiar to the pampiniform plexus , sensi-
tive to cadmium and possibly dependent on zino . It would appear that

the enzyme ooncerned was located in structures involved in thermal regul-
ation of the testis , sinoce cadmium damage did not ocour in non-sorotum

animals .

Recently , Suzuki & Yoshikawa ( 1971 ) showed that in male rats
injected intraperitoneally with 3 mg/kg of oadmium chloride , the testi-
ocular weight did not show remarkable changes for the first 24h., but

after 96 hours there was weight loss and severe atrophy .

It has been shown by several experimental techniques , that it
was the testicular vasculature rather than the parenchymal cells which
were initially injected by cadmium , and that genqration of interstitial
elements and seminiferous tubules followed as a secondary reaction
( Parizek , 1960 ; Gunn et al., 1963b ; Waites & Setchell , 1966 ) .
Vascular permeability was also evident from the oedemn and haemorrhage

which followed cadmium administration ( Gupta et al., 1967 ) .

o«~ghlorhydrin is an active alkylating chemical , possessing the

biological property of functionally inactivating epididymal sperm and



so producing temporary sterility ( Dixit & Lohiya , 1976 ) « The
offeot of ot=ghlorhydrin on the testes was studied in rats ( Ericsson
and Comnor , 1969 ; Coppola , 1969 ; Eriosson & Baker , 1970 ; Ericsson
and Youngdale , 1970 ; Gunn & Gould , 1970 ; Ericsson & Bemnett , 1971 ;
Hoffer et ale., 1973 ) , in sheep ( Krhdir & Dutt , 1969 ) , in pigs

( Johnson & Purves , 1972 ) and in monkeys ( Kiriom et &1.,1970 ) and
proved to be an effective but reversible antifertility agent . Recent
work by Dixit & Lohiya ( 1976 ) on «~chlorhydrin showed that with oral
administration , the relative testioular weight of the oechlorhydrin -
treated rats and gerbils did deorease drastiocally although there was

no loss in body weight . Tubule shrinkage , complete spermatogenic
arrest and a noticeable deocrease in the absolute weight of the epididymis
occurred in rats after ot~chlorhydrin administration . The rimary site
of damage oaused was in ocells lying near the basement membrane ; indeed,
the development of new spermatogonia was prevented for several weeks .
The seminiferous epithelium bocams systemtically depleted of spermato-
gonia , spermatocytes , spermatids and finally spermatozoa in that
order ( Dixit & Lohiya , 1976 ) .

The growth of androgen-dependent organs i.e. seminal vesiocles ,
ventral prostate , epididymis was also found to be suppressed ( Dixit &

lohiya , 1976 ) .

For a rapid male sterilization , Setty et al.. ( 1972 ) and
mlaviya et al. ( 1974 ) , occluded the vas deferens by injeoting comphor,
potash alum , or quinaorine in rats and monkeys . Freeman & Coffey (1973)
sterilized a large number of male animals by injecting a wide variety

of sclerosing chemiocal agents directly into the vas deferens . A single
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injeotion of 95% ethanol into the vas deferens appeared to produce a
complete sterility in a large series of animals , which was confirmed

through mting exposure experiments ( Dixit et al., 1976 ) .

DMBA ( dimsthylbenzanthracene ) , a carcinogenic hydrocarbon ,
produced a spermatogonial depletion which was reported to be accompanied
by an increase in malate dehydrogenase activity ( Ford & Huggins , 1963 ;
1964 ) . However , a later report indicated that , although considerable
spermatogonial depletion oscourred , the apparent rise in malate dehydro-
genase activity was due to loss of testis weight , since the total enzyme
aotivity per testis did not change appreciably ( Ahlquist , 1966 ) .
These appeared to be a true increase in ;a-gluouronida.se activity , but
this enzyms increase may have been a refleotion of the inoreasing atrophy
of the tissue . ol-glycercphosphate dehydrogenase activity decreased as
the spermatozoa left the testis and were not replaced by new cells

( Sohernkman et al., 1965 ) .

Deuterium oxide induces sterility in male mice ( Hughes & Calvin ,
1958 ; Hughes gf ale, 1959 ) « This sterility resulted from failure of
spermatozoa to fertilize the egg ( Hughes & Glass , 1965 ) . It would
appear from this work that the action was due to an abnormality in acro-
some formtion . Cytopathologic effects of deuterium oxide on the testes

of dogs and mice have been recorded ( Amarose & Czajka , 1962 ) .

Serotonin ( 5 hydroxytryptamine ) and histamine have similar
pharmoologioal effects as seen from studies on vascular permeability
( Wjno & Pelade , 1961 ) and vasoconstriction ( Haddy , 1958 ; Haddy et al.,
1959 )
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A single subcutaneous injection of 5-hydroxytryptamine ( SHT )
has been shown to cause pathological changes in the mouse testis , when
examined 7 or 30 days after the injection ( O'steen , 1963 ) . Following
SHT injection in rats , Boccabella et ale ( 1962 ) observed that 50 to
90% of seminiferous tubules in a testioular cross section still appeared
normel . In the damged tubules giant mltimucleated spermatids were
frequently seen , along with pyonotio mrimary spermtocytes and spermatids.
Spermatids in the acrosormnl and meturation phase were absent . These
marked histological changes and a significant weight deorease osccurred
after administration of SHT 10 mg/kg twice daily for 5 days ( Boooabella
et al., 1962 ) . Following ten day's treatment , pyknotic mrimary sperm-
atooytes and spermatids were frequently encountered , and some tubules
contained only Sertoli ocells and spermatogonia . The limiting membrans of
these tubules was markedly thickened . By the 15th day , the damage was
mors uniform than that seen earlier . Bocoabella & Jarecki ( 1965 ) also
reported that the lesions induced by SHT in the rat testis showed poor
reversibility , some tubules still remained damaged 80 days after SHT
treatment for 15 to 35 days .

Kormano et al.( 1968 ) showed that the testes of experimental
animls injected with SHT were signifioantly lighter than those of the
oontrols , but the mean weights of the seminal vesiocles did not differ
significantly . The histological picture of the experimental testes varied
greatly . In some testes only a few tubules were damaged , the other
tubules being normal . In other testes , howsver , all tubules were
demaged . Iarge differences were seen even between the two testes of the
same animal . These pathological changes were morphologically very similar

to those caused by testicular ischaemia .
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Seminiferous tubules of rats injeoted suboutaneously with serotonin
and histamine , either separately or in combination , showed degrees of
degeneration ranging from minor damage , such as pyknosis of spermtogonial
cells in an otherwise normal tubule , to a striking absence of all cells
excepting for a single outer layer ( O'steen , 1963 ) . Intermediate stames
of tubular degeneration were characterized by exfoliation of cellular debris
into the Iuﬁina of tubules or by the absence of scattered , large vacuolar
spaces , which possibly were the result of death and resorption of one or
more spermatogenic cells . The lumen of a degenerating tubule frequently
oontained one to three large multimucleate cells . He also , showed that
the pathologioal ochanges in the serotonin and or histamine treated testes
were morphologiocally identioal to those described by Oettle & Harrison
( 1952 ) following the ocolusion of the testicular artery in rats .
Boccabella et al. ( 1962 ) also oonoluded that the damage they deseribed

was due to vasoular effects of the drug »

Ischaemia has been produced by either temporary or permanent
occlusion of the testioular artery . The seminiferous epithelium showed
a progressive necrosis following permanent ooclusion with the germinal
elements being the first affected cell types . At this stage the Sertoli
cells first showed vacuolation and cellular debris and multimucleate cells
were common . I'inally even the Sertoli cells appearéd disintegrate and
form a fibrous mass ( Oettle & Harrison , 1952 ) . Temporary ischaemia
has oclearly shown the relative susceptibility of the different cell tHypes.
Sertoli cellé wore more resistant than the germinal ocells , with dividing
and rapidly differentiating cells being more sensitive than resting cells
( Oettle & Harrison , 1952 j Dixit , 1977 ) . In short term ischaemia the

wholesale loss of germinal cells led to & gross vacuolation of Sertoli
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cells . The testes beoame shrunken and the interstitium appeared to be

inoreased ( Oettle & Harrison , 1952 ) .

In summary , many forms of insult to the testis adversely affect
its funotion , with spermatogenesis apparently being more sensitive than

the interstitium .

Exposure to harmful chemicals appeared to have a more rapid effect
than did physical injury or a damaging dietary regime , but the end result
was usually the same , e.g aspermic testes ; decrease in the mumber of
spermatocytes in division ; loss of normal epithelial charaoteristics of
the tubules , sometimes giant oell formation by fusion of spermatids and

less often fusion of spermatooytes .

Indeed it would appear likely possible that mumber of other harm-
ful agents exert their injurious effeot on the testes through an altera-

tion in blood flow , or in vasoular permeability .

Mepivacaine-HCl , & looal anaesthetic agent , has also been
reported to affect blood flow in capillaries ( Pohto & Scheinin , 1960 ;
duMesnil-de Rochemont & Hensel , 1960 ; Adler et al., 19692, ; Aberg &
Adler , 1970 ; Jorfeldt gt al., 1970 ) » More recently , Aberg &
wahlagtrom ( 1972 ) have shown that Mepivacaine-HCl in a wide range of
concentrations ( 1 x 105 -1x 103 g/ml ) had a contracting effect on
relaxed vascular smooth musole in yitrgo , while the compound in the same
conoentrationg had a relaxing effeoct on contraoted vasocular smooth muscle.
In view of its application and the sensitivity of spermatogenesis to
reduced blood flow , it was considered of interest to determine whether

the administration of this drug had an effect on testis structure .
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Therefore , in the present study , the histology and ultrastruoure of
the rat testes has been examined following injection with different

doses of this loocal amaesthetic drug , Mepivacaine hydrochloride .



Gluxptez 2
MNlatetial and metlw-a-o



- 18 -

Chapter 2
MWaterial and Methods

l1- Animals

Sexually mature young male laboratory rats ( Rattus norvegious,

CFHB strain ) , weighing approximately 130 = 150 g. ( 10 weeks old ) ,
and large male rats welghing 200 - 250 g. ( 14 weeks old ) , selected
from a randomly mated colony , were used . They had acoess to water and

food , and the temperature was maintained at 20 - 22 ¢ .

2« Reagents

CARBOCAINE : Carbocaine is the hydroohloride of ( l-methyl-
DL-piperidine-2-carboxylic acid )~2,6-dimethylanilide . The generiec
name is Mepivacaine hydroochloride 0153220112 e« BC1 « It is a white oryst-
alline powder , odourless and with a salty and bitter taste . Its mole-

oular weight is 282.5 and the melting point is 255 - 262 C . It has the

+
CH
CONH -
H CHy CHy

Mepivacaine hydrochloride is tolerated both locally and generally.

following struotural formula

In many publioations , it has been pointed out that Mepivacaine hydro-
chloride gives anaesthesisa of remarkably long duration and that it can
be used for many different operative treatments without the addition of
a vagocongtrictor ( Aberg & Wahlstrom , 1969 ; Aberg & Adler , 1970 ;
Aberg & Anderson ,1972 ) .

The drug was obtained from AB Bofors , Nobel-pharma , Sweden .
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3- Administration of Mepivacaine hydroochloride :

a) Effect of high doses of Mepivacaine-HCl on spermatogeneasis

180 experimental rats 75 young edult ( 130-150 g.) and 105
large adult rats ( 200-250 g.) were used in total , and each re-
ceived a single intraperitoneal injection of the drug .

Group " A " rats were injected with O.l om3 s group " B " rats
with 0.25 om’ and group " C " rats with 0.5 om of & 4% ( 40 mg
Mepivacaine-HClL , 95 mg glucose per ml ) solution of the drug .

Animals from each of the three groups were killed after 6 , 12
hours , 1 , 2 and 10 days .

b) Effect of low doses of Mepivacaine-HCl on spermatogenesis ;
Thirty young adult ( 130-150 g.) rats were used in this experi-
ment . Group " D " rats received 0.05 cm3 of a 4% solution , and
group " E " rats received 0.05 om3 of a 2% solution of the drug by

intraperitoneal injection . The rats were killed after 24 & 48 hours .

c) Effect of repeated doses of Mepivacaine-HCl on spermatogenesis
A further 65 young adult rats ( 130-150 g.) were used in this
experiment . They received intraperitoneal injection(s) O.l cm3 of
& 4% solution of the drug daily from 1 to 5 days .
Rats were killed after 1 , 2 , 3 , 4 and 5 days .

CONTROL GROUPS :

In all cases animals were given the equivalent volumes , by intra~
peritoneal injection , of the carrier solution ( 95 mg glucose per cm3 )
and killed and the testes taken for histological examination at the same

time intervals as the experimental groups .
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4=~ Testes histology :

The rats were killed and the tesies removed from each animal
through an abdominal incision « One was fixed for light mioroscopy , the
other was out through the equator and one half was frozen for histochem-

istry and the other fixed for electron mioroscopy .«

For the general histological observations , the testes were fixed
in Bouin's fluid or in Zenker-formol ( Helly ) for 24 hours . The Zenker-
formol specimens were washed in running water for 24 hours and were treat-
od with 0¢25% of iodine in T0% ethyl alcohol to remove meroury deposits .
This was followed by a rinse in 3% sodium thiosulphate and a wash for 3
mimites in running water , followed by distilled water . Spesoimens fixed
in Bouin's fluid were washed using several changes of TO0% ethyl aloohol
to remove the pioric acid . Bouin's fixative proved to be the best for the
rat testes . The tissues were dehydrated using ascending grades of ethyl
aloohol , oleared in two changes of chloroform and embedded in paraffin
wax ( meps 58 - 60 C ) ; this prooessing was carried out using an Elliott

tissue processor .

Five micron sections were cut using a Spencer 820 rotary mioro-
tome . The seotions used were seleoted from different regions of the testes
rather timn from the region of the equatorial plane , whioh might have been
damaged during ocutting and processing . After sectioning , the seotions
were affixed on clean glass slides using distilled water plus few drops of
glycerine=albumen , then left to dry in an incubator at 37C for 24 hours .
The seotions were stained using both haematoxylin & eosin and PA-FSA-
haemtoxylin ( Leblond & Clermont , 1952 ) .



Haematoxylin - eosin technique

The sections were dewaxed in two changes of xylene , hydrated
through desecending grades of ethyl alcohol to distilled water . The
gseotions were stained in Mayer's haematoxylin for 30 minutes , then
waghed with distilled water and blued under running tap water for 3
ninutes . After a further distilled water wash they were counter stained
in 1 4% eosin in distilled water ( water and alcohol soluble eosin , Gurr)
for 20 seconds . The stained sections were dehydrated in n-butyl alcohol,
two changes directly aftor staining with eosin for at least 5 mimutes
each , then clearing in two changes of xylene and the slides mounted with

D.P.X. { Gurr ) and left to dry in the incubator at 37 6 .

PA-FSA-haematoxylin technique

The sections were dewaxed and hydrated through descending grades
of ethyl alcohol and then oxidized in periodic acid , 0.5 % for five min-
utes . Following a distilled water rinse they were stained with Schiff's
rearant for 15 minutes . This was followed by threc two mimute changess of
sulphrous acid , and a three minute wash in running water . The scctions
were counter-stained with Mayer's haematoxylin for 10 minutes and blued
in rumning tap water . They were dehydrated with n-butyl aleohol , cleared

in xylene and mounted in D.P.X.

5= Testes histochemistry :

To demonstrate testes lipids , the testes were frozen , using
8 freezinz medium of iso-pentane cooled to =160 ¢ by liquid nitrogen ,
the testes were mounted on chucks and left in SLER Cryostat , to allow

temperature equilibrium to occur .



Ten micron thick sections werc cut , and placed on glass microscope
slides and the slides fixed in formol -~ saline for 10 minutes , washed in
distilled water and stained in Sudan Black B ( saturated solution in pro-
pylene glycol ) for 10 minutes . They were then drained and immersed in
85 % propylene glycol , 50 % mronylene glycol with agitation for 3 minutes

each , washed with tap water , drained and mounted in glycerine .

6~ Testes electron microscony :

For eleotron mioroscopy , testes were exoised and placed in caco-
dylate buffered glutaraldchyde fixative ( 10 4 glutaraldshyde + 0.2 M
sodium cacodylate 1:1 ) . After removing the tunica albuginea , the tubules
were dissected and rapidly separated , divided into small pieces with a
sharp razor or a2 pair of soissors , and placed directly into fresh fix-
ative for 4 hours at 4 C « They were washed in O.l M cacodylate buffer
overnight ; this was followed by post-fixation with 1 4 osmium totroxide
in 0.1 ¥ sodium cacodylate for 24 hours . After this they were washed in
0el M cacodylatc buffor for ¥ hour , dehydrated in ascending grades of
ethyl alecohol ( 70 % = 10 minutes , 95 % - 10 mimutes , absolute-2 changes,
30 minutes each ) and immersed in propylene oxide , 2 changes , 10 minutes
each « The tissue was infiltrated with 50/50 mix of Epon / EpoxXypropans
overnight , then in epon for 24 hours and embedded at 60 C for 48 hours .

Sections were cut on a Reichert OMU3 ultratome and were stained with
uranyl acetate and lead citrate . They were examined with an AEI EMSOL

electron microscope at an accelerating voltage of 80 kv.
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The effect of Mepivacaine-HClL at three different higher doses

on the histological appearance of the testes

Introduction :

Mepivacaine-HCl is one of a series of new long-acting local anaes-
thetios . It is stressed that the drug has a rapid onset , producing deep
annosthesia , and that it has a high frequenoy of ansesthesia and olinical
safety and effeotiveness ( Jorfeldt et al., 1970 ; Aberg & Adler , 1970 )
and low toxiolty ( Luduena et al., 1960 ; Henn , 1960 ) .

In general ; it has been found that the frequency of side-effects
of Mepivaocaine-HCl is significantly lower for local anaesthetics without
vasoconstriotor than for those containing a vasoconstrictor ( Nordqvist

& Dhuner , 1961 ; Dhuner , 1964 ) .

Mepivacaine-HCl is commeroially available in several different media.
It io dissolved in a saline solution at three different concentrations ;
0.5 , 1% and 2§ ( weight / volume ) , for a looal anaesthesia , injection
for infiltratioﬁ or conduotion anasesthesia . As a 3% solution ( weight /
volume ) it is used for dental anaesthesia and as a 4% solution ( 40 mg
Mepivacaine~HCl dissolved in 95 mg glucose in 1 ml sterile distilled water )
is used for hyperbaric spinal anaesthesia .

Mepivacaine-HCl , particularly its (+) isomer , has been shown to
have a marked vasoconstrictor effect on the isolated rat portal vein ( Aberg

& Wahlstrom , 1972 ) .



-24 -

Ekenstam et al., 1956 , reported that , in a few cases , as a result
of Mepivacaine-HCl injeotion , a fall in blood pressure ocourred ; but in

none of them was it severe .

In view of the evidence that spermatogenecsis is adversely affected
by the administration of agents that are known to affect blood flow in the
testes , such as 5-HT ( Haddy , 1958 ; Haddy et al., 1959 ; Majno & Palade ,
1961 ; Bdocabella et al., 1962 )} , it was thought important to establish
whether Mepivacaine-HCl injection would also have a gimilar effect on testes

histology . The following work was carried out with this point in mind.

Methods :

The experimental rats of A , B and C groups were killed after 6 ,
12 hours , 1 , 2 and 10 days of Mepivacaine-HCl administration as deascribed
in chapter 2 and testes removed for histologiocal ( light and electron micro-
scopy ) and histochemiocal examination . Control rats ( fifteen 130 - 150 g.
and twenty-five 200 - 250 g. ) were given a single intraperitoneal injection

of 0.5 ml glucose solution , and killed at the same intervals .

Each testis was out through the equator and fixed in either Bouin's
fluid or in Zenker-formol as mentioned previously in chapter 2 . The tissue
was ombedded in paraffin wax and seotioned at 5 um . The sections were stained
with haematoxylin & eosin and also according to PA-FAS technique of leblond &
Clermont ( 1952 ) in which the classification of the stages of the cycle is
based on the changes observed in the mucleus ( stained with haematoxylin )
and acrosomal system ( stained with PA-Schiff ) of fhe spermatid as it trans-
forms into a spermatozoon , & process which was divided into 19 steps by

Ieblond & Clermont ( 1952 ) .
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The doses chosen :

Rats were injected with three different doses ; one dose was 0.5 cm?
( 20 mg ) of Mepivacaine-HCL , 4% , ( approximately LDgo ) and two lower doses
of 0.25 om® ( 10 mg ) and 0.1 om’ ( 4 mg ) of Mepivacaine-HCL , 4% , with the
intention of determining if there is a relationship between the dose given

and the damage caused .

Results ;

The normal structure of the rat testes at both the light and electron
microscopical levels is well kmown and a detailed desoripiion is not repeated
here ( o.g Brokelmann , 1963 ; Burgos et al., 1970 ; Dym & Fawoett , 1970 ;
Flickinger , 1972b ) .

As in other mammals , seminiferous tubules of rats contain Sertoli
cells and combinations of germ cells in different stages of development .
The intorstitial tissue inoludes blood vessels , lymphatiocs , and other conn-
octive tisous elements ( Fawoett et al., 1973 ) and Leydig oells , which
seorete testosterone ( Christensen & Gillim , 1969 ; Christensen , 1975 ;
Neaves , 1975 ) .

Fig.l shows the appearance of a section from a oontrol animal that
had received 0.5 cm3 of glucose carrier medium . This is a typical view of
the rat testes . In no case were there any signs of damaged tubulesin oross-

gections from ocontrol animals .

