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CHAPIER 1
INTRODUCTION

During the treatment of head and neck cancer normal
mucosa of the oral cavity has been subjected to X ray radia-
tion. The clinical manifestationa of the radiation reaction
to skin is epldermitis, the reaotion to the oral mucosa beling
epithelitis. Any change Iin the oral mucosse betura clinicel
manifestationa appear 1s not known, This paper will report
disturbances in maturation of oresl bucecal epithelium due to
radiation by using the exfollastive oytologlcal technique
introduced by George N. Papanicolmou,




CHAPTER 11
REVIEW OF THE LITERATURE

The literature reviewed for this thesias Includes: (A)
Exfoliative Oytology and its Applications; (B) The Keratlniza-
tien Processj (G} General and Specific Stalaing Characteris-
tics of Cellsy (D) General send Specific Effects of lonlzing
Radiation to the Human. An attempt will be made to discuas
the four toples in the above order, however, a certain amount
of overlapping should be anticlpated by the reader,

Ai EXFOLIATIVE CYTOLOJY

Kontgomery (1951) conducted a study including 75 ludivie
duals with oclinically healthy mouths. The group was composed
of 25 o&ildren, 25 adults and 25 elderly indivlduals: Swmears
were taken from specific areas of the mouth, He made the
clagsaification of the.cells taken in the smears as simple aa
possible by placing the cell types Into three major catagorles
blue, red and yellow, using Papanicolaou's technie. The blue
colls were the non=keratiniszed cells, the red cells were the
cells in varying stazes of keratiniszatlion, and the yellow celld
were the completely kerestinized cells. Since there was often-

times s mixture between the colors, cells were classified by
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the color predominating in the cytoplasm, Variatlon was not
only seen regarding steining characteristics of both nueleus
and cytoplasm, but also in the shapes and sises of the nuclei
and cytoplssms., Montgomery's results indicated no particular
correlation between age and sex, and the dlstribution of cell
types in different parte of the mouth. He was able to combine
the data in one table, showing mean perocentage distribution of
the blues, reds and yellows for each area of the mouth,
Different areas of the mouth showed definite patterns of dis-
tribution. Montgomery's data regerding the cell distribution
in the cheek shall be the base line in this study.

¥ontgzomery's Findlngs for the Cheek:

Blue Red Yellow

Cells Cells Cells
% Dpistribution 515 3.8 La?
Stendard Deviation 26.6 2348 123

Kontgzomery snd Von Heam (1951) conducted a study of
patients with carocinoma of the oral mucoza. The values
Montgomery derived from his study on normel mucoss were come
pared with the values obtainsd from normal eppearing areas in
mouthe of oral cancer and found no siznificant difference be=

tween the two, However, when they compared disessed areas




with normal areas a significant difference was found, All
thirteen patlients studied demonstrated significant differences
between the digeased and normal areas and in all but two of
them, the number of blue cells in the diseased sress was less
than in the corresponding normal areas. The most frequent
characteriastic of malignancy in the oral cavity 1s en abnormald
1y large nucleus and a disturbed nucle ar-cytoplaamic ratio,
Hyperchromatlsm was not as reliable in dlagnosing a mallgnant
lesion because of its frequent absence., A thickened nuclear
membrane sppesred less frequently than hyperchromatism. Abe
normally lerge nucleoll were frequently found in the smears
(13 out of 15), In the cytoplasm the most dlagnostic slgn of
malignancy was an sltered behavior In staining; cells that
morphologzically were identical with the blue cells sztsined
differently, namely pink or orange.

In dlscussing thé dlagnostiec value of intraoral cytology,
Silvermsn, Becks and Farber (1958) noted some techniecsl polints
of value, When taking oral smears ons must remember that the
smegy taken could easzily be contaminated by cells from other
areas of the mouth, Alsgo, once a amesr is properly prepared
and fixed, drying will not significently alter the cellular
detall when stalned.

*In spite of inconsistencles, a relationship appeared to exlst




between oytoplasnic cornification and local functional irrita-
tion..s+1in accordance with Mliller, liontgomery, Orban and
Weinmann," The degres of cornification here was determined by
cellular morphology as well as by the astaining reaction, The
immature basal cells are recognized as spherical cells with
centrally placed nuclel whioh are consiatently basophilic, The
oytoplasm atains green or blue, In the process of keratiniza-
tion the cells flatten, the cytoplasm becomes progressively
transparent and the nuscleus contrects to a amall pyknotic mass
of ehromatin, Cornifled cytoplasm la acldophilic and nay
stain pink, yellow or orange in & non specific fashion., Cella
of intermediate maturity are terwed precornified cells end are
recognized ss slightly flattened cells, and show some dezree
of nuclear contrasction, Pre-«cornified cells are usually basoc-
philie, although cellular morphology ias more relliable as a
eriterion of maturity than the staining reaction, Ho cellular
or nuclear abnormslities were observed in the smears obtalbed
from the seriss of patients who were considered tc bave normal
mucoga, In general, lealons due to chronic irritation showed
predominantly mature sguamous gells, whereas smears tasken ade
Jacent to deep uleceratlon produced immature basal cells. The
eriterion for maligneney used by the authors wast l. enlarged
nuclel, 2. variatlon in nuclear size and shape, 3. increased

nuclear-cytoplasmic ratio (nucleus increases in sigze with no




proportionate inorease in cytoplasmic size), L. multiple and
pru@inent nucleoll, 5. hyperchromatism, 6. sbnormal chroma=
tin pattern end diatribution, 7. discrepancy in matwation in
groups of malignant cells.

Pomerange and Stahl {1953) in supporting eytologle
methods noted that in four positive diagnoses of malignaency by
oytologie means, the blopsy reports had revealed no malignancyd
This ocourrense was explainsed by the fact that the smear Iin-
cluded & greater ares of the tumor and not merely & small
plece of 1t as dld the bviopay. They also noted that cytow
diagnosis is en effectlive rethod for dlagznosing cancer in its
preinvasive atage,

Further efficacy of the oral smear was established in
1958 by Sandler and Stahl, They found agreement between smear
and blopay findzngg in 92% of 51 oral lesions studled. They
¢ited two cases in whieb the amear and blopsy findings were
not in agreement. The smears were positive for malignancy but
the first blopsies were negative. iihen repeat blopsles were
taken, the blopsles revealed positive findinge for malignancy.

B, KERATINIZATIOR PROCESS
Yeinmann (194,0) observed that most of the studles concernd

ing the wechanlism of keratinization have been dome on the gkinj




0f the many lnvestigzstor's works that Welnmann discussed, the
opinions regasrding keratinization were varled. Cowdry (1932)
felt that the distance of the blood supnly was a determlining
factor in the process of kerastinlzation. It may be due to the
lack of certaln essentlsl elements or an inablllity to elimine
ate waste products. Nany of the following authors consldered
kerstohyalin of the granular layer and elidin of the gtratum
lusidum play an lmportant role in the formatlon of keratin.
¥ae Leod (1899) considered keratohyalin to be a separation
product of ocellular protoplasm and ellidin a further product
or'ﬁeittohyalin. Mertschnlzg, Fosner, Selhorst etc. (1890)
felt that keratohyalin was elicited from parts of the nucleus
and Rabl (1897), Rosenstadt (1318), and Martinotti (191%)
belioved it was from cvtoplasmic structure. However, there
appeared to be relatively common agreement thet the completely
keratinized cell is devold of a nucleus upon mioroscoplo exe
amination. Whether this apparent abasence of a nucleus is due
to an absolute ebsence or merely an inability to react to
stain appears to be a point of econjecture. Waldeyer (13882)
and Weldenrelich (1901) considered heratinigation a process of
degeneration, while Hoepke (1927) and Patgzelt (1926) believed
that substaenceas completely keratinized do not stain with

Gentian violet, but substances in the process of keratinlsza-




tion readily teke on this stain. wWelnmann (1940) in his study
of the cells from the cheek found a few cells which were indie
cating degrees of keratinizsetion, but did not find any com-
pletely kerstiniged. He feolt that the epithelial cells in thiq
arca were sloughed off before they were sble to produce ksra-
tin, Further in Weinmenn's dlacussion he stated that cornifi-
cation is a protective phenomenon from s teleoclogical point of
view. Another point whleh he brought out was the fact that
keratinization may be explalined as & reaction of squamous eple
thelium to dirrarsnt etimuli and irritations.

