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CHAPTER I 

INTRODUCTION 

The last decade of the nineteenth century witnessed 

the occurrence of a series of events which were to lead to 

intensive investigations in the scientific, medical and 

industrial fields. 

Professor Wilhelm Konrad Roentgen of Munich, in the 

year 1895, accidently discovered the X-rays when photographic 

plates became ruined after they were placed near tubes or 

bulbs through which electric discharges were moving (Dampier, 

1958). Later Roentgen learned that the shadow of the bones 

of the hand could be ' thrown upon a photographic plate. 

After the discovery of X-rays another startling 

announcement was made known to the world (Dampier, 1958). 

Research dealing with radio-activity had its beginning. 

Curiosity concerning th~ production of X-rays, or something 

similar, by other substances prompted the investigation by 

Henri Becquerel. In February 1896, Becquerel, while studying 

fluorescence accidently discovered radioactivity. He found 

that the double sulfate of potassium and uranium, and lat e r 

that uranium itself and all its compounds, emit rays which 
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affect a photographic plate through black paper and other 

substances opaque to light. 

Madame Curie and her husband Pierre investigated 

this property of radioactivity and tested other known ele

ments for radioactive properties. They discovered two 

radioactive elements, polonium and radium (Casarett, 1968). 
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These early investigations were the beginnings of 

radiation research. Bit by bit information was accumulated. 

In the medical field, diagnostic and therapeutic methods 

were developed. In some instances, improper usage of these 

methods contributed to harmful effects. Experimentation 

gained momentum in the scientific and industrial fields. 

Throughout the ages all living organisms have been subjected 

to natural radiations but within the last two decades, as a 

res u 1 t of t h.e atomic age, they have been subj e ct e d to varying 

amounts of man-made radioactive materials until the 1 vel of 

radioactivity is increasing until a harmful state could be 

reached. 

Effects of radiation are cumulative and exposure to 

small amounts over a long period of time may be as deleterous 

as exposure to the same amount in a short period of time. 

High energy radiations can be used both for constructive 

and destructive purposes, therefore, the burden for proper 

usage in innustry, medicine and research rests upon mankind. 

With the discovery of X-rays scientists became 

interested in the effects upon living organisms of all ages. 



The effects upon the reproductive systems became of great 

interest to many investigators when it was determined that 

this tissue was highly susceptible to irradiation. 

Albers-Schonberg (1903) reported that irradiation 

with X-rays was very harmful to the testis of mammals. 

Bergonie and Tribondeau (1904a, b) exposed rats to X-rays 

for two to ten minutes per day for one to eight days and 

discovered that the seminiferous tubules were devoid of 

epithelium. From this investigation the authors concluded 

that large spermatocytes are more sensitive to X-rays than 

small spermatocytes, spermatogonia and spermatids. 
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The early investigators, Muller (1830), Brown (1885), 

Benda (1887), von Ebner (1888, 1902), and Regaud (1901a, b) 

were pioneers with respect to spermatogenesis. These 

investigators described the different layers and cells of 

the seminiferous tubules. 

Curtis (1918) was the first to study the morphology 

of mammalian seminiferous tubules by following single 

tubules throughout spermatogenesis. It was determined that 

spermatogenesis occurs in waves along the tubules. Clermont 

and Huckins (1961) investigated the microscopic anatomy of 

the sex cords and seminiferous tubules in growing and adult 

male albino rats. The investigators found that morphological 

features are modified during growth of sex cords into adult 

seminiferous tubules. The tubules in the adult testes 

reflect the distribution of sex cords in the embryo. 
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Hargitt (1926) investigated the formation of the sex 

glands and germ cells of mammals with special emphasis upon 

history of the male germ cells in albino rats. At 33 days 

of age, spermatids are found in tubules for the first time, 

and 48 days after birth, a complete spermatogenic cycle is 

observed in tubules. Hargitt concluded that many of the 

early spermatids degenerate. 

Clermont and Perey (1957) state that quantitative 

studies of cell populations of the seminiferous tubules in 

immature rats illustrate that cyclic changes of the 

seminiferous epithelium have become established by the 15th 

day and are very similar to those of adults. 

Beaumont and Mandl (1963) performed a quantitative 

study of the primordial germ cells in male rats. The 

researchers determined · that these cells divide mitotically 

up to an age of 18.5 days post coitum, remaining at inter

phase for 6-8 days during which time they enlarge. Dif

ferentiation of gonocytes and germ cell sites occur within 

4 days postpartum. 

Roosen-Runge and Giesel (1950) perfo~med quantita

tive studies of spermatogenesis in albino rats, in which 

the number of mitoses in correlation with the distribution 

of phases of the "spermatogenic wave" were determin~d in 

3,030 tubular cross sections. The investigators reported 

that a "stem cell" is not the usual source for replacement. 

A few type A cells omit some mitotic divisions and will not 
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transform into type B cells, but will be restored to original 

size and become the source for new spermatogonia during the 

next cycle. Roosen-Runge (1955) investigated volume changes 

in cells of the seminiferous tubules. Roosen-Rung e and Leik 

(1968) studied gonocyte degeneration in postnatal male rats. 

Roosen-Runge (1969) also studied comparative aspects of 

spermatogenesis and also determined the structure of the 

rete testis in albino rats (Roosen-Runge, 1967). 

Leblond and Clermont (1952) us d the periodic 

acid-fuchsin sulfurous acid techniqu e for studying sp e rmio

genesis of the rat, mouse, hamster and guinea pig. These 

researchers concluded that spermiogenesis can be readily 

subdivided into four phases: (1) Golgi phase, (2) cap 

phase, (3) acrosome phase, and _(4) maturation. The phases 

can be subdivided into nineteen stages. This study has 

permitted a more precise characterization and timing of 

the sequence of events in spermatogenesis. 

Clermont and Le blond (1953) investigated the renewal 

of spermatogonia in th e rat whereby spermatogonia perpetuat e 

themselves while producing generation after generation of 

spermatocytes. The division of spermatogonia occurs in fiv e 

successive ~eaks during the cycle. Four mitotic peaks are 

followed by an increase in the number of spermatogonia while 

the fifth is followed by the appearance of spermatocytes. 

Clermont (1962) reinvestigated the mode of develop

ment and renewal of spermatogonia in adult rats by 



quantitative analysis of spermatogenesis. Type A, 

intermediate, and type B spermatogonia, and spermatocytes 

were counted at the various stages of the cycle of the 

seminiferous epithelium. 

Clermont and Bustos (1966) described two categori s 

of type A spermatogonial stem cells. These are: 

(1) "reserve stem cells" which do not produce spermatocytes 

and (2) "renewing stem cells" which consist of four succes

sive generations of self renewing type Asp rmatogonia 

(A1--A4). 

Clermont and Perey (1957) conduct d a quantitative 

study of cell populations of the seminiferous tubules in 

immature rats . Sex cords in the testes of newborn rats 
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display two types of cells: (a) gonocytes and (b) supporting 

cells. The supporting . cells stop dividing in 15-day-old 

rats. In 45-day-old rats, supporting cell _~ which nev r 

give rise to spermatogonia become typical Sertoli cells. 

The cyclic changes of the seminiferous epithelium similar 

to those observed in adults become established by the 15th 

day of age. Clermont (1958) described th contractil 

elements in the limiting membrane of the seminiferous 

tubules of rats. These elements appear to play a role in 

the release of spermatozoa from epithelium and in their 

transport. The wave of the seminiferous epithelium in rats 

was investigated by Perey, Clermont, and Leblond (1961). 

Longitudinal and serial cross sections were made and stained 
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with periodic acid-Schiff and counterstained with hematoxylin. 

