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I-

ABSTRACT

Fouwrty mice , twenty mal e and twenty
females ware divided inteo five groups and

given whole-body exposuwre of different levels
of gamma radiation : O, 150, 200, &00 and 750
rads. Two males. and two females From  each
lavel were sacrificed after 24 houwrs, while
the rest were sacrificed after one week. The
testes and ovaries Wer e studiesd
higtologically. This study aims to compare the
aftects of different levels of gamma radiation
atter 24 hows and to determine whether a
regeneration  or repailr has occuwred after one
weel or not.

It was {found out that the spermatogonia  were
the most sensitive amang the gspermatogenic
cells  while the spermatozoe were the most
resistant. At 130 and 200 rads, the
spermatogonia  were the most affected. At 600
rads, the spermatogonia were very few and some
spermatocytes have disappeared. At 750 rads,
only a few spermatocytes but much spermatids
and spermatozoa were present. After one weelk,
all levels showed a decrease in the number of
cells, particularly the spermatogonia. At &00
rads, a new type of ccell, having large,
compact, dark-staining nucleus was observed.
In the ovaries, it was observed that the most
sensitive were  the primordial  and  primary
follicles while the Graafianmn follicles were
nore resistant. In the 300 rads, a cyst
suwrrounded bry colunnair epithelium was
ohserved. Frimordial and primary follicles
decreased concinuously as the dose increased.
Likewise, many secondary follicles showed
atresia. After one weeslk, the ovaries showed
many empty spaces within the organ, signifying

great degeneration of the follicles. The
follicles, especially  the primordial ancl
pirimary ones showed a decrease in number.

It was concluded that aftter one weel ,

regenaration  has not yet taken place in  all
the doses used here. But i+ regeneration were
to occur after one week, 1t can be said
that the gonads exposed to the higher doses,
HOO and 750 would need longer time to recover
because here, the stem cells were almost-
totally wiped out.



I.INTRODUCTTION

The past Z50 yvears has seen the full  development of

i

science and technelogy — a development +that has totally
changed the direction of the world. This development has
been so rapid and so widespread that all people have been in
one way or another affected by it. In fact, it has become so
much ingrained in man’'s life that many products of science
and technology are not any more considered as luwiwries,  but
"mecessities" .o In many instances,these products have been
tools in saving lives, in the success and failuwes of
industries, and as determinants of the rise and fall of
countries. indeed, science and technology bhave produced
innovations  and many new equipment  which have helped man

live comfortably and longer.

With the invention of the atomic bomb in 1945, one
part of science and technology came into heavy focus -
that of radiation. Since then, it has been widely studied
and widely used. Indeed, it has numerous applications in
different fields such as medicine, agricul ture and
industry. Radioisotopes are now commonly used for the
diagnosis of certain diseases; radionuclides like lodine-
1731, Arsenic~74 or Fhosphorus-—-32, Sodium chloride - 24 are
used to test thyroid functions, presence of brain tumors,
and to measuwre blood supply, respectively. Furthermore,
other radionuclides Llike Cobalt-60 are used for therapy,

especially in cancer. In agricultuwe, they are also used to



study plant-relationships, plant hreeding and the metabolism

of animals. Racdiation has also been very useful in  the
industry. It has been used in food treatment, in controlling

pests and in the process of sterilization. Radiation prroves
to be capable of preserving food by inhibiting or destroying
the microorganisms. Exposwe to radiation renders insects
sterile, thus making them unable to perpetuate  their own
Lind. 1t is also now used Lo sterilize medical products like
syringes, absorbent cotton, gloves etoetera  (Fahl, 1980).

Furthermore, nuclear reactors are now so widely used in many

industrialiced and developing countries like Japan, America,

France, Euaglarnd and Taiwan. These reactors have beon souwrces

of electrical ensrgy, and have propelled ships. It can
indeed be said that radiation has brought innumerable

benefits to mankind.

However, radiation is a two—edged sword. While it has
servied its “master" well, it has also given numerous hazards
to users. While it nelps diagnose and treat diseases, it is
in itself the cause or the perpetuator of some of these
diseases. While it is a toonl to provide basic services like
glectricity, accidents or improper and careless constiruction
and handling of these equipments had resulted to deaths and
casualties as shown by the Chernobyl accident in the
Soviet Union. Especially susceptible are the personnel who
work and operate these equipments. But the most alarming is
the use of radicactive materials in making war weapons.

Atomic bombs and now nuclear bombs are just a "push of



button"” away. In fact, the survivors of the 194% bombing of

Japan are just manifestations of the great destruction and
sufferings that are brought about by radiation. It is
capable of inflicting serious damages on all parts of the
human body, on alil animals and plants and even the

environment. However, it is impossible or very difficult at
this stage to totally eradicate the use of radiation. What
may be done is to minimize its harmful effects.

This paper ailms to study the histological effects of
radiation, speciftically different levels of cobalt-60 gamma
radiation on the gonads of mice. It is also the aim of this
recsearch to determine whether these organs ,  which might
have suffered soms damages would still be able to rescover
within one week.

However, the study would still be limited to the gonads
of the mice. Although the other organ systems may be
affected and may even be causes of death, the gonads will be
the determining factor as to whether the individual would
still be able to help in the perpetuation of species.
Furthermore, only the histological parts will be studied.
The physiology, gross anatomy and behavior would not be
considered. Also, only gamma radiation would be used here.
And lastly, the effects would be studied after twenty-fouwr
hours and after one week only due to time constraints. Other
effects like regeneration/recoveries or degeneration atter

one weel would not be studied anymore.



ITI. REVIEW OF RELATED LITERATURE
A. The Mouse

The mouse, scientifically named Mus musculus is

a small, furry animal which is under the Oirder

Rodentia. Rodents comsprise the largest mammalian
order and are distributed worldwide. Fent (1987)
gave the characteristics of this order @ they have a
single pair of 1wz, cuwved, uppsr and lower incisor
teeth that are used for kEnawing. These teeth have

anamal on theilir outer surface only, which provides a

chisel-like edge as the softer dentin wears away.