Pearge's (1951} difficulty in demonstrating cystine in
other than hair was experienced also by Barnett and Ssligman
(1954} because they could not demonstrate disulfides in the
stratum ¥alpighlil, Bernett and Seligman (1354) found simie
larities in the sulfhydryl content of the stratum Malpighii
of the buccal mucous membrane and the same stratum of the ad-
jacent epldermia of the mucooutsneous junction. They were
able to demonstrste sulfhydryl groups in varylng amounts in
all epithelia. It i1s interesting to note at this time that
Lisen, Montagna, and Chase (1953) found that protein bound
sulfhydryl groups are revealed in greatest abundance in tissuesg
undergoing keratinization, particularly in parakeratotic

regions,




Barnett (1953) felt that the sulfhydryl aend disulfide
containinz proteins contributed to the architecture of certein
epithelisl cells es in keratin, He did not share completely
the beliefs of Giroud and Leblond (1951) that keratinization
involves the oxldation of sulfhydryl to sidulfide groups,

Glycogen appears to play a role in keratinization as
hinted by Pepanicolaou and Traut (1943). Montagna, Chase and
Hamilton found that the glycogen content of a cell diminishes
a3 keratinlization progressss,

Orban (1953) described the buceal mucoma as being typi-
cally non~keratinized. The cells on the asurface of this eple
thelium are belng constantly desquamated.

Rothmen's (1954) concepts of keratiniszation center around
recent trends to study the keratinizetion proceas by cyto-
chemiocal techniques., He states that the only conaistent
difference betwsen keratin snd cell proteln is the higher
content of cystine in keratin, The keratin eystine content is
assoclated with a decresse in sulfhydryl containing amino
aclds. His observations are supported by Hirsky and Anson
(1336)

"In denatured but unhydrolyzed protein the number

of sulfhydryl and disulflde groups detectable is

equivalent to the gquantlity of cysteine and c¢ystine
found in the hydrolyzed proteln. Lirsky and Anson

193&-"35” *
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Pearse (1951) was cognigant of the search for a histo-
chemical reaction for keratin, He knew that the sullfur cone~
talned in keratin is in the form of cystine, and that the di-
sulfide bond of c¢ystine is very reactive to oxldiging agents.
Once oxldation takes place the reactlion products can be identi
fied, It seemed loglcal to him that the starting polnt would
be in tissue sectlions oxidised by different reagents.

Dempsey, Singer and wisloeckil (1950) noted an incressed bsao~
phllia of the tisswe proteins after oxldation with perlodic
acld. The oxidation of sulfhydryl and disulflde groups into
sulfonlc acids and these being strongly dissociated caused an
inoreased basophilia. This brought about the possibility of
demonstrating oxidation products of cystine by means of dilute
Methylene bBlus at low pH levels, Pearse (1951) observed that
the diagnosls of acldophyl proteins as found in keratin is
dirficult except in halr. lie sugyosted some reasons for this
difficulty., Structwres other than halr contain less oystine,
their sulfur is largely ln the form of aysteine (sulfhydryl)
and eystelne 1ls much rmore easily oxidiged than c¢cystine.

C. GLRERAL ARD SPRCIFIC STAINING CHARACTIHISTICS F CELLS

False atelning reactions may be prevented by the fixative
used. De Robertis, Nowinski and Sasez (19408) stressed the im-

portance of fixation to preserve the chemical and morphologli-
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cal characteristics of tissue, Thus, the living character-
istics may be studied at optimal acouracy. Fixatlves cause a
certain amount of shrinkage and one ghould always be cognlsant
of this fact so that interpretation of what ia seen after
fixation 18 not migslesding. 2Ziskin, Kamen and XKittay (1941)
stained their smears a&s d1d 4seinmann (1940) with the Ernst-
Gram steain, and determined varying degrees of keratinigation
by the ability of the atructures to react to Gentlian violet

or Safranin. Papanlcolaou, Traut and Marchetti (1948)

pointed out thaet @ poorly fixed speclimen will present a dis-
torted histologlcal picture, Papanicolaou and Traut {1943)
found greater transparency in the stalned cells and good color
differentiation by using staeins in 95% alcohol, rather than
using stainas in an aqueous sclution. 7This result was probably
explained by the fact that the stalns used have a low solu~
bility in aleohol, whille atudying postersdiation srears,
Pepanicolaou and Traut {(1943) found that the healed lesion did
not shed malignant cells. Frowm this faect they felt that poste
radistion cases could be followed to see that elimination of
the tumor hed taken plece. They gsaw that the vaginal epi-
thelium under certaln stimuli, such sa radlation, showed
potentizlities for keratinization., 1In discovering the
characteristios of exfollated cells in the vaginal smears the
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non~keratinizing cells are basophilie in thelr stalning
characteristics. A purplish eolor In the basal cells is Gue
to the glycogen content of the cells., As the cells mature,
their staining chasracteristice tend toward the pink or tan
colors., These keratinized cells are strongly acldophiliec and
thelr nuclel have either dlssppeared or they are pyknotlec.
Their original nuclear size 1s usually Iindicated by a persias-
tent perinuclear vacuole. The kerstinlzed cells beiny strong-
ly acidophllic, show a predisposition for the orange G gtalin,

The work of Papanicolaou (19),2) described color of the
kerstinizing cells as varying from red to orange and the none
keratinized cells staining green or blue~Zgreen,

¥ontagna (1952) felt that the cells of the stratum germe
inativum are intensely basophlilic when sectlions of skin are
stained with basic dyes. The keratohyallin granules staln
intensely, but the gréund cytoplas=m in this layer stains
lightly. The stratum luocidum and stratum corneum stain
weakly., It was presumed that this basophilia was due to riboe
nucleic scld. However, basophilia may be induced by oxldation
of sections of skin. This bascpbllis may be attributed to the
sulfur content of the proteins. Oxidation of disulfide in
keratin and of guGlfhydryl groups in the stratum germinativum

might coneeivablr lead to formation of sulfonlec aclds, re-
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sponslitle for the Ilnduced basoptlliae. Ascorble acid in the
stratum errminativum =migont medlate the transformation of
sulfiydryl groups in the same layer to dlsulfide ygroups In tue
keratinlzed srea.
D. FPFLCTE 0F IUHIZI.G RADIATION

Gerstner (1952) felt that exposure of the wuole body or
of 2 larpge part of it to sufficlent amounts of penetrating
ionizing redletion lnduces in men tue radliastion syndrouse.
Clinical course and cutcome of radlatlion syndrome are delers
mined in essence, by two factors: dose end individual sus~
eentibility.

ravor (1923) clalmed tunat perbaps Lhe most sztrlkin. of
the blolosical effccts of x rays is their effect on the
echromatin of the nucleus. An organism may be rendered sterile
and yet retsin sll of its vitsl characteristics.

toss (1959) mentioned that degenerstive diseases are
limiting factors in radiotherapy, as they are In surgical
Atherapy. A patient's reasction locelly may be aitered by hils
physical status. He slso statec that the amount of oxygen
contained in the body tissues 1s an important facior In
determining his radicgsensitivity. Inoreased dilssolved oxygpen
will normelly increase sensitlvity and a decrease of save will

reduce gengitivity.
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Coutard (192Z) noted thst the buccal eplibelium was
repleced mors rapldly than the epléernmis snd tast it would be
expected thet the buecml epltheliun would desquanmatle sooncr
than the spldermis. Couterd found that with a pilven dose of
radiastion the nucosal epltuellium would desguasmate ln twelve
days. 7he epldermis beins subjected to the sare éosge would
deaguamate in two or three weeks. 7The nuecosa in twn hesls in
two or three weoks &nd tie epidersis requires flve to slx weelkd
for nhealling.

