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STATEMENT OF PURPOSE

In the white rat the cryptorchid state produces in the testis
gross atrophy, spermatogenic arrest, an increase in the protein content
of the 15,000 X gravity supernatant, and increases in the activities of
lactate dehydrogenase and malate dehydrogenase. In the human cryptor-
chid testis, in addition to atrophy and spermatogenic arrest, an in-
creased tendency toward the development of malignancy has long been
noted. The present thesis is a report on efforts to define by disc elec-
trophoresis the general protein, lactate dehydrogenase, and soluble mal-
ate dehydrogenase profiles of.the 15,000 x gravity supernatants of nor-
mal pre-pubertal and mature Sprague-Uawley rats and to detect changes in

these profiles as induced by the cryptorchid state.
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CHAYTLER X
INTRODUCTION

A, UISC BLECTROPHORESIS

Disc electrophoresis is the term applied to zone‘electroﬁhoresis
through small columns of polyacrylamide gel while employing a discon-
tinuous buffer system for conduction of the applied current. The
term “disc" is derived primarily from the method's dependence on dis-
continuities in the electropnhoretic matrix and secondarily from the
discoid shapes of the separated zones (58).

1. The origins of disc electrophoresis.

In 1955 Smithies added a new dimension to zone electrophoresis,
namely a sieving action through molecular-size pores, with his report
on starch gel electrophoresis (67). Resolution of serum proteins was
further increased by the introduction of discontinﬁous buffer systems
to the procedure by Poulik in 1957 (61). Having searched for a more
manageable medium for zone electrophoresis than Smithies' friable po-
tato starch gel, Raymond reported on his work with flat slabs of
cross-linked polyacrylamide gel in 1959 (62). Simultaneous with this
Davis and Ornétein, using cylindrical polyacrylamide columns and a
discontinuous Tris-glycine buffer system, developed the prototype
procedure for contemporary disc electrophoresis (12)..

2. Mechanisms involved in disc electrophoresis.

Ornstein (58 ) has rigorously investigated the mechanisms of
electrophoresis through long chain polymer gels in discontinuous buf-
fer systems. The basic theoretical advantage inherent in disc elect=

rophoresis is described by the Kohlrausch Regulating Function:

(4) _ ﬁpz (myp-ma)
1) 7 npze (ng=ng)

where A = protein me = mobility of protein
r = chloride ion = mobility of potassium ion
z, = charge on protein my- = mobility of chloride ion
za,= charge on chloride
1
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A practical result of the Kohlrausch Regulating Function (KRF)
is the productiocn, under specified electrophoretic conditions and
using a soluble protein mixture as sample, of & stack of thin discs
of protein electrophoretically purified, concentrated, and serially
arranged according to their charge and mobility. The purity and
arrangement of these laminae are related to the charge and mobility
of each protein and to the differences in these quantities, one pro-
tein species from another. The concentration of each protein in its .
lamina tends to be maintained by the relation (A)/(f). The width of
each lamina is directly proportional to the amount of its protein
in the sample, i. e. : '

Arrangement o charge and mobility
Purity ¢ differences of charge and mobility

Concentration & (A)/(I)
Width of disc & initial amount of protein in sample

In the following example the electrophoresis of a sample cone

taining albumln dcmonstra»ei the influence of the ’L(lg‘“

?ngr-————-——q SrALL

1 j——)

GLY fo.swous ol PHSY) €U C3)mn.at pHEY)

where z, = =30 (approximate charge on albumin at pH 8.3) (7))
Zy = =1
@f'= -6.0 mobility units (1 m. u. = 10-5cm2/v01t-sec)
mg = +37 mobility units
my- = =37 mobility units )

employing the KRF: (Albumin) _ 2y (my ~m@ )
(Chioride) mr zl Zna_»-n-? )
(Albumin) _ -3
Chloride) - 2+3 x 10

if (Chloride) = 0.06 M -4
then (Albumin) = 5.6 x 10 ° M or 3.4%
within its lamina

Assuming the usc of a serum with 3.5 grams albumin per 100 ml. -
and the dilution of this serum fifty-fold, then: the concentration
of albumin in 100 microliters applied to the gel is 0.07%;the KRF
concentrates the albumin to 3.4% within its disc which has a volume
of 0.018 cms; and the albumin disc width is 0.47 mm., at.the point of

its entrance into the small pore gel column.with a diameter of 7 mm.
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Ornstein's theoretical groundwork and Davis' application of it
involved the use of three contiguous layers of polyacrylamide gel ser-
ially polymerized within one piece of glass tubing (13,58). The base
of the gel column, as positioned for vertical electrophoresis, is com=
posed of 7.5% acrylamide gel and is called the separation gel or the
small pore gel. This gel is polymerized by the incorporation of 70
mg¥% of the catalyst ammonium persulfate into the sol. Above this is
layered to a depth of one centimster a 5% acrylamide gel called the
spacer gel or the large pore gel. This gel is photopolymerized by
the action of fluorescent light on its 0.5 mgd concentration of ribo-
flavin. Above the large pore gel is layered 0.15 to 0.20 ml. of the
large pore sol containing not more than 200 ﬁicrograms of sample pro=
tein. This last layer is called the sample gel and is also photo-
nolymerized, For increased resolution of some sample components the
sample gel may be replaced by an anticonvection medium of 403 sucrose
in which the sample protein is dissolved. This method has been used
by many, inciuding Dietz and Lubrano (18).
A verbalized illustration of the mechanisms in disc electrophor-
esis is given by Davis (13):
"jiilectrophoretic separation is proportional to time *t' and
diffusion to 't%'

resolution is enhanced by increasing the length of the run. Prac-

y at first glance indicating that electrophoretic

tically, however, resolution is the detection of separation, not sep-
aration per ss=, and present methods of detection are positively rela-
ted to the concentration of the protein. Therefore widely separated
but dilute protein species are less easily resolved than closer dis-
crete concentrated protein bonds.

"Since diffusion during electrophoresis continuously dilutes the
separating fractions and blurs their boundaries, it is desirable to
reduce the running time to the minimum necessary to achieve a desired
sepuaration of the constituent ions. TFor this reason the thickness
of the starting zone critically affects the resolution of a mixture

of ions; the thinner the starting zone, the shorter the running time
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necessary for a given separatioh of constituents. Thus an additional
gazin in electrophoretic resolution can be achieved by means of a step
that reduces the thickness of the starting zone. In the technique we
have named disc electrophoresis, this step is based on simple electro-
chemical laws, as formulated in the Kohlrausch Regulating Function (40),
#nd the rationale of the procedure, although only implicit in a report
by Kendall et al. (39), is virtually identical to that of their tech-
nigue for the purification and concentration of mesothorium present
in small amounts from a solution of barium chloride.

"The concentration step is achieved by introducing the mixture
of sample ions into an electrophoretic coluwn near the boundary of
two ions whose sign is like that of the sample ions at a given pH.

One ion is faster, the other (an ion of a weak acid or base) slower
than all of the sample ions at this pif, Electrical polarity is set
s0 that the fast ion is situated ahead, i.e., in the direction of mi=
gration, of the sample and the slow ions. Application of a voltage
results in the segregation from one another and stacking of the con-
stituent ions of the sample into contiguous zones in order of their
relative mohilities, the entire sample sandwiched between the slow
and fast ions. The final concentration of each constituent in the
stack is independent of its original concentration in the mixture but
is proportional to the concentration of the fast ion. Thus a dilute
sample can be concentrated into a zone the thickness of which is fixed!
by the amount of ionic material present in the sample and by the cho=-
sen concentration of the fast ion.

"Shortly after the sample ions have reached fixed high concen-
trations, they are arranged to migrate into a region of the electro-
phoretic column where a new set of conditions of pil or pore size or
both obtains so that the mobility of the ions of the weak acid or base
now exceeds that of, for egampie, the fastest protein, The ions of
the weak acid or base now continuously overtake and pass through the
sample species, establishing a comparatively uniform voltage gradient

in which electrophoretic separation of the sample occurs” (13).




Ruymond, who prefers to use flat slabs of polyacrylamide gel
with continuous buffer systems, has attacked various features of Orn-
stein's method (63). He says, in fact, that "disc electrophoresis...
does not in itself make use of the special features of gel electro~
phoresis, which are the mclecular filtration effects.”" His reasoning
on this point seems skewed, for, as indicated by both Davis and Orn-
stein (13,58 ), the use of a separation gel of different (smaller)
pore size (different molecular filtration characteristics and increas-
ed viscosity) is essential to disc electrophoresis.

