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ABSTRACT

X-rays cause deleterious effects in male gonial 

tissue, as indicated by quantitative and histologic 

studies. Evidence indicates that arrest takes place

in secondary spermatocytes or inability of spermatids

to mature. Arrest of spermatocytes could be the

result of an additive effect of irradiation or the

spermatocytes could be more radiosensitive.
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INTRODUCTION

Ionizing radiation, such as X-rays, includes all 

electromagnetic radiations and high energy particles 

capable of ionizing atoms in matter on being absorbed. 

When tissues are exposed to ionizing radiation, the 

energy absorbed causes excitation of some of the atoms. 

In many cases the excitational energy is sufficiently 

high that orbital electrons are ejected (ionization 

occurs). It follows that rearrangement of chemical 

bonds may occur and thus the chemical structure of the 

molecule may be altered. Structure and function may be 

impaired. Little energy is needed for this effect. 
(Lea, 1956).

A prime target for ionizing radiation is gonadal 

tissue. Not only can existing tissue be damaged or 

destroyed, but future generations can be effected.

My research deals with irradiated mice, and 

subsequent observations of offspring were merely for 

personal interest. The deleterious effects of X-rays 

on gonadal tissue are well known, but the exact 

morphologic, histologic, and biochemical effects 

yield room for a greater understanding. My study is 

to advance our knowledge of the effects of X-rays on 

spermatogenesis in BALB/c mice. By observations, 

experimentation, and by histologic studies of control 

and irradiated tissues I hope to shed greater light on 

the direct morphological effects of X-rays on male

gonadal tissue
1



LITERATURE REVIEW

X-rays and Ionization*

X-rays are produced in vacuum tubes in which

high energy electrons hit a heavy metal plate and 

ionization of atoms occurs (Grosch, 1965). If 

100,000 volts were the initial energy source, only 

0,5 to 2,0% of the electrons (energy) emitted would 

reflect off as X-rays, as shown in the diagram 
(Figure 1). The remainder are spent electrons 

(Compton, 19^9)*

Radiation loses energy as it passes through matter.

Any molecules in the path of X-rays may be ionized 
(Grosch, 1965). The predominent constituents of a 

complex system will stand the best chance of being 

ionized. The chief constituent being water and it is 

believed this is where much ionization occurs (Rugh and 

Clugston, 1955).
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Figure 2 Action of Irradiation of Water. The dots 

symbolize the odd electron carried by a free radical 

(Rugh and Clugstron, 1955).

Molecular or chemical substances that are highly

sensitive to ionization have not been isolated

(Grosch, 1965).

X-rays have properties of both light and elementary 

particles. Because of the light characteristics they 

possess various wave-lengths. The maximum wave-lengths 

can be monitored by the voltage administered, but 
lower energy levels can be shielded off (Compton, 19^-9).
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The shields can be lead, which shields off all X-rays,

or aluminium which arrests only the lower energy

levels. The higher energy levels that are not

shielded are undisturbed and possess a full ionization 

potential (Compton, 19^9).

Anatomy and Histology of the Mouse Reproductive System

The paired testes are located in the posterior 

body cavity on either side of the urinary bladder or

in the scrotal sacs. The scrotal sacs are extensions

of the body cavity into the subcutaneous tissue on

either side of the penial urethra. Their cavities

remain in communication with the body cavity through 

the inguinal canals that remain open (Green, 1965).

The testes weigh 85 mg and measure 8,5 x 3 x 3 mm« 

Their microanatomy consists of a capsule (tunica 

albugenia), seminiferous tubules, surrounded by 

interstitial cells, and structural tissues. The

seminiferous tubules possess seritoli and sex cells.