Friedman and Nosh {1939) were concerned with the rhythm
of radlation effecta., Part of thelr study was concerned with
the biologic effects on the numan skin and rucosa using copper
filters of varying tahlcknesses (0.25, 0.5 8nd 2.0 mm,.),
Another part dealt with the normal variations of renze of
radletion eplthelitls snd epldermitis. 7The day of cnset of
epithelitls 1lg fairly.conslstent, occcurring ercund the tenth
day. The thichker the filter used tended to forestall the
cccurrence of second degree eplthelitls or to regzate its
appearance completely., The wave lengtn if short reandsrs the
roentgen less bLiclogleally elfcctive for epitiielitis or epl=-
dermitis. It ig observed that the epltuelitls produced Ly
roentzen rays {lliered with 2,0 mn copper filter, when Comne

pared with that of Ge% mm copper filter, sppears later,
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resches a second de. ree Intensity later and has & wlder range
of variation. To sumsarize, the time of cnset of the epl-
thielitis snd epldernltls due to radlatleon Irox dlffereat
gualities of roentgen ravs 1ls ian Llnverse ratio to tue wave
length, The existence of a rhythm of radlatlon eilect was
firet surgested by Coutard (1935) who lntegrated his observa-
tions into 8 phenomenon ealled perlodiclty, where In the skin,
mucogs and tumor each exnerienced specific eyellc varlation

in their resnonse to protracted external radiation. The bou-
bapdment of humen tlasues wlth protracted, {ractionated doses
of radium or roentgen rays evokes three phenomens: l. Direct
celliuecidal effect « destructive phase; 2. feailns phase; 3.
Periodiclity. Tne direct cellucidel effect is wost actlve
during the esrly destructive phase of the treatment verlod,
occupying the firat seventeen to tweniy-one days of treatuent.
The exsct liwlites of the destructlive phase are rather difficult
to define as they depend upon many controllable and uncon-
trollable factors sueh ass 1, The gslze of the daily dose; 2.
The Individual susceptibility; 3. The quallty of radlatlion;
. The Dailly exposure btime; 5. The frequency of the treatuentd
flaborating on the indlvidual susceptlbllity the extent and
durstion cof the destructive phese is dependent upon indlividual

idiosynersey. Susmarizing the findlngs of Friedman's and
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#osh's study 2L% of thelr group of 126 pstients, exibibited
unusual reactions. 7The reactions were of the hypossnasltive
and hypersensitive individual, Freguency of the treatoent Las
its influence. interruptions in regular trestwent aot only
wesken the effect of the dose, but alsc result in gresater
individual varistions. In protracted, {ractlionated irradia-
tion, the destructive phese i cumulative., Itz effecte start-
ing slowly, manifested by a lay of seven to fourteen days at
which time reactlons commence. 7Thisg production of destructlve
effects initiates & reaction on the healing process, The
healinz procese 1z slower in starting than the destructlive
process, but soon asccelerates in power so that it finally
overwhelms the d&ﬁtru&tiv& process. The healing phase now
beging. 7The healling phese in tne mucosa commencesg on thue
thirty-fiftn day, Lut varies between tue twenty-sixtih and
forty~gsecond cay. A plcture of Lue delicate neoihanism can
only be obtained when the reactions are mlld, as a conseguence
of samall deily doses or when tue patlent lg typosensitive.

If the incldent doze is larger, or the patient la uypersensi-
tive the resctions are intense producing masggsive, ungelective
destruction which is not repaired, but crudely replaced by
fibrous tissuve., The healing phase 13 thus depoadent upon the

gize of the cose, lndividusl susceptibility, and the quality
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of radlation. The exlstencse of recurrlaog cyecles of lacreased
cellucldel erfects at thirteen days intervals, hse not been
proved. I'rieduan end Rogh observed a type of perlicdicity,
which gseems Lo resull fro- alteration of the cestructive
process with tue healin, process.

Gravem end Grahan (1953) felt that the clinical stage of
the senslitlzatlon response was the only useful aspect of this
disease and could be used only as & prognostic index. They
found a cytelogleal examinstion of the nonemalignant epltnels
isl cells of the vaglna during the course of radlotherapy of
value. It will distinguish the patient with a good response
from that of one with a2 poor respvonse after only 1000 r of
roentgen ray therapy or elter a single radium applicstion.
Cytoplasmic vacuollzation of ihe bassl cells, red granules,
gnd Increase In the deneglty of the cytoplass Indleates an lne
creaged sengitivity te lonlzing radlstion. sith tha/sensiw
tivity response present, Grauss and Urabam cbscrved a 66 cure
rate and In 1ts sbsence they observed only an 135 cure rate.
sengitizatlion regponse and coraification do not appear to bear
any relationsiuip to one another.

Stulmman {(1943) noted that In order to produce an erythema
of human sila, two {actors sre considered: the thickness and

the »ligmentation pregent. An intensity which way evoke an




erythema 1n a thln skinned blond would show little or no
vigitle effects Iin & thick sklmned btrunette. Ls fell LIt was
difficult to distingulsh the changes in tihe eplthelial cells
of the skin brought about the cnanges in the subcutansous
vagcular bed. The basal cells or Lalpighian layer seemed to
be most sensitlive snd show vacuoles, pyknosis, end lack of
gstaining power after large doses of radiastlion. The greatest
sccondary factor in skin changes following exposure to radia-
tion i the modiflcation of the cell nubtrition vy cavlllaries.
It 18 tne engorgement of the capllilaries of the suin tuat was
identiflied with the srythema. Ionlzatlion takes place funda-
mentally in the cell, The xeray eanergy passling turough & cell
wall, contents, and nuclous, 1 sbsgorbed will stert wany
changes. The rwapnitude of the redlstion is the wost luvortant
factor in determining these changzes.

Young (1957) felt that gincs tissue contains conslderable
portions of water, a loglesl starting point to study the
éffacta cf radlation on tiologicnl material is in water shilcu
contalns simple solutes or purs water. In non-oxygenated
water, x ray radiation produeces litile hydrogen peroxide or
hydrogen. In oxygenated wster, x rayv racdlation produces
hydrogen peroxide. Solutes digsolved in non-oxygenated water

are oxidizcd cor reduced, nowever, oxldatlon reacilons pre-
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ponderate. liany free radicals sre produced by lonlsing radia-
tion and although a material may be suspended in an agusoug
medlium, and be unaffected by the radiation, it may be subject
to atsack by these fres radlesls produced, This would nature
ally be a secondery effect of the radistion. In zenersl, the
dose of radliation requlred Lo produce a given sffect 1lg very
muen dependent upon the oxyien tension. If oxygen Lla lacking,
the dose must be lnereased two or three times that regulired
for normsl oxypgen tension. If the oxyzen tension is increasedy
above normal, no apprecliable dosa e reducitlion, as compared to
that dosgage for norval tension, ls necesssary. Slnee malignant
tumores are cconslidered relatively avascular, inecrecasing the
exysen tension here would ke benefliclal in treating the tumor;
and the surrourdling nornsl tlizsue would not be further
affected by the exlstence cof iancreased oxygen tension. Fogsg-
ber: and Kleln (1954) noted thst one of the few biochewmical
facts upon whicn there is zenerasl a reement is the reduction
of ribogenuelelic scld production due to redistlion. %hen cells
of a complex organism as the human sre irradlsted the reac-
tions which follow are not only dependent upon the dose bLut
alsc the effects caused v the irradlated asud non-lrrsdliated
tlssue., Youn: cltes tle =mucous mexbrane as bveiny & 1ittle

