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CHAPTER 1
INTRCDUCTION

A, THE COMPARATIVE APPROACH

The comparative approach in biology (62) has served a dual purpose:
first, extrapolation from one group of organisms to another can lead to
biological generalizations; secondly, different kinds of organisms solve
similar life problems in different ways. The first of these purposes em-~
phasizes a basic similarity between organisms, where as the second em-
phasizes differences.

In recent years much work has been done on cellular and molecular
functions, Yet comparative physiology and comparative biochemistry do
not restrict themselves to the description of life processes in terms of
molecular mechanisms. All levels of organization are studied. As a
result, the comparative scientist attempts to find biological meaning at the
levels of cells, organs, species, and higher taxonomic categories. The
comparative approach considers the spectrum within a given type of tissue,
it considers the diversity of a function in different environments such as
high or low temperatures, and it considers functional phylogenetic re-
lationships. Above all it considers the integrated functions of homeostasis,

In any comparative study, two major factors are seen to play a pre~
dominant role in distinguishing between individuals or species. These
factors are inheritance and environment. The study of genetic separation
as well as the adaptive traits which uniquely suit the species to its eco=
logical level enable the comparative scientist to classify a given species in

terms of survival, reproduction and development, and aspects of its in-




internal state or its metabolic pattern.

B, THE TESTIS

During the course of development of the majority of mammals the testes
Hleave their primitive lodgment in the body cavity and migrate posteriorly and
ventrally to the terminal periphery where they protrude at the surface of the
pody wall. According to Crew (11) this protrusion constitutes the scrotum
iwhich varies in character from that of a pair of small ill-defined slightly
felevated areas to that of 2 capacious, definite, pedunculated sac.

1. Phylogenetic Position

The phenomenon whereby the testes migrate to an extra-abdominal
oeition occurs only in mammals; yet this process is subject to much
tariation. In some species it does not take place at all, while in others the
hltimate position assumed by the descended organ may be either inguinal,
berineal, or scrotal., In a third group of mammals, the testis is abdominal
fluring the greater part of the year, but descends into the scrotum during the
breeding season, This constitutes true periodic descent and zpecies exhibit«
ng it should be distinguished from others in which the testes, although nor-
mally scrotal or perineal, may at moments of fright and excitement be with-
?ravm. through the action of the cremaster muscle towards the peritoneal

Favity.

2. Comparative Location of the Testis

The following is a brief summary of the location of the testes of six
mammals: the adult rabbit, rat, mouse, golden hamster, guinea pig, and

hog. according to the description of Eckstein and Zuckerman (19) .




a, Rabbit
The testes of the rabbit are elongated or fusiform in shape. They
lie in subcutanecus scrotal sacs which communicate freely with the peritoneal
cavity, and can be reflexly withd rawn or moved through the inguinal canals
into the abdomen.
b, Rat
The testes of the mature rat lie in a prominent subcutaneous swell-
ing known as the scrotum, There are two separate scrotal sacs, each of
which commmunicates with the peritoneal cavity through a wide inguinal canal;
this permits the withdrawal of the gonads into the abdomen throughout life,
¢. Mouse
Like the rat, the testes of the mouse form two connecting subcutan-
eous swellings, There is alsc free communication with the peritoneal cavity.
d, Hamster
Like both the rat and the mouse, the testes of the golden hamster are
flocated in subcutaneous scrotal pouches which commaunicate freely with the
jperitoneal cavity,

e. Guinea Pig

The testes of the guinea pig are ovoid in shape and lie in separate
pouches on either side of the penis, slightly below the level of the anus,
There is a well=developed cremaster muscle which permits the withdrawal of
the testes into the abdomen.

f. Dog
The scrotum is globular in shape and is situated betweezg:‘;‘i;guinal

region and the anus, It is a pouch composed of skin and the dartos tunic, The




skin is well supplied with sebaceous follicles, The testes of the dog are
comparatively small and usually arranged cne behind the other in separate
scrotal compartments,

Other investigators such as Wislocki (79) (19) have separated the position
of the testes in mammals into two distinct groups: those which lie per-
manently in the abdomen and those which lie outside the abdominal cavity.
Included in this latter category are the testes of the rat, moure, hamster,
rabbit, guinea pig, and dog. The testes of the first five mammals just
mentioned are considered subintegumental (inguinal or perineal); thus, even
though they are generally considered to be in 2 "'scrotal position'’, neverthe~
less, they can still be voluntarily or reflexly withdrawn into the abdomen.

In contrast, the testes of the dog are considered permanently scrotal as
are those of most primates such as the monkey and man.

Moore (49) also makes this differentiztion. He states that the guinea fg,
rabbit, rat, and scome other mammals differ irom others in that the inguinal
canal serves as a wide-open connection throughout life between the abdom-
inai cavity and the cavity of the scrotum, The testes may be retracted into
the abdominal cavity, but due to the connection existing between the
epididymis and the bottom of the scrotal sac, they generally redescend
into the scrotum on relaxation of the cremaster muscle,

According to Crew (11}, the miajor difference between the scrotum and the
abdominal cavity is that the temperature within the tunica vaginalis is
appreciably lower than that within the general abdominal cavity. The
scrotum is so constructed that it is exceedingly well-equipped with a temper~

ature-regulating mechanism. It is known that the final stages of
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spermatogenesis nccur at an optimum temperature which is found within
the scrotum and not that found within the abdomin al cavity.

Yet this also presents variations., Some mammals such as the whale and
elephant lack a scrotum, and the testes are continuously abdominal, Cbvie
ously, body temperaturc does not damage spermatogenesis in these forms
(58). in other animals which do possess a scrotum, the testes occupy scrotal
p»ositiéns only duriug the breeding season, At the other times the testes are
elevated into the abdominal cavity, However, even these animals appear to
suffer no permanent damage during these periods of abdominal retention,

3. iffect of High Temperature on Testicular Morpholo
L By

It is generally believed that high environmental temperatures are dele~
terious to physiological systems (72), and as a reeult it is thought that high
temperature could affect reproduction indirectly through such factors as
stress and general well-being of the animal and also directly by influencing thq
formation of sperm or ova, Ulberg (74) states that an increase in environe
mental temperature above a certain point will cause an increase in body tems
perature, and this increase in body temperature has been seen to affect the
fertility and sperm production of ranis or bulls, 5mall differences in teme
perature have ¢ great effect on the production and life of the spermatozca in
mammals, It has been suggested that the cause for sterility in abdominal
testes is the higher temperature that exists in the abdomen than in the scrotumy,

Many investigators have shown 2 degeneration of the germinal epithe«
lium of the testis as a result of exposures to temperatures higher than those
normally found in the scroturn, Moore and Chase (50) found that single

applications of heat approzimately 7°5. above body temperature have proved




2
capable of causing testicular degeneration. This type cf dezentraticu was
similar to that which Moore found in the testis of guinea pigs made arti-
ficially cryptorchid through elevation from the scrotum into the abdomen {51).
By means of this work, Moore and Oslund (52} stated that the mammalian
scrotum is a local thermoregulater for the testis, He noticed that if this
function was prevented by external insulation against heat loss, the testis
undergoes degeneration while still in the scrotum, In this way the animal
is sterilized by its own body heat,

Young (81) showed that exposure of the serotum of the guinea pig tc water
at 46°C, for 30 minutes and 47.5 °C. for 15 minutes resulted in an almost
complete degeneration and desquamation of the germinal epithelium of the
testis, More evidence of the susceptibility of the testis to beat was provided
by Fukui (25) who found that applicetion of heat to the testes of rabbits at a
temperature equivalent to the normal body temperature of the rabbit (40°C)
resulted in defective spermatogenesis. Fukui was alsc able to produce
these “hest testicles' in dogs, guinea pigs, and rats. He also showed that
bathing the scrotum in hot water at 48° C, desiroyed the spermatogenic
epithelium of rabbits within one hour, OUne explamation for this was put forth
by Glover and Young (26) whe said that physiclogic mechanismas, such as
enzyme systems, are likely tc be impaired by temperatures approaching
50°C.

In contrast to the work done with locally applied heat, Harrison {31) has
studied the cffects of total body exposure to high temperature and has shown
that prolonged exposure to high temperatures of meale mice and rats in a

1 hot room does mot affect their fertility. He thus concludes that jocal

application of heat to the testis is injurious because of some locally induced




vascular phenomenon,

There has been much controversy as to the actual type of damage to the

rminel epithelium resulting from elevated testicular temperatures, Some

rkers believe the primary spermatocytes to be particularly susceptible

10} (67) while others consider spermatid development to be the most sem~
itive phase (14). 5till others have observed both spermatocyte snd spermar
id dearrangement and disappearance following elevated tempeature exposure
1). This lack of agreement may possibly be attributed to the fact that these
ifferent investigators employed for their studies not only varicus species

pf snimals and widely differing temperatures, but also various exposure times
fc the elevated temperatures,

An entirely different approach with regard to the effect of temperature on

he testis was made by Herrington and Nelbach (35). They noticed a decrease

testiculsr and adrenal weights of the rat at 35° C. as compared to 28°C,
However, associated with this testicular retardation seen at the higher tem»
rature was & low tensile resistance of the r at's thoracic aorta, resembl»
ng that of clder animals. They stated that the fact that high temperature
roduced testicular atrophy, associsted directly with similar aortic effects,
oiats to & direct relationship between gonadal principles and cardiovascular
tion.

Waltcn (76) observed in rabbit spermatozos that & temperature just above
 of the abdominel cavity of the rabbit resulted in instantanecus death of
he spermatosos, thas indicating a ¢ritical temperatare just above normal

y temperature,

4, Effect of Low Tcmmmm on Testicular i&w&g‘ ' i.agx
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Macdonald and Harrison (44) observed that a temperature of -6 and -8 ‘c. ,
when applied directly to the testis for one hour, caused spermatogenic
Kdestruction with no evidence of regeneration. However, a temperature of
10 “C. applied to the scrotum for one hour was necessary to produce severe
prermatogenic damage from which some regeneration could occur, He at-
tributed these differences to the protee\;ivc influence of the scrotum. Walton
[76) noticed in rabbit spermatozoa that lowering the temperature below the
pptimum needed for maximal survival resulted in an increase in the velocity
bf destruction of the spermatozoa,

5. Possible Causes of Temperattg"p-lndueed Testicular Damage

There is general agreement that testicular damage, following either experi-
mental cryptorchidism, application of heat to the scrotum, or insulation of
the scrotum against loss of endogenous heat, is related to an increased
festicular environmental temperature,

It appears from the work of various investigators that the progressive
gdaptation of the testes to a scrotal environmant may have resulted in an
rcreasc in the susceptibility of the germinal cells to elevated temperatures,
ukui (25) believes that the cause of descent of the testes into the scrotum
ﬂ:aight be due to the fact that the spermatogenic protein is thermolabile at
fjormal body temperatures., Barron (3) believes that '"heat degeneration' is

due to a hyperemia resulting from vasodilation, Moore (49) states that

djxygen lack and accumulation of carbon dioxide due to vascular stagnation
ay be the cause of heat~induced testicular damage, Cross and Silver (12),
owever, report that oxygen tension in the testis of rabbits increases when

scrotum is warmed, They attribute this to a change in the blood vessels




g
representing a vasodilatation in response to the scrotal warming. Meschaks
[(13) showed that seminal degeneration in bulls following insulation of the
scrotum is closely related to the excretion of neutral steroids in the urine;
he suggests that abnormal function of the testes under these conditions might
[be due to excessive production of testicular and adrenal cortical hormones.