The stages of spermatogenesis can be indicated as
follows (Green, 1965). spermatogonia-- »primary and

secondary spermatocytes--- jspermatids-- >sperms

Spermatogonia are visable from the last third of

fetal life to old age. In fully formed spermatogenic 

tubules, the spermatogonia appear as a thin layer of

cells with compact deeply stained nuclei forming a

poorly defined row immediately internal to the wall

of the tubule. Most of the cells are type B spermatogonia 

Type A are less prominent (Green, 1965).
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Reproduction«
Mice reach sexual maturity after 4 wk (Green, 19^5) 

Mating in mice is detected by the presence of a vaginal 

plug. Such plugs are formed by a mixture of secretion 

of the vesicular and coagulating glands of the male

and fill the vagina from the cervix to the vulva. The 

plug persists from 16 to 24 hr and may last up to 48 hr 

(Parkes, 1926). The egg of the mature mouse is capable 

of being fertilized and produced normal embryos for

about 10 to 12 hr after ovulation. Gestation is 19 to 

21 days. Litter size is 5-1° gains (Green, 1965).

The mean number of sperm is 58,060,000 (Lewis and 

Wright, 1935). Semen specimens can be studied for 

accurate viability counts for as long as 2 to 3 hr

after ejaculation providing the temperature and pH 

are not in extreme (Cannon, 1970).

Gonadal Response to X-rays

Although numerous experiments have been carried 

out, both before and after the classical work of 

Miller with Drosophilia (Snell, 1933)» to determine if 

X-rays induce fertility and hereditary change in 

mammals, the results heretofore obtained have been 

inconclusive when considered individually (Snell, 1935). 

Production of sterility in the X-rayed individuals 

has been proved (Albers and Sch’Snberg, 1903; Bagg and 

Little, 1924; Snell et al, 1933); as well as the 

production of defective embryos in litters conceived 

between X-raying and the onset of sterility (Martins and
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Franken, 1926; Snell et al, 1933). Semisterility, 

marked decrease in litter size, was first reported 

by Snell (1935) and has been conclusively demonstrated 

to be caused by reciprocal translocations readily 

detected in primary spermatocytes of semisterile 

males (Koller and Auerback, 1964). Koller (1944) 

explained the mechanical bases for semisterility, 

indicating that for any particular translocation 

the degree of fertility is correlated with the 

frequency of nondisjunction arrangement of the

translocated double tetrad.
The minimal and maximal dosimetry (dosage

measurement) is relative to the tissues being exposed

(Mandi, 1964). Gonial tissue in females can be grossly 
1altered with exposures of 50 r, while male gonial

tissue shows the same change only after 200 r are 
delivered (Russell, 1954). Russell (1963) has 

demonstrated that when testes receive a dose greater 

than 300 r fertility ceases within 4 wk and after 

an interval of sterility fertility is restored, due 

to the cyclic pattern of spernatogenesis. During

the pre- and post-sterile period, mating with

nonirradiated females yields significantly different

litters. The litters are smaller with a higher

percentage of prenatal deaths. Doses less than 300 r

^r=rads= amount of radiation which delivers 
100 ergs/gram; 0.95 r = 1 Roentgen (Lea, 1956).
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may depress fertility without a distinct sterile 

period. Following the sterile period the exposed 

males will remain fertile throughout life.

In high energy dosage treatments (localized 

exposures > 1000 r), immediate effects are absent, 

but after 4 to 5 days the mouse loses weight, 

becomes lethargic with ruffled fur and a general 

unkempt appearance. By the eighth day the mouse may 

be dead (Storer, 1965).

Histology Following Irradiation.

Mice testes irradiated with a localized dose

of radiation show a change in weight. The cause of 

this is due to the degeneration and reabsorption of 

the germinal components. Interstitial tissue remains 

essentially unchanged (Kohn and Kollman, 1955). Both 

the testes as a whole and individual tubules shrink

markedly in size as degeneration of damaged cells 

is completed (Oakberg, 1959). Due to irradiation, 

some decrease in volume can be traced to spermatocytes 

and spermatids that are discharged as mature sperms. 

This provides evidence that certain spermatogonia 

are more radiosensitive (Grosch, 1965).

