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ABSTRACT

The objectives of this sttidy were to (l) trace the development

of the prenatal bovine testis, (2) evaluate the quantitative and quali

tative changes in the germ cell population, (^) evalmte the effects of

gamma radiation on the developing testis, and (4) correlate sperm pro

duction with testiciilar morphology.

The population of germ cells, number of mitotic fig\ires for

germinal and supporting cells, and testicular volume were deteimined

in testes from known-age fetuses.

Fifty-six males were irradiated with 400 B (air dose to dam)

®°Co gamma radiation at ages ranging from 15-280 days postcoitum.

Seven control and 11 irradiated males were unilaterally castrated at

birth. Five control and 58 irradiated bulls were castrated at approxi

mately 10 months of age. The testes were prepared for histological

analyses. Semen was collected from control, intact, and iinilateral-

castrated irradiated animals when they were approximately 2 years old.

The germiml ridge was first observed at 52 days postcoitum and

sex differentiation occurred as early as day 36. The sex cords were

unorganized \mtil about day 7O; at this age the supporting cells were

located adjacent to the basement mesibrane and the gonocytes or primi

tive germ cells were positioned in the lumen of the sex cord or primi

tive seminiferous tubule.

The gonocyte, prior to day 120, had three small acidophilic

nucleoli; at later ages a gonocyte with one large acidophilic nucleolus

iii
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appeared and this cellular type was prevalent at birth. Following

tiibxilar or^nization the cytoplasioic to nuclear z^tio increased with

age.

The overall germ cell population increased from M»- at days 32-55

to 12,000,000 at days 15I-I8O. Only a sli^t increase in germ cell

nimibers was noted from 211-240 days until birth (283 days). The mitotic

figure index (number of mitotic figures per 50,000 germ cells) was high

idiile the gonad was in the germinal ridge stage and reached a peak at

36-38 days. The index remained high xmtil day $0 and then dropped

abruptly during the 9I-I2O day period. Some germinal mitoses were

noted throughout the remainder of the prenatal period with a minor

increase occurring in the last days preceeding parturition. Necrotic

gonocytes were noted at days I2O-I5O and their numbers peaked at 241-

280 days; necrosis, however, never affected more than 1 percent of the

population at any given stage in gestation. The geim cell population

prior to day 70 was apparently unaffected by irradiation (400 R to dam)

but following irradiation at days 8O-I3O germ cell numbers were reduced

to about 7 percent of the control value in testes excised at 3-19 days

postpartum.

In testes removed 10 months postnatally, no damage was observed

in testes irradiated prior to day 70, but in testes irradiated during

the 70-90 day period 69 percent of the 1200 cross-sections observed

were sterile. Sterility among tubular cross-sections increased to

88 percent at 91-120 days postcoitum, remained essentially unchanged

to day 210 and decreased to 20 percent at 241-280 days of gestation.
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Bulls irradiated at I50 days of gestation produced 7O and 78 per

cent fewer sperm-per-ejaciilate than their counterpart intact and unilateral-

castrate controls, respectively. Sperm motility in the irradiated intact

and unilateral castrates was 37 a-ud 20 percent less than the intact and

unilateral-castrate controls.

Since lj-00 R is a near.ilethal dose for the dam and since bulls irra

diated at a stage of maximum sensitivity produced seven-tenths billion

sperm-per-ejaculate, a number well above the 6 million motile sperm re

quired for optimum fertility in artificial insemination, the probability

of sterilizing the bull in the prenatal state with a single-acute ̂ ole-

body dose of gamma-irradiation is low.

: 5' V,:
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CHAFTKR I

UKERODUCTIOH

Gaoetogenesls and prenatal testlcular mozphology follow the saiae

general pattern In all Taammallan species. The germ cells migrate to the

germinal ridge and later become incorporated into the sex cords along

with the stipporting cells. As the organism ages, gexm cells increase in

nnmibers and size.

Prior to birth a large number of the germ cells undergo degenera

tion. Despite this interspecific uniformity in growth and developsMnt

of the germ cells, radiosensitivity is not uniform but varies according

to the species.

The objectives of this stvidy were to (l) trace the histology of

the prenatal bovine testis (2) measure qualitatively and quantitatively

the germ cells in the testis and (3) measure sperm production of the pre-

natally-irradiated bvLUs and to correlate this production with testlcular

morphology.



CHAPTER II

REVIEW OF LITERATURE

EMBRYOLOGY OF THE TESTIS

Gross Development

The earliest appearance of the gonads is associated with the for

mation of the nephric system. The gonads arise as ridgelike thickenings

(gonadial ridge, germinal ridge) on the ventral border of the mesoneph-

ric kidney. The geiminal ridge is comprised of closely-packed cells

covered by mesothelium. The mesothelium is continuous with the mesothe-

lial covering of the mesonephric kidney (Patten, 1946). The germinal

ridge is an indifferent gonad. The mesothelim differentiates from the

adjacent kidney mesothelium into the germinal epithelium. Before the

gonad develops into a testis or an ovary, cells of the germinal epithe-

li\mi first grow into the underlying mesenchyme and form cord-like masses.

In males these cords become sharply delimited and differentiate into the

semlniferotas t^ibules. At the same time developing directly beneath the

germinal epithelium is a conspicuous zone of young connective tissue

called the tunic albuginea. In the female the cords became less dis

tinct and the germ cells are scattered in the mesenchymal stroma, and

a less conspicuous zone of connective tissue beneath the germinal epi

thelium is formed (Patten, 1946).

The formation of the tunica albuginea and, consequently, sex

differentiation of males occur at different ages of gestation. This

2
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structiire is visible on approximately day l4 in the rat, day 27 in swine,

and day 56 in cattle (Hargitt, 1926, Erickson, Murjdiree, and Andrews,

1963, and Krehgbiel, I963).

Primordial germ cells or gonocytes are incorporated inside the

sex cord, but intracord cellxiLar organization is lacking imtil day I7

in the rat, day 50 in the pig and day 80 in cattle (Erickson, I965). At

this time the supporting cells become aligned with the periphery of the

cord, leaving the gonocytes at the center.

Chiquoine (195^) selectively stained mouse germ cells using the

Gcmori histochemical technique for alkaline phosphatase. The germ cells

were stained black by a precipitate of cobalt sulphide. The primordial

germ cells according to Chiquoine (195^) first recognizable in 8-day

embryos and are seen scattered among cells of the caudal end of the prim

itive streak, the root of the allantoic mesoderm, and the underlying yolk

sac splanchnqpleure. Within the splanchnopleure of the yolk sac the germ

cells are mixed with entodermal or mesodermal cells. Initially, the germ

cells migrate caudally and ventrally to the yolk sac and thence caudally

into the allantoic mesoderm. At 9 days these cells have migrated to the

enibryo proper and were seen by Chiquoine (1954) in the areas of the lat

eral and caudal face of the open mid gut, in the stalk of the allantois,

and in the splanchnopleure of the hind gut. In the 11 and 12 day embryos

the cells were found in the earlier position of the germinal ridges. Dur

ing the course of their migration individvial germ cells sometimes ejdtiibit

pseudopod-like cell processes. During the course of their migration,

only a few germ cells deviate to so great an extent from the described

pathway that they can be considered as lost to the gonad (Chiquoine, 1954).



Ultrastructtire of Germ CeTi«

At 13'5 postcoltum (p.c.) male rat germ cells lose their

rounded shape and hecome sa^vhat angular. At 16.3 days p.c. the most

prominent change within the germ cells consists of the accumulation of

mitochondria at one pole of the cell (mltochondrlal polarlssatlon), when

mitotlc activity begins to decline. The germ cells remain closely packed

and cytoplasmlc bridges between adjacent gonocytes are common. Sy 19

days p.c. mitochondria again became distributed more evenly throughout

the cytoplasm^ and specific organelles (B and A bodies) appear In the

cytoplasm. Three varieties of B bodies are foxind: Bx, Bg, and B3. The

B bodies disappear after birth from germ cells which become attached to

the basement membrane. The persistence of B bodies In unattached germ

cells and their abundance In cells with swollen endoplasmlc retlculum

and abnormal mitochondria suggest that they may somehow be Involved In

spontaneovis degeneration. The establishment of cytoplasmlc contact be

tween germ cells and the basement membrane appears to be a prerequisite

for subsequent sxxrvlval and mitotlc activity. The nature and fxmctlon

of granular cytoplasmlc Inclusions and A bodies, are obscure (Franchl

and Mandl, I966).