‘Raymond rejects the use of a sample gel and a spacer gel in the
following terms: "The thinness of the sample zone depends on the ratio
of wigration velocity in the sample gel to migration velocity in the
supporting gel. The lower the concentration of the sample gel, the
higher this migration ratio.will be. Therefore the maximum degnee of
thinness in the starting zone will be achieved when the sample gel is
omitted entir;ly." (63) No proof of this is offered.

In the éystem of Ornstein and Davis the thinness of the sample
zone, using a discontinuous buffer system to which the KRF is appli=-
cable, is primarily determined by:

1.) the concentration of the fast buffer ion of like sign
as that of the sample at the running pH

2.) the initial amount of the sample

3.) the cross sectional area of the column (58).

Raymond rejects discontinuous buffer systems because they "in-
troduce nonlinearities” into electrophoretic pattern which obscure
interpretation (63). It may be, therefore, that he is comparing in-
comparable systems in his critique.

3. The polyacrylamide system. o

o”
The acrylamide monomer CHQ=CH-C-NH2 is polymerized by a free

radical (Re*) produced by an initiator system in the following

nanner: CH2= H RCH2- ile
§=o + Re o) =0 to which is added the
}lz liz




monomer RCl,-CHe Cl,,=CLi RCH,=~Cl-CH-CH*  in a rapid re-
=0+ 20— =0 =0
Nil,, o, W, N,

action without residual products to slow the rate of polyherization.
Cross~-linking of these polymers occurs through N,N'- Methylene-

bisacrylamide interposition after activation by Re as:

Cily=gn RCH,=Gile
;H I

NRE >

=0 %:’.
CH2=CH RCHz- He

Usual mixtures are 95% monomer and 5% bisacrylamide. Although
various initiator systcms may be usedj usual systems are ammonium per-
sulfate, (NH4)28208, as initiator for the separation gel and riboflavin,
C17H2006N4, in the presence of fluorescent light for the spacer gel ggh

White (77) found that permeability decreases with increasing
acrylamide concentration over the range from 5% to 30% and that it is
independent of cross-linking. He, therefore, assumes a "brush heap"
type of gel structurc; Ornstein (58) has computed that in a 7% separ-
ation gel proteins with a minimum diameter less than 200'3 and & maxie
mum diameter less than 400 ﬁ will be separated.

4. Uses of disc electrophoresis.

Because of the workable nature of polyacrylamide gel and its
ready application to histochemical techniques, disc electrophoresis
has found many applications, e.g., separation of protein solutions (53,
70 ); resolution of various enzymes and their isocnzymes (18 436 472424 )3
isolation of proteolytic enzymes (75); identification of DNA-ase ( 3);
and analysis of cl%1abeled proteins (20).

B. CRYPTORCHIDISM '

1. Cryptorchidism in man.

Cryptorchidism, the failure of one or both testes to descend in-
to the scrotum, is found in 10% of newborn infants, 2% of one year

olds, 1% of boys at puberty, and 0.3% of adult men (5°). United
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States army statistics derived from a study of 10,000 consecutive in-
ductees place the incidence of cryptorchidism at 0.75% (2 ). Unilat-
eral cryptorchidism is five times as common as the bilateral condi- .
tion (37).

The specific cause of cryptorchidism is unknown but theories of
etioicgy include mechanical interferences with descent; endocrinopath-
ies; and defects in testicular response to stimuli for descent (5).

Pathological chunges are generally not seen in the cryptorchid
testis before age 10, although in 20% of the cases seen by Wolgin and
Charny (9 ) occasional testicular degeneration was noted. After age
10 progressive atrophy ensues with decreasing size and increasing con-
sistence due to fibrosis (64). Histologicalichanges include hyaline
thickening of the basement membranes and an increase in the intersti-
tial connective stroma concomitant with decreasing spermatogenic acti-
vity. ‘The geFminal epithelium then atrophies, leaving but a few per=-
sistent spermatogonia and Sertoli cells, Hjﬁlinization of the base-
ment membranes proceeds to fill the tubular structures with dense hy-
aline cords. The usual picture also includes Leydig cell hyperplasia
which may be absent in the event of underlying pituitary insuffici-
ency (64).

Explanation of degenerative changes seen in the extra~scrotal
cryptorchid testis has been sought in theories of inherent congeﬁital
deficiency, first proposed by liunter in 1786 (34); developmental dis-
turbance (30); premature sclerosis of the testicular artery (68); and
the effect of high environmental temperature, first proposed by Moore
in 1924 (61). ' _

It is interesting to note that although the cryptorchid testis al-
most always becomes aspermatogenic due to tubular degeneration as noted
above, urinary excretion of 17 « ketosteroids is usually normal as is
the development of secondary sex characteristics, even in the bilater-
211y cryptorchid male without generalized endocrinopathy (5). Lest it
be assumed that the functional capacity of the Leydig cells is not de-
leteriously affected by the cryptorchid state it should be noted that
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gonadotrophin excretion in cryptorchid males is uniformly elevated (5).

The significance of cryptorchidism in man, itself not life-
threatening or even detrimental to health, is seen in the relation of
this condition ‘to fertility, to the development of testicular neo-
plasms, and to psychopathology.

The usual finding in the bilaterally cryptorchid man is infertil-
ity, although preservation of fertility has been reported (57). In un-
complicated unilateral cryptorchidism fertility is the rule (5). .

The risk of malignant changes developing in a cryptorchid testis
is & matter of some controversy. Robbins (64) discounts an increased
vulnerability of the cryptorchid testis to neoplasia as being "probably
small, ' citing the experience of Gross and Jewett in théir series of
1222 surgical cases (28). Campbell, however, in his classical study of
9,741,097 military recruits, makes a convincing case for a 33-fold in-
crease in tumors seen in cryptorchid as compared to scrotal testes (4).
Of malignant %umors arising in cryptorchid testes there is a marked
tendency to seminoma formation (19).

The relationship of cryptorchidism to psychic disturbance is
problematical. Pediatricians may note emotional changes in the mate-
uring cryptorchid youth who becomes increasingly aware of his de-.
fect (5). Although the absence of scrotal testes would seem a logic-
4l cause for abnormal feelings of depression, anxiety, and inferiority,
Davidoff (11) concludes that there is no psychic entity associated with
cryptorchidism, Charny and Wolgin (5) have not observed emotional dis-
orders in cryptorchid boys without hypogonadism who had not been freq-
uently reminded of their defect. They concluded that the average ad-
olescent with cryptorchidism and normal sexual maturation is unaware
of or unconcerned with his defect.

2. Cryptorchidism in rats.,

a. Method
Experimental cryptorchidiam in rats involves the anchoring,

by various means, of one or both testes in the abdominal cavity with

the intent of producing, by this re-positioning alone, testicular chan-




ges characteristic of congenital cryptorchidism,,

Clegg (8) and Niemi and Kormano (56) accomplished this by retract-
ing both testes into the abdomen and then closing the inguinal canals.
Nelson (833 ) anchored both testes to the abdominal wall with a silk su-
ture through the epididymal fat pad. Clegg (8) has made rats unilat-
erally cryptorchid, using the scrotal testis as & control in his
studies. Davis and TFirlit (40) have refined the unilateral fixation
of the right testis of an etherized rat through an abdominal incision.
They fixed the testis to the anterior abdominal wall by placing a 6-=0
silk suture through the avascular tunica albuginea, avoiding the tes-
ticular artery. They noted no testicular ischemia during the thirty
day abdominal retention in their study. "

b, Abdominal and scrotal temperatures

‘ Assuming that the testicular vasculature is not impaired' and

that the influence of peritoneal fluid is innocuous, the primary cause
of the anatom}cal and biochemical changes seen in the experimentally .
cryptorchid rat testis would seem to be the elevated temperature of
the abdomen relative to the scrotum. In the rat the abdominal tempere
ature varied from 4.0o C. to 7.4o C. higher than the scrotal tempera-
ture in varying ambient temperatures (50). Hollinger (31), using a
thermometric probz, found the mean peritoneal temperature to be 37.5% C.
in the male Sprague-Dawley rat while the mean scrotal temperaturé
approximated 34.5° C. at an ambient temperature of 25° c.

c. Effects of the duration of abdominal fixation

In the abdominally transplanted adult and pre-pubertal rat
testes Davis and Firlit (16) found marked differences in wet weight
when compared to the scrotal control testes. These differences were
marked at 10 days after cryptbrchiopexy and apparently stabilized at
20 days. At 30 days the abdominal testis averaged about 25% of the
wet weight of the scrotal testis. Clegg (8), working with unilaterally
cryptorchid rats found a general but slight reduction in the length
and breadth of abdominal testes relative to the scrotal controls over