more gensitive to rediastion then the skin.
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Friedmen (1942) felt thet the changes In the gastroin-
teatinal trasct are well establisled as early as four days after
expesure to radistlon., Changea such ss edema, swelllinz and
vacuollization of both covtenlasm and nucleus, or disinte ration
of cells wlth nueclesr prknosis or karyorrnexls, have been
descrlibed. |

garren (19h2) sald that one of the most striking clinical
effects of radiatlon is the otisnge lnduced in cutaneous btlood
vessels, first arparent as an srvtherme. The changes occurred
in the andetheliur and supporiing tlssues of the walls. 1If
the endothellium was not killed, proliferstion often recurred
to the point of obllteration of the capilllarles., In the velns
and arterlesg gubintimel fibrosla, with collszen often showlnyg
some degree of hyalinization, resulted in the thickening of
the wall st the expense of the lumen. The media was also
thickened by large, sometimes branchlng fibroblsste wlith abun-
dsnt collagen. Warren continued hy saylng that the vascular
damage lg of fundamental inportance, becuuse of the lowerling
of tie reeslstance and the reparative powers of all tue tlssues,
the bloed sunply of which has been impaired. Ag a rule, the
swaller caplillarles do not recover if the dose of radlation
has been sufficlent to produce acute radlodermetitls, The

larger the blood vegsel, greater lz the chance of repalr and
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maintenance of patency. The dllatation seen may be reversgible,
but with doses greater than 500 to 700 r at 200 Kv it 1ls not
nornally reverslible. Very early telangectaszia was recoznlzed
as & sequel to cutaneous expesure to radiatlon. Unna (1383)
ascrlibed this early telangectaala to deep oblliterating endo-
phlebitis.

Rhoades (19L8) felt that hls group's findings indlcated
that vagocular changes are prcbably secondary to changes in the
connective tlssues surrounding the vessels.

warren {1943) noted that erythema 1s the first clinlcal
evidence of irradiation of the skin. There appeared to be two
distinct phases, The first phase develops within hours or a
few days after the exposure to radlstion eand disappears after
a day or two, From ten to twenty~eight days later the redden-
ing of the skin agaln appears and 1s usually, as it fades,
followed by some degree of permesnsent plgmentation, Plgmenta-
tlon is usually not a result of tue inltial erythema. The
early effects are thought to be caused by direct irradietion
injury to those skin cells etc. The later effects are brought
about by chenges in the vaacular bed in the c¢orium and intere
cellular tisgues and to some extent, changes in the epithelial
cells. Ellinger's (1941) Iindings substentlated the deserip-

tlon of the second phase deccribed by vwerren (194,3). He stated




that froy Lhe tenth to tie bwellti day alter exposure capll-
lary diietation occurs in varylng degrees but dllatatlion
becomea persistent Irom sboul the twelftiu Lo Lhe sixtietn day.

Halkin {(1903) stated thaet the {lrst deleterious elfuct
noted from either roentgen rays or radliuw was that on Lie skin
and its avpendayes.

del Regato (1935) felt tlhat lrradistlon of the salivary
glands and thte wodiflcations in the secretlon of the salliva
which result therefron, should be considered as one of ihe
fsetors In the production of dentel leslons. In «ffect, the
salivery - lands, notably the submaxillary glends, nave always
been ilrrsdisted in all of toese patlients and there uas been a
variable diminution in the guantlity of selliva secreted.
Although dentsl leslons are noted In patienbs who hieve & cdell-
clent sallvery secrsetion, they slso are seen in qualitative
rather then quantitetive slteratlion ln the secretion of ssiliva
eould result after radlatlon. OGome patients developsd aan
inten&a recloepitnelitis winlle sueh coges in other paileunts
dld not evoke thls condition. It is 2a ilndex of the partlicu=-
lar susceptiblility of certaln paticubs whose veggouloconiective
tissue and their salivery seceretion are equally modlii'led,

fince there are important slmilaritles betwesen oral aac

vazinal epitneliam, Grabam's (13)7) obaservations seor pertinentd
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Graham (1947) clted some of the normal cherscteristics of the
vaginal eplthellial cell so that one could fully appreclate the
changes in tne c¢ells., The cells from the deepest layer of the
exfoliating veginal mucosa are small, round and have large
basophilic nuclei. In the layer more superficisl cells have a
larger cytoplasm snd may be vacuolated, but the nuclel are
normel in appewarance. The next layer or laysrs are conpoced
of precornified cells., 7These cells sre abundent, lightly
gtaining, and the cytoplasm transparsnt. The size of the cytod
plasm and nucleug 1lg greatly ilncressed here., The edyes of the
cytoplesm nmay ke wrinkled and folded over on itself. The
superficial layer ls composed of cornified cells. ilere the
nucleus ig small, pyknotic and meldophllic in ics stsining
reasction. As in the precornified layer folding and wrinkling
are common. Ursanulation of the cytoplasm 1s seen in this
layer. In Graham's study the patients were placed in two
categories. One category showlng distinct redlation reaction
in the cells and the other category ahowing little or no
change due to radiation. In the vaginal smear the first
effect 1s seen in the normel cell., The patients in this study
received 6000 r st 12 Kv or 200 Kv.

A. Nonekeratinized cell chan;es

l. Initially the nonekerstinized cells lose thelr




sharacteristic round appesrance and beooms slongated. The
nuslsus s #till & norzal veasioular nucleua,

2+ Later s change in staining reacticn is seen in the
bagal cells. The change 1s from blue or blus«green to 8
brownish hue, probably an early sign of degeneration,

3. The subsequent changes are in the nucleus of the
basal cells. Nuclel may appear as one suall pyknotic dot o»
karyorrhexls wmay ocoocur. These changes generally take place
from the tenth day of treaiment and lnocrease throughout the
sourse of treatment.

L Beginning on the twelfth day there 1z a tremendous
increase in the ocell sige, up teo four timea. Ths nucleus ia
more finely grsnular then normsl. The total aize of the cell
gpproximates that of the precormified cell. The oytoplasm
hers does not have the true transparency of e precornified
¢ell and the nuocleus is wuch too large for & nermal precornle
fled ocell,

5. The non-keratinized cells show abnormal vacuolisstion
of the oytoplasm whioch is marked after the fifteenth day. The
vacudlee almost rill the cell,

6. Blrarre cell shapea are next in appearing. The shapes
vary from dumb-bell shapes, elongsted forms, and tadpole forms.

The nuclel of these forms are evenly granular and large or
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pyknotic sné small. They sre not hyperchromatic.
B. Changes in the pre-keratinized cells

1. The first change to sppear ieg 1lnoresse in slze of two
or three times s normal elzed precornified ecell. This change
cccurs at the fifteanth day. The ratlio Iin gize of the cytoe
plasm to the nucleus remeins unchanged.

2. Initially the only change in the nuclel is an incresael
in size, Lut soon the chromatin structure heging Lo show dee
generative changes. The nuclel become dark, wrlnkled and show
little structural detall, Despite the abnormel size of the
nucleul, they have & pyknotie appearance. Ire nuclear borders
are very lrregular. The nucleus may fragment and appear as
dark particles. ¥ultiple nuclel for a cell are not common.

3., The cytoplasm shows degeneratlve changes at this time,
The appeerance of very flne fibers which may occur in concen-
tric circles around t@a nucleus or run from the nucleus to the
ecytoplasm periphery. Vacuolization is a very promlnent
feature,

li« Next in eppesrsnce are pre~keratinized cells of odd
gshape around the eighteenth day. Besides elongstion and tade-
pole shapes some may have extenslions resewblling pseudopodla.

5. The last change to occur in the precornified cells ls

the appearance of polymorphonuclear leukocytes in tie cells
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sround the twentieth day.
C, Chenges in the keratiniged cells

l. Very little chenge takes place in the nuclel of thease
cells because they are pyknotic.