Cells develop synchronously within each "unit segment" 

which consists of a pair of type A spermatogonia and / or 

their progeny. Neighboring "unit segments" have cells 

developing at a slightly more or slightly less advanced 

step of development. The "unit segments" are arranged into 

segments and the segments into ·waves. Elftman (1963) states 

that Sertoli cells are the only non-germinal cells within 

the wall of the seminiferous tubules. There is one Sertoli 

cell for each three primary spermatocytes of the basal layer. 

These investigations have described the morphologi

cal and physiological development of the testes of normal 

male rats. They provide a basis to help understand the 

changes which occur during the development of irradiated 

animals. 

Hanson (1922) exposed albino rats for varying periods 

of t i me to the a ct ion o f X - rays . Ne a r i y a.11 the young were 

sterile and demonstrated pronounced abnormalities. In 1925, 

Hooker reported "extreme differences in individual resistance," 

with reference to the effect of exposure to Roentgen rays 

on the reproductive system in male rats. Partial or 

complete sterility may occur after exposure to Roentgen 

rays. Oslund and Bachem (1926) studied the effects of X-rays 

upon the germinal epithelium in testes of rats. 1he authors 

concluded that actively dividing cells, spermatocytes and 

spermatogonia are the most easily injured by X-rays. 



According to Oslund and Bachem (1926) the time required for 

regeneration following extensive injury is about three 

months. 
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Fogg and Cowing (1952) studied the effects of 

X-irradiation upon tissues of adult mammals in which the 

method of quantitative random sampling indicated a predict

able and reproducible series of events, some of which occur 

regardless of dosage while others are depend nt on dos 

Shaver (1953a) found that "dust-like" spermatogonia 

are the most radiosensitive germinal c lls with r sp ct to 

mitotic inhibition but are the most radior sistant, with 

exception of sperm, in their ability to withstand irreparabl 

destruction by X-irradiation. · It is assumed that regener

ation occurs from these cells which are not destroyed. 

Oakberg (1956a) used periodic acid-Schiff techniqu 

and hematoxylin counterstain to determine sixteen stags of 

spermiogenesis of the mouse. No change in spermatocyte 

number was observed during the long meiotic prophase. Th 

sensitivity and time of degeneration of spermatogenic cells 

irradiated in various stages of maturation in mice was 

investigated by Oakberg (1955a). The results wer as 

follows: (1) reduction in the number of spermatogonia after 

radiation occurs due to killing of cells; (~) as damaged 

cells reach late interphase or early prophase of their first 

post-radiation division, degeneration of spermatogonia 

occurs; (3) irradiation damage to primary spermatocytes 



remains latent until cells enter meiotic metaphase and 

anaphase; (4) spermatids and sperm show no visible changes 
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up to 1,500 R; (5) intermediate and type B spermatogonia are 

extremely sensitive to radiation; (6) spermatogenic cells 

show quantitative and qualitative differences in sensitivity 

correlated with the dramatic nuclear changes in spermatogenesis. 

Oakberg (1957) and others indicated that doses as high as 

1,000 R have no retarding effect on meiosis, nor on 

spermiogenesis of cells irradiated as spermatids. Oakberg 

(1959) assumed that the testis of all male mammals show th 

same general response to irradiation, although it is to be 

expected that there are noticeable differences between species 

and even between strains within a species in the total amount 

and time of expression of radiation damage. Oakberg and 

DiMinno (1960) investigated the sensitivity of primary 

spermatocytes of mice to X-rays and determined that the 

relative sensitivities of primary spermatocyte stags to 

chromosome breakage are similar to those observed for 

meiotic cells in other organisms. 

According to Oakberg (1955b) intermediate and type B 

spermatogonia in mice are completely destroyed by 600 R of 

X-rays. A study conducted by Casarett and Casarett (1958) 

involved a comparative histological investigation of the 

effects of 325 R of total body X-irradiation delivered 

acutely or chronically (3.25 R/ day, 5 days / week) on rat 

testes; they found that inhibition of mitosis of type A 
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spermatogonia and normal differentiation of type B spermato

gonia were largely responsible for depletion of spermatogonia 

following both chronic and acute irradiation. Parthington, 

Craig, and Jackson (1962) irradiated adult Wistar rats with 

100 Rand found that type A spermatogonia were the first 

cells affected. Their numbers had fallen to 42% of pre-

irradiation values by the first day. The number of typ B 

spermatogonia present was not significantly lowered until 

the fourth day. Jones (1960) investigated the numb r of 

spermatogonia after X-irradiation (1098 R or more) of adult 

rats and found that 21 days after exposure to X-rays the 

sole surviving cells in all seminiferous tubules w re 

Sertoli cells; permanent sterilization resulted from approxi

mately 1,100 R. Leach (1965) determined that 1,500 R or 

1,800 R of X-irradiation delivered to mature male rats 

produced complete sterility from 59 days through 261 days 

post irradiation. 

Dym and Clermont (1967) conducted a quantitative 

analysis of type A spermatogonia in sections of tubules 

from testes collected at various time intervals after the 

rats had been subjected to a single local dose of X-rays 

(250 R). The type A cells decreased in number and reached 

a minimum between 8 and 20 days after irradiation. After 

this period, their number increased and attained a normal 

value after 60 days. The spermatogonial population was then 

investigated in whole mounts of seminiferous tubules in 
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order to distinguish between "reserve" and "renewing" stem 

cells. It was concluded that after destruction of type 

A1 - A4 spermatogonia (as described by Clermont and Bustos, 

1966) by X-rays, the "reserve stem cells," which are 

radioresistant, increase in number and repopulate the tubules 

with "renewing stem cel~s." 

The effect of X-irradiation on th secretory 

interstitial (Leydig) cells depends on the dosage of X-rays 

and age at the time of irradiation. At puberty, radio

sensitivity of the Leydig cells is incr ased (Wall, 1961). 

Wall concluded that the Leydig cells of prepubertal testes 

are considerably more susceptible to X-irradiation induced 

damage than are those of adult testes. 

Allen (1949) and Allen and Altland (1952) investigat d 

the degenerating sex cells in immature mammals. Allen (19 9) 

specifically worked with degeneration in primordial an 

large germ cells in male albino rats, aged one to nine days. 

Two distinguishable waves of degeneration begin in the first 

generation of spermatocytes and proceed until approximately 

43 days of age. According to Allen (19 9) the one to nine

day tubules contain five different types of cells as follows: 

(1) basal cells, (2) primordial germ cells, (3) . pycnotic 

nuclei, (4) large cells, and (5) "giant cells." The cells 

with pycnotic nuclei are a degenerate stage of primordials 

while the giant cells are large cells which are degenerating. 

The nine-day age is an important stage in the development of 



12 

the white rat testes, for the first wave of degeneration 

ends at this time and considerable number of pycnotic cells 

are still present. 

According to Allen and Altland (1952) the name 

spermatogonia should be reserved for stem cells which have 

the potency to differentiate into spermatocytes. Allen and 

Altland (1952) reported that, in a period between 12 days to 

maturity, six principal modes of degeneration occur. These 

modes were named as follows: (1) Mode I, exfoliation, 

(2) Mode II, shedding, (3) Mode III, necrosis, (4) Mode IV, 

pycnosis, (5) Mode V, degenerate leptotene cells and 

(6) Mode VI which includes type 1, abnormal mitotic stem 

cells, and type 2, abnormal dividing spermatocytes I and II. 

Shaver (1953b) found that rats at 1 to 2 days of 

age treated with 300 R showed no signs of regeneration and 

were apparently sterile. 

Beaumont (1960) reported that changes in radiosensi

tivity of rat testes during late fetal development is 

correlated with differentiation of the gonads. Job, Leibold, 

and Fitzmaurice (1935) found that males are definitely more 

sensitive to X-rays than females when subjected to Roentgen 

rays l...!!. utero. 