Spermatogenesls

The germ cells or gonocytes of rats are larger than the somatic

cells and possess spherical or near spherical nuclei. As the gonocytes

Increase In size with age their nuclei become less chromophlllc, the

nucleoU become round and prominent, and the cytoplasmlc:nuclear ratio

lnc37eases (Beaumont and Mandl, 1963)> From the 20th day of gestation
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large nimbers of germ cells show changes indicative of degenemtion^ i.e.,

enlargement of the nucletis, crinkling or fragmentation of the nuclear

membrane or hoth, and contraction of the c^oplasm. Bat testes aged 4-6.5

days postpartum (p.p.) contain several morphologically distinguishahle

cell'-typesi they are normal or degenerating gonocytes and a third type

known as transitional cells. These transitional cells migrate toward

the hasement membrane of the cord. They lose their round outline and

beccme elongated, and their nuclei are frequently lohed. The nucleoli

become associated with the nuclear membrane and are rodshaped, while the

chromatin becomes increasingly condensed and chrcmqidailic. These cells

differentiate into type-A spermatogonia. Ifuclei of spermatogonia are

smaller than those of gonocytes or transitional cellsj they are ovoid

in sliape and possess a densely staining chromatin with several prominent

nucleoli. These cells are chairacteristically aligned on the basement

membrane of the seminiferous cord (Beaumont and Mandl, I963) •

Type-A spermatogonia coxistitute 96 percent of all germ cells at

9 days p.p. (Mandl, I966). The division of spermatogonia leads to the

formation of spermatocytes. Leblond and Clermont (1952) claim that this

division is unequal and produces two cells, one \dxich remains as a type-

A spermatogonium and the other ̂ ich differentiates into a new sperma-

togonium referred to as intermediate type. The intermediate type

divides by mitosis to give type-B spermatogonia, cells that are char

acterized by nuclei containing large clunks of chromatin and a thick

nuclear membrane, Mitotic division of type-B spermatogonia gives rise

to primary spermatocytes. Meiotic division gives rise to secondary sper

matocytes ̂ ich persist only a few hours before another meiotic division
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^ich gives rise to spermatlds (C!ole and Cupps, 1959) • lelilond and

Clermont (1952) bave divided spermiogenesis into fovtr main phases vhich

are siibdivided into 19 different stages. The first phase is the Golgi

jdmse consisting of three stages leading to the formation of the acrosomic

gmnnle. The second |diase consists of four stages during vblda. the head

cap grows out of the acrosomic granxile. ^e acrosome phase consists of

seven stages during ̂ ich the head caps and acrosomic granules hecome

oriented toward the basement membrane of the tubule 8ind the acrosomic

granule transforms into the rod-like acrosome. The maturation ]^se

consists of five stages. At the cookietion of this phase, the spermatlds

are referred to as spermatozoa.

Cellular associations recognized dtiring a cycle of the seminiferous

epithelium permit the distinction of various phases or stages. These

associations of cells do not occ\ir at random but develop in close rela

tionship to one another, with the result that at any given area in the

seminiferous epithelium there is a constant succession of cellular organi

zations that takes place with a cyclic regvilarity.

Two principle methods of classification have been developed, one

proposed by Leblond and Clermont (1952) ̂ Ich is based on the develop

ment of the acrosomic system durijog spermiogenesis, and the other by

Curtis (1918) idalch is based on the meiotic divisions, variation in

shape of the spermatid nucleus and the release of spermatozoa into the

lumen of the seminiferous tubule.

Lacy (1967) proposed a hypothesis explaining the cyclic produc

tion of sperm. Each generation of sperm that attains maturity sheds

"residual bodies^" which are engulfed by Sertoli cells. The residual
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bodies act as a hl^Iy localized chemical messenger and as a soxirce of

rav materials to be utilized by Sertoli cells in the formation of scne

specific steroid or steroids, referred to as the Sertoli cell hormone

(SCH). The elaboration of SCH is dependent t^on follicle stimulating

hormone (FSH). As the titre of SCH Increases nevly formed primary

spermatocytes are able to coa:^lete their maturation division. This

division occurs shortly after the release of sperm.

Germ Cell Population Estimates

Beaumont and Mandl (196^) described the dynamics of the germ cell

p<ypulation in rats aged l4.5 days p.c. to 2^.9 days p.p. The total popu

lation of primitive germ eel Is rises from 20,000 at lh.5 p.c. to a

plateau of 120,000-li»0,000 between 20 days p.c. and 2 days p.p. The

number of gonocytes then declines to 50,000 at 6-6.5 <3s.ys after birth.

This decrease is due to the elimination of degenerating germ cells and

the transformation of gonocytes into definitive germ cells or spermato-

gonia.

RADIATIOH EPFEOTS OH THE TESTIS

Prenatal

Eadiation response of the testis is not uniform throxj^out gesta

tion but is known to depend on the developmental stage at the time of

exposure (Beaumont, 1960a). The undifferentiated gonad of the rat

(prior to day l4 p.c.), boar (prior to day 27 p.c.), and bull (prior

to day kO p.c.) is not materially affected by ionizing radiation

(Ershoff, 1959| Erickson, Murphre^ and Andrews, 1965i Erickson, I965).
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Beaimoat (1960a) reported tlmt the radloseosltlvlty of the rat testis

increased during late fetal life in parallel with gonadal differentia

tion. Earlier work reported by Lengerova and ?ojtiskova (I957), Eu^

and Jackson (19^8), and Ershoff (19^9) demonstrate this same trend. An

adverse effect of radiation on the germ cells is noted only ndien irradia-

ticm occTirs after differentiation of the gonad. Complete sterility

occurred in 56 percent of the I5.5 day fetal males and 37 percent of the

16.3 day fetal male mice exposed to 200 B X rays (Bu^ and Jackson, 19^3).

Badiosensitivity of the rat testis is at a maximum on the 15th day p.c.

according to Lengerova and Vo^tiskova (1957)» Bestilts of other workers,

however, do not sipport this observation. Badiation sensitivity was

noted at all ages in the rat by Erickson (I965)# but sensitivity increased

markedly at day I7. From day 18 to parturition complete sterility was

induced. Correspondingly, Beaumont (1960a) found sterility at day 19 in

the prenatally irradiated male rat.

The prenatally irradiated pig showed a similar response to the

rat. Minor damage was observed at 3^ &i^d days p.c., but at days 30

throu^ 90 the radiation effect was markedly intensified. In contrast

to the rat, however, co^lete sterilization did not occur (Erickson, 1965).

Mechanisms underlying gonocyte radiosusceptibility are still unknown.

Beaumont (1960a) reported that radiosusceptibility may be related to gono

cyte mitotic activity, since mitotic activity is reportedly high among rat

gonocytes prior to day I7 but practically nonexistent thereafter or when

radiosensitivity is highest. Biowever, in the pig and bull the gonocyte

remains mitotically active throughout gestation (Erickson, I963). Erickson

(1965) reported that the initiaticaa of pronoimced gonocyte sensitivity
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could be related to dmnges in the sex cord or prisiitlve seminiferous

tubules. Increased susceptibility begins with the formation of the sex

cord.

At 17 days p.c. for the rat, 80 days p.c. for the btiU, and 50

days p.c. for the pig, the supporting cells become aligned with the

perij^ery of the cord, and the gonocytes remain mainly in the center.

At these three ages the sensitivity of the gonocyte is markedly increased.

Mor^ological changes of the gonocyte at this time were not detected.

Beaxmont (1960b) reported that secretory and germinal ccmiponents

of the fetal testis respond independently to irradiation. She exposed

pregnant rats to 100 R at I9.5 <3ayB of gestation. This dose was suffi

cient to cause almost ccaai^lete elimination of the germinal elements/

there was, however, apparently no diminution in the output of androgen

by the testis as Judged by the wei^t of the accessory sex organs at

autopsy.