2 33 day period of abdominal retention. The mean breadth/length ra-
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tios for the two groﬁps of testes, however, were nat statistically
different. In 1963 Clegg (9) noted a significant incresse in the num-
bHer of Sertoli cells in the cryptorchid tubule between 10 and 21 days
postoperatively. lie postulated the cause of this increase as being
the amitotic division of Sertoli cells and suggested that they phago-
cytosed spermatogonia and spermatocytes during this period. Later in
1963 he described a broader theory of the mechanism of cryptorchid
changes based on his observation that degeneration of the germinal ep-
ithelium was maximal at the 15th postoperative day and showed signifie-
cant recovery by day 35, with the reappearance of spermatids at this
time. He postulated a temperature-invoked block of gonadotrophin ac-
tion on the testis coupled with thermal degenerative effects and sug-
gcsted that the recovery was due to the over-riding of this block by
increased levels of pituitary gonadotrophins.(10),

d. Histological comparisons between prepubertal and adult
cryptorchid rat testes:

Davig and Firlit (16 ) noted that experimental cryptorchid-
ism in the rat, as studied by various investigators, has invariably
been produced by anchoring the adult, sexually mature, testie in the
abdomen, & condition not exactly duplicating natural cryptorchidism.
In an effort to wmore closely duplicate nature they performed:unilat-
eral cryptorchiopexy on 20 day old Sprague-Dawley rats prior to test-
icular descent which normally occurs at about 350 days of age. These
animals were sacrificed at intervals of up to 30 days and histolog-
ical differcnces were surveyed' in the abdominal versus the scrotal
testes. The testes of these animals were in turn compared to those
of animals made unilaterally cryptorchid at age 60 days, after spon-
tanecous testiculxr descent and spermatogenic maturitye. These animals
were also sacrificed at intervals of up to 30 days post-operatively.
Their results indicated that spermatogenesis in both the pre-pubertal
and the adult cryptorchid testis was arrested at the early pachyneme
stuge of meiosis, After 30 days in the abdomen the histological pic-
turces of the pre-pubertal and adult cryptorchid testes were quite sime-

ilar, consisting of seminiferous tubules containing much Sertoéli cell

1O
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cytoplasn, some Type B spermatogonia, and an occasional early pachy-
neme spermatocyte. This similarity suggests that transplanting the
adult testis to the abdomen probably closely approximates the natural
tailure of testicular descent. They suggest that this similarity may
be due to the absence of a regulator contained within the spermatid
which may act on hypophyseal gonadotrophin secretion, as supposed by
Johnsen (37}, or directly as a trigger mechanism on the testis it-
self (21,65),

¢. Some biochemical differences between scrotal and crypt-
orchid rat testes.
l.) Carbohydrate metabolism
Tepperman, et al. (73)found that, in the absence of add-
ed substrate;, the QO2 of the normal rat testis decreased with age.
The QO, of the cryptorchid testis was significantly higher, presumably
due touthc absence of riore mature cell types with less active carbo-
hydrate metabglism. The cryptorchid testis has been shown, however,
unable to oxidize glucose (45) and haa a Q0, glucose of 0.5 while the
normal testis has a Q02 glucose of 0.93 (73). One suggestion conson-
ant with these findings is that the cryptorchid testis utilizes in-
creased amounts of substrates other than glucose in its relatively-in=-
creased metabolic state. ﬁollinger and Davis (32 ), incubating slices
of normal testes and testes cryptorchid for 30 days with radioacﬁively
labeled glucose for one hour found a five-fold increase in labeled pro-
tein in the cryptorchid testis compared to the control., Also noted was
4 peneralized decrease in glucose metabolism, 65% of total in the crypt-
orchid versus 88% of total 'in the normal. Concomitantly they found a
édiminution of labeling of aspartate in the cryptorchid testis out of
proportion to the generalized decrcase in labeling of glucose metabo-
lites in the cryptorchid tissue. The normal testis yielded an aspar-
tate peak labeled with 23,000 dpm/100 mg wet weight tissue compared to
the cryptorchid aspartate peak of 3,840 dpm/100 mg wet weight tissue.
In considering the=e and other biochemical variables it is essen-

tizl to remember that the cryptorchid and the scrotal testes are in
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great neasure two separate tissues, with some distinct differences in
cell type and number.

' 2.) Protein metabolism .

lfollinger (31) measured tbe protein content of whole homc-
genates and 15,000 x gravity supernatants of scrotal and cryptorchid
testes from the same animal, The whole homogenates contained 102.8 ng
protcin/gram wet weight scrotal testis and 108.3 mg protein/gram wet
weight cryptorchid testis. The 15,000 x gravity supern#tants contained
36.3 mg protein/gram wet weight scrotal testis and 53.5 mg protein/gram
wet weight cryptorchid testig. He had previously determined that the
water content was 87.1% and 83.7% for the scrotal and cryptorchid tes-
tes respectively. It is interesting to note that the "atrophic" crypt-
orchid testig after 30 days of abdominal confinement and weighing a-
bout 25% of the scrotal control testis, contains the same relative
amount of protein as its control, with a greater fraction of this pro-
tein being pr;sent in the soluble fraction of the cell.

Morris (52) has advocated the use of radiozctively labeled lysine
in the study of testicular protein metabolism becdause it appears to be
a dietary requirement for maintaining testicular integrity, because
only a small fraction of it is catabolized, and because these catabo-
lites are not irncorporated into protein.

Davis, Firlit, and Hollinger (14 ), studying the incorporation of
L—lySinp—U-Cl4 into slices of scrotal rat testes, found that maximal
incorporation occurs at 32° C. and decreases by almost 50% at 37.5° Cey
the abdominal temperature of the rat, although glucose metabolism at
the latter temperature was accelerated. In an attempt to clarify these
acute studies (one hour incubation) Illollinger (31) studied L-lysine-U-
C14 incorporation into scrotal and cryptorchid rat testis slices at ‘
various ages and after varying‘periods of abdominal confinement. MHe
found that the scrotal testis incorporates about 3800 cpm/mg protein at
age 15 days and that this decreases to less than 500 cpm/mg protein at
age 60 days. On the other hand, the cryptorchid testis incorporates

about 500 cpm/mg protein after 5 days of abdominal confinement and
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thic increases after 20 days of confinement to about 1800 cpm/mg pro=-
tein. In direct contrast to the scrotal testis, he found that protein
labeling in the testis cryptorchid for 20 days increases over the tem-
perature range from 32°C. to 38°C.

Various enzymes have heen studied in the normal and cryptorchid
testis . Tord and Huggins (23) found malate and lactate dehydrogen-
ases increased in the cryptorchid rat testis beginning on the fourth
post-operative day. Kormano (41) found an increase in succinic dehy-
drogenase in cryptorchid testes and a decrease in beta-hydroxybutyrate
and steroid dehydrogenases. Hayashi. et al. (29) found increases in
the level of beta-glucuronidase, esterase, and lipase activities in
the cryptorchid testis. Steinberger and Nelson 69 ) found a decrease
to zero in hyaluronidase activity in the cryptorchid testis.

3.) Lipid metabolism

Lacy (44) pointed out that as spermatogenesis progresses
in the rat, there is & regular and gradual increase in the intratubular
lipids and a shift of lipid toward the center of the tubular lumen.
George and Ambadkar (25) point out that, in the rat testis, senescence
and cryptorchidism are associated with lipid accumulation in the inter-
stitium. They confirmed Lacy's observations and demonstrated four
phuses of lipaée migration from the periphery of the seminiferous tu-
bule to a central band around the heads of the spermatozba. The& also
found a correlative migration of neutral lipids toward the central lu-
men and identified the interstitial lipids as being mainly phospholi-
pids. They concluded that lipids have a definitive role in spermato-
genesis and may also serve 'as a major energy fuel for spermatozoa
movement.