Mandl et al. (1964) investigated the differential 

radiosensitivity of male primordial germ cells and 

spermatogonia. They found that mitotically inactive 

gonocytes in late foetal and early neonatal rats are more 
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radiosensitive than male germ cells at any other stage of 

development and the first generation of type A spermatogonia 

in the neo-natal rat appears to be relatively radioresistant. 

Changes in the reproductive system of rats irradiated 

during early postnatal life with 150 R 60co gamma irradiation 

were more pronounced on day land 2 postnatal life, according 

to Austin and Hupp (1964). 

Ricks and Hupp (1964) irradiated young rats (1 and 

2 days old) with 150 R gamma irradiation from 60co. These 

age. The damage which ionizing radiation produced in th~ 

seminiferous epithelium was regenerated in varying degrees. 

Radiation effects on testicular development in rats 

irradiated the first day of postnatal life with a dose of 

225 rad in a ~Oco irradiator and killed at 65, 105, 150, 

200, and 250 days of age were investigated by Gates and Hupp 

(1967). The results indicated that irradiation produced a 

high proportion of inactive tubules with variations in 

response of individual animals to the same dos . With 

increasing age there was no apparent change in the proportion 

of active tubules, but the inactive seminiferous tubules 

degenerated. 

Classification of the seminiferous tubules of the 

testes of rats into six or more general histological types 

has been made (Pace et al., 1961, and Ricks and Hupp, 196). 

In the irradiated animal, the appearance of the cross section 
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of the tubule depends upon the dosage of irradiation, the 

age of the animal, and the stage of development when exposed. 

Their method of classification was later modified by Gates 

(1967), Hall (1969) and Partlow (1969) who investigated 

radiation effects upon testes of albino rats. 

Erickson (1965) reported that gonocytes of rats 

retain a high degree of radiosensitivity until approximately 

the third day of postnatal life at which time many of the 

primitive germ cells complete their morphogenesis and become 

spermatogonia. Periods of maximum sensitivity of germ cells 

in male swine and cattle extend from approximately days 50 

and 80 prenatally, respectively, to days 70 to 80 postnatally 

in each species of animal. The sperm producing capacities 

of bulls and boars are diminished but sterility does not 

result from sublethal doses of radiation (Pace, Murphree and 

Hupp, 1961; Parish, Mur hree and Hupp, 1962; Erickson, 1965). 

According to Erickson, Murphree, and Andrews (1963) 

the apparent differ nc in radiosensitivity of rat and pig 

gonocytes may be quantitative as a higher dose is necessary 

to kill the gonocyt s of pigs. The radiosensitivity of 

cells varies with the stag of th mitotic cycle (Erickson 

et al., 1963). 

In bulls the pattern of gametogenesis, up to day 230 

of prenatal life, is very similar to that in prenatal rats. 

There is a period of intense mitotic activity resulting in 

a very abrupt increase in the number of germ cells followed 
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by a period of little or no mitotic activity (Matschke and 

Erickson, 1969). 

From this investigation of the literature it may be 

concluded that various workers have evaluated in detail the 

effects upon various cellular components of the testes of 

adults. It appears that many quistions remain unanswered 

regarding the degeneration and regeneration of components 

of the testes when exposed to X-irradiation. 

The objective of this study was to investigate the 

effects of 120 R of X-irradiation, delivered during a period 

of two minutes, administ red on the first day of postnatal 

life, on the testicular development of the Sprague-Dawley 

rat. The changes occurring between radition and apparent 

stabilization of the irradiation damage at or before 65 days 

of age will be investigated in this study. It is hoped that 

this investigation will contribute to a better understanding 

of the degeneration and regeneration of cellular elements. 

In addition, the investigator hopes to arrive at a clarifica

tion of various factors d~termining the radiosensitivity of 

germ cells of male Sprague-Dawley rats. 



CHAPTER II 

PROCEDURE 

The rats used in this investigation were secured 

from Sprague-Dawley, Inc., Madison, Wisconsin. Forty-three 

virgin females were bred to young males of proven fertility, 

in order to secure the necessary number of male rats. One 

hundred and twenty male rats were needed for experimentation. 

Ten irradiated animals and five control animals were killed 

on each of the following ages: 

and 65 days postnatal. 

10, 20, 30, 40, 50, 55, 60, 

The rats were kept under sanitary conditions, in an 

air conditioned animal room located in the Graduate Scienc 

Research Building of th Texas Woman's University, Denton, 

Texas. The temperature of the animal room was held at l3 C 

and artificial lighting was provided consisting of a 12 hour 

light-dark cycle. During the entire period of experimenta

tion the rats were fed Purina Laboratory Chow and water 

ad libitum. All animals were transferred to clean cages 

every two weeks. 

The pregnant females were segregated in single wire 

mesh cages adapted for littering. The bottom of each cage 

was provided with a piece of small gauge mesh wire in order 
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to keep newborn rats from dropping through the larger mesh 

of the wire cage. An adequate amount of shredded paper was 

placed in the cage to provide nesting material for the new 

litter. All cages were placed in a steel rack which 

permitted adequate circulation of air. 

Every day before 1:00 p.m., the cage of each 

pregnant female was checked to see if she had littered. 

An irradiation schedule was set up, whereby all litters were 

irradiated between 1:00 and 4:00 p.m. Most of the animals 

were approximately 7 to 9 hr old at the time of irradiation, 

although, they could have ranged in age from 1 to 24 hr old. 

Each newborn irradiated litt r was considered to have been 

subjected to X-irradiation on day one of postnatal life. 

A 250 kv General Electric Therapy Unit was used as 

the source of X-rays. This unit was operated at 15 ma, with 

1.0 mm Al and 0.5 mm Cu filtration. The target distance 

from the middle of the subject was 57 cm. Bendix and 

Victoreen ionization chambers were used to establish the 

dose of 120 R. 

Each newborn litt r to be irradiated was placed in 

a small box provided with shredded paper and transported to 

the irradiation room. Small plastic Petri dishes were used 

for irradiation chambers. Each litter was placed in a 

plastic Petri dish with the cover lightly secured with a 

piece of masking tape. Immediately after irradiation the 

litter was carefully removed from the Petri dish and returned 



to the box. The irradiated litters were taken back to the 

animal room and returned to the proper cages. The litters 

remained with the mothers until weaning which was 

approximately at 23 days of age. 
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The control litters were treated in the same manner 

as the irradiated animals with one exception--they were not 

subjected to X-irradiation. They were taken from their cages 

and transported the same distance to the irradiation room and 

permitted to remain for two min before being returned to 

their respective cages. 

Ea c h d a,y t h e c age s o f t h e i r r a d i a t e d a n d co n t r o l 

litters were checked for dead animals. Very few animals 

were lost due to irradiation or other causes. 

At 23 days of age the litters were weaned. The male 

litter-mates were placed in double or triple cages which 

were labeled with all the necessary information concerning 

the litter. Four to six rats were placed in the double 

cages and six to eight rats in the triple cages. As the 

rats increased in size there was a reduction in the number 

o f a n i m a 1 s p l a c e d t o g e t h e r i n a c a g e • A t . we a n i n g t i me a 1 1 

female litter-mates were killed by overanesthetizing with 

ether. 

Ten irradiated animals and five control animals were 

killed on each of the following days: 10, 20, 30, 40, 50, 

55, 60, and 65 days postnatal. On the day of necropsy the 

animal was overanesthesized with ether, total body weight 



was !ecorded and the total weight of the two testes was 

recorded. The testes were immediately placed in Bouin's 

Solution for 24 hr. After 24 hr the testes were removed 
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from the Bouin's Solution and cut into cross and longitudinal 

sections. These sections were placed into 70% ethyl alcohol 

until they were processed in the Fisher Tissuematon according 

to standard procedures for the paraffin technique. 

