CHAPTER I
HISTOCHEMICAL OBSERVATIONS ON THE RAT TESTIS

Studies on the structure and physiology of the
vertebrate testis have been largely confined to the process
of spermatogenesis, and the role of testis as an endocrine
gland. The various stages of spermatogenesis in the rat
testis have been described with great precisicn on the basis
of the definitive cellular associations in the seminiferous
tubule (ieblond and Clermont, 1952), Roosen-Runge (1952)
discussed the kinetics of spermatogenesis in mammals, In a
recent review of the new asdvances concerning the process of
spermatogenesis in mammals the same author (1962) called
attention to the fact that there is scanty information on

the role of lipids in spermatogenesis.,

The presence of lipids in the interstitial tissue
as well as the seminiferous tubules in the vertebrate testis
is well known (Long and Engle, 1952; Montagna, 1952; Cavezos
and Melampy, 1954). As early as 1928, Oslund reviewed the
literature on the periodic accumulation end discharge of
lipids in the interstitisl tissue of the testes of fishes,
amphibians, birds, and seasonal mammals. Several others
have studied the seasonal changes in the lipid content of
the testes with respect to spermatogenesis in various vertee

brstes and also with reference to the behavioural pattern of
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these animals (Lofts and Marshall, 1957; Marshall and Woolf,
19573 Lofts, 19603 Lofts and Boswell, 1961). Schieb (1959)
has traced the developmental changes in the pattern of dise
tribution and nature of 11pids in the gonads of the develo-
ping chick embryo. lacy (1960), using light and electron
microscopes, demonstrated the distribution of lipids in

the rat testis during different stages of spermatogenesis.
He also pointed out that as spermatogenesis progresses
there is a regular and gradual increase in the intra-tubu-
lar lipids and a shift of lipids towards the centag of the
lumen of the tubule. It is known that in senescence and
cryptorchidism, the low production of spermatozoa is always

accompanied by lipid accumuletion in the testicular tissue.

Previously the interest in the lipid material in
the testicular tissue was mainly centered on its role in the
nutritional reguirement of the gland at the cellular level,
Recently, however, the possibility of this lipid materiesl
being of a steroidal nature has been suggested. The leydig
an2 Sertolil cells, therefore, have been studied extensively
on the basis of the assumption that the interstitial leydig
cells are the probéble sites where androgenic compounds are
elasborated (Baillie, 1961; Christensen and Fawcett, 1961;
Leeson, 1963). With the advances in histochemical techni-
ques, it became possible to demonstrate the activity of one
of the key enzymes of the system synthesizing steroid horm-
ones viz. - steroid-3B-ol dehydrogenase in the interstitial



. Leydig cells of the rat testis (Niemi and Ikonen, 1961). &
Lynn and Brown (1958) demonstrated the capacity of the
testicular tissue, under in yitro concitions, to convert
progesterone to asndrogens. They showed that there are
four enzymes‘involved in this process, all of them being
associsted with the microsomal fraction. These enzymes
have also been shown to require reduced triphosphopyridine
nucleotide (TPNH) as an essential cofactor, two of them
also needing the presence of molecular oxygen. It is well
knewn that the activity of hexose monophosphate shunt
produces TPNH and the latter is necessary for fatty acid
synthesis (Langdon, 1957; levy, 1961) as well as for the biw.
osynthesis of steroids (Lynn and Brown, 1958). The glucose-
6=phosphate dehydrogenase (G-8-PD) activity has been histo-
chemically demonstrated in the cells of lLeydig in the
fetal as well as adult rat testes (Niemi and Ikonaﬁ, 1962)
and in the fetal and prepubertal Ileydig elements in the
human testes (Wolfe and Cohen, 1964). These investigetors
could not detect the enzyme activity in the seminiferous
tubules either in the prenatal or podtnatal testes of the
species investigated by them.