Terner and Korsh (74), working with washed bull epermatozoa,
demonstrated active labeling of sperm lipids, especially the diglycer-
ide fraction, when incubated with either glycerol-l-c14 or randomly
labeled’glucose-cl4. Fatty acid labeling in the presence of acetate-
1—014 was markedly less than the diglyceride labeling by labeled glu-

cose or glycercl. They concluded that in bull spermatozoa diglycer-
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ides mAy be a ready source of fatty acids to be utilized in support of
endogenous respiration. Mann (47) has stated that phospholipids, es=-
pccialiy plasmalogen, are the prominent sources of aerobic metabolism _
in wmamumalian sperm,
C. DEHYDRUGENASLES

1. Lactate dehydrogenase,

&+, General characterietics
Lactate dehydrogenase (LLil) is found in at ieaat five mole-
cular sub-types or isoenzymes which, in a given species, appear to have
identical molecular weights (about 135,000) as measured by light scat-
tering and ultracentrifugation (80). LDH reversibly catalyzes the re-
duction of pyruvic acid by reduced nicotine adenine dinucleotide |
(NADH*H) producing lactate in the coupled reactionas:
3-phozphoglyceraldehyde sme NAD+(-:) lactic acid
1,3-diphosphoglyceric ac-ii-() NADHH pyruvic acid

The reaction }avors lactate production as can be seen by comparing the
Michaelis-Menten constants (Km) reported by Wilkinson (80):

Human heart LDHl (primarily LDH,), substrate pyruvate 1.18 x 1074 M

Human heart LDH (primarily Lﬂﬂl), substrate lactate 0.44 x 1()-2 M

Human liver LDH (primarily LDHg), substrate lactate 2.56 x 1072y
Also noted by Wilkinson is the greater activity of the electrophoretic-
ally fast LDH isoenzymes (LDH1 and LDHZ) than the aslow (LDH4 and‘LDHS)

An interesting sidelight to the activity of LDH is the obaserva-
tion that the enzyme offers no binding site for pyruvate until NADHeH -
is fixed in place. This indicates that ILDH undergoes a conformational
change while functioning analogous to similar conformational changes
seen in hemoglobin and cytochrome ¢ (76).
b. Localization in the testis
Ambadkar and George (1 ); testing their hypothesis that

lipide are an important source of energy in npermafogenesis, sought‘to
localize oxidative enzymes in the rat testis. They found that LDH was
present in both the seminiferous tubules and the interstitium and that

the pattern of its distribution was parallel to the distribution of
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lipids and lipase which were previously determined to go through four
vhases of migration in relation to spermatogenic activity (@5).
 e. Lim isoenzymes '

Physical hetcrogeneitly of LOH was established by Meister
in 1030 when he sepurated crystalline beei heart LDH into 2 electropho-
retic zones (49). e attributed all enzymatic activity to the larger
faster component. Neilands in 1932 found enzymatic sctivity in the
smaller, slower componcnt (54). Wieland and Pfleiderer in 1957 separ-~
ated up to 3 bunds of cnzymatic activity from various LDI preparations
by paper and starch block clectrophoresis (78). Iunter and Markert,
also in 1957, first applied histochemical techniques to starch gel
electrbphorcsis ndd produce the firstvzymogréms of LDY.(35). *

There has been some confusion in the numbéring of the five'commonly
found LDH isocnzymes. Wieland and Pileiderer numbered the most mobile
(anodic) isoepzyme LPll-1 and the least mobile LDH-5 (78). Most Ameri-
can workers, however, employ & numbering system directly opposite,
i.e., the most mobile (anodic) isoenzyme is called LLH-5, the least
mobile is numbered LDH-1 (68). Although there has been some obvious
confusion, the most recent ruling of the Standing Committee on Enzymes
of the International Union of Biochemistry was in favor of the prior
Kuropean numbering system (80). This system will be used throughout
this thesis with prior interpretation by the author when necessary to
equate American and Buropean work.

In addition to differences in electrophoretic mobility and
iichaelis~Menten constants, the isoenzymes of LUH differ in regerd to
their optimum temperatures, The optimum temperatures for the LDH iso-
enzymes as determined by Kreutzer are: LDH=-1 62.500.; LDi[=-2 60°C.;
LDI=3 52.5°C.; LOH-5 42°C.:(42). Clausen and‘ﬁVIisen ( 7) determined
ithe optimum pH's for pyruvate reduction to be pll 8,00 for LDH-1l and
pH 7.25 for LDHS.

The amino acid content of the isoenzymes of LDH has been’worked
out and, not surprisingly, indicates that the fast isoenzymes, e.Zg. .

LDH-1 and LDH-2 have niore of the acidic amino acid aspartic acid and
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less of the more basic acids histidine and arginine than do the slower
LDH-4 and LbDH-5 isoenzymes (79).

The structure of the five common LU isoeniymes has been inves-
tigated by Markert (48) who proposed that each isoenzyme is a tetramer
composed of differentxratios of two distinct monomers, A and B. LDH-1,
theiefore9 is composed of AOB4; LRH-2 is Alns; LDH-3 is A2B2; LDH-4 is
A°B

arated pure LDH-1 and pure LDH-5 from beef tissues. These two isoenz-

. 4 - . .
; and LDH-S is A BO. In a critical test of this hypothesis he sep=

ymes were mixed in equal proportions and subjected to dissociation in

1 M sodium chloride., This mixture, when subsequently electronhoresed,

produced five bands of LDH activity in the relative proportions 1:4:6:,
4:1 for LDI-1 through LDH-5 respectively. These are the predicted re-
sults if random association of monomers into tetramers occurs,.

The synthesis of each monomer, A and B, is apparently controlled
by two distinyt genes, A and B (48), The repression and/or induction
of these two genetic sites varies from tissue to tissue., TIor example,
adult heart muscle of man contains more B than A, while in adult skel~
etal muscle the reverse is true. Another variation in the expression
of these genes is seen in the ontogeny of specific tissues, e.g., the
fetal rat heart and brain exhibit much more A activity than B while in
the adult tissues the opposite is true (45).

d. LDH-X
Zinkham, et al., using starch gel electrophoresis, have de-

tected a number of bands of LDH activity which are apparently found only
in the mature testes and semen of some species. The testes of man,
mouse, rabbit, and dog contained one additional band of LDH activity,
labeled LDH~X. The testtes of the guinea pig, rat, and bull showed more
than one band of LDiI-X. In the rat testis two bands of LDH-X were pre-
sent, one between LDH-3 and LDH-4, the cther between LDH-4 and LDH-5.
LDH-X was found to be the predominant isoenzyme found in washed sperm=-
atozoa of rabbits and men. 2Zinkham and his co-workers found thut LDH=-X
was not present in pre-pubertal testes nor in testes immunologically

rendered aspermatogenic (82).
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IP'ollowing Markert's lead they subjected human testicular isoen-
zymes to gentle dissociation and recombination and demonstrated a sube
sequent decrease in aclivity of LDII-1,2,4,5, and X with the appearance
of three new bands between LD{I~2 and LDil-3, LDii-3 and LLH-X, and LDH-4
and LdH-5. They proposed that, in animals with a single '"band X", the
subunits are identical and genetically independent of Markert's A and B
genes. They designate the single LDii-X as C4 (82).

2, Malate dehydrogenase.

Malate dehydrogenase (MDH), I.U.B. Number 1.1.1.37, system-
atic name L-malate:NAD oxidoreductase, catalyzes the reversible oxida-
tion of malic acid to oxaloacetic acid. - Although LDH is a cytoplasmic
enzyme (60), MDH is found in two distinct types and locales, the soluble
or cell sap enzyme (SMDIl) and the mitochondrial enzyme (MMDH) (80).
Grimm and Doherty (27) have determined the Km and the maximal turnover
number for the soluble and mitochondrial types: Km (malate).MMDH = 9,9

x 10”*M and SMDH 5.4 x 10™*M; Km (oxaloacetate) MMDH = 4.0 x 10~° and

SMDH = 3.1 xIIO-SM. The maximal turnover number (malate and NAD) ex-
pressed as moles of NAD reduced per minute per mole of enzyme is 35,000
for MMDH and 20,000 for SMDil. The maximal turnover number (oxaloacet-
ate and NADH,) expressed as moles NADH, oxidized per minute per mole of
enzyme 1is 59:000 for MMDH and 72,000 f;r SMDH,.

Kaplan (38) has proposed the following scheme to account f&r these

differences in catalytic efficiency:

substrate (21) NAD ¢ Pmalate e e o e -
Sifip
substrateé————————v——éNADH‘ 5 oxaloacetate

extramitochondrial , T

. N . |
intramitochondrial

|
2 0, + 3 ADP + 3 P ADHO\ » oxaloacetate
Mipr
H,0 + 3 1.'1‘1’(———-] ENAD malatede = = = —f= .

IR,

The net reaction is:
Substrate(2H) + % 0, + 3 ADP + 3 P ~——> Substrate + 3 ATP +H,0
The isoenzyme complement of MDI is relatively unclear but various

investigators have reported from two to six electrophoretically dis-

tinct isoenzymes (80).
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Goldberg (26) used disc electrophoresis to separate MDA isoen-
zymes from the 10,000 x gravity supernatant of human sperm sonicates
and detected two bands of activity which he considered to be the SMDIl
and the MM,

Ambadkar and George (1), in attempting to histochemically local=
ize the oxidative enzymes of the rat testis, noted that sites of MDH
activity generally parallcled those of LDH, succinic dehydrogenase and
beta~hydroxybutyrate dehydrogenase activities with the exception that
MBI is relatively more active in the testicular interstitium than in
the luminal portion of the seminiferous tubule,

The preceding presentation regarding the mechanisms of disc elec-
trophoresis, some changes seen in the cryptorchid testis, and the het-
erogeneity of LDH and MDH is essential to the understanding of the ‘

attempts at establishing electrophoretic profiles of the soluble frac-

tion of the normal and cryptorchid rat testis.