X-rays can effect cells in various ways. Graham 
(1972) has reported that cells exposed to X-rays 

greater than 300 r will begin to swell, yielding a 

greatly varied nuclear-cytoplasmic ratio. He has 

also reported wrinkling of the surface of the nucleus, 

due to bizarre changes in the nucleus size and shape.
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The changes are due to varied concentrations of water 

(Graham, 1972).

In recent years the effects of X-rays on mice 

spermatogenesis has shifted to radiation genetics. 

This shift resulted from isolation of particular 
genes which manifest phenotypic traits (Snell et al, 

1958; Russell, 1963). Their work has enabled mice 

with mutant alleles to be bred and observed following 

irradiation (Russell, 1963). With radiation genetics 

in the forefront, the direct morphological effects 

of X-rays on spermatogenesis has been avoided in

recent years.

8



MATERIALS AND METHODS

Mice -

Inbred BALB/c males and females were obtained 

from the Carworth Laboratory in New York City. The 

mice were 8 to 10 wk old, healthy, and virgin. They 

were caged in groups of three to five with commercial 

woodchips for bedding. They were fed Purina Laboratory 

Chow, Better Fare Vitamin supplement, and tap water.

The mice were watered and fed daily. Cages were

cleaned every other day. Upon arrival the mice were

divided into one control group and two test groups.

Control groups consisted of three females and two 

males in one cage (C-5) and two male cages of six 

each (C-(1-12)). The remaining females were isolated 

for further use. The test sets were divided into 
three sets of six. The sets are designated T-I (1-6) 

and T-II (l-6). Prior to experimentation, the mice 

were allowed to adapt to their new environment for

5 days to recuperate from shipment.

Stimulating Apparatus,

A Grass S6 stimulator (5 to 20 volts D.C.) was 

used to induce ejaculation in mice. To facilitate 

accurate readings, the stimulator was monitored

through a 20—30Apotvariable resistor connected to a 

Vacuum Tube Volt Meter (VTVM). The VTVM was attached
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to a 6 inch rifle-shaped, device made of spruce and 

circuited with hair thin wiring. It was tapered at 

one end. The tapered end was lubricated with normal

saline solution.and inserted into the rectum of the

mice to a depth of 3-4 mm. At this time, 5 to 20 v 

was passed through to a metal ground connected to the

right hind foot of the mouse. Testing with this

apparatus was done only with control mice. Initially

3 were tested and 7 were tested prior to irradiation

4 wk later. Ejaculated semen was collected by

micropipets and counts were made with a hemocytometer.

Active motility of sperms were observed. Subsequently 

other power sources were used, a 0-6 v D.C. transformer 

and a Heath Kit Regulated power supply. The latter

possessed meters to monitor both amperage and voltage.

The same regulatory devices were used with the new 

power supplies, and amperage was maintained at 5 mamps.

Irradiation of Mice

Sets T-I and T-II were given different amounts 

of X-rays at two intervals of 14 days. The X-ray 

machine was a standard Picker X-ray ionization

chamber located at St. Peter’s Hospital, Helena,

Montana. To localize the irradiation to the gonial

tissue, string and tape were used to secure the mice 

on their backsides, thus exposing the genitals. The 

discomforted mice were not injured and breathed freely. 

The mice were protected from extreme temperatures

10



during transportation to the hospital. Both groups 

received X-rays localized to their gonial tissue. 

The BALB/c anatomy was reviewed in three autopsies 

to note the position of the testes. A piece of 

protective lead was obtained and cut to include 

the testes, prostate, and inguinal regions. The 

aperture in the lead was heart shaped. It measured

12 mm across the top and tapered down to a point

13 mm below (Figure 3).

Figure 3 Aperture in the Protective Lead. Ap, Aperture.

The lead protuberance protected the penial urethra.

The X-ray machine had a uniformed X-ray beam, since

shields were used to block out the softer energy

levels. The target to specimen distance was calibrated 

into the dosimetry. Scattering accounts for a 5% 

increase in the X-ray dose administered.