Erickson (1964) showed that 200 R of gamma irradiation retarded

the morphogenesis of the Leydig cell of the neonatal boarj, but no last

ing damage was observed. An acixte dose of 3OO R to adult male mice did

not reduce the ntmiber of Sertoli cells per tubule at intervals of 2 to

42 days postexposure. These cells did not show shrinkage, separation

from the meaibrane or other evidence of pathology (Fogg and Cowing, 1951)*

Doses exceeding 100 R may affect the interstitial tissue as re

ported by Ershoff (1959) • A reduction occurs in the wei^t of the semi

nal vesicles of sexually mature rats exposed to I50 and ̂ 00 R acute

X Irradiation on the iBth day of pregnancy
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Heonatal

One himdred roentgen of X jrays given to rat testes at birth

inhibits the division of gonocytes but does not prevent them from

differentiating into transitional cells. These cells fail to divide

to form type-A spermatogonia. Instead they increase in size so that

by 8 days p.p. the testes of iiradiated animals contain numerotis giant

transitioiial cells ̂ hich are destined to degenerate (Mandl, I966).

Labeled ladioactive precxirsors of DHA, KM, and protein demonstrate

that synthetic processes continue in transitional cells whose divis

ion had been blocked (Lett, I968). Synthesis of KM is largely unaf

fected by irradiation. DM synthesis may be prolonged after e^cposure,

b\]t the amount of H-thymidine incorporated by the nucleus declines from

^ days p.p. and does not keep pace with nuclear growth. Ifuclear protein

synthesis increases from 5 days after irradiation and the quantity of

^enylalanine taken up by giant cells seems to be proportional to nuclear

size. Thvis the accumulation of nuclear protein appears to be the main

factor in nuclear enlargement (Lett, I968). Mandl (I966) confirmed

Klimek and Wlasinova's (I963) conclusion that the dose of radiation

infloiences the incidence rather than the xiltimate size of giant cells.

Franchi and Mandl (I966) reported that a dose of 100 K does not Inhibit

the formation of centrioles in transitional cells, \diich normally pre

cedes the onset of mitotic prophase, but prevents the cells from pro

ceeding further into mitotic prophase itself.

Postpuberal

Two factors are thought to contribute to the reduction of nvmbers
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of spezmatogonla In the postpuberally Irradiated testisj one Is cell

death aztd the other is mitotic inhibition.

Low doses of either X- or gamma-radiation drastically depleted

the poptdation of late type-A, intermediate, and type-B spermatogonia

(Oalsherg, 1955®-) • Oakberg and Clark (I96I) detected a decrease in the

nxanber of spermatogonia after as little as 3 R gamma rays. Type-A

spermatogonia showed heterogeneoius resistance with a significantly

hi^er proportion surviving exposure to 3O-IOO R. According to

Oakberg and Clark (I961) damaged cells that are not quickly eliminated

die at the meiotic metaphase or anaphase.

Twelve, one-week-old mice were exposed to either a partial or

whole-body dose of 6OO R of X rays and were sacrificed at intervals

from one hour to 28 days postirradiation. The number of type-A sper

matogonia dropped 60 percent in 12 hours. A minimum of I.9 &nd 1.8

percent of normal was reached at 5 and 7 days, respectively, after

irradiation (Oakberg, 1955®-) • Cell death occurred at late interphase

or early prophase in type-A and intermediate spermatogonia, and at

anaphase or telojhase in type-B cells. Type-B spermatogonia were

relatively resistant to cell killing for about 5 to 7 hours after

completion of DHA synthesis (Monesi, I962). He concluded that the

much longer duration of the sensitive period (interphase) and the much

shorter duration of the resistant period (prophase) in intermediate and

type-B spermatogonia may account for the greater sensitivity of these

cells in comparison to type-A spermatogonia. Radiation induced inhibi

tion of mitosis in spermatogonia was reported by Eschenbrenner and Miller

(1950). They exposed mice to various levels of X rays and then sacrificed

them at weekly intervals.
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Lobs and recovery of testis veldts and alterations of testicxilar

histology diiring the recovery period were explained on the hasis of a

selective effect of radiation on spermatogonia. Bryan and Gowen (195^)

concluded that depletion was due to inhibition of spezmtogonial mitosis

rather than radiation induced spermatogonial necrosis after irradiation

of mice with 320 R of X rays. Ihe frequency of spermatogonia reached

its lowest point in 3 days following irradiation and regeneration was

not seen tintil 10 days after irradiation.

Gasarett and Casarett (1957) concluded that spermatogonial deple

tion in rats given 324 or 500 R vdiole-body irradiation was largely due

to a marked inhibition of mitosis of type-A and of normal differentiation

of type-B cells.

Very high doses of X rays are required before any loss of spermato-

cytes at stages prior to matviration division can be detected (Oakberg,

1955a). Subsequently, Oakberg and di Minno (I96O) estimated the pre-

leptotene to be the most sensitive and diakinesis-metaphase the least

sensitive stage. Sensitivity appears to decline more or less progress

ively dwing the intervening stages, though differences between individual

phases were not clear cut. They suggested that there may be two periods

of high sensitivity, one at pre-leptotene and the other at early to mid-

pachytene.

Oakberg (1955b) was unable to detect any structural change in

cells iiradiated as spermatids with exposures v® to I5OO R, but irradia

tion of spermatids in both the lat and moxise is known to lead to a high

incidence of mutations in the Fx generation (Bateman, 1956). Chang, Hunt,

and Rcxnanoff (1957) iised radiocobalt-irradiated spermatozoa to inseminate
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female rabbits and drew the following concluslonsi Motllity of spermato

zoa was in^ired only at very doses of radiation (32,000 to 65,000

R). Thou^ inability of sperm to reach the site of fertilization may

occur at these doses, the fertilizing capacity per se appears to be un

damaged. Cleavage of fertilized ova was very much retarded. The disturb

ance was related to dose and the hi^er the dose, the earlier the failure

of cleavage. When sperm was irradiated with 90 R of the X rays, the pro

portion of apparently normal fetuses was not significantly lower than

after normal matingi iiradlation at 800 R resulted in inqpaired cleavage

and only 10 percent of the zygotes developed into blastocysts. Once a

normal blastocyst was formed, implantation and normal development occurred.

Cleavage was severely inhibited ̂ en sperm were exposed to 65OO R. Since

the fertilizing capacity of sperm was not damaged following extremely hi^

doses of irradiation (52,000 to 65,000 R) it is obvious that the physio

logical mechanisms involved in the process of fertilization are not damaged

by irradiation of sperm.

SEMES STUDIES

Prenatal

In a study conducted by Parish, Murphree, axui Hupp (1962) two groxqts

of pregnant cows were irradiated with 400 R of gamma radiation at a dose

rate of 0.^1 R per minute. One group was irradiated at 136 days p.c.

(range II6-I8O days) and the other at 230 days poC. (range 2l8-2i|-3 days).

Semen was collected from their male offspring by electroejaculation at

19 and 31 months of age. The number of sperm per ejacvilate for those

irradiated at 5 & months was 44 and 52 percent less, respectively.



than for controls for both collection periods. In an additional study

conducted by Face, Murphree, and Hupp (I961) pregnant sows vere irradi

ated with 400 R of gamaa radiation between and 6k days of gestation.

Semen was collected from five control and four irradiated boars by use

of an artificial vagina. Sperm production by the irradiated group was

percent less than by the control boars.

Postnatal

Erickson (1965) irradiated three bulls at 8, 22, and 29 days of

age and at 2 years of age semen analyses and testicular evaluations vere

made. Irradiated animals produced 3^ percent fewer sperm than the con

trols. Ho difference was found in either sperm morphology or motility.

Microscopic examination of the irradiated testes showed that of the 6OO

seminiferous txibule cross-sections, 21 percent were sterile or subfunc-

tional.

Brooks (1968) irradiated bull calves at approximately 60 days of

age with 300 R gamma radiation. At 100 days the ri^t testis was ex

cised; at 2 years of age the irradiated bulls produced 66 percent fewer

sperm per ejaculate; also, the irradiated group produced 22 percent

fewer live sperm and 57 percent more morphologically abnormal sperm than

the control group.

Erickson (I963) exposed prepuberal male calves aged 1 to I50 days

to 200 R of gamma-rays (\diole-body) and castrated them at ̂ 0, 60, and

210 days after irradiation. He c<mclrided that the bovine gonocyte is

most sensitive to a 200 R exposure of gamma-rays during the postnatal

period extending frcm biiili to approximately fO days of age. A lesser
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Beiasltivlty vas apparent frcm 80 days to 10^ days and from 120 to 1^0

days only minor damage vas produced. Badiosensltivlty of the germ cells

can he correlated with changes in their developmental status. Loss of

relatively hig^ sensitivity at day 70 is paralleled by marked increase

in testis-wei^t, germinal mitoses, and germ cell nunibers. Lower sensi

tivity seen at days I2O-I5O was probably due to the rapid increase in

nimiber of type-A spermatogonia.

