CHAPTER V .
HISTOCHEMICAKL IOCALIZATION OF LIPIDS AND LIPASE IN THE
TESTES OF CERTAIN VERTEBRATES

The localization of 1lipids, and seasonal changes
in the pattern of distribution in the testes of various
vertebrastes, have been studied by earlier investigators
(0slund, 19283 Long snd Engle, 1952; Montagna, 1952;
Melsmpy and Cavazos, 19543 Marshall and lofts, 19563
Lofts and Marshall, 1967; Marshall and Woolf, 1357; Lofts
and Boswell, 1960; Lofts and Boswell, 19613 van Oordt and
Lofts, 1963). In a recent study Lofts (1964) has descr~
ibed cyclical changes in lipid in the leydig and Sertoli cells
of Rana esculenta, and has correlated the appearence of
the secretory lipid globules in the leydig cells with the
development of the thumb-pads. According to this author

the postenuptial accunulation of 1ipid globules and cho=
lesterol in the intorstitial cells, was due to the cess
ation of male hormone production and the sppearsnce of
cholé%erolnpcsitive 1ipid droplets in the Sertoli cells

was found to coincide with the process of spermiation.

In the lste post~nuptial period, however, he observed the
1ipid lafden Sertoli cells to be getting detached and passing
down the tubular lumen. This was found to coincide with
decreased interstitisl cells stimulating hormone (ICSH)
out-put and initiation of follicle stimulating hormone (FSH)

secretion rfom the anterior pituitary.
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Miller (1959) reviewed the literature on lipids
and thelr distribution pattern in leydig cells of reptiles
and the changes occuriéni Eﬁ'ﬁggugsfsaﬁaiipreeders. The
significance of the refractory peri Lin bird migration
was discussed by Marshall (1951) on the basis of the cyelical
changes in the lipids occurring in the Leydig cells and
seminiferous tubules. Among mammals, studies on the variations
in the distribution of lipids in the leydig cells and the
seminiferous tubules have been carried out in & single species

a
of a seasonal mammal - Talpa euro%ea (Lofts, 1960).

In the light of the observations mentioned above
and those discussed in chapter I, it 1s evident that lipids
do have an important role in the metaboliesm of the testis.
It was, therefore, thought desirsble to extend the earlier
investigations to a2 study of the localization snd distribution
of lipase, an enzyme of primary importance in lipid metabolism,
in the testes of certain vertebrates. In conjunction with
this, a reinvestigation of the distribution of lipids was
also undertaken in order to obtain sn integrated picture of

the localization of the substrate ss well as the enzyme.
MATERIAL AND METHODS

In the present investigation the following vertew
brates were used. Indian bull frog - Rana tigrina, the common

garden lizard - Calotes versicoloyr, a migratory starling

(Rosy pastor) - Sturnug roseus, the house sparrow - Passer

¥
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domesticus, the blue rock pigeon - Columba livia, the rabbit

Oryclolaqus
“‘i‘“ggggg-cuniculus, the cat - Felis domesticus, the dog - Canis
familiaris, the sheep ~ Ovis sp., and the rhesus monkey -

Macacus rhesus. Of these animals the frog snd the garden

lizard were procured during their breeding as well as non-
breeding periods. The rosy pastors arrive in Baroda (India)
during August/September from their breeding grounds abroad
(probably Middle East and South Europe and U.S.S.R.) and
leave for breeding in April. These birds were captured in
September (post migratory phase) and in 8pril (pre migratory
phase). In the house sparrow snd pigeon the testes showed
active spermatogenesis througgg the year, except during
winter (December). In these birds the testis was studied
only d\iring?getive period. The testes of the rabbit, dog
and sheep were obtained during the breeding seasson. In the
case of?:at the testis Was studied st the time when the
breeding season was approaching. The monkey ~testis was

examined during the period of sexual inactivity.

" Frogs and 1izards were freshly collected, killed
and the testes were fixed. The birds were shot with an air
riffle and brought to the laboratory within 20 minutes,after
which the testes were carefully removed. The testes of the

rabbit, cat, dog and monkey were removed under anaesthfsia.

In all cases the glands were first frozen to -10%

immedistely after removal. The methods employed for the demw
the

onstretion of lipids and lipase activity were same as those

described in chapter I.
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Frog testis
be
(a) Non~breeding season : The testes were found to small

cylindrical bodies containing brownish-green pigment cells.
The diameter of the seminiferous tubules was about 102.?

The leydig cells had(considerable number of lipid globules
whereas the seminiferous tubules were almost devold of them.
Most of the tubules contained cell nests having spermatogonia
and one or two generations of sperdmtocytes. A few tubules

had some spermatozoa adherging to the Sertoli cells.

