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CHAPTER 1
INTRODUCT ION

The effects of both single massive doses and smaller fracticonated doses
of x=-ray radiation on both experimental animals and humans have been exten-
sively reported, Relatively few of these studies have included the effects
of radiation on dental and associated oral structures such as the sallvary
glands,

The salivary glands are comparatively sensitive to innizing radiatinn,
The clinical effoct of x-ray radiation manifests itself as a physinlogical
dysfunctlon of the gland, For this reason x-ray radiation has been used
therapeutically as a means of reducing the function of the gland and thereby
decreasing salivary flow in humans,

It is known that the sensitivity of a particular type of cell to radia-
tion damaje Is proportional fo its proliferative activity, Since the prolif=-
erative activity of the salivary gland Is not knéwn, the cellular turnover of
the submandibular gland of the mouse was studied by the use of & radicactive
tracer, tritiated thymidine, and the autoradiographic technic, It was then
possible to compare the effects of radiation on the submandibular jland with
those of other tissues,

Althou h much is known on the effects of x-ray radiation, few reports
are available on the damaging effects of gama radiati~n, This study was,
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therefore, intended to investigate the effects of low chronic gamms radiation
on the submandibuler gland of the mouse and to decide whether these effects
would manifest themselves as an alteration in the merphology of the salivery
gland or a disturbance in the secretory functicn of the gland,

A thorough study of the cytology and histochemistry of the submandibular
gland served as a basis for the comparison of any morphologle, histochemic,
or histopathologic changes whicn might follow total body jamma radiation, The
gamma radiation was administered in daily doses of twelve roentgens for perie
ods of one hundred and two hundred days with accumulative doses of 1,200 and

2,400 roentgens respectively,




CHAFTER 1]
REVIEW OF THE LITERATU"E

A study of the literature revealed an inadequate description of the mor-
phology and histogenesis of the submandibular glaends of mice. Authors made
reference to the submandibular glands of mice as being similar to that of
other rodents (Fekete, 1941; Sreebney, 1954), However, these authors recoge
nized sex differences in the structure of the gland which were mainly in the
type of epithelium lining the intralobular ducts, In the female the glandular
epithel fum was found to be striated and lined the terminal ftubules as well as
the intralobular ducts, iIn the male the cells of the terminal tubules and
intraiobular ducts resembled columnar cells and were described as looking |ike
mucous cells, This sexual dimorphism was not observed in young mice from flve
to seven weeks of age,

Kohn et, al, (1957) reported that fifty-seven per cent of the glandular
mass of male mice consisted of secretory tubules with the remaining fortye
three per cent made up of the other structural elements of the gland, On the
other hand, in the female only twenty-seven per cent of the ;landular mass was
composed of ftubules with the greatest component of the gland being the acini,
These investligators also observed that in the male the tubules were longer and
columnar In shape contsining numerous secretory granules, These observations

were not as evident In the fomale,
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Oppel In 1900 claime:! that the submandibular glands of the mouse and rat
were serous producing and did not contain mucrhus se;reting cells, Stcrmonr
(1928) considered all the cells of the submandibular glands of the muskrat,
rabbit, rat, and mouse as "special serous celis", This was the extent of the
literature avallable on the mouse submandibular glands,

Radicactive isotopes are used to label compounds that play @ role in the
metabollism of an animal, These labeled compounds can be followed into organs
and structural elements by autoradiography, The principle of autoradiography
is based on the ability of tnese labeled organic compounds to »mit rays and to
produce an lonlzation of the silver bromide crystals lmpregnated in the photow
graphic emulsion when placed over a tissue specimen, The autoradiographs when
processed will then microscopicalily show an accumulation of black silver gran
ules over those areas in the tissue section which metabolized the radicactive
isotope,

The autoradiographic technic has been used widely as & means of study of
cellular metsbolism, Since first introduced its function has been as a means
of tracing extremely small amounts of radicactive materials to the cytologlcal
level, London In 1904 first describe! a technic whereby anatomical specimens
were placed in contact with photegraphic plates, exposed, removed from the
plate and developed, Similarty in 1924 Lacass:yne and Lattes, following this
same principle and using pressure to Insure jood contact with the emuision
and the tissue section, studied histologic sections, Belanger and Leblond
(1946) described a method whereby llquid photographic emulsi=n was painted in

a thin layer over histological sections for locating radioactive elements in




tissue, This technic wes modifled slightly by Joftes and Warren (1955),
Messier and Leblond (1957), and Joftes (1959) In that the mounted microsec
tions were dipped into containers of liquified emulsion,

In 1947 Evans reported the mounting technic of autoradiography, in this
technic the tissue specimens were floated on a photographic emulsli~n to insure
that when developed they remained [n a permenent relationship,

Pelc {1947), Boyd and Willlamg (1948), Donlach and Felc (1950) and
Fitzgerald et, al, (1953) described the strippling method, a procedure In which
stripping flim emulsion was used, The emulsisn with Its gelatin base was cut
info small squares and stripped dry from the glass plate to which It was at-
tached, These emuision squares were floated on a distilled water hath with
the emulsion surface against the water to allow for swelling and stretching
out flat, The emulsion was placed directly over the microsection by bringing
the histologic section underneath the emulsion, This ellowed for a permanent
relationship between the specimen and emulsion, The resclution of the resultw
ing autoradiograph was Iincreassed considerably by this technic,

Harris et, al, (1950) Introduced the freeze-dry method of preparing histo
logical specimens to prevent the loss of soluble radinactive tracers which have
4 short half-life, Holt and Warren (1953) also prepared histologlcal speci-
mens by the freeze-dry technic following administration of Fesg, 932, and 337,
This method theoretically prevented any displacement or leaching of the radio-
isotopes and thereby befter autoradiographs were obtained,

Since autoradiography was flrst Introduced, numerous studies have been

conducted using various radicactive tracers, Some of those most frequently




used to label injected compounds include the followings

(1) Radiophosphorous (P32) which has a half-life of fourteen days.
Since cne cellular locztion of phosphorous is in the desoxyribonucleic acid
(DeN.A,) molecule, this tracer becomes a part of the chemical structure of
DeN.A, making 1t a suitable tracer In D.N,A., synthesis studies, However, this
tracer also enters the ribonuclieic acld (R.N,A,) motecule and for this reason
it Is necessary to first remove the R.N.A, by ribonuclease to 1imit its local-
fzation to D.N.A, One of the greatest disadvantajes to its use is that the
beta roys which are emitted lesve Its origin In the nucleus at a wide angle
producin: electron tracts relatively far from its cell origin, This gives
poor resolution to the autoradiographe In 1948, Leblond et, al, injected p3?
into animals ani were able to locallize by the sutoradiograph newly synthesized
DeNaAs In those tissues where mitoses were most numerius, They noted the
greatest activity In the cortex of the thymus gland and in lymphatic tissue,
Pele and Spear (1950) demonstratei the uptake of p32 by avian fibroblasts us-
ing tissue cuttures, Howard and Pelc in 1951, using the radioisotope P32,
localized nuclel and chromosomes of the bean root cell, Vicla faba, by the
autoradiograph, Adams and Miltler in 1952 grew spores and fungl on media con-
taining 952, washed the cells on emulsi-ns and localized the radicactivity in
mycelfum and condida fro~ the same culture when the autoradiographs were
devetoped,

{2) Radiractive carbon (6‘4), 8 soft beta ray emitter, ;lves excellent
resolution In the autoradiojraphy however, its qreatest disadvantage is in its

exiremely long half-life of 5,500 years, Investigations utilizing cl4 includ-
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ed those of Boyd et, al, (1948) who studied blood cells and those of Boyd and
Levi (1950) in which the incorporation of C!4 in Iiver was studied, CIn 1953,
Fitzgerald traced paramecia usin: glycine labeled with C“, 355, and tritium,
Ltevl In 1954 tracet C'4 and $°° quantitatively to single cells of yeast and
algae,

(3) The isotope 113! with a half-1ife of eight days was used by
Fitzgerald In 1948 to study the morphology of the thyroid gland, Bennett and
Sorbman (1951) investigated the survival of grafts of thyroid gland tissue in
mice by demonstrating the concentration of 1131 1n the transplanted clands,
Damerton {(1953) demonstrated a concentration of 130 10 tive homographs of
thyrold tissue transplanted fo the anterior chamber of the eye,

{4) Campbell in 1951 used 335, half=-11fe of eighty«seven dauys, to study
its uptake by cartllage, Swarm et, al, (1959) Investiguted the retention and
redistribution of the isotope $°° iIn transplants of cartilage.