Postpuberal

Fifteen Hereford bulls, approximately 2 years of age, were eaqposed

to radiation levels of 100, 200, i^00, or 8OO R by Gillette, et al.. (1964).

Semen was collected once weekly for approximately one year. Speim nunibers

decreased by about 50 percent at 7 weeks after exposvire to 8OO E, at 8

weeks after exposure to 400 E, at 9 weeks after exposure to 200 E, and

at 11 weeks after exposure to 100 E. Regardless of dose, sperm numbers

reached a low l4 weeks after exposure. At 40 weeks the sperm concentra

tion of bulls exposed to 8OO E returned to only 65 percent of the pre-

irradiation value and was maintained at this level until termination of

the study at one year postirradiation. The semen values from bulls ex

posed to 200 E or 400 E were equal to control values 32 weeks after

irradiation; 100 R bulls recovered after 22 weeks. Histologic examina

tion of the testes one year after exposure to 8OO E revealed that approxi

mately 20 percent were showing erratic spermatogenesls. Ten percent of

the tiibules of the 400 E bulls were abnormal.

Parish (1958) exposed bulls to doses of 100, 200, 3OO, and 400 E

gamma radiation. Ho effect was noticed on sperm production for the first
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6 weeks. By the ninth week thez^ vas a reduction In number as well as

percent Uve^ motile, and normal sperm. At 12 weeks sperm production

was at Its lowest level. At 2k weeks after Irradlatloa sperm produc

tion had not reached the prelrradlatlon level.

Welch (1965) Irradiated I5 mature bulls at 50 ® per week or 100

E biweekly at the rate of 0.57 R per minute to an accumulated dose of

600 B. ' Sperm production began to decline 9 weeks following Initial

exposure and was significantly different from the controls by the 15th

week after Initial exposure. At the 23^6. week the Irradiated animals

were approaching the control level. Hlstologlcal study revealed that

only one-half of the tubiile cross-sections were normal.

-

'V, V



 

CHAPEER III

MATERIAIS AND METHODS

Prenatal Morphology and Germ Cell Popvilation Study

Pregnant cows of knovn breeding dates were slaughtered and the

fetuses recovered. The gonads were removed and fixed in FAA^ except in

yovtnger embryos \diere the entire embryo or the caudal half was fixed and

serially sectioned. Germ cells in male embryos up to ̂ 9 <3ays of age were

enionerated by direct counts in every other tissue section.

The popxilation of germ cells in the testes of fetuses 59 bo 90

days of age was calculated according to the method outlined by Beaumont

and Mandl (I962). The relative vol\mie of testicular tissue occupied by

gena cells was calculated by Chalkley's (19^3) Biethod. Random sections

throughout the testis were scanned, under oil immersion, and an average

of 750 nuclear hits was recorded for each animal and classified as fol

lows: resting or dividing gonocytes, or nongerminal tissue. The popu

lation was estimated by the following formula:

„ - . . . . „. Total testicular volume x percent germ cells
Population estimate -=

Mean nuclear volime of gem cell

The germ cell population of fettises aged 9I to 280 days postcoitum

(p.c.) was estimated by the method outlined by Beaumont and Mandl (I963).

Percentage of tubular tisstie was estimated by CSbaUcley's (19^3) method

for each animal. The diameter of 20 seminiferovus tubules, cut at right

angle to their long axis was measured from the basement membranes. Mean

area was calculated per cross-section and the volume determined for 250

cross-sections cut at 5 microns (^). Gonocytes in 25O cross-sections

IT
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were counted, and a correction factor of 1.^ determined. This factor

was derived by counting the number of serial sections possessing the

same nucleus (l|-0 separate detezmlnatlons were made).

The germ cell population was estimated In the following manner;

Total volume of testls: 4.0 mm®

Percent tidaular tissue; 75

Calculated volume of tubular tissue; ?.0 mm®

Mean diameter of seminiferous tiibiiles; 60u

Mean area of cross-section; 5072|i^

Volume occupied by 250 cross-sections
cut at 5^5 6.284 x 10

250 X 5u X 5072 6.284 X 10®

Mxiltlpllcation factor;

Volume tubular tissue (5.O x 10^) ^
Volume occupied by 25O cross-sections (6.284 x 10®)

Correction factor; 1.4

Huaiber of resting gonocytes In 250 cross-sections; 5OO

Total popxilatlon of germ cells; 3OO x 477*4 ^ ,̂000

Determination of Mltotlc Index of Germinal and Supporting Cells

Mltotlc figures for germinal and supporting cells were counted,

tmder oil Immersion, In three center testlcular sections In animals aged

59 to 280 days p.c. The two cell types were distinguished by cell size,

germinal metaphase plates measuring 8u or larger and metaphase plates of

supporting cells 7n or less. The number of sections per testls was

divided Into the number of germ cells yielding the relative population

of mltotlc figures per cross-section. Showing the number of mltotlc
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figures per cross-section and the germ cell population per section, a

mitotic figure index was then calculated on a 50,000 germ cells basis.

Counts of germinal and interstitial mitotic figures were made on

every second section of gonadal tissue aged 52-58 days p.c. Again the

index was based on 50,000 germ cells.

Measurements of the Size of Germ Cells at Different Stages of Development

Measurements of nuclear and cellular diameter of germ cells at

different developmental stages were made under oil immersion using an

ocular micrometer. Two maximim diameters at right angles were measvired

and the volxmes were calculated from the mean diameters by the following

formvila: k/^ H R®. The use of this formula is based on the assuii5)tion

that the nuclei and cells are spherical (Beaumont and Mandl, I962).

Estimation of Testicular Volttme

Testicvilar volume was estimated by the method outlined by Dornfield,

Slater and Scheffe (1942). Testes were serially sectioned at 5fi and every

10th section mounted. Sections were projected by a camera lucida at a

magnification of 2.5 to I8 power and the outline of the testis was meas

ured by the usual planimetric method. The cross-section measurements

were plotted on graph paper and the area beneath the curve measvired by a

planimeter. Volume was calculated by the formvila: V = (X Y T/M^) P

Where V = volume of testis in cubic centimeters; P = planimeter

reading in square centimeters; M = linear magnification of the camera

lucida projection; T = thickness of section in microns; X = number of

sections per horizontal centimeter on the graph; and Y = square centi

meters per vertical centimeter on the graph.
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Irradiation and Semen Sttidles

60
E'ifty-six males were irradiated with 400 R Co gamma radiation

(air dose to dam) in utero at ages ranging from 15-280 days p.c. The

dose rate was 0.44 E per minute in the radiation facility described by

Wilding, Simmons, and Rust (1952). Twenty males served as controls.

Seven control and 11 irradiated males were unilaterally castrated at

5-19 postpartum (p.p.). The testes were prepared and enumerated in

the same manner as previously described. Thirty-eight males were cas

trated at approximately 10 months of age along with 5 control males.

The remaining intact and unilateral castrate animals remained on pasture

\intil they were approximately 2 years old, at ■sdiich time semen collection

began. The btiUs were divided into two groups. Collections were taken

from one group on Mondays and Thxirsdays, and frcm the second grovip on

Txiesdays and Fridays. The finger electrode method of electroejaculation

as described by Austin, Hupp, and Murihree (I961) was used. Depletion

of sperm reserves in each bull was accomplished by 10 collections of 10

ml. per collection during the first collection day; after that, 4 collec

tions of 10 ml. per collection were taken each collection day for 4 weeks

to keep epididymal sperm storage at a minimum (Hupp et al., I962).

Semen was collected in a prewarmed glass centrifuge tube and the

volume measTired to the nearest 0.1 ml. for each ejaculate. A drop of

vindiluted semen from each ejaculate was immediately placed on a warm

glass slide (57° C.) moxmted on a microscope stage. Motility and percent

motile sperm were recorded under 55 power according to the method describ

ed by Herman and Madden (I965). Sperm morphology and live-dead ratio was

evaluated by placing a drop of undiluted semen on a prewarmed glass slide.
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Staining vas effected with nigrosln'-eosin. Sperm concentration was deter

mined with a Klett-Summerson colorimeter using the technique described by-

Hupp et al. (1962). The semen was diluted 1;40 or IslO In 2.8 percent

sodium citrate, and -the optical density was converted to sperm concen

tration using previously es-fcabllshed curves (Hupp et al., I962).