Turpeinen et al, (73) studied the fate of certain enzymes of the rat testis in

hich spermatogenesis was suppressed by exposure to external heat at 44°cC,
or 20 minutes, Although there was clear evidence of histological damage to
seminiferous epithelium 24 hours after this treatment, there was no
pvidence of changes in the content or the distribution of hyaluronidase,
Enccinie dehydrogenase, acid phosphatase, or alkaline phosphatase. However,
1 to 30 days later he noticed a marked decrease in the hyaluronidase con~
tentration as well as a marked change in the distribution of both succinic
hehydrogenase and acid phosphatase; the chief locus of the activity of these
'wo enzymes had been transferred from the tubules to the interstitium,
Macdonald and Harrison (44) believe that the untoward results of low tem-
#eratures on sperrnatogenesis are probably caused by ischemia, which in

urn may be caused by vasoconstriction produced by the low temperature.

L. THE SCROTUM

The scrotum of mammals is a structure the function of which is to regulate
the environmental temperature of the testes; it is a local thermoregulator

Lf the male mammal and controls the activity of the testis by providing an
¢ptimum environment for spermatogenesis (53), The fact that the scrotum is
dfssential for the continuance of germ cell differentiation is shown by removal

Lrl the testes from the scrotum or by experimentally interfering with its
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function (52}, |

In itz most simple type, the scrotum is merely a thinned area of the antere
ior body wall; more advanced development produces a protruding pouch,
Its higher form in higher mammals is a pendant sac completely isclated from
the peritoneal cavity, In this well-developed form, the scrotal sac is a
structure in which the testes are able to reside in a temperature environment
that permits the complete expression of their functional capacities., This
environment has been shown to be maintained seversal degrees below the gen=~
eral body temperature,

An investigation of the temperature of the abdominal civity, in comparison
with that of the scrotum, has been made on rats, guinea pigs, and rabbits
with the result that a significant difference was found to exist (54). In each
case, it was found that the scrotal temperatures were lower than the cors
responding peritoneal temperatures, This would be expected if it is a
higher temperature of the peritoneal cavity that causes testicular degenera~
tion or, conversely, if it is a necessarily lower temperature that is essential

to permit the testis to remain normal and active,

D, THE VASCULARITY OF THE TESTIS

It is important to establish the range of temperature in which testes
situnted in a scrotum normally function, for the peculiar vascular pattern of
the mammalian testis indicates in itself that efficient thermoregulation of
the testis is vital.

1. Comparative Anatomy

Harrison snd Weiner (32) have studied the testes of various mammals and

have cbserved that there are fundamental differences in their vascular supply




1
and that the vessels display remarkable complexity both in their venous and
arterial courses. Some of their observations are as follows:

a, Rat

There is marked coiling of the testicular artery in its course
to the testis, The artery before reaching the testis is about 0.2 mm. in
diameter and forms about 30 closely packed Ioops on the anterior surface
of the testis before giving off any branches, The veins of pampiniform
plexus are few, of small diameter, and dc not have a very close relationship
to the testicular artery,

b. Mouse

The testicular artery in passing to the testis is only slightly une
dulating and shows the least convolutions of any mammal studied, It also
has the smallest diameter (0.1 mm.) and is completely surrounded by
testicular veins without the intervention of connective tissue,

¢ . Rabbit

In passing to the testis the artery which is 0,3 mm, in diameter
shows about 30 loops which are packed almost as tightly as in the rat. The
testicular artery is almost eompletely surrounded by testicular veins, but
is separated from them by connective tissue,

d. Guinea Pig

The artery convelutes only slightly in its course to the testis to
form about 10 complete loops. The artery is 0,2 mm, in diameter in adult
animals, and is intimately related to the veins of the pampiniform plexus

which surround it on all sides indirect contact with it,




e, Dog

The testicular artery in the spermatic cord is 0.8 mm, in di=
ameter and forms 25 to 30 loosely packed irregular convolutions before
reaching the testis, The veins of the testis converge toward the posterior
border to form the pampiniform plexus, These veins then pass up the cord,
surrounding the convolutions of the testicular artery as an anastomosing
network,

2., Functional Anatomy

As has been shown there are wide variations in the different species both
in the calibre and the tortuosity of the testicular artery. In addition, the
relationship of the testicular artery to the pampiniform venous plexus also
shows much divergence, Yet there does seem to be some similarity in the
vascular patterns of some mammals, Harrison (33) has shown that the
testes of the dog and rat are essentially similar in their vascularization in
relation to anastomoses; the cremasteric artery does not appear to enter
into arterial or arteriolar communication with the testicular and deferential
arteries,

The functional significance of these various vascular arrangements is
thought to be related to the thermo-regulatory characteristics of the testis
(32). It is well recognized that testicular temperatures are lower than
those of the abdominal cavity, and that these temperature gradients vary
between animals. Some of the features which could bring about these tera-
perature gradients and also the observed species differences are as follows:
1) An increase in the numberof convolutions and a decrease in the calibre

are features of the testicular artery which would conceivably slow down the
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blood flow and give the arterial blood more time and surface for cooling.
(2) The smaller the testis of the animal, the greater would be its cooling
capacity in relation to its weight. (3) The rather long passage of the tes=
ticular artery on the surface of the testis would contribute towards increas~
ing the degree of cooling of the arterial blood before it reaches the interior
of the organ, (4) The relationship of the testicular artery to the pampini-
form venous plexus would also play a major role. Since the venous blood
leaving the testis would tend to be cooler than the blood in the testicular
artery leaving the abdomen, the close proximity of the two streams in the
spermatic cord would serve to bring about a precooling of the descending
arterial blood flow, thereby serving to enhance the cooling features of
tortuosity and small calibre, Such an arrangement would have the eifect
of bringing the testis to a temperature below that of the abdomen, With
precooling of the testicular artery, there would also be preheating of the
testicular veins,

This vascular mechanism may also have a role in protecting the testis
from increases in body temperature, Thus, in hyperpyrexia such as might
occur with some generalized diseases or feverish conditions of the body, it
could be expected that the tortuosity of the artery and its precooling by
returning veins, together with other features improving heat dissipation,
would serve to minimize testicular heating from the body,

3. Counter~-Current Exchange Phenomenon

According to Dahl and Herrick (13) the anatomic arrangement of the
blood vessels of the tesiis in many mammals suggests that the principle of

counter~current exchange is valid in these animals, and that, in conjunction




with the position of the testes and the structure of their coverings,‘ it aids
in maintaining a testicular temperature suitable for spermatogenesis. By
the phrase ''counter-current exchange'' these investigators meant the prin-
ciple of transfer of heat between fluids of different temperatures flowing in
opposite directions in adjacent conduits; ; heat is lost from the warm fluid
into the cooler fluid. The efficiency of such a system at given temperatures
depends on the intimacy of the conduits, and on the length of time that the
contained fluids are in association, hence on the rate of flow and on the
length of the associated conduits. Increasing the surface acress which
heat can be conducted, as by increasing the number of tubes in proximity
to each other, will increase the exchange of heat., These investigators
thought that because of the arrangement of the numerous veins of the pam-
piniform plexus about the internal spermatic artery, an anatomic counter~
current exchange unit was present which could result in a reduction in the
temperature of the blood within the artery,

Waites and Moule (75} cbserved that blood flowing through the internal
spermatic artery of the ram cooled by approximately 5 °C. between the
aorta and the dorsal pole of the testis where testicular temperatures were
about 34 C. Most of the cooling occurred in the coiled portion of the ar~
tery in the spermatic cord where the venous blood reiurning from the testis
through the pampiniform plexus was seen to warm by a similar amount;
this area was that part of the spermatic cord where the internal spermatic
artery was in closest contact with the pampiniform veins, Yet, even
though they concluded this to be an efficient heat-exchange system, they

could not state that this vascular heat-exchange per se could actively




regulate the temperature of the testis., Indeed, it only serves to ccol the
testis when the returning venous blood is cooler than the arterial inflow,
and this relationship can be maintained only if heat is being lost in the
scrotum. This latter point was also emphasized by Crew (11).

E., THE METABOLISM OF EJACULATED SPERMATOQZOA

1. Carbohydrate

Mammalian semen contains fructose, its concentration varying from a
few mgm. per cent in boar to 100 mgm, per cent in bulls; this sugar
serves the spermatozoa as their natural nuirient (47). At the site of its
origin in the testis and in the epididymis, the semen contains very little
fructose but acquires it during its passage through the whole male gen-
erative tract, from the accessory glands of reproduction, mainly the sem-~-
inal vesicles, Thus, the reducing carbohydrate in the seminal plasma of
the ram and bull is fructose, which is readily converted anaerobically by
the spermatozoa to lactic acid, thus providing an importfant source of
energy for the sperm cells (45), The process of fructose formation is
initiated and controlled by the testicular hormone testosterone; a hormonzal
deficiency due to castration causes a decrease or disappearance of seminal
fructose, but treatment with iestosterone promptly restores the ability of
the accessory glands to produce fructose (47). Bartlett {(4) stated that dog
semen was characterized by very low concentrations of fructose, Howcver,
studies on sperm metabolism showed that dog spermatozoa can utilize
added fructose under anaerobic conditions very rapidly,

In bull and ram semen the anaerobic survival of spermatozoa is closely

dependent upon the presence of fructose. If ram or bull spermatozoa are
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washed iree from the fructose-containing seminal plasma and thus deprived
of fructose, they soon become immotile under anaerobic conditions (45).
ilowever, their survival can be extended considerably by the addition of a
glycolyzable sugar,

Under aerobic conditions, on the other hand, spermatozoa can survive
temporarily even after the removal of fructose«rich seminal plasma. The
ability of these spermatozoa to take up oxygen is of rather short duration
but can be maintained for a considerable length of time by the addition of
fructose or lactate, These findmgs (45) suggest that the metabolism of
fructose or the process of fructolysis plays an essential role in the survival
of mammalian spermatozoa under ucth anaercbic and aerobic conditions.

Washed spermatozea can also metabolise glucose and mannose, as well
as fructose, to lactic acid (72). The metabolic degradation of these three
sugars is apparently accomplished by the same hexokinase.catalyzed re=-
action with adenosine triphosphate. The enzyme hexckinase contained with~-
in the sperm cell, catalyzes with almost the same eificiency the transfer of
phosphate groups from ATP to fructose, glucose, or mannose. It has also
been shown that ram and bull spermatozoa can metabolize glycerol and
sorbitol under aerobic conditions, breaking them down to lactic acid (46).