The leydig cells hadZnumber of sudanophilic globules,

A few such globules were also present in the Sertoll cells
and the spermatogonia. The rest of the germinal elements
were devoid of lipid globules. Where the spermatozoa occurred
attached to the Sertoll cells, fine 1ipid globules were
present near andé akround the spermatozoa. Lipase activity
was negligible in the seminiferous tubules, excepting the

Sertoll cells., The leydig cells showed high lipase activity,

(b) Breeding season : The testes were much enlerged an&itq?
average tubule diameter was 150 fe. A1l the seminiferous
tubules had meny groups of spermatozoa attached to the Sertolil
cells, The chromatophores were much dispersed and the testes
were pale yellow in colour. In the central part of the testis
many chromatophores were present in the interstitial tissue.

Spermiation had, however,hednot occurred.
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Photomicrographs of the sections of the frog testes.

Figs. 1 & 3. Showing the distribution of lipids in the breeding
and the non-breeding seasons, respectively.

Figs. 2 & 4. Showing the pattern of lipase activity in the
breeding and the .non-breeding seasons, respectively.



Photomicrographs of the sections of the calotes testes.

Figs. 5 & 7. Showing the distribution of the lipids in the
breeding and the non-breeding seasons, respectively.

Figs. 6 & 8. Showing the pattern of lipase activity in the
breeding and the non-breeding seasons, respectively.
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The interstitizl leydig cells possessed fié; sudano=-
philie glopules:dm; t'h‘e cyteplasm burt, t e ‘muinber’ ‘zhd Fbze ‘of
such giobuies'was much more reduced than that found in the non-
breeding season. The cells of the nests anc the Sertoll cells
showed a few 1lipid globules in the cytoplasm while the rest of
the germinal elements in the tubules showed negligible sudano-
philia. Leydig cells possessed 8 considerablaqhigh 1ipase e
actiﬁifyw-ln the samInisdrbgs tubules’ only the Ser%oli celisl
and the spermatogonial cells were observed to have lipase

actié%y. The mid-pieces of the spermatogoa showed low enzyme
activity.

Calotes testis S

——— '—"_"'T-' R : +

(2) Non&bree&ipg seas»n X ‘E%e testes ‘were. very small an& bright

golden yellow in colour. The pigment wes found to be dissolved

in lipid glcbules dispersed in the interstitisl tissue. The
a‘oour

average tubule diemeter uasA45 to 50 R and the tubules were

found to possessthick walls measuring QO‘F’
gy Wi epTaem of the Leydig cells wasifound 'to be .
loaded with sudanophilic globules., The seminiferous tubules
possessed only the Sertoli cells and a single layer of sperma-
togonia both of which showed the presence of fine sudanophilic
globules in the bassal portions of the cells. In addition to
this there were some brown spherical bodies in the apicél
portions of these cells but such bodies were non-sudanophilie,
High lipase activity was present in the interstitial cells but
the cells in the seminiferous tubules had low enzyme activity.
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(b) Breeding sesson : The glands were much enlarged.and the
dizmeter of the seminiferous tubules varied between 220 to

250 p. The basement membrane of the seminiferous tubules,
which was about 20 j thick in the non-breeding season, was
hardly discernible in this pericd. The testes had very little
of pigment and appeared pale yellow in colour. The seminiferous
tubules showed 211 the spermetogenetic stages as weXl as
mature spermatozoa. Thé‘vﬁ" ig cells were compressed in the
corners of the widened tubules and were seen as small clumps

or rows of few cells.

At this stege slso the leydig cells showed the
presencé of considerable number of lipid globules. Sertoli cells
and spermstogonis also were richly sudanophilie. There were
few sudanophilic globules in the cent@r of the lumen of the
seminiferous tubules, lipase activity was present in the
Leydig and@ Sertoli cells arnd in the spermatogonia. Other
spermatogenetic cells shpued low enzyme activity.

Rosy pastor testg v

(a) Nonebreeding season (pesk migratory phase) : 8mall recrue
descent testes of these birds were found to contain numerous
dark brown chromatophores in the interstitium. The seminiferous
tubules were sbout 40 )3 wide and contained only the Sertoli
cells and a single layer of spermstogonia. leydig cells were

found in groups 1nketween the chromatophores.

The leydig cells conteined meny lipid-. globules.
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Photomicrographs of the sections of the Rosy Pastor testes.

Figs. 9 & 11. Showing the distribution of lipids in the breeding
and the non-breeding seasons respectively.