Following completion of -the semen collection, all bulls were cas

trated. The testes were stripped free of their adnexa, weighed, and

measured. Sections at -the middle and bo-th poles were -taken for his to-

logical analysis and fixed In Bouins fluid for 2k hours. Sections were

cut at 5|i and s-talned with hematoxyllne and counter-s-talned with orange-G.

Twelve hundred seminiferous tiOaule cross-sections were viewed at

random from -the -three different sites. Tubviles were evaluated as followsj

(1) number of sterile tubvile cross-sections, (2) number of cross-sections

-that con-talned spermatogonla only, (5) number of txibule cross-sections

-that con-talned 03ily spermatogonla and spennatocytes, (k) number of tubule

cross-sections with spermatogonla, spennatocytes, and spennatlds In reduc

ed nimibers, and (9) number of tubiile cross-sections.

The frequency of -the elg^t s-tages of seminiferous epl-thellum as

outlined by Curtis (I918), Boosen-Hunge and Giesel (19^0) and adapted by

Oartavant (1954) to the ram, bull, and boar was detennlned.

The s-tages are defined as follows:

S-tage I. Extends from absence of spermatozoa In the lumen to the

onset of elongation of -the spennatlds.

Stage 11. Extends from the s-tart of elongation of -the spezmatlds

to -the onset of grouping of eloiagated spezmatlds Into distinct bundles.
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Stage HI. Extends from the fomatlon of spennatld bundles to

the first maturation division of primary spermatocytes.

Stage IV. Extends from the beginning of the first maturation

division to the end of the seccaad maturation division of spermatocytes.

Stage V. Extends from the end of the second maturation division

to the time spermatid nuclei show a dusty appearance.

Stage VI. Extends from the time the spermatid nuclei show a dusty

appearance to the time all spermatozoa have left the Sertoll cells and

moved tovard the l\saen.

Stage VII. Extends from the beginning to the end of the movement

of spermatozoa toward the lumen.

Stage VIII. Extends from the time the spermatozoa line the lumen

to their complete disappearance from the lumen.

Type-A spermatogonla were counted In 100 Stage I tubule cross-

sections. Three hundred seminiferous tubule cross-sections per testls

removed at 3-19 days postnatal were scored for the number of gonocytes

per tubule. Only round or nearly round tubular cross-sections were

classified.

Statistical analyses of the data were conducted by use of pro

cedures presented In Steel and Torrle (196O) and Snedecor (I956).

Duncan's multiple-range test as modified by Kramer (1957) was used for

separation of means \dien an analysis of variance Indicated that differ

ences among treatment means was a significant source of variation.
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Testlciilar Histology

The germinal ridge vas first observed on the T^entro-mesial face

of the mesonephric kidney in the 32 day postcoitum (p.c.) embryo. The

tunica albuginea of the testis was present as early as day 56, thus

making sex microscopically distinguishable. Gonocytes were observed in

the germinal ridge at 32 days. These cells were distinguished from

somatic cells by their large spherical or nearly spherical nuclei and

their three acidojdiilic nucleoli located near the periphery of the

nuclear membrane (Figure l). By day 39 Biost gonocytes were restricted

to sex cords or primitive seminiferous tubules. At this stage the ger-

minatlve and somatic elements of the cords were intezmixed (Figure 2),

but at about day 70 the supporting cells were situated adjacent to the

basement membrane and the gonocytes were positioned in the Ittmen, thvis

forming the definitive sex cord (Figure 3).

Gonocyte morphology undergoes one change prenatally and this

change follows tiibular organization. Prior to this time the cytoplas-

mic to nuclear ratio was low, averaging 1.9 to 1. The nucleus contained

one to three small acidofdailic nucleoli and the chrcmatin material was

clus^d along the nuclear membrane, leaving the nuclear center essenti

ally free of chromatin. Following tubular organization the cytoplasmic
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Figure 1. Two primordial germ cells at 52 days postcoitum. Hote
germ cell at interphase with three pramiuent acidophillc nucleoli (A)
and germ cell in early prophase (B). X ICXK).
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Figure 2. Testis cross-section at 60 days postcoitum. Note

lack of tubular organization. X 400.
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Figure 3» Testis cross-section at 90 ^ys postcoitxnn. Note
alignment of sx^porting cells (A) along basement membrane and gono-
cytes (B) positioned in lumen of tubule. X ^00.
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to nuclear ratio Increased with age and at 7I-8O days it was 2.U to 1

and reached 6.9 to 1 at 241-280 days. The nuclear chromatin was pre

cipitated in small granules that were distributed throughout the nucleo-

plasm.

Changes in nuclear morphology were first observed at 120 days

idien either the 1 to 3 acidophilic nucleoli fused to fona one large

nucleolvis or two nucleoli disappeared and the remaining nucleolus en

larged. This change did not occur in all gonocytes but was present in

about 90 percent of the gonocytes at 241-280 days (Figure 4).

Le3rdig cells became distinguished from somatic cells around day

40. These cells possessed either a rovind or ovular nucleus, but the

round nucle\is predominated from 6O-IO9 days p.c. idien the nucleus became

and remained crenated until birth. The distinguishing feature of the

leydig cell up to I70 ̂ ys was the acidophilic nucleolus capped with

basophilic chromatin material, but the cap was absent past day I7O.

Size of Germ Cells at Different Stages of Development

The cellular to nuclear ratjfO was lowest in the 30-40 day group

and remained low vintil tubular organization occurred. Detectable gono-

cyte growth commenced between 7I-8O days p.c. and plateauied by I2I-I5O

days (Figvire 5)' This growth was principally cytc^lasmic, since nuclear

size remained constant throu^out gestation (Table 1).

Testicular Volume

Testicular volume increased throughout gestation; however, changes were

not uniform (Table 2). At days, testicular volume exceeded the

preceding period by 3*8 times. During the 7I-8O day period testicular



27
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Figure 1|-. Tiibule cross-section at 200 days showing a gonocyte
with one large nucleolus (A) and another gonocyte with three nucleoli
(B). X 1000.
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TABIE 1

MEIAH SIZE OF IHTEBFHASE GEBH CELI£ AHD THEIR NUCI£I

AT DIFFEKEHT STAGES OP DEVELOIMEBn

Age
In

Days

Number

Cells

Measured

Volume of

Interpbase
Germ Cell

Volume of

Interpbase
Germ Cell Nuclei

(b®)

30-^^0 50 590 * 29 298 ± 25

hl-^Q 45 667 ± 42 307 ± 13

51-60 15 584 ± 25 500 ± 26

61-70 60 554 ± 25 341 ± 11

71-80 15 773 ± 45 318 ± 24

81-90 60 1145 ± 50

to

± 13

91-120 60

H■
00

104 327 ± 11

121-150 60 2180 ± 77 401 ± 11

151-180 60 2260 ± 181 376 ± 12

181-210 60 2027 ± 193 382 ± 17

211-2l^0 15 1961 ± 150 309 ± 22

241-280 15 2250 ± 132 328 ± 15

®lieaii ± standard error.
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TASLE 2

TESTICDLAE VOLDME IH FETAL BUIIfl

Age Number Volume of
In

Days

Animals

Examined

Single Testis
(mm®)

30-lfr0 k 0.25 ± 0.05^

lH-50 5 0.34 ±0.09

51-60 6 1.30 ± 0.20

61-70 6 1.60 ± 0.^0

71-BO k 8.7 ± 3

81-90 6 13.7 ±

91-120 9 48.3 ± 8

121-150 3 91.5 ± 22

151-180 5 360.0 ± 38

181-210 12 680.0 ± 92

211-2l^0 2 980.0 ± 110

2IH-28O 8 1230.0 ± 74

steuadard error.

^ 'V . • • . . 
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weight increased ̂ .k times. The 91-120 and I9I-I8O periods were charac

terized by increases in volume that were 3-5 times the preceding period.

Subsequently, growth continued at a lesser rate.

QUAKTIPICATION OF GEERM CELLS

Humber of Germ Cells

The overall population of germ cells increased up to the I5O-I8O

day stage (Table 3)« The apparent discrepancy at the 211-240 day stage

is presumably due to the small number of animals. The yoxmgest embryos

examined (32-35 days) had a meein popxilation of only 44 gonocytes. The

period of most rapid growth was between the 36-38 59-50 day groups

•vdien the population increased approximately I30 times. Germ cell numbers

increased in each of the next four age groups by approximately 7, 1.5> 4,

and 2 times over the previous age group. The population then remained

fairly static between 9I a-nd 150 days, and then increased about four-fold

(Thble 3).