Scott snd Lynch (1952) have brought forth some
evidence to indicate the possibility of Sertoli cells being

the site of steroidogenesis,

Apart from the above information a large volume



of literature on the mefabolic pathways of semen anéd isoclae-
ted spermatozoa has accumulated. Several aspects of the
glycolytic metabolism in the semen (Mann, 1957) and sperma-
tozoa of various species of vertebrates are now fairly well
understood. Rothschild (1951) has reviewed the advances in
the morphology anéd physiology of the ses-~urchin spermatogoa.
Certain aspects concerning the motility of spermatozoa have
recently been reviewed by Bishop (1962). It is now well
established that the fructose, present in the seminal plasma
of vertebrstes, can support, under anserobic as well as
aerobic conditions, the life and motility of spermatozoa

after ejsculation.

Lardy and Phillips (1941 a & b) showed that washed
bull spermatozoa can survive only under asercbic conditions,
possibly by utilizing the endogenous phospholipids, Bomstein
and Steberl (1957) also showed that phospholipids can be
utilized by bovine spermatézoa. lardy, Phillips, and Hansen
(1945) found that phospholipids are utilized by the bovine
epldidymal spermatozoa end suggested that this may be the
source of energy for the sperm in the epididymis where no
glycolysable sugar is present. Rothschild and Cleland (1952)
concluded that - "...the oxidative breakdown of phospholipi-
ds, located in the middle piece, is the principal energy
source....." for the echinoderm sperm for which no seminal

sugar is available. Terner (1962), and, Terner and Korsh
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.(1962) have not only confirmed the capacity of the bull sp-
ermatozoa to utilize lipids as a socurce of energy but have,
in addition, shown that these sperms cen also synthesize
lipids., Occurrence of fatty acids in memmalian semen
(Scott ot al., 1961) and their oxidation by spermatozos
(Hartree and Mann, 1959 & 1960; Scott et al., 1962 a & b)

have also been demonstrated.

Very 1little, however, is known about the utiliza-
tion of lipids in the testicular tissue for 1its general
metabolism and, in particular, for the continuous activity
of sperm production in the rat testis, Roosen-Runge (1962)
citing the work of Von Ebner sgys that the latter observed
that during the transformation of spermatids; Sertoli cells
seem to supply l1lipid material, which he had described as a
nutritional current - Ernahrungsstrom. It would be perti.
nent to mention here that a similar observation was made
by Montagna (1952) regarding the glycogen transfer in the

human Sertoli cells ard the maturing spermatids.

As a prerequisite to dealing with the problem on
the role of lipids in the rat testis it was thought desira-
ble to make & closer study than has hitherto been made of
the enzyme lipase which could hydrolyze fat into fatty acids
and glycerol. It was slso thought necessary to study histo-
chemically the distribution of lipids in the rat testis,
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®* Such an attempt should help to obtain a better unsérstan-
ding of the cepscity of the testis to mobilize fat and
make it available for the general metabolic activity of
the testis. It should also throw some new light on the
metsbolism of lipids with special reference to the diffe
erent stages of spermatogenesis., If fat 1is mobilized,
then its utilizstion logically demends the presence of
a~ well organized oxidative system side by side with the
lipid mobilizing one. However, direct stucies on the
oxidative enzymes of the testis have been few --
(Steinberger and Wagner, 1961; Annison et al., 1962;
Niemi and Ikonen, 1962; Blackshaw, 1963; Schor et gl.,
1963) -~ and the knowledge regerding the locslization of

such enzymes is far from complete.

In the light of the above observations it was
thought desirable to locate histochemically and assess
the nature of lipids in the testls and also to study the
localization and distribution of two enzyme systems, a
lipolytic (lipese) amd an oxidative (succinic dehydroge=-
nase) one, which are possibly involved in the process of
1ipid utilization. In order to obtain & wider picture of
thé metsbolic processes, certain other enzymes viz. -
B-hydroxybutyric dehydrogenase, lactic dehydrogenase,
malic dehydrogenase, glucose-€6-phosphate dehycrogenase,
acid- and alkaline«phosphatases were also studied hist-

ochemically.
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MATERIAL AND METHODS

In_the present investigation adult male labore
atory bred albino rats (Haffkine Institute strsin) were
used. The animals were killed by decapitation and exsa-
nguinstion. The testes were quickly dissected out and
frozen at -20°C., Thin slices of the tissue were cut
out and processed as described below:=
1. Iipids -~ Tissue slices were fixed in cold calcium~
formol for 24 hours. After recuired wSghing the tissue -
was embedded in gelatin, cut on a freezing microtome
and stained with Sudan black B and Suden red 7 B (Fettw
rot 7 B) as described by Pearse (1960).