CliArTer II

MATERIALS AND MiETHOLS

A. ANIMALS

l. Iamature cryptorchid rats.

Twenty day old Sprague~Dawley male rats, litter mates, were fed
Rockland Mouse/Rat diet pellets ad libitum. At age 25 days they were
surgically made unilaterally cryptorchid. The surgical technique con=-
sisted of opening the abdominal wall and peritoneum with a one inch
midline incision under ether anesthesia. The right testis was manually
expressed through the incision and a single 6~0 silk suture was placed
beneath the capsule of the testis just lateral to the spiral artery and
anchored on a short tether to the abdominal musculature just to the
right of the midline. Operative mortality approached 20% and with the
exception of a single inadvertent bowel perforation was due to overdose
of ether. These litter mates were sacrificed from 21 to 38 days post~
operatively and at weights ranging from 195 g to 336 g.

2. Mature cryptorchid rats.

' Sixty day old Sprague-Dawley male rats, not litter mates, were
fed Rockland Mouse/Rat diet pellets ad lib. At age 66 days they.were
made unilaterally cryptorchid as outlined above. They were sacrificed
from 31 to 43 days postoperatively at weights ranging from 246 g to
314 g.

All rats werc obtained firom the Abrams Small Stock Breeders of
Chicago, Illinois and were housed at 72° P. All animals resumed their
pre~operative ad lib. diet within a matter of hours after surgery.

B, SAaMPLE PRAEPARATION '

All rats were saérificed-by decapitation and! taken into a 4%
cold room. The right cryptorchid and left scrctal testes were removed.
The testicular capsule and visible arteries were dissected free and

approximately 250 mg of tissue was weighed from cach testis on a Roller-|

Smith balance.
19
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Each 250 mg was homogenized in 0,75 ml of 0.25 M sucrose, pH 7.3
at 4°CQ, in a small Potter-ilvehjem tissue grinder. The homogenates-
were centrifuged at 15,000 x gravity for twenty minutes at 4°C. in an
International Centrifuge, Model Hik=l. The central, relatively lipid-
free zones of each supernatant were aspirated via a 17 gauge necedle and
a syringe into chilled 10 mm x 75 mm test tubes.

Hollinger (31) found that the protein content of the 15,000 x gra-
vity supernatant of the scrotal testis homogenized in pH 7.5 Tris buf-
fer was 36.3 mz protein / gram wet weight tissue while the similarly
prepared supernatant of the cryptorchid testis contained 53.5 mg pro-
tein / gram wet weight of tissue. The percentage of water in cach tis-
sue was found to be 87.1% and 83.7% respccti?ely. "To more closely e~
gquilibrate the protein contents of the scrotal and cryptorchid samples,
therefore, the scrotal supernatant was diluted in four volumes of 40%
sucrose while the cryptorchid supernatant was diluted in sik and one=-
half volumes ;f 40% sucrose. These two protein-sucrose solutions were
used as samples for disc electrophoresis,

C. GEL PREPARATION

Gels were prepared for electrophoresis generally following the
methods of Davis (13) and Clarke (6).

l. Reagents. .

2-amino-2-(hydroxymethyl)=-1,3-propanediol (Tris) as Trizma Base

obtained from Sigma Chemical Co., St. Louis, Missouri

N, N, N!',.N'~tetramethylethylenediamine (TiMED) as Eastman 8178

Acrylamide as Eastman 5521

N, N'-methylenebisacrylamide (BI5) as Eastman 8383

Riboflavin as fastman 5181

lHydrochloric Acid (HCl) 1N reagent grade

Ammonium persulfate

Sucrose reagent grade

2. Stock solutions

The following were prepared, filtered, and stored in brown bot-

tles at 4° C.
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(B.)

(D.)
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IN HCl 48,00 ml

Tris 36.60 g

LMD 0.23 ml .

1,0 q.se 100,00 ml (pH 8.9)
IN HCl approx. 48,00 ml (titrate to pH 6.7)
Tris 5.98 g

TﬁMED 0.46 ml

H20 ’ qeS. 100.00 ml

Acrylamide 28.00 g
- BIS 0.735 g

H20 " geSe 100.00 ml

Acrylamide ' 10.00 g

BIS 2.50 g

nzo 4q.S. 100,00 ml

Riboflavin 4.00 mg

H,0 : qese 100,00 ml

sSucrose 40.00 g

H20 GeSes 100,00 ml

Working sclutions.,

following were prepared from stock solutions and used im-

1 pore solution 1l: 2.0 ml A
4.0 ml C
2.0 ml H,0 (pH 8.8-9,0)

Small pore solution 2: 8.0 ml ammonium persulfate 140 mg%

large pore solution: 1,0 ml1 B

2,0 ml D

1.0 ml &

4.0 ml1 F (pH 6.6-6,8)
4, Column preparation.

Twelve 100 mm lengths of 7 mm outside diameter Flint glass tubing

are cut from the same piece and marked at 10 mm, 20 mm, and 95 mm from

one end.,

The tubes are boiled in Alconox solution, rinsed in an acid
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bath, rinsed thrice in distilled water, and finally rinsed in a 1:250
dilution of Kodak Photo-Flo Solution. The tubes are then oven-dried.

5. Polymerizations.

The twelve lengths of tubing are placed, 10 and 20 mm marked end
uppermost, in a suitable stand, e. g., 12 rubber grommets cemented to
a Plexiglass base. Swall pore solutions 1 and 2 are mixed in equal
proportions in a small beaker and used to fill the tubes, via a syringe
and small diamcter plastic tubing, to the mark 20 mm from the top. Atop
the small pore sol distilled water is carefully layered to a depth of
about 5 mm using a syringe and 26 gauge needle.

After allowing one hour for the small pore gel to polymerize, the
water layer is poured off and the gel surface is washed with a few drops
of the large pore solution. This wash is drained off and the tube is
filled to a depth of 10 mm with the large pore sblution and water-lay-
ered as above. Alfluorescent lamp is placed just over the uncovered
tube tops and photopolymerization is allowed to proceed for one-half
hour,

D. BELECTROPHORIESIS

1. Reagents.

Stock buffer solution for reservoirs (diluted with water 9:1
prior to use): Tris 6.0 g

Glycine (ammonia free) 28.8 g
H20 ges. 1.0 1
Marking dye: Bromphenol blue 0.001%

2., Procedure. A
The gel columns are carefully removed from the stand and the top

water layer is drained off. They are then inserted, from the bottom,
into the electrophoresis apparatus shown in Figure I to a depth of about
one centimeter. The top and bottom reservoirs are filled with a 9:1
dilution of stock buffer solution at 4% ¢, Care is taken to exclude air
bubbles from the top and bottom of the gel columns, The filled appar-
atus is taken into the cold room and one ml of the marking dye is added

to the upper buffer reservoir. The top electrode (cathode) and the
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hottom electrode (anode) are connected to the respective terminals of a
Constant Current DC Power Supply made by Buchler Instruments, Fort Lee,
New Jefsey. v '

With 50 volts applied to the electrophoresis apparatus 0.l ml of
sample is applied to eaéh gel column, using a tuberculin syringe and a
21 gauge needle. The power supply is adjusted to provide a constant
current and electrophoresis is carried out a 3 ma/tube in the 4° C. cold
room. When the marker dye in a given tube reaches the mark 95 mm from
the top of the tube, that tube is pushed from be%ow high enough to break
the surface of the upper buffer reservoir, thereby stopping electrophor-
esis in that tube. This is done to standardize the migration in all
tubes. Total running time is about one and dne-half hours.

When electrophoresis is completed all the columns are removed from
the apparatus. The gels are removed from the tubes by introducing a two
inch 27 gauge.needle on a syringe filled with the cold electrophoresis
buffer between the gel and the tube. The needle rims the gel, the while
expressing cold buffer. Removed gels are placed in 10 mm x 75 mm test
tubes at room temperature and are ready for staininge.

E. STAINING

l. lactic acid dehydrogenase.