(5) Arnold and Jee (1989) rep rted the locallization of Ra?26 in bones of
dogs. Thoy found that Ra?26 was deposited In hignest concentration In the
rapldly calcifying bone matrix frund beneath the osteoblastic surface, How=
ever,‘if wos also observed to be deposited in low, relatively uniform concen
trations throughout the pre-existing oid bone,

(6) Tritium (H3), the Isotope of hydrogen with a mass of three, is an
emltter of very weak beta rays with a maximum heta particle energy of 17.9 KEV,
It has & maximum range of six microns, an average range of one micron, and a
half-life of 12,26 years, Pyrimidine bases such as cytosine and thymine or

its desoxyribonuclicoside, thymidine, have been tritiated, "The method con=
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sists of sealing a gram of an organic compound with a few cublc centimeters of
tritium gas and allowing the sample to stand at room temperature and at sube
atmospheric pressure for from three to ten days, Under these conditlons exe
change occurs between the hydrogen atoms of the organic compound and the fri-
tium ges, The compounds are labeled non=specifically and pessible noneuniforme
ly, but this does not interfere with tracer studies concerning their in toto
utilization and distribution In organisms and cells®, Kisielesk] and Smetana
(1958} When thymidine Is tritiated It is presumahiy labeled In the pyrimidine
portion of the molecule where hydrogen is bound to the carbon In the pyrimiw
dine rin;, The specific activity of tritiates thymidine is approximately 300
curies per mole, Before injectlon it is diluted with isotonic saline soluti~n
to the desired concentration,

Tritiated thymidine is a particularly suitable tracer for blochemical
local1zati~n studies especially for D.N.A, metabolism, chromosomal replication
and generation times of cells, The reason is that it is & stable radi~active
tabol with a high specific activity, A jreat advantage in using tritiated
thymidine is the damage of radiation to celis which utilize the label is roe
duced making it possible to use doses allowing celis to be traced over periods
of months, Tritlated thymidine is incorporated into cells without any appare
ent signs of radiation induced chemical degradation or damage to cells utilize
ing the label, Kisiele:ki and Smetana (1958), Following the introduction of
tritiated thymidine the sections need not be subjected to any chemical extrace
tions as with other labeling compounds since D.N.A, is the only molecule which

will utilize the precursor thymidine, This ls verifled by the fact that by
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treating tissue sectirns with D,N.Ase, all traces of radicactivity with the
autoradiorapn are eliminated,

Hughes et., al, (1958) stated "Iin order to distinguish the renewsal of
celis from the renewal of cellular constituents, the label must be incorporat-
ed into a fixed component of the cell which is not lost during the cells' |ifew
time and present knowledge suggests tuat o label incorporated into D.M.A.
should be most useful for this purpose.* Cronkite el, al, (1959) concluded
from their studies that "although thymidine Is apparentiy not a normal precur-
sor of D.N.,A,, it can enter the synthetic chaln and label D.N.A, at the time
of D.N,A, doubling prior to mitosis, Thus if a label is sufficientiy intense
and permanent one can by autoradiography follow cells from the time of D.N.A,
synthosis to ultimate death,”

¥hen tritiated thymidine is injected intraperitoneally 1t is apparentiy
rapidly absorbed by the cells which are undergoing D.N,A, synthesis since it
is a speclfic part of the D.,N.A. molecule, Those cells which pick up the
label become permenently markes and are subject to dilutisn only by cell divie
sion, This was corroborated by Leblond et, al, (1959) who stated that it Is
known that mitosls Is preceded by a synthesis «f D.M,A, |f a precursor of
DeN,As which has been made radioactive is asdministere! at the time of D.N.A,
synthesis, the nuclel become radioactive and may be recognized by sutoradio-
graphy even before mitosls takes place, Such nuclei retain the label during
actual mitosis and pass it on to the daughter cells, The interval between
completion of D.M,A, synthesis and the beginning of mitosis measures the time

required for the apprarance of labeled mitotic figures,
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Personal communication with Samuel Lesher, Ph,D,, of the Argonne National
Laboratory explained from his studies using tritiated thymidine that the estiw
mated time that tritiated thymidine was asvailable for use was one hour followw
ing injection, It was shown that ninety-five per cent of the label was elther
used by the synthesizing cells or excreted by fhe body after one hour,

Thymidine has been shown fo be rapldly Incorporated intact into the nuce
teus D,N,A, of a wide variety of prolfferafing celis, making It an ideal car=
rier for introducing radioactivity into cells (Reichard and Estborn, 1051;
Friedkin et, al, 19563 and Friedkin and Wood, 1956), Lajtha et, al, (1959)
found from their studies that thymidine Is a specific component of D.N,A, and
is important in that 1t labels D,N.A, only, The findings of Painter and Drew
(1959) confirmed the specificity by demonstrating the incorporation of tri-
tisted thymidine into D,N.,A, by bacteria and Hela cell cultures.

Taylor ets aty In 1957 used tritiated thymidine to label the distribution
of newly formed D.N,A, in mifotic chromoscmes of bean root tip cells, Vicla
faba, and demonstrated that the thymidine was incorporated Yexclusively into
D.NuAL" They concluded that the labeled thymidine became pert of a physical
entity that remained intact, They followed their distribution durin; repliics=
tion and subsequent nuclear divisions using photographic emuisions, Autoradio-
graphs showed an apparent equal and uniform distributl n of newly synthesized
DeNoa, tﬂ both daughter chromosomes resuiting from the first mitosis In the
presence of labeled thymidine, Subsequent dugpiicstion in the absence of the
labeled precursor of D.,N,A, linlted the tritium label to only one of each two

daughter cnromosomes, These cobservatlions indicated that the D.N,A, was synthe-
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sized as a unit extending throujhout the length of the chromosome and that
each unit remained intact tnroujh succeeding replication and nuclear divisions,
Each chromosome is composed of two such units, complementary to each other and
each replication resulited in a cnrorosome with four units, This chromosome
then divided in such a way that each chromatid rejularly received an "original®
and a"new" unit, This pattern of replication was analogous to the replicating
scheme proposed for D.,N.A. by Watson and Crick In 1953, As mitoses through
subsequent generations recurred, the concentration of the label in the nuclel
became m-re and more dilute due to this pattern of distribution to the new
daughter cells,

Painter et, al, In 1958 investigated the distribution of tritiated thymi-
dine In Escherichia cofl during cell muitiptication and reported that over
several generations no loss of label cccurred in the total population,

In 1958, Hughes et, al, studied ceil renewsl in the gastrointestinal tract
of mice usin; tritiated tnymidine, Brecher ef, al, in 1958 determined the
mitotic cycle and cell renewal of eplithelium of the gastrointestinal tract,

In 1959, Leblond et, at, investigated the cell renewal in varicus tissues and
organs of mice and rats with tritiated thymidine, |

Quastier et, al, (1958) described the influence of radiation upon cell re-
newal, maturation, ard decay in the gastrointestinal tract of mice, Bond et,
al, (1958), Flledner et, al. (1958) applied tritiated thymidine to study radia~
tion induced aberrati-ns of the proliferative potentials and mitosis in dogs
and mice,

Fitzgerald and Vinil jchalkul in 1959 reported that In rats approximately
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one per cent of pancrestic acinar cells concentrate radioactivity in their nuce
tel after injection with tritiated thymidine, They concluded that "fhe low
percentage of lateled celis after tritiated thymidine is consistent with the
iow mitotic index of normal pancreas and is indicative of a low turnover of
DeNoA, and cellis,”