Cross sections from 180 experimental rats were examined for evidence
of histological damage to the seminiferous epitheliuﬁ o It wvas evident that
not in all animals damage was caused ( There was no effect in the large
enimals ( 200 - 250 go ) ) . It was evident too that the nature of the

damage is differed in different tubules . For convenience , the types of
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Plate 1

Fig. 1 Light miorograph of transverse section of a testis from
oontrol animl that received 0,5 om3 of glucose oarrier medium intra-
peritoneally . The seminiferous tubules show normal spermatogenic

progression and contain all types of germinal epithelial cells .

X 180
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damaged tubules observed were classified in the following manner :
1- " Slightly " damaged tubules ;

These were the tubules which looked more or less normal but which
showed & little damage . In the presence of that type of damage , it was
possible to determine accurately the exaot stage of the oycle . "Slightly*
damaged tubules were subdivided into two categories

(&) Tubules with a vacuolated appsarance :

Examplea of tubules showing this type of damage are shown in plate
2 , with a ocorresponding tubule , in the same stage of spsrmatogenesis
( Iﬁ'Blond and Clermont , 1952 ) from control animals . Often vaouolation
was the only sign of damage , but in some tubules it ocourred in combination
with other damage ( see plate 3 )

What causes vacuole formation is not olear , it could equally well
be through the exfoliation of damaged ocells as by the acoumlation of fluid
foroing neighbouring cell apart . In soms cases , when the vacuole was form-
ed , 1t causes a small finger to project from tubule ( see plate 3 , fig.6 ).
[arger vacuoles in more damaged tubules frequently resulted in an inward
destortion of the boundary tissue of the tubule ( see plate 3 , fig.8 ).

The mumber of vaocuoles seen in any one damaged tubule in oross

seotion varied from one to seven ( see plate 3 , £ig,9 ) -«

(b) Absence of the late spermatid stage in spermiogenesis :

In many testes where damage was evident , a common pattern was to
find tubules that were otherwise normal except that they were devoid of or
had a pauncity of maturing spermatids . This is shown for different tubules
in different stages of the oycle in plate 5 .

Tubﬁles with a vacuolated appearance and tubules containing no late

spermatids were taken as being the least severe damage .
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Plate 2

Fié.2 High power light miorograph of transverse section of a testis from an
animal injeoted with 0.1 om’of Mepivacaine-HCl , 4% , and killed after 6 hours,
showing " slight " damage caused to a aeminiferous.tubule at stage IV of the
spermatogenic cyocle . This form of damage is fhe rresence of vaouoles ( V )
within the seminiferous epithelium and near the boundary tissue .

' X 250

Fig.3 High power light mlorograph of transverse section of a testis from a
control animal at stage IV showing normal spermatogenio epithelium .
X 250

Fig.4 High power light miocrograph of transverse section of a testis from an
animal injected with 0.5 om of Mepivaocaine HCl , 4% , and killed after 6 hours,
showing a marked loss of late spermatids ( arrow héa,ds ) from a seminiferous
tubule at stage VII and vacuolation inside the seminiferous epithelium ( Vv ) .
Note the slight folding of the boundary tissue ( bt ) »

X 250

Fig.5 High power light micrograph of transverse section of a testis from a
control animal at stage VII showing the typical epithelium characteristic of

this stage .
X 250
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Plate 3

Fig.6 Low power light micrograph of transverse section of a testis from an
anim) injected with O.l ox’of Mepivaocaine HCL , 4% , and killed after 24 hrs.
The seminiferous tubules are nearly nbrml but there are several peripheral
vaouoles forming small finger-like projections ( arrows ) by pushing the bound-
ary tissue with first outer layer of spermatogenic epitheliunm outwards .

X 100

Fig.7 Iow power light miocrograph of transverse section of a testis from an
animl injected with O.1 or’ of Mepivacaine_HCl , 4% , and killed after 6 hours.
Completely rounded vacuoles ( V ) are seen within an otherwise typical semini-
ferous epithelium .

X 100
Fig.8 High power light miorograph of transverse section of a testis from an
animal injected with 0.5 cm3 of Mepivacaine_.HCl , 4% , and killed after 12 hrs.
Note the distortion of the boundary tissue of the tubule ( arrow ) .

X 100

Fig.9 low power light micrograph of transverse section of a testis from an
animl injected with 0.25 cm of Mepivacaine.HCL , 4% , and killed after 6 hours.
The marber of vacuoles seen in any one damaged tubule in cross section varied
from one to seven ( asterisks ) .

X 100
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Plate 4

Fig.l0 High power light micrograph of transverse seotion of a testis from
an animal injected with 0.5 on of Mepivacaine HCl , 4% , and killed after 24
hours . 1ate spermatids , sometimes , lose their orderly arrangement in the
tubules and are not cast off , but the nuclear staining and shape are maint-
ained . Note that there are some late spermatids and late spermatid heads
( arrows ) still attached to the basal regions of the Sertoli ocells near the
boundary tissue , while others hang at different levels in Sertoli ocell
oytoplasm . |

X 500

Fig.ll High power light micrograph of transverse section of a testis from

a ocontrol animal illustrating stage X with their normal , characteristically

elongated , spermatids . Note this stage does not ocontain any late spermatids.
X 500
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2- " partially " damaged tubules :

The definition of " Partially " damaged tubules was that used by
Bowler ( 1972 ) . These were tubules in which it was not possible to deter-
mine accurately the exaot stage of the oycle as defined by Leblond and
Clermont ( 1952 ) . These tubules contained some normal germ cells but the

epitheliun may be reduced almost to = ring of spormatogonia and Sertoli cells.

In the " partially " damaged tubules , exfoliation of primary sperm-
atooytes ( especially in the diplotene stage ) and spermatids and develop~
ment of a few numbers of multinucleate spermatids was seen ( plate 7, fig.21 ).
The late spermatids may either be preae_nt where they would be expected ,
fogether with intermediate spermatids having irregular shaped muclei ( plate 7,
fig.19 ) or absent ( Plate 7 , figs.2l & 22 ) « The late spermatids , some-
times , loose their orderly arrangement in.tlhe tubules and are not cast off »
but the nuclear staining and shape are maintained . In this case some late
spermatids and late spermatid heads remsin attached to the basal regions of
the Sertoli cells near the boundary tissue , whilst others ha.ng- at different
levels in Sertoli cell oytoplasm ( Plate 4 , fig. 10 ) .

After migration of pyknotio spheres and damaged cells to the lumen ,
they leave behind grossly vacuolated Sertoli cells ( Plate 5 , figs.l3 & 14 ;
Plate 6 , fig. 17 ) «

3= " Severely " damaged tubules :

Here again the definition suggested by Bowler ( 1972 ) has been used.
These tubules were ones in whioh only a ring of Sertoli cells and / or damaged

éerm cells remained in oross section . Examples are shown in platea 8 & 9 .

The " severely " damaged tubules were shrunken and their boundary
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Plate 5

Pig.l2 High power light miorograph of transverse section of a testis
from an animl injeoted with 0.1 om of Mepivacaine HCL , 4% , and killed
after 6 hours , showing complete absence of late spermatids from stage
VII of Iebloxd & Clermont's ( 1952 ) classification « The deorease in
size of the tubules leads to slight shrinkage of the boundary tissue (bt),
leaving a wide space ( asterisks ) between the interstitial tissue and
the tubule . : X 250

Fig.l3 High power light micrograph of transverse section of & testis
from an animal injected with 0.5 onm of Mepivacaine.HCl , 4% , and killed
after 6 hours . This shows & marked inorease in the nmumber of step 2 early
spermatids , vhioch may refleot the retarded spermiogenesis . Note the
alwmost oomplete absence of late spermatids and fibrosis ( £ ) which results
from migration of the spermatogenic ocells toward the lumen .

X 250

Fig.14 High power light micrograph of transverse section of a testis
from an animal injected with O.1 om of Mepivacaine HCL , 4% , and killed
after 6 hours . Very few late spermatids are still found within the semini-
ferous epithelium . : X 250

Fig.l5 High power light micrograph of transverse section of a testis
from an animal injected with 0.1 om of Mepivacaine HCL , 4% , and killed
after 6 hours , showing that late spermatids are missing from the semini-
ferous tubule . X 250 )






Plate 6

Figel6 ILow power light micrograph of transverse section of a testis
from an animal injected with 0.5 om of Weplvacaine HCL , 4% , and killed
after 6 hours « The early stages of germ cells are present , including
primary spermatooytes and early spermatids , but late spermatids are
virtually absent from most of the seminiferous tubules . The early sper—
mtids ( spd ) increased in mumber , this lnorease is indicative of reta-

rded spermiogenesis . X 100

Fig.l7 1low power light micrograph of transverse section of a testis
from an animal injeoted with O.l cm’ of Mepivaoaine_HCl , 4% , and killed
after 6 hours . Pyknotic primary spermatocytes ( A ) , giant miltinucleate
spormatids ( B ) , and pyknotic young spermatids ( C ) are evident .
Mature or late spermatide are absent from all the tubules .

X 100

Pig.l8 Iow power light micrograph of transverse section of control testis
of rat showing normal spermatogenic epithelium .
X 180
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Plate 7

Fig.19 Iow power light miocrograph of transverse section of a testis
from en animal injeocted with 0.25 on of Mepivacaine HClL , 4% , and killed
after 24 hours , showing a mderate damage . Seminiferous tubules ocontai-
ning expeocted germinal cells for that stage of the cycle are evident .
Other tubules show a reduced mumber (# ) or complete absence of late

spermatids (% %) . X 100

Fig.20 High power light micrograph of transverse section of a testis
from an animal injeoted with 0.5 om of Mepivacaine HCL , 4% , and killed
after 6 hours , showing a "partially" damaged seminiferous tubule . This
tubule completely lacks spermatids but has some elongated spermatocytes
( arrows ) . X 250

Fige2l High power light miorograph of transverse section of a testis

3
from an animal injeoted with 0.25 cm of Mepivacaine HCl , 4% , and killed
after 6 hours . ' X 400
Fig.22 High power light micrograph of transverse section of a testis
from an animal injected with Q.1 em of Mepivacaine HCl , 4% , and killed

after 12 hours . ' X 250

Both fig.2l1 , and fig.22 show "partially" damaged tubules at
about stage VII of the oycle ( leblond & Clermont , 1952 ) . In these
tubules soms early spermatids displayed oytoplasmic density (arrow heads)
and some migrated .tomrds the lumen(arrows) . After migration of these pyk-
notic and damaged cells , they leave behind grossly vacuolated(V) Sertoli
cell oytoplasm (So). Note that late spermatids are completely absemt from

4ubule in both figures .
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tissue assumed a collapsod and corrugated appearance . The content of such
damaged seminiferous tubules was an amorphous mass which ooloured faintly
pink with PAS-reaction . As oan be seen in plate 8 , £ig.25 , no cells remain
within these damaged tubules other than Sertoli cells and few B-type sperm-
atogonia . The degenerating spermatogenio cells became denser , with disint-
egration of the cytoplasm ( plate 8 , fig. 26 ) . The Sertoli cell cytoplasm
appeared to be vacuolated to the extent of disintegration and in soms cases
the Sertoli ocell oytoplasm had a fibrous appearance ( see also plate 55 ,
fig.101 , ohapter 6 ) .

Degeneratipg late spermatids were occasionally seen . The heads of
most of them were brokern , twisted and detached from the middle piece and

seen embedded in Sertoli cell oytoplasm ( Plate 9 , £ig.27A ) .

During the course of damage , bi- and multinucleate spermatids
( Plate 9 , £ig.27B )were formed by fusion of their cytoplasm ( more details

on the maltinucleate celis in chapter 6 ) .

In one animal only , which had received 0.5 om3 of Mepivacaine-HCl ,
4% solution , and was killed after 10 days , the testes were totally hyali-
nized . Only damaged interstitial cells , boundary tissue and the heads of

late spermatids were atill positively stained ( Plate 9 , fig. 28 ) .

Thus , the testes of rats injected intraperitoneally with different
doses of Mepivacaine~HCl , have been shown to undergo histopathological
changes ; the most dramatic of these changes occurring in the gsrminal cells.
This damnge inocluded :; glant ocell formation by fusion of spermatids and less
6ftan by fusion of spermatocytes ; a decrease in the numbers of spermatocytes

in division ; the loss of normal epithelial characteristics of the tubules ;
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a deorease in the abundance of late spermatids , and the acoumlation of
callular debris . In some oap-phase opermatids , however , the nuclear enve-
lope had an angular profile rather than the usual round outline . The appear-
ance of vaouoles , mostly near the boundary tissue of the seminiferous epith-
elium , was indicative of minor damage , but in the most seriously damaged

tubules only Sertoli colls and spermatogonia were left .
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Plate 8
Pig.23 Iow power light miorograph of transverse section of atrophio
gseminiferous tubules ( asterisks ) from an animal injected with O.25cm3
of Mepivacaine HCl , 4% , and killed after 6 hours . These tubules ocont-
ain no recognizable germinmal elements , but only an amorphous mass of
cellular debris . The boundary tissue ( bt ) was excessively folded .
X 100

Fig.24 1ow power light micrograph of transverse seotion of a testis
from an eniml injected with 0.25 om of Mepivacaine HCL , 4% , amd killed
after 6 hours ."Severely" damaged tubules ( asterisks ) inoontact with
tubules whioh show normal spermtic progression and contain all types of
germiml cells

X 100
Fig.25 High power light micxjogra‘ph of transverse section of a testis
from an animal injected with 0.25 cm of Mepivacaime BCL , 4% , and killed
after 24 hours « An example of the atrophic condition whioch persisted in
many tubules . No germinal cells other than Sertoli cells and very few
spermatogonia espaoislly of B-type ( arrows ) ( upper tubule ) , while
the lower tubule shows Sertoll cells scattered in a flesoy apﬁearing
synoytial-~like mass. Sn, Sertoli cell nuclei

. X 250

Pig.26 High power light miorograph of transverse section of a testis
from an animel injected with 0.5 om of Mepivacaine HCL , 4% , and killed
after 10 days , showing a " severely " damaged tudbule . !I.‘his tubule is
lined by a ring of Sertoli cells and damaged B-type spermatogonia (B-spz).

X 400
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Plate 9

light
Fig«.27A Iow power/micrograph of transverse section of a testis from

an animal injeoted with O.l cmsof Mepivacaine HCl , 4% , and killed
after 6 hours . Different types of cellular damage and sperm heads
were dotectable . The late spermatids ( arrows ) seems to be dead and
are a fow Sertoli oell nuclei ( Sn ) still near the boundary tissue .

X 250

Fig.27TB Low power light miorograph of transverse section of a testis
from an animal injected with 0.25 om of Mepivacaine HCL , 4% , and killed
afier 12 hours . Bimcleate ( b ) and multimucleate cells ( arrow heads )
are evident . Note the thin layer of Sertoli nuclei ( Sn ) based on the
boundary tissue ( bt ) .

X 180

FPig.28 low power light miorograph of transverse section of a testis
from an animl injeoted with 0.5 onm of Mepivacaine HCL , 4% , and killed
after 10 days , showing ocompletely hyalinized seminiferous tubules .
only interstitial muclei , boundary tissue muclei and heads of late

spermtids were positively stained .
: X 100
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RELATION BETWEEN DOSE OF MEPIVACAINE-HClL , TIME AFTER TREATMENT AND TESTICULAR

DAMAGE :

A considerable variation between animals was found within each sample
group , irrespective of dose or time after injeotion , in the degree of damage
found in a particular testis . This made the quantification of the damage caus-
ed by a particular dose difficult . Tubules were scored according to the categ-

ories of damage descibed earlier or as being normal .

Dose 0.l om5 :

-;;-can be seen from table 1 only between about 1 and 54 of tubules
showed severe damage following this dose . It is not possible to argue that
there was & fall in the number of severely damaged tubules after 10 days where
1.06 - 1.06% were so affeocted , for in the group killed after 24 hours only
1.62 - 0.95¢ were severely damaged . " Partial " damage ocourred in some 20%
of tubules ( range 16.99 - 7.5/to 25.56 - 8.66% ) . Statistically significant
fewer ( 5.97 - 4.39% ) tubules showed partial damage after 10 days (P=0.001).
The percentage of tubules showing ¥ slight " damage varied betwween 14.76 -
7.45% ( after 10 days ) and 31.36 - 9.60% ( after 24 hours ) . These percen~
tages are not significantly different . It may be significant that the great-
est number of normal tubules is seen after 10 days , this perhaps reflects

soms ropair to the " partially " damaged tubules .

Dose 0425 cm; :

There is an apparently progressive fall in number of tubules "severely"
damaged with time , from 33.10% at 6 hours to only 8.85% after 468hours , a
further £all ruming to 4.19% after 10 days « It is most likely this is not
repair for it is not possible to repopulate a tubule with germ cells in that
short time ( see Dym & Clermont , 1970 ) . This fall cannot be accounted for

by the tubules regenerating to the extent of their being reclassified as
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" partially " damaged tubules for those tubules show an equivalent rise
in percentage numbers affected . The " partially " damaged tubules show
a similar pattern to that of the O.l c.\m5 groups with 204 to 308 being
found so damaged on the first four sample ococassions , but only 144 after
10 days . The " slightly " damaged tubules also follow a similar pattern
to the 0.l cm3 group . Again the largest percentage of normal tubules was

found in the group 10 days after the injection .

Doge 0.5 cm3 :

As in the previous group it ocould be seen that some decline in the
percentage of " geverely " damaged tubules occurs with time , for it falls
progressively from 17.354 after 6 hours to only 2.524 after 10 days .

However , as there is not enough time for complete repopulation to take

place , nor is there a corresponding inorease in the psroentage of "partially~"
damaged tubules , so it is unlikely that this represents repair of"severelyn
damaged tubules . The percentage of " slightly " damaged tubules has &
similar pattern to that in the Oul om’ amd 0,25 om® dose groups but other-

wise no obvious pattern exists .

It would seem that the degree of damage is so variable within the
10 animls in each sample group , that no firm oonclusions can be drawn of

the process of repair from the original administration of the drug .

With the exception of the apparently fewer " severely " damaged
tubules in the lowest dose group no obvious relationship ocan seen between

the amount or type of damage caused and dose rate .

When larger adult ( 200 - 250 g.) rats were injected with the three
doses in no case was any testis examined that showed damage . It is concl-

ded that this effeot of Mepivacaine-HCl is body weight dependent .
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Table 1

L

The mean number of tubules , as a percentage of the total ocounted ,

showing a form of damage or being normal.

Each sample was of 10 animals and 100 tubules from each

animal were scorsd into the four categories listed.

Mean peroentage of tubules oounted showing the various
ocategories of damage or being normal.
l /s - et
Dose/time severe partial slight normal
0.1 6h. 5.50 ¥ 3,28 |19.43 % 7.48 | 17.21 ¥ 5.65 {57.85 £ 13.T3
12h. 4+64 2 3,37 (16499 £ T.50 | 17.93 T 4.85 | 60.44 T 12.57
' 24h. 1.62 2 0.95 {19.92 £ 6.43 | 31.36 £ 9.68 | 47.25 £ 14.56
% 48h. 5404 ¥ 2,53 |25.56 * 8.66 | 27.94 ¥ 10.78 41.44 % 15.97 |
!; 10 days. | 1.06 £1.06 | 5.97 £ 4.39 | 14.76 £ 7.45 | 78.18 T 11.39 |
| 025 6. [33.10 £ 9.77 |25.32 £ 6,38 | 6.24 £ 2.59 | 35.51 £ 14.80 |
12h. 19.29 T 8.61 132455 £ 7.93 | 22.64 ¥ 6.06 | 25.49 2 10.51
’ 24h. 10,61 £ 5,36 |21.55 £ 5.56 | 18.60 T 5.61 | 49.22 £ 10.83
| 48h. 8.86 ¥ 6.32 [22.12 £ 6,35 | 26.17 % 7.61] 42.77 2 11.45
| 10 days. | 4019 £ 3.61 | 1454 £ 6,00 | 14.66 4,66 66.58 £ 10,50 ?
,
0.5 6he !17.35 * 7,51 |25.29 ¥ 7.27 | 11.64 T 4.13|45.682 13495 |
12h. !14.36 26,35 | 25495 £ 7.21 | 16.06  6.35 | 43.66 £ 12.99
24h. 7.60 ¥ 3.24 | 15.96 £ 7.05 | 12.42 ¥ 4.16| 63.99 * 12,94
48h. 4.49 £ 2,67 | 11.63 £5.27 | 22.71 ¥ 8.26 61.15 £ 12.56
10 days. | 2.52 % 1.46 | 30.47 % 8.95 | 11.33 ¥ 3.58] 55.67 £ 12.05
e
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Histoohemistry :

As shown in fig.29 , plate 10 , the lipids of the testiocular tissue
of adult rats are found in the seminiferous epithelium as well as the inter-
stitial tissue . The lipids are fourd as fine gramlar droplets distributed
through the oytoplaesm of these ocells .

Effect of Mepivacaine-HCl administration on lipid content

The testes from the rate injected with differemt doses of Mepivacaine-
HClL , 4% , showed that the lipids were present scattered within the seminifer-
ous tubules as well as in the interstitial cells . The lipids were seen to be
looated both in the degensrating germ oells and in the Sertoli cells . The
amount of lipids was significantly inoreased over that of testes froum control
rats . It varied from a large amount of lipid gramules to large lipid droplets
( see plate 10 , fige30 ) .