Reagents: Tris, hydrochloric acid, DL lactic acid (sodium galt)
60% syrup; Nicotine adenine dinucleotide (NAD); Phenazine methosulfate
(PMS); and Nitro blue tetrazolium (NBT); all obtained from the Sigma
Chemical Company, St. Louis, Missouri.

Procedure: The method used was a modification of that used by Dew-
ey and Conklin (17). For 33 ml of a substrate solution add 4.5 ml of
0.67 M DL lactate (3/4 ml stock 60% sodium DL lactate syrup plus 5 %

ml water) to 28.5 ml of 0.2 M Tris-HCl buffer, pH 8.0. Add to this

10 mg NAD, 3 mg NBT, and 4 mg PMS. This is stored in the dark until
ready for use the same day. The stain-substrate solution is poured into
the test tubes containing the gels. The tubes are then corked and incu-
bated for thirty minutes at room temperature in the dark. When incuba-

tion is completed the reaction is stopped by emptying the gtain-substrat#
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solution from the tubes and filling them with 7% acetic acid. One hour
later the gels are rinsed in tap water and then stored in the same tube
in fresh 7% acetic acid.

2, Malic acid dehydrogenasc.

Stained using the procedure outlined above with the following ex-
ception: use 0.7 ml of 50% sodium malate (4.7 M) instead of the 4.5 ml
of 0.67 M sodium lactate. |

4. General protein.

Reagents: Buffalo Black NBR (Amido Black); 7% acetic acid and

3% acetic acid. _

Procedure: Gels are stained for one-half hour in 0.1% Amido Black
in 7% acetic acid, then leached overnight in'7% acetic acid. The gels
are then inserted, sample side uppermost, in the glass tubing of medi-
cine droppers. Care is taken to exclude air bubbles from top, bottom,
and sides of each column., A wet cotton pledget is inserted above each
zel. The'tuges are placed in the electrophoresis apparatus and the
chambers are filled with 3% acetic acid. The anode and cathode are re-
versed, relative to their electrophoresis position, for de-staining.

10 ma/tube are applied to the circuit and de-staining is completed in
about one hour. TFollowing removal from the dropper tubes the gels are
stored in 7% acetic acid in 10 x 75 mm test tubes.

F. DINSITOMETRY

Densitometry of the stained gels was carried out on a Photovolt
Densicord Densitometer employing a starch gel carriage and a 445 mu
filter.

. PHUTOGRAPHY

The tubes containing the gels were placed on ground glass suppor-
ted seven inches above the frame level of a Polaroid 208 Copymaker and
photographed by transmitted fluorescent light. Type 42 Polaroid film
was exposed for 1/15 second with camera settings of f 22 and three feet,

employing Polaroid close~-up lenses +2 and +4. Copymaker height was set

at 7 and 5/8 inches.




CHAPTER III

RESULTS

A. LACTIC ACID DERYDROGENASE YISOuNZYME PATTEZRNS OF THE TESTES OF

NOIMAL AND ARTIFICIALLY CRYPIORCILID RATS,

l. Normal rats.

Figure II displays the photographic and densitometric records of
the lactic acid dehydrogenase isoenzymes, as separated by disc electro=-
phoresis from testis of a normal pre-pubertal Sprague~Dawley rat (left)
and from a testis of a normal mature Sprague-Dawley rat (right). The
pre-pubertal testis contains isoenzymes LDH-i through LDH=4 with the
latter band exhibiting an indistinct broadening. The mature rat testis
contains at least eight baAds of LDH activity corresponding to the la-
bels LDH-1 th?ough LDH-3 and LDH-XI, LDH-Xz, and LDH-XS. The greatest
activity as measured by this histochemical system, can be seen to rest.
in LDH-1l and LDH-2 in both of the tissues here represented., This fig-
ure essentially confirms, in disc electrophoresis, the findings of Zink-
ham et al. (82) in starch gel electrophoresis which indicated that the
testis engaged in active spermatogenesis produced electrophoretically
unusual isoenzymes apparently distinct from the more usual LOH-1 through
LDH=-5 types. ‘

2. Pre-pubertal cryptorchid rats.

The LDH isoenzymes of the scrotal testis and the abdominal testis
frém a rat made unilaterally cryptorchid prior to the normal testicu-
lar descent and the onset of sexual maturity are seen in Figure III.
The scrotal testis contains the isoenzyme profile characteristic of the
spermatogenic testis, i. e., the usual five LDH bands and three LDH-X
bands. The abdominal testis in this type animal contains an LDI isoen=-
zyme profile similar to, yet distinct from, the normal pre-pubertal
testis. The similarity is apparent in the presence of the same number
of bands, four, as the pre-pubertal tissue. The distinction is the vis- |
ual and densitometric sharpness of LDH-4 relative to the consistently
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broader and indistinct LbH-4 of the pre-pubertal testis as seen in Fig-
ure II, In Figure III, as in Figure 1I, the highest activity is apparent
in isoenzymes LDI~1 and LDI~2: in both abdominal and scrotal testes, One
plausible hypothesis from a comparison of Figures II and III is that the
maintenance : of abdominal position of the pre-pubertal testis in the
mature rat partially simulates the pre-pubertal condition yet either
directly deletes variant molecular forms responsible for the broadening
of pre-pubertal LDIH-4 or enhances the molecular uniformity of this iso~-
enzyme.

3. Mature cryptorchid rats.

The effect of returning a mature spermatogenétic testis to the
abdomen and maintaining its position there until typical cryptorchid
changes are induced is shown in Figure IV. The abdominal testis here
displays the effect of regression to a more pre-pubertal state with re-
spect to the LDH isoenzyme profile. The scrotal testis contains the u-
sual five LDﬁ isoenzymes together with the three LDIH-X types. The ab-
dominal testis contains the LDH isoenzyme pattern similar to that seen
in Pigure III with a sharp and distinct LDH-4 and without the LDH-5 and
ILDH-X complex seen in the spermatogenic testis.

4. Planinetry of lactic acid dehydrogenase profiles.

Figure V indicates the typical percentage of total LDH activity
pbssessed by each isoenzymé peak and measured by planimetry. Thé fig-
ures for LDI-4 in the pre-pubertal testis, 29.62%, the abdominally re-
tained testis, 15.23% and the abdominally re-positioned testis, 16.40%
seems to indicate that the cryptorchid condition produces, with respect

to LDH-4, an effect greater than mere regression to the pre-pubertal

state.
B. MALIC ACID DEIYDROGENASE PATTERNS OF THE TESTES OF UNILATESRALLY
CRYPYOKCHID RATS i

Having noted differencesiin LDH isoenzyme patterns between scrotal
and abdominal testes in artificially cryptorchid rats, a similar study
of possible variation in malic acid dehydrogenase in the soluble frac-

tion was carried out. Figure VI indicates that the SMDH pattern of ab-
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dominaily retained and abdominally re-positioned testes did not indicate
the presence of isoenzymes in this tissue and that both were grossly
similar to their scrotal controls. ‘

C. GitNERAL PROTEIN PATTERNS OF THE SOLUBLE FRACTION OF Tiiik TESTES OF
NORMAL AND ARTIFICIALLY CRYPTORCHID RATS

l. Normal rats

A comparison of the Amido-Black-stained soluble proteins, as sep-
arated by disc electrophoresis, from the pre-pubertal testis (left) and
the mature testis (right) of Sprague-Dawley rats is seen in Figure VII.
The patterns are visibly similar and bear close relation to the patterns
obtained from human serum by Ornstein (58) and described in the termin~
ology of Smithies and Poulik by Davis (13). .According to the densito-
metric record the prepubertal testis contains at least 17 bands and the
mature testis 18, It is here noted that all numbering of this and sub-
sequent figures begins with the mobile dense band electrophoretically
resembling albumin and therefore deletes from the record the constant
three faint "prealbumin fractions. Visual and densitometric similar=-
ities are noted between bands I, IX, and X, left and right. Relating
these patterns to the description of Davis of the electropherogram of hu-
man serum proteins the peak labeled X resembles Transferrin C and the
labeled bands between I and X may, by like analggy, be called "post al-
bumins", Due to the gross nature of the present method only the follow-
ing géneral similarities can be pointed out with regard to Figure VII:

a. In both pre-pubertal and mature testes there are a number
of dark-staining bands in the mid-'"post albumin®” region

b. In both testes there are a number of dark bands just prox-
imal to band X (Transferrin C)

c. In both testes there are a number of dark bands just dis-
tal to the origin ("haptoglobulins").

2, Pre-pubertal cryptorchid rats.