2. Lipase -~ 6% buffered formalin at 4°C was used as the
fixative, period of fixation being 16 hours. Gelatin
blocks wers prepared and sections were cut on a freezing
microtome. Lipase activity was demonstrated by an impr-
oved method of Gomori as modified by George and Iype
(1960). Recently some doubts have been raised regarding
the substrate specificity of "Tween 80" for lipase,
therefore, in order to distinguish between non-specific
esterasézg;ue lipase activity the following procedure
was adopted."Tweens"zo, 40, 80, and 85 were used sepa-
rately as substrates. In each case some sections were
preincubated in 0.1 M sodium taurocholate for 1/2 hour
and 1 hour, respectively. Preincubation was preferred
to the use of sodium taurocholate as an ingradient of

the incubation mixture to avoid changes in the
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incubation medium such as pH.
3. Acid- and slkalipe- phosphatases:- The tissue slices™
were fixed for 24 hours in cold 10% neutral formalin, washed,
embedded in gelatin and sections ' were cut on the freezing
microtome. The enzyme activities were demonstrated by Gomori's
lead-phosphate method and calcium-cobélt method respectively
(Pearse, 1960).
4. SDH, BDH, IDH, and MDH' - Thin slices of testis frozen at
-20 °C were cut and washed for 5 minutes in chilled phosphate
buffer (pH 7). This period of washing is sufficient to remove
the endogenous substrates. It should, however, be admitted
that in addition some of the cofactors might also be lost.
This loss could be made good by either having comparatively
larger volume of the incubation mixture than the one employed
for thin sections or by addition of extra amounts of the eofactors,
substrate, respiratory inhibitor, and neotetrazolium blue (NT)
in the subseduent treatment. After washing the thin slices
of tissue in the chilled phosphate buffer, they were incubated
at 37°C for 1 hour in the different media containing the resp-
ective specific substratesfor the demonstration of the various
enzyme activities. ‘

SDH activity was demonstrated according to the modified
method aflopted by George and Talesara (1961). Other three enzymes
were demonstrated by the method described by Pearse (1960). In all

* SDH - Sucecinic dehydrogenase, BDH - B-hydroxybutyric dehydro-
genase, LDH - Lactic dehydrogenase, MDH - Malic dehydrogenase.
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cases the final electron aécdeptor used was Neotetrazolium blue

(NT). After the required period of incubation the tissue ws :

were fixed in 20% neutral formd or one hour, washed in dist-
11led water, and embedded in gaiétin. Sections were cut on al
freezing microtome at a unirormithickness of 20‘p, fixed on
gelatinized slides and mountedgin glycerine Jjelly.

5. Glucoese-6-phosphate dehydrogenase(G-6-PD) - Slices of testis

frozen at =20 °C were cut and ouickly mounted on the microtome
chuck and transferred to the cryostal .honber maintained at -200C.

8 p thick sectlions were cut on the cryostat. The sections were

mounted on clean and dry coversslips, -finger~thawed and dried

in a current of air. No adhesive was ount the sections

on the cover slips. The sectiq?s wele 1ncubated at 37°C for ",
10 to 15 minutes in the 1ncubation mixture described by Pearsef:
(1960). Some of the sections ware incubated in an incubatjon E
mixture containing 0.5 ml of O.i% solution of phenazine metho-

sulphate in addition to the usual constituents,
RESULTS

Lipids - Lipids stained with Sudan black B were seen to be
present in the interstitial cells of the fibroblast type as well
as the cells of leydig. The walls of the capillaries were also
stained with Sudan black B, The leydig cells were found to be
loaded with lipids. 411 the cells of the germinal epithelium
were seen to be sudanophilic (Fig. 1).