In order to obtain uniformity in histological 

analysis, all tissue sections were taken from approximately 

the same area of each individual testis. Sections 10 microns 

iri thickness were taken from th larg st cross and longi-

tudinal area of each testis. The hematoxylin and eosin 

staining procedur was used. 

A preliminary study of th slides was made in order 

to determine the method of classification to be used. The 

primary analysis was made on the cross sections. Th 

longitudinal sections were used for comparison when needed. 

Studies conducted by Gates (1967), Hall (1969), 

Hupp (1969), and Partlow (1969) have shown that the 

seminiferous tubules of the testes of a rat can be classified 

into six histological classes, numbered O through 5, 

according to spermatogenic activity. 

The testes from animals killed at 40 through 65 days 

of age were analyz ed using the O through 5 histological 

classes. The Class O tubules were inactive and contained 

only Sertoli cells with some vacuolation. Class 1 was 
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considered as inactive and transitional between Classes O 

and 2 with Sertoli cells and some disorganized spermatogonia. 

Class 2 tubules possessed Sertoli cells and spermatogonia 

arranged in an orderly manner along the periphery with very 

little, if any, vacuolation. Class 3 tubules had at least 

three spermatocytes present. Class 4 seminiferous tubules 

contained terminal elements but in a reduced number; having 

at least three elongated spermatids and spermatozoa but less 

than fifty. Class 5 tubules were considered fully active 

and contained all the terminal c llular components; consisting 

of more than fifty spermatids and spermatozoa within the 

lumen. The Class 5 seminiferous tubules were considered 

to be normal. 

The cross-sections of each testis were examined 

microscopically an~ _the best prepared section was selected· 

to be drawn. The slide was placed on a Master Model D 

Bioscope, and the image was projected onto a sheet of white 

paper. An entire drawing of the section of testis, 

containing hundreds of seminiferous tubules, was produc d. 

A binocular microscope was then used for analytical purposes. 

Each slide was studi d carefully. Every tubule was identifie 

and placed into one of the six histological classes, and the 

classification of each seminiferous tubule was marked on the 

drawing. From the drawing the total number of each class of 

tubule and also the total number of all seminiferous tubules 

were determined by counting all tubules and then recounting 

until consistent totals were arrived at. 
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The slides from 10- and 20-day old animals wer 

analyzed using a descriptive method. The best section from 

each group was studied microscopically to determin th 

extent of development. The cellular components were 

described with resp~ct to histological changes in the 

irradiated animal with increasing age and also the f i cts 

of irradiation upon testicular weight. A modified method 

of classification was used for the 30 day seminiferous 

tubules. The modified classification consisted of four 

tubule classes as follows: Class 2a was a tubule which 

appeared to be mor e or less similar to th "typical Class 

of older animals; Class 2b contained no spermatocyt s, but 

numerous spermatogonia indicating retardation; Class 3a 

contained very few spermatocytes; and Class 3b containe 

many spermatocytes and maybe round spermatids. Class 3b 

was considered approximately equivalent t6 tubules of 

control 30 day testes. A comparison .was made between 

irradiated and control animals at 10, 20, and 30 days of 

age. 

The statistical investigations used to evaluate th 

accumulated data consisted of analysis of variance according 

to Van Vleck and Henderson (1965). The analyzed r sults 

were used by the investigator to draw conclusions with 

relation to the effects of 120 RX-irradiation on postnatal 

testicular development of the Sprague-Dawley rat. 



CHAPTER III 

RESULTS 

The mean body weights of rats X-irradiated with 

120 R and of the controls at various necropsy ages are 

presented in Table 1. The control animals had a higher 

mean body weight than the irradiated animals. The average 

body weights for the irradiated groups ranged from 22.75 g 

at Day 10 to 290.8 g at Day 65, while those of the control 

animals ranged from 24.2 g at Day 10 to 307.4 g at Day 65. 

TABLE 1 

MEAN BODY WEIGHTS AT VARIOUS NECROPSY AGES OF 
CONTROLS AND RATS IRRADIATED WITH 120 R 

NECROPSY 
AGE (DAY) 

10 
20 
30 
40 
50 
55 
60 
65 

ON THE FIRST DAY OF LIFE 

Control 

g 

24.20 
50.60 

105.40 
181 . 80 
228.00 
272.20 
288.60 
307.40 
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TREATMENT 

Irradiated 

g 

22.75 
47.55 
99.90 

157.40 
220.60 
245.60 
27 6. 10 
290.80 
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Differences in body weight were not significant, with 

the exception of animals killed on Day 40, when weight of the 

controls was significantly more (P<0.05) than the irradiated 

animals. The most pronounced difference between the control 

and irradiated groups occurred at Day 55, at which time the 

mean weight for the irradiated group was 26.6 g less than the 

control. This difference of weight between controls and irradi

ated animals indicated a decreased growth rate for a period 

of time but at Day 65 th re was only a differ e nce of 16.6 g. 

The average testes weights for the irradiated groups 

ranged from 0.037 g at Day 10 to 1.339 g at Day 65, compared 

to heavier weights of those of the control groups which ranged 

from 0.044 g to 4.018 g (Table 2). In all age groups, with the 

exception of the 10 Day, the testes of control animals weighed 

significantly more (P<0.05) than those of the irradiated groups. 

TABLE 2 

MEAN TESTES WEIGHTS AT VARIOUS NECROPSY AGES OF CONTROLS 
AND RATS IRRADIATED WITH 120 R ON THE FIRST DAY OF LIFE 

NECROPSY 
AGE (DAY) 

10 
20 
30 
40 
50 
55 
60 
65 

Control 

g 

0. 0 •14 
0.232 
0.933 
2 .0 03 
2 .7 89 
3.535 
3.834 
4.018 

TREATMENT 

Irradiated 

g 

0.037 
0. 173 
0 . 364 
0.586 
0.928 
1.220 
l. 314 
1.340 

IRRADIATED 
AS PER CENT 
OF CONTROL 

% 

85 
49 
39 
29 
33 
35 
34 
33 



The 10, 20 and 30 Day slides were analyzed using a 

descriptiv e and modifi ed method of classification described 

in Chapter II. Table 3 presents the mean values for 

seminiferous tubules containing spermatocytes at Days 10 

and 20. After a pr el iminary investigation of all the 

sections of tissue from a giv e n age, the best sections 

which were consid ered representative of the age wer 

selected and studied microscopically to determine the 

extent of development. The cross sections of the 10 Day 

controls (Fig. 1) contained supporting c lls and groups of 

spermatogonia along the basement me mbrane. Early stag s 

of meiosis wer e noted in the primary spermatocytes. 

TABLE 3 

MEAN VALUES FOR SEMINIFEROUS TUBULES CONTAINING 
SPERMATOCYTES AT 10 AND 20 DAYS OF AGE OF 

CONTROLS AND RATS IRRADIATED WITH 129 R 

NECROPSY 
AGE(DAY) 

ON THE FI RST DAY OF LIFE 

TREATMENT 

CONTROL IRRADIATED 

Number of Total 

24 

Numb er of 
Tubules with 
Spermatocyt es 

Total 
Number of 

Tubules 
Tubul es with Numb e r of 

10 
20 

66.0 
804.2 

647 .8 
804.2 

Spermatocytes Tubules 

4 . 0 
24.4 

575 .6 
574.2 

· cells were observed, and gonocytes which are Some pycnot1c 

· d germ cel ls which form the first generation unJifferent1ate 

· by t h e pr oc ess of mitosis were no long e r of spermatogon1a 
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present. Accorrling to Clermont and Pery (1957) many 

gonocytes degenerate but some produce type A spermatogonia. 