2. The pre~keratinised cell may not alwsys have a baso-
phiilic staining nucleus, it may be acidophllliec. The nuclear
shape 1g the dlstinguishing characterlstic between the pre-
keratinized and keratinized cells,

3, The cytoplasm undergoes the above mentioned changes
of the precerniflied cells: inoressed in sige, fiber appearancd
vecuoclization, multimorphs and the appearance of polymorphonue
clear itnkwytu.




CHAFIER I1IX
FATERIALS ARD METHUWDS

The nman subjects included In this study vary in race,
age, sex, dlagnosis, general health, therapy period, number of
treatments, and to & slight degree in the characteristics of
the x ray therapy. The subjects were distinguished by being
assigned 2 number beginning with 100 and Llnoreasing by multi-
plét of 100 until the thirteenth patient's number was 1300,

A, SUBJECTS
#100 Negro male 55 years of age.
Squamous oell carcinoma of the soft palate with a
6 month history of pain and swelling. General condition was
good. From the first dsy of therapy until the last, L0 days
elapsed. A 10 by 10 em. port wss ussd, Dwing the first 6
days of treatment he recelved 100 r in ailr in § minutes on the
akin each day, From éh. 7th to the 2ith treatment he received
150 r in alr on the skin esch day. Total doses 4284 r on the
skin including back scatter and 4216 r to the bucoal mucosa.

#200 Csucasian male L1 years of age.

Squamous cell carcinoma of the soft palate.
Patient Lirst noticed lesion 9 months ago, snd approximately

one month ago patient became aware that his palate was per-

a7
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forated. General physical condition was fair. 29 dave
elapsed from the initial treatment until the last. An 8 by 10
cm. port was used. The patient recelived 24 treatments of 150
? in air in 6 minutes per day. Total skin dose including basck
scatter was 4366 r on the skin sand 4320 r to the mucosa,

#300 Csauocasian male 833 years of age.

Squamous cell carcsinoma on the anterior twoe«thirds
of the tongue. A tender lymph node could be palpated in the
left upper cervical area, The patient noticed a sore on his
tongue with some pain. Therspy lasted for a period of 21 days
A 6 by 8 om. port was used., The patient received 15 treatment.
in all., Por the first L treatments he received 200 r in air
in 8 minutes on the skin esch day. DBeginning with the 5th
treatment he received 250 r in air in 10 minutes until the
15th day of treatment., Total dose on the skin including back
scatter was 4295 » and 4118 r to the musoss.

#1000 RNegro female 65 years of sge.

Squamous cell carcinoma of the left 1lip and the
lower portion of the buceal muocoss on the same aide. This wans
a recurrent tumor along a surglcal scar, An attempt had been
made, 2 months previously, to remove the tumor surgicelly.
Cervical metastases were present, The lesion wes painful.

General physicsl econdition was fair. Therapy lasted for a
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period of 20 days. A 10 by 10 cm. port was used. The patient
received 15 treatments of 250 r in alr in 10 minutes on the
skin each day of trestment., Total dosage on the askin ilnclude
inz back scatter was 4725 r and to the mucosa was 650 r.
#500 Cauocasian msle 71 years of age.

Bquamous eell cercinome of the right tonsll with
metastases to the neck. Dysphagla for several months.
Genersl physical condition was poor. Therapy extended over a
10 day period. A 10 by 12 em. port wes used. The patlent
received 5 treatments and dled. For tie {irst 3 treatments he
received 150 r in air in 6 minutes on the skin each day. For
the Lith and 5th trestment the patient received 250 r in alr in
10 minutes, Ths treatment was adminlstered every other day
for the § treatments. The patient received a total of 1260 r
on the skin ineluding back scatter snd 1187 r to the mucosa.

#600 Caucasian male 72 years of age.

Squamous cell carcinomas of the buccal mucosa, and
the soft valate, FPatient notliced & sore in his mouth of 3
months duration. General physical condition was fair. Therau*
extended over @ §47 day period. An 8 by 10 cm. port was used.
The pstlient received 15 treatments esvery other day of 200 » in
alr in 8§ minutes on ths skin esoch day of treatment. Total
doss to the skin swrface including baok scatter was 3720 r and
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3700 » to the mucoss.
#1700 Caucasian male 53 years of age.

Squamous oell carcinoma of the soft palate extendw
ing to the anterior and posterior pillers and the tonallilar
fossa. Patlent noticed a sore throset and a swelllng in nis
neck of seven months duration. Genersl physlosl condition was
good. Therapy extended over };3 days. The patient received 16
treatments every other day. Through s 10 by 15 cm. port the
firat 6 treaiments were 200 r in air In 8 minutes each treats-
ment day on ihe akin. PFrom the 7th to the 10ih treatment he
received 250 r in ailr in 10 minutes each day. For the llth
end 12th treatmenta he received 150 r in air in é minutes each
day. From the 1l3th to the 16th treatment he received 200 » in
sir for 8 minutes each day. Total dose to the skin surface
including back scatter was 4257 r and 422} » to the mucosa.

#6800 Caucssian male 59 years of age.

Equamous cell carcinoms of the floor of the mouth.
Patlent notliced pain in his mouth, espeeially whsn eating. The
patientts general physical condition wes falr, however the
patlient was consldered s chronic slecholic. The patient be~
came very senaliive to the therapy. The therapy was halted
after 21 treatrents. Therapy extended over 34 days. Therapy
was adminlistered through a port of 10 by 12 ems The patient
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recsived 100 » in alr in l; minutes on the skin each day for

the first 8 treatments. The next l} treatments wers 150 r in

air in 6 mlnutes each day. The next 7 treatments were 175 »r

in sir in 7 minutes each day. The last 2 trestments were 150

r in air in é6 minutes eact day. Total skin surface dose ine

sluding back scatter was 4000 r and to Ltbe mucosa 3710 r.
#300 Caucasian male 60 years of age.

Squamous cell carcinoms of the right hypophsrynx
invelving the pyriformm sinus. Dygphagla for six asoniths.
Patlentts gensral physlcal condition was goed., Therapy exe-
tended over a period of 40 days tirough an 8 by 10 em. port.
The patient received 13 treatmenta every other day., It cone
sisted of 150 r in elr in 6 minutes esch day on the skin.
Total skin surface dose was 2423 r including back scatter and
2310 r to the mucosa.

#1000 Caucasian wale 66 years of mge.

Squamous cell carcinoma of the hypopharynx involve
ing pyriform sinus on left side. Patlient began to experience
difficulty in awallowing one month ago. Oeneral physical
condition was poor, Patient died before the end of therapy.
The therapy extended over a period of [0 days through a 7 by
9 om. port. A total of 11 treatments was glven on alternate

days. The treatments were 200 r in alr in 8 minutes on the
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ekin each davy of treatrent., The petlent received a total dose
on the skin Includin: baock acatter of 276L » end 2643 r to ths
ruCOSa,

#1100 Cjsucasien wale 51 years of sge.

fguamous cell careclnoma of the floor of the wouth,
The patlent experienced moreneas in the right aside of his
mouth for =z1x months, General physical condition wea felpr.
Therspy extended over a period of 21 days, The patient re-
celved 16 treatments throuzh a 6 by 8 er. port at 150 r in air
in ¢ minutes on the skin for the first & treatmentsz. From the
9th to the 16th treatment he recelved 250 » in air in 10
winutes each day. Total doge ineluding back scatter to the
skin surfoce was 3872 r and to the rucosa 3712 r.

#1200 Caucaslan female 57 vears of age.

Squamous c¢ell carcinoma of the soft palate with
left cervical metastases. Patlent noticed swelling under her
jaw two months age., Three monthe sgo the patient notlced a
sore on her tongue and experienced pain in her left ear.
General physical condition wes poor. Therapy extended over @
parlod of L2 daya. The patient received 16 treatments through
an 8 by 8 em. port. PFor the first S conasscutive treatnents
the patlient received 150 r in sir in 6 minutes on the skin

eaoch day. Fror the 6th treatment on, the patient received
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every other day 250 » in eir In 10 minutes on the zkin. Total
akin surface dose including back scatter was L3347 r» and L4130
r to the mucosa.