The distribution Pf ttern obtalined with Sudan red 7B
was different from that obteined with Sudan black B. The cells
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Photomicrographs of the sections of rat +estis.

10X

Figs. A, B, C and D showing the enzyme ction on "Tweens"

20, 40, 80 and 85 respectively.

15
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o; the germinal epithelium, and the  .residual protoplasmic }
b&ii'es, when present, were sté‘ined 3;}:'1113 the whole of the 4
interstitial tissue remained unstained (Fig. 2). ..‘
L se - In order to distinguish between non-specific esterase ,
apg true lipase, as already sarid, Twaens’ 20, 40, 80, and 85 ™.
wgrp used separately. In eac@hcase égome sections were nare
prefncubated in 0.1 M sodium té’,{uroaimélate for half hour and ";: '
one hour,respectively. A11 sections preincubated half hour
with sodium taurocholate showed little enzyme activity thereby
denoting the inactivation of nonspecific esterase action (Figs.
3-;6). On the other hand, the sections preincu’bated one hour
shqwed high activity but with ar.diffprent pattern of locallzation
(Téale 1 and Fig‘s. 7-10). Th{s reae!ﬁ'ion is to be considered ars

vy N t)f
the ‘result of true lipase act:wity which is in confor with

b
1

thg findings of Gomori, in that sodium taurocholate ifibits !
a.ll nonspecific esterase action bui: activates true lipase‘ &
w,% Tween 80 the enzyme ac’ci’tity {n the * interstitium wes
h.i:gher (Fig. 8 and Table I) tl’fqn tb:;t obtained with Tween 85, . :
whereas with Tween 85 the distribution of lead sulphide preci.
pitate was uniform in the tubule as well as the interstitium
(Fig. 7). The intensity of the enzyme activity in 'the semini=-
ferous elements was almost the same with both ‘Tweens 80 and 85.
This difference in the interstitial activity on two different
"Tweens' is interesting., The lipase present in the interstitium
appears to be active more specifically on the mono=oleate

( Tween 20) than on tri-oleate (Tween A85). With the ‘“Tweens 20



Fig. 1. Section of the rat testis showing the distribution
of lipids stained with Sudan black B.

Fig. 2. Section of the rat te_étis‘ showing the lipids
stained with Fettrot 7B.
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Figs. 3 to 6. Sections of the rat testis showing the action
"Tweens™ 20, 40, 80 and 85, respectively,

of the enzyme on the
in 0.1 M sodium taurocholate.

after 1/2 hour of preincubation
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Figs. 7 to 10. Sections of the rat testis showing the enzyme

action on the "Tweens'™ 85, 80, 40 and 20.
respectively, after 1 hour of preincubation
in 0.1 M soditim taurocholate.
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and 40, sections preincubated in sodium taurocholate for one
hour shqved greater ctivity in the 1nterstitium thereby inde
fcating that the enzyme of the interstitium’is not the same

as that of the tubules, On the other hand, sections preincu~
bated with sodium taurocholate for half hour and treated

with ‘Tween 85'did not show the distinct decrease in the
activity or the enzype as seen with other “Pweens” (Fig. 6).
This further Indic;tes 'that whet ‘s ‘oltained wr‘u’ﬁ‘ Wead -2

is true lipase,

From Figure 11 the distribution pattern of lipase
activity can be seen distinctly in four different phases-
A, B, C, and D +In phase K the enzyme: activity~&s straqfla
localized cnly in the periphery of the seminiferous tubule.
Phase B represents‘the distri?ution pattern of the enzyme
activity in the shgpe of a bread band shifting toward the
| cent8r of the tubule. In phese C, a uniform distribution of
lead sulphide prec%sitatﬁen is obtained over all tha ta@p&:,
and spermatids are clesrly visible at tkis stage. In ‘D the

enzyme activity is seen3in the form of & central band

around snd near the heads of the spermstozoa. It 1s cleer
tﬁgt there is » regular sequence in the change of loel of
the’ enzyme activity from the periphery of the seminiferous
tubule to the cent§r of the lumen of the tubule,as sperma-

togenesis proceeds.