Number of Germinal and Somatic Mitoses

The mitotic-figiH-e index per 50,000 gearm cells was hi^ while the

gonad was in the germinal ridge stage (32-35 day group), but the highest

index recorded was in the 36-38 day group vhere an index of over 9»800

was recorded (Table 4). This represents a three-fold increase over the

previous age group. The index then dropped to 6,400 over the next two

age groiqps (39-50 and 5I-6O) and decreased shaiply to 2949 figures dur

ing the 61-70 day period. Nmber of mitotic figures remained static

dviring the 7I-8O and 8I-9O day periods and decreased by 87 percent in
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TABLE 3

CALCULATED POPULATION OF GERM CELLS PEE TESTIS

Age Nmber

in Testes Population of
Days Examined Germ Cells®'

32-35 2 44 ± 5

36-38 4 145 ± 23

39-50 11 19,632 ± 3,000

51-60 5 156,866 ± 37,000

61-70 4 258,064 ± 75,000

71-80 2 1,956,131 ± 315,000

81-90 4 4,517,182 ± 559,000

91-120 5 3,541,050 ± 276,900

121-150 7 7,273,190 ± 612,600

151-180 8 12,130,300 ± 138,830

181-210 12 13,770,000 ± 132,150

211-240 2 19,460,089 ± 198,750

241-280 8 13,519,100 ± 210,750

£l
Mean ± standard error.
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TABIE 4

MTPOTIC FIGURE IHDEX FOR CEERMXHAL AHD SUPPORTING CELLS

Age
In

Days

Number

Testes

Examined

Nisnber Mitoses

per 50,000jj
Germ Cells

Number Hltotlc

Supporting Cells
per Cross-Section

52-55 h 5,1^78 ± 1037 2

56-38 5 9,821 ± 1275 5

59-50 5 7,191 ± 1209 12

51-60 5 6,436 ± 1115 6

61-70 5 2,949 ± 440 7

71-80 5 1,513 ± 368 7

81-90 5 1,272 ± 572 8

91-120 5 159 ± 53 10

121-150 5 342 ± 24 14

151-180 5 129 ± 24 16

181-210 5 268 ± 54 15

211-2k0 5 579 ± 79 15

2hl-280 5 682 ± 116 21

Three center cross-sections per testis were esaained per animal.

Mean 1 standard ezror.



T '■ .* T •

54

the 91-120 age group. The index then reaialned static throu^out gestation

except for a slight increase in the 241-280 day group (Tahle 4, page 55)-

Mitotic figures for supporting cells were seen infrequently during

early gestation hut they became more common during the last two-thirds

of gestation.

Hecrotic Gonocytes

Hecrotic gonocytes were not consistently observed until the 15I-

180 day stage (Table 5). In the 121-150 day grot^) only the I50 day ani

mal had degeneratixig germ cells, but in the I5I-I8O day group all testes

examined contained necrotic gonocytes. In the 181-210 day group 0.04

percent of the population were necrotic and the frequency of necrotic

gonocytes increased to almost 1 percent of the population at birth.

Morphological changes included an increase in both cell and nuclear

size with the chromatin becoming clumped along the nuclear membrane.

The nuclear menbrane was crinkled or broken, thus releasing the nucleo-

plasm into the cytoplasm. The majority of necrotic cells were in inter-

phase but an occasional abnormal mitosis was observed (Figxire 6). In

some cells only the division of the nucleus occttrred resxalting in binu-

cleated cells or karyokinesis without cytckinesis. Also, seme cells

were observed with four to ei^t nuclei (Figure 7).

Irradiation Effects on Testicular Morphology

Data on effect of prenatal irradiation on testicxHar morphology

at 10 months postpartum (p.p.) are summarized in Table 6. The gonocyte

population prior to day 60 is relatively resistant to irradiation damage

as only 4 percent of the 1200 tubxxle cross-sections examined were
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TABLE 5

MEAN HOMBER OP NECROTIC GONOCTEES AT DIPFEREin? STAGES OP DEVELOIMEBT®'

Age Wber
in Number Necrotic ̂
Days Animals Gkmocytes

59 1 0 ±0

41-50 3 0 ±0

51-60 3 0 ±0

61-70 3 0 ±0

71-80 3 0 ±0

81-90 3 0 ±0

91-120 3 0.1 ± 0

121-150 ^ . 3 2 ±1

151-180 3 4 ± 1

181-210 17 ±7

211-240 3 19 ±4

241-280 3 30 ±5

a
Three center cross-sectiois per testls vere examined.

^Mean ± standard error.
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Figtire 6. Begenerating primordial germ cell at metaphase. X 1000.

f-1t # li.;

LA

A

Figure 7. Multinucleated degenerating germ cell (A). Note
tlie apparent bvidding of the nucleus. X 1000.
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si^functional (Table 6). One-himdred'-percent damagei occurred in the

7O-I2O day group. The percentage of subftmctional tiibules decreased to

between 85 and percent for the next four age groups. Fifty-four per

cent of the tubule cross-sections in the 2^4-1-280 day groiip were sxibfunc-

tional. (Subfunctional ttibules include the following four categories:

(1) no germ cells; (2) speimatogonia only; (3) spermatogonia plus spenaa-

tocytes; and (4) spermatogonia, spermatocytes and spezmatids occurring

in reduced numbers).

An analysis of variance indicated that the radiation effect was

a significant sotirce of variation in the number of subfiinctional tubules

(P < 0.05). Each treatment mean was then con^jared with all other treat

ment means by Duncan's multiple-range test as modified by Kramer (I957).

There was no significant difference between the control and 40-60 day

irradiated group, or among the 7O-28O day age groups (P >0,05). There

was, however, a significant difference between the control and 40-60

day group when compared to the JO-8O day age group (P < O.O5).

Frequency of subfimctional tubules was also evalmted in prenat-

ally irradiated testes excised at 25 months p.p. (Table 7)« The per

centage of siibfimctional txibules was only 2 percent for the control and

0 percent for the day 25 irradiated bull. Damage in the 91-120 and 121-

150 day groups was 66 and 69 percent, respectively. The percent of sub-

functional tubules decreased the last 2 months of pregnancy to 28 percent

for the seventh month and I9 percent for the ninth month. An analysis of

variance indicated a significant F test, and the means were compared as

before (Table 8).
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TABIE 8

CWMPAEISON OP MEAMS BY DUNCAH'S MUI/TIPLE-RAH® ^EEST
OP SDBPDNCnOHAL TUBUIES IN PEEKATALLY H^IATED

TESIES EXCISED AT 25 MONTHS OF MST

Age at Irradiation

0-25 Control 241-200 211-240 91-120 121-150

Means^
11 25 243 527 796 645

8*Subfunctional tiibules include the following four categories:
(l) no germ cells (2) spennatogonia only (5) spermatogonia plus sperma-
tocytes, and (4) spermatogonia, speimtocytes, and spennatids occ\u*ring
in reduced nimibers.

^eans not underscored by the same line are significantly dif
ferent at the P < G. 05 level.
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Haree control and 10 irradiated males were castrated at 48-75

months p.p. and the frequency of sterile tubules was compared with the

bulls castrated at 10 and 25 months p.p. The data are summarized in

Table 9* percentage of sterile cross-sections was at a minimum in

animals irradiated under 60 days of age. In the 10 month castrates

69 percent of the tubviles were sterile in the 7O-9O day group and the

percentage increased to 88 in the $1-120 age group. Damage to the 10

month castrates slowly decreased throu^ the next four age groups to 57

percent in the 211-240 day age group, and then dropped to 20 percent in

the 241-280 day age group. A similar trend was fo\md in the 25 month

group and in those testes excised at 4 or more years after irradiation;

but a considerable degree of recovery from the effects of prenatal irra

diation ia evidenced by the decline in number of sterile tub\ile cross-

sections with age.

The assui^tion of homogeneity of variances among the irradiated

groups was tested by the method of Bartlett (Steel and Torrie, i960).