#1300 Cacsusian male 57 years of age.

Squemous cell carcinoma of the left tonsillar
fogaa. Patient experlenced a gsore throat for geversl months,
Jeneral physlcal condltion was good., Therapy extended over a
periocd of 3} days. Throuzh sn 8§ by 10 em. port the patlent
recoived 21 treatmenta., The first 5 treatrents were 200 r 1ln
alr in 3 winutes on the skin esech day. Frow the 6th to the
218t treatment he received 150 » in alr in 6 minutes. Total
dose to tiw skin Including backscatter was ;216 r and [ 0380 r
to the nucosa.

To eliminate information whioh might be misleading, the
patients chosen for thils study had no previous radlation
therapy. Although they all exhibited a sguamous cell carcla-
oma of the head sand neck rezlon, thelr buccal mucoss, from
which the smears were tsken, appeared healthy. All patients
received the x reay radistion through & Thoreus filter, a
laminated metal filter composed of tin, coppsr snd aluminum.
The aluminum portlon was placed closest to the skin. The
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B, COLIECTION O KATERIAL

l. Two smears wers tsken from an area of the buccal
mucogs approximating the occlusal plane that clinlcslly
appeared nermal. Smears were tsken before therapy and then at
twenty-four hour intervals until the completion of therapy.

2. The ameasrs were obtalned with wooden tongue blades.

3. The materlial collected on the wooden tongue blade was
gently tranaferred onto a clean glass slide, spreading the
material as evenly as possible.

i+ The second smear was obtained and thls materlsl was
transferred gently onto the same surface of the slide bealde
the first asmear.

5. To prevent dryving, the slide was immedlately immersed
into a fixative of 8 [ifty-fifty mixture of 95% ethyl slcobol
and ether,

C. STAINING TECHNIGUK, Fapanicolaou, George N. (1942)

"], Fix swears ilmredlately {before drying) in squal
parts of 95% alcohol and ether far 5 to 15 mine
utes. Rinze in 70% snd 50% slcohol and in dise
tilled water.

2. Stain 1n hematoxylin for 5 to 10 minutes, KRinase
in distllled water., Rinse 3 to li times in 0.5%
agueous gclution of hydrochloric acid. KHinse
thoroughly in watar. Leave for one minute in
woeak solution of lithium cerbonate (3 drops of a

gaturated aqueous solution per 100 cc of water).
Rinse thoroughly in water.




3, Rinse in distllled water, then in S0%, 704, 30%
and 95% alcohol,

L. staln in the solutlon of UG 6 for one minute.

5. Rinse 5 to 10 minutes in each of two Jars contsin-
ing 95% alcohol to remove excess staln.

6. stain in EA 36 or EA 25 for two minutes,

7. HRinse 5 to 10 minutes in each of three jara contain-
ing 95% alcohol. (Do not use gare aleohol whleh
was used for Orange G,) Rinse in sbsolute aleohol
and xylol.

8, VYount in Clarite, Canads Balsam or Gum Damar” .

K.B. Csenada Balsam was used for mounting in thls study.
D. COUNTS

1. The two smears of each slide were scanned asnd as soon
as a readable and typlcsl area was found where the cells were
evenly dlspersed a differential count of the three cell types
was made. (nly those cells in one 100X magnificstion fleld
were counted per smear. The cell types were: green {none=
xeratinigzed), red {partially keratinized), and tan or yellow
(completely keratinlzed).

2, Some cells stalned two colors. A cell would have a
red cytoplasm with the exceptlon of the periphery which would
be green. Cellular morpholegy was studied to determine which
category the particulsr cell would be placed. If cellular

morphology was not dlatinct, predominance of the color In the
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ceytoplasm wes used to catezorize tie cell.
E. CALCUIATIOKS

l. The two differential counts made on each slide, one
count from each smear, were added together. From this total
an average per cent of each cell type was determined.

2+ For each patlent the per cent of each zell type of
every interval counted waa ploited on a graph. This informae-
tion included the percent dlstributlon of each cell type befer4
therapy and at 2l hour intervals throughout thersapy.

3. VUpon exsminatlon of all the llnear zraphs it was
noted that peaks occurred at similar time intervals in many of
the patlients., This time pattern of the peaks waz studled. Th4
peaka occurred on the 8th, 13th, and 32nd days in a majority
of the patients. The representative valueg of the patientas
associated with the time intervels, &, 13 and 32, were placed
into tabuler fora. Alsc, representative values of the slides
of all patients were placed intoc tabular form for the day bLe-
fore therapy and the last day of therapy.

i« Cazleculations 1n the tables

a. A mean per cent was detersined of the totsl green,
red and tan cell per cent in all teblem. Thls value was cal~-
culatéd by Qumming the per cent valueg in three columns and

dividing by the number of patienta represented.
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b. The variances signified by the symbol S%, wes calgum
lated in the followling wmsnner: In determining the varlance for
the green cells, the difference between the mean per cent and
the per cent value of th® green cells of each patient for that
particular day was calculsted. The individual differences were
squared. The squared values were summned and divided by the
number of patients represented. This procedure was repeated o
determine the variance of the red and tan cells.

o The standard devlation was calculated by taking the
square root of the varlance.

# The varisnce was calculated according to the method found 1@
Batson's Intredustion to Statistics in the Kedlcal Scienceg.

¥Fa. COBPUSITE GRAPHS

Compcsite graphs were rade using the Information obtalned
from the individusl patient graphs. The three composlte
graphs made will be dlscussed 1in detall in the findings of thls

thesis.




CHAFPTER IV
FIRDINGS

A. CHARACTIRISBTICS F THE SKEARS

1, The total number of mnears collected for thls study
was 422, This figure includes the smears teken btefore therapy
Of the L22 smears collected on 211 alides, 1l could not be uaeJ
probably because of poor flxatlon snd, therefore, poor stalne
ing.

2. Toward the end of therapy (32nd day) fewer ocells were
contalned in comparable flelds of each smear. Avera. e number
per low powersd field (100x) before the 32nd day was 57 and
after the 32nd day the nurber of cells per low power {leld was
26,

3. ko diffioculty wae experienced in counting the cell
types once a typlcal fleld was selected. Although in most
areas of the smear the cells were well dlastributed, clumping
of particular cell types was obgerved.

B. PER CENT VALUES DURING STUDY

l. Typical per cent valuea

&, There was a deflinite dacresse in the relstive number
of green cells (non-keratinized) cells) at the end of therapy

as compsred to this value before initistion of thﬁrapy.'
38
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The percentage of green colls was 64.23% inltidlly whereas
at the end of therapy in 8 out of 13 patlents the green cell
count was under 25%. The number of green cella incressed
around the 0th day to 71.34%, declined al the 13th day to §3.99
%s showed & further decline by the 32nd day to 27.29% and {ine
ally to an average percent of 24.79.

be The relative number of red cells (partially keratin-
ized oells) showed a definite lncresse at the end of therapy
as compared with the value before therapy.

The red cell count was 33.10% initially, at the Uth day
it was 25.59%, on the 13th day it was 49.23%, and by the end
of the 32nd day it hed further risen to 5l .85% and its final
value 55.73%.

¢. The relative number of ten cells (keratinized cells)
showed a marked increase at tle end of therapy as compared to
the initlal value.

Tha relative nuwber of tan cells was 2.54%, by the 8th
day it had risen to 3.05%, by the 13th day it was 6.96% and on
the 32nd day 1t was 17.56% and at the end of therapy 19.70%.
2e Exceptions to the typlcal vslues

By examining the patients! cell percentages individually
there were found a8 few exceptions to the overall result.

g, The initlal relative number of green cells in two
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individuals was cdeclidedly lese than thoe red cells.

bs In only three instanceg dld the final sreen cell
number exceed the value of the final red cell number,

cs In only one instance dild the initisl tan cell number
excoed the finel tan cell value.