This is the case not only with the enzyme wnier




Fig. 11, A, 6, C and D. Photomicrographs of cross sections

of rat testis showing the four different phases of localisation

of the ensyme lipase in the seminiferous tubules.



Fig. 12. Section of the rat testis showing the lipids stained
with Sudan black B.

Fig. 13. Section of the rat tesi’ts 1 ig lipids stained
with Fettrot 7B.

Figs. 14 and 15. Sections of the rat testis showing add-

end alkaline-phosphatse activities, respectively.
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under investigation but also with its ¢ “ipids.
Biptﬁ%*dvﬂ" s%ratbd“wiéh Suden red 7B ara.pewtral, iﬂbids which
are clearly seeh to follow the same pattern cf’distribution
as that of lipase activity. It 1s interesting thst the sube
strate and the enzyme exist side by side and even move
together, thereby indicating this as a metsbolic adaptation
at'ﬂhg suhicollul&rilavel in the procoss or apanugtqgenesis.

e Arara
In the dist~’.ution of 1ipids it is seen that the
interstitium appears to contain thg sudanophilic material
(mostly phospholipids, Fig.12) andi%omparatively free from
%?an red 7B - stainable material (neutral lipids, Fig. 13).

‘phosphatase activitide,p Bothétheson&ymes
were found to be 1ocated in the interstitium as well as in

the seminiferous tubules (Fig. 14 & 15) and fo” lowed a
similsr pattern of distribution as obtained for lipase.
SDH, BDH, LDH, and MDH - A1l these anzymss .aradtounﬁ te.

T e Wi gete.md
presési¥® in ﬂﬁé*fh§§5sti€3am and the seminifefghs tabules

(Figs. 16-19). The intensity of the staining reaction for
SDH, BDH, and LDH in the interstitisl tissue was similar

to that in the seminiferous tubules. In the seminiferous *
tubules the staining reaction was seen identical to the four
phases as described for the lipase activity (Figs. 16-18).
In the case of the MDH asctivity, howaver, though the pattern
of enzyme localization in the tubule was similsr to thet ob-
tained for the other three oxidative enzymes, it was conspi-

cuously more intense in the interstitial tissue.



Photomicrographs of the sections of the rat testis showing
the localization of the respective enzyme activities.
Fig. 16.Succinic dehydrogenase. Fig. 17. “-hydroxybutyric dehydro-

genase. Fig. IP.~«;tic dehydrogenase. Fig. 19. Malic

dehydrogenase.
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Photomicrographs of the sections of rat testis.

Fig. 20. Showing the G-6-PD activity. Without PMS.
Fig. 21. Showing the G-6-PD activity. With PMS.

*. 22. G-6-PD activity in the interstitial tissue without PMS
ig. 23. G-6-PD activity in the interstitial tissue with PMS
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.
G-6-PD - This enzyme activity was present in the intersti.
tium as well as in the seniniferous tubules Whep phenazine~
met’hosulphatm WMS) wés &M added "*bo tHe mau;htkion mixmfie'
the enzyme activity was considerably highein the interstiti-
um and the basal membrane of the seminiferous tubules. These
elements appeared deep blue with the reduced dye but in the teal of e
seminiferous elements a fine granular deposit*‘on was noticed.
On- ih&,pﬁd?ib‘l:dn, &t THE Yo Tohe’ 1nmiﬂohﬁmm% .}dne( rdeep
blue colour daveloned in the interstittum and the basement
membrane of the tubules was not observsble but in the inter-

stitial and germinal cells, a fine granular pattern was ohtai-

ned. The spermatozoa in the. tubule az&d the protoplasmie‘ O
* m‘ ._ ',r S

rostduaf 'éodio& hrd tygltet’ily negat&%“whe"n’ P&S ‘wagd" p‘resent
in the incubation medium. No phase-wise distribution of this
enzyme in the seminiferous tubules was obtained as was the

case with all other enzymes studied.