The application of radloactive Isotopes in the study of blosynthesis of
DeNeAs has made possible studies determining its role In chromosomal repllicaw
tions, The behavior of D.N,A, during mitosis hes been of interest because
littie Is known about the process by which D,N.A. exerts its Influence on celisd
DeNeAs 18 a constituent of the chromatin material which has been found solely
in the nuclieus of cells, Since It is sssociated with the chromosomes of the
nucleus, It Is responsible for the genetic specificity of cells, In combina-
tion with proteins it forms the nucleoprotein of the genes which these cells
pass on to daughter cells during mitosis, Stowell (1945) and Schultz (1941),
Hughes et, al,. (1958) stated that since D.N.A. is generally believed to cone
tain the genetic characteristics which cells pass on to daughter cells it
should remain unaltered, Evidence seems to show that D.N.A. Is never replaced
in a cells, The amount of D.N.A., remains constant in the chromatin material and
is metabollically stable, Pelc (1959),

DeNeAy synthesis is believed to be intrinsically associsted to cell divie
sion and it Is generally accepted that D.NeAs I3 only synthesized by cells
which are preparing for mitosls, It is only during Interphaese between mitoses
that synthesls of D.N.A. occurs, Hughes (1957) using tritiated thymidine

reported that chromosomes of bean root cells were "transmitted to daughter
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cells as intact halfechromoscmal units,” These units act most |ikely as the
templates to form new jenetic material, Pelc in 1959 stated that DaNoA, dir-
ects and influences the activity of cellis by serving as a template but It ree
mains unaltered,

- Watson and Crick (1953) established & basic chemical formula for D.N.A.
DaNeAs is composed of alternate sugar and phosphate zroups jolned fogether in
regu!ér phosphate di-ester |inkages, Each sugar Is attached to a nitrogenous
base. Four different types are found in D,N,As Adenine and guanine are
purines, while thymine and cytosine are pyrimidines, in ;erfain organisms a
fifth, S-methyl-cytosine, may be present., Each purine or pyrimidine is pree
sent in nucleic acid as a phosphoriboside or nucleotide, The individual
nucleotides are joined by phospgho-ester |inkages to form nuclelc acids as
foltlows:

Bage Sugar

/PhQsphafe

Base « Sugar
Phogphate

Base - Sugar_
//Phosphate

Base - Sugarl
Phosphate

Base = Sugar<
Phosphate

Although the incorporation of radicisotopes info the D.N.A. molecule
have led to a better understanding of its function by tracing them by the auto-
radiographic technic, studies of the histochemistry of this nuclear component
were introduced by Feulgen and Rossenbeck in 1924, It is based on a modifica~

tion of the perlodic acid Schiff (P.A.S.) reaction for aldehydes. As origine
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ally reported the usefulness of this reaction was to demonstrate the concen-
tration of D.N,A. In nuclei of cells. In general, investigators believe the
Feulgen method 13 a specific reaction for D.N.A. M#Milovindov in 1938 ¢cited
some four hundred references of research confirming the specificity of this
reaction, Stowell in 1945 stated that the amount of evidence available indi-
cated that the Feulgen method for D.N./, was one of the mest specific histo-
chemlic reactions, Mazia and Jzeger (1939) demonstrated that D.N.A. was attach-
ei to chromosomes in Drosophila and showed that only D.,N,A. was stained by the
Feul jen technic, The studies of Wyckoff et, al, (1932) agreed that the Feulgen
method was specific for D.M.A, tocalization in nuclei using ultraviolet light,
The works of Caspersson in 1939, using ultraviolet photometric means, demone
strated that the amount of D.N.As In the nuclel of cells could be estimated
quantitatively by the amount of light absorption In Feulgen stained specimens,
Other investi;ations supporting the specificity of this reaction were that in
tissues treated with D.N,Ase prior to staining, rendered the tissue Feulgen
negative,

Nodiflcations have been introduced by deTomasi (1936) in the preparation
of the stain, Coleman in 1938 used activated charcoal to remove extraneous
coloring impurities from the stain to prevent staining of the cytoplasm,

Stowell (1945) described the Feulgen reaction in ftwo parts, The first
step was a mild hydrolysis which split the purine bases and the carbohydrate
of the D.N,A, end liberated the aldehyde group of the aldo=pentose sugars.
DaNyAs readily loses its purine bases in cold acide The second step was a

reaction between the Iiberated aldehyde groups and the Isuco~basic fuchsin
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reagent (fuchsin sulfurous acidl), In the formation of this reaction, basic
fuchein is reduce?! and decolorized by the action of sulfur dioxides After
tmmersing the partinlly hydeollized tissue in this fuchsin sul furous reagent,
the portions of nuclel contalning DuN,A. stalned an Intense reddish purple,

Since clinical evidence was first introduced supporting the hypothesis
that lonlzing radiation produces damaging effects on humans, an increased
Interest in research on tnls subject has resulted, A survey of the literature
disclosed a number of studles on the effects of xeray radlation on living
cellis, Those reviewed will be limited mainly to the sellvary glands,

A study by tvy ef, al, In 1923 showed that x-ray radiation caused a rew
duction in salliva with a subsequent reduction in the orgenlc component and the
total solids In the szsllve of dogs radiczted sbout the head, The minimum dose
required to depress the secretory activity was {10 Kv, 10 ¥a, 25 cm, focale
skin distance, portal of entry 28 cm. square, one millimeter aluminum filter,
and an exposure time of forty seconds, WNo nistoleogic changes were lmmediately
observed following administration of these retatively large aoses of Xwray
radiation, Flfteen days following radiation they observed a slight fibro=
blastic proliferation, an Infiltration of round cells, and a reduction In the
stored mucins in the alveoll, Two months after the x-ray radiation exposure,
they noted a marked increase In connective tissue, However, there was a rela-
tive lack of round cell infiltration st this time,

The work of Case and Boldyreff (1925), studyling the effects of xeray
radiation at a dose of 450 mil!iamperes-minute in dogs, showed a marked de~

crease In salivaticn which was reversible, The decreases function of the salile
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vary glands had reached its peak about three or four weeks after radiation,
After this time the gland gradually returned to Its normal function,

The study of Tsuzuk! (1926), employing herd x-ray radiation, demonstrated
an atrophy of the acinar cells of salivaery glands of rabbits following a
forty-two per cent erythems dose to the rabbit. Following a fifty-six per cent
erythems dose, a fatty deqeneration was observed In the excretory duct epithe-
lium,

English and Tullls In 1951 described the effects of total body x-ray
radistion on the salivary glands of twenty-four swine, At a meen age of {57
days these swine were expcsed to 450 fo 500 roentgens of radiation. Nine hogs
were found dead and the necrotic changes observed In the acinl and ductal cells
of the salivary glends were suggestive of autolysis rather than radiation,
Seven animals were found morbidund after the eleventh to fifteenth day and
were sacrificed, A decreased number of granules In the mucous cells were ob=-
served, Eight animels survived the exposure after thirty days and were sacri-
ficed at this time, Histologically it appeared that the sallvary glands re-
covered from any demage which might have previcusly existed,

Pindborg et als in 1954 reported the effects of x-ray radlation on the
salivary glands of mice. Mice subjected to single doses of 625 roentgens of
rediation at a rate of 14,5 roentgens per minute showed no observable changes
In any of the three major salivary glands which could be definitely related to
x~-ray radiation, Their observations included "slteration In nuclear size of
the aubmandibular gland acinl, vacuwolation of alveclar cells in each kind of

gland, shrinkage in size of acini or tubules with reduction in number of cells,
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Hone of these changes were sufficlently regular to he considered significant,”

Shafer in 1953 investigated the effects of both single massive doses and
multiple smaller doses of x-ray radiation applied selectively to the heads of
rats, Rats were exposed to single doses of x~ray radistion ranging from 480
roentgens to 3,500 roentgens In the region of the salivary glands, They were
sacrificed twenty-cne days later, Alterations observed in the sublingual and
parotid glands were inflammatory cell infiltration, congestion, edema, and &
degeneration of the cells of the parenchyms which was suggestive of albuminous
degeneration, The submandibular gland, however, wss found to be resistant to
radiation demage, Using repeated doses of x~-ray radlation with an accumulative
dose ranging from 4,500 to 8,000 roentgens, the changes in the sublingual and
parotid glands were similsr to those found in the lesser single doses, He
noted that the changes were wore severe In nature, The submandibular gland,
however, remained relatively resistant to any observabie histologic alteration
with even the multiple doses of lonlzing radiation, These findings appeared
to be contrary to those of English (1054). English observed morphologic alter=
ations in the submandibular glands of rats after sixteen hours to one hundred
days folfowing a dose of §,000 to 1,200 roentgens, These changos were charac-
terized primarily In the size, shape, end staining qualities of the nuclel of
the acinar cells,