The seminiferous tubules of the irradiated rats, at 10 days 

of age (Fig. 2) were less developed than the controls. In 

the majority of tubules, supporting c lls were more dis

organized, with referenc e to th ir position near the basement 

membrane. These supporting cells pr sented a scatt rd 

appearance. Vacuolation was pr val nt in many tubul e s. 

Fewer spermatogonia we re observ d and in most tubul s th s 

were arranged in a mor disorganiz d mann r. Th supporting 

cells and spermatogonia lacked the organized arrangem nt 

along the basement membrane which was sen in the controls. 

Giant cells occurred in several seminiferous tubules. Thes 

giant cells probably wer a result of interference with 

mitotic development. 

A few meiotic configurations w r observ din primary 

spermatocytes. There was pronounced pycnotic .activity and 

rhexis (fragmentation of the nucleus into separate parts) 

of nuclear material, in addition to considerable degeneration 

of cellular components. Perhaps these degenerating components 

were the remains of gonocytes which had not disappeared due 

to effects of X-irradiation. In normal or control rats the 

gonocytes disappear before 10 days of age. Cellular migra

tion from the interior of the tubule toward the periphery 

was progressing at a slower rate in the irradiated rats than 

in the controls. 
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Figure 1--10 Day Control Testis. Supporting c lls, 
spermatogonia, and prim ry p rmatocy ar 
contained within th s minif rous tubul s (X 1 ). 

Figure 2--10 Day X-lrradiated T ti (1 R) . 
damage is not as appar nt as at ol 
(X615). 

lrra ia ion 
rag s 





Histologically the 20 Day control test s wer w 11 

developed, anrl vacuolation, pycnosis, and rh xis w re not 

observed (Fig. 3). The seminiferous tubul s contained 
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supporting cells with ovoid nuclei, sp rmatogonia, r sting 

spermatocytes, and later stages of spermatocyte dev lopment. 

The supporting cells and spermatogonia w re ob erv din 

groups along the basement membrane at th p riph ry of th 

tubule, while the later stages of spermatocyt s w r in th 

central portion. 

in most tubules. 

Two generations of g rm c lls w r obs rv 

In the 20 Day irradiat d t st s abnorm 1 

development was observed (Fig. 4). Th majority of th 

seminiferous tubules contained spermatogonia but th s w r 

fewer in number and more disorganized than in the controls. 

Fewer spermatocytes were observed and these app ar d ob 

predominately of the primary and r sting type. Pycnosis 

and vacuolation were prevalent and mor pronounced than in 

the testis of the control 20 day rat. 

In the 30 Day control testes (Fig. 5) th histologi-

cal appearance was becoming very similar to adult or matur 

animals (Table 4). Cellular degeneration was observe in 

many tubules and the supporting cells had decreased in 

number. sperm at O g O n i a were pres en t i n i n c re as i .n g numb e rs 

and numerous spermatocytes in all phases of development were 

observed. All seminiferous tubules contained spermatids, 

which were shown by Clermont and Perey (1957) to make 

their appearance at approximately 26 days of age. 



28 

Figure 3--20 Day Control Testis. Supporting cells, 
spermatogonia, resting sp rmatocyt sand lat r 
stages of spermatocytes can b not d. Most 
seminiferous tubules contain two g n rations 
of germinal elements (X 15). 

Figure 4--20 Day X-Irradiated Testis (12 R). Irradiation 
damage is very apparent. Very few germinal 
elements are present (X615). 





TABLE 4 

AVERAGE NUMBER OF TUBULES OF VARIOUS CLASSES PER CROSS 
SECTION OF TESTES IN 30-DAY OLD CONTROLS ANO RATS 

IRRADIATED WITH 120 RON THE FIRST DAY OF LIFE 

CLASS OF TUBULESa 
TREATMENT TOTAL 

2a 2b 3a 3b 

Irradiated 423.20 152 10.50 54 . 20 630.90 

Control 0 0 0 777.00 777 .00 

asee page 21 for a description of the various classes of 
tubules. 

The testes of the irradiated 30 Day animals presented an 

entirely different aspect (Fig. 6). Vacuolation, rhexis 
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and pycnosis were observed in many of the seminiferous 

tubules and cellular components of many seminiferous tubules 

had a disorganized appearance in that the spermatogonia and 

supporting cells were displaced. Instead of being arranged 

along the periphery, near the basement membrane, they 

appeared to be nearer the center of the tubule. According 

to the modified plan of classi fication the Class 2a tubule 

was similar to the "typical" Class 2 of the older rat. The 

many Class 2a and 2b tubules indicated considerable retarda

tion, as spermatogonia repr esented the most advanced stages 

of development. The Class 3a tubules had few spermatocytes, 

but many spermatocytes and some round spermatids were found 

in the Class 3b tubules, which were roughly equivalent to 

tubules of control 30 Day rats. How ever, a reduced number 
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Figure 5--30 Day Control Testis. Spermatocytes in all has s 
of development are pres nt within th minif rou s 
tubules. All seminiferous tubul s contain 
spermatids (X615). 

Figure 6--30 Day X-I°rradiated Testis (120 R). Irradiation 
damage is very apparent. Very few spermatocytes 
are present, and few if any spermatids are to be 
noted within the seminiferous tubules (X615). 
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of primary spermatocyt es we r e observ ed an d seco ndary 

spermatocytes were very rar ely not ed in thes e tubules. Low 

power magnifications are present ed for comparative purpos es 

in Figures 7 and 8. 

The average number of seminiferous tubules per 

cross section according to ag e an d treatment is pr ese nt ed 

in Table 5. In the testes o f co n trol rats th e r e was an 

average of 755 tubules and in t he t estes of t he irradiated 

animals there was an av erage o f 580 t ubul es . At all nec ropsy 

ages the testes of irradiated rats co n tained l ess tubules 

than controls, the number of seminiferous tubules of th e 

40, 60, and 65 day irradiated and control animals differed 

significantly at the P<0.05 level. 

TABLE 5 

AVERAGE NUMBER OF SEMINIFERO US TUBULES PER CROSS SECTION 
IN THE TESTES OF CONTROL RATS AND RATS IRRADIATED 

WITH 120 R OF X-RAYS ON THE FIRST DAY OF LIFE 

NECROPSY 
AGE (DAY) 

10 
20 
30 
40 
50 
55 
60 
65 

Contr ol 

647.8 
80 4 . 2 
777.0 
823.0 
751 . 4 
725 . 6 
795.2 
7 16 .8 

TREATMENT 

Irradiated 

575 . 6 
574 . 2 
630 . 9 
617 . 3 
52 . 9 
566 . 7 
585 . 4 
568.6 
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Figure 7--20 Day X-Irradiat d T stis (120 R). The g rminal 
elements can be compared with the germinal 
elements in the seminiferous tubules of the 
30 Day irradiated testis (X200). 

Figure 8--30 Day X-Irradiated Testis (120 R). The 
development of the germinal elements can be 
compared in the 20 Day and the 30 Day 
seminiferous tubules. Variability is very 
pronounced (X200). 
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Analysis of seminiferous tubules of 40 SO 55 60 
' ' ' ' 

and 65 Day testes is presented in Table 6 and typical 

microscopic fields (40 Day and 65 Day) are illustrated in 

Figures 9 through 12. In the control animals at 40 50 
' ' 

55, 60, and 65 days of age there w re no Class O tubules. 

Very few Classes 1, 2, and 3 seminiferous tubules were 

noted, however, the higher percentage was at Day 50 for 

Class 1, Day 55 for Class 2, and Day 55 for Class 3. At 

Day 40, Class 4 tubules were most frequent with 21.14%. 