The teeth grow cthroughout life. Canine teeth are
absent, so thersa is a stretch of toothless jaw or
diastema between the incisors and the first grinding
testh. Rodents are generaliy cellulose eaters and at
the beginning of the large intestine, there is a
long, coiled cecum that houses commensal celluwlose-
digesting microorganisms. Hyman (1963) further added
that rodente have a smooth or slightly convoluted
brain, and there is the presence of clavicles.
There are three suborders @ Sciuromorpha, Myomorpha
and Caviomorpha (Hystricomorpha). The mouse’ place
in the classitication schemne is as follows @

FHYIUM Chordata
SHBFHYL.UM s Vertebrata

CL.ASS s Mammalia

SURCL.ASS ¢ Eutheria or Monodelphia
or Flacentalia

ORDER 2 Rodentia

SUBORDER : Myomorpha
GENUS o Mus

SRECIFIC ERPITHET @ musculus



The male reproductive organs consist of paired
testes, wechra, penis, and associated ducts  and

glands. Female reproductive orgaens consist of paired

ovaries and oviducts, uterus, cervix, vagina,
clitoris and  paired clitoral glands. External

inftluences such as noise, diet, light and population
gdensity, play an important role in reproduction and
directly o indirectly influence the hypothaimic-

axis for hormonal control of ovarian  and

~

pritun tary
testicular function. Genotype also drramatically
atfects the reproductive performance of  the mouse
(Jacoby and Fox, 1984).

Foilicle-stimulating hormone promotes
gametogenesis in both sexes. lLuteinizing hormones
promote the secretion of estrogen and progesterone
in  the female and androgen in the male. Frolactin
promotes  lactation  and development of the ovary
during pregnancy. These gonadal hormones also ensure
proper maintenance of the reproductive tract and
moduliate behavior to promote successful mating. The
nypophysis is  wusually responsive to hormonal
influence by day 6 in the male and by day 12 in the
female. Ovarian follicle development begins at 3
weeks of age and matures by 30 days. Rising titers
of gonadotropin evoke signs of sexual maturity at
about the same age. In the female, estrogen-
dependent changes such as cornification of vaginal

epithelium at the vaginal opening can occur as 2arly



as 24-28 days. Fuberty is slightly later in the male

(up  to 2 weeks). Sexual maturation varies among

strains and stocks of mice and is subject +to

seasonal and environmental influences. Mating
behavior and ability to conceive and carry fetuses
te partuwition are under the complex hormonal
balance mediated by the anterior pituitary (Jacoby

W

and Fox, 1934).

The mouse is polyestrous and cycles every 4 to 5
days. In the first btwo  phases (proestrus arnd
estruz), active epithelial growth in  the genital
trract culminates in ovulation. Degenerati-vea

epithelial changes ocow during the third phase,

foliowed by diestrus, a period of quiescence or slow

cell growth. The cycle can be followed by changes in
the wvaginal epitheliwn that are often used to

determine optimum receptivity of the female Ffor
mating and fertilization. Fatency of the vaginal
orifice and swelling of the valva are useful signs
of proestrus and  estrus. Irregularities of the

estrous cycle ococuwr dwing aging. Seasonal and

dietary factors and genetiac backgrounds also
inftluence petrous cycles. Estrus i routinely

observed in mice at about 14-24 hr after parturition
(postpartum estrus). The cyclity of estrus and
ovulation are controlled by the diwnal rhythm of

the photoperiod. Mating, estrus and ovulation most



often O U during the darlk phase of the
photopericd. Reversing the timing of the light-darlk
cycle reverses the time of estrus, ovulation and
mating {(Jacoby and Fox , 1984).

Gestation is usually 19-21 days. Because of

postpartun estrus, lactation and gestation can occur

gimul taneously., Lactation can delay gestation

L]

ha

pecause of delayed implantation. This may causae
prolongation  of gestation for up to 12-1% days in
inbred strains. The eftective reproductive life of
some inbred strains approachez 2 years where optimun
anvironmantal conditions are maintained, but litter
sizxe usiual Iy decreases as the female ages.
Theretore, females are usually retired by 1 year of
age. fAverage litter size is strain dependent and
commonly ranges from 1 to 12 pups {(Jacoby and Fox

A

19843 .

Since this stuwdy is dependent on  the sex of the
mice, 1t 1s necessary to familiarize oneselft in
differentiating males from females. The following
may apply both to mice and albino rats . The most
dependable external characteristic by which to
recognize sex at birth is the ano—genital distance.
This distance is measwred from the anal aperture to
the base of the genital papilla (clitoris or penis).
The ano-—genital distance is always much greater in

the male than in the female of the same age (Figure



E.

I, Appendix B).

a male is much 1

female of the g

Furthermore,

the genital

papilla of
arger than the genital papilla of &

ame age. These Ltwo characteristics
apply at birth and at all subsequent ages

anet  Duhring,

(Greenman

19351) .

In addition to these external characteristics,
the following may be noted @

At sixteen or seventeen days of age, when the rat
has acoguired a coat of hair, the line between the

anus and the

relatively

cpace is coverad

genital

bare,

papilla of the female remains

while in the male this line or

with hair

except a small area dust

ventral to the anus. This small bare airea

corresponds  to the dorsal part of the scrotal area

wheaire, after the sixth weel, the testes may
occasionally be found.

Firom eight to fifteen days of age the mamnae

(nipples) of the female, six pairs, are clearly

visible.
and Duhlring, 193
Table 1,
about the mice .
The GONADS
The testis

gland enclosed

tunica

Later these are obscured by

Appendil X

is a compact ovoid

albuginea

qalr {Greenman

1.

A gives some normative data

compund tubular

in a thick fibrous capsule called the

because of its  white fibrous



appearance. Thin fibrous septa, called SEFTULA
TESTIS, extend into the tunica albuginea, dividing
the organ into pyramidal compartments, the lobuli
testis. Each lobule is composed of one to four
highly convoluted SEMINIFEROUS TUBULES. These
constitute the exocrine portion of the testis, which
15 in essence a cytogenous gland whose holocrine
secretory  product is whole cells, the spermatozoa.
The tubules are highly convolouted loops, but  they
may also branch or end blindly. The seminiferous
tubules are enclosed by one or more layers of
adventitial cells derived from primitive connective
tissue elements of the interstitium. In common
laboratory rodents, there is single layer of
flattened polygonal cells that meet edge to edge to
form a continuous epitheloid shest swirounding the
tubule. These cells are referred to as MYELOID CELLS
or FERITUBULAR CONTRACTILE CELLS (Bloom and Fawcelt,

1986) .

Each adul £ seml i ferous tubul e contains
suppoirting cells and numer ous microscopically
recognizable stages of spermatogenesis, the seguence

of events by which spermatogonia  are transformed
into spermatozoa.