Figs. 10 & 12. Showing the distribution pattern of the lipase
activity in the breeding (pre-migratory period)
and the non-breedin (post-migratory period)
seasons, respectively.
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The Sertoli‘.glls and spermatogonis had few lipid globules.
Lipase\acffvtafﬁﬁhs verysidw in the Szrtolf-cs]&ngmd,the'

‘1
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spérﬁhtogonia bt the Ieydig cells showud'enzyme activity K
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which was mostly that of a non-&pecific‘esterase.

(b) Pre-breeding season (pre migratory phase) ¢ The testes
were very much enlarged snd the chromatophores were widely
dispo:dhs fo.t e‘ag%ent Mﬁab the glanﬂb wa!e é%lllrless.t '
The average diameter of the seminiferous tubules wes 1756 p
211 spermatogenetic stages upto spermatids were observed,

a few tubules showed the presence of spermatozoa also. $ke

Leydig cells were compressed at the corners.

Rt YhIE Rtgge a]se Jhe Ieydtg-cells'pcesessedAdamid
gleghfes.&Sudahéphif;a wes obsorved i% all ﬁhe cells of the
seminiferous tubules. leydig cells at this time contained more
of "true" 1ipasekct1vity than that of the non-specific esterase.
The pattern of lipacse activity was similar to.that of the lipids
in tggﬁsemdnifgfqa§83§bu§es,,ﬁi

I i . Sl v
R DTS . ' 7 t‘f‘;’;_“%v R IO A S
Pigeon testis 4

Se%?lly active period The seminiferous tubules were enlarged
and appesred polygonal in cross section and contained all the
germinsl cells including spermmatozoa.

Leydig cells as well ss the cells of the seminiferous
tubules possessed sudanophilic cytoplasm. Lipase acﬁyity followed lhe
distribution pattern of liplds in the interstitium and the

seminiferous tubules.



85

Figs. 13 &14. Sections of the testes of pigeon showing the
distribution patterns of lipids and lipase,
respectively, during sexually active period.

Figs. 15 & 16. Sections of the testes of the house sparrow
shewing the distribution of the lipids and lipase
respectively, during the sexually active period.



House sparrow testis

Sexually d&&iﬁ%ﬂgp?iod¢.,.fhe testes wureeqéé oai 1n&shqpc A
R T L R o R v 'y

anﬁ ‘the seminiferous tubules appeared polygonal 1n eross

section. All the germinal elements were present. The sper-

matozoa were seen in small bundles.

The Leydig cells possessed many lipid globules. &1l
tm‘ml.g o( jtie', éemin&gp‘us tubule;s were mda’opmuc“ ;Eépase

Vit d heiy s
activity was present in the Leydig cells as well as in all

cells of the tubules,

Rabbit testis

Breeding season : The average diasmeter of the seminiferc. .=
tubulesswa,s J9%0, N ‘and the. tubules containgd 311 A;ho &emfa:ions
of Spermatcg%netic ‘eéMs. Leydig ce1ld! vere' pfbsent as profi-

nent groups in the interstitium,

k11 the cells of the seminiferous tubules were sud-
enophilic, The leydig cells contained more 1lipid material than

any eMibr typo‘; Mpqse -aet&ity was: :m:g high. 1n Mmdtg

ety
s —-v"‘b‘ ,,,,,

cells. The enzyme éctivity was also present in fhe deils of
the tubules but at s lower level. Lipophanerosis was apparent
andé the residual bodies had lipids and only negligible lipsse
activity.

Dog testis

Breeding season : Average diameter of the seminiferous tubules

was 190 F' A high dégree of sudanophilia was observed in the
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Figs. 17 & 18. Showing the distribution of lipids and lipase
of the rabbit testes, respectively, in the
breeding season.

Figs. 19 & 20. Sections of the dog testes showing the lipids
and lipase, respectively, in the breeding season.
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Leydig cells, Sertoli cells, and the spermatogonia, bqt the

re s'b a&' the: ce’H.’q {ﬁ'ﬂk tubules wero oglx.mqt]‘;ﬁdanophi..
lic. Lipase activity followed a parallel pattern. Residugl
bodies contained many 1ipid globules and very little o ﬁgse
activity.