The assumption of homogeneity was accepted. Further calcxilations indi

cated -tdmt irradiation at the different ages was a significant source

of variation in the number of sterile tubules (P < 0.05). Each treat

ment mean was then cciiq)ared with all other treatment loeans by Duncan's

multiple-range test as modified by Kramer (1957). The data in Table 10

show the comparison of mean number of sterile tubules. Ho difference in

sterile tubules was noted between the ages of 9I 210 days but these

groups did differ significantly from control, also no significant differ

ence occurred between the control and those testes irradiated at 15-60

days and 241-280 days p.c.
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TABIE 9

PERCEm? OF 1200 SEMIHIFEEOUS TUBULE CKOSS-SECTIOHS

COHTAINING NO GEBM CEHS (STERIIE) IN TESTES
EXCISED AT 10-75 MONTHS OP Affl

Age at
Irradiation

(days)

Age at
Castration

(months)
Ntmiber of

Animals

Percentage of
Sterile Tubiiles

Control

12-25

40-60

70-90

91-120

121-150

151-180

181-210

211-240

241-280

10

25
48

25
52

11

10

10

25
74

10

25
75

10

1©

10

24
65

10

25
75

5
7
5

1

7

5

4

1

2

1

2

5
1

3
1

1

3
1

1

0

0

0

0

0.3

0.8

69

88

55
11

74
55
24

68

62

57
13
1

20

6
12
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normal and degenerating gonocytes vere counted in testes of irra

diated and control animals that were unilaterally castrated at 5-19 days

after birth (Table U). The normal gonocyte number in the 80-153

p.c. irradiated group was 11 and 9 percent of the control for the normal

and degenerating gonocytes, respectively. An analysis of variance on the

mmber of normal gonocytes revealed a significant difference between

grot^ (P < 0.05). Duncan^s mxiltiple-range test was used to ccm^)are the

differences among the means. Ho significant differences existed between

the control and 5O-7O day p.c. irradiated group (P > 0.05), but there was

a significant difference between the 8O-I5O day p.c. irradiated group and

the other two groups (P < O.O5). The necrotic-gonocyte meeuis were tested

in the same maimer. Again no difference occxirred between the control and

5O-7O day grovip (P > O.O5), but a significant difference existed between

the 8O-I5O day group p.c. irradiated group and the other two groups

(P < 0.05).

Semen Study

Bie average number of speim-per-ejaculate and testes weights are

shown in Table 12.

Variations in nuniber of sperm-per-ejaculate were large among the

intact control bulls but the lowest sperm-per-ejaculate for the intact

control bull was hi^er than the highest intact irradiated bvill. The

intact and unilateral castrate control bulls produced 78 and 70 percent

more sperm-per-ejaculate than the intact and vinilaterally-castrate irra

diated bulls, respectively.

However, con^rison of the means by Duncan's mxiltiple-range test

as modified by Kramer (1957) showed that there was no difference in the
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TABIE 11

HUMBER OF NORHAL ARD KECROTIC GONOCXEBS

PER 600 TUBUIE CROSS-SECTIOHB^

Age at
Irradiation

(days)
Number

Animals

Number of

Normal

Gonocytes

Number of

Necrotlc

Gonocytes

Control

30-70

80-135

7

k

7

421 ± 65

562 ± 43

39 ± 12

70 ± 14

55 ± 11

7 ± 2

Animals were castrated at 5 to I9 days postpartum.

Mean ± standard error.
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TABLE 12

SEEBM FEE EJACULATE AM) TESTES UEIGBTS OF 23-M019TH-OLD BULLS

Sperm per Testis
Animal Ejaculation Weight

Treatment Number (in billions) (grams)

Intact 135 5.5 496
Controls 228 2.7 491

162 1.6 454
55 5.5 605
92 2.5 504
125 2.1 586
62 1.4 578
27 1.4 . 471

2.6 ± 0.5 516 ± 29

Xftiilateral- lltB 1.0 245
Castrate 164 1.2 589
Controls 120 1.5 551

69 1.8 348
108 2.7 380

1.6 ± 0.3 343 ± 26

Intact 46 1.1 552^
Irradiated 78 0.8 261

121 0.7 505
189 0.9 552
222 0.4 264
205 0.4 308
100 0.3 222

0.7 ± 0.1 520 ± 35

Unilateral- 56 0.7 511
Castrate 105 0.5 175
Irradiated 77 0.8 251

0.7 ± 0.1 246 ± 39

a.Ccmblned wel^t of both testes for Intact males and weight of
left testes for unilateral-castrated males.

1}
Mean ± standard error.
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sperm-per-eJacvQate between the intact control and unilateral-castrate

control, or between the xmilateral-castrate control and the two irradi

ated groups (P > 0.05)•

Following characterization of sperm production, the number of

type-A spematogonia per 100 tubule cross-sections at Stage I of the

seminiferous epithelitm was determined (Table l^). Ihiilateral-castrate

controls had the hi^est ntmiber of A's per tubule cross-section. Compar

ison of means by Duncan's multiple-range test showed a significant dif

ference (P < 0.05) between the imilateral-castrate controls and the other

ccmibination of means (P > 0.05).

Sjpera Motility

Sperm motility in the irradiated group (intact and unilateral

castrates) was 57 and 20 percent less, respectively, than the intact

and xaiilateral-castrate controls (Table 14). This difference was sig

nificant (P < 0.01). The percentage of motile speim was 34 and 9 per

cent less, respectively, in the ejaculates of intact and unilateral-

castiate irradiated bulls than the intact and milateral-castrate con

trols. This difference was significant (P < 0.05) for the intact

controls when cong)ared with intact irradiated, but the difference

between the unilateral-castrate groups was not significant (P> O.O5).

The difference in percent of abnormal spem between the intact

controls and irradiated groins was highly significant; also the differ

ence between the unilaterally-castrated control and irradiated groups

was significant (P < 0.01).

The ei^t stages of the seminiferous epithelium were enumerated

in both the irradiated and control animals (Table I5). Ihe data
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TABLE 15

lEEQUEHCY OF TYPE-A SPEEMATOGONIA IH 100 STAGE I SEMIHIFERODS
TUBULE CROSS-^CJTIOBS AT 25 MOUTHS OP AGE

Nuniber

Type-A
Treatment Group Humiber Spermatogonla

Bitact Controls 92 171
153 204
228 116

27 231
125 148

35 167
181 ± 12

Unilateral-Castrate 148 228
Controls 164 336

120 394
69 348
108 317

••
324 ± 27

Intact Irradiated / 48 178
I" 78 220

121 166
189 156
222 195
203 155
100 164

176 ± 9

Unilateral-Castrate 36 240
Irradiated 103 175

77 206
207 ± 19

a

®Mean ± standard error.



TABLE lif

SFEEM MOTIJZrr ARB MOEFHOLOGZ

^9

Treatment Animal Degree Percent Percent Percent

Group Ivanber (0 - 5) Motile Live Abnormal

Intact 153 3.6 73 84 28
Controls 228 3.3 67 74 27

162 3.1 62 80 23

33 2.7 56 76 8

92 2.4 46 78 8

125 2.4 48 84 8
62 1.6 26 79 15
ZJ 2.1 35 65 9

2.7 ± 0.2^ 51 ± 6 78 ± 2 16 ± 33

Unilateral- IkS 1.4 19 52 12

Castrate 16k 1.9 31 66 12

Control 120 1.9 38 83 7
69 2.2 40 83 8
108 2.0 33 71 11

1.9 ± 0.1 32 ± 4 71 ± 6 10 ± 2

Intact k6 2.2 45 74 29
Irradiated 78 1.3 27 66 29

121 1.7 34 77 27
189 1.8 38 76 29
222 1.1 23 85 32

203 1.9 38 72 17
100 1.6 33 60 27

1.7 ± 0.1'' 73 ± 3 27 ± 2"

Itoilateral- 36 1.9 39 85 25
Castrate 107 1.2 26 74 20

Irradiated 77 1.1 23 44 36

1.5 ± 0.2"" 29 ± 5 67 ± 12 27 ± 5°

®Mean ± standard error.

^Significantly different from the intact control group (P < 0.01),

^^Significantly different from the unilaterally castrated control
grotp (P < 0.01).

Significantly different from the intact control group (P < 0.05),
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Indicate that the spenoatogenic sequence In the postpuberal bull vas

not affected by prenatal irradiation. The hypothesis that the relative

frequency of the ei^t stages of the seminiferous epithelium was not

different between the control and irradiated groups was tested by a C3ii

square test using a R x C contingency table (Steel and Torrie, I96O).

A nonsignificant value was obtainedj thus the h^othesis was accepted.