Balogh and Cohen {2) state that spermatozoa thrive under anaerobic con~
ditions by utilizing extracellular substrates found in semen. Under these
anaerobic conditions glycolysis is the metabolic pathway acting as the
major energy source, He supports this by having demonstrated cyto=
chemically the presence of glyceraldehyde«3~phosphate dehydrogenase

and lactic dehydrogenase activity,
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The oxidative phase of sperm metabolism whereby additional energy is
obtained by the oxidation of lactic acid to carbon dioxide and water appar«
ently takes place through the Krebs tricarboxylic acid cycle, Balogh and
Cohen (2) have demonstrated the presence of the following oxidative enzyme
systems in mammalian spermatozoal DPNH disphorase, TPNH diaphorase,
succinic dehydrogenase, mali¢ dehydrogenase, and isccitric dehydrogenase,

Lardy snd Ghosh {(40) have discussed the presence of a Iabile, lipid sol~
uble substance in ejaculated spermatozoa which when added to bovine epidie
dymal spermatozoa will stimulate both the rate of respiration and anaero=~
bic glycolysis. This substance which apparently reverses the normal
Pasteur effect of spermatozoa is known as the "metabolic regulator,”

2. Protein

Polypeptides and proteins of low molecular weight are present in mammas
lian semen. Free amino acids are also present and apparently arise through
the breakdown of proteins after the semen is ejsculated, Lundquist (42)
observed that the concentration of free amino acids in freshly ejaculated
semen is very low, and that a repid increase in the concentration takes
place on incubation at 37°C. or even at room temperature. Among the
amino acids found in the semen are alanine, glycine, valine, feucine, isow
feucine, serine, threonine, aspartic and glutamic acids, and small amounts
of tyrosine, phenylalanine, proline, and lysine. It was found that this inw
crease in the amino-nitrogen level of semen after incubation at 37 °C. was
due to a fibrin-like proteolytic enzyme which was formed in the prostate
gland {43). Inasmuch as this same amino acld plcture can be obtained by

incubating this "seminal proteinase’’ enzyme with the fibrin-like material




from freshly ejaculated semen, it is believed that the majority of amino
acids found in semen is formed through the breakdown of seminal fibrin,

Bhargava (6) observed a rather high rate of incorporation of radioactive
amino acids into the proteins of bull spermatozoa, Since these cells are
said to be virtually devoid of ribonucleic acid, the suggestion arose that
RNA was not essential for protein synthesis, at least in these cells, How=-
ever, Martin and Brachet (48) contradicted these results by employing
radioautography to assay the labeled amino acid uptake., Their finding that
the incorporation of labeled amino acids occurs in the cell debris rather
than in the spermatozoa ruled out the possibility of bull spermatozoa being
able to possess high rates of protein synthesis while possessing a low RNA
content,

Tosic and Walton (71) observed that bull spermatozoa in the presence of
oxygen can oxidatively deaminate certain L-amino acids (L-tryptophane,
Lephenylslanine, 2nd Le-tyrosine) with the formation of ammonia and
hydrogen peroxide, Under anaerobic conditions, these substances were
not produced, It is known that hydrogen peroxide is very toxic to sperma-
tozoa in vitro because of their lack of catalase (7), thus leading to subse-
quent inhibition of sperm respiration and motility.

Roy and Bishop (64) observed that relatively large amounts of glycine
had a beneficial effect on the survival of bull, boar, and stallion spermatozoﬁ,
but they were unable to show that it was metabolized. Subsequently, Flipse
(24) showed that CH- glycine was metabolized by washed bull spermatozoa
to formate and carbon dioxide. He also observed that glycine is capable of

reducing CG; production from labeled glucose and therefore postulated that




glycine utilization may have a sparing eifect on glycolysis in bovine
spermamsoa.
F. THE METABOLISM OF THE NORMAL TESTIS

Wolf and Leathem (80) state that the testis of the rat consists of approxi~
mately 85% water and 15% solids. The solids of the testis of adult rats are
65-70% protein and about 30% lipid, Fresh testicular tissue has also
yielded detectable glycogen.

1. Carbohydrate

The metabolism of the testis of the rat is similar to that of the brain in
that both tissues show high anaerobic glycolysis (20). However, it has been
shown that the testis does differ from the brain, liver, and kidney in three
main ways, First of all, the testis shows a fairly high aerobic glycolysis
which is not inhibited by added lactate., Secondly, the testis carries on a
considerable metabolism of pyruvate under anaerobic conditions, Finally,
the testis differs from other tissues in forming, in anaerobic experiments
without glucose, a considerable amount of acid which is not lactic acid,

Elliott et al. (20) has also shown that lactate is quite rapidly oxidized by
the testis of the rat to pyruvate which is in turn rapidly metabolized by the
testis. In the absence of glucose, addition of pyruvate increases the
oxygen uptake considerably; in the presence of glucose, the actual oxygen
uptake remains about the same, but the oxidation processes are probably
increased sinc pyruvate acts as a hydrogen acceptor in addition to oxygen.

In both cases there is increased lactate formation due to the reduction of

pyruvate.




In anaerobic experiments with the testis and pyruvate, there is a con=-
siderable evolution of carbon dioxide., In this respect the testis differs
from other tissues, such as the liver, brain, and kidney,

As in other normal tissues, succinate is rapidly oxidized by the testis,
its addition causes a large increase in oxygen uptake, especially in the
absence of glucose., Fumarate and malate are oxidized in the testis only to
a small extent since only small increases in oxygen uptake have been ob-
served,

In the presence of glucose, addition of acetate has been seen to cause
a small increase in the oxXygen uptake, while in the absence of glucose,
there was no increase in the uptake of oxygen, It seems that acetate
oxidation occurs slowly in the testis and is dependent on simultaneous car=-
bohydrate oxidation. Acetate is apparently not an intermediate step in the
oxidation of pyruvate since the oxidation of pyruvate, but not of acetate,
continues in the absence of glucose,

Dickens and Greville (17) have observed that the testis of the rat shows
a large decrease in respiration when deprived of glucose, Thus, the testis
seems to show a marked dependence on the 5&%;9’1-7 of this sugar, In con=
trast, the kidney, liver, and spleen suffer relatively little fall in respira~
tion when deprived of glucose., As a result, it is thought that these three
organs have a dietary supply of glucose which is not available to the testis.
These investigators have also stated that the testis shows a slight tendency
to convert fructose into lactic acid, The marked decrease in respiration

of the testis in the absence of glucose can be prevented by the addition of

fructose,




Tepperman et al, (68) has studied the metabolism of the rat testis
in vitro and has hypothesized that the germinal component of the normal
testis is characterized by a low oxygen uptake in the absence of added sub-
strate such as glucose. He also observed that the transplanted crytorchid
testis shows a highly significant increase in oxygen consumption in the
absence of added substrate as compared with the normal scrotal gland,

2, Protein

Although Fukui (25) in 1923 first suggested the importance of testicular
proteins, it has only been in recent years that the actual functional rela-
tionship of these proteins has undergone thorough investigation, Neame
(57) believes that the ability of a tissue to take up amino acids should be
considered as a measure of the metabolism and growth of the tissue and
should be thought to be greater in those tissues whose cells are often in the
process of division or in which there is a specialized need to transport or
conserve amino acids, Such a tissue is the testis, which is composed
mainly of cells designed for replication,

Thorsteinsson (69) has observed a strong peptidase activity in extracts
of the testis, epididymi s, epididymal sperm, and the accessory glands of
the rabbit,. Some other enzymes found both in mammalian spermatozoa
and testicular tissue include those of the glycolytic system, the cytochrome
system, and the tricarboxylic acid cycle (8).

Much in vitro work has also been done with regard to testicular protein
biosynthesis. Davis et al, (15) has sown that in the testis of the adult rat,
maximal incorporation of radiocactive lysine into protein occurred at

320C. , thereby indicating that the protein-synthesizing systems of the rat




testis are very heat-labile. ©OTn the other hand, Hall (28) has demonstrated
that both stercid biosynthesis as measured by the incorporation of acetate-
I-C14 into testosterone-Cl4 in vitro and protein bicsynthesis as measured

by the incorporation of L-lysine-U-CM‘ into protein in vitro were found to be
maximal in slices of rabbit testis at 38" C. Both steroid and protein bio-
synthesis were significantly lower at 40°C, than at 38°C, It has also been
shown that the interstitial cell stimulating hormone increased the incorporad
tion of vatline-l--(l14 and tryptoph:sm-1-(314 into protein by slices of the testis
of the rabbit when the hormone was administered in vivoor added in vitro;
the incubation temperaute was 37.5 °c. (29). The response of slices of
testis to ICSH in vitro was inhibited by chloramphenicol and puromycin ,
compounds which are known to be specific inhibitors of protein synthesis;
it is belizved that both substances affect the transfer of amino acids from
soluble ANA to protein.

3. Androgen Praoduction

The testis performs two primary functions: the proliferation of spermad
tozoa and the secretion of steroid hormones, The latter determines the
physiological state of the accessory ducts and glands., It is generally be=-
lieved that testosterone, the chief hormone of the testis, is synthesized and
secreted by the interstitial cells of Leydig.

The hypophysis of the male liberates follicular=stimulating hormone
(FSH), luteinizing hormone (LH), or interstitial cell stimulating hormone
(ICSH), and prolactin. When extracts containing FSH are administered to
a hypophysectomized rat, spermatogenesis is maintained at least through

the secondary spermatocyte stage (72). However, the sex accessory organs

of these animals remain atrophic, indicating that the cells of Leydig have

of
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not seen stimulated to proéuce androgen, CTomplete maintenance of the
spermatogenic function in the hyponhysectomized rat is said to require ooth
FSH and ICSH, Extracts contalning ICSH stimulate the cells of Leydig, as isf
reflected in the growth and functional activity of the sex accessories. ln
fact, it is generzlly believed that three hormones, F5H, ICSH, and androgen
participate in the normal development and function of the seminiferous tue-
bules, Hall and liknes (29) have shown that the incorporation of acetate«le

.14 ~1
& into te-tosterones=_ 4

in viiro ie increased by interstitial cell=stimulate
ing hormone and follicle-stimulating hormone added in vitro or Ly interstis
tial cell=stirmulating hormone and human chorionic gonadstropin administere
in vivo,

Gospodarowicz and Legualt-Dlemare (27) measured the incorporation of
acetate-lnﬁm into cholesternl, progesterone, and androstenedione by rat
te~tis in vitro at 27°and 38°C, They found a greater specific activity of cho
lesterol-Cl4 an pr&gest&rune»ﬁw at 38°a: compared to that at 27°¢, » hut
a Jecrease in specific activity of zm«:n’ramteneéiwm:-‘(im at the higher tempera«
ture, These findings suggest a decrease in the production of testicular
androjen (androstenedione) at 38° as upposed to 27° C. and appear to be
contrary to those resulte reported v Hall (28),

The most significant metabolic action of androgens is the stimulation of
protein anabolism, Testostercne has been shown to increase the nitrogen re
tention of castrated male adult rats without increasing the nonprotein nitro-
gen of the blood, and produce at least a temporary increase in body weight
(60). This suggests that the hormone causes a true storage of nitrogen
in the form of tissue protein. In the dog, androjens have been reported

to increase the synthesis of proteins and decrease the rate of catabolism of

v
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amino acids (72), 24

Niernt and ikonen (59) have identified the activities of many uxidative eq-
zyme systems in the Leydig cells of the rat testis, These enzymes are ag
follows: diphosph pyridine and triphosphopyridine nucleotide diaphorases

and euccinic, lactic, glutamic, alphee-glycercophosphate, beta-hydrcxybutyL

rate, and steroide-3ebeta-oledehydrogenases. These oxidative enzymes rg-
present manv different metabolic pathways: succinie dehydrogenase couln]

be considered indicative of the activity of the Krebs cycle; glutamic dehy-
drogenase is concerned with the oxidative deamination of the amino acids;
two of the enzymes (alphaeglycerophosphate and laétic dehydrogenase) are
involved in glvcolysis; betashydroxybutyrate dehydrogenase takes place in
the oxidation of fatty acids; and, steroide3beta~cledehydrogenase catalyzed

an early reactica in the formation of the nonbenzoid steroid hormones, DOFN

L 4

and TN diaphorases together give the total activity of the pyridine nucleo
tide linked dehydrogenases, The:e investizators then cbserved that both

hysophysectomy and the inhibition of the production of ICSH by testosterong
injections caused a very proncunced decrease in the activity of betashydrok-
ybutyrate dehydrogenase, and thus concluded that the fatty acid oxidation
the Leydig cells is intimately correlated with their hormonal activities,