Burstone In 1953 found that the cell nuclei of radiated mouse salivaery
g!énds showed a chromotin splitting similar fo that produced by the action of
DeNeAse, Similar changes were alsc observed ir the cells of the intralobular

ducts,
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Enslish et, al, (1954) cited the effects of 1,000 to 1,750 reentgens of
x-ray radiation administered locally to the heads of dogs, They noted an
Increased fibrosis, atrophic and morphologic changes In the salivary glands
after periods of up to eight months following rodiation, After fourteen and
three qﬁar*er ronths the effects of radiation became less apparent and after
fifteen and one half months, the salivary glends appeared to return to rormal,

The work of Cherry and Glucksmann In 19%9 showed that in dally doses of
850 roentgens with accumulative doses of 3,000 roentgens to 7,650 roentnens of
x~ray radiation, both ductal and aciner changes occurred, The excretory duct
celis were seen to be degenerated and collapseds The acini alsc showed degen-
erative changes characterized primorily as e reduction In mass accompanied by
an increase In the interstitial connective tissue, There was als> an Inhibi~
tion of the secreftion of sslive, The degenerstive changes of the nuclei were
karyorhexis, chromatolysis and pyknosis, At doses of less than 3,000 roentgens
the excretory and Intercalated ducts were not markedly affected and the acini
showed only transient changes which were capasble of repalr,

Burstone (1950) Injected colloldal gold with an activity of seventeen
microcuries per cuhlc centimeter In mice which were only one to two doys of
age, He noted that after eight to sixty days the rucous secreting salivary
glands appeared relatively normat, Some degree of sclinous swelllng and o
decresse in number of nuclel were observed however, The serous glandular
epithel ium appesred condensed with some of the acinl containing empty spaces,
The nuciel apreared to be shrunken, The ductal elements remained relatively

unchanged,
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Kasboum in 1953 observed sallivary glands of humans who had received
radiotherapy for mallgnancies, Following x-ray therapy of from one week to
two years, he studied the salivaery glands removed during radicsl neck surgery,
In his studies he moted a fatty change, atrophy of the gland an an accompany=-
ing sialadenitis, He also reported that there was a history of decressed seli-
vation In all the patients from whom the glands were removed,

Clinical studies on humans {rradiated in the region of the naeck for
malignancies showed a quantitative change in the salivary flow, It was felt
that these quantitative changes also had accompanying qualitative changes in
the saliva, del Regato In 1939 reported that the modification in the secre-
tion of saliva as a result of irradiation of the salivary glends should be
considered as one of fhe facters in the production of dentsl lesions, He
suggested that a qualitative rather than quantitative change might result from
radiation, ‘

Schneyer (1953) studied the function of the salivary gland after admin-
istration of radlractive lodine in the treatment of thyrold carcinomas and
hyperthyroldisms, He measured the sallvary amylase levels following the ad-
mintstration of 1131 with an activity of from 8 to 51 microcuries, After the
fourth day of administration of the I'B‘, he noted that the sallvary amylase
activity was decreased considerably, This was reversible, however, and returne
ed to its normal level between the fourth and tenth days, He concluded from
his study that the salivary gland function was suppressed by radicactive
fodine,

A study by Schlack and Ellinger in 1951, following a total body x=ray
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radiation of two hundred roentgens, showed an increased Inclidence of dental
caries In rats put on 2 cariogenlc diet, However, rats on a non-cariogenlc
diet and exposed teo the same amount of radietion did not show such increased
incidence of caries,

Bloom (1948) studied the effocts of x-ray radiation on the bone marrow of
mice, With an exposure of 350 roentgens, histologlc examination showed 2 de-
pleted marrow charactrrized by greatly widened sinuses and smal! amounts of
gelatinous material, ODebris of dead erythroblasts and granulocytes was noted
three hours following treatment, 1t reached a maximum within fourteen hours,
Ir the metaphysis and epiphysis there was practically no hematopolesls obser-

vabl e,




CHAPTER 111
RATERIALS ANMD RETHODS

The sallvary glands used In this study were secured from CAF=i mice,
Such mice were hybrids developed by a cross between the 667 Black and Albino
mice, They were kept In wire cages with pine shavings as bedding, They sube
sisted on a diet of Wayne's Laboratory Blox and water ad tibitum, Twentyefour
mice were used In the tracer series and twelve In the radliation series. The
tracer serles of mice alsc served as the control for the radietion series,
Iracer Serles

At two hundred days of age, the mice were Injected, intraperitoneslly,
with 0,08 cc, of an isotonic saline solutlion of tritisted thymidine with an
actlvity of flfty microcuries, Two mice were sacrificed, using ether, at the
foliowing intervals; flfteen, thirty, forty-five minutes, one, two, four,
twelve, twenty-four, forty-two, forty-four, forty-six, and forty-eight hours,
The parotid, submandibular and sublingual glands were grossly dissected; and
a8 three cubic millimeter sample was removed from the submandibular gland and
fixed in a ten per cent neutral formalin solution, The specimens were dehydra-
ted in alcohol, emhedded in paraffin and secticned In series at three microns,
Five sections, each tenth In serirs, were mounted on microscopic sildes, de-
parsffinlzed with xylol, stained by the Feulgen method to localize nucleasr
desoxyribonuclieic acid (D,N,A.), and placed In distilled water, Such slides
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were brought to the dark room immediately,

The dark rcom was maintained at low humidity, seventy per cent, and at
room temperature, twenty degrees centigrade, The only lignt was supplied by
a #! Wratten, red, ten watt safelites Tha film used wes Hodak AR=IO fine
graln steipping flim, The emulsion was attached to a five inch by seven inch
plate of glass, With a sharp scalpel the emulsion was cut into approximately
two and one~half Inch squares, Each square was carefully removed and floeted
emul slon-surface down on a water bath, el ntesn degrees centigrade, for two
minutes, to allow for slight swelling and stretching out flat, The slides
then were removed from the distilled water and immersed in the water bath bew
neath the floating emulsion squares, The siide was liffted carefully untii the
emulsinn square draped intimately over the siide, Such siides were air dried
for ten minutes, Ten such siides wers placed sectinn side up In every other
sfot of a twenty-flive siot black light=tight plastic box, Flve grams of
!tfhium‘chlortde were wrapped in tissue paper and placed in the last five
siots of the box, This dessicant was used to mainfain a low humidity In the
exposure box In order to minimlze background exposure of the emulsion,
Finally, the box was sealed with bleck tape and stored on end, section side
up, at room temperature and at low humidity (seventy per cent),

After a self exposure period of thirty days, the siides were brought to
the dark room for processing, The stripped slides were transferred into glass
stalning racks, The developing solution was freshly prepared using Kodak de=
veloplng formuta, D 19b, as followsy

Eton 2,2 grams
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Sodium sulfite (anhydrous) 72 grams
Hydroquinone 818 grams
Sodium carbonate (crystalliine) 120 grams
Potassium bromide 4 grams

Water to make 1,000 cc,

The chemicals were dlssolved in water in the order given and the solufion was
used without dilution, The stripped slides were deveioped for five minutes at
eighteen degrees centigrade and rinsed thorougnly for thlrty seconds in dise
tilled water, Following washing, they were ftransferred into a stock prepara-
tion of Kodak acld fixer for ten minutes, The final processed stripgped slides,
autoradlographs, were washed in running tap water for twenty minutes and allowe
ed to dry in a dust free atmosphere, To allow for easlier trimming of the exw
cess emulslon, the sildes were dipped in distilled water for thirty seconds

and the emulsion trimmed with ¢ scalpel. The slides were mounted with cover

sl ips using Canada balsam,

The autoradiographs were studied microscopically using ofl immersion at
1,000 magnifications, All acinar celis of fhe submandibular glend were counte
ed using a hand counter on a few of the autoradiographs, After counting vare
fous typical flelds it became apparent fhat reproducibitity was high and that
an average of fwo hundred and fifty acinar cell nuclel were present In each of
the typical oll immersion fields, Thereafter, a total of twenty separate oll
immersion flelds were sclected at random for counting so that a minimum of
five thousand acinar cells In each section were counted, This procedure of

tabulating was followed for each of the autoradiographs, The counter was then
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used fo ftally the number of nuclei with evidence of radicactivity (labeled
celis), Indlcated by the presence of small black siliver jranules or grains
above the nuclei, in each of the twenty fields, The total number of radin-
actlive tajged nuclel in five thousand cells were then recorded as percentages,
The percentages of tajged nuclei for easch of the specimens were then plotted
in a distribution curve with the percentage of labejed nuclei on the ordinate
and time after injection on the abscissa,