At all ages the Class 5 tubules were predominant with the 

highest percentage at Day 65 (Table 7). 

Class 2 seminiferous tubules were the predominant 

type in irradiated rats. The percentage of Class O and 

Class 3 tubules was very low. At Day 40 there wer e less 

total Class·es 4 and 5, relatively more Class 4 than Class 5 

at 50 days, and very little change from Day 55 to Day 65 

was observed. Day 40 had the highest percentage of 

Class 2 tubules. 

The results of statistical comparisons between 

Classes o, 1, and 3 seminiferous tubules, at all ages 

showed that differences between ages from 40 an d 65 days 

of age in both irradiated and control animals were no t 

significant. The number of Class 2 seminiferous tubules 

of the X-irradiated animals was significantly higher and 

the number of Class 5 tubules significantly lower than 

those of control animals at the P<0.05 le vel at each 

necropsy age. 



TABLE 6 

AVERAGE NUMBER OF TUBULES PER CROSS SECTION AC~ORDING TO 
CLASSIFICATION IN CONTROL RATS AND RATS IRRADIATED 

WITH 120 R OF X-RAYS ON THE FIRST DAY OF LIFE 

NECROPSY CLASS OF TUBULEa 

AGE (DAY) 
0 1 2 3 4 5 

CONTROL 

40 0 0.8 0.2 0.2 174.0 647.8 
50 0 1.0 0 0 11. 6 738.8 
55 0 0.8 1. 4 1. 2 31. 6 690.6 
60 0 0.4 0 0 21. 0 773.8 
65 0 0.4 0 0 9.2 707.2 

IRRADIATED 

40 o .• 9 26.0 517.2 1. 4 68.9 2 . 9 
50 0.8 27.0 359.0 1.8 83.3 53 . 0 
55 0.5 32.4 376.9 2 .0 67.9 87.0 

60 0.6 25.4 401. 9 2 . l 59.3 96 . 1 

65 0.6 18.9 ·390 :1 2 . 2 58 .8 97 . 4 

asee page 19 for a description of the various classe s of 

tubules. 
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Figure 9--40 Day Control Testis. All g rminal l me nts ar 
present and many spermatids in variou 
developmental stages ca n · be not d (X615). 

Figure 10--40 Day X-Irradiated Testis (120 R). Irradiation 
damage is very apparent in many tubules. 
Retardation of development of germin·al elements 
can be noted (X615). 





36 

Figure 11--65 Day Control T stis. All g rminal 
can be noted. Matur sp rma ozoa ar 
within the lumen of the s minif rou 
All tubules are Class 5 (X615). 

1 m nt s 
pr s nt 

tubul s. 

Figure 12--65 Day Irradiated Testis (120 R). Som 
seminiferous tubules show retarded de lopment. 
Note the two Class 2 tubules and th Class 5 
tubule (X615). 





TABLE 7 

PERCENTAGE OF TUBULES PER CLASS IN CONTROL RATS 
AND RATS X-IRRADIATED WITH 120 RON 

FIRST DAY OF POSTNATAL LIFE 

NECROPSY CLASS OF TUBULE 

AGE (DAY) 
0 1 2 3 4 5 

% % % % % % 

CONTROL 

40 0 0.09 0.02 0.02 21.14 78.83 
. 50 0 0 .13 0 0 1. 54 98.32 

55 0 0. 11 0. 19 0. 17 4.35 95 . 17 
60 0 0.0 5 0 0 2.64 97.30 
65 0 0.0 6 0 0 1. 28 98.66 

IRRADIATED 

40 0. 1 4.2 83.7 0.2 11. 1 0. 4 
50 0. 1 5 . 1 68 . 3 0.3 15 .8 10.0 
55 0.1 5 . 7 66.5 0. 4 11. 9 15 . 4 
60 0. 1 4.3 68 . 7 0. 4 10 . 1 16 . 4 
65 0. 1 3 . 3 68 . 7 0. 4 10.3 1 7. 1 
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CHAPTER IV 

DISCUSSION 

Body Wei ghts 

The average body weights of th e control rats rang d 

from 24.2 g at Day 10 to 307. 4 g at Day 65, whil tho o f 

the irradiated animals rang ed from 22.7 g at Day 10 to 290.8 g 

at Day 65. The 50 and 65 Day control and irra d iat ed rat s ha d 

slightly higher average body we ights than was previously 

determined from studies at the T~xas Woman's Univ rsity. 

Partlow (1969) reported a mean body weight of 259 g for ra ts 

X-irradiated with 170 R, one day postnatal and kill ed at 65 

days of age. Hupp (1969) report ed an incr ease in bo dy weight 

with increased age in all irradiated groups with the wei ght s 

of irradiated animals being approximat e ly th same p rcentag e 

of control weights at all necropsy ages. It was state by 

Partlow (1969) that animals irra di ate d on Day 17 a nd Day 18 

of prenatal life had lower me an bo dy weights than rats 

irradiated on Day 1 of postnatal li fe . No comparabl in es -

tigations have been reporte d on rats a t 10, 20, 30, an d 40 

days of age, therefore, there was no basis for comparison o f 

body weights. 
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In the present investigation th high er man body 

weights in irradiated animals may have been due to th 

difference in amount of X-irradiation, 120 Ras compared 

with effects of 170 R reported by other investigators. In 
I 
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addition, animals free from infection, hous ed und e r ideal 

conditions and personally cared for by the investigator may 

have contributed to a slightly higher weight. 

The differences in body weights, b tw en th controls 

and X-irradiated, were not statistically significant with th 

exception of Day 40. The body weight of 40 Day control 

animals was significantly more than that of th irradiated 

(P<0.05). Although there was a decreased growth rate for a 

period of time, at Day 65 there was only a difference of 

16.6 g, therefore, no severe growth retardation was observed. 

Analyses of Testes 

Testis Weight 

The 120 RX-irradiation delivered to th e Day 1 

postnatal rats reduced the growth rate of th e tests, 

although there was a progressive incr ease with ag 

testes weights for control groups range d from 0 . 0 

Me an 

g at 

Day 10 to 4.018 g at Day 65 while those o f the irra di ate d 

animals ranged from 0.037 g to 1.339 g for the same perio 

Again, these mean testes weights were higher than r eporte 

by previous investigators at the Texas Woman's University. 

The amount of X-irradiation, 120 R, was less deleterous upon 



testes weight than 170 Rat days 50 an d 65 as reporte d by 

Partlow (1969) and Hupp (1969). 

Analyses of Testes at 10, 
20, and 30 Days of Age 

The sex cords of Day 1 rats poss ss two typ s of 

cells (1) gonocytes or primordial germ c lls, and (2) sup-

porting cells or indiffer e nt cells. Th gonocyt s ar 

transformed into spermatogonia or d g e n rat e by Day 9, 

leaving supporting cells and spermatogonia (Clermont an 

Perey, 1957). 

The histological structures of a Day 10 control 

testis (Fig. 1) consisted of an orderly arrangem nt of 

supporting cells and groups of spermatogonia along th 

basement membrane. Type A, intermediate, and typ B 

spermatogonia were present along the basement membra n . 
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The intermediate spermatogonia e ach ha d a flat n d nu cl us 

with chromatin flakes along the nu c l ea r m mbran an h 

type Beach had a spherical nucl e us with coars e chromati n 

clumps along the nuclear membran e . Primary sp rmatoc es 

and some pycnotic cells were no ted in some tubules . Th ese 

were probably degenerate stages of primor d ials ( llen, 19 9) . 

In the Day 10 irradiated rats the supporting c e lls 

were disorganized with a scattere d app earance (Fig . ) . 

Fewer spermatogonia were observed an d these were disorganized . 