4, Effect of Temperature on Testicular Metabolism

Degeneration of the germinol epithelium of the testes as a result of
exposure to temperatures higher than those normally found in the scrotum
has long been known (50}, Assuming that the cooling mechanism of the
s¢rotum plays an essential role in the regulation of spermatogenesis and

testicular metabolism, it might be expected that abdominal increases in
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temperature would result in changes in the metabolic activity of the tissue,
Ewing and Vandermark (22 cbserved the in vitrc metabelic activity of
rabbit testis exposed to abdominal temperatures for 2, 6, and 24 hours in_
viva They noticed that the metabolic activity increased with the shorter
exposure and then and-then significantly decreased as compared to normal
testicular tis'sue. Tissues exposed for 24 hours contained 12% less glucose
and 27% less lactic acid than controls, thus suggesting that spermatogenic
arrest which results from exposure of the testis to elevated temperatures
may be caused by reduced levels of substrate in the tissue. Experiments
were then carried out in which the testicular tissue was subjected to in=-
creasing abdominal=scrotal temperature gradients, Here, the results
were a lowered metabolic activity as measured by a decreased lactic acid
accumulation and oxygen uptake; however, there was an increased glucose
uptake initially, The possible explanation for this is that large amounts of
glucose were removed from the tissue by the increased metabelic rate
during exposure to the elevated temperature of the abdomen and that the
depleted supply was replaced from the exogenous scurce. These same in=
vestigators then carried out in vitro metabolic testicular studies with in
_vitro elevations in temperatuee (23). They found that when an adequate
amount of substrate (0,055 M, glucose) was present, the enzyme systems
of the testis of the rabbit were not deleteriously affected by an increased
temperature {36.5°C, vs. 39.0°C.) in vitro. An increased temperature
to 39,5°C. in vitro caused an increase in glucose uptake of the isolated,
perfused rabbit testis during the first two hours of perfusion fcllowed by a

substantial decrease in the amount of glucose provided to the tissue during
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the second and third hours of perfusion, These results again suggest that
the effect of temperature higher than scrotal temperature on épermatagen-
esis is preceded by a transient increase and then a decrease in the meta~
holic activity of the tissue.

Davis et al. (16} bas studied the effect of both temperature and glucose on
testicular protein labeling of the rat, He observed that the addition of
0.009 M glucose incressed the incorporation of radicactive lysine into
protein of clices of rat testis and head of the epididymis by 600 and 160%,
respectively, He also observed that in the presence of glucose, the in-
corporation of labeled lysine into testicular protein was appreximately
equal at both 34 and 37.5°C., whereas without glucose, protein labeling
at 37.5°C, was one=half that cbserved at 34°C, These data suggest that
the inhibitory effect of increasing temperature on the protein~synthesizing
systems of the rat testis {15) may be partially reversed by the addition of
glucose.

Hill (36) noticed that the grafting of ovaries into the ears of castrate
male mice caused the normal growth and secretion of the seminal vesicles
and prostate, He then observed that the temperatures of the ears of mice
approximates the temperatures of the scrotumn, averaging 5.6 C. below
that of the abdomen., This suggested that temperature may be the controlling
factor in the cutput of male hormone by an ovary grafted in the ear of
castrate mice, On the other hand, Hoffman et al, {37) noticed that a low
temperature of 18, 5°C. resulted in significant adverse effects on testicular
weight accompanied by rapid losses in ascorbic acid content and marked

increases in cholesterol concentration. Histochemical techniques revealed




increases in tubular lipids and changed distribution,

G, EFFECT OF TEMPERATURE ON THE KINETICS CF METABOLIC
REACTIONS
Prosser (63) has stated that temperature, perhaps more than any other
environmental factor, has multiple and diverse effects on living organisms,
It limits the rate of chemical reactions and hence, is a major factor in
growth and metabolism,

1. Optimum Temperature

Temperature is one of the most influential and important factors
governing reaction mechanisms specifically in biological processes, The
optimum temperature is generaliy considered to be that at which the maxe~
imum rate of the reaction occurs (30). It has long been believed that
enzymatic processes show acceleration when the temperature is raised,
but will slow down rapidly when a maximum point is reached because of
thermal destruction of the enzyme protein molecule itself, in which case,
irreversible changes occur in the molecular configuration of the enzyme,
greatly afiecting its activity and ultimately causing its arrest. This optimun
temperature has been shown to actually be a range of temperaturejrather
than a sharp point, since living systems are accustomed to certain degrees
of change in their environmental temperature, which in turn, influences
their internal temperature; thus, their metabolic processes have acquired,
during the course of evolution, a certain flexibility in their response
to changes in temperature over a limited range. It is important to main=
tain the optimum temperature in enzymatic processes, because should it

fall or rise, the inherent energy of the reactive sﬁ“ysttm would be either
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reduced or increased, thereby causing considerable variation in an im=-
portant factor of the reaction mechanism,

2, Effect of Temperature on Enzymes

It has been shown for some enzymes that an equilibrium exists between
the native, active enzyme and its inactive, denatured form (38) ; this equi=-
librium may be influenced by temperature, At any temperature the actual
effect observed is the result of both the activation of the enzyme as well as
the equilibrium governing the amount of active enzyme. Thus, at low tem=
peratures with respect to the optimum, activation of the enzyme predom-
inates, and denaturation is negligible. At relatively high temperatures,
reversible denaturation of the enzyme predominates,

3. Heat Inactivation of Enzymes

The influence of temperature on an enzymatic reaction is generally
associated with two different effects operating simultaneously (18); there
is an increase in the initial velocity or true catalytic activity of the enzyme,
together with a destruction of the enzyme at higher temperatures, producing
a continuous fall in the concentration of active enzyme. The optimum
temperature is determined by the balance between the effect of temperature
on the rate of the enzyme reaction and its effect on the rate of destruction
of the enzyme.,

The rate of inactivation of enzymes in solution increases rapidly with
the temperature, This has been shown by determining the amount of ac=
tive enzyme remaining after a given exposure to a certain temperature and
then cooling it to a standard temperature with the subsequent addition of
substrate, It has been shown that temperature inactivation may become

appreciable at a temperature as low as 30°C. and for the majority of
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of enzymes is vex;y marked at 50=-60 C, The misconception of arbie
trarily choosing 37, 5°C. as a working temperature in enzyme studies is
obvious in view of the paxtial inactivation of some enzymes at this tem=-
perature (66).

The inactivation of enzymes by heat is nearly always due to the denat~
uration of the enzyme protein, The term denaturation is used to indicate
disorganization of the natural rigid protein molecule. This can occur
through either unfolding of the peptide chain or through dissociation into
smaller units which may or may not be unfolded (39). The normal protein
pattern can be broken up by rupturing the secondary intramolecular bonds
which maintain the native protein in its folded state, Among these se-
condary bonds are the following: (1) Hydrogen bonds between the carboxyl
oxygens and the amide hydrogens of the peptide bonds, (2) Hydrophobic
bonds referring to the interactions between the nonpolar groups of proteins
in water, Many of the residues of proteins carry é nonpolar side chain suchH
as alanine, valine, leucine, isoleucine, proline, and phenylalanine. Inas=~
much as the interaction of nonpolar groups with water is unfavg;lble, there
is a tendency for these nonpolar groups to contact each other, with an
accompanying decrease in their interattions with water (39) (65). (3) Salt
bridges or ionic bonds which could iorm> between positively charged (ly-
sine and arginine) and negatively charged (glutamic and aspartic acids)
amino acid residues, (4) van der Waals forces or dispersion forces which
increase the stability of the protein (5) Intramolecular chemical bonds

such as the disulfide bond of cystine.
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Much work on enzyme kinetics as a function of temperature indicates
that many enzyme reactions follow the Arrhenius equation over a wide
temperature range up to temperatures where heat inactivation of the
enzyme becomes apparent, The similarity between the high values for the
activation energies of enzyme destruction and protein denaturation has been
pointed out by many workers, and has been interpreted as evidence for
the protein nature of enzymes and for the identity of the mechanisms of
heat denaturation of protein and heat inactivation of enzymes (66). Thus,
it is indicated that both the denaturation of proteins and the inactivation of
enzymes result frem the breaking of a large number of bonds, such as
hydrogen bonds, This is consistent with an accepted picture of denatura-
tion as an opening up of the molecule by unfolding or separation of ad=
jacent portions of peptide chains,

4., Arrhenius Theory of Reaction Rates

The general formulation of the effect of temperature on reaction rates
was given by Arrhenius, He postulated that not all the molecules in a
system are capable of reacting and that only those which have a high energy
content, or only those molecules which have sufficient energy of activation;
are capable of reacting. In other words, the Arrhernius thgory of reaction
rates states that only those molecules possessing mocre than a cerxtain
amount of kinetic energy are said to be activated (78).

It is thus assumed that there is an equilibrium between inactive and
active molecules with the constant K being designated as the equilibrium
constant. The effect of temperature is on the equilibrium constant for

a chemical reaction and is given by the van't Hoff equation,
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where 8H is the change in heat of the reaction in calories per uol;.
R is the gas constant equal to 1.98 cal per nole per degree, and T

is the absolute temperature, C is an integration comstant,

k]

Arrhenius assumed that the energy of activation (Eg) could be ob
tained for rate processes in the same manner ss H for equilibriunm|
processes, Inasmuch as it §fs known that an increase in temperaturp

will increase the rate of a chemical reaction, Arrhenius thought

¥

that the effect of temperature on the equilibrium was one of deter
mining the rate of formation of active wmolecules.
The Arrhenius equation relating a velocity constant K to absolutp
tamperature is as falléws:
E

2.5 log k = B-RI
where E, is the oenergy of activation, and B is a constant which is
a qualitative expression of the frequency of collisions of the
participating wmolecules, thus coentributing to the lowering of
their energy of activation, For two temperstures, the following
equation was presented:

2.3 log %;.* %‘ (%w - %T)
As a rule, this equation describes the data for ordinary chemical
reactions, In general, increased temperatures favor the formation
of sctive wolecules, ie, those with suf-icient energy of sctivation

to react, and this process is satisfactorily described by the

Arrhenius equation,
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CHAPTER II

MATERIALS AND METHCDS

A, ANIMALS

The animals emploved in these experiments were as follows:
(1) Adult male Sprague-Dawley rats 55-65 days of age and weighing 210 to
255 grams, (2) Adult male Swiss mice 7 weeks of age and weighing 18 to
24 grams, (3) Adult male Golden Syrian hamsters 7-8 weeks of age and
weighing 80 to 97 grams. (4) Adult male New Zealand White rabbits 6
months of age and weighing 3.75 to 4.00 kilograms. (5) Adult male Hartley
guinea pigs 10 weeks of age and weighing 455 to 515 grams. (6) Adult
male Mongrel dogs 2«5 years of age and weighing 7.5 to 10,5 kilograms,.