Sertoll cells of treated animals also oontained many large lipid
droplets « .Some lipid droplets were normally presemt in rat Sertoli cells
at oertain stages of the cyole of the seminiferous epithelium ( Kerr and
De Kretser , 1975 ; Fawcett , 1975 ) . The specimens from treated animals
gave the impression of an inorease in the amount of &ﬁoli—oell lipid ,
because drof)lets were present in virtually all the seminiferous tubules .
Some were so closely paoked in cells as to displace other organelles and
indent the muoleus ( see plate 10 , fig. 30 ) .

The electron micrographs in chapter 6 will give more precise ine
formation about the inorease in the amount and size of cellular lipids .
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Plate 10

Fig.29 High power light micrograph of transverse section of a testis
from a control animal to show the normal lipid contents in the seminif-
erous tubules . A smll amount of finely grained lipids is distributed
throughout the seminiferous epithelium and the interstitium .

Sudan Black B , X 250

Fig.30 High power light micrograph of transverse section of a testis
from an animl injected with 0.5 cm of Mepivacaine HCl , 4% , and killed
after 6 hours , showing the appearance of a large amount of lipids rang-
ing from fine lipid gramiles to large lipid droplets .

Sudan Black B , X 250
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Discussion .

After Mepivacaine-HCl administration , especially with a high
dose , 065 om’ ( approximately LD50 ) , deep anaesthesia ocourred rap-
idly and some of the animals failed to recover . Very fow animals suc-

ocumbed at lower dome rates .

Many of the testes of the young adult treated animnls appeared
to be darkly discoloured . This may have resulted from the destruction
of the oapillaries and looal haemorrhage . Bleeding and haemolysis at
the site of injection was described by Ulfendahl ( 1957 ) after using
8% , 16% or 329 solution of Mepivacaine-HCl . This haemorrhagic reaction
was reported also after administration of cadmium to the testis

Morphologiocally , one can guess if the testis is normal or
damged by its size , because there is a marked decrease in weight in

damaged testis .

The histological piloture of the testes from treated animals
varied greatly . In some testes only a few tubules were damaged , other
tubules being normal in appearance . In other testes , however , all the
seniniferous tubules were damaged to some degree . Iarge differences

were seen even between the testes of the same animml .

Since the doses apparently did not differ in their effects
( see table 1 ) and gave more or less the same kind of damage , it was
possible to classify the types of damaged tubules into : " slightly ",

v partially " and " severely " damaged tubules . Vacuole formation



- 45 -

and the absenoce of late spermatids are the features of the " slightly "
damaged tubules . The vaouoles appeared as prominent , large and more
or less rounded . What ocaused vacuole formation is not olear , it could
well be through the exfoliation of damaged cells , or as a result of
acocumulation of fluid foroing neighbouring cells apart . Thus , the
formation of finger-like mprojections can be explained as a result of
the accumilation of fluids near the boundary tissue of the tubules ,
exactly between the first layer of spermatogonia and Sertoli ocells and
the spermatooytes « A8 the acoumulation of the fluid inoreases , the
internal pressure at the site of fluid accumlation will inorease also ,
this might then act to push the boundary tissue , attached spermatogonia
and Sertoli ocells , to form finger-like projections ( see plate 3 ,

figs 6 ) . If the site of fluid acoumilation is located in the middle
of the spitheliium , any internal pressure will act upon all the sur-
rounding cells in all direotions , giving rise to rounded vacuoles ( see
plate 3 , figs 7 ) . Finally , if the site of liquid accumilation lies
near the lumen of a tubule , containing loose or detached cells , the
foroe will push the damaged ocells toward the lumen , and as a result ,
the boundary tissue becomes inverted inside the tubules ( see plate 3 ,
fig. 8 ) .

Similar large rounded vacuoles , near the boundary tissue of the
seminiferous tubules of rat testis , were seen after serotonin admini-
stration by Bocoabella et al. ( 1962 ) and O'steen ( 1963 ) . O'steen

( 1963 ) desoribed these vacuoles as a result of death and resorption of
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of one or more sypermatogenic cells . Oettle and Harrison ( 1952 ) also
reported suoh vacuoles formed as a result of detached cells . In the
rresent study , it was found that , when the germ cells degenerate and
exfoliate , they leave empty spaces at their normal sites . These spaces
will becoms oocupied by Sertoli cell oytoplasm whioh often acquires a
fibrillar appsarance &s in plate 5 , fige 13 . This displacement and
connection of the cytoplasm of Sertoli cells is evident in plate 8 ,
fig.25 and plate 9 , £15.28 ( compare with the figures in plates 2 & 3 ).

In the treated rats , the late spermatids were the cell type
most readily damaged and they were frequently lost and sometimes com-
pletely absent from the tubules . Sometimes , the late spermatids lost
their orderly arrangement in the tubules , were not cast off but appeared
attached to the Sertoli cells oytoplasm at different levels . In these
tubules the correct association of cell typss , which charactorises a
stage , is logst . Osttle and Harrisom { 1952 ) in their studies of the
histological changes produced in the testis by temporery and permanent
ooclusion of the testicular artery , had similar findings , and they
reported that nuolear staining and shaps of these lato spermatids was
maintained for many weeks , and , even after miolear steining was lost ,
the mucleus remained distinguishable for months . Next in order of
sensitivity were the early spormatids ( espeoially stage VII ) whioh
showed different degrees of damage and degemeration inoluding mlti-
mioleate cell formation . The primary spermatooytes wore the next in
order of sengitivity ; they showed a slight effeot , mainly of morpho-

logioal changes suoh as elongation , detachment , and exfoliation from
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their normal position into the lumen of the tubules . Ocoasiomally

bi- and mltimucleate cells were formed as a result of their fusion.
In most instances the spermatogonie and Sertoli cells were entirely
unaffeocted , except for slight displacement associated with tubular
shrinkage . The degenerative reaction of spermatogonia appeared to be
an " all or none " response , since spermatogonia in the treated testis
were elther entirely normal histologically or were completely absent

( espeoially with A~type spermatogonia ) .

These results indiocated that in rats , administered Mepivacaine-
HCl1 , germ ocells developed up to early spermatid stages and then began
to degenerate and die . This finding was in accord with most of the
light mioroscopic studies , and indicated that late spermatids were

the most severely depleted stages .

In both the " partially " and " severely " damaged tubules ,
the boundary tissue showed marked thickening and the proportion of inter-
gtitial tissue was apparently inoreased , probably due to the relative
deorease in tubule diameters as a result of drug administration .
Severe damage to the cells of interstitial tissue was seen only in one
testis , whioh was totally hyalinized .

Many extremely large lipid droplets were present in the semini-
ferous epithelium of the treated animals as well as in the interstitial
cells . An inorease in lipid content is ocharacteristic of conditions in
which spermatogenesis is disrupted . It has been reported following

oryptorchidism , hypophysectomy , local heating , and oestrogen treatment



- 48 -

( Fans and Rosenbloom , 1911b; Lymch and Scott , 1951 ; lacy , 1962 ;
Iacy and Iofts , 1965 ; Collins and Iaocy , 1969 ) and testiocular femini-
zation syndrome ( Chung , 1974 ) .

It has been reported that when germ oell development is sup-
pressed by treatment with oestrogenic hormones { ILacy and Iofts , 1965 )
or when they are totally destroyed by high doses of lonizing radiation
( 180y , 1962 ) large amounts of lipids / sterols acscumulate in the

Sertoli oells .

Idanpaan-Heikkila ( 1966 ) has stated that exposure to a tem-
perature of 44 C for 20 minutes caused an inorease in the lipid ocontent
of the Sertoli cells and that large lipid droplets appeared in the cells

Colling and
based at or near the boundary tissue . Also,/ Lasy ( 1969 ) reported
that there was olear evidence of degensrating germ cells , resulting
from a single exposure to heat ;, being phagocybtosed by Sertoli sells

which ocaused an inorease in the lipld content of Sertoli cells .

In general , the lipid fraotions tend to increase as the testis
is devoid of spermatozoa and testioular fluid ( Johnson , 1976 ) . In
vas deferens ethanol injected rats , the total lipids increased signif-
icantly in the testis as it became devoid of spermatozoa and filled with

degenerating germinal elements ( Dixit et al., 1976 ) .

The inocrease in 1lipid in the testes of treated animals might be
acquired from the cytoplasm of ingested germ ocells . This is thought to
be the cause for the appearance of lipid in Sertoli cells at stage IX

of the normal oycle of the seminiferous epithelium . Altermatively , the
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acoumilation of lipid oould be due to an alteration in the metabolism
of the Sertoll ocells themselves in the presence of the drug , because
lipid acoumlation is & well known pathological change that ocours in

many cells under a variety of deleterious conditions ( Robbins , 1974 ).

As already shown from the results , the damage occurring after
Mepivacaine-HCl injeetion is clearly different from that after sorotal
heating . The cells most sensitive to heating were the primary spermato-
oytes ( stage IX and XIV ) and step 1 spermatids ; while older spermatids
were more resistant ( Steinberger and Dixon , 1959 ; Collins and Iacy ,
1969 ; Chowdhury and Steinberger , 1970 ; Parvinen , 1973 ) . In the
rresent study primary apermﬁtooytes were lost from some tubules and some-
times their cytoplasm showed marked elongation , but there was no evidence
for the loss of step 1 spermatids . It was , instead , the older genera-
tion of spermatids that was most frequently lost , particularly in tubules
III - V of the oycle . In this respect the damage also differs from that
following ischaemia ( Steinberger and Tjioe , 1969 ) .

Glucose is an essential requirement for the proper functioning
of the testiocular tissue ( Setchell and Waites , 1964 ) and its depletion
in the blood supply together with a decrease in the availability of
oxygen has been suzgested as one of the main causes of testiocular failure

when the testis is exposed to elevated temperatures .

Dutt et al.( 1977 ) , reported that , after exposure of rams to
elevated temperature for 7 days , blood flow to the testes decreased
significantly ; the wall of the spermatic artery in the middle region of

the pampiniform plexus was 62 per cent thicker , and the area of the
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lumen was reduced by 48 per cent . They conscluded that the reduced
blood flow to the heated testis was associated with a thickening of the
wall and a reduotion in size of the lumen of the spermatic artery in the
panpiniform plexus , this reduction of blood flow to the testis being

responsible for impaired spermatogenic funoction .

Some pathological changes in the testis due to injection of
mrogestin and androgen into rats ( Flickinger , 1977 a ) were similar
to damage oaused by Mepivacaine~HCl injection , while others were dif-
ferent . The similarity in damage of the two agents is that in both of
them many degensrating or necrotic spermatids of the cap-phase ( approx-
imately stages 6 - 7 ) and later were present . late spermatids of the
acrosome and maturation phases were rare . Some nsorotio spermatids were
surrounded by Sertoli oells , and parts of spermatids lay within the
oytoplasm of Sertoll cells . Many large lipid droplets ware also present
in Sertoli oells of both treated rate .

On the other hand , Flickinger ( 1977 a ) reported that in the
progestin and androgen injected rats , spermatogonia , spermatooytes
and early spermatids were abundant and did not show ultrastructural
changes , while in Mepivacaine-HCl injected rats , it was found in this
study that apermatogonia , spermatocytes and early spermatids ( until
step 5 ) were slightly affected mminly in the oytoplasmic organelles
such as mitochondria and Golgl apparatus | see ohapter 6 ) .

The injurious effeot of S5-hydroxytryptamine ( Boccabella et al.,

1962 ; O'steen , 1963 ; Kormano et al., 1968 ) and histamine
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( O'steen , 1963 ) on rat testes has been reported . These authors found
that the seminiferous tubules showed degrees of degeneration ranging

from a rather minor change , such as pyknosis of spermetogonial cells in
an otherwise normal tubule , to a striking absence of all cells , except-
ing a single outer layer . Also , there was sloughing of the spermatogenic
epithelium and formation of degenerated mltimucleate giant cells . They
pointed out that these degenerative changes did not ocour at any specific
step of spermatogenesis , but in some tubules it was the cap phase sperma-
tids that were degenerated . The spermatogonia seemed to be the germ cells
-most resistant . The boundary tissue of the tubules was thickened

and the proportion of interstitial tissue was inoreased . Severe damage

to the celis of interstitial tissue was seen only in one testis , which

was totally hyalinized .

The result of the present investigation shows that the injurious
effeot of Mepivacaine-HCl is similar 4o that of 5-hydroxyiryptamine and
histamine . Also , the pathological changes in the testis of Mepivaocaine-
HCl treated rats are morpholocically identiocal to those described follow-
ing the ooolusion of the testioular artery in rats ( Osttle and Harrison ,
1952 ) .

Boccabella et ale ( 1962 ) conoluded that 5-hydroxytryptamine
injury to the testis resulted from reduced dblood flow , because the
simltaneous administration of vasodialator prevented the testis damage .
The result of Kormano et al. ( 1968 ) supported this hypothesis as they
found no evidence for 5-hydroxytryptamine penetration into testicular
tissue and they also conoluded that temporary ischasmia was the most

likely cause of the injury .



- 52 -

Otsteen ( 1963 ) considered that such agents as 5-hydroxytrypte
amine and histamine would be too rapidly metabolized to have a long
enough effect on bdlood flow through the testes to cause injury . Instead
he suggested that such drugs may act indirectly through a neurotoxic

effect on the endoorine systenm .

On the other hand , S5-hydroxytrypbtamine and higstamine are olassi-
fied as hormones , frequently have similar pharmacological effects as
evidenced by studies on vascular permeability ( Majno and Pelade , 1961 ;

Majno et al., 1961 ) and vasoconstriotion ( Haddy , 19568 ; Haddy et al.,
1959 ) .

Cross and Silver ( 1962 ) and Waites and Setchell ( 1966 ) have
drawn attention to the extreme sensitivity of spermatogenesis to reduced
blood flow . Mepivacaine~HCl is reported to have vasoconstrictor effects
( Aberg and Adler , 1970 ; Aberg and Anderson , 1972 ; Aberg and
Wehlstrom , 1972 ; Dhuner et al., 1972 ) , and it may therefore cause
suffiocient ischaemia to impair spermatogenesis . However , although the
effeots of temporary ischaemia , as reported by Oettle and Harrison
( 1952 ) , apparently resemble those caused by Mepivacaine~HCl injection,
the more detailed acocount of the response to ischaemia by Steinberger and
Tjioe ( 1969 ) differs significently from the effect of Mepivacaine-HCl

described here .

According to the findings of Cross and Silver ( 1962 ) ; Waites
and Setchell ( 1966 ) and Dutt et al.( 1977 ) , beside our knowledge that
Yepivaocaine-HCl has vasoconstrictor effects , we can report that the inju-
rious effect of the administration of Mepivacaine-HCl , 4% , intraperito-

neelly is probably due to reduced blood flow to the testis .
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Chapter 4

Effect of single low doses of Mepivacaine-HCl on
the histology of the testis

Introduotion ;

Since the three high doses of Mepivacaine-H(C1 used in chapter
3 ( 0sl , 025 & 045 cm5 ) were not different in their effeots on the tes-
tes , it was deoided to look at lower doses to try to determine the minim-
un dose at which Mapivacaine-HCl causes damage to the testis .

Bothods

o Both control and expsrimental rats ( groups D & E ) were killed
after 24 and 48 hours . The testes were removed , fixed in Bouin's fixative,
embedded in paraffin wax and sectionad at 5um . The sections were stained

with Mayer's haematoxylin and eogin ;, as was degoribed in chapter 2 .

Results ¢

HISTOLOGICAL APPEARANCE OF THE TESTIS :
1- 0.0 cms, Mepivacaine-HCl , 4% , injeoted group :

The animals killed 24 hmirs after receiving 0.05 <;m3 of
Mepivacaine-HCLl ( 44 solution ) showed testis damage which was mainly of
the " slight " type . Some tubules contained clear rounded vacuoles based
near the boundary tissues , others showed that late spermatids were either
absent or few in mumber . Tubules with a ocomplete spermatogenic epithelium
were found together with these slightly damaged tubules ( see plate 1l ,

£ig.3l ) .
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Fourty-eight hours after a single injeotion with 0,05 mn3 of
Mepivaocaine-HCl , 4% solution , exfoliated degenerating spermatosytes and
late spermatids appeared in the lumen of soms tubules which were otherwise
more or less normal . " Slightly " damaged tubules similar to those de-
soribed after 24 hours were also evident ( see plate 11 , figs.32A & 32B ).

2- 0,05 ow, Mepivacaine-HCL , 2% , injected group s

Most the geminiferous tubules of the testes from the animals which
received 0.05 om’ Mepivecaine-HCl , 2% solution , and were killed after 24
hours showed " slight " damage  This mainly took the form of tubules with
norml appearance except that late spermatids were migsing . In some tubules
also young spermatids tended to exfoliate . Thers were also some normal
tubules present ( see plate 12 , figs. 33 & 34 )

" Slightly " and " partially " damaged tubules inoontaot with normal
tubules could be found 48 hours after a single injeotion with 0.05 e'_n.3
Hopivacaine-HCl , 2% solution . In both " slightly " and " pertially "
damged tubules , vacuoles arose olose to the dboundary tissue , and some
slightly damaged tubules showed marked exfoliation of the early spermatids
( see plate 13 , figse 36 & 37 ) »

The effect of these single low doses of Mepivaocaine-HCl on testes
was quantified in table 2 « In no case any " severely " damage tubules

wore soen .

The " slight " damage caused to the testes afier intraperitonsal
administration of Mepivacaine-HCl , 2% with a dose of 0005 om5 oan be seen
by the fall in numbers of normal tubules from 70.83 - 2.51% after 24 hours
to 61l.16 - 3.89% after 48 hours « Also , the psroentage of tubules
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Plate 11

Fige.31 low power light micrograph of transverse section of a testis from
an animl injeoted with 0.05 on of Mepivacaine.HCl , 4% , and killed after
24 hours . The damage is restricted to the " slight " type only , which
comprises both vacuolation ( v ) and tubules where late spermatids are

absent (#» ») « Also normal tubules are evident (») . X 100

Fig.32A4 Iow power light miorograph of transverse section of a testis from
an animal injeoted with 0.05 onisof Yepivacaine HCl , 4% , and killed after
48 hours. Tubules without late spermatids (e ») and seminiferous tubules
containing exfoliated degenerating cells in the lumen , are the most chara-
oteristio feature of the sections . X 100

Fige32B High power light miorograph of transverse section of a testis
from an animl injected with 0.05 om of Mepivacaine.HCL , 4% , and killed
atter A8 hours . The lumen of a seminiferous tubule is full of exfoliated
pyknotic cells . Note a small vacuole inside the seminiferous epithelium.

X 250
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Plate 12

Fige33 1low power light micrograph of transverse section of a testis
' 3

from an animal injected with 0.05 cm of Mepivacaine.HCl , 24 , and

killed after 24 hours . All the seminiferous tubules show " slight *

damage , mainly the absence of late spermatids .

X 100

Fig.34 High power light mierograph of transverse section of a testis

from an animl injeoted with 0.05 om of Mepivacaine.HCL ,.2% , and

killed after 24 hours . A se:_i:iniferous tubule illustrating relatively

few late spermatids with a few exfoliated young spermatids ( arrows ).
| X 100

Fig.35 High power light miorograph of transverse section of a testis
fron?oontrol animal) injeoted with 0,05 emzof glucose carrier medium
intraperitoneally and killed after 24 hours . The seminiferous itubules
show normal spermatogenic progression and oontain all types of germinal
epithelial cells .

X 400
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Plate 13

Fig.36 Low power light miorograph of transverse seotion of a testis
from an animal injected with 0.05 om3 of Mepivaoaine-ncl s 2% , and
killed after 48 hours . Note that " slightly "slt)lamged tubule(s) are
found adjacent to normal tubules ( N ) « The " slight " damage is mainly
of tubules with only the late spermatids miseing with very few exfoliated
ocells ( arrows ) .

X 180

Fige37 Low power light micrograph of transverse seotion of a testis
from an anima)l injeocted with 0.05 cnn3 of Mepivacaine-ACl , 24 , and killed
after 48 hours . Both " partially " ( P ) amd » slightly " ( S ) damaged
tudbules are evident . Note the vaouolation ( V ) near the boundary tissue
in the slightly damaged tubules .

X 180
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Table 2

Bffect of a single low dose of Mepivacaine-HCL

The mean mamber of tubules , as percentage of the total counted ,

showing a form of damage or being normal.

( Bach sample was of 5 animals and 100 tubules were scored into the)

( )
( four categories listed . )
PIFIINIIIIGNY
L T
Dose severe partial slight normal
| e ;@:—7

0-0501:13 2% 24h. .
o.osom3 2% 46n. |

37069 x 4455 62-29 x 4.23
12.25 £ 2,00 | 41.33 £ 5.22 46.42 £ 4.83

o.osmn3 44, 24h. —— ——— 29.16 £ 2.52 70.83 £ 2.51
°~=05<=m3 4% 46n. —— — 39.22 & 2.82 61.16 & 3.89 |t

— B | S R B
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n glightly " damaged increased from 29.16 - 2.52% after 24 hours t0 39.22 .
2.82¢% after 48 hours .

The animals receiving 0.05 om3 of Mepivaocaine-HCl , 2% solution ,
showed a slight inorease in the degree of damage over those receiving
0.05 mu3 s 4% solution . The numbar of the slightly damaged tubules were
not significantly different at 37.69 - 4.55% after 24 hours and 41.33 =
5.22% after 48 hours . Also , the mumber of normal tubules showed a slight
deolins to 46442 - 4.83% after 48 hours from 62.29 - 4.23% after 24 hours.
On the other hand , 12.25 = 2.00% " partially " damaged tubules appeared
after 48 hours of intraperitoneal injection with 0,05 ow’ of Mepivacaine-
HClL , 2% solution .