The Sertoli cells are the supporting,
nonproliferating, columnar epithelium resting upon
the basal lamina of the seminiferous tubule and

extending upward through the full thickness of the

10



epithelium to its free suwface. Sertoli cells have a

S T T, [ ¥ S ) E :
rather large pale-staining nuclsus that is Commonly

located in the basal region of the ceily they are
elongated to ovoid, with irregular indentations. The

Sertoli cell has homogenous nucleoplasm, except for

a large and highly characteristic nucleolus (Ham

ard
Cormacl, 1987). The cells comprising the different
stages in  spermatogenesis are the spermatogonia,

spernatocytes, spermatids and spermatozoa.

The spermatogonia are the large, spherical germ
cells basally situated adiacent to the suwrounding
basement membrane. It is the diploid predecessor
from which spermatocytes arise. The spermatogonium

is  oOf cwo  types 0 Type & spermatogonium  has  a

spherical o ellipsoid nuclews with very fine
chromatin granules and one or  two  irregularly-

shaped nuclecli attached to the inner aspect of the
nuclear envelope. The cytoplasm is homegeneous  and
pale-staining. In some, the nucleoplasm is darlk and
a large pale-staining nuclear vacuole 1is present.

While Type B spermatogonium has a spherical nucleus

=

containing chromatin granules of varying size, many
of which are distributed aleng the nualear envelope.
The single nucleolus is centrally jocated and often

has granules of chromatin associated with it. The

Type A spermatogonium  undergoes & series of
divisions that give rise Lo other Tvpe A

11



spermatogonia.  OF  these progenies, certain ones

SEI"ve as stem cells for future cycles of

spermatogonial  renewal and spermatogenesis. Others

procead to differentiate through recognizable
intermediates into Type R spermatogonia. The

division of Type B spermatogonia then gives rise to
primary spermatocytes (Bloom and Fawcett, 1986).

the primary spermatocytes at first resemble in
slge ard cyitologioal characteristics the
gspermatogonia from  which they acise, but as they
move  away from the basal lamina of the germinal
epithelium, they accumulate more cytoplasm and
become distinctly larger. The primary spermatocyes
will undergo the first part of meiosis to become
secondary spermatocyvizs. Secondary spermatocytes are
smaller and are situwated in the middle layers and
the more superficial layers of the seminiferous
epithelium. These cells miss the 5§ phase of the cell
cycle and  almost imnediately uwundergo the second
matuwration division. The daughter cells of the

secondary spermatocyt

are the spermatids. At
first, spermatids are rather small round cells with
a spherical nucleus. They then elongate and  the
nucleus takes up a peripheral position relative to
the lumen of the tubule. Each spermatid wndergoes
spermiogenesis  to change into a spermatozoon {Hain
and Cormacl:, 1987).

Each spermatooon is made wup of a head, &

12
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midpliece that represents the pro<imal part of  Lthe

tail and the main part of the tail. The somewhat
A [N R . T T A ey eem g h pe] - . .
rlattened ellipsoidal head contains the nucleus,

which is relatively rigid and is packed with highly

condensed chromatin. The anterior end of the nucleus

is invested by the acreosomal head cap. The midpiece

and the remainder of the tail comprise the
flagellum. The midpiece of the spematozoon also

incorporates  the mitochondrial sheath and a small
quantity of cytoplasmic matrix. The rest of the tail
consists of a principal piece and an end piece (Ham
and Cormack, 1787).

1t has been the traditional view that each
gpermatogonium divided and the daughter cells each
teavel operd into S pPrimary spermnatocytey this
ultimately divided into two secondaries, and these
in twn divided to form fouw individoal spermatids.
This interpretation is now known to be incorrect. In
all but the sarliest spermatogonial division,
cytokinesis is incomplete, resulting in groups of
conjoined spermatogoni a ancd larger synoytial
clusters of primary spermatocytes. These produce
couble tie number  of  interconnected secondary
spematocytes. Their division in twn produces very
large numbers of conjoined spermatids. The progeny
of a single spermatogonium thus forin a cluster of

germ cells that remain in protoplasmic continuity

13



throughout their differentiation. This arrangement
is probably responsible for  the synchrony of
development of large numbers of germ cells in  any
one  area  of the seminifoerous tubule. Individual
sperms are separated from the syncytia at the moment
of their release from the epithelium {Bloom and
Fawcett, 19861.

The ovaries are slightly +lattened ovoid paired
organs which are covered with a cuboidal epithelium.
The ovary has a thiclk peripheral zone or CORTEA
surrounding the MEOULLA. Embedded in the connective
Ltissue of the cortex are follicles containing the

femal e

cells, the cecytes. Tha follicles are
present in a wide range of sizes representing
various stages of their development. When a follicie

reaches maturity, 1t ruptuwes at the surface of the

i

ovary to release the ovum, which then enters tha
open  end of the neighboring oviduct. The bouwndary
;

betwsen the ovarian cortex and medulla is poorly

defined. The medulla consists mainly o loose

I
T

connecktive tissue and a mass of contorted blood
vessels that are large in proportion to the size of
the ovaryv ( Bloon and Fawcett, 198&).

The ovary is covered by a continuous sheet of
squamous or cuboidal epitheliuwn, namned the GERMINAL
EFITHEL IUM. Reneath this is layer ot dense
connective tissue, the TUNICA ALBUGINEA , the white

appearance that its name suggests is due to the

14



great content of intercellular

substance and lack of

vascularity. Its fiber bundles and cells

alr e

arrangaed more or  less parallel to bthe surfoace.

Embedded in the stroma of the corfter deep to Ch

tunica are the Ffollicles. The vast
majoirity of the follicles are the PFRIMORDIAL or

UNILAMIMAR FOLLICLES. Each consists of a large round
prrimary oocyte that i1s in the resting {(dictyotent)
stage of the meiosis 1. Suwrrouwnding the primary
pocyte is  a single layer of squamous follicular
epithelial cells, which are alternatively known

as
GRAMULUSA cells, enclosed within their basement
membrane. The oooyte has & large, eccentrically
placed vesicular nucleus with a conspicous nucleolus
(Bloom and Fawcett, 1986).

s the oocyte enlarges, the follicular cells
become cuboidal o low coluwoenmar and by mitotic
proliferation give rise to a stratified epitheliunm
of granulosa cells, thus bransforming the primordi al
folliclie to a multilaminar primary follicle. As  the
follicular epithelial cells proliferate, the walls

of the feollicles come to contain more than a single

layer of these cells. In  addition, an amorphous

)

0

material accumulates in a space between the oocyt
and the granulosa cells to form the ZONA  FELLUCIDA
which i3 a highly refractile glycoprotein layeir.