Test Set I,

X-rays were localized and administered as 

indicated. Set T-I (1-6) was irradiated 14 days 
after receiving the mice. At this time set T-I (1-6) 

were given 100 r for 30 sec at a depth of 3-^ mm.

A 0.25 mm aluminium shield was used to regulate

1 1



depth of exposure and uniformity of ionizing radiation. 

Following irradiation, the mice were immediately 

returned to their previous environment. They were 

observed for gross changes in body weight and 

activity. One mouse of the test strain was sacrificed 

after 8-10 days and another 12 days after treatment 

(T-I (1-3)). They were examined in autopsy and 

microslides were prepared of their testicular 

tissues. Control males C-(l-6) were sacrificed and 

slides were prepared at the same time.

Test Set II.

Localized X-rays were administered 14 days

following irradiation of T-I. Two mice sets T-I (4-5)
2were included with T-II (1-6), thus eight mice were 

irradiated. The T-I mice were marked by puncturing

their ears. The mice were given 222 r for 30 sec 

at a depth of 3-4 mm (222 r/min). The shielding 

consisted of .25 mm aluminium and ,25 mm copper.

The mice were immediately released following treatment

and returned to their previous environment. They

were observed for changes in body weight and

activity. Mice of set T-II-2 were sacrificed after 

8, 10, 12, and 14 days, and the remaining four after

18 days. They were examined in autopsy and slides 

were prepared. Concurrently, six mice of set C-(7-12) 

were sacrificed and slides were prepared.

2T-II (1-6) and T-I (4-5) = set T-II-2
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Quantitative Studies

The testes of mice in sets C- (1-12), T-I and 

T-II were weighed for comparative study.

Histologic Studies

A total of 23 mice were sacrificed including 12

controls and slides were prepared. The testes were 

fixed in a 10% buffered formalin solution, processed 

for histologic studies by the paraffin method and

stained with hematoxylin and eosin.

Microphotography Technique

The camera was a 35 mm Zeiss Ikon (20.7526) 

Contarex lens with a Zeiss Ikon AG adapter for the

photgraphy tube of the microscope. A shutter speed 

of 1/8 seconds was used. A cable trigger was used 

to reduce vibration.

The microscope was a Carl Zeiss Standard RA 

(Routine and Research) Microscope. The PH2 Neofluar 

16/.40 and 16/8 objective were used for the phase 

contrast photographs. The total magnification of

the slides was 200X and 500X. Light was regulated

manually and oil immersion was used with high power

to diminish the glare.

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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RESULTS

Ejaculation

The electrical stimulus caused immediate ejacula

tion by the three test mice. Males placed in contact

with females prior to ejaculation were sexually excited,

thus sperms were included in the semen. The semen

was collected with a 0.05 cc micro pipet. Stimulation

of the eight males prior to irradiation induced

ejaculation by only one. The second power source 

induced no ejaculation. The third power source induced

one mouse to ejaculate and the others failed to respond.

Also few sperms were found in the semen. Thus the

sperm and viability counts were not continued.

The Effects of X-rays on Body and Testicle Weight

There was no change in body weight or appearance 

in mice of sets C- (1-12) and T-I (1-3). Mice of 

set T-II (1-6) had a 16 per cent decrease in body 

weight, while set T-I (4-5) had a 25 per cent decrease 

in body weight (Table 1). Mice of sets T-II (1-6) 

and T-I (4-5) appeared unkempt with ruffled fur, 

and were inactive and sickly. The location and anatomy 

of the testes were normal. Testes of mice C- (1-12) 

appeared light tan in color, translucent, and firm in 

composition. Mice of set T-I (1 —had smaller, darker, 

and firmer testes. Mice of set T-II-2 had smaller,

darker, and softer testes. The weight of the testes

are shown and compared with body weight in Table 1.
14



mice

C- (1-12)

T-I (1-3)

T-II (1-6)

T-I (4-5)

1
Rati

2
0 of

3
mpu

4 I 5 I 6
se weight (g

n
) to

si 9 | 10 I 11 I 12
testicle weight (mg)