In addition, giant cells were prevalent in many seminiferous 

tubules. Allen (1949) described "giant" cells as un dergoi ng 
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degeneration and present from 3 to 9 days but most abundant 

at 7 days of age. Perhaps some of these "giant" cells 

resulted due to interference with mitotic development. The 

presence of these "giant" cells indicated that X-irradiation 

had prolonged the process of degeneration. Roosen-Runge and 

Leik (1968) stated that pycnotic gonocytes are regularly 

observed in the sex cords of postnatal rats and are probably 

phagocytized by supporting cells. There was pronounced 

pycnotic activity consisting of degenerate stags of 

primordials which had not disappeared due to th X-irradiation. 

According to Allen (1949) Day 9 marks aw 11 d fined stag in 

the development of the testis as it is regarded as th nd of 

the first wave of degeneration. Although there w r consider-

able numbers of pycnotic ce'lls present, the 10 Day irradiated 

testes were retarded in this wave of degeneration. Some 

tubules were observed which contained cells undergoing rh xis, 

but the damage was not readily apparent when compare d with 

control testes because of the relatively small numb r o 

germinal elements in the latter. 

By 15 to 18 days of age th e supporting cells had 

ovoid nuclei with finely granular chromatin, an d some 

spermatocytes were observed at the zygotene or early pachyt e n 

state of meiotic prophase (Clermont and Perey, 1957). As 

later stages of spermatogenesis were reached a new generation 

of intermediate and type B spermatogonia and resting sperrnat

ocytes appeared along the basement membrane, and by Day 18 



most tubules possessed two gen eratio ns of germ cells 

(Clermont and Perey, 195 7 · Harding, 1961). 

In the present study the histological structure 

of the control testes appeared well developed at 20 days 

of age (Fig. 3). Supporting cells with ovoid nucl e i, 

spermatogonia and many spermatocyt es in different stages 

of development were found in the majori ty of the semi-

niferous tubules. Numerous mitotic figures w r not ct. 

Two generations of germ cells we r e obs er ved in most 

seminiferous tubules, and vacuolation, pycnosis and rh ex is 

were not observed. There was an ord e rly arrang m nt of 
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cellular components in the seminiferous tubules. A gr at 

similarity was observed between th e app ear anc of the 20 Day 

control testes of the present study and the description of 

15 to 23 Day testes given by Cle rmont and Perey (1957). 

In the testes of the 20 Day X-irra diated animals 

(Fig. 4) there was a pronounc ed diffe r e n c in th histologi-

cal appearance. The morphological and hi stological d e lop-

ment of the cellular components of the seminiferous tubul es 

were definitely retarded. Most of the seminif rous tubul s 

contained spermatogonia but these were fewer in nu m ran d 

more disorganized than was observe d in th controls. There 

was severe radiation damage as indicated by the ec r aserl 

number of spermatocytes in only a few tubules. Pycnosis 

and vacuolation were much more severe than the few instances 

noted in the control testes. 
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Dym and Clermont (1967) reported that after adminis-

tration of a single dose of 250 RX-irradiation at various 

time intervals, the number of type A spermatogonia decreased, 

and reached a minimum 8 to 20 days after irradiation but , 

thereafter their numbers increased and attained normal 

values after Day 60. Parthington, Craig and Jackson (196' 

found that after Wistar rats (20 weeks old) w re irradiat d 

with 100 R, the type A spermatogonia were th first c lls 

affected and their numbers decreased to 4 pr cent by th 

first day and reached a minimum of 10 per cent on th fifth 

day after irradiation, after which the numb er increased to 

45 per cent by Day 21. Perhaps these examples partially 

explain the decrease in spermatogonia noted in this investi

gation. 

Clermont and Perey (1957) reported that spermatocytes 

were seen at all phases of meiotic prophase in the 23 an 

Day rats. The testes of 26-~ay~old rats contain d rar 

tubules with spermatids. This indicated that spermatocytes 

had divided and these produce d secondary spermatocytes which 

developed into spermatids. Allen and Altla nd 195) reported 

that the development of mammalian seminal epithelium is the 

most complex of all animal epith~lia. According to these 

researchers degeneration comes to a halt on Day 9 in the 

normal postnatal white rat. For the next four days cell 

multiplication is active and there is little cell degenera-

tion. On Day 14 degeneration is noted and it continues by 



several modes until Da y 48 whe n t he amo un t is small if 

present at all. Throughou t t h is period of deg n ratio n th 

tubules undergoing degen e ra t i o n are i n tersp rs d with normal 

ones. It was report e d by All e n a nd Altla nd (1952) that most 

normal adult rats will hav e s por adic dege neratio n of 

seminiferous tubules. 

In the present inv est i gati on it was obs rv t h at 

30 Day control testes had a t tain ed a h istological app ara n c 

very similar to those of matur e an i ma l s (Fig . 5) . Th 

seminiferous tubule showed c e llular ass o ciatio n s wh ic h w r 

similar to the "typical" c e llular c om po n n ts i n t h a ult 

rat. Many tubules had a form o f ce l lu l ar de g n ratio n. 

Spermatogonia increased as supporting cel l s dee r as d in 

number, numerous spermatocytes we r e ob se r ved i n al l ph as s 

of development, and spermati d s we r e noted in all semi n if ro us 

tubules. The development of th e se mi n iferous epith lium 

appeared to be histologicall y , cytologically, an phy s i -

log~cally nearing completion. Th ese 30 Da y co n trol testes 

had developed to a stage comparabl e to descriptions gi n 

by other investigators. 

The irradiated 30 Day t estes were retarded i n 

development (Fig. 6). Supporting c e l ls we r e very nu merous, 

although there were fewer spermatogon i a in man y tu b u les as 

compared with controls. In the 2 b tubules num e rou s s pe r mato -

g · b d 1·ndi'cating retar d ation i n developme n t on1a were o serve , 

due to effects of irradiation. 
Primary s pe rma t o cytes were 
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present in reduced number and secondary sp rmatocyt s w r 

rarely noted. The cellular components app ar d to b i -

organized. Displacement of spermatogonia an upporting 

cells was observed. The cellular compon nts app ar n arr 

the center of the tubule instead of toward th p riph ry. 

Vacuolation was frequently observed as w 11 as rh i an 

pycnosis. 

Hughes (1962) reported 99.5 p r C nt of s minif rous 

tubules were sterile at 25 days of ag following xpo ur o · 

newborn or one day old rats to 150 R. Shav r ( l 53 b) not 

that 300 R administered on the 1st and nd days a ft r birth 

produced sterile tubules in rats killed 3 day to w ks 

later. According to Mandi (196 4) primordial g rm c lls o 

male foetal and newborn rats were extremely sensitiv to 

radiation as judged from the proportion of normal and st ril 

seminiferous tubules at Day 25. 

Very little has been reported on th ff cts of 

X-irradiation administered on Day l postnatal rat s an kill d 

at an early necropsy age. Therefor e, in the pres nt in s 

tigation the control testes were very important fac ors for 

comparison. Comparisons indicate d that there was a d f in i 

effect of irradiation upon the numb ers of cellular com pon n s 

and the time of occurrence in the 10, 20, and 30 Day tes 

Analyses of 40, 50, 55, 
60

1 
and 65 Day Testes 

b O f seminiferous tubules in th 
The average num er 

testes of control animals was 755 • 
These averages er e er 
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similar to averages reported by other investigators (Gates, 

1967; Hall, 1969; Hupp, 1969; and Partlow, 19 9). Th 

number of tubules in the 40, 60, and 65 Day control animals 

significantly exceeded the numb er in irra d iat d animal . 

Thus the dosage of X-irradiation (120 R) had th effect of 

reducing the number of seminiferous tubul s pr testis. 