Also , in case of the 4% solution , the damage appeared to inorease
with time , there belng 29.16 - 2.52¢4 " slightly " damaged tubules 24 hours

after treatment na compared to 39.22 = 2.82% after 48 hours .

Discussion

The damage caused after intraperitomeal sdministration of 0.05 om
of Mepivacaine-HCl , 24 and 4% solution was mainly of " slight " type .
This form of damage included both vacuolation and .tubules in which the late
spormatid stage was absent . This damage remresented the least damage caused
to the meminiferous tubules of the treated animals by Mepivacaine-~HCl
injeotion .

Vaocuolation also occurred after the administration of a single dose
at three higher doses as desoribed in ohapter 3 , but the wvacuoles were
larger in size and found with greater mumbers than appeared in the tubules

desoribed in this chapter .
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The quantitative data show that the " slightly " damaged tubules
in animals which received 0.05 cm3 Mepivaoaine~-HCl , 24 solution , inoreased
from 37.69 ~ 4.55% after 24 hours to 41.33 - 5.22% after 48 hours , whilst
the normal tubules decreased in rumber to 46.42 = 4.83% after 48 hours
and from 62.29 - 4.23% 24 hours after injection . Another type of damage ,

the " partial " type , was found only in the 48 hours group .

In the other group of animsls whioh received 0.05 mn3 of Mepivacaine -
HCl , 4% solution , the " slightly " damaged tubules inoreased from 29.16 -
2.52% after 24 hours to 39.22 = 2.82% after 48 hours , whilst the. mean
porcentage of normal tubules fell from 70483 -~ 2.51% after 24 hours to
61.16 - 3,899 a;fter 48 hours « No " partially " damaged tubules were found.
The inorease in the number of " slightly " damaged tubules may reflect a

delay in the appearance of damage as a result of drug administration .



@lwuptet o



Chapter 5

Effect of repeated doses of Mepivacaine-HClL on testes

Introduction :

The effeot of Mepivacaine-HCl at three different high doses and at
a single low dose on the histological appsarance of the rat testes has been
investigated in this study , using both the light ( chapter 3 & 4 ) and ele-
otron ( chapter 6 ) mioroscope . This study shows that the testes undergo
histopethological changes .

A few workers have shown that repeated insults to the testes result
in an acoumlation of the damage . e.g. Bowler ( 1972 ) .

The aim of these experimsnts was to see if repeated doses of Mepiva-
ocaine~-HCl caused an acoumlation of damage at each dose and / or if a diff-

erent type of damage ooourred .

¥othods :

The experimental rats were injected from one to five times with
Mepivacaine-HCL . A twenty-four hour period was allowed between each suoc-
essive injection . Both experimental and nontrol rats were killed 24 hours
after the first , second , third , fourth and fifth injection .

The left testis was removed , freed from connective tissue and blood
vessels and weighed . The right testis from each animal was cut into half
through the equator and fixed in Bouin's fixative . The tissue was embedded
in paraffin wax and sectioned at 5um . The sections were stained with haem-

atoxylin ( Mayers ) and eosin , as was desoribed in chapter 2 .



Results

ORGAN WEIGHTS 3
The ochanges which ooccurred in the testis and seminal vesiole

weights in response to Mepivacaine-HCl administration are shown in table 3
and 4 .

was
In the ocase of the testes , only the left testia / Weighed and its

weight expressed as gram testis / 100 g. body weight .

As oan be seen , a significant and progressive inorease in bdody weight
ocourrad in the experimental animals as compared with the oontrol animals

during the course of the experiment .

The effect of the drug on the testis ocan be seen by a progressive fall
in testis weight / 100 g. body weight ; after 5 doses of llepivaca.ina-l!cl this
had fallen to 0.3296 - 0.0308 from 0.5093 - 0.0242 g./100g. body weight
( 2=0.,001 ) « During this period the testis of control rats had remained
at about 0.5 g./10C g. body weight .

In both control and experimental animals the seminal vesiocle weights
( 2+/100 g« body weight ) were variable and showed no overall pattern . In
the experimental group there was a tendency for seminal vesicle weight to
increase during the treatment ; this was also apparent in the conirol animals
but the inorease was not so marked , and the values obtained were more varia-

ble ®

1t wag oconcluded from the results obtained in this chapter , that

Mopivacaine-HC1 injection had no obvious effect on seminal vesicle funotion.
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The effect of application of ropsated low dcses of Mepivacaine-HCl on mean
body and mean loft testis weight and standard error of
young adult male rats weighing 120-130 g.
at the beginning of the expsriment
( Dose rate O.l cmB_of a 4% Carbocains solution )

90009929903 ¢0 9

F
Body weight of | Body weight ' | Aotual testis wt.| Actusl testis wt./| testis weight testis weight
control animsls| of experimental of control of exparimental of control of exparimental
g | animals animals. animls ' animals animls
: e g- ; g. I g.-/100g. b.wt. g-/100g. bewt.
1l dose 129033 : 1097 128.21 z 2061 007727 4 0.029 0.6530 b+ 0.032 0'5975 X 0.022 0.5093 b4 O.Q42
2 doses []132.84 z 333 136,84 = 2-46 0.TAT2 r 4 0.053 006467 b4 0.049 005625 b 0.051 0.4658 E 4 0.0426
3 doses || 133.01 ¥ 3.95 143,67 £ 3.09 0.7192 % 0.045 0.5926 £ 0,047 0.5407 % 0.070 0.4125 £ 0.0310
4 doses [137.42 2 4.05 170.41 2 4.02 0.7109 % 0.048 0.6269 * 0,059 0.5173 T 0.042 0.3679 £ 0.0434
5 doses || 142.66 £ 4.22 162.12 % 3,03 0.7006 * 0,098 0.5343 * 0,070 0.4911 £ 0,048 0.3296 £ 0,0308
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The effect of application of repsated low doses of Mepivacaine-HCl on mean body
and mean seminal vesicle weight and standard error of
young adult mle rats weighing 120-130 g.at
the bagimning of the axpsrimsni
( Dose rate 0.l o of & 44 Carbooaine solution )

&

s e—————————

— ettt Y
i

: E i S.V.Wt/lOOg b-“ -‘
ight of ! Body weight Actual S.V.weight| Actual S.V.weight|| S.V.wt/100g b.wi!
E:izr::fnin:].sl of experimental of norml | of experimental of oontrol .| of experimental
animals animals ) animals animls animals
& ' g g./100g b.wt. g-/100g bewt.

m;,,@rmm__ﬁ

128.21 % 2.61 0.0655 * 0.007 0.0709 * 0.001 0.0530 £ 0,005 0.0548 £ 0.006

g

129.33 £ 1.97
2 doses [ 132.84 £ 3.33 136.84 X 2.46 0.1318 * 0.028 | 0.0801 * 0.020 | 0,0989 ¢ 0.014 0.0655 * 0.013

3 doses [ 133,01 £ 3.95 143.67 * 3.09 0.0819 * 0.018 0.0885 * 0.019 0.0648 £ 0,010 0.0665 £ 0,013
4 doses || 137.42 £ 4.05 170.41 % 4.02 0.1965 £ 0.044 0.2092 * 0.038 | 9.1430 % 0,009 0.1523 £ 0,022
142 .66 £ 4.22 162.12 = 3.03 0.1702 £ 0.010 0.1870 % 0.072 0.1193 £ 0,009 0.1311 = 0.025

== e
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HISTOLOGICAL APPEARANCE OF THE TESTES :

1l- Ons dose group

Twenty-four hours after administration of O.l om3 Mepi~
vacaine~HCl ( 4% ) , the seminiferous tubules did not show any changes in
the tubule slze ( diameter ) amd their boundary tissue was apparently
normal without any shrinkage or damage ( plate 14 , £fig.38 ) . The tubules
oontained a smll number of pyknotic late spermatids , some of which fused
together to form mltinmuoleate giant cells « The heads of these pykmotic
late spermatids becams more or less rounded or shrank into a olumped mass
of ohromatin instead of having their normal siockle-shape appearance (plate
14 , fige 39 ) . The primary spermatooytes showed detachmsnt from each
other and tended to exfoliate together with early spermatids . Both sperm~
atogonia and Sertoli cells appeared unmaffeoted ( plate 14 , £igs«38 & 39 ).

2- Two dose group 3

As in the previous group of animals , the seminiferous
tutules did not show any ohanges in the tubule size or in the appearance of
the boundary tissue . The main charaoteristio feature of damage in these
tubules was the complete absence of late spermatids . Also , soms early
spormatids had central vesicles , with an increased concentration of chro-
metin on the muolear membranes j; others becams denser , rounded-off and
detaoched , whilst a few of them were fused to form multinuoleate cells
( see plate 14 , figs. 40 & 41 ) . Also , very few primary spermatooyte
mltinuoleates were present . The tubules asquired some vaouoles near the
boundary tissue ( plate 14 , fige 40 ) . The spermatogonia and the Sertolil

colls appeared unaffected and the interstitium showed no obvious changes.



3~ Three dose group i

The changed described in the previous two groups oococurred
here also , but were more obvious . The multinucleate cells increased mark-—
edly in number after three successive injéctions + Some of them were obvis
ously derived from fused early spermatids . These cells sometimes appeared
to have a dark or ragged oytoplasm , and these early spermatids had chromatin
orescents in their miclel ( see plate 15 , fige. 44 ) « Soms seminiferous
tubules wore filled with neorotio exfoliated ocells ( see plate 15 , fig.42 ).
Mmny tubules of the testes appeared to be " partially " damaged .

4~ Four doae group :

The seminiferous tubules showed a marked inorease in
numbers of " partially " damaged tubules ( see table 5 ) « Purthermore ,
some " severely " damaged tubules were found . In " partially " damaged
tubnles , vhich were most prominemt , there was & marked increase in the
mumbers of tubules with preleptotene spermatooytes and & complete loss of
both early and late spermatids ( see plate 16 , figs. 45 & 46 ) . The tubule
diameter deoreased slightly , and all tubules were free of debris . The
mrimry spermatocyte layer tended to exfoliate , and as a result complete
portions of the seminiferous tubules appeared empty from all the spsrmato-
genic eopithelium , except for spermatogonia and Sertoli cells ( see plate
16 , fig. 46 ) « The Sertoli cells appeared with ragged cytoplasm and occa~
slonally contained large vacuoles .

Few seminiferous tubules showed " severe " damekge , in these
tubules only Sertoli cells and spermatogonia remained ( see plate 16 ,
£ige 46 )
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Plate 14

Fig. 38 , £ig.39 Iow power and high power light micrographs of
transverse section of a testis from an animal injected with 0.1 cmg _
of Mepivacaine HCl , 4% , and killed after 24 hours . Note the slight
deorease in the number of early spermatids ( spd ) « The p'&knotic late
spermtids fuse together to form multimucleate cells ( LSY ) «+ The
rimry spermatvocytes ( arrows ) detach from one another and tend to

exfoliate . ' Fige38 : X 100 ;
Pig.39 : X 250 .

Fig.40 Iow power light miocrograph of transverse section of a testis
from an animal injected with two successive 0.1 cmsinjections of Mepi-
vaoaine HCl , -4% , 24 hours apart and killed 24 hours after the last
injec't;ion s Few mltinucleé.te cells are formed , mainly from early
spermtids ( arrow heads ) . Tubules with vaocuoles (V) near the boundary
tissue are evident . There is also a marked lack of late spermatids in

almost all the tubules . X 100

Fig.4l Light miorograph of tramefse section of a testls from an
animal injected with two successive 0O.l cmsinjeotions of Mepivacaine_HCl ,
4% , 24 hours a.pa..rt and killed 24 hours after the last injection . Note
the absence of late spermatids , exfoliated cells ( arrow heads ) and

the marked deoresss in the number of early spermatids in the seminife-

rous tubules ( arrows ) . X 100
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Plate 15

Fige.42 1ow power light miorograph of transverse section of a testis
from an animnl injected with O.l on-of Mepivacaine HCl , 4% , 3 suococe-
ssive injections , 24 hours apart and killed 24 hours after the last
injeotion « Almost all the seminiferous tubules show "partial" damage
(p) and some of them are filled with necrotio exfoliaied cells ( arrow

heads ) . X 100

Pig.43 Low power light micrograph of transverse section of a testis
from an animal injected with O.l em of Mepivacaine_HCL , 4% , 3 succe=
ssive injections , 24 hours apart and killed 24 hours after the last

injection . Some mltinucleate cells ( arrows ) appear to be formed by
fusion of early spermatids , others of late spermatids . Note complete

loss of late spermatids from all the tubules . X 100

Fig.44 High power light miorograph of transverse section of a testis
from an animl injected with Ol om of Mepivacaine HCL , 4% , 3 succe-
ssive in:)eé.tions s 24 hours apart and killed 24 hours a.ftef the last

injeotion . Note the fusion of early spermavids leading to the formation
of miltinuoleate oells which sometimes have & dark ( D) or a'ragged!

cytoplasm ( R ) » X 400
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5~ Five dose group :

The seminiferous tubules of rats receiving five injections of
Oel om3 of Mepivacaine~HCl , 4% , 24 hours after the last dose showed
still more severe damage . These tubules contained different types of
tubule damage :; the " partially " damaged tubules appeared to have a larger
nmumber of multinuoleate cells mainly formed by the fusion groups of up to
15 early spermatids ( see plate 16 , fig. 48 ) « Also , a marked inorease
in the mumber of preleptotene spermatooytes was evident ( see plate 16 ,
figse 47 & 48 ) . The primary spermatooytes tended to exfoliate and , as
& result of this exfoliation , a " severely " damaged tubule remained ,
which showad & well-marked single layer of Sertoli cells and pyknotio
gern oells mainly of spermatogonia . The Sertoli ocsll oytoplasm acquired

vacuoles and had a fibrous appearance ( see plate 16 , fige 47 ) .

The effect of these repoatsd doses of Hepivacaine-HCl on the testes

wes quantified in table 5 .

The acoumlative nature of the damage inourred is obvious . The
mean peroentage of tubules " severely " damaged rose from 0s57 = 0.57%
after one dose to 45.0L - 9.19% after 5 doses « The psrcentage of tubules
" partially " damaged inoreased dramatioally from 19.9 -~ 5.75% after one
dose to 46439 - 6.45% after 3 doses and remained at about that level with
the two suoccessive doses . In contrast the numbers of " slightly " damaged
tubules fell with each successive dose from about 304 after each of the
first three doses to be only 3.03 = 1.8% aftter the final dose . The numbers
of normal tubules showed a similar deoline so that only 2.02 - 2.01% were
normal after the fourtn dose and no normal tubules were evident after the

f£ifth dose .
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Plate 16

Pige.45 low power light miorograph of transverse section of a tesitis
from an animl injected with 4 successive O.l om3 injections of Mepive-
oaine HCl , 4% , 24 hours apart and killed 24 hours after the last
injection . Note the marked increase in the mumbers of the preleptotenc
spermetooytes ( arrows ) « The primary spermatocytes ( asterisks ) tend
to exfoliate . X 100

Fig.46 low power light miorograph of transverse seotion of a testis

from an animal injected with 4 successive 0.l om:i injeotions of Mepivacaine-
HCL , 4% , 24 bhours apart and killed 24 hours after. the last injeoction .
This figure also shows the inoreased mumber of preleptotene spermato-
oytes ( arrows ) and that the primary spermatocytes tend to exfoliate .
Some tubules show " severe " damage (SV) , in these tubules only Sertoli
cells and pylmotic spermatogonia are left . X 100

Pig«47 low power light miorograph of transverse section of a testis
from an animal injected with five suocessive injections of Mepivacaine-
HCL , 4% , 24 hours apart and killed 24 hours after the last injection.
st tubules show "severe" damage (Sv) and a few of them still show a
marked increase in the number of preleptotene spermatooytes ( arrows ).
The Sertoli cell oytoplasm contains vacuoles and has a fibrous appearance
(£) » X 100

Pig.48 1Iow power light miorograph of transverse section of a testis

from an animl injected with five suocessive O.l on injections of Mepiva~
caine HCL, 4% , 24 hours apart and killed 24 hours after the last injection.
Note a marked accumulation of early spermatid multinucleates (arrows) and
vacuolation (v) amd the seminiferous epithelium reduced to only 2 or 3

layers of cells . ' X 100
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Table 5

Bffect of repsated doses of Mepivacaine-HC1l

The mean number of tubules showing a form of damage or being norml,
expressed as a parasentage of total mumber counted and
gtandard error .
100 tudbules were ocounted for each of the eight animals

in the ocontrol and experimental groups .

=¥
Dose severe partial slight normal

0ol 1 dose 0,57 £ 0.32 | 19.90 £ 5,75 30,08 T 8.13 49.43 £ 12.43
2 doses | 2.63 ¥ 1.58 | 30.91 ¥ 9.48 30.02 ¥ 6.66 28.42 £ 5.49

3 dosos || 15.47 % 4.94 | 46439 ¥ 6.45 28.54 ¥ 7.65 857 £ 3.54
4 doses || 28.47 £ 5.56 | 56.84 &£ 6.07 12.20 ¥ 4.69 2.02 £ 2,01
5 doses || 45.01 ¥ 9.19 | 43.05 ¥ 7.46 3,03 £ 1.80 o t o

=
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Discussion :

BODY AND ORGAN WEIGHTS :

The body weight of the animals receiving successive injections of
Oel cm3 of Mepivacaine-HCl , 4% , showed & significant inocrease from 128.21 -
2461 g+ in the one dose group to 162.12 - 3.03 g. in the five dose group .
This inorease in the animals ' bYody weight could be due to the marked ine
orease in their appetite aftter drug administration .

The fall in the testis welght of the experimentel animals ( table 3 )
was clearly the result of the repeated Mepivaocaine~HCl injections and was
cauged by the rise in the proportion of tubules " severely " or " partially "
damaged ( table 5 ) «

Seminal vesiole weight has been widely used as an indicator of the
lovel of androgen output and thersfore of the level of interstitial cell
funotion « The faot that , in the present study , the semiral vesicle weights
did not differ significantly from controls , even in the rats receiving five
suocessive injections of Mepivacaine-HCl , suggested that interstitial ,
funotion was umaffeoted by administration of Mapivacaine-HCl . This was
confirmed by the observation that experimental animals snowed no loss of

1ibido &nd displayed normal sexual behaviour with females .

HISTOLOGICAL APPEARANCE OF THE TETES 3

It is clear from table 5 , that there was a marked inocrease in
nunber of both " partially " and * severely " damaged tubules with the
repeated application of Mepivacaine-HCl . The corresponding deoline in the
numbers of both normal and " slightly " damaged tubules means that the

" severely " damaged tubules were recruited from the less damaged group
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following each application . Thus the marked inorease in " geverely "
demged tubules was due to extensive loas of germ ocells from both "slightly~
and ¥ partially " damaged tubules and the inorease in " partially " damaged
tubules resulted from the loss of germ cells from both normal and "slightlyv
damaged tubules .

The appearance of the few mumbers of late spermatids with their
tendency to form multimicleate giant ocells after a single dose ; the presence
of only few late spermatid multinuocleates after the second dose and the
abgence of both late spermatids a.nd. their miltinuoleate bodies after the
third and successive doses , to the oomclusion that the multimocleate giant
cells were mainly formed after 2 doses and were derived from late spermatids
which were still found in the tubules after one -dose o The complete disap-
pearance of late spermatids after that could be due to the failure of early

spermatids to develop further »

Early spermatids were still present in tubules after ons dose .
They became less abundant and had the tendency to form mltimcleate giant
cells after the second and third dose « By the fourth dose , very few early
spermatids remained . After five doses , there was a marked inorease in
mltinucleate bodies formed from early spermatids . Thus the depletion of
early spsrmatids seen to ocour with successive doses resultad from the
formation cf multinucleate bodies as well as from exfoliation . Moreover ,
most probably their formation from division of secondary spermatocytes was
also impaired .

Some primary spermatocytes were seen to be detached from each other
following tho first dose . The number of primery spermatocytes so affected

inoreased with the second dose and these cells were seen to exfoliate .
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After the third dose , most of the primary spermatocytes were lost from
the tubules , and at the same time there was a marked increase in the
preleptotene spermatooytes were found after the fourth dose . After the
f£ifth dose , some tubules showed marked loss of these preleptotens sperm-
atooytes , but in others these cells remained together with both Sertoli
oells and spermatogonia . The marked decrease in the number of primary
spermatocytes in third and subsequent dose groups reflected the detachment
and subsequent exfoliation of these cells after one and two doses . The
small inorease in the mmmbers of preleptotens spermatooytes in the tubules
of the third dose group and the marked inorease of the same oells in fourth
dose group may have resulted from an inorease in spermatogonial mitoses .
The presence of large mumbers of preleptotens spsrmatooytes in both four

end five dose groups suggested that they did not develop further .

The sparmatogonis and Sertoli cells proved to be the most resistant
cells to the acoumlative action of Mepivacaine-HCl administration . Also ,
the interstitial tissue did not show any obvious histological changes

Tubule boundary tissue did not show any thickening or wrinkling
as was shown to oocour after a single injection of higher doses of Mepiva-
caine~HCl reported in chapter 3 amd chapter 6 .

The results obtained after one dose in this experiment confirmed
the results shown by administration of 0.l csm3 of Mepivacaine~HCl and killed
after 24 hours discussed in ohapter 3 , table 1 .