In addition to the specimens used in the tracer series, five cubic mlili«
meter samples of the submandibular glands were fixed in formalin, Carnoy solue
’fian, and one per cent frichloracetic acid, The specimens were embedded in
paraffin and sectioned at flive nicrons, The formalin fixed tissues were
stalned with hematoxylin and eosin (H & E) for routine histologic study, The
pericdic a#ld Schlff (PyALS,) method, as modifled by Coleman, was used to
staln mucopolysaccharides, Specimens fixed by formalln and by Carncy solution
ware stained by the Brachet method for ribonucleic acid (R.N.A,)e The tri-
chioracetic acid fixed specimens were stained for alcohol insoluble sul fhydryl
groups using the reagent 2,2'dlhydroxy-G,6'~dinapthyl disulfied, (D.0.0.),
developad by Barrnett and Sellgman (1952), Sliliver impregnation and Mallory
trichrome stains were also employed to speclfically define collagen fibers,
Radiation Serlies

Twelve mice one hundred days old of the same |itter and sex as the tracer
series were placed in solid plastic cages containing pine shavings as bedding,
They subsisted on the same diet es the controls, They were housed in the

"gamme room", The "gamma room" was designed with heavy leaded walls and in
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the floor at the center of the room was a deep recess housing several cannis-
ters contalning cobalt 60, An asutomatic, mechanical, timing device simultanw
eously sealed off the entry into the room and raised the cobalt 60 gemma
radiation source from its recess in the floor., At 10140 P.M, each night the
cobalt 60 source was raised and at 7100 A M, it was lowered into its recess,
At the beginning of the study the cobalt 60 had an sctivity of 5,7 curies,

To maintaln a constant radiation dose level of twelve roentgens each day, the
decay of cobalt 60 was compensated by Increasing the time the source remained
raised In the "gamma room" by five minutes every thirty days,

The mice were placed at a distznce of ninety-two inches from the cobalt
60 source of gamme radiation, At this distance the mice were exposed to twelve
roentgens over an elght hour perlod as measure! by a dosimeter., Preliminary
studies revealed these mice to live out thelr normal 1ife span at doses of
twelve roentgens each day, The normal life span is eljht hundred and fifty
days mean thia the maximum life span Is thirteen hundred days.

Six mice were sacrifliced after one hundred days of radiation, At this
time the mice were two hundred days cld and had received a total of 1,200
roentgens of low chronlc gamma radiation, All animals survived the radiation
period, The other six mice were sacrificed after two hundred days of radia-
tion, At this time they were three hundred days old and had recelived a total
cumulative dose of 2,400 roentgens of low chronic gemma radistion, These mice
also survived the radiation, The submandibular jlands were removed and pre-

pare? for histolegic study as in the control group,




CHAPTER 1V

FINDINGS

Mormal Histology of ibe Submandibular Gland

Norphologically the submandibuiar gland of the mouse may be classiflied as
a tubulo-alveolar gland, The submandibular gland and sublingual gland are supe
ported by a common capsule, Arising from the capsule, septa penetrate the sube
stance of the submandibular gland and divide It into lobules., The collagenous
fibers formin; the septa envelope the intericbular ducts and accompanying
arteries and veins, producing a charact«ristic triad, (Plate Vil Figure |)

The collagenous fibaers become more delicate as they continue around the intra-
lobular ducts, intercalated ducts and the acinl, (Plate Vil Figure 1)

In sections stained with hematoxy!lin and eoslin the acinar or alveolar
cells assume more or less a triangular shape, The dark staining, large round
or oval nuclel are situated close to the broad base of the cell, The nuclei
usually contaln one or more visible nucleclie A relatively thin basement meme
brane completely encircles the acinus, Between basement membrane and the
acinar cells are stellate shuped myoepithelial cells which send out tong proe
cesses forming & syncytium, The cytoplasm of the scinar cslls sfains basow
ghitic and contains vacuwoles and granules, The acinar cells continue into the
cells tining the intercelated ducts, These small ducts are lined by flat to
tow cuboidal cells, The nuclei, which occupy a central position in the ductal
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cell, are oval In shape. Their cytoplasm contains few granules, These low
cuboldal cells change rather suddenly into the densely grenular low columnar
epithelium of the intralobular ducts. The cells of these ducts rest on a thin
basement membrane and have & large round or oval nucleus in close proximity to
their base., In the cytoplasm between the nucleus and the lumen of the ducts
are located coarse, densely packed, heavily eoslnophlilic granuies. (Plate 111
Figure 1) At the base of the cell the cytopiasm is characterized by a brush
or striated border, The intralobular ducts may eppear “5® shaped, "U" shaped,
and curved In sectlons of the gland. In the Interlobular ducts the cells
change from low columnar into hish columnar, Thelir nuclei have a basal posi-
tion In the cell., The cytoplasm Is less granular than that of the cells in
the intraiobular ducts, {(Plate Il Figure H

The secretory granules of the acinar cells and intralobular duct cells
stain positive for mucopolysaccharides by the Pu.A.S5. (Coleman) method, These
granules are wmore numerous, densely packed and more intensely stained in the
intralobutar duct cells than in the acinar cells, (Plate V Figure |)

The RuN.A, positlve substance appears, characteristically, as curved,
parallel, perinuclear fllaments, These filaments extend from the perinuclear’
area peripherally to the cytoplasmic membrane, This extension of fllaments
ranges from the base of the cell to the secretory pole of the c#lt, Focal
accumulations are not only perinuciear but are alss found around the intercel lu«
lar central canalicull of the individual acini, However, the cell conter is
free of such structures, and also the areas of the cell occupied by the vacuo=

les and secretory grenules, (Plate V Figure |) The striated borders of the
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intralobutar duct colls are R.N.A, positive after Carnoy fixation, After
formalin fixation, however, these borders appear R.N.A. negative,

With D.D.D, for alcohol insoluble sul fhydryl groups the acinar cells show
a definite perinuctear positivity that extends from the nucleus through the
cytoplasm as granules or as a continuous reticulum surrounding nonestaining
granular spaces to the cytoplasmic membrane, The striated borders of the
intralobutar duct celis stain moderately intense, (Plate VI Figure 1)

The Feulgen method reveals the greatest concentratizons of D.N.A, in the
nuclel of the aclnar cells, The chromatin material Is granular and stains
intersely, (Plate I1X Flgure 2) The nuclel of the ductal elements are much
targer in diameter, paler staining and the chromatin material is not as densely
packed as In the acinar cells, The spindlee-shaped stromal nuclei are almost
as intensely stained a3 those of the acinar cells,

The stromz and the capsule of the gland were studied by the Rallory met-
hod and by sliver impregnetion, The greatest numbers cf supporting fibers are
seen In the capsuie. The numbers of fibers decrease as they form the septe
dividiag the gland into lobules. Fibers, arranged in bundles, but of & more
delicate nature, envelope the perlductal etements, (Flate VII Flgure |) The
fibers become very thin and thread-like, resembling a fibrillar reticulum, as
they support the Intralobulsr ducts and acini, (Flate VIll Figure 1)

Iracer Study

Following Injection of the labeled compound, tritlated thymidine, those

nuclel which metabollze the tracer become labeled and are recognized by the

presence of small black grains over ths nuclel In the autoradlograph,
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(Plate IX Figure |) Although such labelod nuclel are very few in number,
they usualtly are found in clusters, (Flate X Figure |) The distribution
of the clusters of labeled nuclei are found at random, indicative of an asynw
chronous paftarn of cail division,