-
'z o

g o .'DI;SGV%IQN it a@l‘ s
Tt 1% clear that “Tween 85" 1s by and large a
specific substrate for the histochemical demonstration of
lipase activity since the enzyme activity was not inhibited
by sodium taurocholate which is known to inactlvate non-
specific esterase activity buf?;ccelerato that of trve lipase.
Usinq?EEtion of sodium taurocholate, e new histochemical method
for lipase has been devclopedvrecently by Abe, Kramer and
Seligman (1964), where naphthol-AS-nonanoate was used as the
substrate, With this technigque, thﬁfauthors obtained a weak
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lipase activity in the seminiferous tubules of the rat and
the rabbit testes, which was mainly confined to Sertoli cellé.
Wallach;gid Marshall (1962) isolated anc purified "Tween =
hydrolyzing® enzyme from the rat adipose tissue and showed
thet this enzyme resdily hydrolyzes "Tween 20" but had no
action on "Tween 85", This also supports the contention

that ‘Tween 85" 1s acted upon by true lipase and not by non-
specific esterase, as was shown in the results obteined in
the present work. Niemi et 3l.(1962) claimed that there is
no true lipase in the rat testis bugjgiere is only non=spece
ific esterase activity. Their failure to obtain any activity
with "Tween 80" was due to the procedure employed by them..
Acetone 1is knowvn to inhibit lipase completely (George and
Scaria, 1958) and slso calcium-formol (Eapen, 1960), the

two fixatives used by Niemi ot al.(1962). Furthermore, it
should be noted that the enzyme coul%fgtééof the sections

as well as cells, especially so when loose sections are

treated for the enzyme reaction.

The results obtalned after one hour preincubetion
in 0.1 M sodium taurocholate solution the enzyme action on
"Tweens™" 80 and 85 were interesting. With "Tween 80" the enzyme
activity in the interstitium was considersbly higher than in
the seminiferous tubules, whereas with "Tween 85" the distri-
bution was uniform in the tubule as well as the interstitium.

The intensity of enzyme activity in the seminiferous tubules
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was similar with "Tweens" 80 and 85. From this it 1is conclw
uded thet the lipese in the interstitium appeared to be

active more specificslly on mono=oleate (Tween 80) than on

tri-cleate (Tween 85).

It is known that alkaline phosphatase can catalyze
transphosphorylation resctions in addition to its hydrolytic
action on organic orthophosphstes (Pearse, 1960; Burstone,
1963), anc;2§; former sctivity may regulate the level of
d-glycerophosphate and consequently its availsbility for
triglyceride synthesis (Wallsch and Ko, 1964). Alkaline phow
gphatase is also known to hydrolyze the high-energy
N-P‘bond of phosphocreatine (Morten, 1955) and in this way
it msy serve an important function in the genersl energy
metabolism. That alkaline phosphatase activity 1s closely
associated with the trsnsport of the metsbolites across the
‘membrane-barrier is a well accepted fact., Tice and Barrnett.
(1963) have studied the localization of varous phosphatzses
in the rat testis, and they have also suggested that phosphe-
tase activity may be associated with the exchenge of meta-
bolites across the cell membrane. These observations indic~
ate that slkaline phosphatase has »a significant role in the
metabolism of the rat testis.

ok
With regard to the roleKacid-phosphatase in tissues

in general,however, it is not possible, in the present state
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of our knowledge, to attribute any definite function. In the

observations made in the present study also it is not posse
ible to attribute any definite role to this enzyme in the
metabolism of the testis. It is generslly accepted that?k
tissue having a high acid phosphatase sctivity, thére is a

and
low activity of alkaline phosphatase e vice versa (Moog,

1946). Results obtained here clearly show that activity of

both the phosphatases is equally intensive . For an expla=

nation of snch'a situstion further investigations are necesg-

sary. However, it may be pertinent to mention the work of

Rosenbaum and Lindeman (1968) who stucied the phosphatase

activity (pH 5.6) of the testis in grgwing rats., They found
n

that the enzyme activity increases inlglmost linesr fashion
from the age of 5 deys to about 50 days. This indicates s