Bowler ( 1972 ) , in his histologiocal study of the effect of repeated
application of heat on spermatogenesis in the rat , reported that the

histological appearance of the testis was very much the same in all groups
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except for the increase in " severely " atrophic tubules « Also , he
showed that the final type of damaged tubules were the " severely "

atrophic ones , in which no recovery of spermatogenssis was evident .



6
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Chapter 6

The effect of single doses of 0e1,0.25 & 0.5 cm’ of A% Mepivacaine-HCL

on the eleotron mioroscopical appearance of the testis

Introduction ;

As has already been shown from the light mioroscops work , the testes
of rats underwent gross histopathologioal changes following the administration
of Uepivacaine~HCl . These changes inocluded degemeration of tubules , giant
oell formation , loss of normal epithelial characteristics of the tubules ,

and acoumlation of cell debris and large lipid droplets in Sertoli cells .

Such obvious pathologioal changes as these oan be followed using
eleotron mioroscope techniques to enable a more detalled examination of the
oellular damags caused by aduinistration of Mepivacaine-HCl .

Fortunately , the normal appearancs of the rat testis at doth the
light and electron mioroscopio levels is very well known ( e.g Brokelmann ,
1963 ; Burgos ot al., 1970 ; Dyn and Fawcett , 1970 and Fliokinger , 1972b ),
which provided a good basis for this ocomparative study .

Mothods :

Testes were fixed in buffered glutaraldehyde and post~fixed with
osmium tetroxide , washed , dehydrated and embedded in epon as was desoribed
in chapter 2 . The sections were stained with uranyl acetate and lead

nitrate .
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Results

1- BOUNDARY TISSUE

(a) Normal boundary tissue

The clearst observation on boundary tissue structure was made by
1acy ( 1960 ) in his desoription of tissue from the rat , using both histo-
chemical and electron mioroscopical techniques . He showed that the tissue
surrounding individual seminiferous tubules of the rat was composed of four
principal layers , of whioh “wo were mon~cellular and two cellular . The
fing struoture of the boundary tissue from control rats is shown in fig.49.
It oonsisted of four layers
'i- Inner non~oellular layer ;

This layer was approximately 0.2 = Q.3 u thick and corresponded to
the basement membrane of Stieve ( 1930 ) . Internally it was boundad by the
plasma membranes of the cells lying within the tubules . This non~ocellular
layer oonsisted of {two layers of dense material,separated by & comparatively
olear zome ( 2 & b,fig.49 )} . Within the olear zome , Lacy ( 1960 ) reported
that occasionmal groups or bundles of fine fibrils were seen in cross section
or when cut obliquely . The fibrils had a weakly defined cross banding ;
these fibrils were reticular fibres rather than elastic fibres .

ii- Immer cellular layer :

As already revealed by light mioroscopy , this layer was composed of
extremsly elongated cells , it varied in thickness from about 0,2 n to 0.5 n .
The cellular membranes appeared very thin in parts and varied much in thick-
ness , such that they appeared discontimwous in places . The membranes also
appeared to be nipped off to produce distinot vesioular bodies . The oytopla-

suic organclles of these cells were oriented along the long akis of the cell ,
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and within the oytoplasm were fine filaments ( see plate 17 , figs.49 ,

layer 2 ) . They appeared to be typical , smooth miscle cells .

The muclei of these cells possessed the usual double muclear

membrane and the karyoplasm contained many dense gramules .

Mostly , the inner cellular layer , as seen in oross section ,

was only one cell thiok .

iiji-~ Outer non-cellular layer :

Thiﬁ was generally thinner ( O.1 n wide ) than the inner non-
oollular layer . The dense material was usually only & single layer around
whioh ocourred a 'clear! component . Groups of fibrils were seen only

arely within the olear component . The layer was bounded by the plasma
membranes of the ocells of the imner amd outer cellular layer ( see plate 17,
figs.49A , 49B & 49C , layer 3 ) .

iv- Outer osllular layer :

This was & very thin layer of about 0406 n to 0,08 p thick , in
whioh ocqurred occasional small gaps ( 0«2 p to 1.7 n long ) . Such gaps
may have been spaces between adjacent cells , or fenestrations within
cells , or & combination of doth . The surface of these cells was markedly
irrezular . The cell membrans showed some invaginations which , as in
oells of the inmer cellular layer , appeared to be nippsd off to produce
discrete vesioular bodies . The muclei were elongate , spindle shaped
olements within which a dense mucleolus , located approximately centrally,

could be seen ( see plate 17 , figs. 49A , 498 & 49C ) -
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Plate 17

Figs« 49 A , B & C An electron miorograph of normal ( control )
testis , showing the four principal layers of the boundary tissue .
An inner non-cellular layer (1) whioh corresponds with the basement
membrane seen by light mioroscopy . It consists of two dense regions ,
separated from each other by a comparatively olear layer . The inner
cellular layer (2) . The oubter non-cellular layer (3) . Unlike the
inner non-celluler layer , this layer usually ocontains only one dense
region . The outer cellular layer (4) . bt , boundary tissue 3

Sc , Sertoli cell oytoplasm ; Sn , Sertoli cell mucleus .

Fig.494 : X 5000 3 Fig.49B : X 40000 ; Figed9C : X 5000 .
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(b) Boundary tissue of Mepivaocaine-HCl - treated rats ;

The bourdary tissue of tubules’partially”and l'severely“ damaged , ocaused
by an intraperitonsal injeotion of the loocal anaesthetic agent , Mepivacaine-
HCl ,was typically like that of x—irradiated boundary tissue of rat semini-
ferous tubules ( Laocy & Rotblat , 1960 ) . The folding of the boundary tissue ,
obvious in light mioroscopy ( see plate 18 , £ig.51 ) , suggested its electron

microscopic appearance would also be ‘abnormal ( see plate 18 ) «

In " partially » and / or " severely " damaged tubules , the following
changes of the boundary tissue were observed ;
i~ Immer non~cellular layer :

' In many tubules the two layers of dense material , seen in normal
tissue , ‘had been thrown into folds which were mich smaller and more mumerous
than those shown by the doundary tissue as a whole ( see plate 18 , fig.52 ) .

ii~ Inner ocellular layer :

" Elongated cells of the imer cellular layer appeared also folded and
their muclel bocame lobed or highly folded . The karyoplasm contained some
vacuoles ( see plate 18 , £ige53 ) »

iii-~ Outer non~cellular layer :
Like that of the inner non-cellular layer , the outer non~cellular
layer had become markedly folded . The folds of the dense material were ,
again , more mumerous than those shown by the boundary tissue as a whole
( see plate 18 , £ig.52 , layer 3 ) .
iv- Quter cellular laysr
The cells of this layer appeared normal ( see plate 18 , figs.50 &
52 ) .



Plate 18

Pig.50 Iow power electron micrograph of transverse seotion of a seminif-
erous tubule from an animl injected with 0.5 om of nepivacains...n’cl y 4% ,
and killed after 24 hours , showinz the slightly wavy appearance of part
of the boundary tissue . In other respects the tissue appears normal .

X 6300

Fig.51 High power light micrograph of transverse section of a testis from
an amiml injected with 0.25 cm of Mepivacaine HCL , 4% , and killed after
10 days , showing " slightly " damaged (¢) and " severely " damaged (t%)
tubules « In the " seversly " damaged tubules the boundary tissue is more
thickened and folded than in the less damaged tubules . X 250

Fig.52 low power electron miorograph of part of the boundary tissue of

a " goverely " dampged seminiferous tubule from an animal injected with

0,25 o of Mopivacaine HCL , 4% , and killed after 6 hours . The ‘dense layer
(a) of the non-cellular layer éhows the most extensive folding . This 1s
followed by the dense layer (b) . The inner cellular layer is irregular in
outline . The dense mterial of the outer non-cellular layer is excessively

folded o X 6300

Fig.53 1low power eleciron micrograph of transverse section of a seminifer-
ous tubule from a testis from an animal injected with 0.25 cm3 of Mepivacaine~
HCl , 4% , and killed after 6 hours , showing the wavy appearance of the
micleus ( N ) in the cell of the immer cellular layer , and the vacuoles
oontained in the micleoplasm ( V ) .

(1) The inner non-cellular layer. (3) The outer non-cellulr layer .
(2) The inner cellular layer . (4) The inner cellular layer .






2- SPERMATOGONIA

(a) Appearance of spermatogonia in tubules of ocontrol rat testis ;

All spermatogonia made contact with the inner non-sellular layer of
the boundary tissue . Their number in the seminiferous tubules was relatively
small when compared with the nmumber of spermatocytes and spormetids. The
different types of spermatogonia had a rather similar oytoplasmic structure
and differed mainly in their volume , and the size and struoture of the
nucleus « Two main types of spermatogonia were known , A-=typs and B-type .

i- A~type spermatogonie

Clermont and Bustos—obregon (.1968 ) showed five distinot olasses of
A-type spermetogonia present at different stages of the oycle of the semini-
ferous epithelium , the largest or A-type spermatogonia being best seen early
in the oycle . They were generally oriented along the boundary tissue . The
mioleus was glightly elongated with a loose ehromatin structure and a large
nucleolus , whioch might appear homogeneous but gensrally showed a prominent
nucleonema . The muclear envelope had numerous pores . The oyloplasm ooﬁtainad
many free ribosomes , the endoplasmic reticulum was vesicular and mainly
smooth surfaced ( see plate 19 , f£ig.54 ) .

ii- B-type spermatogonia ;

B~type spermatogonia had a more rounded or slightly ovoid muecleus ,
with a maocleoplasmic matrix somewhat more electron dense than that of the
A-type o Chromatin clumps were more numerous and ocentrally placed and their
distribution was indicative of mitotio activity . Other oytoplasmio compon-

oents were similar to those desoribed in A-type spermatogonis .

The mitochondria of spsrmatogonia were rather large and rounded or
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.olongated .They sometimes formed small olusters with the individual mitochon-
dria separated by a homogeneous , electron dense matorial , whioh heavily
stained with mumerous fine particles , and ocoasionally a few intermal bodies.
The oristae of the mitochondris were regularly arranged -

The appearance of normal A-type and B-type spermatogonia can be seen
in plate 19 , fig.54 & plate 21 , figs. 56a & 56b , where these various feat-

ures are evident .

(b) Spermatogonia of Meopivaoaine-HCl -~ treated rats i

As has already been shown in oha.pterl 3 , at the light mioroscopic
level , the spermatogonia were apparently unaffected in both " slightly " and
* partially * damaged tubules , but in " peverely " damaged tubules , the
A-type spermatogonia appsared to be lost from the tubules whilst the B-type ,
the more resistant , were still attached to the boundary tissue and the Sertoli
cell oytoplasm , together with the Sertoli cells .

At the eleotron microscopic level , A-type spermatogonis showed little
evident res'z)onse to Mepivacaine-HCl administration with different doses . The
minor effeots that could be observed were that the chromatin was more homo-
gensous and the micleolus seemed less prominent as compared with normal sperm-
atogonia ( see plate 20 , £ig.55 ) .

B~type spermatogonia showed a greater response to Mepivacaine-HCL ,
most of them were found within the Sertoli cell oytoplasm , but others had
moved from their normal position on the inner non=~cellular layer of the bound-
ary tissue , into the cg:%plasm of Sertoli cells ( plate 22 , £ig.57 ) . The

B~typs spermatogonia / often surrounded by large vacuolated spaces , which
almost completely separated the cell from the Sertoll cell cytoplasm .



The mitochondria of spermatogonia appeared to be affeoted . They
gshowed different degree of swelling , soms being very swollen . In soms
ocases mitochondria lost their electron dense matrix and became lighter ,
the oristae began to disintegrate , and coalesoed together forming ocond-
ensed slsotron dense bodies , which agcumlated at one side of the outer
menbranss . Some mitochondria also lost their regular shape , becams
wrinkled and were distributed throughout the oytoplasm , instead of forminé
small olusters ( see figs. 55 , 57 &58 ) &
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Plate 19

Fig.54 An electron miorograph showing a normal A-type spermatogonium
with its characteristic large oval muicleus , and fine gramular mocleo-
plasm oontaining a large mucleolus with a prominent mueleonsma . The
oytoplasm is scanty and contains spherical anmd ovoid mitochondria (m) ,
located near the Golgl apparatus ( G ) « Note that the basal edge of
the ocll membrane is closely opposed to the boundary tissue of the

tudbule &

X 12600
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Plate 20

Fig.55 An electron micrograph showing an A-type spermatogonium from
a testis of an animal that received 0.5 on of Yepivacaine HCl , 4% ,
and killed 24 hours later . The Golgl apparatus ( G ) is abnormally
vesioular compared with the normal lamellar structure illustrated in
the previous figure . The mitochondria ( m ) are markedly swollen and
the boundary tissue ( bt ) is slightly folded .

X 12600
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Plate 21

Fig.56A & B An electron miorographs of a typloal B-type spermatogonia
( B-spz ) from a normal ( control ) animal . Note the clumped chromatin
( oh ) on the miclear membrans , and relatively electron dense cytoplasm.

bt , boundary tissue .
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Plate 22

- — - et o g e

Fig.57 An electron micrograph of transverse section of a seminiferous
tubule of a testis from an animal injected with 0.l cmgof Mepivacaine HC1,
4% , and killed after 12 nours , showing a degenerating B~type spermato-
goniun . Vacuolated spaces ( asterisks ) separate the cell from the Sertoli

cell oytoplasm .

C , spermtogonium cytoplasm ; m , spermatogonium mitochondria

N , spermatogonium miclous $ So , Sertoll cell cytoplasm

Sm , Sertoli cell mitochondria ; Sn , Sertoli cell nucleus .
X 8000
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Plate 23

Pig.58 An electron micrograph of a transverse section of a seminiferous
tubule from a testis of an animal injected with 0.5 em of Mepivacaine_HC1 ,
4% , and killed after 12 hours , showing damage in the mitochondria of an
A-type.spermatogonium . Note the disintegration of intermal oristae and
accumilation of material oclose to the mitoochondrial membrane . It appears
that the oytoplasm of the spermatogonium has become contin};us with that of
the Sertoli cell oytoplasm as a result of disintegration of both cell
membranss ( arrows ) .

G , Golzgi apparatus ; m , mitochondria ; N , spermtogonium mcleus ;

Sn , Sertoli cell mucleus .

X 12600
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3= SPERMATOCYTES

(a) Nornal primary spermatooytes ;

The nuolei of interphasic primary spermatooytes showed coarse flakes
of ohromatin associated with the nuclear membrane . They were scparated from
the bdoundary tissue by narrow strends of Sertoll cell oytoplasm . The
cytoplasm of the primary spermatocytes was soanty , with little demonstrable
endoplasmis retioulum , Dut small oclumps of ribosomes were evenly distribut-
ed throughout it .

Typical intercellular bridges are common between primary spermato-
oytes in all stages of meiosis . These intercellular bridges and intramuocl-
eur synaptinemal oomplexes characterize the primary spermatooytes . Along
the marginsg of the bridge , the oytoplasmic membrans appsars to be thick-

. ened « This thickening was suggested to be a condensation of RNA along the
membranes ( Gardner and Holyoke , 1964 ) . The intercellular bridges repre-
gent an incomplete oleavage of B-type spermatocgonium into the primary
spermatooytes « The synaptinemal complexes or chromogome "cores" , charaoter-
istio of this stage , were seen regularly in these preparations . In longi-
tudinal seotion these struotures appeared as three electron-dense parallel
lines , often extending to the mlér meubrane .

Older primary spermatooytes showed an inorease in the size of both
the nuoleus and oytoplasm . The synaptinemal complexes persisted , and
several large oclumps of moderate eleotron dense subatances were in oontact

with their muolear membranes .

All these characteristioc features of the primary spermatooytes are

shown olearly in plate 24 , £ige 59 »
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The mitochondria of primary spermatooytes were generally rounded
or elongated , and inoreased markedly in numbers ( Figs.59 & 72 ) « The
mitochondria sometimes displayed marked branching , which , as suggested
by Palade ( 1952a ) , were indicative of thoir multiplication . They tended
to aggregate in groups , and an electron-dense material was present between
the mitochondris within a oluster ( Figm.59 & 72 ) . Andrd { 1962 ) reported
that these olusters ocourred during the period of aoctive formation of new
mitochondria . Spermatooyte mitochondria had more regular oristae than those
of spermatogonia , and in some cases dilated‘ oristae ococupied most of the
mitochondria volume . The remaining matrix ocontained no intermal granules ,
and appeared as light spaces ( see figs. 59 &T2 ) »

(b) Normal secondary spermatooytes ;

Seoondary spermatocytes tended to be smaller than late primary
spermtoocytes . Their nuclei were spherical and the nuolear ohromatin was
rather diffuge , centrally located and in large elumps ( Watson , 1952 b ).

There was no ovldence of nusleolar material in these ocells .

The life span of the rat secondary spermatooyte is only 24 of the
spermatogenioc wave , so that they are rarely seen ( Roosen~Runge and Giesel,
1950 ) -

The mitoochondria of secondary spermatooytes showed great similarity
with those of spermatids . At higher magnifiocation the mitoohondria had
thiockened membranes , owing to the oristae being arranged parallel to the
outer membrane . It is unfortunate that in the many sections of normal
{testes examined , in no case secondary spermatoocytes were observed . In
corisoquence , the above description relies on evidence presented in the

literature .
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Plate 24

Fig.59 An eleotron miorograph of two primary spermatocytes ( from a normal
control animl ) oonnected by an intercellular dridge ( B ) , whore the cell
membrane has become markedly thickened ( arrows ) « The mucleus ( N ) is large
and oontains clusters of ohromatin granules and & typical accumlatin of
chromatin adjacent to the nmuclear membrane ( arrow heads ) . The cytoplasm
is scanty and contains both individual mitochondria and clusters of mitooh-
ondria (M ) with related dense., interrlnitochondrial substance .

X 8000
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(o) Spermtooytes of Mspiveoaine-HCl treated rats

Spermtooytes were abundant in the light mioroscopical preparations
in the least abnormal tubules of treated animals ( plate 25 ) . The primary
spermtooytes tended to exfoliate , sometimes extensive exfoliation of cells
took place ( plate 25 , £ig8.60 & 61 ) , and pyknotic end karyolysis were
evident . Some of these cells separated and lay in the lumen , but , using
the light mioroscope , it was usually difficult to differentiate between

degenerating primary and secondary spermatooytes .

When primary spsrmatooytes were studied , both with eleotron and
1ight mioroscopy , they showed fairly gross struotural changes in their shape
mainly in the elongation of their oytoplasm ( plate 26 , £igs.64 & 65 ) .

One of the main features of these affected spermtooytes was the formation
of olear , vacuolated spaces between the oytoplasmio limit of the spermato-
oytes and that of the Sertoli eells ( Plate 25 , £ig.62 & plate 26 , £ig«55 )

During stage XIV of the oycle ( Ieblond and Clermont , 1952 ) the
primry spermatocytes and secondary spermatooytes undergo maturation division
resulting in the formation of spermatids « In this stage , soms dividing
spermatooytes degenerated and exfoliated , resulting in a vacuolated Sertoli
oells ( Plate 25 , fig. 62 ) .

In some tubules binucleate and mltinucleate primary spermatocytes
were seen as & result of fusion of their oytoplasm , and they appeared more
or less norml when studied with the eleotron microscope(plate 27,figs.66,
67 and 68 ) .

Many large lipid droplets appeared in the Sartoli cells as a result
- of Mepivacaine-~-HCl administration , and sometimes they distorted the cell

membrane of the spermatooytes ( Plate 30 , fig.7l and Plate 31 , fig. 72 ).
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Plate 25

Pig.60 Light miocrograph of transverse section of a testis from an
animal injected with O.l omaof Mepivacaine HCl , 4% , and killed
after 6 hours . X 250

Fig.61 Light micrograph of transverse section of a testis from an
animal injected with 0.5 om of Mepivacaine.HCL , 4% , and killed
after 10 days . X 250

Fig.62 1ight miorograph of transverse section of a testis from an
animal injected with 0.5 om of Mepivacaine.HCL , 4% , and killed
after 24 hours . X 250

Figs. 60 , 61 & 62 illustrate exfoliation of primary sperm-
atooytes « In figs.60 & 61 , pyknotic spermatooytes ( arrows ) are
migrating towards the lumen of the tubules . In £ig.62 , meiotic
division ( arrow heads ) ocan be seen in the migratory spermatocytes .
Note the gross vacuolation ( v ) in the Sertoli cell oytoplasm viich

has ocourred as a result of spermatooyte loss from the basal layer .