24^4 26^022^824^026?825?2 26^2 2&626^2 26T0 •p287628^0
70
25^

74
2^0

68
27?2

72 76 70 70 78 66 68 72 76

70
25^0

64
23^0

70
23?5 22^6 18^8 f19.0

68 64 58 60
2l£o

56
18^2

48

44 52

mean
of

ratios!
26.0
71.7
25.9
68.0
22.0
59.0

19.6
4s7o

Table 1 Comparative Ratios of Mouse Weight (g) to

Testicle Weight (mg). Mice and testes were weighed
immediately following sacrifice of the mice. asacrificed

8 days after irradiation, °sacrificed 10 days after 
0irradiation, sacrificed 12 days after irradiation,

d. * ©sacrificed 14 days after irradiation, sacrificed
f16 days after irradiation, sacrificed 18 days after 

irradiation.

Irradiation caused marked change in the weight of the

Irradiation.
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Testicle weight of irradiated mice was less than

the mean weight of the controls. Following irradiation 

mice in sets T-II (1-6) showed a progressive decrease 

in testicle weight. Testes of mice in set T-I (4-5) 

had a dramatic decrease in weight. The mean weight 

was nearly 24 per cent less than the mean weight of 

the controls.

Sperm Counts and Testicle Histology

The stages of spermatogenesis seen in prepared

slides could be distinguished. Individual cells 

appeared intact, and the nuclear-cytoplasmic arrange

ment could be readily differentiated. Histologic

details were also distinguishable in all four sets. 
Sperm counts (Table 2) made at various stages of 

spermatogenesis in seminiferous tubules of uniform 

diameter (125 ).
test sets C-I (1-12) T-TJLl-3) T-II (1-6) T-I (4-5)

mean(range) mean(range) mean(range) mean(range)

spermatogonia 50(30-70) 65(50-80) 70(50-80) 70(60-80)
s p erma10 cyt e s 125(65-165) 100(75-150) 225(150-300) 225(200-300'
spermatids 75(50-80) 60(40-75) a a
mature sperms 90(40-110) 90(70-110) 100(80-110) 80(50-110)
Table 2 Counts of Cells at Various Stages of Spermato

genesis of Single Seminiferous Tubules of the Four Test

Sets of Mice. Counts were averages taken from fifteen 

tubules (125 diameter) of each mouse in all sets. 
a Spermatids could not be distinguished.
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Tubules of set C-I (1-12) and T-I (1-3) mice had near 

similar cell counts. The nuclei in cells of mice in 

set T-I (1-3) stained slightly darker, and more dead 

and dislocated cells were present in the interstitial 

areas. Both sets showed many distinct spermatogonia 

and spermatocytes. Mature sperms were located in the 

lumen and seritoli cells (Fig. 5,6). Spermatogonia 

in sets T-II (1-6) and T-I (4-5) were not pronounced 

seemingly small and obscured, (fig. 8) shows that 

spermatocytes were found in greater concentration in 

sets T-II (1-6) and T-I (4-5). Increased concentration 

was due to the presence of multilayered and densely 

packed cells. Set C-I had two to three spermatocyte 

layers, whereas sets T-II (1-6) and T-I (4-5) had 

four to six layers packed together nearly filling the 
lumen (Fig. 8). The spermatids in sets T-II (1-6) 

and T-I (4-5) were not counted as differentiation 

was impossible (Fig. 8,9). Mature sperms were present 

in high quantity, but they were not located in the 

lumen as in the controls, rather massed within seritoli 

and sex cells (Fig. 8). There was a higher concentra

tion of sperms lacking heads in the lumen in sets 

T-II (1-6) and T-I (4-5). Interstitial tissue was 

prominent and contained more dead and dislocated 

cells. Counts of dead cells could not be accurately

made as some seminiferous tubules were damaged and 

smeared in preparation (Fig. 7). Multinucleation

17



and bizarre shaped nuclei were not readily detected 

in cells of sets T-II (1-6) and T-I (4-5). Their 

nuclear-cytoplasmic ratio increased resulting in 

denser cells (Fig, 8,9)» thus the tubules were 

darker and lacking in cytoplasmic materials and thus

seemingly dehydrated. Weight loss was apparently

due to loss of liquid constituents.