According to Clermont and Huckins (1961) th rat t stis had 

tubular limbs which coursed back and forth in ad finit 

geometric ·pattern and resembled a wid e mouth d funn 1 with 

a broad rim about the mouth. Perhaps this short ning of 

these coiled tubules is responsibl e for th small r numb r 

of seminiferous tubules contained in cross se cti ons of 

irradiated animals. 

Classes of Tubules 

At Day 4 O t ·h·e semi n if er o us e pith el i um in control 

animals was well developed (Fig. 9). Sp rma tids ha d b n 

present since Day 26 in many tubules. Nineteen st ps (which 

described the changes in the acrosomic system of sp rmatid 

during transformation into spermatozoa) used to divide 

spermiogenesis were developed by Leblon d an d Cl e rmont (195 ) . 

Clermont and Perey {1957) reported that sperma~ids r eac hed 

step 7 of spermiogenesis at 33 days, step 9 at 38 days , an d 

step l4 at 41 days, followed by step 19 at 45 days of ag e . 

In Day 45 animals supporting cells become typical 

Sertoli cells. 
Elftman (1963) described thes e as being the 

11 within the wall of the tubule. The 
only non-germinal ce s 
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nucleus is frequ e ntly t he o nl y part of th c 11 which is 

visible. The Sertol i cell sta n ds o n the bas b m n t mm ra n 

and provides a region a r oun d wh ic h germ c lls ar arra ng 

According to Elftman (1 963) t here is o ne S rtoli c 11 for 

each three primary sp e rmato cytes . Fr om 40 (Fig . 9) to 

65 (Fig. 11) days of ag e th e c on trol tests i n t h i st udy 

had all the cellular compon e n ts fo un i n ol r animals . 

The predominant tubules we r e Cl ass 5 ; t h w r co nsi rd 

fully active, having mor e than 50 sper matids or sp rm tozoa 

present within the lumen. At 40 days of ag th stis was 

not fully mature, as indic ated by 1 pe r c n t Class 

tubules. There were no Class O tu b ules an d very f w Class l ' 
2 and 3 tubules. The high e s t pe r ce n t ag e o f Class 5 t ubu l 

was observed at Day 65 with 98. 66 p e r ce n t . 

In the X-irradiated an i ma ls t he Class 2 t ub ul s w r 

most frequently observed (Fi g . 10 a nd Fig. 1 ). Thi s i n i -

cated that irradiation elim i nated actives rmatog n sis in 

a majority of the cross-section s o f seminifero us epithelium . 

The percentage of tubul e s vari ed pe r class in th irra diat 

testes. 
The percentages were ve r y low in Class O an Class 3 . 

Class 2 had the highest percen t ag e wi t h 83 . 7 per ce n t at 

Day 40. 
There were Classes 4 an d 5 t u b ules prese n t i n the 

irradiated testes but these were low p e r ce n t ag es . The per 

centage of Class 4 tubule had d e cr e as ed a t Da y 65 while 

Class 5 had slightly increased. 
De g e ne ra ti on pro duced an 

increase in Class O and Class 1 tubules. 



CHAPTER V 

SUMMARY AND CONCL USI ONS 

This investigation wa s c on d uct d to d t rmi n t h 

effects of 120 R of X-irrad i at i on deliv e r d during a p rio 

of two minutes, administer ed on t h e first day of post natal 

life, on the testicular d e ve lo pme n t o f Sprag u -Dawl y rats . 

Ten irradiated animals an d fiv co n trol a n imal s 

were killed on each of th e fol l ow i ng days : 10, 20, 30, o, 

50, 55, 60, and 65 days postna t al. The t o tal boy wight 

was determined and recorded. Th e testes were excis d, 

weighed and the weight recorded. Th e testes were fixed, 

processed by the paraffin techniqu e, s tai n ed wit h ha matoxyli n 

and eosin and permanent sli des were prepar 

The 10 and 20 Day sli des were an alyzed using a 

descriptive method to det e rmin e t he exte n t of d v lopm n 

and the effectiveness of X- i rra d i ation . A mo d i f i d m t hod 

using four histological class es wa s used to a n alyze th e 

30 Day slides. The number o f tubul es per class a nd th 

total number of seminiferous tubul e s fo r each testis was 

determined. The cellular components wer e d e s cribed with 

respect to histological changes with inc r eas i ng ag e i n the 

irradiated and control animals. 

48 
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The testes, 40 t hrough 65 days of ag l d , w re ana yz 

using the histological Classes O l 3 , , , , , and 5 accord-

ing to spermatogenic activity as d v loped by arli r 

investigators. The number of seminif rous tubul s pr 

class and total number of tubules pr t stis was det rmin d 

for each testis. 

Data reported in this diss rtation in ica that 

although there was a diff e r e nc e in body w igh b tw n 

irradiated and control animals this wa s no t sig n ifica nt 

except at 40 days of age. Th e r e was an incr as in bo y 

weight with an increase in ag e . Although th r wa 

decreased growth rate for a period of time, littl stunting 

was observed. At 65 days of age the irra diated animal s 

weighed 94 per cent of controls. It was conclud d that t h 

results obtained concerning testes weight were indicativ 

of the injurious effects of 120 Ro ~ X-i~radiation. 

age g r o ups , ex c e p t t h e l O D a y , th e t .e s . .t s o f i r r a d i a 

In all 

animals weighed significantly less than those of controls . 

In the analyses of 10, 20, and 30 Day irra iat d 

testes it was obvious that tissue was damaged an d the a es 

of the seminiferous tubules were r etarded in development . 

It was concluded that in the 10 Day irradiated testis damag 

was not so readily apparent due to relati vely small numbers 

of germinal elements in control testes. A dec r eased nu mber 

of spermatocytes was observed in the 20 Da y irradiated 

testes due to severe irradiation damage. In the 30 Day 
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so 
irradiated animals an increased b num er of spermatogonia and 

reduced spermatocytes indicated retardation in development. 

It was concluded that Day 20 and Day 30 irradiated testes 

showed greater irradiation damage than other ages (Fig. 7 

and Fig. 8). The seminiferous epithelium app ar d to develop 

more slowly and with abnormaliti es in th irra iat d animals. 

The data reported indicate that in th 40, SO, 55, 

60, and 65 Day animals there was extensiv irradiation damag 

as a result of 120 R administered for two minut son day on 

postnatal. This damage was not so extensiv as r port d by 

other investigators who evaluated the ff cts of diff r nt 

dosages (delivered prenatally or postnatally) imm dia ly 

after exposure to X-rays or some time after irradiation as 

an adult. This investigation reported th 

occurred during a given period, from th 

to various necropsy ages. 

chang s that 

tim of irra iation 

From t "his investigation it was conclude that 1 0 R 

of X-irradiation, delivered during a period of t,o minut s, 

administered on the first day of po~tnatal lif is d l terous 

to testicular development of Sprague-Dawley rats. The 

irradiation damage was not so apparent at Day 10, ho er, 

at Day 20 to Day 30 it was very obvious that exten i e 

d as a resu lt of X-irradiation. The data damage had occurre 

in this investigation indicate that irradiation damage is 

becoming stabilized at Day 40. Therefore, the major changes 

which occur to stabilize the radiation damage, as has been 
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demonstrated by other investigators who studied ~nimals at 

ages from 65 to 300 days of age (Gates, 1967, and Partlow, 

1969), occur before the animal is 40 days old. 

Investigations from Day 10 to Day 40 are r comm nd d 

in order to more clearly establish the natur of th chang s 

which occur during this period. Perhaps furth r xp rim nts 

could be designed using shorter tim int rvals for n cropsy 

and radioactive tracers might be utiliz din ord r to 

determine factors which retard cellular dev lopm nt at Day 30 

and factors which lead to stabilization at Day 0 . 
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