progressive achievement of the functionsl status,

Welker snd Seligman (1961) could not demonstrate
SDH activity in the germinel elements of the deminiferous
tubules of the rat testis except in the formed spermatozoa.
Niemi and Ikonen (1962), in their study mainly concerning
the cytochemistry of the leydig cells, could not observe
any oxidative enzyme activity in the seminifercus tubules
of the rat testis except for a weak reaction for SDH.
Turpienen et al. (1962) obtained intense SDH activity in

the seminiferous tubules of normsl rat testis. Posalaky et al.
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(1961) could charascterize histochemically the epithelisl
eycle in the rat testis on the bgls of the SDH activity and

certain other staining reactions.

In the present study, intense activity for all the
oxidative enzymes investigated wss obtained in the interste
itial tissue 2s well as the seminiferous tubules, The pre-
sence of BDH and SDH clearly indicated the cspacity of the
testiculer tissue to utilize the fatty scids liberated by
the action of lipase which slso has been localized in pre-
cisely similar locations. Annison, Scott and Wales (1962)
showed that 1-Cl%.acetate 1s oxidised in yivo byZ?;"stis.
Apert from this no other investigstion directly dealing
with oxidation of fatty acids by the testicular tissue 1is
known to be reported. Blackshaw (1963) has made only a
quantitative assessment of the activities of SDH, LDH, and
G-6~PD in the mouse testis,

In the present investigation intense MDH activity
wasg obtained in the interstitisl tissue, in sharp contrast
to that ofzgiher oxidative enzymes studied. In this connec=
tion 1£ may be pointed out that levy (1961) has observed ! -
that MDH activity, among other factors, is considerably higher
in the lazctating ret mommary glands actively synthesiszing
fatty scids, Wise =and@ Ball (1964) have postulated tdjht malic

enzyme has » role in lipogenssis, which involves an interplay



32

I

with MDH and pyruvate carboxylasse., From the results obtained
in the present studies it is difficultZﬁgcribe any specific
importance to the high MDH activity in the interstitium. It
may be sa;d, however, that this activity probably denotes a
greater extent of interconversions of oxaloacetate =nd malate
through the medistion of this enzyme, thereby providing a
greater feed to the catalytic cycle involving succinate and

fumarate.

1
The lipids ss well as the oxidative enzymes viz.-

SDH, BDH, MDH and LDH presented precisely??éme pattern of‘
distribution as that described for lipese mctivity, depict.

ing the four phases. These findings strongly denote a gra-
dual and well organized shift in the loci of the enzyme act-
ivities from the periphery of the seminiferous tubule to e
its centag indicating a gradient in the spermatogenetic wave.
Such a gradient also represents the metsbolic adaptation at

the subcellular level, These findings provide cytophysiological
support to the concept of Perry et al. (1961) of the existence
of a spermatogenetic wave along the lenght of the tubule.

In contrast to the phase-wise localizstion of =all
the enzymes mentioned ebove, zction of the enzyme G-6-PD did

not show such a clear pattern. Highly intense reaction for
G-6-PD obtained in the interstitial tissue and in the basement

membranes of the seminiferous tubules without PMS was not
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observable as such when PMS was added to the incubation mixture
indicating that there are certain non-enzymic reducing substane
ces wﬁich gsve a stronger reaction when PMS is not added.

After the addition of PMS to the incubation mixture a fine
granular distribution was evident throughout. Niemil and Ikonen
(1962) in the rat testis and Wolfe and Cohen (1964) in the
human céuld got obtain G-6-PD activity in the seminiferous
tubules, whergas, this enzyme activity was clearly demonstrated
in the presemt investigstion. It is well known that G-6-PD

is the key dehydrogenase to the hexose-monophosphate shunt,
which yields reduced TPN as a byproduct. Reduced TPN has

been shown to be a necessary cofactor for the biosynthesis

of fatty acids (Langdon, 1257; Levy, 1961) and also for that
of the steroid hormones (Lynn and Brown, 1958; Villee, 1961).