Figure 5. Nonirradiated Testes Showing Seminiferous 

Tubules and Interstitial Tissue (X200), Sf, Seminiferous 

tubules; Ints, Interstitial tissue; Lu, Lumen,

18



Figure 6. Nonirradiated Seminiferous Tubule (X500).

Sg, Spermatogonia; Sc, Spermatocyte; St, Spermatid;

MSp, Mature Sperms; Lu, Lumen; Ints, Interstitial tissue.

Figure 7. Irradiated Testes of Set T-II-2 Sacrificed

18 Days Following Irradiation. Smearing of seminiferous

tubules is evident (X200). Sf, Seminiferous tubule;

Ints, Interstitial tissue; Lu, Lumen.
19



Figure 8. Irradiated Testes of Set T-II-2. Seminiferous 

tubules are seen as dark, densely packed, highly nucleated

areas (X500). Sg, Spermatogonia; Sc, Spermatocyte;

Figure 9. Post-irradiated Teste of T-II-2 Sacrificed

Following 18 Days (X,500). The cells of the seminiferous

tubule are dark and poorly differentiated. Sg, Spermatogonia;

Sc, Spermatocytes; MSp, Mature Sperms; Lu, Lumen.
20



Breeding Results
One of the mice in set C-5 gave birth to eight 

gains 31 days after integrating the sexes. Three 

gains survived. None of the three females introduced 

to set T-I-6 gave birth to offspring although inter

course took place, as indicated by the vaginal plugs. 

The mice were observed for 50 days and no indication

of pregnancy occured.

21



DISCUSSION AND CONCLUSIONS

Testes of irradiated mice showed considerable 

weight loss. Testes of set T-I (1-3) generally weighed 

less than controls (Fig. 4). Following irradiation 
a progressive weight loss was observed in set T-II (1-6) 

(Fig. 4). This consistent weight loss was culminated 

by the marked decrease in weight of mice sacrificed 

after 18 days. Set T-I (4-5), which were irradiated 

twice substantiated this trend by showing a 24 per cent 

loss of testicle weight (Table 1). This loss of weight 

in the testes clearly indicates the dramatic effects 

of X-rays on the testicle weight. The testicle weight 

loss appears to depend upon the dose delivered and the 

time elapsed following irradiation. It also appears that 

weight loss is a near exponential function of the X-ray

dose administered.

The changes in body weight and sickly nature of 

the mice in set T-II-2 indicate that although irradiation 

is localized to the testes, the deleterious effects of 

X-rays ultimately manifest themselves throughout the 

mouse. TJie sickly nature of 18-day post-irradiated 

mice could not only be the direct result of irradiation, 

but also the secondary result of depression in the 

immunological competence of the mice.

22



Histologic comparisons of the control and irradiated 

testes indicated marked tissue damage. The tissue 

damage can be seen in the individual cells of the irrad
iated testes. Testes of sets T-II (1-6) and T-I (4-5) 

indicate marked cellular damage (Fig. 8,9) • The 

increased nuclear-cytoplasmic ratio and densely packed 

cells indicate a loss of cytoplasmic components. The 

major component lost is probably water (Graham, 1972). 

Testes of set T-I (1-3) mice did not show decisive 

cellular changes; however, the darker staining nucleus

could be the result of increased activity of the

nucleus, due to the low dosage of ionizing radiation.

The comparative counts made on various stages 

of spermatogenesis indicate an interesting trend. The

seminiferous tubules of the irradiated mice show a

marked change in the number of cells present in the 

various stages of spermatogenesis (Table 2). Semin

iferous tubules of mice in set T-I (1-3) had an increase 

in the number of spermatogonia and spermatocytes, yet

a decrease in the number of spermatids. The mature 
sperm counts; however, remains the same (Table 2). 