Figure VIII compares the soluble proteins of the abdominally re-
tained pre-pubertal testis with those of the scrotal control testis of

the same animal. Eighteen densitometric and photographic bands are la~
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beled in each electropﬂerogram and the three regions of general similare
ity seen in Pigure VII are also here visible. In addition, scrotal ban
labeled I, Vi, IX, X, XIII, and XVII correspond to abdominal bands la- dj
beled I, V, IX, X, XII, and XVI, resnectively. In this figure "Trans-
ferrin C" corresponds to band IX in both patterns. Turning from points
of sihilarity, a subtle but constant difference is evident between the
two patterns. The band labeled VI in the cryptorchid abdominal testis
seen in the proximal third of the 'post albumins! does not appear in

the scrotal pattern at the left. The position of this unusual ahdominal
band VI corresponds to the space between scrotal bands VII and VIII, The
ratio of migration of this cryptorchid protein to the migration of '"al=-
bumin" in this experiment is 0.59. v

3. Mature cryptorchid rats.

The soluble proteins of the abdominal and scrotal testes of a rat
made unilaterally cryptorchid after normal testicular descent and the
onset of sexusl maturity are compared in Figure IX. From each tissue
fourteen bands have been separated and labeled. With.the exception of
bands II and I1X, all labeled bands in one electropherogram correspond
to their numerical counterparts. The unusual cryptorchid protein seen
in Tigure VIII is here seen as band VI in the abdominal testis which
‘ corresponds to the véry faint band VI in the pattern of the scrotal tes-

tis at the left. The ratio of the migrationvof this protein to "albumind

in this experiment is 0.58.




CHAPTER 1V
LISCUSSION

In view of the histological, histochemical, and metabolic chan-
ges consistently seen in the cryptorchid testis, specifically Hollin=
ger's (31) findings that the cryptorchid testis contained a greater
conceniration of protein in its soluble fraction than did the scrotal
testis; that the cryptorchid testis was relatively more activé in la-
beling protein with L-lysine-U-Cl4; and that this labeling was dis-
tinct from that found in the scrotal testis in respect to its response
to temperature changes in the range 32° ¢c. to 38° Coy it became of in-
terest to investigate the soluble fraction of the scrotal and cryptor-
chid testis as such. 1Indeed, these findings and others indicated that'
the cryptorchid testis was an "atrophic" tissue by criteria of size
and weight, which gave evidence of an increased protein metabolism and,
in the human; a marked tendency toward malignant change.

One goal of this study as originally conceived was the definition
of the soluble general protein profile and certain enzyme profiles of
the normal rat testis in the hope of establishing markers indicative of
biochemical and genetic changes induced not only by the cryptorchid
condition but also by possibly deleterious drugs. R

Accordingly, work was begun toward the definition of the general
Amido Black=-staining protein profile of the soluble fraction (15,000 x
gravity supernatant of a 2:1 normal saline:testis homogenate) of the
scrotal and cryptorchid testes of the rat. This work was carried out
by electrophoresis of the soluble fraction in potato starch gel accord-
ing to the method of Smithies (67). These experiments led to the sep-
aration of 9 bands from the scrotal testis and 7-10 bands from the
cryptorchid testis. Inconsistency of results, the relatively heavy
background staining of the starch gel, and the friable nature of the
gellled to a search for a new electrophoretic medium,

The medium finally used was polyacrylamide gel as part of the
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disc eiectrophoresis method of Ornstein and Davis (12) as modified by
Dietz and Lubrano (18). Disc electrophoresis permitted the use of a
more dilute sample and, thereby, allowed the use of a 3:1 homogenate
15,000 x gravity supernatant without the need of dialytic concentra-
tion.

An investigation was carried out at this time into the effects pro-
duced by varicus homogeniration media, including 0.154 M sodium chlor=-
ide; 0.23 M sucrose; 0.154 M sodium chloride in 0.25 M sucrose; and
distilled water. The clearest and most reproducible results were ob-
tained with 0,25 M sucrose which was, therefore, used throughout. 1In-
asmuch as a good deal of protein-staining.material remained at the spa-
cer gcl-separation gel interface after electfophoresis it was thought '
that either thcse proteins were too large to center the intermolecular
pores of the gel or that p;rticulate matter of microsomal size was ob-
structing these pores. Accordingly, the 13,000 x gravity supernatant
was ultracent;ifuged at 105,000 x gravity at 4° C. for one hour. No
substantial difference in pattern or residue resulted.

The interpretation of the general protein profiles of the pre-~pub~
ertal scrotal and cryptorchidi testes and the mature scrotal and crypt-
orchid testes are here described in terms used by Davis (I3) in his
description of serum electropherograms. In the system reported here
at least 14 to 18 bands of protein were separated and stained. 6ne of '
these bands consistently appeared in the proximal "post albumins" only
in the cryptorchid testis and in both pre-~pubertal and mature cryptor-b
chid testes. The ratio of its migration to that of the albumin-like '
band was 0.58,

Possible explanations of its presence include fragmentation of or
coalescence of other proteins, modification of electrophoretic mobility
of another protein by a non-protein moiety and the induction of or in=-
crecased synthesis of a soluble protein not normally present in such
quantity in the scrotal testis. All these possibilities are untested
and await further investigation of this unusual cryptorchid protein.

It is interesting to note, however, that this protein is seen in both
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pre- and post-pubertal cryptorchid testes, each of which show sperm-
atogenesis arrestcd at the pachyneme stage of meiosis wilh a cell pop-
ulation of only four types: "crust" spermatogonia 31%, pachyneme prié
mary spermatocytes 3%, normél-appearing Sertoli cells 28%, and atro-
phic-appearing Sertoli cells 38% (16,22). Clegg (10) proposed that
this snermatogenic arrest was due to a temperature=-invoked blockade of
gonadotrophin action. A similar histological picture is seen, however,
in testes rendered aspermatogenic by immunological (g2) and chemical,
i.e., nitrofurazone, means (33). Davis and I'irlit (16) postulate that
the spermatogenic arrest is due to the loss of a spermatid-produced
regulator. Speculation, in the plain absence of confirmatory evidence,
entices one to consider the induction or de—fepression of a protein-
aceous inhibitor of meiosis by the inactivation of its repressor which
is vulnerable to multi-phase injury.

The finding, by Zinkham et al. (82), of several bands of LDH~-X
activity in starch gel electrophoresis of the mature rat testis indi-
cated that there was yet another variable, perhaps with direct genetic
relationship, in the soluble fraction of the scrotal and cryptorchid
testes. Goldberg (26), using disc clectrophoresis of washed sperm
sonicates from many species also detected LDH-X activity. Both Zink-
ham and Goldberg relate the appearance of LDH-X activity to the pres=-
ence of spermatids and other mature forms in the spermatogenic cycle.
Zinkham et al., however, have detected LDH-X in the pubescent male
rabbit prior to the development of secondary spermatocytes (g2 ).

They maintain that this early appearance of an isoenzyme thought to
be unique to the wmature sperm is a necessary concomitant of the rel-
ative inability of the mature sperm to synthesize protein and is an-
alogous to the ecarly appearance of the enzynes of the erythrocyte.
They deleted LDI-X from the LD isoenzyme complement of the mature
guinea pig testis by immunclogically rendering it aspermic. The
effcct of temperature as such on early spermatogonia, Sertoli cells,

Leydig cells, and fibroblasts was, therefore, not present in their ex~

periments.
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Although Markert's A and 8 tetramer theory of LDIl structure ’
appears consistent with wmost of the present knowledge (48), it is not
a compiete explanation of LDH isoenzyme composition. Shaw (66) has
reported 15 LDH bands in many tissues of the dcer mouse, Peronyscus,
apparently due to geneiic variation in the B subunit. Kreutzer et al.
(43) have reported on five cases of altered scrum LDl isoenzyme mobile
ity seémingly not of genetic origin. They were able to restore regu-
lar mobility by the addition of NAD to the serum and propose that al-
teration is caused by a thermostable serum factor which reversibly
competes with NAD for the latter's binding site and, when bound, in-
fluences LDH isoenzyme mobility, specifically accelerating LDH-5 and
retarding LDIi-4. ' '
In the experiments here reported, LDH-1, LDH-2, and LDH-3 show
little variation in the pre-pubertal, mature, and cryptorchid rat tes-~
tes. These i§oenzymes are predominantly composed of the B monomer
(48), have higher optima for pli (7 ), and temperature (42), and lower
Michaelis-Menten constants than the predominantly A isoenzymes (80),
In the pre-pubertal rat there are four LDH bands present, LDH-1
through LDII-4, the latter showing considerable broadening or smearing.
The cryptorchid testis in all cases showed only Lbii-1 through LDH-4
without smearing of the latter band. If the Markert model for LDil-4
is accepted as A3B1 it. is difficult to accept the apparent absenée of
A4BO or LDiI-5. This same point is made in all tissues which show an
Loil isoenzyme pattern of more than one and less than five isoenzymes.
The mature rat testis displays more or less clearly LDH-1
through LDH-5 and three bands of LDi~X activity clustered about LDH-
4 and LDH-5. The slow isoenzymes, LDI-4 and LDi-5, predominantly com=-
posed of the A monomer (48), with lower optima of pl (7) and temper-
ature (42) and' higher Michaelis-Menten constants than the B isoenzymes
(80) are related by latner and Skillen (45) to increased facility for
anaerobic glycolysis,
LDH=-X, electrophoretically similar to the A isoenzymes, has been

related to the A4 isoenzyme in terms of pH optima and lactate concen-
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tration required to saturate the enzyme (7). LDI=X shows similar sub=
strate’specificities to other LN isoepzymes with the apparently ex-
ceptional ability to utilize the 3-acetylpyridine analogue of NAD (47).