GIAPEER V

DISCUSSIOH

This study suhstantiates the ohservations of Jost and Prepin (I966)

regarding the age of genital ridge formation (52 days) and Krehghiel's

(1963) observation on the age of testicular fonaation (36 days) in the

prenatal bull. However, the literature is believed to contain no within

species parallel to either the qualitative or quantitative information

reported in this dissertation.

Like the rat (Beaumont, I96O) gonocyte morphology changes in the

prenatal bull during gestation. The changes include a less chrompphilic

nucleus, more rotind and prcminent nucleoljl; and an increase in volume of

both cytoplasm and nucleus. Changes that occur in the bull but not in

the rat are; (1) the nucleus remains constant in size but the cytoplasmic

volume increases and (2) the multiple nucleoli either fuse or one increases

in size as the other two disappear.

Cells considered degenerating were observed in the rat during late

gestation from day 20 postcoitum (p.c.) onward; in the bull necrotic gono-

cytes were first observed at day II6 and their nxnabers slowly increased

until day 181-210 and then increased sharply until birth. Morphological

changes such as enlargement of the nucleus, crinkling or complete break

down of the nuclear membrane, and contraction of the cytoplasm were simi

lar in the two species. However, in the bull binucleated ceUs were com

mon in late gestation, a condition not reported in the rat.

52
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Testicular growth in the prenatal hull was not uniform as was the

case in the rat. Eat testes grew steadily between 14.5 <iays p.c, and

birth; this growth represented a increase in size. Four periods

of rapid growth characterized the testis of the bull and the bull testis,

being of larger volume than the rat, increased about 4900 times in volme

from sex differentiation to birth.

Differences in the germ cell population occurred between the rat

and the bull prior to sex differentiation. Evidently germinal mitosis

in the rat, prior to this morphological change, occurs at a hi^er rate

than in the bviU, as the germ cell population of the rat nvaabered 20,000

at this time ccs^red to about 150 for the bull. At the time of tiobule

organization the rat gonocyte population increased four times coai5)ared

to about 15,000 times in the bull. Germ cell nunibers in the rat reached

a peak 2 days prior to biiih and decreased 27 percent at bith. The gono

cyte population in the bioll peaked between days 211-240 and then decreased

by an apparent 31 percent at day 241-280. However, the peak population

may not have been as great if the sample size at day 211-240 had been

larger.

Beaumont (I960) reported that in the rat the popxilation of gonocytes

is radiosensitive from sex differentiation xmtil birth, but indicated that

sensitivity increased with fetal age. Following I50 B of X rays to the dam

gonocyte sensitivity increased markedly at day I7 (Erickson, I966). This

event coincided with two morphological changes in the testis, tubular

organization, and a decrease in the nuniber of germinal mitotic figures.

At day 18-22 p.c. complete sterility occurred (Erickson, I965)•
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The pattern of radiosensitivity of the hull gonocyte (l|-00 E to

dam) was as follows; low sensitivity prior to day 7O, a marked increase

after day 70, high radiosensitivity throu^ day 210, and a trend to

lesser sensitivity through the remainder of gestation,, Although the

population of gonocytes appeared to be radioresistant diu-ing the last

70 days of gestation, the individml gonocyte after day 210 may be Just

as radiosensitive as the gonocyte prior to day 210. The apparent radio-

resistance shown during this period may be explained by the large popu

lation at this time (19,000,000 at day 211-2^0 and 15,000,000 at day

241-280). Thus the overall effect of a single damaged gonocyte may be

masked by surviving gonocytes that will repoptolate the tiibules in the

postnatal period. The volume of the testes also increased during this

period (Table 2, page 30). That the sensitivity of the late prenatal

gonocyte remains hi^ is also evidenced by the response of the early

postnatal gonocyte (Erickson, 1965). The population of gonocytes in

testes aged 1 to 5 days postnatal at irradiation (200 B ®®Co) was reduc

ed to less than 25 percent of the controls, vhen examined 60 days post-

irradiation (Erickson, I965). This can be congared with the 7 percent

surviving prenatal irradiation (day 80-155) as seen in testes excised

at 5-19 days after birth (Table 11, page 45).

The germ-cell of the bull follows essentially the same pattern

as the germ-cell of the rat in its response to irradiation, but quali

tative and quantitative differences exist. Irradiation (400 R to dam)

d-id not caxise cang)lete sterility in the bull at any time of development

(Table 9, page 42). ̂ reas 100 R of X rays to male rat fetuses produced

sterility from day I8 to parturition (day 22).



55

Rate of germinal mitosis was reported high among rat gonocytes

prior to day IJ, coinciding with low radiosensitivity, hut practically

nonexistent thereafter, coinciding with hi^ radiosensitivity, Beaumont

(i960); -idiereas, in the hull the mitotic rate was hi^ during the first

90 days of gestation and continued at a lower rate throu^ gestationi

(Tahle page 55), Germ cell sensitivity in the hiill coincided with

the alignment and segregation of the cellular con5>onents of the primi

tive seminiferoiis tuhules and an increase in the cytoplasmic to nuclear

ratio. Also, Erickson, Muiphree, and Andrews (I965) reported that align

ment and segregation were noted to parallel the beginning of pronounced

germ cell radiosensitivity in the hoar at day 50. No abrupt change in

the cytoplasmic to nuclear ratio was noted, however, in the rat gono-

cyte at the time of peak radiosensitivity (Beaumont and Mandl, I963).

Seven percent of the gonocytes irradiated 8O-I3O days p. c, (400

R ®°Co to dam) survived to 50 days postnatal (Tahle 11, page 45).

From this low nimiber subsequent repopvQation of the tubules occurred.

From the data in Table 9 (pa^ge 42) it is evident that repopiilation of

sterile tubules with functional type-A spermatogonia is a continuous

process. Testes irradiated at 91-^0 days p.c. and examined at 10

months postnatal were 88 percent sterile ccB^red to 55 and 11 percent

sterile at 25 and 75 months, respectively. Despite the fact that 55

percent of the tuhules were sterile at 25 months, sperm was produced at

26 percent of control levels (Tahle 12, page 46). Recovery, however, is

probably never complete as 11 percent of the tubular apparat\is of the

75-month-old animals was sterile.
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Irradiatlcai does not alter the relative frequency of the eight

stages of the seminiferous epithelium as no difference existed between

the irradiated and control grox5>s (Table I5, page 50). Irradiation also

did not affect the number of type-A spermatogonia per tubule in the in

tact irradiated compared to control groups (Table 13, page 48). Evi

dently unilateral castration in the prepuberal bull caused hyperplasia

among the gexm cells as reflected by the 66 percent increase in type-A

spexmatogonia per tubule; this response was also reflected by an increase

in testes weights (Table I3, page 48). Irradiation evidently suppressed

the hyperplasia in the irradiated unilateral castrate as the number of

type-A spermatogonia per tubule was significantly different from unilat

eral-castrate controls but irradiation did not suppress testis weights

(Table 12, page 46).

Irradiation reduced semen production in intact irradiated bulls

by about 72 percent as con^iared with the controls (0.7 billion vs. 2.6

billion) when sampled at 25 months of age. Motility, botii degree and

percent, and percent abnormal sperm were significantly lower (P < 0.05)

than in the intact controls (Table l4, page 49)), but the percentage of

live sperm was unaffected. This reduction in sperm per ejaculate is

greater than that reported by Parish, Murphree, and Huj^ (19^2) ̂ o

irradiated bulls 5 and 8 months p.c. These animals subsequently pro

duced 42 and 52 percent less sperm per ejaculate, respectively, than

controls.

Because of the small number of bulls collected per age group and

the wide range of germ cell nusibers observed between different individuals

per age groig), the population estimate per age group can be regarded only
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as approximate estimates of the overall population means.

Complete sterility did not occur after a dose of 400 R whole-

"body gamma irradiation, although the gonocyte population was low in the

group exposed at 8O-I55 days (Table 11, page %5)• animal was sterile

when examined at 10 months of age (Table 6, page 37) • Recovery appar

ently continued postnatally until natural degeneration began.

The seven-tenths billion spezm per ejaculate in the 2^-month-old

bulls is well above the minimum nvmiber of 6 million required in arti

ficial insemination for optimum fertility (Branton, Kellgren, and

Patrick, 1955). Therefore this study agrees with Erickson's statement

(1963) that the chance of sterilizing the bull in the prenatal state

with a single-acute whole-body dose of ionizing radiation is low.

'■ ■ ■ -i- f :■ •;? r" V •■■'ir
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