Also  the stromal cells surrounding  the follicle

15



differentiate into a capsule-like theca (Bloom and

Fawcebt, 1285, However, only one of the folliclis
that ise beginning te matwe in each cycle actually
completes the process; the remainder undergoss a
degenerative process called FOLLICULAR ATRESIA. In
atretic folliclies, there is the absence of blood
clot because bleading occws only i+  the folliicle
reaches aturity and ruptures, disorganization of
the normal arrangement of the follicular cells and
pyknosis of their nuclei or shrinkage cr other kinds
of distortion of the vocyte or its nucleus (Ham and
Cormaclk, 1587).

I tihe secondary follicle stage, the enlarging

follicle becomss oval in  shape and the oocyte

eccentric in position. Irregular spaces filled with
clear fluid appear among the granulosa cells. This
fluid, called the LIGUOR FOLLICULI increases in
amount as tihe follicle enlarges and the irregular
spaces among the granulosa cells become confluent to
+ oI a single crescentic cavity, the ANTRUM .
Thenceforth,this secondary follicle is described as
antral follicle.The typical small antrum follicle is
lined with a stratitied epithelioum  of  granuwlosa
cells, which displays a local thickening on one side
called the CUMULUS QOFHORUS. This thicker region
protruding into the fluid-filled cavity has the
vocyte in its center. The ovocyte is surrounded by a

single layer of cuboidal follicular cells whose

16



apical  processes are firmly anchored in  the zona

pellucida. This celluwlar investment is referred to

as the CORONA RADIATA (Bloom and Fawcett, 198&).
In  the matwre follicles (GRAAFIAN FOLLLICLES),
mitotic

tigures gradually decrease in number among

the granulosa cells. Intercellular spaces among the

inner layers of the epitheliuwn become more prominest.
THe connection of the ovuam and the associated
granulosa cells of the cumulus oophorus  with  Lhe
rest of the epithelium is gradually leoosensd by the
development of new, liguid-+illed intercellul ar
Spaces. In the loogsening up of the cumulus, Lthe
ovuim, together with its zona pellucida and corona
radiata are fresd of their attachment in preparation
for ovulation (Bloom and Fawcett, 1986).

Following ovulation and discharge of the liquor
follicuii, the wall of the folliculi collapses, and
its granulosa cell lining is thrown into folds. The
basal lamina that formerly separated the granulosa
and the theca interna is depolymerized. There may be
Lome assocl ated blood from the capillaries,
Fesulting  in the formation of a central clot. The
rells of the plicated granulosa cells and those of
the theca interna then undergo cytological
alterations. They enlarge, accumulate lipid and are
transformed inte plump, pale staining pelygonal

cells — the lutein cells. After these postovulatory

17



changes have taken place, the follicle is called the

CORFUS LUTEUM (Bloom and Fawcebt, 1986).

GAMMA RADIATION

George Fahl gave a clear and complete discussion
of the nature and propsrties, and mechanism of
interaction of gamma radiation.

Gamina Fays o are electromagnetic radiations.
Electromagnetic radiations are characterized by

their wave property. Each has its own wavelength -

Puwesen successive crests, ana fredquency -
rumber of cyocles per unit time. The entire spectrum
uf  electromagnetic radiations is present in our

2Nvironm

t in  the form of radiowaves, infrared,
visible, ultraviolet, x-ray and of cowse, dgamna
FaySa Their speed Ly independent of their
wavelength, frequency and energy and is the same as
- 1m1m

that of light {(about 3 » cm/sec) .  Their

pos

wavelength, freguency and energy are correlated by
the foliowing eqguations

C a= vt anci E = ht

where ¢ is the speed of lighlt, w is the wavalength,

f is  the frequency, E is the energy and h is

i

s constant, with a numerical value of 4.1

¢ ag
R

[

Flanck
— ) B

10719 ay-sec.

Gamma-—enegy values for the most commonly usied

gamma emitters vary roughly between 0.2 and 1.3 MeV.

18



A gamma photon originates from an unstable nucleus

hrough

a radionactive decay proces It ie either

monvenergetic or consists of few discrete energies,
The interaction of gamma radiation with matter

may take the form of any of the following @

i. Fhotoelectric Effect

Upon striking the electron, the gamma photon
disappears conpletely, and 1ts energy is transtferred
to the electron (usually an electron in the K shell

4 the atom), which is ejected from the atom, with
the conseguent formation of an ion pair. The ejected
electron is usually called a photoelactron.
Fhotoelectrons have enough kinetic energy to become

souwrces of ionizations, such that along their paths

they will strip orbital electrons from other atoms
Y

of Lthe absorber, thus producing secondary ion pairs
(Figure 2, Appendix B).
2., Compiton Scatltering

nlike the photoelectric = fect, Compton

Scattering is a type of interaction that doss not
occur wit electromagnetic radiation of lowsr energy
than X-rays  and  gamma 1mays. The incident gamma
photon collides with an orbital electron without
disappearing; it is simply deflected (scattered)
from its path at an angle, and atter the collision
it has a longer wavelength and therefore lower

frequency and energy than the incident photon. The
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enerdy  lost by the photon iz imparted to  the
wlectron, which is uwsually one of the outernost
orbitsy  the electron (Compton electron) is ejected
firom  the atom with a certain  amount of kinetic
energy and thus with the ability of producing ion
pairs {(Figure %, Appendix R).

Im Compton Scattering, the gamma photon seems to
behave like a particle. The interaction between the
incidernt photon and the electrons results in  the

same type of effects as the collision between two

particles. T discovery and explanation of the
Compton eftfect led for the first time to the concept

that electromagnetic waves present some properties

of particles

e Fair Froduction

Thise i a type of interaction that cannot take
place unless the photon energy is at least 1.02 MeV,
and its probability increases with the atomic number
af the absorber. FFair production is  a rratheir
startling phenomnenon  bhecalse it invalves the
conversion of energy into matter, as predicted by
the general theory of relativity. When a high energy
gamina photon Passes very close to a nuclewus of high
atomic number it interacts with the strong nuclear
electrostatic field and disappears. Its energy is
entirely converted into two material particles, a

negative electrorn (negatron) and a positive eliectron

)
C



D.

tpositron), hence pair production. This creation of

particles from ernergy is sometimes calied

Ymaterialisz

tion  of energy". For the formation o f

one negatron and one positron, at least 1.078 MeV  of

energy  1s  required. Quite freqguently, the two

electrons possess enough kinetic energy to produce

secondary ions along their paths. When the negateon

iesipated all of its energy, it will come to
rest  and  continue to  exist el Lher

as  a free

electron or as

an orhital electron of an atom. bhen

the positron comes Lo re

L, Lt combines with @ a
negatron and both together disappear {annihilation
of matter). Their matter is converted to energy, and
Lwao gamma  photons  {annihilation of rradiaktion?
originate from MASBSES ot two annihilated
particles, yeach having an energy of 0.311 MeVY  and
traveling in opposite directions L guire 4,

Appendix B).