Seminiferous tubules of set T-II (1-6), showed an 

increase in spermatogonia and a large increase in 

spermatocytes. The spermatids were obscured and 
mature sperms increased slightly in number (Table 2).

Set T-I (4-5) exemplified the same trend as T-II (1-6) 

except that fewer mature sperms were found. The
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spermatogonia in mice of sets T-I (4-5) and T-II (1-6) 

showed a slight increase in number, but even more 

dramatic changes were evident in the increase in 

spermatocytes (Table 2). The spermatocytes are forming, 

but do not appear to be maturing into spermatids.

This indicates an arrest in the differentiation of

spermatocytes into maturing sperms. This is further 

supported by the difficulty in counting spermatids.

The high quantity of mature sperms present does not 

contradict these conclusions, since the mature sperms 

were present in the lumen ready for release only in 

control mice. The sperms of irradiated mice were

massed into seritoli cells or intermixed with the

various other sex cells. Thus, it appears that the 

mature sperms were present prior to irradiation, or 

the sperms developed from late maturing spermatids. 

Apparently, then, spermatocytes increased considerably 

in number, but failed to differentiate into spermatids. 

Another possibility is that the spermatids form, but 

fail to develop enough- to be seen distinctly. Koller 

and Auerbach (1964) have demonstrated that X-rays 

caused reciprocal translocations in primary sperm

atocytes of semi-sterile males. Their work supports 

the evidence that arrest in spermatogenesis takes

place in spermatocytes.

It is premature to indicate why the spermatocytes

are the site of spermatogenesis arrest. This arrest

could result from an additive effect, i.e., the X-rays 
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caused disruption of all the sex cells, resulting in 

a build up of certain chemical constituents. These 

constituents could impair and ultimately arrest sperm

atogenesis at the spermatocyte stage. The additive 

effect could also manifest itself through cell division. 

The spermatogonia could be damaged by the radiation, yet 

still divide to form spermatocytes. In the sperm

atocyte stage this additive effect could culminate 

in arrest of sperm development. It is also possible 

that spermatocytes are more sensitive to ionizing

radiation.

The mating studies were done on a limited scale 

and the results obtained are not suited for comparative

study. A larger sample of mice should be used and 
careful observations made. The work of Russell (195^-) 

provides an excellent technique for monitoring the 

breeding of mice following their exposure to X-rays.

Induction of ejaculation in mice proved incon

clusive since the technique of stimulating mice to 

ejaculate was effective initially, but subsequent 

stimulation generally failed. The stimulating technique, 

with further refinements, would be valuable to studies 

of this nature. Physiological and behavioral consid

erations should be observed since they may account for

the lack of ejaculatory response.

Any discussion of the results of this study in

light of other research must consider that it is

necessary to make comparisons between experiments

carried out in different laboratories using different 
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equipment and stocks of mice. The localized testicular 

X—ray exposures of Koller and Auerback (1964) and 

Russell (1963) were done with dosages ranging from 100 

to 600r, but none of the mice was irradiated more than 

once. Those working were mainly concerned with fert
ility of F.j generation males. Oakberg (1959) studied 

degeneration of spermatogenesis in the mouse following 

exposures to X-rays. His mice were irradiated on 

more than one occasion, but he reported only cause 

of death in developing sex cells. The integration 

of techniques employed in my study provides a unique 

approach to the morphological effects of X-rays on 

spermatogenesis.

More accurate results could be obtained by employing 

a larger number of controls and test groups. Ir

radiated mice should be sacrificed along with controls 

at daily intervals for periods lasting as long as 3 

to 4 months. Germ free mice should not only be obtained, 

but closely monitored so that pathogenic micro

organisms do not confuse test results. A range of 

X-ray doses should be administered in an attempt to 

isolate a stage in spermatogenesis that is more

radiosensitive.

Lastly, the physiology and biochemistry of post- 

irradiated mice should be studied in detail, as this 

is where the effects of ionizing radiation manifest

themselves.
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