Cat;g_e_%_t_ig’ AT . o i.& ‘;’*;qm-f

Near bweeding ’Jblsonh ‘Tﬁe seminiferows. tububes,, Here: akbeWt 175 p
wide and all stages in the germinsl epithelium uﬁto spermatids
were observed. The leydig cells were in groups as prominent
patthes in the interstitium which were observed to Be loeded
with 1ipids. All the germinal cells showed m‘aawilia.
Lipase aetivity zgglou?dwéq»1dent1ca1_Q%g?r&butipnqpaptorn.as
of lipids.' ' SR A

Sheep testis

Breeding season : The seminiferous tubules contained all stages
of spermatogenesls and were about 176 P wide. Yoydig cells
Possessz’@a}kw t]icibules. Noncelw apcruzal Jaedies wvere
found in- the~intarstit1um, some of which contéi%ed sﬁdahbphilic
material, The Sertoli cells and the spermatogonias were observed
to be more sudanophilic than the rest of the cells in the semi-
nifercus tubules. The germinal elements as well as the leydig

cells showed a uniform distribution of lipase activity.

Monkey testis

Nonbreeding seasocn : The tubule dtameter range was from 45 to
60 P’ Many of the tubules contained only & single layer of

spermatogonia and a few Sertoli cells and only some tubules
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Figs. 21 & 22. Sections of the cat testes showing the lipids
and lipase, respectively, in the period nearing
the breeding season.

Figs. 23 & 24. Sections of the sheep testes showing the lipids
and lipase, respectively, in the breeding season.
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Figs. 25 & 26. Sections of the testes of monkey showing the
distribution pattern of the lipids and lipase,
respectively, in the non-breeding season.
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had a layer of spermatocytes. The interstitial Ieydié cells
were scattered aboutiag@iyéﬁb notggﬁqﬁﬂggnt.

The germinal and Sertoli cells showed little sudano-
philic material but the spermatogonis were compératively rich
in lipids. The locslization of lipase activity wzs similar
to that of lipids.

R ‘ -t » s 4

SEELLL LRy
" 'DISCUSSION “ '

In the animals studied in the present investigstion
the interstitial Leydig cells showed in the nonbreeding period,
large quantities of sudanophilic material which were reduced
considerably with the advent:of thﬁwzieeding season. Lipase .
activity in tafe cells also showed a corresponding decrease
thereby indicating & lower enzyme gradient side by side with
the decreasing substrate (1ipid) levels. The 1lipid build up
during the nonbreeding sesson follwed by its depletion in the
breedinéfshows that lipids are being metbolized by the leydig
cells. It was reportcé ﬁy-Mblampy'and‘G&iazes (1954) that the
interstitial lipids of the vertebrate testes studied by them,
except those of chicken and fish, are positive to Schultz
resction for steroid compounds. It is now well established that
the Leydig cells synthesize sex hormones and that lipids are
intimately associsted with steroid biosynthesis. In the light
of this, it may be inferred that the lipids present in the

Leydig cells are utilized for the formation of sex-steroilds.
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In all the other species studied in the présent
investigation, the Sertoli cells as well as spermatogonia
invariasbly contained lipids and show lipaée activity. From
this it may be suggested that, at least, in the initial stages

in
of spermatogenesis and,the finsl stages of spermatozosn deve-

lopment lipids are utféized. The Sertoll cells in the rat
testis, have been found to phagocytose the lipid material

from the residusl bpdies, which after some time give a positive
Schultz resction (Lacy, 1960), It was therefore, suggested
that the reguler ingestion of such lipidf bodies by the
Sertoli cells and the subsegquent conversion to Schultzepositive
substance(s) may bg:}egulatory mechanism in the initistion and
synchron&zation of the spermatogenetic stages in the seminif-
ercus tubules in relation to the precess of spermiation

(Lacy, 1960).

the
In the case of(pigeon and the houde sparrow, which

breed: almost throughout the year, lipids and lipase follow::
a closely parallel pattern of distribution within the semini-
ferous tubules as well as in the interstitium. It may be ssid
that, at leest in these two species of birds, lipids are con-
tinuously utilized at all the stages of spermatogenesis. It
should be mentioned here that in an snimal such as rst, which
breeds throughout the year, the concentrations of lipids and
lipese presented a simllar psttern. The fact that such an

identical pattern in conjunction with constent spermastogenetic

activity is sesn in two different groups of vertebrates

resulting in their ability to breed throughout the year, is



of considerable interest, .

The leydig cells in the testes of the rabbit, cat,
dog and sheep were found to contain considerably more lipids
;than the germinal and Sertoll cells. The distribution pattern
of lipase activity also presented an identical picture. Such o
parallel distribution of the metabolite and the enzyme, has
been explained as qmetabolic adaptation at the sub-cellular
level . (chapter I). The present observations lend further
. support to the fact thet the lipids form an important metabolite

in the process of spermatogenesis,