The proliferative activity and D.N.A. blosynthesis of the submandibular
gland of the normal mouse studied by the autoradiographic technic shows that
between fifteen minutes and cne hour following injection of tritiated thymidine
the percentage of labeled nuclel of the aciner cells rises slowly to 0,30 per
cent, From one hour through four hours following the introduction of the |a-
beted thymidine, an insignificant rise in the percentage of labeled nuclel
to 0,34 per cent Is noted, The percentage of labeled cells doubles between
four hours and twelve hours from 0,34 per cent to 0,74 per cent indicating that
mitosis has occurred at this time, Oespite an insignlficant increase in label-
ed nuclel from twelve to forty-eight hours, 0,74 per cent to 0,76 per cent,
there is evidently a plateau of cells in interphase after twelve hours,

(Plate | Figure 1)
Effects of Gamma Radiation

The mice in the one hundred day radiation perfod with an sccumulative dose
of 1,200 roentgens reveasls nelther any gross changes nor any significant histo=-
togic alteration in the submandibular gland, The cytology of the gland studled
with H & E shows no detectibie change followiny this radiation period, With
the special histochemic stalns the nuclear concentration of D.N.A., the R.NeA,
activity, and the cytrplasmic mucopolysaccharide granules as demonstrated with

P.A.5. appear normal microscoplcally when compared to the control animals,
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The experimental animals which received gamma radiation for two hundred
days and an accumulative dose of 2,400 roentgens did show moderate to severe
degenerative siqgns, At autopsy the submandibular glands appear much smaller
than those of the contro!l animalis, Nost of the acinl are atrophic, The staine
ing abllity of the nuclel snd cytoplasm of the aciner cells Is reduced with a
loss of basophiila. In some of the acinl the nuclel appear to be compressed
agalnst the base of the cell, A great number of the acinar cell nuclel ex~
hibit karyolysis, In others there Is complete nuclear destruction, The cell
membranes in many of the groups of acinl are thisflnguishable. The cytoplasm
shows severe hydroplc degeneration In some cases, almost completely obliterate
ing the cytoplesm, (Plate 111 Figure 2)

The epithellum of the intralobular ducts also exhibits severe histopatho=
Ingic and histochemic changes as 2 result of radiation, These changes are
manifested as signs of degeneration characterized by a marked variation in
stalning abliity, With the special histochemic stalns for alcoho! Insoluble
sul fhydryl sroups using D.0.0. (Plate VI Pfgur@ 2), RuN,A, activity (Plate V
Figure 2), and the mucopolysaccharide granules with P,A,S. stein faint, The
celis as a whole shrw sligns of swelling of the cytoplasm, The characteristic
striated or brush borders of these cells are slmost completely lost, The cells
of these ducts which normally exhibit an extremely ;jranulaer, densely packed,
PeAeSs positive cytoplasm reveal a marked diminution in the number of granules,
{Plate IV Figure 2) The Intralobular duct cells show karyolytic changes also,
Some of the ducts are completely atrophied, The cells of the interlobular and

intercalated ducts also show moderate atrophic changes and stain pale,
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The supporting argyrophitic fibers of the submandibular jland manifest
slight chenges, namely o decrease in numbers of fibers supporting the gland,
(Plate Vil Flgure 2) (Plate VIII Figure 2)

The gland as 2 whole dres not show any significany evidence cf edema or
increased finrcsis, Although the larger blood vessels appear normal, some of
the capilliaries which accompany the intralebular ducts appear dilated and cone
gesteds There is s stight infittration of lymphocytes with occaslional scattoer.

ed plasma cells most frequently found perivascularly, signs of a mild slale

adenitis,




CHAPTER V
D1 SCUSSION

The submaniibular glond of the mouse shows prominent sexual differences,
The gland of the mate, however, was found to be similar in many details to that
of other rodents, For this reason only male animals were used In this study,

The study of the function of this gland by histochemic stains revealed
that there was an sbundance of P,A.S. positive, secretory granules in the cytow
plasm of the aclinar cells and of the cells of the Intralcbular ducts, The
granules in the ductal cells stained more Intensely then the fewer granules of
the aclnar cells, This may be due to the greater number of granules in the
intralobular duct celis or to the presence of more free aldehydes that were
avallable in the Intralobular duct celis,

The R,N.A, activity was greater in the cytopiasm of the acinar cells than
in the intralobular duct cells, The R.NsA, distribution within the cytoplasm
was characterized by parallel, curved, filamentous structures that appear to
terminate at the cell wall, The filaments had e definite perlnuclear concenw
tration, RJN.,A, activity was absent in the striated borders of the cells In
the Intralobular ducts, Although the secrefory granules were negative to
ReMNsA. staln, they were located In close proximity to the R.N.A, positive filae
ments, This observaticn Is interesting in the light of recent reports of the
relation of ribosomes located on plasma membranes and the function of plasme
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membranes in synthesizing secretory granules., Gay, 1960

The alcohol insolubte sul fhydryl groups stained with D.D.0, showed a simi-
lar cytoplasmic distributi~n as the R.N.A. positive material, This sujgested
that some of the enzymes produced by ReNsA, might contain alcohol insoluble
sul fhydryl groups or that R.N,A, activity and alcohol insoluble sulfhydryl
groups were associated,

Tre nuclel of the aclnar, ductel and stromal cells of the submandibular
gland were the only parts of the cells which stained positive by the Feulgen
method for DuN.,A., This finding supported other reports that the nucleus is the
only part of the cel! which contains D.N,A,, 2 specific component of chromatin,
DuNsA, was found In greater concentratlon in the nuclei of the acinar cells
than In those of the Intralobular duct cells, The greater intensity of stalne
Ing may be Indicative of an Increase In guantity of DJN.A,

Foltowing intraperitoneal Injection of tritisted thymidine those nuclel
of the cells of the submandibular gland which were, during interphase, synthew
sizing DuMeA, a8t the time of injection and during the first hour were recog=
nized by the presence of black silver gronules In the autoradiograph. The
labeled DJN.A, was trensmitted to the daughter cells during mitosls which led
to dliution of the labeled material through repeated divisions, The labeled
celts were distributed In a random manner indicative of an asynchronous pattern
of mitoses, However, the dividing cells scemed to be distributed in small
clusters, Furthermore, more labeled cells were observed in the acini than in
the ducts, This Indicated thet the acinar cells had a faster turnover than

the intralobular ducts,
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The acinar cells became labeled fifteen minutes following injection of thd
labeled thymidine, Although only 0,04 per cent of the acinar celis became
labeled after flfteen minutes, It was evident that some of the acinar cells
were synthesizing D.,N.A. at the time of injection, At the end of one hour,
at which time ninety-five percent of the tritiated thymidine is lost, 0,30 per
cent of the acinar cells were lsheled, This represented the percentage of
acinar cells undergeing DJN,A, synthesis, Although a rise in the percentajge
of labeled cells was observed from one hour through four hours, 0,30 per cent
to 0,34 per cent respectively, It was too slight to be consldered of signifie
cance, The doubling which occurred between four hours and twelve hours, from
D434 per cent to 0,74 per cent respectively, In the percentuge of labeled
acinar cells indiceted that miftosis had occurred during this time, Although
the percentage of labeled cells doubled within this seven hour period there
can be no doubt that the rate of now ce!l.formation was very slow,

This fact was further supported by the #inding that there was no marked
variation in the numbers of labeled acinar cells during the periods cf tweive,
twenty~four, and forty-eight hours, This was interpreted as a plateau of the
labeled cell population and demonstrated s long Interphase period,

tt could be seen that the small percenfage of acinar celis which synthew
sized D.NuA. and subsequently doubled ylelded only 7,74 per cent new cells to
the population of the submandibular glands This finding, supported by the ex-
tremely fong interphase beyond twenty-four hours, was sufflcient evidence to
conclude that the proliferative activity of the submendibular gland of this

strain of mice was extremely low,
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In the pancreas, a gland comparable to the salivary glands, Fitzgerald
and Vinl jehalkul In 1959 reported that the cell replacement rate of aciner and
istet celis was extremely low In rats, They found that only one per cent of
both acinar asnd islet cells were labeled in twentyefour hours,

Organs which are considered as bein; proliferative and undergo mitosis
frequently are the most sensitive to the effects of lonizing radiation, Since
the submandibular gland cannct be considered a highly proliferative organ it
is felt that early chronic radlation damage may not manifest ltself as altera-
tions in its structure, In view of the active secretory function of the saliw
vary glands, 1t serms |likely that functlonal changes occur early and later are
followed by structural alterations,