L« OGRAPHS

1. Individual differencas in tbe distribution of red
snd green cells.

The thirteen patients could ke divided inte 3 groups.

8. The first and largest group (8 out of 13) showed a
marked deeline in green cell count snd a marked rige in red
cell count by the 13th day at the latest, tuat remsined fairly
constant until the end of therapy.

bs The second group composed of two Indlvidusls, in cone
tragt to the ITirst group, showed an extended hipgh count of
greens and a low count of reds until late in therapy (32nd)
day. The tan cells sghowed thelr s radual rise throughout
therapy.

¢t. The third group, cormposed of two lndividuals, showed
a drastic dip in zreen cell count and a concomitant red cell
rigse about the 13th day. Then there wsg a reversal of this
phenomenon in thrse or four days to remsln with a bigh green

cell count send a low red cell count until the end of therapy.




As in all groups, the tsn cells saowed a rlse throughout
Lherapy.
2. Ten cell curve of all subjects

All 13 patients showed a ygrsdusl Incresse in tan cell
numbers during therapy. 7The tan cell count showed two perlods
in the course of therapy whleh 1ndicated tewporsry increases
in nunber, These two migniflcant periods ocecurred belwesen the
iith and dth davs, and sygaln and nore proancunced at the 13th
day., The rise which oceurred vetween the L th and the Oth days
was pregent in ten out of 13 patients. That whicu occurred on
the 13th day was present in J out of 13 patlents.
D, CELLULAR CHANGLS DUE TO JADIATIOH

1. Stalning

The most Irequently observed change in stainling claracter-
jstics due to radliztion was in the green cells. The green
cells took on a conslderable arount of red stein in their cyto-
plasm, red clumps appeared In the green cells. ‘The c¢lumps
wore granuvlar and constituted nc deflinite pattern.

2, Y¥orpheologlcsl changes

4n incresse In slze of the red cells was the moat fre~
quently seen change. Doth nucleus and cyloplass incressed in
size simultaneously.

3. Patholeglesl chanjee




%o pathologlcesl changes were noted.
Le TABLES

Tables have been laossrted in the followlng pages so that
a more complels view of the resulis at particular time inter~

vals may be stucdled.




DISCUNBIOGR

The epithellum of the buccal mucoez 1s described as none
keratinized. This observatlon wse made 1u hilstologle specimeng

(Oorban 1953) as well es in exfollalive oytologle studiea,

(weinmann 19).:.0). ©OSmesrs of the buecal epithelium approximet
the occlusal plane in this study revesled 2.5:% of the cells ¢t
be keratinized. This finding cannot be Interpreted as beling
repregentative of the entire buccsl mucoss, because thisz area
of the mucosa often lg subjected to irritatlions not present in
cther psrts.
A. CHANGED IN THE EPITHLLIUM DUE T0 RADIATION

The most significant change Iin the buccal epilthellum due
to radliation was expreocsed by a deorense in green, non-hkersting
1zed cell numbers and -en increase in the red, kerstinizing, anJ
tan, keratinlized cell numbers, Thie ehlft in the distribution
of the cells was flrst noted as an Iincresse in the relative
number of the tan cells between the l4th and 8th days. Around
the 13th dey the beglnning of & decresse In the green cell
nuwbers snd an Iincreass in the red cell number was okserved,
After the 32nd day, the relstive nuwmber of cells selected at

reandom in 8 low power, 100x, fleld was diminlshed,

L3
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The mode by which these changes due to radiation in the
vuccal epithelium occurred was attributable to: 1. Heduction
in nuitoals, 2. The oxidative effecta of radiation and 3. blood
vessel dawsage by radlation,

1. FReduction 1ln mitosis:

Reduction in the number of mitoges by radlstion isg knomm
to cecowr. Young (1957), Stubman (1943), Maver (1932). There
is no reason to belleve that mitosis have not been reduced in
the basal cell layer of the eplthelium because sufficlent
radistion haz been adminlstered. Green cell number reduction
indicates that fewer green cells are avallable for exfoliatienﬁ
it also indicates tiw non-kerstinized ocells capsble of exfole
latlon are recaining in their wother tissue longer, thus
aging more before desquamation., A4lso, if there 1s & reduction
in the number of newly produced cells, and 1f thls epltislium
is to continue to protect the underlylng connective tisaue,
the cells present would have to remain in site longer. The
keratinization proeess would continue while these cells re-
mained in site, the result being a greater number in keratinlsd
ing or keratinised desquamated cells.

2+ Oxidative effects:

%han & tigsue 1s subjected to ioniszing radiation, hydro-
gen peroxide and free radicals are produced, Young (1957).
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These products of ionigation produce reactions which are pre=-
dominantly oxidative Young (1957). There 1s reason to believe
that oxidation of sulfhydryl group to disulfide groups 1z ine
strumental in the keratinizxation of tissue, Giroud and Leblond
(1951). Alsc, dlsulfide groups, cystine, are found in sbun~
dangce in thosge tissues whiech are highly keratinized, Barnett
and Seligman {1954). Thus, keratinization 1s enhanced by the
addition of oxidative effeots to these cells, by lonizing
radiation,.

3. Blood vessel damage by radlstion.

Injury to blood vessels by lonlging radletion is a well
estaeblished fasct, Werren (1942), Unna (1889) and Rhoades
{1948), 1In the repaly of these vessels after radlation damage
proliferation of the endothellal cells results sometimes in
cbliteration of the lumen, ¥allbach (1943). Obliteration of a
blood vessel would naturally diminish metabolle exchanges bew
tween the blcood veasel and the tiszsue supplled. If the blood
supply to the buscsl epithelium is diminished, this could very
woll be a further stimulus to keratinization of its cells.

B, CELLULAR CHANGES DUE TO RADIATION

1. Probably the most significant change caused by radla-

tion to cells was en inoresse in the zize of the red, keratine

ising cella. Thils was evidenced by an observable increase in
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the dlameter, two times lts normsl pre-radiation aize, This
observed increase in aige of the red cells is substaentiated in
the findings of Craham {(1947).

The mode by whieh thls cell wldenlng occcurred ls an in-
direct effect of radiation by the reduction of mitoses in the
bagal layer of the bucesl epithelium. The reduction in mito-
s¢s reducea the number of cells whioh are to comprise this
apithalium. A subenormal nuumber of cells are forced to carry
on the protective function ssaigned to & normally greater
number of cells. The only way in which the swface may be
covered properly with a reduced number of cells is for theae
" ecelle of the mucosa to widen. Thus, a funoticnal adaptation
expressad by an Ilncresse in the size of the keratinizing cells
in tbe buccael mucoss has been brought about indirectly by
ionizing radiation.

2, A change in the stalning reaction of the green, non-
kerstinizing cells was also brought about by radlation. 4l-
though thls change wes not dramatlc there was an lncreased
frequency of green cells with red stalning masses disperased
in the cytoplasm, Direct radlation effect to the green cella
is thought to cause thls atypleal stalning reaction, The
observations of Stubman (1943) astate that lonigation takes
place fundamentally in the cell. The fonigzation which takes
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place in the green cells could easily claturb REA (ribose
nuclelc secld) synthesis, Forasberg end Klein (195L) resulting
In sn glteration of tie etsining reaction.

3, Flanding no pathologle changes in the cells due to
radlation was expected, The obvious reason was the fact that
the cells were beling collected from a c¢linically healthy
buceal mucosse Another reason belng Pepanlcolaou and Traut
(1943) 41d not find any malignant exfolliated cells when taking
smears of effectively radlated malignant leslions.