RADIATION STUDIES

(e Desalve determined the part played by

Festoration  and by variation of radiosensitivity, in

the:

final effect on the follicular system of the ovary

using  x-rays given in two types : either as a single

dose (] as  the same total dose but equally

fractionated. Three methods were used ! a single dose

of

2,500 rads  {(which sterilises the ovary and

completely destroys the follicular system) in rabbits,
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a single dose of 1,050 rads (which does nol destroy or

sterilise but is enough to cause much damage, partially
restorable  ,  to the follicular syestem) and the same
dogse of 1,050 rads, but given as {five doses of 210
rads, at intervals of 48 hows., The results of counting
primordyal follicles in the 144 ovaries he studied
showed that after a single sterilising dose (2,500
rads) , disappgarance of evoluting follicles is  rapid
and  definite, while that of primordial follicles
follows a simple edponential 1l aw specifically
influenced by the factor of radiological destruction.
Afcer  a single non—-sterilising dose (1,050 rads), the
curve  of primordial follicles decreases first, in &

zimilar manner to that of the 2500 rads, then firom the

s2nd day, this proportion grows  considerably smal ler

owWing to restoration. After a fractionated non--

sterilising dose, the ovaries, when examined ten days
ijater, are found to be less damaged than after the same
lapse of time and when the same dose had been given in
a single irradiation; but the damage is more extensive
than on the second day following the single dose
irradiation. Afterwards the number of follicles in this
experiment decrease so that on about the 8O0th day the
the effect 18 greater than was obtained in the 2nd
experiment .

Cole, Habermeyer and Stolan studied the effects of

different levels of single-dose @xposure and
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firactionated irradiation e

of X-rays on the fertility of
mice, In the

gingle—-dose exposure, it was found

immediately that there were no offspring after exlposure
to 810 rads plus single intravenous injection of 5
b \ - 3
10 nucieated cells from the femoral bone marrow of

narmal ,  isclogous donors. 150 rads, 100 rads, 79 rads

and HO rads were aleo used. AL the 150 and 100 rads
the mice were completely steriley no offspring wers

produced  over & period of & months mating, whether or
Mot bhone marrow cells had been administered. In the

firet experiment with 73 rads, one of the 10 irradiated

mice produced offspring (2 in the litter) at the first

mating and none at the =

cond mating or thereatter. In
the corresponding group receiving 75 rads plus bone
marrow, = out of 10 produced litters, but no offspring
at the second mating or later. Following a single
exlposure of 50 rads, a definite decrease in
productivity was detected after the second and third
matings, and not necessarily at  the first mating
whethe the mice received injection ot bone marrow  or
not.

o fractionated drradiation using a total of S0
rads given in 9 consecutive days was done. It was found

that Fertility loss was 1l e

pronounced in  the mice
receiving S50 r in the fractionated schedule than in
Lthose exposed to 50 rads at a single sitting. Also

drastic reduction in fertility was evident 12 months

. . - goit - Y N S . o K ) . a 3. B
p05t~irrad1at10n as  compared with non-irradiated
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cantrols of the samne age.

Langendroff  also studied the effect of repeated

small  doses on the fertility of the white mouse. He

concluded virat thereas WAL

a cooperation ot
constitutional factors which add to the decreased
fertility.

T.H.8,  Hsu and J.1. Fabrikant studied the cell,
popul ation kwinetics and radiation response of
continuously irradieted mouse testes . The changes in
spernatogonial  cell population sizes and cell kinetic
parameters nhave provided information on the degree of
Fadiosensitivity within the seminiferous epithelium at
aublethal continueous irradiation doses and the  mannesr

in which the tissue responds. At 1.8 rad/day,

spermatogonial el l renewal was maintained &t near-
rnol-mal levels through compensatery cell proliferation
and  recruitment  from the spermatogonia A stem cell
pool . However , at 43 rad/day , depopulation of the
testes took place through radiation depletion  and
maturation-differentiation of surviving elements. AL
this higher dose rate, the five type-A subpopul ations
were maintained at near—-steady states of growth. The
geminid ferous epithelium displayed a remartable capacity
to recover. After two weeks of continuous irradiation
alb 4% rad/day, recovery commenced with proliferation
from the type A spermatogonial stem cells, leading to

full restoration of the gemini ferous epitheliwn.
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Girayevshky, Shapiro, Fonstantinova and Barakina

studied the role of cellular damage in  the mamnalian
radiation syndrome. According to them, one of the most
important consequences of irradiation was the early
mass destruction of cells in radiosensitive systems. It
was shown that @ (1) early mass destruction takes place
only in directly irradiated tissues; 2)
radiosensitivity of bone marrow cells in vive and in
vrore  does not didffer significantlys {(Z)  the early
destruction is unlikely to be related to the process of
chivision o to some  radiation-induced chromosomne
clamagesy (4)  early death occurs only in  those cases
where an atfected substrate is put into operation. The
specific function which makes radiation damage apparent

may be assumed to be the process of differentiation.

Erickson and Martin studied the effects of
continuous prenatal gamma radiation on the pig and rat.
Figs were irradiated continuously for the first 103
days of their 11Z2-day gestation period at rates of 20,
9, F and 1.3 R per 2Re-hour day. 8Six pregnant gilts and
siv  controls were employed at each dose rate. Fetal
doses were 7, 5. L and 0.5 rad/day . Neither the healtn
of the gilt nor the number of live births was affected
by any exposure. Fostrnatal viability was also
unaffected. Fadiation effects on growkth and organ

development were assayed at birth, 70 and 130 days of

B sight and growth were affected by dose
age. Body weight and growth were unaffectec y
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rate ot 3 rad/day or lessy; and other than the gonat,

only the weight of the brain was affected by 3 rad/day.