The concept of damage by lonlzing radiation Is based upon the electron losq
from an atom leaving an orblit N, ¥, L, K, and traveling at speeds proportionate
to the amount of sbhsorbed radiant energy. This leaves the atom In an lonlzed
state for short pericds of time, | x 1079 seconds,

There are molecules within the nucleus and cytoplasm of a cell which abw
sorb radlant energy and become lonized, This mway cause splitting of molecules
and otherwise derange thelr structures, This direct absorption has been shown
to be the cause for chromosomal splitting and rejoining, creating abnormal
distributlons which either prevent further mitosis or following division the
daughter cells may be of a new cell race, It has been reporied that absorption
of radiation creates a reqular splitting of chromosomes at specific sites re-
gardless of the quantity of energy delivered, Tnis is interpreted as striking

a8 "target® and implying the transmission of energy to a sensitive site In a




mlecule,

The lonization of water, which constitutes seventy-five per cent of a
cell, produces unstable, highly resctive free radicals, principally hydroxyl
and to some extent peroxides. These diffuse about thirty angstroms within a
celt and react with nearby molecules to produce abrormsl products which damege
the cells! function, These products are considered to be the toxic agents
causing not only local cell Injury but alse "radiation sickness", It seems
reasonable to interpret radiation damage on a histologlc structural level,
However, the relative activities of cells may be prollferative as In the gone
ads and secret~ry In the submandibular gland, Therefors, the dlfference In
the reactivity to lfonizing radiation measured histologleally must be interprete
ed in the llght of the partlicular cell function,

The sallivary gland of humans has long been known to be sensitlive to fonm
izing radiation, Humans Irradisted for the treatment of oral and parasoral
malignancies develop a xerostomla, dry mouth, eariy, Also such Irradiated Ine
dividuals show an Increased incidence of dental caries, Charecteristically
such caries are found In the cervical areas of the teeth, which normally are
Immune, tInvestigati-ns have been conducted using xeray radistinon to the sall-
very glands of experimental animais in an attempt to secure evidence of gland
injury or dysfunction that may be relate! to those observed clinical findings
in humans,

While the effects of both massive joses and smaller repeated doses of
x=ray radiation have been studied, the intent of this study was to determline

the effects of low grade chronlec gamma radiation on the structure and function
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of the submandibular gland of mice.

The first group »f mice following twelve rcentgens daily total pndy ir=
radiation for one hundred days were subjected to a total accumulative dose of
1,200 roentgens, This represented chronic gamma radiation on the order of
one-tenth of the Iifospan of the animal. The submandibular glands of these
mice appeared completely unaffected by this large dose of accumulated fonizing
radiation, English (1954), however, using one thousand roentgens of xeray
radiation in single doses showed pathoclogic changes In the submandibuiar glend
of rats, Althougn the ifonizing effect of radiation is not similar in these
studies It may be significant that in equal doses of lonizing radiatlion the
sallvary glonds may be more resistant to chronic radiation than to acute radia-
tion, However, it is possible that the rat submandibular gland may be more
sensitive to radiation than that of the mouse or that the submandibular gilands
of this straln of mice may be extromely resistant to radiation., The findings
in the gamma radiastion study did, however, appear to be in harmony with those
of Shafer (1953), He observed no histelogic changes in the submandibular
ytands of rats selectively Irradiated only about the head with single doses of
x=ray radiation ranging from 480 to 3,500 roentgens, 1t would appear from the
similar studies on rats of Shafer and English that the effocts of x-ray radia-
tion are contradictory,

1t was felt that these findings might be correlated tc the very slow proe
liferative activity of the submendibular glands In Its cellular turrover the
submandibular gland Is different from orgens such as the testes and tissues

such as intestinal epithelium which heve rapld turnover rates and show radia-
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tion demage early, The observation of the lack of any structural change in the
irradiated submandibular gland may be therefore related to its low cell turn-
over, However, the less obvious and possibly more critical effects of radia-
tion may be detected in the secretory activity of the cells of the acini and
ducts, It was believel that the effects of radiation might be manifested early
In a functlonal disturbance of the gland, However, after the one hundred day
radiation perind no significant disturbance in the secretory activity was obe
served In either the number or chemistry of the secretory gronules,

in the second part of this gamma rediation study, the mice were subjected
to an accumulative total body gamma rediation of 2,400 roentgens over a two
hundred day perlod which is approximately one-fifth of fthe |ifespan of this
strain of mice, Following this sccumulated dose, changes in the submandibular
gland compatible with radiation damage usually found and reported to occur in
other organs as a\resutf of radiation were observed, The changes observed
were quite dromatic when compared to the one hundred day irradiated mice,
From these findings it would sesm that somewhere between },200 roentgens and
2,400 roentgens was a critical period in which structural changes first manie
fested themselves, The first cbservoble change was an atrophy of the submane
dibular gland when examined grossly, The histologic alterations in the gland
were characterized primarily as degenerative changes in the parenchyms, The
most dramatic changes appeared to be those which occurred in the cells of the
intralobulaer ducts, The infracellular secretory grunules were greatly dew
creased in number and in their staining abllity. These ductel cells showed a

marked diminution In the normally abundant, P.,A,S3. positive, mucopolysaccharide
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granules, This loss of granules may be interpreted as reduction in the func-
tion of the gland, Structural changes also were seen In the ductal cells,

Tne nuclel showed karyolytic and pyknotlc changes with a migration of the nuce
lel closer to the lumina, The cytoplasm aiso lacked the normal basal striase
tions which normally characterize these ductal cells, Although these degene
erative alterations vere not uniform throughout the gland, it was evident that
Injury to the ductal cells varied from reduce’ secretory actlvity to the seve
erer structural changes, Since the ductal cells showed the most marked damage
in the glend, 1t would ap,ear that they are the most susceptive to demege by
radistion, Cherry and Glucksmann ({959), however, feel that the ductal cell
changes appeared to be less promounced than the acinar cell chahg@s in rats
lrradiated with x-ray radiation in dally doses of B50 roentgens with accumuia-
tive doses of 7,650 roentgens administered in the reglon of the neck, This
may be signiflicant evidence of the difference In reaction of jonizing radiation
between the submandibular glands of the rat and the wouse,

As In the ductal cells, the acinar cells of the submendibuiar glands of
the two hundred day gamma irradiated mice alsoc showed a variation in their re-
action to fonizing radiations The intensity of the demage did not appear to
be as dramatic as those which nccurred in the cells of the intralobular ducts,
The aclinar cell changes also ranged in severity from degeneration and complete
collapse of the acini to the much less severe changes characterized by loss in
the staining ability of the celis, The function of these cells also appeared
to be reduced, The histochemic changes which were observed In the gland tend

to lend definlte proof of a decreased function of the gland as & result of the
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fonlzing effect of gamma radiation,

The histoleqlc changes in the submandibular glond of mice after an accumu
tatlve dose of 2,400 roentgens do not colncide with those of Shafer (1953),
Shafer did not find any histologic chanjes in rat submandibular glands after
repeated doses nf xwray radiation from 4,507 to 8,000 roentgens, Although it
is known that the effects of lonizing radiation are sccumulative, it may be
significant that even though such large doses of radlation were glven to rats,
the radlation wes administered ftwice weekly, The submandibular glands of such
rats had time for recovery from the effects of lonizing radiation between such
weekly treatments. Another significant difference In the methods used in these
two studies was that the rats were sacrificed twenty-one days following the
last treatment, It was possible that the submandibuler glands of these rats
could have recovered from the damajing effect of the radiation, In this study
the mice submandlbular glands were not qlven any chance for recovery since they
were radiated dally and sacrificed the day they received thelr tvo hundredth
day of radiation,

The supporting argyrophiiic fibers of the ¢land were decrezsed in number
as a resulf of two hundred days of radietion, However, thils decreasse In perie-
ductal fibrous tissue was giight and a rather insignificant finding when come
pared to the severe changes in the parenchyma,