Pig.63 High power light miorograph of transverse seotion of a testis
from an animal injeoted with O.1 om of Mepivacaine HCl , 4% , and
killed after 12 hours , showing complete absence of late sﬁerma.tids
from the tubule . Note the thickness and wavy appearance of the boundary

tissue ( arrow heads ) . " X 250
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Plate 26

Pig. 64 High power light micrograph of a seminiferous tubule from
transverse section of a testis from an animal injeoted with 0.5 om of

Mepivacaine HCl , 4% , and killed after 6 hours . X 500

Pig. 65 An electron micrograph of primry spermatocytes in transverse
section of a seminiferous tubule from an animal injected with 0.l om

of Mepivacaine_HCL , 4% , and killed after 6 hours . X 10000

Together these figures illustrate (i) the relatively normal
oytological appearance of the mrimary spermatocytes nucleus and oytoplasm
( £ige. 65 ) i.e socanty oytoplasm ; olusters of rounded and elongated
mitochondria ; rounded nucleus containing oclustered chromatin ( Compare
with primary spermatocyte from normal animal illustrated in fig. 59 )
(11) Pairly gross structural ohanges in the shape of the primary sperm-
atocyte , mainly the elongation of the cells ( Figs. 64 & 65 ) and the
occurrence of certain cells that ocontain two nuclei ( Fige. 64 , arrow head ).
Note the extracellular spaces ( sp ) that occur betwsen the spermatocytes

as a result of separation and elongation .
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Plate 27

Pig.66 High power light micrograph of tramsverse section of a testis
from an animl injected with 0.5 om of Mepivacaine.HCL , 4% , and killed
after 6 hours . X 400

Fig.67 1ow power light micrograph of transverse section of a testis
from an animal injeoted with 0.1 om’ of Mepivacaine HCL , 4% , and killed
after 24 hours . ' X 100

Pig.68 An eleotron miorograph of a binucleate spermatooyte from an
animal injected with 0.1 om of Mepivacaine HCl , 4% , and killed after
12 hours . X 8000

These figures illustrate the formation of multinucleate cells
from primary spermatocytes . Figs. 66 and 68 show ;the binucleate cond-
ition (b ) « PFig. 67 shows examples of both bi- and trﬁuoleate (t)
gpermatooytes « As oan be seen in f£ig.68 , thé ultrastruoture of the
cytoplasnm appears normal .

m , mitochondria of spermatocytes ; Spt-l , primary spermatocyte .
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Plate 28

Pig.69 An eleotron micrograph of a secondary spermatocyte from a
transverse seotion of a seminiferous tubule from an animal injected with
0s5 om of Mepivacaine HC1 , 4% , and killed after 12 hours . The micleus
appeared irregular , and the nuclear membrane bulged outside toward the
oytoplasm ( arrows ) « Note the elongated dark bodies which lie inside
the oytoplasm ( arrow heads ) . |

X 8000
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Plate 29

Fig.T0 An eleotron miocrograph of a secondary spermatocyte from
transverse section of a seminiferous tubule from an animal injected
with 0.1 om of Wepivacaine HCL , 4% , and killed after 24 hours .
A large lipid droplet , formed by f‘usion of fine lipid gré.nules s is
found inside the oytoplasm of the cell
L , 1lipid droplet $ Sc , Sertoli cell cytoplasm
Spt-2, seoondary spermatooyte .

X 12600
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Plate 30

Pig.Tl An electron miorograph of a primary spermatocyte , from an
animl injeoted with 0.25 om of Mepivacaine_ HCL , 4% , and killed
after 6 hc;urs . The nuclear membrane is abnormally convoluted and the
mitochondria are vacuolated and eleotron-demnse . The oristae of the
mitochondria are not olearly differentiated . Note the presence of
large lipid droplets ( L ) in the Sertoli cell oytoplasm , which
appear to be distorting the oéll membrane of the primary spermatocyte
by pushing in the direction of its nucleus . '
| X 12600
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Plate 31

Fig.T2 An electron micrograph showing lipids in close contact with
the affected spermatocyte . Note the lipid droplet ( L ) pushing the
cell membrane towards the nucleus . The lipid droplet looks as if it
| is found within the cytoplasm of this primary spermatocyte .
X 8000
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Plate 32

Fig.73 High power electron micrograph of mitochondria ( m ) of

a normal primary spermatocyte ( spt ) . They may appear as short rods
or spheres with a matrix of low density and internal membranes which
are oriented irregularly , but mostly perpendioular to the mitochond-
rial surfa.cé « Note the presence of the dense intermitochondrial
gubstance ( arrows ) . |

X 20000

Pig.T4 High power electron micrograph of mitochondria ( m ) of the
primary spermatocyte ( spt ) from an animal injeoted with 0.25 o of
Mepivacaine HCL , 4% ,. and killed after 24 hours . Note the disrup~
tion and fusion of the membranes , whioh give an eleotron-dense

appearance o
X 28000
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Plate 33

Fig.7>5 An electron micrograph of a spernﬁtoo:rte from an animal
injeoted with 0,25 om of Mepivacaine HCl , 4% , and killed after
6 hours . The oytoplasm contains several swoilen mitochondria ( m )
with grossly disrupted oristae .

The presence of a synaptinemal complex ( Sy.C. ) in the
mucleus of this primary spermatocyte suggests that prophase §f the

first meiotic division has proceeded in the presence of the drug.

X 20000
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Although the seocondary spermatocytes are very rare owing to their
very short life span , some appeared in the preparations of tlie treated rats.
The secondary spermatooytes showed marked destruotion in some parts of the
oytoplasm , also the muclear membrane appeared to bulge into the eytoplasm ,
suggesting a tendeney to lysis ( Fig.69 ) . Iarge lipid droplets could be
formed inside the oytoplasm of the secondary spsrmatosytes ( Fig.70 ) . The
appearance of such lipid droplets inside the cells , and the presence of
large vaouoles in the Sertoli oell oytoplasm , reflected the damage ocaused
to the sell itself and to the tisasue .

The mitochondria of the spermatooytes showed disruption and fusion
of the membranes , which resulted in an eleotron dense appearancs , ( Plate
32 , fig. 74 ) . In some spermatooytes , several swollen mitochondria with
grossly disrupted oristae were evident ( Plate 33 , fig.75 ) .

Cup-shaped mitochordria in primary spermatooytes :

Christensen and Chapman , ( 1959 ) , observed in the course of an
electron mioroscops study of rat testioular interstitial ocells ( Leydig
cells ) , mitochondria that seemed to have a shape resembling that of a
shallow ocup or bowl .

Similar shaped mitochondria have been observed in Mepivacaine-HCl
treated animals . Meridian , oblique and horizontal sections through oup-
shaped mitochondria are seen shown in plate 34 , £ig.76 , and also dramati-
cally in plate 34 .
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Plate 34

- eren P asasts o

Pig.Tb An eleotron micrograph of & primary spermatocyte from an
animal injected with 0.5 ou of Mepivacaine HCl , 4% , and killed after
12 hours . The mitochondria are cup~ or bowl-shaped but appear as

various configuration in the electron micrograph as a result of the

mode of sectioning of each organslle .

X 12600

The diagram below illustrates some of the two dimensional
shapes that can be obtained from the 3 dimention oup-shaped organelle .
(a) Section through the meridian .
(b) Horizontal seotion .

(c) Oblique seciion .

( After Christensen & Chapman , 1959 )
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4- SPERMATIDS

Acocording to the nmuoclear morphology , spermiogenssis oan be divided
into three main periods : round spermatids , muolear elongation , and elong-
ated spermatids . The nuolei of the young spermatids are normally spherical ;

they become elongated during the middle of spermiogenesis and then assume a
form which will be that of the hsad of the spermatozoa .

The nuclear membrane of young spermatids is made of two sheets with
a space between . The space becomes & uniformly narrow region of contact w:.i.th
the aorosomic vacuole . There are few/:z nuolear pores in young spermatids .

PAS-staining and electron mioroscope techniques have permitted
acourate observations of the aorosome formation of the Golgi body during
_spermiogenesis . From the morphologiocal point of view , saveral stages are
distinguishable , which were used as & basis for a precise olassification

of the seminiferous epithelial cycle ( ILeblond & Clermont , 1952 ) .

The first or Golgi phase consists of three successive stages , lead-
ing to the formation of " the aorosomic gramule " . The first of these three
stages is characterized by the presence of only the moderately staining
idiosomo . In stege 2 , one to four gramles staining a brilliant purple
ocour , oalled " the preacrosomic gramules " . Iater , these coalesce into
a single vesicle , forming the acrosomic gramule . At the end of this stage,

the acrosomic gramule approaches the mucleus .

The seoond , or Cap-phase , consists of 4 conseoutive stages , during
thess stages the vesicle extends more and more , and the acrosomic gramle
develops and flattens on the muoleus of the spermatid while the Golgi appar-

atus separates from the acrosomic structure and migrates toward the opposite
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pole of the oell with the oytoplasm .

Ths third , Aorosoms phase : The main feature of this phase is the
orientation of the head caps and acrosomic gramiles towards the boundary
tissue of the tubules . Meanwhile , the oytoplasm of the spsrmatids is dis-
placed to the opposite pole of their muoclei « Thus that third of the mueleus
oovered. by the head cap and asrosomis gramles appears bare of oytoplasm .
Tho mioleus ohanges from stherical to ovoid , then a flattening , an elonga-
tion and curvature ocours and , as a result , the ovoid mioleus at the
beginning of this phase becomes sickle-shaped by the end of it .

The fourth , Maturation phase Aﬁar the elongation of the mucleus,
the oytopl;sm slides baokwards toward the posterior part of the intermediats
plece of the spermatids ; oytoplasn the_n geparates from the spermatid and
forms the residual bodics when the oells are released in the form of late

spermatids into the lumen of the tubules .

The reaidual bodies are nearly spherical with some membranal and
mitochondrial residues and very mumsrous , free ribosomes gather into RNP
spheres . Thoy also contain lipids , glyoogen , arginine and lysine . Fhago-
oytosis of the residual bodies by the Sertoli oells has been observed by

mamerous authors .

Normal spermatid mitochondria ;

in the young spermatid , the mitochondria were located peripherally,
making a rim around the margin of the cell . Their oristae were extremely
enlarged and some of thom seomed to fuse ( Plate 35 , fig.77 ) - The ocentral
space of the cristae showed little eleotron-~density and was still comneoted
with interspace existing between the inner and outer mitochondrial
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Plate 35

Pige77 An eleotron micrograph of a cap-phase spermatid from a

normal ( control ) animal . The spermatid exhibits a rounded nmuoleus

( N ), prominent Golgi apparatus ( G ) , characteristic acrosomal

cap ( head cap ) ( A ) , and & rim of mitochondria around the margin

of the ocell ( m') . ﬁequently & chromatoid body ( CB ) is visible.
| X 8000
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Plate 36

Fig.78 low power electron micrograph from a normal animal ,
showing nuolear elongation and caudal displacement of the cytoplasm
of late spermatids . cytolilasmic tags ( t ) are formed in the late

spermatids towards the end of the process of spermiogenesis .

X 3200
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membrane ( Plate 35 , fig.77 & plate 51 , £ig.95 ) . This considerably inor-
eased central space giving the mitochondria the appearance of having a light
ngentral channel" (PFalade,l9522). The intermal matrix of the mitochondria
seemad to have deoreased in volume and was found mostly at the periphery of
the mitochondria as eleotron-dense lamsllac , packsd beiween the membranes
of the enlarged oristae ( Plate 51 , fig.95 ) .

I1ater in spermiogencsis , when the mitochondria had formed a heli-
oal sheath around the tail filaments , the eleotron dense-lamsllae of the
internal mtrix were mostly found at that side of mitochondria whioch faced
the tail filamsnts . Shortly before spsrm release , the swolling of the ori-
stae seemsd to have regressed , and , in oross-seotions of mitochondria , the

membranes of the oristae were arranged in the sonceumtrio fashion .

Spermetids , effect of Mepdvacaine-HClL administration

As shown by Kaya and Harrison ( 1976 ) , spermaiids are partioularly
sensitive to noxlous agents and are the first to show degeneration when such
agonts affeot the seminiferous tubules .

A8 o result of administration of Mepivacaine-HCl to male rats , the
sparmatid population within the seminiferous tubules was affected . The act-
ual damege differed at different stages of the cyole . Although degenerating
step 7 spermatids were relatively rare in normal animals ( Russell& Clermont,
1977 ),neorotic young spermatids observed in stage VII of the cyole were eas-
ily idenmtified in treated animals.The distorted muoleus displayed olumped chr-
omatin, and parts of the acrosomic system and chromatoid body were usually
vizible within the cytoplasm . Somet:l.mps , the mucleus was highly irregular
( Fig.92 ) and showed an acoumlation of chromatin at its periphery(Plate 37,
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fig.79 ) . The soverity of the morphologioal changes of some spermntids

( eog plate 48 , £ig.92 & plate 49 , £1g.93 ) suggested that many of the
cells were irreversidbly damaged and thus oould be considered necrotioc.Many
of these cells were identified further as early spermatids , because they
contained the characteristic acrosoml ocap . The presence of some degenera-
ting spermatids has been desoribed in normal testes ( Oakberg , 1956 a ;
Clermont and Bustos-Obregon , 1968 ) , but degenerating spermatids such as
those seen in animals that raeceived Mepivacaine-HCl were not observed in

samples of normal oontrol rats .

Some early spermatids displayed inoreased oytoplasmio density ,
mnarous oytoplasmioc vaouoles , and irregularly shaped muclei , and these

features my refleot early degenerative changes ( Plate 46 , £ig.90 ) .

Degenerating late spermatids were occasionally seen in stages VIY
and VIII of the oyole of normal rats ; but Mepivmcaine~HCl administration
inoreased markedly and significantly the mumber of these degenerating late
spermatids . Few later spermatids of the aorosome and maturation phases
remained in the seminiferous epithelium . Many of those present , however ,
appeared also to be undergoing degensration and death as indiocated by the
presence of dense oytoplasm and alterations in the architecture of the
acrogome , tail fidres , and other organelles . The heads of most late
spermatids were broken , twisted , ocoagulated , fused and detached from the
middle piece ;middle pieces were sloughed into the lumens without head. Some
heads of late spermatids were embedded in Sertoli oytoplasm after sloughing
of their middle pleces into the lumen ( chp.pter 3, plate 9 , £ig.27 ) «

Exfoliation of ocells of all types ( especially spermatids ) and the

development of multimucleate cells were seen . Nuclear changes in the
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exfoliated ocells varied ; soms appearing unaffected , other showing olumping
of chromatin , vaocuolation of the mmoleus and pyknosis ( Plate 44 , £ig.86 ).

Some early spermatids showed central vesicularity , with an inoreased
consentration of chromatin on the miclear membrans ( Plate 45 , figs. 87 , 88
&89 ) .

The development of multirmocleate cells has often been reported in
testes exposed to damage . In this work , these were found mainly with severe,
and sometimes with partial spermatogenic damage , but not with slight damage .
The majority of these multinucleate cells was composed of early spermatids ,
whose nuolel lay centrally or peripherally in the sharply demarkated mass of
oytoplasam . ‘The multinuocleats cells could be formsd from fusion of 2 early
normal apermatids ( Plate 41 , £ig.83 ) or of 2 early spermatids showing
early degenerative changes ( Plate 42 , £ig.84 ) or of 5 nueclei ( Plate 43 ,

£ig.85 ) , or sometimes up to 13 nuoclei inside one oytoplasmic mass .

In neorotic spermatids , which oontained disrupted cytoplasmio orga-
nelles and myelin figures , vacuolation and large lipid droplets were evident
( plate 50 , £ig.54 ) .
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Plate 37

Fig.T9 An electron miorograph of a degenserating cell in the semini-
ferous tubule of an animal injected with O.l o’ of Mepivacaine.HCl ,
4% , and killed after 6 hours . The oell is abnormally dense and its
organslles are disrupted . However , the round nucleus ( N ) and the
aorosomal cap ( A ) can be identified , which suggest that the cell
is a late cap-phase spermatid . The degenerating cell is surrounded

by Sertoli cell oytoplasm ( So ) and both cells are vacuo_lated (v).
' X 8000
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Plate 38

Pig.80 High power eleotron micrograph of an early spermatid ( spd )
from a normal ( oontrol ) animal . The characteristic acrosomal granule

( AG ) is seen within a large vesicle ( Vv ) , which is inkontact with
the Golgi apparatus ( G ) . The Golgl apparatus mainly consists of groups
of parallel lamellae and some vesicles . '

X 12600






- 114 -

Plate 39

Pig.8l An electron miorograph of early spermatids from an animal
injected with O.1 o of Mepivacaine HCL , 4% , and killed after 12
hours . The cells are exfoliated into the lumen ( Iu ) of the tubule ,
and although they contain the characteristic acrosomal gramiles ( AG ) ,
certain organelles are abnormal , namely , the Golgi apparatus ( ¢ ) ,
in which the lamellae are fused and dark in appearance ; and the
endoplasmic reticulum} which has become vesioular .

' X 8000
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Tig.02 An eleotron miorograph of a spermatid from an animal injected
with 0.5 om of Mepivaoaine-ACl , 4% , and killed after 12 hours . The
characteristio aorosomal system around the mucleus ( N ) and peripherally
oriented mitochordria ( m ) in ocontaot with the cell membrane are visible.
Note that this spermatid is in contact with the boundary tissue ( bt ) of
the seminiferous tubule and not in its normal position near the lumen .
The surrounding Sertoli cell oytoplasm is highly vacuolated and the mito-~
chondria are uncharaoteristiocally rounded , devoid of oristae , and contain
a matrix of low density . ( Compare with normal Sertoli cell mitochondria ,
illustrated in figs. 97 & 98 , whioh are slender in shape with the normal

tubular oristae and a relatively dense matrix ) .

L : 1lipid droplet . " X 8000
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Plate 41

Fig.83 An electron micrograph from an animal injected with 0.5 9m3
of Mepivacaine.HCl , 4% , and killed after 6 hours , showing an exfol-
iated binucleate cell formsd by the fusion of two spermatids. '
.N s nucleus ; G , Golgi apparatus ; n , mitochondria .

X 8000
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Plate 42

Fige.84 An eleotron miorograph from an animal injeocted with 0.5 cm3 of
Mepivaocaine-HCl , 4% , and killed after 6 hours , illustrating a bimucleate
oell formed from the fusion of two early spermatids « One of the polar ends
of each miocleus is uncharacteristiocally misshapen ( Compare with the smooth
rounded miolei in the previous miorograph ( Fig.83 ) ) , and the endo-
plasmic retiaulﬁm is vacuolated ( V ) .

m , mitochondria . _ $ N , mzoleus .

X 8000
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Plate 43

Fig.85 An electron miorograph of a multimicleate cell which contains
5 nuclei ( N ) ( from an anima) injected with 0.1 cm of Mepivacaine HCL,
4% , and killed after 12 hours ) . The presence of an aorosomic gramile

( AG ) indicates that this cell was formed by the fusion of early spermatids.

X 8000
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Plate 44

Pig.86 low power electron micrograph from an animal injected with
0e25 cn of Mepivacaine HCl , 4% , and killed after 12 hours , illust-
rating the variety of changes that can occur in the nuclei of exfoliated
cells . Although the spermtocytes are unaffected (1) , the spermatids
snow clumping of peripheral chromatin (2) and vacuolation (3) .

X 5000
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Plate 45

Figs. 87 & 88 High power light miorograph of transverse sections of
testes from 2 animls injected with O.l on of Mepivacaine_HCl , 4% , and
killed after 6 hours . These figures illustrate the annular dense appear-
ance of the chromatin in nuclei of single and miltinucleate spermatids

( spd ) « Note that aparv from these spermatids ; the tubules contain only
a peripneral lining of Sertoli oclls ( S ) and a few B-type spermatogonia

( B~spg:) . X 250

Fig.89 An electron micrograph tfrom an animal injected with 045 cm3 of

Mepivacaine-HCl ' 4% , and killed after 12 nours , illusvrating parts ot

two early spermatids in which the condensed chromatin ( Ch ) is aggregated

near the nuclear envelope in an annular manner . Note the relatively

electron-dense appearance of the cytoplasm .

AG , Acrosomal granule ; HC , Head cap ; Y , Mitochondria ; N , Nuoleus .
X 8000
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Plate 46

Fig.90 An electron microscope of degenerating step 7 spermatid
from an animal injected with 0.5 e’ of Mepivacaine.HCl , 4% , and
killed after 12 hours . The cond_ensed chromatin is agcregated close
to the nuclear envelopc . The peripherally distributed mitochondria

( m ) and the oisvernae of the endoplasmic reticulum stand out clearly
against the electron-dense cytop]_.asm .

N : nucleus , X 8000
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Plate 47

Fig.9l Low power electron micrograph of a seminiferous tubule from
an animl injected with 0.25 e of Mepivacaine HCl , 4% , and killed
after 43 hours , showing the fusion between two early spermatids in the
head-cap region ( arrow heads ) . The chromatoid bodies ( CB ) of the
two cells also appear fused into a single strucvure . This binucleate
fused cell is surrounded by a thin layer of electron dense Sertoli cell

¢ytoplasn . X 5000
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Plate 48

Fig.92 An electron micrograph of a degenerating step 7 spermatid
from an animal injected with 0.25 o’ of Mepivacaine.HCl , 4% ,and
killed after 24 hours . The distorted acrosomic system ( Acrosomal
granule , A and head cap , HC ) is inverted into the nucleus ( N ) ,
instead of lying in its normal position on the surface . The cytoplasm

is ocompletely disintepgrated .
X 10000
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Plate 49

Pig.93 An eleotron micrograph of a young spermatid from an animal
injected with 0.5 om of Mepivacaine HCl, 4% , and killed after 6 hours.
The nmuclear membrane ( Nm) is very irregular and the mucleus contains
non-homogensous chromatin . Note the Golgl apparatus ( ¢ ) , still
strongly attached to the head cap ( HC ) . The oytoplasm of ‘the cell

appears almost totatly degenerated .

N : nucleus . X 8000
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Plate 50

Fig.94 An electron miorograph of a degenerating spermatid from an
animal injeoted with 0.25 om of Mepivacaine_HCl , 4% , and killed after
24 hours . The nucleus becomes more or less elongated with olumped chro-
matin « A large lipid drople'@: ( L ) lies within highly vacuolated Sertoli
cell cytoplasn (-Se ) , and ie-'qlo__se oor]tao'l'f with the spermatid .