The rats)mice. hamsters, rabbits, and guinea pigs were obtained from
the Abrams Small Stock Breeders, Chicago, Illinois and were housed at a
constant temperature of 72°F, Their diet consisted of Rockland laboratory
chow fed ad libitum. The dogs were obtained from the animal quarters of
the Stritch School of Medicine of Loyola University, Chicago, Illinois and
were fed Rockland dog food with additional meat and enriched bread ad
libitum.
B, TRACER

The tracer employed was L=lysine monohydrochloride uniformly labeled

The L-lys’me-U-CM used had a specific activity of 5.8 mc/mmole
and was purchased from the Nuclear-Chicago Coerporation, |
C. PREPARATION OF THE TISSUES

All animals with the exception of the dogs were sacrificed by decapita-

tion and taken into the cold room where the temperature was 4°C., The




dogs were anesthetized with 50 mg/kg of pentothal sodium. The testes
were removed and weighed to the nearest milligram on a Roller-Smith
torsion balance. The testicular capsule was removed and slices made with
the aid of a Stadie-Riggs microtome, While the excisement and slicing of
the testicular tissues\xg:ing carried out, previously prepared Warburg
flasks containing 3.0 ml of Krebs«~Ringer bicarbonate buffer at pH 7.4 in
the main chamber and 0.2 ml of L~1ysine~U-Cl4 containing 2.5 x 10°
counts/minute in the side-arm were equilibrating to the temperature of the
cold room, The Krebs~Ringer bicarbonate buffer had been pregassed with
95% 02 and 5% CO0, for ten minutes. To each Warburg flask 150 to 200
‘milligrams of testicular slices were added and swirled, The flasks were
i:hen rapidly taken from the cold room and placed on the manometers.
D. INCUBATION OF THE TISSUES

The flasks were gassed for ten minutes with 95% 02 and 5% C0, while
adjusting to the temperature of the bath, Following this equilibration
period, the labeled lysine was added and the incubation carried out for the
desired time at 140 oscillations per minute. The final concentration of L=
ly'sine--l.l---C14 in the incubation flask was 1.8 x IO'SM. Incubation of tissue
slices was carried out simultanecusly at temperatures ranging from 26°c.
to 44°C., This was accomplished by using several temperature-controlled
water baths surrounding a main Warburg apparatus. The incubation period
was terminated by adding the contents of each Warburg flask into a test tube
containing 0.3 ml of 5N perchloric acid. The test tubes were then allowed

to stand under an exhaust hood for 15 minutes, During this period the tubes

were occasionally mixed with the aid of a Vortex jr. mixer, The protein




samples were theén centrifuged at 600xg for 10 minutes, and the 2/
supernatants were discarded,

E. EXTRACTION QF PROTEIN
1. Solvents

Protein extraction was carried out with the successive additioyg
of 0.6N perchloric acid, cold 5% trichloroacetic acid (TCA), hot
5% TCA at 87°C. for ten minutes, 95% ethyl alcohol, 100% ethyl
alcohol, 2:1 chloroform: methanol, benzene, and finally, anhydrous
ethyl ether (twice).

2. Homcggnization and Centrifugation

After the addition of each solvent, the sample was homogenized
with a motor driven Teflon pestle or mixed with a Vortex jr. mixer
The sample was then centrifuged at 600xg for ten minutes, and the
supernatant discarded.

3, Desiecation

Following the final extraction with anhydrous cthyl ether, the
tubes were initially dried in a desiccator which was cvacuated
with a suction apparatus attached to a tap outlet. Complete dry-
ness was obtained by allovwing the tubes to stand at roou tempera-
ture overnight. Throughout this procedure the moutk of the tubes
was covered with filter paper held on by rubber bands so &as to
prevent any contamination with foreign matter from the atmosphere.
F. PREPARATION OF PROTEIN PLATES

The resulting fine white proteir powder was then added by
means of a spatual to the center-vell of 2 stzinless steel
planchet, Approximately 4-6 nilligrams of the ?rctain rowder

was added to each planchet frem the cerresponding tukes,




“he protein was then compressed into a thin layer by

placing a stainless steel pestle over the powder and applying one sharp
blow with a hammer,
G. MEASUREMENT OF RADIOACTIVITY

The plates were then assayed for radioactivity by using a Nuclear=
Chicago apparatus consisting of a Model C~110B Automatic Sample Changer,
a2 Model 183 Scaling Unit, and a Model C~111B Printing Timer,

Fcllowing a correction for self=absorption, the uptake of I_.-lyasimz-U'--C14
into tissue protein was expressed in terms of specific activity (counts per
minute per milligram dry weight protein).

H., IN VIVO MEASUREMENT OF PERITONEAL AND SCROTAL
TEMPERATURES

A Yellow Springs Tele«Thermometer with a temperature range of 20° to
45 °C, was used to obtain the peritoneal, scrotal, and testicular temperae~
tures of the mature male rat, mouse, hamster, rabbit, guinea pig, and dog.
(The actual temperature was derived after calibrating the Tele-Thermometey
readings with a series of known temperature values.) For the peritoneal
temperature determinations, a hyperdermic probe was inserted ithrough the
abdominal wall to a point within the approximate vicinity of the liver, The
scrotal temperature was measured by inserting the hyperdermic probe im=
mediately beneath the epidermis on the anterior side of the animal's scrotumj
Testicular temperature measurements were obtained by gently holding the
testes taut and then inserting the probe through the scrotal skin and tunica
albuginea into the parenchyma of the testis. There was no significant dif-

ference between scrotal and testicular temperatures in any of the species

employed in the present studies.




While obtaining these in vivo temperatures, all animals were unanes-

thesized with the exception of the dogs who received 50 mg/kg pentothal

sodium via intramuscular injection.
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CHAPTER 111 27
RESULTS :

A. EFFECT OF TEMPERATURE ON THE INCORPORATIGN OF L-LYSIHE-U-014
INTO PROTEIN OF TESTIS SLICES OF THE RAT, MOUSE, HAMSTHR,
EABBIT, GUINEA PIG, AND DOG

The incorporation of radiocactive lysine into testicular protein
of the adult male rat, mouse, hamster, rabbit, guineaz piy, and dog
is presented in Chart 1. In each case, the incubatien temperatures

were 32°C. and 37.5°C., and the time of incubation was one hour,

The gas phase was 95% 0, and 5% C03. Under the:e conditions it vak

found that in the testis of the rst, wouse, and hamster respective
1y maximal incorporation of L»lysiae—ﬂ-ﬁld inte protein occurred
at 32°C; there was a wmarked decresse in protein labeling when the
incubation temperaturc was incressed from 32° to 37,5°C, The act-
ual mean vslues for the aspecific activity (in terms of counts per
minuts per milligram dry protein) for 32° and 37.5%C. respectively
wore as follows: (1) for the rat, 473 and 288; (2) for the mouse,
3361 and 2681; and (3) for the hamster, 2749 and 2330, On the
other hand, in tae testis of the rabbit, guinea pig, and deog,
maximel incerporation of L~1ysine~ﬂ~c14 inte protein ocecurred at
57.5°C. In contrsst to the results seen with the rat, wouse, and
hamster, there vas a marked increase in protein labeling 2s the
incubation temperature was increased from 32° to 37.5°C. Here,
the actual values for the mean specific activity wero as follows
for 32° to 37.5°C. respectively: (1) for the rabbit, 1772 and
2279; (2) for the guinea pig, 3202 and 4535; and, (3) for the éng+

$63 and 1229. Moreover, upon incubation of the testes frow




all six animals at 44° C,, very little radioactive amino acid was fbund to be
incorporated into protein. The mean specific activity values for this tem=
perature were as follows for the rat, mouse, hamster, guinea pig, rabbit,
and dog respectively: 14, 114, 88, 274, 218, and 65, These values are
negligible when compared to corresponding values for the incorporation of
I..--lysime--U--C:14 into testicular protein at either 32°%0r 37.5°C.
B, KINETICS OF L-LYSINE-U-G! INCORPORATION INTO PROTEIN OF
R AT E;ES'I’IS SLICES AT VAR.lOﬂ'S TEMPERATURES

Chart 2 presénts tqhe incorporation of L«-lysine--U«(.‘.14 into protein of
testis slices of the rat at 26°, 32 o, and 37.5°C. and at incubation periods
ranging from 15 minutes to 120 minutes, The results indicate: that as the
time of incubation is increased, the incorporation of isotope into protein
becomes progressively less at 37, 5°C, as compared to 32°C. This in-
dicates an increasing inhibition of the protein synthesizing system of the
testis of the rat at an elevated temperature, especially one which approxi=-

mates actual peritoneal temperature.

C. KINETICS OF I..-I.A!’SIN}E.‘-U--CM INCORPORATION INTO PROTEIN
OF HAMSTER TESTIS SLICES AT VARIOUS TEMPERATURES

The time course of thé inco'rporatiou of Il-lysine-U-CM‘ into protein of
hamster testis slices incubated at both 32 and 37.5°C, is presented in
Chart 3. A progressive increase in protein labeling occurs with both tem=
peratures from 7.5 to 60 minutes of incubation, However, a difference in
lysine uptake into testicular protein does appear when taking both variables
into consideration, that is, temperature and the length of incubation., It '

was found that at a 7.5 minute incubation, the incorporation of radioactive




lysine into testicular protein of the hamster was greater at 37, 5°C. than
at 32°C.; the respective values for the specific activity are 258+ 42 at
37.5°C. and 192: 11 at 32°C, At 15 minutes incubation, the incorporation
of labeled lysine into testicular protein is almost identical at both 37.5 "C,
and 32°C (612 and 601 codnts per minute per milligram protein respec~
tively)., Finally, after a 60 minute incubation, the uptake of lysine into
protein was found to be greater at 32°C, than at 37,5°C,; here, the
specific activity values are 2080122 at 32 °C, and 1741145 at 37.5° C.
It would therefore appear that the maximum incorporation of Lelysine«U~
CM into protein of hamster testis slices is a function of both incubation
temperature and incubation time.
D, IN VIVO TEMPERATURE MEASUREMENTS OF THE ADULT RAT
Measx;rements of rat rectal, peritoneal, and scrotal temperatures were
performed at 72°F. (Chart 4). It can be seen that while there is virtually
no difference in rectal and peritoﬁeal temperatures, there does appear to
be a substantial decrease in temperature from the abdominal cavity to the
scrotal compartment .