In considering the question of why LDH-X is the »nredominant LDH
in the mature sperm of some species, Zinkham et al. (82) point out
that mammalian spermatozoa are able to carry out aerobic and anaerobic
glycolysis and are also capable of carrying on oxidative respiration.
Theybfeel that LDiH-X is but another manifestation of metabolic diver-
sity which may enable spermatozoa to survive and function in the var-
iety of micro-environments present in the female genital tract.

Although the number of LDH isoenzymes in the cryptorchid rat tes-
tis is reduced, LDH activity is markedly increased (23), probably due )
in part to the deletion of the less active LDH~-5. Also increased in
the cryptorchid testis are the labeling of protein with radioactive
lysine and the soluble fraction of the total protein content. The find-
ings of Davis‘et al. (15) that protein labeling was but slightly aug-
mented in the cryptorcﬁid rat testis by the administration of exogenous
glucose in acute experiments would seem to dissociate LDH activity from
the increased protein labeling seen in the cryptorchid testis.

Soluble fraction malate déhydrogenase was studied electrophoret-
ically as a convenient and salient feature of the enzyme profile of
the rat testis and as a possible marker of genetic change in the‘crypt-
orchid state. However, malate dehydrogenase in the soluble fraction of
scrotal and cryptorchid testes did not show electrophoretic variation
in this system.

In conclusion it appears that there is no difference in the gen-
eral protein, LD, or MDH profiles in the rat testis made cryptorchid
prior to puberty relative to the rat testis made cryptorchid after pu-
berty. Cryptorchidism in the rat does not appear to alter the soluble
MDH profile as determined by disc electrophoresis. LDH-5 and three
LbH-X isoenzymes are deleted from the LDH profile by the cryptorchid

state. A cryptorchid protein, not apparent in the solublg fraction of




34

the scrotal itestis, appears in the "post albumin" zone of the cryptor-

chid testis electronherogran,.

Much further work can be done using the basic method employedr in
these'experiments. The mitochondrial MDH could be tested for electro-
phoretic variation in the cryptorchid testis by comparing the MDH from
disrupted mitochendria to that of the 15,000 x gravity supernatant. The
unusual cryptorchid protein could be eluted and biochemically character-
ized, including assays for enzymatic activity. ' .
Inasmuch as Firlit and Davis (22) have localijzed the increased
labeling of protein by radioactive lysine to the Sertoli cells of the
cryptorchid testis, it would be of interest to homogenize acutely labeled
cryptorchid testis slicgs and use the 15,000 X gravity Sﬁpernatant as a
disc electrophorétic sample. After electrophoresis the gels could be
sliced and the activity of the slices counted to test the hypothesis that
%he increase iP labeling is due to the increase in the unusual cryptore-
chid. The appearance of the cryptorchid protein could be more accurately
dated simply by sequential sampling of cryptorchid testis at various ine
tervals after abdominal fixation.

Reference has been made to changes resembling those seen in exper-
imental cryptorchidism produced By immunological sensitization (82), by
7,12~dimethylbenzanthracene (23), and by nitrofurazone (33). It may well
Lrove practical to use the method outlined in this thesis to deteét drug-
i nduced changes in‘the mammalian testis heretofore unnoticed. Of partic-
fi1lar interest would be the correlation, if present, between electrophor-

btic variations of testicular or seminal samples and spontaneous abortionsd
pbr congenital defects.




CHAPTER V
SUMMARY

1. The technique of disc electrophoresis was applied to the sep-
aration of the soluble proteins of the rat testis and a protein not
seen.in the secrotal testié was noted in the cryptorchid testis.

2. LDH zymograms revealed three bands of IDH-X activity in the

mature rat testis together with the five other LDH isoenzymes seen in

other tissues.,
3. The three bands of LDH-X activity and LDI-5 were deleted after

twenty'days of abdominal cryptorchidism, producing a pattern similar to *

than seen in the pre-pubertal testise.
4. Soluble fraction MDIl showed no electrophoretic variation in

the scrotal and cryptorchid rat testis.
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CHAPTER VI

FIGURILS
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FIGURIS

The disc electrophoresis apparatus employed in these experiments is
shown above. Its dimensions are 7" x 7 3/8" x 4 5/8"., 1t is made of
1/4" and 1/8" Plexiglass. Electrodes are straight platinum wire. The

srommets which hold the gel columns are 3/8" inside diameter.
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PIGURE XX

Lactic acid debydrogenase isoenzyme patterns of the 15,000 x gravity su-

The pattern at left

pernatants of the testes of two Sprague-Dawley rats.

is from a rat sacrificed at age 25 days.

The pattern at right is from a

rat sacrificed at age 67 days.
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PIGURE IXX
Lactic acid dehydrogenase isoenzyme patterns of the 15,000 x gravity
supernatants of the scrotal (left) and cryptorchid (right) testes from

a Sprague-Dawley rat made unilaterally cryptorchid at age 24 days and

fsacrificed at age 66 days.
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PIGURLE IV
The lactic acid dehydrogenase isoenzyme patterns of the 15,000 x gravity

supernatants of the scrotal (left) and cryptorchid (right) testes from

R

Sprague-Dawley rat made unilaterally cryptorchid at age 60 days and
sacrificed at age 113 days.
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PIGURL V

The malic acid dehydrogenase patterns of the 15,000 x gravity supernat-
ants from the testes of two Sprague-Dawley rats. 1lc and 1ls are the pat-
terns, respectively, from the cryptorchid and scrotal testes of a rat
made unilaterally cryptorchid at age 62 days and sacrificed at age 107
days. 2c and 2s are the pattcerns, respectively, from the cryptorchid
and scrotal testes of a rat made unilaterally cryptorchid at age 25 days

and sacrificed at age 68 days. "
4




FIGURE VI
The general protein pattern, as stained by Amido Black, and densitomet-
ric recording of the 15,000 x gravity supernatants from the testes of
a 25 day old Sprague-Dawley rat (left) and from the testes of a 67 day
old Sprague-Dawley rat (right).
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The general protein pattern and densitometric recording of the 15,000
x gravity supernatants from the scrotal (left) and the cryptorchid
(right) testes of a Sprague-Dawley rat made unilaterally cryptorchid at

age 24 days and sacrificed at age 87 days.
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FIGURE VIIX
The general protein pattern and densitometric recording

gravity supernatants from the scrotal (left) and from

of the 15,000
the cryptorchid

(right) testes of a Sprague-Dawley rat made unilaterally cryptorchid at

age 60 days and sacrificed at age 113 days.
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CHAPTER VII

TABLES




Percent of total LDHI activity
Lbn-1 LDii-2 LDH=-3 LDH-4 LDH~3

Immature testis 28,67 26.54 15.16 29,62
iature testis 26,02 23.22 15.05 *35.69
Immature cryptorchid 26.65 33.06 25.05 15.23
Immature control 22,51 22.29 14.71 *40.47
Mature cryptorchid! 32.13 31.01 20.44 16.40
Mature control 20,90 21.07 10.36 *47.65

*complex of LDH-4, LDII-5, LDH-X LDH-X2, and LDH-X

1’ 3
TABLE I

The immature testis is that of a 25 day old rat. The mature testis is

that of a 67 day old rat. The immature cryptorchid and its scrotal

control are those of a rat operated on at age 24 days and sacrificed

at age 66 day;. . The mature cryptorchid testis and its scrotal control

are those of a rat operated on at age 60 days and sacrificed at age

113 days. All animals used were Sprague-Dawley rats. Percent of total

LDl activity for each isoenzyme was determined by averaging three plan-

imetric tracings of records obtained from a Photovolt Densicord Densi-

tometer after scanning the disc electrophoretic gels stained for LDH.
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