X 5000
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Plate 51

D

Pig.95 An eleoctron micrograph of mitochondria ( m ) from normal(control)
early spermatids ( spd ) , which lie close to the cell membranes . The
internal structure of these mitochondria appears less orderly than in
other types of cells in the seminiferous tubules . The cristae are irreg-
ular in outline and lie parallel , instead of perpendioular , to the
mitochondria surface « Thus , the centre of the organelle is often free

of cristae and oocupied by a mtrix of relatively low densgity .

X 40000

Fig.96 An electron micrograph of mitochondria ( m ) of an early spermatid
( apd ) from an animal injected with 0.5 cm of Mepivacaine HCl , 4% , and
killed after 48 hours . The organelles are not oriented parallel with the
cell membrane , but are ra.ndomly_scattered in the cytoplasm . They are
oxtremely electron dense with no visible cristae .

X 50.000
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5- THE SERTOLI CELLS

The Sertoli oells rest upon the limiting membrane of the semini-
ferous tubules and oocoupy most of its surface . The basal portions of the
Sertoli cells are recognised in sections tangential to the tubular surface
by their polygonal shape .

The highly elaborate shape of the Sertoli cell is caused by its
close association with the germinal cells . The outlines of the germinal
oells change during differentiation ; they oocupy deep recesses of confor-
ming shape on the surface of the Sertoll cells « In the place of contact
between Sertoli oells , the outline of these is smooth and frequently
staight , or with soms interdigitations .

In the testis of the adult rat the Sertoli cells present a parti=
cularly polymorphous appearance in both their mucleus and oytoplasm , since
they widergo changes in shape and aotivity in relation to the seminiferous

oepithelium oyole .

Morphology and struoture

(1) Cell boundaries and shape : Since it is diffiocult to see their

boundaries in the light microscope , the Sertoli ocells gave rise to & long
ocontroversy of whether they formed a synoytium or remained a group of disti-
not cells . Agreement was finmally established through electron miorosocope
observations which proved that the Sertoli cells were semarate .

In the course of the oyole , the size of the Sertoli cells varied ,

being smaller after the release of the spermatozoa .
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(11) Nucleus : The nuoleus of the Sertoli cells was of & very irregular
sho.p:;;-;;z_ibited deep indentations . The chromatin was generally distri-~
buted in fairly f£ine gramulations , weakly taking up the Feulgen stain
There was normally one nucleolus whioh appesared to consist of a sphere of
interlacing electron dense-masses ( Plate 53 , fi2.98 ) . The general shaps
and position of the nucleus varied in relation to the stage of the semini-
ferous epithelium oyole . From the release of the spermatozoa until the
formation of the following spermatid bundles , the muoleus was rather tri-

angular , lying along the boundary tissue ( see plate 17 , fig.49 ¢ ) .-

(iil) Cytoplasm : The endoplasmic retioculum was abundant with a vesioular

rathor than lamellar appearance . There was a woll-developsd Golgi apparatus;
ovoid , spheriocal or slender shaped mitochondria ( with their character-

istio tubular oristas ) ; numerous ribosomes and miorotubules .

The Sertoli cells had a considerable phagooytic aotivity ( plate 54 ,
£ig+99 ) ; they were reported to phagooytose residual bodies in the normal
rat testis ( Smith and laey , 1959 ) . This feature was supported by the
finding of Clegg and Maomillan ( 1965 ) , that Sertoli cells take up and
gtore vital dyes after interruption of the ductull efferents . Also , Clegg
and Maomillan ( 1965 ) , found that the Sertoll cells appeared to phagoocyto-
ge Indian ink partiocles .

vilar et al. ( 1962 ) suggested that these cells act as " bridge
cells " to assist in the transfer of important mutrient materinl from the
‘vasal membrane to the developing germinal ocells . Microtubules , possibly
associated with such transfer activity , have been desoribed in Sertoli
cells ( Christensen , 1965 ) .
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Nishida ( 1954 ) , using the light mioroscope , reported that
mitochondria in the Sertoli cells were either short rods or spherioles in
form . They were arranged generally in rows running parallel to the proxi-
modistal axis of the cell . The mitochondria were evenly distributed in the
oytoplasm and so also in the cytoplasmic processes of the cells ; where
they were arranged in several rows parallel with their long axis . They
were also found in the oytoplasm of the Sertoli cells between two neighbour-

ing spermatogenioc cells .

In this study , using the electron mioroscops , it was found that
the mitochondria of Sertoli cells were ovoid , spherioal or long and slender
with their long axes generally perpendicular to the boundary tissue of the
seminiferous tubules . In contrast to the mitochondria of spermatids , they

had mostly tubular oristae and a relatively dense matrix ( see figs.97 & 98 ).

The Sertoli cell mitochondris appeared to have the same characteristic
features of the mitochondria present in steroid=secreting cells which have

beer extensively studied by Kadioglu and Harrison ( 1971 ) .

Sertoli cells of Mespivacaine-HCl treated rats :

Some Sertoli cells in treated rats retained many normal features .
They had an irregular shape , with the mucleus and perikaryal oytoplasm
being looated near the basal lamina , and with long protrusions extending
throughout the seminiferous epithelium into the interstices between the
various germ cells . The muclei of Sertoli ocells contained much euchromatin
and a large nuoleolus . Their coytoplasm displayed scattered , rough endo-

plasnic retioculum , numerous tubules and vesicles of smooth endoplasmic
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Plate 52

Fig.97 An glectron miorograph of an early spermatid and Sertoli
cell from & normal ( control ) animal . Typical , longitudinally
orienfed vesicular-type mitochondria (m) with tubular oristae are
present in the Sertoli cell cytoplasm ( So ) . |

N , nuoleus of sper;na.tid . '

X 12.600 _
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Plate 53

Fig.98 An electron mierograph of a Sertoli cell from a normal
( control ) animal . The nuoleus ( N ) is irregularly shaped and
exhibits & characteristic deep indentation ( asterisks ) , and the
chromatin is finely gramular . Ovoid ( 0 ) , spherical ( sph ) and
slender-shaped ( S ) mitoeﬁondria are distributed throuéhout the
oytoplasm ( S ) . '

10.000
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retioulum , and mitochondria ( Plate 54 , fig.99 ) .

Many large lipid droplets were readily visible in the oytoplasm of
Sertoli cells ( Figs. 99 & 104 ) . In contrast to the lipid droplets of
normel Sertoli cells , whioch were prominent at stage IX of the cyocle of the
gseminiferous epithelium ( Xerr and DeKretser , 1975 ; Fawcett , 1975 ) , in
treated rats the lipid droplets were numerous in almost all the mrofiles of
seminiferous tubules . In addition , they frequently were so large in treat-
ed animals as to indent the nucleus , and sometimes they appeared to dis-
place other organelles . Although most of the lipid droplets in the semini-
ferous epithelium were found in the basal oytoplasm of Sertoli cells , a few
gorm oells oontained large lipid droplets as well ( see figs. 71 , T2 & 94 ).
Spermatid debris and neorotic cells were surrounded by the oytoplasm of
Sertoli cells ( plate 54 , £ig.99 ) , suggesting that they were phagocytosed
and digested by the Sertoli cells .

In more "“severely" damaged tubules , soms Sertoli cells had a vacuo-
lated oytoplasm , a prominent folded nuclear membrane . A small mucleolus
and more abundant ochromatin j; the oytoplasm of these cells had a fibrous
appearance . The chromatin in these cells acoumulated regularly on the
internal surface of the nuolear membrane , giving a more distinot appearance

( see plate 55 , fig. 10l and plate 56 , fige. 103 ) .

In some Sertoli cells , mitochondria did not show response to drug
administration ; but in other ocells , partioularly in more "severely" damaged
tubules , the mitochondria appeared randomly arranged in the cytoplasm , in-
stead of being arranged in rows running parallel to the proximodistal axis
of the cell . Also , they became more electron~dense then in normal control

animals . In the more electron-dense matrix , it was not possible to see if
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Plate 54

Fig.99 low power electron micrograph of part of the seminiferous
tubule from an animal injected with 0.1 om 6f Mepivacaine HCL , 4% ,
and killed after 6 hours .

Degenerating cells ( D ) of the seminiferous epithelium are
surrounded by the cytoplasm of Sertoli oells ( Se¢ ) . Most of the
degenerating oells are electron-dense . Small lipid droplets ( L )
are present in the Sertoli cell. The primary spermatocytes ( spt-l. )
is mrobably in synaptinemal éomplex ( o ) in its nucleus .

N » Sertoli cell nucleus ; spd , Spermatid .

X 6.400
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Plate 55

- ey e ey

Fig.100 High power light miorograpn of a transverse seotion of

a testis from an animal injected with 0.l ont of Mepivacaine HCl , 4% ,
and killed after 6 hours , illustrating complete absence of the normal
spermtogenic epithelium . The Sertoli cells show marked fibrosis ( arrow

heads ) .
X 400

Fig.101 An electron miorograph of pert of a severely damaged semini-
ferous tubule from an animal injected with 0.5 cm3 of Mepivacaine_HCl, 4% ,
and killed after 12 hours . Marked fibrosis ( arrow heads ) appears in
the cytoplasm of Sertoli cells resulting from the administration of the
anaesthetic drug .
bt , boundary tissue ; L , lipid droplet ; Sc , Sertoli cell ¢yto-
plasm ; Sn , Sertoli cell nucleus .

X 5.000
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Plate 56

Pig.102 High power light micrograph of transverse seotion of a
testis from an animal injected with 0.25 oo’ of Mopivacaine HC1, 4% ,
and killed after 24 hours . X 500

Fig.103 An electron micrograph of a seminiferous tubule of a testis
from an animl injected with 0.25 cms of Mepivacaine HCl , 4% , and
killed after 12 hours . X 5.000

Both figures : .
PTubules showing migration of pycnotic and damaged

Sertoll cells with grossly vacuolated cytoplasm ( arrows ) . Ooocasional
B-type spermatogonia ( B ) can still be seen amongst the vacuolated
Sertoli cells .« In many tubules the Sertoli cells are displaced from
their normal position along the limiting membrane and take up a more
central position in the tubule . .

L, Lipids ; So , Sertoli ocell cytoplasm ; Sn , Sertoli cell nucleus.
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Plate 57

Fig.104 An eleotron micrograph showing large lipid droplets ( L )
in the cytoplasm of Sertoli cells from a rat injected with O.l on of
Mepivacaine HC1 , 4% , and killed after 12 hours . Lipid droplets are
very numerous in thé Ser‘bolil cells of treated animals . Some attain
suoh & large size as to give the impression of displacing other
organelles . Sn , Sertoli cell mucleus .

X 8.000
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there was o change in the shape of oristae or not . Also , in soms Sertoli
oells which had a drastically vacuolated oytoplasm , the mitochondria were
oval or spherical , devoid of oristae and showed some disintegration of the

internal mombranes ( see plate 40 , fig.82 ) .

Disoussion

The wltrastruotural observations in the present study extend previous
observations by more precisely defining the stages of the germ cells that
wore altered in the presence of Mepivacaine-HCl . The number of late sperm-
atids of the acrosomal and maturation phases were greately diminished in mest
seotions . Cap~phase spermatids were the earliest stages to show degenerative
changes and comprised the bulk of the neorotic ocells that could be identified

as to type .

There is little work related to the study of the boundary tissue
{ stieve , 1930 ; Clermont , 19582 ; 1956b ; Brokelmann , 1960 ; Lacy and
Rotblat , 1960 ; Gardner and Holyoke , 1964 ) . The work of Iaocy and Rotblat
( 1960 ) showsed that the boundary tissue surrounding individual seminiferous
tubules of the normal rat , is composed of four principal layers of which
two &rs non~cellular and two cellular . The present study oconfirmed this .
The first inner , non-cellular layer oonsisted of two layers of dense mte-
rial . The inner cellular layer was composed of extremsly elongated cells ,
which were typical of smooth muscle cells of the uterus ( Gansler , 1956 ).
The latter smooth msole cells however contain many more filaments than
seen in cells of the inmer ocellular layer . Morphologiocally , thers is good
reagson to suggest that ocells of the inmer cellular layer may be a type of
smooth muscle cell but of different level of organiza.tiog from that of the

uterus . The outer non~cellular layer was thin and the outer cellular
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layor also thin with markedly irregular cell membranco .

In rats administered Mepivaocaine~-HCl , the boundary tissue of dboth
wpartially" and "severely" damaged tubules showed a marked inorease in
taickness at the light mioroscope level « At the electron microsocope level,
the boundary tissue split into the four layers which becams highly folded .
Oettle and Harrison ( 1952 ) , after occlusion of testicular artery , report-
ed that boundary tissue in the neorotic tubules appeared to have split
prtly into layers .

Iacy and Rotblat ( 1960 ) , using both the light and electron micro-
soope , reported that three weeks after & very high dose of radiation
{ 10 000 r ) the average diameter of the seminiferous tubule decrsased
pvignificantly from 244 u in normal to 120 u in irradiated animals . This
was due to striking ohanges within the tubules . The boundary tissue was
excessively foldsd . In some tubules , the muclei of the cellular layars
were orowided together . No difference was observed between the staining

roaotions of the boundary tissue after irradiation and normal material .

Spermatogonia and Sertoli cells were the most resistant cells in
the sominiferous tubules of rats injeoted with Mepivaocaine-HCl , A-type
sperm2togonia showed only slight pathological changes , mainly in their
organslles , such as the Golgli apparatus and mitochondria . The B-type
spermatogonis appeared still more resistant than the A~type , and popul-
ation of these B-~typs cells together with Sertoli cells could be observed
within the most severely damaged , whioh otherwise appeared completely
eupty of spermatogenic ocells . Sometimes B~type spermatogonia were
displaced from their normal position in contact with the boundary tissue

towards the lumen .
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The primary -epermtooyte ( also , spermatoponia and spermatids )
are normally oonnected together through intercellular bridges . These
intsroellular bridges were interpreted as resulting from inoomplete ocell
division ( Moens and Go , 1972 ) . |

A marked elongation of primary spermatooytic oytoplasm was
usually seen in the light mioroscopic preparations following drug admin-
istration , but the electron microscope study showed that this was only
a morpnological modification rather than a result of damage . Also ,

rimry sparmatoocytes tended to form few bi- and multimucleate giant cells.

In rats aduinictered Mepivacaine-HCl , marked lipid droplets were
fourd in oclose contact with the primary spermatooytes , whioch appeared to
distort the cell membranas by pushing in the direction of the mucleus .
Somatimes the secondary spormatooybes had lipid droplets within their

oytoplaam too -

The mitochondria , especially of primary spermtooy‘besl s showed
a distinot swelling accompanied by disintegration of the mitochondrial
oristas . Also , cup-shaped mitochondria were found in Mepivaocaine-HCl
treated animels , whioh are not typiscal for germinal cells of control
testes . Christensen and Chapman, ( 1959 ), reported that oup~shaped
mitochondria were not common , but some such mitochondrial profiles
have been observed by Fawcett ( personal commnioation ) in the opposum
leydig oells . The cause of the cup~shape following drug administration

vas nbt clear .

¥rederic and Chevremont ( 1952 ) , studying tissue culturs

fioroblagts viewed unler phase contrast , occasionally
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observed striking alterations in certain mitochondria , which shortened and
diminished in overall ocontrast , and in which lighter areas appeared either
centrally or marginally . An examination of the drawings illustrating such

changes suggested that some of these mitochondria assumed a cup form .

It was difficult with the availables data to ascribe any functional
significance to the oup-shaps . Attention may be ocalled however to the ine-
reased surface area of ocup mitochondria and to the possibility that the oyto-

plasm enclosed by the cup may be modified either chemically or enzymatiocally.

In the present study , it was olear that ocap-phase spermatids were the
earliest stages to show degenerative changes . Beyond this stage , a slight
damage to approximately stages 2 - 3 were found . This damage oonsisted
minly of the exfoliation of these cells with a markedly " slight " damage
to their organelles as Golgi apparatus and mitochondria . The cap-phase
spormatida formed the bulk of the necrotioc cells in the tubules . Sometimes
the chromatin lost its gramular structure , migrated to the periphery of the
rmucleus and ooagulated into & homogencous mass , giving the nucleus an anmul-
ar appearance . In other cells , the aorosomic system became distorted and
inverted into the micleus , instead of lylng in its normal position on the
surface . In more severely damaged tubules , a complete destruction of the
cytoplasm occurred , and the muclear membrane became very irregular and con-
tained non-homogeneous chromatin . Sometimes , large lipid droplets were found
in a vacuolated Sertoli cell oytoplasm , in contact with degenerating sperma-
tids . Also , young spermatids had a high susceptibility to form the multi-

micleate giant cells .

Miltinmucleate giant ocell formation :

The development of multinucleate giant cells has often been reported
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in testes expoged to damagse .

In the present study the muliimucleate glant cells were found within
the " partially " and " severely " damaged tubules , but not in " glightly n
damaged tubules . A few mltinmuoleate cells were obviously derived from prim-
ary spermatocytes , but the bulk of muiltimicleate cells was derived from fused
spormatids whose nuclei lay centrally or peripherally in a sharply demarkated
maes of oytoplasm ; & fact which contributed to the decrease in the populations
of the early spermatids in those testes with the smallest numbers of spermatids.
In these multinucleate giant cells tho nuclei were elther pyknotic or under-
ébing karyolysis . Spermatogonia and Sertoli cells did not form multinucleates.
The fate of the multimiocleates appeared to be one of ultimate atrophy , pykmo-
s8ls and detachmsnt . The cytoplasm becams more or less pyknotio and so did
the muolei which exhibited the changes commén to all spermatid muclei in the
tubule . These cells wore gensrally belleved to arise by cytoplasmic fusion
because ,in the first place , they consisted/oipermti s whish are normally
inoapable of division , and secondly , they formsd very rapidly ( Oettle and
Harrison , 1952 ) . The fusion to form multimuoleates requires the juxta-
position of numbers of cells with an unstable oytoplasmic membrans , a certain
degree of fluidity of the cytoplasm and a final oyltoplasmic stability after

confluence , when surface tension has produced a spherical outline .

Kindred ( 1952 ) , in his study of the effect of the nitrogen mstards
on the rat testes , similarly observed multinmucleate cells , formed mainly
from spermatids and few from spermatooytes . He reported that the surface
barriers between the cells degenerated and the cells flowed together . Such
& physical phenomenon could be attributed to changes in the surface tenasion
of the oells .

the results of the present study proved that at least some necrotio
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germ cells were taken up and digested by Sertoli ocells , since recognizable
parts of germ cells were found within Sertoli oytoplasm ( Plate 54 , fig.99 ).
This is in accord with observations that Sertoli cells phagocoytose degenerating
gern ocells urder other conditions ( Iacy and Iofts , 1965 ; Vilar EE E&"l967 :
Hugon and Borgers , 1966 ; Reddy and Svoboda , 1967 ; Roosen~Runge and Ieik ,
1968 3 Black , 1971 ; Flickinger and Loving , 1976 ) , as well as injected
rartioulates ( Clegg and Maomillan , 1965 ) , and that they retain the resid-
val bodies shed by developing spermatids ( Smith and racy , 1959 ; Brokelmann ,
1963 ; Dietert , 1966 ) .

It is not known if phagooytosis by Sertoli cells is the fate of all
the damaged germ cells . Some altered germ cells may also have dbeen shed from
the seminiferous epithelium and transported to the epididymis to accumilate
in the distal part of the oauda epididymis ( Flickinger , 1977 v ) .

Fibrosis of the Sertoll ocell oytoplasm appeared in Mepivacaine-HGL
treated rats . Opttle and Harrison ( 1952 ) , and Dixit ( 1977 ) , in their
studies on the effect of ooclusion of testioular artery on the rat testis ,

also showad marked fibrosis in the cytoplasm of Sertoli ocells .

The investigations on the distribution and fate of lipid inelusions
throughout the oyole of the seminiferous epithelium of normal animals has ylel-
ded conflecting results . The lipids of the testicular tissus of adult albino
rats were restriocted to the seminiferous tubules only , where they ocoupied
either a position at the limiting membranse , or in the luminal portion of the
germinal epithelium (Iynoh & Scott,1951). These two different localizations of
lipids were thought to be connected with the maturation of tho spermatogenic

cells . It has been also suggested that lipids are situated eutirely in the
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Sertoll ocells ( Lynch and Scott , 1951 ) , or both in the interstitial tissue
a8 woll as seminiferous tubules ( Sertoli cells , spermatogonia and spermato-
oytes ) ( Montagna , 1952 ) . Smith and Iacy ( 1959 ) reported that in old
spermatids most of the lipld droplets appeared in one or two cytoplasmic pro-
trusions at the ventral side of the sperm mid-piece . These masses of oytoplasm
rez2ined bshiud as residual bodies when spermetozoa were released ( they son-
tained lipid droplets , mitochondria , accumulation of fine granmules believed
to be RNA gramules ) . Following phagocytosis of the residual bodies at stage
9 of the spermatogenic oycle ( Ieblond and Clermont , 1952 ) , large lipid
inolusions appeared in the oytoplasm of the Sertoli cells . The electron
wlicroscopical study by Laoy ( 1960 ) demonstrated that the contents of phago-
oytosed residual bodies , with the exception of their lipid oomponent , were
gradually dispersed or absorbsd . The lipid dropietes of the residual bodies
secmed to ooalesce to form imdividually larger droplets , often with irregu-
lar outline « Thus , while the Sertoll ocells may have synthesized some addi-
tional lipids at this period , the peripheral layer of lipids as seen by the
light nicroscopy was probably largely derived from the residual dbodies .