CHAPTER VI
SUMMARY AND CONCLUSIORS

Smeara of the buccal mucosa of thirteen patients who hsd
received therapeutic x ray radlation for heed and neck cancer
were taken before thersapy end at twenty-four hour Intervals
during the course of therapy. Papanlaolsou's method of staine
ing wae used and 1t permitied good differentiation of cell
types. Furthermore, oytologic changes were also obaserved.

Only that ares of the buccel epithelium approximating the
occlusal plane was studled and 2.54% of the cells found before
therapy were keratinized, A shift in the dlstribution of all
cell types, non-keratinized, partieslly keratinized, and come
pletely keratiniszsd, waa observed during radiation therapy.
Radiatlion therapy caused a decrease of the green, non-keratine
1zed cells and an inerease in the red, partially keratinlzed
and tan, completely keratiniged cells.

Cytoleogic changes due to radliation therapy were increased
gize of the red cells and a stalning varlation of red clumps
in the green cell eytoplasm. Ho patholegle changes were obe
served in the indivlidual cells.

The changes observed in the cells of epithelium caused by

radiation in this study had no observable relationship to age,
L8
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SeX Or I'fca.

From the findings Iin thla study, the following conelusiong
are made:

1. The coneept of atudying redlated buccal eplitheliuwm
by exfoliative coytologle aeans ls sound.

2. Thorapeubie xray radlatlon causes asn lnerease 1in
keratinizatlion of some of the cells In the cuccal mucoga 8p-
proximating the occclusal surfaces of the teeth. rurther,
radlation causes a change in the normal distributlon of the
cells n the buccal epithellum,

3, HRadiatlon causes cytologic changes 1ln the cells of
the buccal epithelium expressed by an increase In the size of
the partlslly keratinized cells and staining varlations in the

nonekeratinized exfolistive cells.




TABLE 1

Bistribution of green (non~kerstinised) cells, rod (par-
tially keratinized) cella, und tan (keratinized) cells

before the Inltiatlion of therapy.

ratieat Ldreen GRed wien
100 31.84 66..48 1.70
200 58,53 30.89 10.56
300 87.93 11.20 .86
100 5714 36.45 6.40
500 57.46 b1.04 1.49
600 48.17 5l.21 +06
700 88,09 10,32 1.50
300 87.91 12,08 .00
300 h9.12 50,87 «00
1000 85.66 3.4k o34
1100 67429 27.67 5.03
1200 35.29 61417 3.52
1300 80495 17.46 1,58
Yean % 6li.23 33.10 254
82 412,13 393.87 B.66
B 20,30 19.84 2.9

22 - veriance

g «~ standard deviation




TABIE 1I

Distribution at the elghth day.

Patient f£Green fRed %Tan
100 72.09 23.42 1450
300 81459 13.33 .92
400 51431 40.78 7.99
500 47428 L7.84 2.87
600 53+74 43495 2.19
800 83403 14.28 2.60
900 71.69 26441 1.88
1000 68.75 31425 .00
1100 8423 15.76 .00
1200 SBh.24 11,84 3.9,
1300 8h.72 12.50 2,77
Mean % 71.34 25.59 3.05
82 196.83 183.42 3.31

2 134.02 131% 1;81
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Distribution at tne thlirteenth day.

Patleat “oreen Shed €ran

100 20442 T0.42 915
200 3L.21 56,57 9.21
100 27,08 644,38 8.33
600 2531 64455 10,12
770 92.22 Liebily 5433
800 95458 belil «00
900 58,82 36.27 1490
1100 22,35 70.58 7406
1200 20,00 T1.42 8.57
¥ean % 13.99 49.23 6.96
82 837.14 677.28 3446
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TABLE IV

Distribution at thirty-gsecond to the thirty-fourth

daye.

Fatient £oreen YRed %Tan
100 894 80.50 10.16
600 17.56 67.56 1h.86
700 65.11 16.27 17.60
800 - 00 7he28 25.71
900 27.77 - 63,88 8.33
1200 6431 11.11 24407
1300 740 7037 22.22
Mean % 27«29 .85 17.56
s? 60467 616470 16429

] 2h.58 28457 6.80




TABLE V

Distribution st end of therapy.

Patient $Green %Red

132 8.94 80.50
229 22,5k 72.36
321 11.32 78449
120 .00 17450
510 29.68 62450
640 .00 32.14
ht 60,56 22453
834 .00 Th.28
940 31.70 58.53
1040 78426 15.21
1121 18.89 59.48
12h2 53.57 1h.28
1334 6,81 76.71
Mean % 24479 55.73
82 186,09 616406

] 22.04 25.41

4Tan
10.16
5.09
13420
22.50
7.81
67435
16.90
25.71
975
6.52
23.62
32.14
16.43
19.78
271.62
16.48




Days Treai~ to to in em. of
ments  Hucosa Skin Therapy
Neg. ¥ 55 32 2h 4216 423 10 x 10 E A
Cau., W %1 29 2L 1320 1136 8 x 10 E A
Cau., W 3 21 15 118 295 6x8 E A
¥ege F 65 20 15 L1650 L7125 10 x 10 E A
Ceu, ¥ 71 10 5 1187 1206 10 x 12 8 A
Caute ¥ 72 L7 15 00 3720 -8 x 10 5. A
Cau. ¥ €3  L3. 15 122 Last 10 x 15 s B
Cau. ¥ 59 i.{; 21 3718 LOGO 10 x 12 B &
Cave. ¥ 60 0 13 2340 2123 8§ x 10 s 3]
Caue. K 66 L0 11 2640 2‘%61; 7 x 10 8 C
Caua ¥ 51 21 16 3712 3372 6 x8 E A
Caue F 57 42 16 4130 L347 8 x 8 S c
Cau. ¥ 57 34 21 030 4216 3 x 10 B A

pend:

Race - Negro {Keg.), Caucasian (Cau.)

Sex =~ MKsle (¥}, Female (FP).

Sequence of therapy - Consecutive days (E), Alternate days (3)

Groups - lat Group (4), Znd Group (B) 3rd Group (C)

{(#) This is the largest group snd one in which the green cells ahowed a de~
crassc relstive number snd the red cells an increase at the el hteenth day.
This echange remalned., Tan Cell numbera increased throughout toe therapye.
{2) This group shcwed a very late decline of the green cell numbers with a
ecncomitant late rise in red cell numbera. Tan cell numbers rose.

(¢} This group showed erratic behavior, The green cell numbers decreased
at the thirteenth day and rosze azaln in three or four deys to remein nlgh
for the remsinder of the therapy. A compensstory curve was shown for the red
cells. Tan cell numbere rose throughout therspy.

Patient Race fsx Age Total Total Total r Total r Port Size Sequence Groups

ss

IA TIEVL
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COMMENTS ABOUT GHAPH FPIJURES 1, 2, and 3

Legend: % Counts Green Cells , Red Cells .... and Tan

cells = = - «-,
Group l.

This group showed a decrease in green, non-keratinized cell
numbers and an increase in red, keratinlszing, and tan, keratine
tzed cell numbers beginning the 13th day. 7The changes in rela-
tive green cell numbers and red cell numbers ceased at the 18th
day, thus the green cell counts remalned relatively low and the
red counts relatively bigh for the remainder of the therapy.
The tan cells increased gradually from the 13th day on.

Groug 2.

This group showed a #llightly elevated pre~radlation green
cell count until the 3<2nd day when this none-keratinized count
decreased. The red cell relative numbers decreased. The tan
cell numbers showed a gradual but sporadic incresse throughout
therapy.

Group 3.

This group showed erratic changes in distribution of the
green and red cells., At the Uth dey the green counis decreased
ond the red cell counts inereased from pre-~radiation valuss, a

reversal of this occurred at the 1llth day, snd on the 22nd day
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the green and red counts began to return to thelr pre-radlation
values. Another reversal of green and red counts began on the

35th day. The tan cell counts were expresged by a gradual rise

throughout therapy.
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FIGURES 1, 2 and 3
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