At 1 radsday o less, only the gonadal welght  was
reduced. At doses of 7 and 3 rad/day, sterility was

vhserved in

e, Following 1 orad/day, germ cell
number was reduced to 5% and 2% of control in female

arid  male, reaspectively. @At 0.5 rad/day, germ cells

ware reduced

ot control in the female and 1174 of
control in the male. In contrast to the pig, 7 rad/day
reduced the germ—cell population of male and female
rats to only 49% and Z5% of control, respectively, and
1 rad/day produced no apparent effect on either sex. It
anpears, therefore, that interspecific differences in
the response to continuous gamma radiation are large
and that the germ cell is the most labile cell type.
E.W. Hupp studied the effects of low-dose rate,

continuous lifetime irradiation on Spanish goats.

j}

Groups of 11 or 1% goatks of each sex were exposed to
daily doses of 0, wed o, TWE 0y 1Es ., E29.6 andl
40,8 i ner  20-hour day from Cobalt-&0 gamma
Fadiation. The median lethal exposuwre at 7.3, 15,
0 and A0 R/day were 2650, 2413, 2485  and 2004 R,

IO e,

respectively in females, and 8330, 2600, 2840 and

R, respectively in males. Only 285% of the animals
exposed to a2 6R/day died from radiation effects dwring
the 48 1/2-month period. Ferformance of males 1in an
obstacle couwrse was not affected until after olinical

signs of radiation sickness were apparent. While
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proatound  decreasss in sperm number and  semen quality
wers observed, the ability to swwvive in the radiation

eavironment  was  the only limiting factor atfeuting

reproductive performance. Egon i.orenz arnd  HWalter

1 |- — . 2 e g £ ST (N G . - - M 1 4 3
Heston studied the effects of continuously irradiating

male and female mice of the CoH strain with 4.4, 1.1,

.11 and 0,044 rads per 24-how  day. Histologically,

pnly  the gonade showed irradiation damage, mainly in

anid inal s

to 4.4 rads/day. THe damage in  the
testoes consisted of dJdiminished spermatogonia and
reduction  in the number of mabwre spermatozeoa in the
epididymis. This damage is reversible. Testes retuwned
to normal atter ramnoval £ om Expoasure field.
irradiation damage to the ovaries, observed principally
in the mice, receiving continuous doses of 4.4 yrads/24-
fows  day and perhaps also those receiving 1.1 rad/Z24-
fow day, is irreversible and progressive and results
in  some cases in tubular downgrowths of the germinal
epithel ium that progresses to early tumor formation.
Frecding experiments indicate that C-H female mice are
permanently sterilized with doses of 46430 rads applied
at the rate of 4.4 r/ 24-hour day.

In  anobher study, these sama authors together with
Margaret Deringer cited the results obtained by Russ
and Bcott, who studied the effect of gamma radiation on
young rats =xposed continuously for 4 months on three

levels such that they received total doses of 1410, 228
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and 49.2 rad. Immediately after irradiation both males

) PR . . . .
arnd females were mabted to other irradiated animals o

to controls. The males on the highest level never
produced any young, the females did, but the young died
in utero, at birth,cor shortly thereafter. The animals
o two lower levels produced normal  offspring. Three
months  later, thne males and females were remated.  Two
af  the males and all but one of the fenales on  the
Highest level produced young. However these young wers
no  more vigorous than those of the preceeding mating.

They concluded that the etfects of gamma rays were

largely cumulative.

Dev i nger Heston and Lorenz further cited a @ work

— "

mace by  Snell who demonstrated that male mice

irradiated with total doses of 600 to 8O0 r exhibited a
fertile period of appr wimately 2 weeks when mated to
normal  females. This fertile period was followed by &

sterile period of three months. The litters produced

during the initial fertile period were reduced in

il

ibhle for

which indicated that irradiation was respons

[t

changes in the matwre sperm. When these irradiated
males were mnated to normal females, Snell  found the
ftollowing hypes of embryo » (1) embryos which were dead
and beginning to degenerate, (1) embryos which were
alive but with abnormal brains because of the Failure
of the newral groove to close, and (3) normal embryos.

Metcal £, Blandau and Barnett exposed albino
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rats Lo a single doees 1Y

o Lo a single dose of 290 rade of whole-body Helray
’,_ac,"a...“._ .. TR SO LA 1

liation and sacrificed them ab intervals of around 15

tmin Lo 42 days atter EMPOSLUT .
In the testes, degeneration of spermatogoni a
ofcwred  within  the first few houwrs, ancl shortly

kN SRR o R [ S - - 1 ]
thereafta there ocouwred a depletion of spermatogonia

and  later a disappearance of the remainder of the
spernaltogenic elements as the process of maturation
continued. Spernatogonia began to reappear between the
twentieth and fourtieth days.

Spermnatozoa from the vasa deferentia exhibilted no

charnge in motility prior to the twenty-first day, but

atter this time motility was reduced or even absent in

1

mist

1S

!
in

Degenerative changes were observed in the granulosa
cells  of the ovarian follicles as early as 1 hour
after edpousure.

pithough 29 per cent of the rats died atter being
pyposed to S50 rads, this did not represent an accurate
mortality Ffigure for this dosage level since many of
the animals were sacrificed prior to the period of
highest death rate. Most of the deaths were attributed
to septicemia.

Effeclts of radiations from internal sowces on the
testis were studied by Heller. She found out that only
a Ffew of the internally administered radioactive
isotopes are capable of producing permanent starility.

25 e i her ewperiment, radiwn proved to
in  the doses used in he superiment, radiuwin
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b extremely destructive and plutonium only slighltly

50. Strontium 89, yttrium 91, phosphorus 32, and barium
1401 anthanum 42 gave no  evidence for permnanent
sterility. As a makter of fact, icsature rats trezated
with  strontium 89 at a dose about 895 per cent lethal,
continued to develop spermia just as the untreated
animales did. The entire testis was slightly smaller but

it was proportional to the zmaller size of the whole

antinal .

The effects on the ovary were studied by William
Biloom. He showed that of the internally administered
materials, radium and plutonium caused the most damage
to the oavary in the doses administered. In terms of
radioactivity rather than welght, 1 urit of
intravenously injected pluteonium is as effective as 10

units of intraperitoneally injected rracdium.

Iy the thesis made by Howell Ho, he exposed tilapia
bo o, 0.5, 2 and 3 krads of whole body gamma radiation
for a few minutes. He found out that the testes were
norimal in the ©O.5%  krad samples but @xnibited
deleterious effects in the 2 krad and 5 krad sections.
The & krd sanples were the most adversely affected with
an  almost total wipeout of germinal cells . The ovairy
was normal in the 0.5 krad sanple but reduction in cell

. » - |- - =) o ey - [ vl
density was ohserved in both the 2 krrad and 9  krad

sections. At 9 krads, atretic follicles were

abundance.
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IV.  METHODOLOGY
S ) Ty e e e G e o = P
(1) Forty while mice which were around three
months  old were used @ twenty males and  twenty

Temnales. They were divided inlto fiwve groups, =each

group  containing two males and two females.