Also , iaoy , ( 1960 ; 1962 ) , postulated that during the final phases of
meiosis ( stage X ~ XIV ) , the diminishing mumbers of lipid inclusions in

the Sertoli oells were associated with the synthesis of a Sertoli cell hormone,
whioh in turn acted as a local stimulus for the maturation of primary spermato-
oytes into spermatids . Niemi and Kormano ( 1965 ) supported the finding of
1acy a2nd his coworkers . The data of Posalaki gf E.. ( 1968 ) howsver , indi-
cated that Sertoli cell lipid inoclusiona did not diminigh after stage IX , but
persisted at a constant level through stages X to XIV . Recently , Kerr and

vekretser , ( 1975 ) , suggested that although the phegocytosed residual bodies
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probably released their lipid ocontent into the Sertoli cells during stage IX
of the oyole , the relative mumber of lipid inolusions within the Sertoli
ocells appeared to inorease as spermatogenssis proceeded through the meiotic
mturation phases ( stage X to XIV ) .

The inoretse in lipids in semindfercus tubules is a characteristic
feature of the damaged tubules , and this inorease in the amount -and size of

the lipid droplets was reported by many investigators .

The results obtained from the present atudy revealed the presence of

the lipid granules and droplets in both the seminiferous tubules and in the
interstitiua .

Robbin ( 1974 ) stated that lipid accumnlation is seen in a variety
of cells under pathologioal conditions . Also , an increase in lipid in
Sertoli calls has been observed in other ocases in which spermatogenesis was
disrupted ( Isoy , 1962 ; laoy and Iofts , 1965 3 Collins and Imaoy , 1969 ;
chung , 1974 ) .

Examination of the tubules dy eleotron microscopy one week after
irradiation by laoy ( 1962 ) , revealed that the lipid was located within
the cells , none being extracellular . A study of germ cells in a late stage
of degeneration , carried out by [acy ( 1962 ) , showed that morphologically
they were aimilar to the residual bodies of normal rats , and they were being.
phagocytosed by the Sertoli ocells . Fimally , the oontents of degenerating
germ cells became dispersed in the Sertoli cells , until finally all that
could be identified was their lipid .
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General Disocussion

Mepivaoaine - HCl is one of & series of new long-aoting local
anaesthetics . It is stressed that the drug has a rapid onset , prod-
ucing deep anaesthesia , ard that it has a high frequency of anaesthesia
and olinical safety and effectiveness ( Aberg and Adler , 1970 ; Jorfeldt
_Ef E_]_.., 1970 ) and low toxioity ( Luduena et ale, 1960 §; Hemn , 1960 ).

Mepivacaine~-HCl is oommeroially available in several different
media . It is dissolved in saline solution at three different concentra-
tions ¢ Q.5% , 1% and 24 ( weight / wolume ) , for local anaesthesia ,
injection for infiltration or condustion anaesthesia . As a 3% solution
( weight / volume ) it is used for dental anagsthesie and as a 4% solu-
tion for hyperbaric anaesthesia .

Mopivacaine-HClL , perticularly its (+) isomer , has been shown to
have a marked vesooconstriotor effeot on the isolated rat portal vein

( Averg and Wahlstrom , 1972 ) .

In the present study , the histology and histochemistry of the
testes of aldbino rats receiving intraperitonsal injeotion(s) with Mepiva-
caing-HC1l solution of different doses and concentrations ( 005 om3 of
2 and 44 and O.1 , 025 and 0.5 o’ of & 4% solution ) , and killed after

different times were examined using both light and electron mioroscopes.

The animals that reoeived lMepivacaine-~HCl , especially the high
3 .
dose , 0.5 om , showad eonvulsions accompanied by increased respiration

rate ; deep anacsthesie followed rapidly and some of these animals were
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unable to recover . Hiatt ( 1961 ) and Ulfendahl ( 1957 ) reported that
the most severe type of local anaesthetic reaction consisted of convul-
sions with aoccompanying inorease in b_].ood rressure , pulse rate and

respiration . The depression which follows may be such that the patient
is unable to recover , and Hiatt ( 1961 ) oconcluded that death , due to
a loocal anaesthetio reaction , i1s believed to be more closely related to

respiratory failure than eiroculatory failure .

Hansson _ef E.( 1965 ) and Kristemsen ot al. ( 1965 ) reported
that ;, within a few minutes after injecting Mepivacaine~-HCl , the drug
was found in a relatively high ooncentration in the brain , followed by
an equally swift reduotion , and he suggested that this rapid deposition
in the brain may explain the gentral nervous system symptoms which are

seen in oomnection with injeotion of a looal anassthetioc .

A iarge mumber of the testes of the animels injected with higher
doges ( Ol , 025 and Oc5 om’ ) of Mepivacains-HGl showed local haemor-
rhage ard appeared darikly discoloured . Similar haemorrhage in the testes
vas shown aftsr cadnium edminigtration earrisd out by Gumn ot al.( 1963b )
and Gunn ard Gould ( 1970 ) . They suggested that the primary injurious
effeot of oadrmium might be vasoular .

When young and older adult rats were injeoted with Mepivacaine-HCl
at different higher doses ( 0.l , 0.25 and 0.5 om3 ) , only the younger ones
showed damage ; in no case was any testls examined that showed damage in
the larger adult animals . This msans that the pathologiocal effect of
Mapivaocaine~HCl is body weight dependent . It was considered that the like-

ly cause for this was the presence of larger amount of fats in the abdomi-
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nal cavity in the larger animnls , which absorbed the drug , and so
lower ooncentrations would be present in the oiroulation . The body
weight dependency of the effect of Mepivacaine-HCl is only one area
where the effeoct of this drug is problematical . Iarge individual
varlations in response , as determined from testis histology ( see
ohapter 3 & 6 ) , to the drug were observed . It is the individual
variation wvhich made it difficult to construot any dose dependent effe-
ots . Even so it was clear that the higher dose levels ( 0.l , 0425 &
0.5 cm3 of a 4% solution ) produced more severely damaged tubules than |
the lower doses ( 0.05 c:m3 of 2 and 4% solution ) . The cause of the
individual variation , partioularly in relation to the quantity of

vigoeral fat deposits , is an area whioh demands further study .

Not in all animals was damage caused , and the nature of the
demage differed inm different tubules . Great differences were seen even
between the two testes of the sams animal . The histological appsarance
of the testes from treated animals varied greatly from a few damaged
tubules in some testes to completely damaged tubules of the whole testes
in other animls . The tubfu.e damage oaused & marked deorecse in weight
of the testes . |

The high doses were appa.'rently not quantitatively different in
their effeots , therefore , the severity of the damage to the testes was
olagsified here info " alightly " , " pertially " and " geverely " damaged
tubules . The " slightly. " damaged tubules were mainly chsracterized by
vaocuolation and the paucity of late spermatids , partioularly in stages
I - VII of the ocyocle . The vacuoles appeared more or less rounded , withe
out any evidence of cell debris , and looked as if dbounded by an outer
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membrane . Howsver , Bocoabella et al. ( 1962 ) and O'steen ( 1963 )
desoribed similar vacuoles formed as a result of death and resorption
of one or more spermatogenic ocells or detached cella . The reasons for
the appearance of these vacuoles are discussed in ohapter 3 , and as
they may arise from simple exfoliation of celles by ths Ssrtoll cells ,
scme debris might be expsoted . It is therefore likely that the vacuole
resulted from a fluid accumulation , either within , or between Sertoli
oolls . It is pertinent that Dobbs and Ross ( 1961 ) reported that one
loocal side effeot of an intrapsritonsal injeotion of Mepivacaine-HCl

was oedems .

The damage caused after low doses ( 0.05 cnn3 s 2 and 4% solution )

of Mepivacaine-HCl intraperitonsal administration was mainly of the
nglight” type , whioh inoluded both vacuolation and tubules in which the

late spermatid stage was absent -

The results obtained in the present study showed that repsated
insults to the testes resulted in an ascumlation of damage after Mepiva-
caine=HCl administration . There was & marked inorease in number of both
n p3rtially " and " severely " damaged tubules with repeated appliocation
of Mopivacaine-HCl . This was accompanied by a corresponding decline in
the numbers oi both normel and " aslightly " damaged tubules « The forma-
tion of multimuocleate glant ocells , mainly from early spermatids or some-
times from primary spermatooytes , as well as exfoliation was responsible

for the marked depletion of such cells from the tubules .

The proportion of the interstitial tissue was apparently increased
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following drug treatment , this probably owing to the relative decrease
in tubule diameter whioh followed reduction in the germinal epithelium .
In tho testes of one animal only was severe damage to the interstitium
seen when hyalinization ocourred ( Plate 9 , fig. 28 ) .

Seminal vesiole weight hes been widsly used as an indiocator of
the level of androgen output , and therefore of the level of interstitial
ocoll function . The faot that , in the present study , the semimal vesiole
woelghts from expsrimental rates did not differ significantly from those
of normal rate , ( even when receiving successive injections of Mepiva-
oaine-BCl ) , suggested that seminal vesiocle funotion was unaffeoted dy
adoinistration of Mepivaocaine-HCl . This was oonfirmed by the observation
that experimental animals showed no loss of libide and displayed normal

sexnal behaviour with females .

The late spermatida were apparently the cell typs most readily
demaged after Mapivaocaino-HCl administration. , as they were frequently
lost and were even sometimes completely absent from the tubules « The late
spermatids were still present , they appeared attached to the Sertoli cell
oytoplasm at the wrong position , and so the tubules lost their orderly
and ohcraoteristio arrangement of the germinal elements . In more damaged
ocagses , degenereting late spermatids were ocoasionally seen « The head

of most of them was broken , twisted and detashed from the middle plece .

The 8bsence of late spermatids from the tubules was recorded after
tomporary and permanent oooclusion of the testicular artery ( Oettle and
Berrison , 1952 ) ; after treatment with oyproterone ( Mietkowski and
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Lukaszyk , 1969 ) and oyproterone acetate ( Neumann and Von Berswordt-
wallrabe , 1966 j Steinbeak of al., 1971 ; Flickinger and Ioving ,
1976 ) , but not after application of heat to the testes .

Next in order of sensitivity were early spermatids ( espeoially
stage VII ) , whioh showed different degrees of damage and degeneration.
The damage ocaused to early spermatids mainly conocerned the exfoliation of
these cells , migration of chromatin to the periphery of their muolei ,
giving anmular appsarance , distortion and inversion of the acrosomio
agystem into the nmucleus instead of lying on the muoleus surface . In more
severely damaged tubules a complete destruotion of the spermatid oytoplasm
ooourred and the molear membrane beoams very irreguler and oontained non-
homogensous ohroratin « In damaged tubules , early spermatids also had
the tondency to form muliinueleato glant cells . The early spermatid
multigavieates Torued the bulk of the mﬂtimoleates within the "partially"
and " sevarely " damaged . The muolei of oells within the mltimicleates
variously appeareé uormel , pyonotic or showed signs of undergoing karyo-
lysis , and the oytoplasm appeared dark or ragged .

Similar multimoleate giant cells were seen by Oettle and Harrison
( 1952 ) and Kindred ( 1952 ) « Oottle and Harrison ( 1952 ) reported that
these cells arose by oytoplasmioc fusion and not as & result of inocomplete
division . They ooncluded this because : first the spermatids are normally
incapable of division and second , the multinucleate gilant cells form very
rapidly « Kindred ( 1952 ) , in his study on the effect of the nitrogen
metards on tha rat testes , similarly observed multinucleate ocells , and
he reported that they formed when the surface barriers between the cells

have degenerated , causing the cells to flow together »
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The primary spermatooytes were the next in order of sensitivity .
A marked elongation of primary spsrmatoeytioc oytoplasm was usually seen
in the light mioroscopic preparations following drug adminigtration .

Spermatogonia and Sertoli ocells were the most resistant cell types
tc drug administration , and sometimes were attached to the boundary tissuse,
even in the most seriously damaged tubules .

The damige caused after Mepivacaine-HCl injeoction was olearly diff-
erent from that aftor sorotal heating . Work ocarried out by Steinberger
and Dixon , 1959 ; Collins and laoy , 1969 j Chowdhury and Steinberger ,
1970 and Parvinen , 1973 , showed that the Paohytene , diakinetioc and
dividing spermatooytes at atages IX to XIV , and the young step 1 and step
2 spermetids were most susceptible to heat .

Soms pathological changes reported to coocur in the testis due to
progestin and androgon treatments in rats ( Fliockinger , 1977a ) were simi-
lar to those of Mspivacaine~HCl injection , but others were different .
0n tho othor hand , the injurious effeot of S5-hydroxytryptamine (Bocoabella
ot al., 1962 ; O'steen , 1963 ; Kormano ot al., 1968 ) , and histamine
( Otateen , 1963 ) on rat testis was olosely similar to that shown after
Hepivacaine~HCl administration .

WBny extremely large lipid droplets were present in the seminiferous
epithelium of the treated animals , as well as in the interstitial oells .
The amount of lipids inside the seminiferous tubules ranged from gramles
to large droplets . Most of the lipid was intracellular . In rats which
reoceived difforent doses of Mepivacaine~HCl ; large lipid droplets were
usually seen within the Sertoli ocell cytoplasm or within the oytoplasm of

gorm cells as primary and secondary spermetooytes .
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The inorease in lipid content has been reported following orypto-
rohidism , hypophyseotomy , local heating , and estrog?n treatment (Hans
and Roeen'bloom o 1911 ; Lynch am'l Seott , 1951 ; lacy , 1962 ; lacy and
Lofts , 1965 ; Collins and Iacy , 1969 ) , and testioular feminigation
syedroms ( Chung o 1974 ) o

Collins and laoy ( 1969 ) reported that the degenerating germ
o6lls which resulted from a single exposure to heat , were phagooytosed
by Sertoll cells , and this caused an inorease in the lipid content of
Sertoli cells . Johnson ( 1970 ) reported that , in gemeral , the testes
1lipid fractions tendod to inorease as the testis became devoid of sperm-

atozoa and testioular fluid .

Aoocording to the results of this study , and the findings of many
investigators , the inorease in testiocular lipide in troztecd animals might
result as a response to injurious changes in the germ cells . On the other
hand , they oould be due to an alteration in the metabolism of the Sertoli
oelle themselves , because lipid accumlation is a well known pathologioal
change , that oocours in many ocells under & varicty of deleterious condi-
tions ( Robbins , 1974 ) .

The EM appearance of individual cell types revealed more detailed
information of the pathologiecal changes that ocourred in damaged ocells .
However , it was also possible to identify intracellular lesions in cells
( seg spermatogonia ) , that appeared normal in the light mioroscopio
gtudy . The cellular accumulation of lipid , and presence of abnormal

mitochondria , were the most obvious signs of demage in those cells .
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The mitochondria of the early spermatids after Mepivaocaine~HCl
administration appeared rardomly scattered in the oytoplasm , instead of

lying olose to the cell membrane ; they were also extremely electron-~dense
with no visible cristae .

A marked slongatlon of primary spermatocytic oytoplasm was usually
gseen in the light mioroscopic preparations following drug administration,
but the eleotrom mioroscope study showed that this was only a morpholo=
¢loal modification , xather than a result of damage . Also , primery
epormatooytes tondod to form bi- and miltimuocleate glant ocells . The
miltinuocloate sparmatocytes scen in the present study contained only three

nuolei o

The secondary sparmatooytes showed marked destruotion in some
parts of the cytoplasm ; also the muolear membrane appeared bulging into
the eytoplasn .

The mitochondria of the primary spermatooytes showed a distinet
swolling , accompanied by disintegration of the mitochondrial oristae .
Algo , oup-shapad mitochondria were fournd in Mspivacaine-HCl treated
animals  These were not typiocal for germinal ocells of control testes.
These cup~sheped mitochoniria wore reported by many investigators

Fawcett § Slautterback and Fawcett ( psrsomal commnioation by
Christensen and Chapman , 1959 ) , but have not been reported in rat
spermtooyie before . Frederic and Chevremont ( 1952 ) studying tissue
ouiture fibroblasts viewed under phase contrast , occasionally observed

aiterations inm certain mitoohondris which became oup-shapsd . It was
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diffioult , with the aveilable data , to decide if oup-shaped mitoohondria
appeared as a result of Mepivacaine-HCl administration or not . Clearly

this needs an extensive study of the mitoohondria of spermatocytes from

mny animals , both normal and treated with Mepivacaine-HCl . It was dif-
fioult to asorive any funotiomal signifiocansce to the oup shape . If 1t

arises as a response to injury , then no funotional cause exists . Attention
may be oalled however to tho lnoreased surface area of ocup-shaped mitochondria
and algo it is possible that the ocytoplasm enclosed by the oup may be modi-
fied either chemiecally or enzymatiocally .

The mitoohondria of the secondary spermatooytes showed disruption

and fusion of the membranes , whioh gave an eleotron demse appeararnce .

At the light mioroscope level it was not possible to determine the
oextent of damage , if any , to spermatogonia . At EM level , A-~type spermato-
wonia showsd some changes following Mepivacains~HCl administration . It was
mainly to their organslles , such as (Qolgi apparatus and mitochondria ,
that 8igns of damage were recorded ; B-type spermatogonia appeared to be
more resistant than A-type in this respect . So it is significant that
B~-type spermtogonia and Sertoli oells were the only oell types found in
severely damged tubules .

The mitochordria of spermatogonia frequently were swollen , which
in some cases was a gross swelling . In other cases they lost their eleo-
tron dense matrix , the cristae began to disintegrate and coalesce together,
forming condensed electron dense bodies , which acoumulated at one side

of the outer membrancs .
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The boundary tissue of tubules " partially " and " severely "
damaged dy intraperitoneal injections of the looal anaesthetic agent ,
Mepivacaine-HCl , showed a marked inorease in thiockness at the light mioro-
scope level . At the eleotron mioroscope level , the boundary tissue ocould
be resolved inte the four laysr whioh became highly folded .

The thiockened and split boundary tissue was reported after occlusion
of testioular artery ( Oettle and Harrison , 1952 ) and after X-~irradiation
( 1acy and Rotblat , 1960 ) . This thickening and folding of the boundary
tissue resulted from the marked deorease in tubule diameter , which was

obvious espacially in " partially " and " geverely " damaged tubules .

Sertoli cells were the most resistant to drug administration , and
were still attached to the boundary tissue , even in the most seriously
damaged tubules . Sertoll oells of treated rates containsed many lipid droplets
in thelr oytoplasm , and in more"severely" damaged tubules , some Sertoli
cells had a vacuolated oytoplasm , a prominent folded muclear membrane and
more abundant chromatin , and the oytoplasm of these cells took on a fibrous
appaarance . Sertoli cell mitochondria did or did not show any response to
drug administration . When they did , they becams more electron dense than

that of normal rats .

The phagocytio activity of the Sertoli oell is well known ( ILacy
and Iofts , 1965 ; Rugon and Borgers , 1966 ; Vilar et al ., 1967 ; Reddy
and Svoboda , 1967 ; Roosen-Runge and Ieilk , 1968 ; Black , 1971 and
Plickinger and Ioving , 1976 ) as well as injeoted partioculates ( Clegg

and Maomillan , 1965 ) .
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It is not known if phagooytosia by Sertoli oells is the fate of
all the damaged germ oells , since Fliokinger ( 1977 b ) reported that
.aome altered germ ocells may also have been shed from the seminiferous
epithelium and transported to the epididymis , to accumulate in the distal
part of the ocauda epididymis .

ILittle work was done on the ultrastruoture of the effect of

chemical and physiocal agents on the testes .

Fliokinger and Ioving ( 1976 ) reported that spermatogonia , sperm-
atocytes and early spermatids were abundant in light microscopic preparations
of animals treated with oyproterons acetate . When studied with the electron
miocroscope , gorm cells appsared to have a normal ultrastructurse in stages

up to oap-phase spermatids ( stages 4 - 7, Leblond and Clermont , 1952 ).

Also , Fliokinger ( 1977 & ) , in his study of the influence of
progestin and androgen on the fine structure of mle reproductive traoct ,
showed thet spermatogonia , spermatooytes and early spermatids in treated
rate did not show ultrastructural changes . At the same time , many neorotio
oells were identified as early spermetids in the later part of the cap-phase
( approxizately stages 6-7 , Leblond and Clermont , 1952 ) .

The results obtained after hypophysectomy ( Russeliand Clermont ,
1977 ) showed similarities in the damage oaused to the cells . These damaged
cells were spermatooytes , at the mid-pachytens step of meiosis , and

spermatids at step 7 and 19 of spermiogenesis .

Aocording to findings of Haddy ( 1958 ) ; Haddy et 21.( 1959 ) ;
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Cross and Silver ( 1962 ) ; Waites and Setohell ( 1966 ) and Dutt et al.,

( 1977 ) , and the results obtained in the present study , beside our
knowledge that Mepivacaine-HCl has vasoconstrictor effeots , it is consi-
dered that the injurious effects of the administration of Mepivaocaine-HCl ,
2 or 4% solution intrapsritoneally , with different doses ; were duc to

reduoed blood flow to the testis .

It is hoped that the results obtained in this investigation will
help the anaesthesists , by pointing to possible damage to the testes by

this drug , during a short period of application with a wide range of doses.

It is pertinent to ask whether the damaging effects shown after
intraperitoneal administration of Mepivacaine-HCl are restrioted to this
drug only or whether all the local anaesthetic drugs have similar effects.
The answer to this question needs more extended studies with different
looal ansesthetic druzs A more concentrated etudy of the cellular orga-
nolles after drug administration is needed to give more details about the

exaot mochanism of the action of this drug .

Other organs , such &8 liver and kidney , need to be studied after
Mepivacaine-HCl administration , because they are known to be related to

the mstabolism of the drug .
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