E. COMPARISON OF INTRAPERITONEAL W.TH SCROTAL
TEMPERATURES IN UNANESTHETIZED ANIMALS

Table 1 presents a cx.amparison of the intraperiéoneal and scrotal tem=
pera.tures. of the adult male rat, mouse, hamster, rabbit, guinea pig, and
dog. All animals were unanesthetized with the exception of the dog who
received an intramuscular injection of 50 mg/kg of pentothal sodium, All
in vivo temperature measurements were taken at room temperature (72 OF)
with the use of thermocouple probes, The mean intraperitoneal and scrotal

temperatures of the six animals as well as the actual temperature readings
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for five experiments are presented. Standard errors and probabilities are
also shown. The results show that the mean abdominal«scrotal temperature
differences for the rat, mouse, hamster, rabbit, guinea pig, and dog are
4.3, 4.4, 3.1, 3,1, 3.4, and 3,4°C, respectively. In all cases the intra-
peritoneal temperature is eecen to be higher than the corresponding scrotal
or testicular temperature. These temperature differences are all signiffi=
cant as is indicated by a nrobability of less than 0, 001 in each case,
F, COMPARATIVE STUDY OF BOTH INTRAPERITONEAL AND

SCROTAL TEMPERATURES IN UNANESTHETLZED ANIMALS

Rather than compare intraperi.toneal with scrotél temper.atnxe. Table
Il presents a comparison of the intraperitoneal temperatures of the six
;nimals as well as 2 comparison o the scrotal temperatures of the same
animals, it can be seen that all the abdominal temperatures are fairly
close in mégnitude although those of the rabbit, guinea pig, and dog are the
highest, in surveying the scrotal temperatures it can be seen that the
rabbit and' guinea pig especially have higher temperatures as compared to
the rat, mouse, and hamster, The dog is seen to have only a slightly
higher scrotal temperature than the three mammals just mentioned, al-
though it should be remembered that the dog was anesthetized; this, in
turn, could possibly lower both the abdominal and scrotal temperature,
G. SIGNIFLCANCE CF THE DIFFERENCES BETWEEN SCROTAL

T EMPERATURES IN UNANESTHETIZED ANIMALS

Table Il presents a statistical evaluation of the differences in scrotal tenge

peratures. oi the six animals under investigation, Included in this table are

the actual scrotal temperatures of the respective m ammals, the
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differences in scrotal temperature, the ''t' values, the degrees of free=
dom, and the probability values. The scrotal temperatures of each of the
animals showing a decrease in protein biosynthesis with elevated incubation
temperatures from 32 to 37.5 °C. (rat, mouse, and hamster) are com=
pared with the scrotal temperatures of those animals showing an increase
in amino acid incorporation into testicular protein at elevated incubation
temperatures (rabbit, guinea pig, and dog)., The results show that there
is a significant difference in scrotal temperatures between the two groups
of animals in all cases except one; the difference in the scrotal tempera=
tures of the hamster and dog was not found to be statistically significant,
However, one possible explanation for this is that the dog was anesthetized
and, as a result, had a lower scrotal temperature than would normally be
expected,

H, SIGNIWFICANCE CF THE DIFFERENCES BETWEEN
INTRAPERITONEAL TEMPERATURES IN UNANESTHETIZED

t

ANIMALS

Table IV presents a statistical evaluation of the differences in abdominal
temperatu.res of the six animals employed in this study, The same criteria
used in Table IlI are expresczed here. The results show that there is a
significant diff;;'ence between the intraperitoneal temperatures of the rat,
mouse, and hamster compared with those of the rabbit, guinea pig, and
dog. However, there is one exception; in comparing the abdominal tem=
peratures of the mouse and dog, a significant difference was not found.

This could again be explained by considering the possible role of the

anesthetic given the dog in promoting a decrease in intraperitoneal

L—tomporatuve—
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I, COMPARISON CF THE ONSET OF PUBERTY :N COMMON
' LABORATGRY ANIMALS :

Table V presents a éomparative survey of the pertinent biological data
on the six male animals used in these experiments: rat, mouse, hamster,
rabbit, guinea pig, and dog. included in this table are the strains of the
respective animals, the avera:ge weight and age of the animals at the time
of experimentation, their approximate onset of puberty, and their expected
total life span. From this data it can be said that all animals at the time
of experimentation were sexually mature.

J, HISTOLOG:CAL COMPARISON OF THE TESTES OF THE ADULT

RAT, MOUSE, HAMSTER, RABBIT, GUINEA PIG, AND DOG

Figure I presents the histological p;icture :oi the t;stes of the six animals
used at the‘ age in which they were employed in the present experiments,

A, Stage VII in the cycle of the seminiferous epithelium of the rat testis,
according tc;’the description of Leblond and Clermont (41). The seminifer-
ous tubules of the rat testis demonstrate the appearance of Sertoli cells,
spermatogonia, primary pachytene spermatocytes, "acrosomal’’ and
"maturation’ phase spermatids, B. Stage Vil in the cycle of the seminifer
ous epithelium of the mouse testis, accordiné 2m the descriptioﬁ of OCakberg
(61). The seminiferous epithelium of the mouse testis is identified by the
presence of the "acrosomal' and '"maturation' phase spermatids, C, Sec=
tion throught the seminiferous tubule of the hamster testis illustrating
Stage VIl in the cycle of the seminiferous epithelium, according to the
descrix;{ion of Leblond and Clermont (41). Stage VII illustrates the normal

mature appearance of the seminiferous tubules of the hamster testis
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containing spermatogonia, primary spermatocytes, and spermatids, D,
Section through a seminiferous tubule of the rabbit testis demonstrating

the corresponding stage in the cycle of the seminiferous epithelium. E,
Stage Vii in the cycle of the seminiferous epithelium of the guinea pig,
accordir‘;g to the description of Leblond and Clermont (41). The guinea pig
testis is characterized by the presence of the ‘'acrosomal’ and "maturation'
phase spermatids circumscribing the seminifercus tubular lumen, F. The
histological appearance of the corresponding stage in the cycle of the
seminiferous epithelium of the dog testis, demonstrating the '""acrosomal®
and "'maturation’’ phase spermatids near the lumen of the seminiferous
tubule, These data indicate that all the animals employed in the present
experiments can be considered young adults with a sexually-mature

appearing testis,




CHAUTLR IV
PIECUSSICN

It is generally recognized by numerous investigators that spermato=
genésis is gsensitive to relatively small increases in environmental tem-
perature. The proposed role of the scrotum as a local thermoregulator for
the preservation of testicular function has suggested that the testicular
tissue, at least that concerned with the spermatogenic process is very
thermolabile and is, in fact, altered by any temperature above that of the
scrotum. Inasmuch as the solid tizsue of the testis is composed of 65-70%
protein (80), it appears that testicular protein represents the most heat
zensitive constituents of the cell, Since the temperature phenomencn is
believed to be the principal entity involved, it was decided to study its

14 was chosen as a radioactive

effect on protein biosynthesis, lL.elysine~U-C
precursor because this amino acid is known to be almost entirely utilized

in the synthes.s of proteins, its involvement in cther metabolic pathways
being minimal, Borsook (9) states that «CM is the most common isotope
used for in vitro work because of its long half life and its ease of measure-
ment,

Further interest in thig subject arose through the conflicting cbservations
made by two investigators. ['avis and co-workers (15) found that ‘ncorpora=
tion of L»-»lysim:-U-»’J14 into testicular protein By slices of rat testis was
meximal at 32° C, in contrast, Hall (28) found that the maximal incorpora=

ticn of labeled lysine into protein by slices of rabbit testis occurred at 38°C

This apparent difference between these two mammalian species thus merited|
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further examination and, as a result, led to a more extensive comparative
investigation of protein synthesis in mammals,

The first concern was to expand the comparative aspect and to determine
the effect of temperature on the incorporation of L-lysine-U-CM intc protein
of testis slices of the mature rat, mouse, hamster, rabbit, guinea pig, and
dog for an incubation period of one hour. Biological variation was minimizeq
by utilizing separate temperature=controlied water Laths which allowed for
the simultanecus incubation of tissues excised from one animal, The resultj
showed a species differeatiation which could be divided into two groups. The
first group was composed of the rat, mouse, and hamster in which a decreasg
in the incorporation of labeled lysine into testicular protein occurred as the
incubation temperature increased from 32 UC. to 37,5°C. included in the

second group were the rabbit, guinea pig, and dog. In the case of these
14

three mammals, an increase in the incorporation of Lelysine«U«C" " into
testicular protein occurred with the increase in incubation temperature
from 32°to 37.5°C. Thus, there appears to be a sharp difference in pro=
tein formation from labeled lysine in three species as compared to the
other three species studied, In the case of the rat, mouse, and hamster,
protein synthesis is depressedA by an increase in temperature, _n the other
hand, in the case of the rabbit, guinea pig, and dog, an elevated temperature
appears to stimulate the incorporation of radicactive amino acid into pro=
tein of the testis, Yet, even though there was this species difference with
regard to the 'apparent optimal temperature’ for protein biosynthesis, one

similarity was observed, Upon incubation of the testes from all six mame

mals at 44°C., virtually no radicactive amino acid was found to be
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incorporated into protein., incorporation attemperatures below 32°C, has
also been shown to be small in magnitude (15),

Because of this temperature difference in lysine incorporation into pro=
tein observed in the various species at one hour of incubation, it became of
interest to investigate the effect of varying the exposure time of a testis
slice to a given ternperature and then to determine the incorporation of
labeled lysine into testicular protein, in this case, the eifect of incubating
testis slices of the rat at 2606. » BZOC; , and 3?.5°C. for time periods
ranging from 15 minutes tc 2 hours and the subsequent determination of
radicactive lysine incorporation expressed as the specific activity (counts
per minute per milligram protein) were carried out, If 37.500. is sup=-
posed to theoretically represent too high a temparaturé for the normal
functioning of the testis (at least in the casze of the rat, mouse, and hamster)
then it was thought that this temperature cffect would be magnified over a
longer incubation period., The results showed a progressive decrease in
protein synthesis at the elevated temperature (37.5 OC.) as compared toc the
lower temperature of 32°C. as the iime of incubation was increased, This
could indicate the effect of protein denaturation due to the fact that the
specific activity of lvsine incorporation into protein decreased with an in=
crease of temperature from 32° to 37.5°C, Asa result, it could pro-
bably be stated that thermolabile protein-synthesizing system was operat-
ing here (at least in the rat), since a greater quantity of testicular protein
appears to be adversely affected by an increase in the time of exposure of
the testicular tissue tc an elevated temperature,

The next parameter investigated was a kinetic study of the incorporation
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of labeled lyzine intc prctein of the hamster testis sices at 3206. end
3?.506.: this was done for two reasons, First, it has already been stated
that at & one hour incubation, the incorporation of L-lygine-U-{;H into
testicular protein of the hamster is similar tc that of the rat in that both
epecies show 2 decrease in protein synthesis with an increase in tempera-
ture from 32°C. to 3?.$°<:. 412 a result, it was thought that by increasing
the incubaticn time, this temperature effect on testicular protein labeling
of the hamster would be magnified, Thus, this would serve as a duplicate
kinetic experiment for those species showing a decreased lysine incorporae-
tion with elevated temperatures, Seccndly, although it was easily seen
that there was & progressive decrease in protein synthesis in the rat at
increasing tomperatures from 32° tc 37,5°C. and at incubation periode
ranging from 30 tc 120 minutes, the effect at a 15 minute incubation period
was not so distinct, In fact, it almost appears that the specific activity of
lysine into prctein at Vthis time is identical at both 32°C, and 37.5 OC. Aa
2 result, it was decided to more closely investigate the effect of shorter
incubation intervals on protein synthesis of the hamster testis at the two
temparatures; The results show & very interesting phenomenon. it was
observed that at a 7.5 minute incubation, the incorporation of radioactive
lysine into testicular protein of the hamster is greater at 37, SOC. than it
is at 32°C. At a 15 minute incubation, the lysine incorporation into protein
is almost identical at both temperatures, Finally, after 6Uminutes of
incudation the rate of protein synthesis in the hamster testis is seen to be
greater at SZOG. than it is at 37.500. Thus, it appears that the time of

incubation is a critical factor fur the in vitro determination of the efiect
NS
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of temperature on testicular protein labeling, it has been stated by numer~
ous investigators (18) that although the true initi*al velocity of a reaction ine
creases steadily as the temperature is raised, the amount of substrate
transformed at any finite time first rises and then falls, giving an apparent
optimum temperature. Furthermore, this optimum temperature is not
constant, but falls as the time intervalincreases,

Inasmuch as the rate of testicular protein synthesis in the rat appeared
to be heat-sensitive, it was decided to determine the temperatures of the
peritoneal cavity and the scrotum of the rat as well as the temperature
gradient existing between them. It was thought that this apparent heat la=
bility of the testicular pretein-syﬁtheslaing system of the rat could possibly
be compared to the deleterious effects of high temperatures on spermato=
genesis as seen by many investigators (1, 10, 14, 25, 50, 52, 67, 80), The
results showed that the average abdominal temperature was 37, 4°C, as
compared to 34,3°C, for the scrotum, Thus, there was an approximate
3°C, te mperature difference between the twc, These results substantiate
ed the values reported by other investigators (54).