Tne inflammatory reaction which was observe! was slight in nature In cone
trast to the severe changes observed In the parenchyma, This does not appear
to be consistant with what is believed to be the earllest reaction of en organ

or tissue fo lonizing radistion In which case inflammation {s severe. Although
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severe Inflammatory response has been reported in acutely radiated glands, it
must be polnted out that there were avaollsble large numbers of such cells to
inflltrate the glends 1t is known that the effects of radiation on the reti«
culo-endothelial system causes a suppression of production of hematopoietic
celis, {Bloom, 1948) This will be reflected in tlme as a reduction or total
lack of Inflammatory cells in any site of injury such as the sallvary glands,
The tack of an inflammatory cellular reaction as observed In severely damaged
submandibular glands In chronically radiated mice is & manifestation of the
faiture of the retlcufo~endothelial system to react, This fallure inplies
elther suppression or injury of & more severe nature to those undifferentiated
mesenchymal cells found perivascularly throughout the gland and lymphold tise
sues of the body, Moreover, the absence of the granular series of cells is
compatible with the bone marrow injury reported by Bloom In chronic gamma

lrradlated mice,




CHAPTER VI
SUMMARY AMo CONCLUSIONS

This study attempted first, to ascertain the rate of cellular turnover in
the submandibular gland of mice and, secondly, to Investigate the effect of
chronlc low grade gamma radiation on this gland,

The conciusions derived from this study were:

As The histology of the submandibular gland of the male mouse was simie
lar in many respects to that described in other rodents,

By The rate of new cell formation in the submendibular gland of the male
| mouse was very sfow, At the end of the first hour following injection of the
radioactive tracer, tritiated thymidine, only 0,30 per cent of the acinar cell
nucle! became labeled., The rise to 0,34 per cent affter four hours was insig-
nificant, The percentage of labeled nuclel doubled after twelve hours to
0474 per cent indicating cellular division had coccurred, The percentage of
labeled nuciel remained relatively constant from twelve hours through forty=
eight hours iIndicating a long interphase period, Therefore, it is concluded
that the acinar cells of the submandibuler glands of this strain of mice had
a slow protiferative capacity,

Ce There was additinnal evidence that radiation of biologic s*stema was
accumul at ive,

D¢ HNo histopathologic or histochemic changes in the submandibular gland

42
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were observed following twelve roentgens dally gamma radiation for one hundred
days.

E. Moderate to severe histopathologic and histochemic alterations were
seen after two hundred days of gamma radiation at a rate of twelve rcentgens
per day, The mouse submandibular gland showed functional changes, namely a
reduction in numbaers and chemistry of the secratory granules. The severer
structural alterations were characterized as degenerative and necrotic changes

of both the intralobular duct cells and the acini,
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Figure |

Distribution of labeled acinar cell nuclel with
time.

Note the doubling of labeled nuclei between four
and tweive hours and the plateau of resting nuclel
after twelve hours,
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Figure | Phofmmicmgr%ph x100t Control Specimen
Hematoxylin and Eosin {(H & E)

Observe the varl-us shapes which the intralobular
ducts assume ond the Intervening acinl, Note the
rich vescularity of the gland and the septa which
divide the submandibular gland into lobules,

>
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PLATE 1)

Frotomicrographs,

Pe

Figure |




Figure |

Figure 2

Photomicrograph x1000 (0il Immersion)s Control Specimen
Hemat~xylin and Eosin (H & E)

Observe the densely packed, coarse eosinophilic,
secreftory granules in the intralobular duct celis
and the relatively few such granules in the aciner
celis, Alsn note the small capitlary,

Photomicrograph x1000 (011 Immersion}: Radiation Specimen

Hematoxylin znd EBosin (H & E)

Dbserve:
Aes Altrophy of some of the acinar cells,
Be Compression of some acinar cell nuclel
and karyolysis of others
Ce Hydroplc degenerstion of acinar cell cytoplasm,
0s Reduction in number of eosinophilic graunules
in the cytoplasm of the intralobular duct cells,
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Figure |

Figure 2

Fhotomicrograph %420 Controi Specimen
Periodic acld Schiff (PuAdS3.)

Mote the densely packed and intense stalning mucow-
polysaccharide granules in the cells of the intrae
lobular ducts, Such granules are fewer in number
and lighter staining in the acinar cells,

e

Phetomicregraph x400:  Rodiation Specimen
FPerindic acid Schiff (P,A.5,)

Mote the marked diminution in the rumbers of PeAdS.
positive mucopclysaccharide secretory jranules in
the intrslobuler duct cells. There is alsc destruce
tion of the cell wall on the Jumen side, MNote the
acinar cell changes characterized by a decrease in
number of muccpolysaccharide granules, hydropic
degeneratinn and complete destruction of some of the
acini,
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Fiqure | Photomicrograph x400: Control Specimen
Ritcnucteic acid (RNJAL)  (Carmoy Fixation)

Observe that the greatest concentrotions of the
RuMN.A. positive material s loc:ted perinuclear,
tote alsc the greater activity of R.N4A, in the
acinar rall cytoplasam than In the ductal celis,

Figure 2 Photomlerograph x1000 (011 immersion): Radiation Specimen
Ribonucteic acld (R,N.A,) (Carnoy Fixation)

Mote the disruption of the R,N.a, positive material
in the acinar and intralobular duct cell cytoplasm,
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Fi Qure I
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Figure !

Floure 2

Fhotomicrogragh »x400: Control Specimen
D4D.De for alcohol insoluble sul fhydryl jroups

Note the distribution of the alcohol insoluble
sul fhydryl sroups in the cell wall and the peri-
nuclear (Nucleus unstained) cytoplasm,

Photomicroraph x400s Radiation Specimen
DD for sicohel insoluble sulfhydryl groups

Obsgerve the disruption of the alcohol inscluble
sul fhydry!l groups in both the acinar and intra=
lobular duct cytoplasm,
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Figure | Photomicrograph x100s Control Specimen
Haltory Trichrowme Staln

Observe:

Aes The connective tissue septa penetrating the
gland dividing it into lobules.

Bs The great numbers of flibers supporting the
coltectin, interlobuler duct, srtery and vein,

C, The delicate nature of the fibrillar refti-
culum supporting the acinl and intralobular ducts,

2

&

Figure 2 Photomicrograph x1000 (01l lmmersion)s Radliation Spec?ﬁen
Mallory Trichrome Stailn

Observe the sli ht decrease In the numbers of
collagenous flibers supporting the collecting
duct, blood vessels, and acini,
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Figure 2
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Figure |

Flgure 2

Fhotomicrograph x400: Control Specimen
Silver Impregnation

The stiver staln points out the extremely delicate
argyrophiltic fibers supporting the acini and intra-
fobular ducts,

Photemicrograph x1000 (01 Immersi n): Radiation Specimen
Stiver Impregnation

tNote the decreased numbers cof argyrophilic fibers
supporting the acinar and intralobular duct cellis,
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Figure |

Photomicrograph %4005  Tracer Series
Feulgen Staln

Avtoradiograph showing the labeled acinar nucleus
in the center of the field, Note the exiremely
few numbers ~f such fabeled nucleil in a typlcal
field of the submandibular gland,

Photomicrograph x1000 (011 lmmersion):s Tracer Series
Feulzen Stain

Cbserve the granular appesrance »f the chromatin
material in the acinar nuclel stained specifically
for desoxyribonucleic acld (D N,A,)e Note alsc
the black grains of the labeled nucleus In the
center of the field,




FLATE 1%

 Figure |

Flgure 2
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el P

Floure |

>

Photomicroglach x1000 (011 Immersion): Tracer Serie
Feulgen Staln

Autoradiograph twelve hours after injection of
fritiated thymidine, MNote the psttern of distris
bution of the labeled nuclei, HNote the small
cluster of such labeled nuclel In the center of the
field,

5
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Figure |




APFROVAL SHEET

The thesis submitted by Dr, Rario V. Santangelo bas been
read and approved by thrae members of the Departments of
Anatomy and Oral Anatomy,

The final copies have been examined by the director of
the thesis and the signature which appears below verifies the
fact that any necesssry changes have been incorporated, and
that the thesis is now given final approval with reference to
content, form, and mechanical accuracy,

The thesis is therefore accepted in partial fulfiliment

of the requirements for the Degree of Master of Science,

Dtay 33, /G0 W
Date Signature of Adviser




	A Study of Gamma Irradiated Mouse Submandibular Gland
	Recommended Citation

	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img062a
	img063
	img066
	img067
	img067a
	img068
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079