0
m

males and  the Ffemales were distinguished by

comparing  the ano-genital distance (distancs
hetween the anal apertuwre and  the penis o

clitoris). The distance was much greater in  the

male than in the female (Figuwre 1, Appendix B).

group  was  given whole-body exposuwre  of
diftterent levels of cobalt-&0 gamma adialtion
(Figure &, @ppendix B,  The different amounts
ot praci ation e manlfestead in the
differences in the amount of exposure time.

e

Since the dose rate used 52,3 kilorads per

o 14,28 rads per second, the exposure

Frour
time for  ecach level was  determined by the
formula

dose rate = dose /  time

14,28 r/esec = dose / time

Lime = dose / 14,28 r/sec

,

where the dose had the values 0, 150, 300, &00

f.f-‘,

EXED 750 rads. The exposure time were D, 10,3,
. 7. 41.5% and 51.7 seconds respectively (Table
an i L] Ll °

11, Appendix A).
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After irradiation, two males and two females from

each group were sacrificed. The testes and avary

were located (Figure 5, Appendix B).

The ogrgans were freed from the surrounding
tissues and were fixed in formaloascetic acid
containing 40 milliliter formalin, 40 ml. acetic

acid and  ZH0 ml ethyl alcohol.

(4) The rest of the mice were fed every afternoon

with around 8 grams of feod pellet  and 30 ml
af  water for  one weelk, after which they were
also sacrificed. The testes and ovaries were

removed and again fixed.

() The organs were cut using the microtome, mounted
and stained with hematoxylin-eosin  dye. Thetlr

histologi

were observed wnder the #microscops
at different magnifications. The effects of the
different levels of gamma radiation for hoth 24
hours and one week atter exposura were gltudieds;
and for sach level, the tissues for the 24 houws

aflber exXposure walre compared to those of thse ane

weelk atter @posulre.

(&5 Phatomicrographs of the sections were taken.

=3

V. RESULTS AND ORSERVATIONS

The g&metmqenetic cells of the testis were compared at
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gifferaent levels @ 1y 150 200 SO0 and 7EHO imacls

Af terwards, sach of the testis in the "after-2d4d-howrs" group

was compared to its counterpart  in the Tafter-one-week”

group. The same procedure wasn done far Lhe ovaries.
For the testis, the low power objective showed that the

contirol , or the unirradiated one had very minimal spaces in

[

beltwaean the  wsemninidferowns tubules. Adnd the

e

1 winen

™

») each
semnini ferous  tubules was small oF of the same thickness as

the germinal epithelium (composed of the gametogenic cells
and Sertoli celis) (Flate 1, fAppendix C). For tihe irradiated
testes, although the lumen of the seminiferons  tubules  of
the ones exposed to 1950, 200 and 600 rads were more or  less

the same as that of the control the testis exposed to 730
9

Fad showed a large incres

= oin the thickness of  the lumen

o

arcl sharp decrsase in that of  The germins 1 epithelivm

0

(Flate 2, fAppendix U,

fit

Ear  the control, all the stages of gametogenesis, the
spermatogonia, the spermatocyte, spermatid and SpErmatozoa
were present (Flate 5, Appendix Gy Inm the 1Y rad, somne
Freduction  in the number of spermatogonia was seen. But the
other stages seemed to be unaffected (Flate 4, Sppendix )
In the 300 rad, the spermatogonia agained decreased, and a
few spermatocytes had disappeared, although the spermnatids
remained the same (Flate 5, Appendix C). In the GO0 rad
(Flate &, Appendix 0, although a few spermatogonia remained
in some of the seminiferous tubules, the other tubules

contained almost no spermatogonia. The spermatocyltes took up
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the positions of these sperinatogonia  near  the basement

mainlaranes , but the sgpermatids and spermatozoa were still

pumerous. i the 750 rads, the spsrmatogonia seemed to  have

been totally wiped out. The spermatocytes

wWer @ sti1ll
present, but they have decreased in number. The spermatics

formed  the majority of the cells in aach seminiferous

tubules, but  these too decreas

a  ilot. The number of

i1l large (PFlate 7, Appendix C).

the spermatogonia further

aftor  one weekl 8 and 9 as compared  to

goome

4 and 5 respectivelyr. The spermatocyts

s sepemed to be
THeE Same. The &0 rad testis  after one week showed
considerable variation from that of the Ph—howr testis. Ty

w5

7t
i

dit+erent

i

Cl

=

ps of gametogenesis had  almost disappeared.
Unly  some spermatids developing into spermatozoa were more
visible. Instesad, one type of cell stood out in nunber. Each

of e

cells had a very large nucleus, occupying  almost

Fwo-third of the whole cell. The nuclieus swomned to bhe vairy

i .4

compact and solid, and no trace of  chiromoasome rrands was

visible. The npucleus stained very dark, the shape of the

cell seemed to be a little bit irregular, and some of  thaem

were very large. Aside from this, the whole seminiferous

tubuie seemed to become "loosen” (Flate 10, Appendix C).  In
e

the 750 rad, all types of cells in the spermatogenic line

decreased in nuwnber. (Flate 11, Appendix C).

.

The various parts of the ovary were observed using the

scanner, low power and high power objectives. They were
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compared based on the number of follicles

and  presence  to

T S. fhe contirol o the unirradiated one showed all

Fe o\ AT g en e N N TP R . oo, gpem 0 g peen gpen ge] o e ] N .. '
types of rollicles + primordial, primacy, secondary  and

matwre or Graafian follicles (Flate 12, Appendir

-

Cr). The 130

imadd G2 howrs) seened to be nore or less

the same as  the

control  except for a very little decrsase in the number  of

[H

primary  follicles

Likewise, the

gvary f the mouss exposed to the 300 rad gtill had numsrous

secondary  foillicles. But there was the remarkable  presence

of  a CYS8T  lined with tall, colunnar epitheliuwn.  The

(k=3

columnar cells seemed to have projections towards the lumen,

and  the nuclei were hasally located (Flates 14, 13 and 16&,

L

Appendix  ©)Y. For  the o600 rad, Graafian follicles  and

segcondary  follicles were =till  wvery much present, but
primary follicles decreased a lot (Filate 17,0ppendix © . In

tie 7S50 rad, wily a few primordial and primary follicles

WERT Y

. in fact the whole ovary seemned to have becomne

smaller. A follicle with bheda soened to have bheen sectioned

near 1ts SweFace. 8 regressing corpus Tuteunm and an  atretic

follicle in  a later stage were Seen. Another  follicle

supposed to be in its secondary follicular  stage was

Vi o

undergoing the early stage of atresia. Al thaough thao
granulosa cells were still intact, they were beginning to
slough off into the antrum which still contained ligquor
folliculi. A clump of follicle -wlls was also present. The
different parts of the ovary seemad to have been loosenead