The next line of investigation was to make a comparative study of the
intraperitoneal temperatures with the scrotal temperatures of the various
mammalian species being investigated, The mean abdominal-scrotal tem=
perature differences for the six species ranged from 3,1 to 4.4°C. with the
intraperitcneal temperatures always higher than those of the testis, These
values are close to those of Wislocki (78) but differ from those of Harrison
and Weiner (34) who found the abdominal«testicular temperature gradient fop

©
the rat, mouse, and rabbit to be 8,3, 8.4, and 6,2 C, respectively., Cne
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possible explanation for these differences could be that in Harrison's study,
the room temperature was 65° F, or 18.308. , far lower than the 25 °c.
room temperature used in the present study, Moore and {uick (54) have
showed that the difference between peritoneal and scrotal temperatures ine
creases with decreasing environmental temperature., in any event, a
definite difference has been found between the abdominal and scrotal tem-
peratures of the six mammals in question,

The next cbjective was to find the reason why the abdominalescrotal teme
perature gradients were much larger in some animals than in others, Among
the factors involved in producing these temperature gradients are the =size,
thape, pcsition, coverings (11) and possible intrinsic heat production of the
testis as well as the possible role of the dartos muscle, Harrison and
Weiner (32) have stated that some features of the vascular architecture such
as the testicular blood flow, the tortuosity of the testicular artery, and its
relaticn to the pampinifcrm venous plexus appear to provide a likely meche
anism for ensuing this temperature gradient. In fact, remarkable differ-
ences in the vascular pattern of the mammaliaﬁ species under investigation
has already been de monstrated. Glover (26) thought it important to estae
blish the range of temperature in which testes situated in a scrotum nor=-
mally function, for he believed that the peculiar vascular pattern of the
mammalian testis indicated that efficient thermoregulation of the testis was
vital,

The next line of investigation was to attempt to relate the normal intrae
peritcﬁeai and testicular temperatures of the particular species to its

testicular protein~-synthesizing system and its subsequent dependence on




P
L
=10

temperature. It will be remembered that in the rat, mouse, and hamster,
the incorporatic;n of L-lysine-U-Cm into protein of testis slices was greater
at 32°C, then it was at 37.5°C. it will alsoc be remembered that the normal
testicular temperatures of the rat‘and hamster and s crotal temperature of
the mouse were 33,4, 34.8, and 33.1°C. respectively, The intraperitoneal
temperatures of the rat, mouse, and hamster were 37,7, 38.1, and 37.9°C.
respectively, These results, therefsre, reveal that protein biosynthesis in
the testis of the rat, mouse, and hamster, was maximal at a temperature
close tc that of the corresponding testicular temperature (320{)) and that

the lysine incorporation into testicular protein was adversely affected by a
temperature nearly equivalent to the normal intra-zbdominal temperature
of these three species (37.500) . The rate of protein biosynthesis was
shown to be lower at 26°C. than at 32 °C,

The same type of relationship can be shown for the rabbit, guinea pig,
and dog who all showed a greater incorporation of labeled lysine into
testicular protein at 37, SOC. than at 32°C, it has also been shown in this
study that virtually no radicactivity was fcund. tc be incorporated into proe
tein at 44°C. in addition, Hall (28) showed a sharp decline in protein bioe
synthesis in ti;e rabbit when the incubation temperature was increased from
38" to 40°C, Thus, there appears to be an apparent optimal temperature of
37.5°C. The normal testicular temperatures of the rabbit, guinea pig, and
dog were shown to be 36,9, 36,4, and 35,0°C, r:—&spectively. whereas the
intraperitonesal temperature-s were 40.0, 39,8, and 38,5 °C. respectively,
it should be remembered that the dog was anesthetized and, as a result, the

testicular and abdominal temperatures reported here could actually be




lower than normal, Thus, these results also reveal that the incorpora-
tion of L-lysine-U-CM into testicular protein of the rabbit, guinea pig, and
dog was maximal at a temperature closely approximating the normal testie
cular temperature (37,5 OC) and that protein b})synthesis was adversely
affected by a temperature nearly equivalent to the intra-abdominal temperae
ture of the three species (40 OC). Thus, this apparent difference between
the first group of species (rat, mouse, and hamster) which incorporated
labeled lysine maximally into testicular protein at SZOC. and the second
group of species (rabbit, guinea pig, and dog) which shows maximal rate of
testicular protein biosynthesis at 37.5 °C., could possibly be explained

by stating that each group of species has its own position on the temperature
scale in regard to the opt.mal temperature for maximal protein biosynthesis,|
in this study it appears that the critical factors are both testicular and
intraperimncal temperatures, Johnson et al. (38) first noticed this "species
specific optimal temperature' phenomenon' when studying the influence of
temperatare on the luminescence intensity of different species of bacteria
as a unique measure of enzyme action within the living cell, He concluded
that any factor whose influeace on luminescence is affected by temperature
must be considered in relation to the temperature characteristics of the
particular species involved, Ie thought that the recognition of a reversible
denaturation 1s amajor factor in the temperature=~velocity relation., The
different optimeal temperatures for various species indicates that the ree
versible denaturaticn reaction becomes appreciable in each species at a
different critical temperature; high for some, lower for others,

1t was, therefore, seen in each of the six species studied that testicular
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protein biosynthesis was near a2 minimum at a temperature approximating
that of the peritoneal cavity, The question then arose as to the manner in
which these higher temperatures affect testicular protein biosynthesis, Fue
kui (25) believes that the testicular proteins are heat labile at body tempera«
ture, Many investigators (63) believe that heat kills by enzyme or protein
inactivation, As the tempersature rises, enzyme activity increases, and
destruction of the enzyme is also accelerated; above a certain temperature
the enzyme is so rapidly destrayed that the net effect is reduced activity.
Wasteneys and dorsook (77) state that the effect of temperature in vitro is
on the equilibrium position Letween drotein and its hydrolyzed products so
that an increasze of temperature results in a higher equilibrium vield of pro~
tein, while a decrease in temperature diminishes the equilibrium yicld/?érﬁ-
tein, In other words, increase in temperature favors synthesis and decrease]
in temperature favors hydrolysis of protein,

The observation that the normal testicular temperatures of the rabbit,
guinea plg, and dog are significantly higher than those of the rat, mouse, and|
hamster suggests that the testicular enzymes of the first group are more
thermo-stable than those of the second group. This would alsc be
indicated by the fact that maximal incorporation of labeled lysine into
testicular protein occurred at a higher temperature in the rabbit, guinea
pig, and dog than it did in the rat, mouse, and hamster. This difference in
the heat lability of the enzymes of the protein-synthesising systerns of the
two groups of mammals is thus apparently an important biochemical
distinction. Moore (53) has observed a similar physiological difference
among certain warmeblooded animals. He states that the testicular function

of the bird is normal despite a normal abdominal position of the testes,




fis a result, he Lelieves that there exists an innaste physiclogical differenc

in the two classes of warmeblooded vertebrates exhibited by the thermoe
labile character of the mammalian testis and a more thermostable one in
the bird, Wislocki (78) also believes that the testes of various mammalie
an species differ in their response to body temperature inasmuch as some
species such as Monotremata, Proboscidea, and some insectivora retain
their testes permanently in the abdomen,

in further investigating the possible reasons for species differentiation
in érotein biosynthesis, it was discovered that Ealogh and Cohen (2) had
made a comparative study of the oxidative enzyme systems of epididymal
spermatozoa cf adult male mice, rats, guinea pigs, and dogs. He found
that there were no major differences in the enzsyme activity of these
species although each species did appear to have its own predominant
enzyme., The mouse showed an éxcess of DPNH diaphorase; the rat
showed a preference for succinic dehydrogenase; the guinea pig seemed to
favor lactic dehyrogenase; and, the dog had the greatest concentration of
TPNH diaphorase, Cther enzymes found in all species were malic, iso=
citric, and glucose=6=phosphate dehydrogenase, .t was also seen that
these enzymes were concentrated in the midpieces of the spermatozoa,
and that the midpieces varied anatomically from species to species,
Rats and mice were seeu fo have unusually long midpieces as compared
to dogs and guinea pigs. The fact that these investigators have shown
differences in the predominant enzymes found in various mammalian
species could throw light on the possibility that the enzymes needed for
protein synthesis might differ in different species, even in regard to

their temperature sensitivity characteristics,




Uther investigators have also discussed biochemical differences among
the various species in question. Elton et al, (21) has observed that ACTH
fails to produce a depletion of adrenal ascorbic acid in rabbits and dogs,
but does produce a significant depletion of adrenal ascorbic acid in mice
and hamsters, Thorsteinsson (69) has shown that the peptidase activity of
rabbit semen was due to three separate enzymes, He also saw that more
than three«fourths of the peptidase activity toward the substrate glyclel .=
leucine was lost upon incubation of the semen for 30 minutes at 3806. This
loss of peptidase activity at 38°C. is the type of phenomenon which could
be used to explain the reason for the maximal rate of testicular protein
synthesis of the rabbit at 37.5°C, Finally, it was observed by Tobach
and Gold (70) that guinea pigs when put in a brightly-lit arena differed in thein
response from other rodents such as rats, mice, and lmmsters,

Munro (55) has observed that the body size of different animals affects
their metabolic activities, expecially those dealing with protein metabolism,
He states that the total energy expenditure per kilogram of body weight is
less in large animals, As a result, large animals do not need to consume
so much food per unit of body weight and, therefore, the uptake of protein
and nutrients in general decline in relation to weight. As a consequence of
the diminishing protein intake, many aspects of protein metabolism become
less intense as the size of the animal increases, it might be anticipated
that this effect of body size on the intensity of protein synthesis would be
reflected in differences in the concentration of nucleic acids in the tissues,

since the nucleic acids are concerned with protein synthesis, Munro and

Downie (56) found that as the size of different species of mammals increases,




this was a reduction in the intensity of plasma albumin synthesis b} larger
animals, Begg et al. (5) has shown that with increasing size of mammals,
there is alsc a diminut:on in the concentration of RNA and, to a lesser extent
of DNA and phospholipid in the thyroid gland, it is thus likely that the turne
over of thyroid protein is slower in larger marx;xmals.

The relationship of these findings to the present study that protein syn-
thesis is stimulated by an increase in temperature in the larger mammals
(rabbit, guinea pig, and dog) and decreased by an elevated temperature in
the smaller mammals (rat, mouse, and hamster) is not completely clear,
although at first glance it does appear contrary to the results of lunro (55)
(56), Two questions remain unanswered. First of all, how does the size
of the animal affect the RNA content of the testis? Secondly, what ie the
effect of temperature on the concentration of testicular nucleic acids?

The next consideration was to determine the sexual maturity of the testis
of the six species under investigation. This point was of concern because of
the work of Davis and co=workers (14) who showed that the incorporation of
L-lysine-U*CM into protein of the immature testis of the rat increased with
an increase in temperature from 32 to 37, 5°C, following & one hour incubae
tion period; these results were contrary to those found for the mature testic
of the adult rat, As a result, two criteria were used to determine the mae
turity of the testis of the various mammals, First, a comparison was made
between the onset of puberty and the average age of the animals at the tirme
of experimentation, Secondly, a histological examination of the testis of the
rat, mouse, hamster, rabbit, guinea pig, and dog was performed at the

time of experimentation. In each case, it was revealed that the testes of the
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various animals being studied were sexually mature. Lt would thefefore
appear that the differences observed in protein biosynthesis in the testes of
these gpecies cannot be attributed to a difference in their sexual inaturation
level,

Many criteria have been used in this study in an attempt ée elucidate
the reascns for the apparent species differentiation in influencing the effect
of temperature on testicular protein viosynthesis. The fact that vascular
differences were found among the various mammals {(such as the tortuosity
and calibre of the testicular artery and its relationship to the pampiniform
vm;aus plexus) would tend to explain the temperature gradieats found betweer
the abdomen and scrotum. Yet this would not seem to be a satisfactory exs=
planation for the species differences found in testicular protein labeling,
Two criteria which were found to be similar in all the species were the
positicn of the testes in the scrotum and the morphological appearance of the
testis as seen by histological examination, These two findings would seem to
indicate a species similarity rather than a species difference, .3 a result,
it can be speculated that there may be biochemical differences in the protein
syﬁthesizing systems of one group of species (rat, mouse, and hamster)
as compered to the other (rabbit, guinea pig, and dog). Cne fact which sube=
stantiates this hypothesis is that the enzymes involved in protein synthesis
of the rat, mouze, and hamster are apparently more heat labile than those
of the rabbit, guinea pig, and dog., However, in addition to this enzymatic
sensitivity to temperature, other bicchemical parameters dealing with the
metabolic formation of testicular protein and which might indicate a dif-

ference in species activity should be investigated in future studies, Among




these are the effect of temperature on testicular nucleic acid synthesis
(DNA and RNA) and the effect of temperature on the testicular energy

generating systems (ATF),




L

%e

0.

CHAPTEA YV
SUMMARY

14 into testicular proten

The aerobic incorporation of Lelysine«U«C
of various mammalian zpecies has been studied following a one hour in=-
cubation period in vitro, It was observed that in the testis of the rat,
mouse, and hamster, maﬁzimal incorporation of labeled lysine intc pro=-
tein occurred at 32° C, However, in the testis of the rabbit, guinea pig,
and dog, protein labeling occurred maximally at a temperature of 37, 5%
& comparison of the peritoneal with the scrotal temperatures of the
adult male rat, mouse, hamster, rabbit, guinea pig, and dog demon=
strated that in each cq;ée. the testicular temperature was three to four

degrees lower than the corresponding abdominal temperature,

The abdominal temperatures of the rabbit, guinea pig, and dog were

iﬁ general statistically higher than the abdominal temperstures of the

rat, mouse, and hamster,

The scrotal temperatures of the rabbit, guinea pig, and dog were in

general statistically higher than the scrotal temperatures of the rat,

mouse, and hamster.

Testicular protein bicsynthesis in the sexually mature rat, mouse,

hamster, rabbit, guinea pig, and dog appesars to be maximal at an

incubation temperature which most closely approximates their corre~

sponding testicular tempereatures,

T esticular protein blosynthesis in the sexually mature rat, mouse,

hamster, rabbit, guinea pig, and dog appears to be adversely affected

at an incubation temperature which most closely approximates their
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normal abdominal temperatures,

These data indicate that the protein synthesizing mechanisms involved
in the incorporation of labeled lysine into protein of the testis of the
rat, mouse, and hamster are more heat labile than those of the rabbit,
guinea pig, and dog.

The finding that there appears to be a difference in heat sensitivity of
the protein synthesizing systems of the rat, mouse, and hamster as
compared to the rabbit, guinea pig, and dog indicates a basic bioe
chemical difference in spermatogenesis between these two groups of

species of common laboratory animals,
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EFFECT OF TEMPERATURE ON THE INCORPORATION OF

L-LYSINE-U-C'4 INTO PROTEIN OF TESTIS SLICES
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CHART 1

bl

Effect of temperature on the incorporation of L-Iysim-U-CM ianto protein

of testicular slices of the adult rat, mouse, hamster, rabbit, guinea pig,

and dog. Each line represents the tissue obtained from a single anfmal,

The values are expressed as counts per minute per milligram protetn

following & one hour incubation period at 32° and 37,5°C,




| INCORPORATION OF L-LYSINE-U-C'4
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CHART 2

represents the average of three experiments,

120

Incorporation of L-lysiae-UoC“‘ into protein of rat testis slices at 26 o, 32° "
.nad 37.5°C following varicus incubation times, Flasks contawning tissue
samples from the same animal were run concurrently thus eliminating a
great deal of biclogical variation, The abscissa is the incubation thae in
terms of minutes while the ordinate is the specific activity expressed as

counts per minute per milligram dry protein, Each point on the curves




' INCORPORATION OF L-LYSINE-U-C'* INTO PROTEIN
OF HAMSTER TESTIS SLICES
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CHART 3

63

Kinetic study of the lncorporation of .L--lyaine-u--cwt into protein of hamster

testis slices at 32° and 37.58° C, at various times of incubation, Each point

on the curves represents the average of four experiments,
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ADULT RAT TEMPERATURES IN VIVO
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CHART 4
Ia vive teraperature measurements of the rectal, peritoneal, and serotal
;‘egious of the adult mele rat, Recordings were obtained by utilizing
thermocouple probes at room temperature., Zach bar represents the

average of five animals, The vertical bars represent the range,




TABLE 1

COMPARISON OF INTRAPERITONEAL WITH SCROTAL TEMPERATURES IN
URANESTHETIZED ANIMALS

ANIMAL RAT MOUSE HAMSTER
HO, I.P. SCROTAL I.P. - SCROTAL I.P. SCROTAL

1. 37.2 33.3 37.1  33.0  37.8  35.2
2. 38.1 33,2 37.6  33.6  37.8  34.4
3. 37.0 33.4 38,5 344 38.0  34.7
n. 37.8 33.6 38.6 344 38.0  34.9
5. 38,2 33.1 38.6  33.2  38.0  34.7
Meanl  37.7 33.4 38,1 33.7  37.9  34.8
3.E. 0.24 0.09 0.31 0.29 0.05 0.13

P. <0,001 <0.001 <0.001

1 Expressed in degree centigrade




TABLE I (cont't)

COMPARISON OF INTRAPERITONEAL WITH SCROTAL TEMPERATURES IH
UNANESTHETIZED ANIMALS

ANIMAL RABBIT GUINEA PIG DOG
RO, I.P. SCROTAL I,P, SCROTAL I.P. SCROTAL

1. 39.5  36.2 %0.4 36,2 38,2 35.3
2. %0.2  36.7 39.8 36.2 38.5  34.7
3. 39.7  36.5 39.7  36.2 38,6  35.3
5, 39.9  37.7 39.8  36.6 38,0 34.4
5. 0.1  37.6 39.4  36.9 39.2 35.4
Mean®  40.0 36.9 39.8 36,4 38.5 35.0
S.E. 0.21 0.30 0.16 0.15 0.20 0.22

P <{0.001 | {0,001 {0,001

1 All dogs were anesthetized with 50 mg./kg. of pentothal

sodium injected intramuscularly.

2 Expressed in degrees centigrade
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TABLE II

OMPARATIVE STUDY OF BOTH.INTRAPERITONEAL AND SCROTAL TEMPERATURES
N UNANESTHETIZED ANIMALSL

Animal

Rat

House
Hamster
Rabbit
Guinea Plg
Dog

Animal

Rat

Mouse
Hamster
Rabbit
Guinea Pig

Dog

INTRAPERITONEAL TEMPERATURE

Degrees Centigrade Standard Error
37.7 + 0,28
38.1 + 0.31
37.9 4+ 0.05
40.0 + 0.21
39.8 '+ 0.16
38.5 + 0,20

SCROTAL TEMPERATURE

Degrees Centigrade ‘ Standard Error
33.4 + 0,09
33.7 + 0,29
34,8 + 0,13
36.9 ' 0,30
36,4 + 0,15
35.0 + 0,22

1 All animals with the exception of the dog were unanesthetized




TABLE III

IN UNANESTHETIZED ARIMALS

SIGNIFICANCE OF THE DIFFE%E”CE BETWEEN SCROTAL TEMPERATURES

Rat Rabbit Rat Guinea Pig Rat Dog
erotal
Eemperature
(°c.) 33.4 37.6 33.4 36.4 33.4 35.0
ifference
(“c‘) “.2 3.0 1-6
values 11,06 17.40 7.36
«Fo 8 8 B
values <0.001 {0,001 <0.001
Mouse Rabbit Mouse Cuinea Plg Mouse Dog
erotal
emperature
{(°c.) 33.7 36.9 33.7 36.4 33.7 35.0
pifference
(¢c.) 3.2 2.7 1.3
values 7.36 8.10 3.64
by j : :
values <0.001 <0,001 <0.,001
Hamster Rabbit Hamster Guinea Plg Hamster Dog
crotal
emperature
(°c.) 34,8 36.9 34,8 36.4 34,8 35.0
ifference
(°C.) 2.1 1.6 0.2
values 6,30 8,16 0.84
«Fe 8 8 8
values <0,001 <0,001 < 0.5
All animals with the exception of the dog were unanesthetized,




TABLE 1V

SIGNIPICANCE OF THE DIFFERENCE BETWEEN_ INTRAPERITONEAL
TEMPERATURES IN UNANESTHETIZED ANIMALSI

Rat Rabbit Rat Guinea Pig Rat Dog

Mean IP
Temperature

(°C.) 37.7 40,0 37.7 35.8 37.7 38.5
Difference

(®c.) 2.3 2.1 0.3
t values 7.27 701“ 2.53
D.F. 8 & 8
P values <0,001 <0,001 <0.05

Mouse Rabbit Mouse Guinea Pig Mouse Dog

Mean IP
Temperature

(°C.) 38.1 40,0 38.1 39.8 38,1 38,5
Difference

Q.c') 1’9 1‘? Qih
t values 5.02 4,93 1.08
D.F, 8 8 8
P velues <0.001 <G.,001 <0.5

: Hamster Rabbit Hamster Guinea Pig Hamster Dog

Mean IP
Temperature

(®°C.) 37.9 0.0 37.9 39.8 37.9 38.5
Difference .

[*c,) 2.1 1.9 0.6
t values . TH 11,08 2,84
D.F. 8 8 8
P values <0,001 <0,001 <0,05

1 All animals with the exception of the dog were unanesthetized.




TABLE V

COMPARISON OF THE ONSET OF PUBERTY IN COMMON LABORATORY ANIMALS

Rat

Mouse
Hamgster

Rabbit

Strein Average Average Appréximate Total
Weight Age Onset of Life

Puberty Span

Sprasue- 220 gms, 60 days 35 days 3=3 1/2 yrs.

Dawley ' ‘

Swigsse 22 gms, 7 weeks 6 weeks 2=3 yrs,

Webster

Golden 85 gms., B waeks 6 weeks 2 years

Syrian

New 3.9 kg 6 months 6 months 2 years

Zealand

White

Harley 491 gms, 10 .weeks. 10 weeks 6 years

Mongrel 9.5 kg. 2~5 years 1l0-13months 12 years

The average age and average welght were taken at the time of

experimentation,




Representative photom'tcrugraph; of sec;icns of the testis of the adult rat (A)/
mouse (B), hamster (C), rabbit (D), guinea pig (E), and dog (¥). The tissuep
were sectioned at 5 microns and stained with hematoxylin and eosin. Mage
nification is approximately x 650, The age of the animals employed at both
the time of incubation with L-lysim-U-C“ and histological fixation were

as follows: Rat, 60 days; Mouse, 7 weeks; Hamster, 8 weeks: Rabbit, 6

months; Guinea Pig, 10 weeks; and Dog, 2-5 years,
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