(Flate 18, Appendix C).

w
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In  camparing the ovaries esposed to 150 rads  and

sacrificed after 24 howrs and one weel (Flates 13 and 19,

Appendix 0, there seemed to be very little

difference in

the number of follicles, excepi that there seemed to be mors

spaces in-beltween  the follicles and stroma in the one

acrificed after one week. In the 300 rad (after one week),

<

i}

there were fewer secondary follicles. Instead, bthere

e @

atretic follicles, and obvicous degensration ¢

o
-H

foolicle

celis, as maniftested in the more emplty spaces inside the

ovary. Thoers were also numerous rvibhelial tubes (Plate 20

v

Apparciix CY. I thoe &00 rad, the overy seemed to have been
Tl ed arartt, showing agalin munerouns HOACES. tho

primordial and primary foolicles

wenrer nearly nonexistent.
While there were numsrows secondary follicles, there weras

Totes of

cells having no oocyte inside, like
"rings (Flate 1, Appendix C). In the 750 rads (after ons

week) , Numerous Spaces Wewre again

s, showing degeneration
of 4ollicle cells. The oboybes were not  intact anynore
within the Jfollicle. two whole clumps of cella, possibly
granulosa-cell Tumors were present. These cells had nuclel

which were dark staining ant cytoplasm which stained with

sosin (Flate 27, Appendix C).

VI. DISCUSSION AND ANALYSIS
The above observation showed that spermatogonia  are

moi e radiosensitive, followed by spermatocytes The

spermatids  and spermatozoa seened to be radioresistant at

36



the doses wased. The

nnitivity of the spermatogonia may  be
e T o G s - [ W .' K H ; d H) 3

attributed to the inhibition of mitosis. This result =eesns
o agres with the findings of Bergonie and Tribondeaw {(Fahl,

LT i IS T I Y HE- PR T osem PN . o gzm pen mo e e Lo 3 3
1980), that is, cells with greater reproductive activity are

mor-e  aonsi tive  than

which do  not  undergo cell
divisian. Thess spermatogonia, having to undergo mitosis,

are more senstive than the

spermatids, which need to undergo
differentiation only, and the spermatozod. it im  possible
however that even though these cells do naot undergo mitosis,
they are still capable of metabholizing and synthesizing cell
materials like deoxyribonucleic acid (DMAY  and proteins.

thus, Lthis might Fesult to cells with numerous DNA and large

nuciei. Th

e
ul

b En Cmeon might have happened in the cells

’

to ADO rads {(after  one weel) .

.

fowrd i bhe testis exposed

Erom bhe results, 1Tocan he seen that the mice which wers

sactiflced

i

one  weesk had  lesser spermatogonia anil
Epﬂrmatocvteg. v can be seen that FeEpailr or regensration ot
these btypes of cells fawve not yet taken place within ihe

time of experimentation. ] though the gpermatides decreasad &

little, these gpernatids and the spermatozoa weira still

numerous. In o fact im some tubules, they were the only types

7

of spermatogenic cells which were present.

A period ot fertility may ensue (Fahl, 1980, This oay
he due to the fact that many of the spermatozoa and
spermatids which were present petore the irradiation were
not damaged. These are capable of fertilizing the ova.

furthermor, sSome spermatocytes and spermatogonia which i gt
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not  have been danaged mey develop and grow into  the more

diftferentiated spermatide and spmrmnatozoa.

Frrom  the observation of the ovaries, it can be seos
that the primary follicles like the spermatogonia wers  the
most radiosensitive, while the matw e ones were the most
resistant. Even the granulesa o follicle wcells wer e

sensitive. Tt seens that even after one week, the mice e

.

still capable of being fertilized when the doses are 190,

and 600 rads. But in the B0 o ad, the damage seens to be

very widespread. This Tertile condition of the mice afterons

week may be due to the secondary and mature follicles which

wara pradiore

ard had not been damaged. Alsao, the
spctions showed numerovs tumore, like granwlosa-cell tumors

and other cyts. However, some of thase, like the cysts found

in the (atter 24 hours) could not have been caused

by the radiation due ©o the very short time interval.  Also,

hecause some Cysts Ge be parts of a normal  ovary, it
can not actually be deterninsd whether these were caused oy

the radiation or not.

VII. CONCLUSION

From the results, it can be concluded that among the
gametogenic cells in the testis of mice, the youngest cells,
the spematogonia are the most radiosensitive while the
spematozoa are the most radioresistant. However, the Sertoli
cells and interstitial cells are even more radioresistant.

In the ovar the primer follicles and primordial follicles
Y
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areg also vary sensitive while tha Graatian follicles are
resistant. it is also concladed from the exparimnent that the
cells are not capable of regeneration within onw weesk after
erposure. However, this one week is still a part of a

fertile period because spermatids, spermatozoa, and  matuwre,

graatian ftollicles are present 1in  abundance. If ne

regeneration  of "stem” wells occocwr, it may be hypothesized

that & "sterile” period will poour.

VIII. RECOMMENDATIOM

This experiment indeed has ilte limitations,

50 FOr

those who would wi

1
=

o to make further studies, it is

Frecommends

—
e
Ser

of the radiation atter one week be followed
up  to  determine whether regeneration would ocouwr or
permanent sterility would set ing

(2)
2)

i

statisticl methaod be used to count the cells to have a
more accwrate result;

(5 eftferts of Fractional dos

be studied and compared  to

the cffects of equal dose aof radiation applied as a

single dose j

{4) me e sampl s

he wsed to determine whether SOMNE
structurss 5, 2 @.g. cysts in the ovaries, are really

normal occurences or are the results of radiation.
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Table
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s Group

o Group
: Group
o Group

Ii. Amount of Radiation

Each Group.

Amount of Radiation
{in rads?
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s Control 0
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Exposure Timsa
{in sec)
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Lagends (for Flates = to 11)

5 - SDQPmatmgmnia
B~ Spermatocyte
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. Secondary Follicle
Lo Primary Follicle
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Flate 16&. Colwmair Ceils of Cyst in the Ovary of HMics
" teory 200 rads and  Sacrificed after 24

Howr s C1aDDe )

Flate 17. Ovary of Mice Exposed to &00 rads and Sacrificed
after 24 Hours (40x).,
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Flate 20. Ovary of
atter UOnes

to 200 rads and Sacrificed
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Flate 21. Ovary of Mice Exposed to &00 rads and Sacrificed
after One Week (40ux).
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Flate @2, Ovary of Mice Exposed to 750 rads and Sacrificed

athbtar One Week (40x).
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