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SUBMARY

4 survey of the literasture reveals controversy
concerning the ooccurrence, origin, and function of
keratohyalin granules in the stratified sguamous
epithelium of the human mouth and vagira.

The eims of the present study were to esmtablish the
feet that so-called keratchyalin granules are present in
the epithelium of the mucosal surfaces of the mouth and
vagina, to suggest a possible origin of the granules,
and to investiyate any relationship between the incidence
of the granules and degree of keratinization.

The subjects used in the investization were huusn
adults, infents, and foetuses.

_ Histologlcal sections and mucosal smears of oral
epithelium were exemined with the light microscope
feollewing histochemicel treatment. Oral smears were also
exanined by phase contrast mieroscopy snd investigated
with mierobiological culture methods. Otatisticsal
analysis was carried out en the results of differential
counts coneerning the incidence of kcratoh&alin granules
snd the dsgree of kerstinigetion in buceal anears.

Vagiﬁal snears were examined with the light
microscope following etaining by the Papasnicolacu method

end by phase contrast microscopys
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The resulis proved that kerutohyalin granules
ogeurred in both oral and vaginal epithelium, and thet
the appearances were net due to pigments, staining
artefacts, or QiakuongaBAsma.

Granules sppesyed t¢o have their origin in the nucleus
of the e¢pitheliel oell and their incidence bvore no
relationghip to degree of keratinizstion. This last
finding supports the conecept thal the keratohyalin
granulee are not direetly invelived in the process of
keratinizaticn put altimetely become an interfibrillary

component of the keratinized cell.
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This thesgis is submitted in fulfiliment of the
reguirements for the degree of Master of Dental Surgery,
tniversity of Adelside, A year of full-time astudy,
leading to the attainment of the Honours degree of
Bachelor of lental Jurgery in 19€1, fulfilied the
reguirements for the eniry to éandidature for the

~degres ol HMesler of Dental Burgery.

The thesis contains no material previously
submitted by ase for a degree in any University, and to
the best of my knowledge and beliefl it contains neo
material previously published or written by another

person, except when due reference is made in the text.

Robert Ve BSlanden.
April, 1364,



Stratified mouencue epithelium is a protective tissue

wideh oecars in the skin (g dry surfsee ), ani the wat

sacossl lnings of the grgl ecavity, cropharynx, cesophegus,

aund veginae. Ite protoctive funetion iz stialned Chrough
g sulti-layered structure in whnich the cells of the
deepest layer, nearest the unierlyling connective ticgue,
undergo sitotic division te replses celie lost at the
gurfsce. 28 the eells progresg Lrom the deepost layey to
the superificial logey they undergo a course ol diflereant-
iation wnieh changes them mor@h@lwgiﬁally and chemienlly
so Lhat they function elfectively ss & mechaniesl
protecilons Their course of dAifferantiation in normsi
epitheliiva sppecrs te vary asccording to the densnds of
phe situstion, and iis uliimete is the formuation of @
aell which is essentially Cibrous protein (keratin.
These dead, xerstinized cellz then Jorm lhe surface

lgyer ol the itisoue.

i
In the epiiermis of human skin the gcurze ol
differentistion ia Dully developed gnd tie folilowing
isyers een e identifled in histologlcal sectlons of the

spitheliun, sut at right angles to its suariuece and
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e
examined with the light mieroscope {(Montegna 1962},
ie Zapal leyer (stratum beseie), the decpest aingle
ipyer ¢l epithellel selis, cuboldasl or eclumnar in ghape,
wrranged on 8 basement senbrene.

(stratum szincsum), iying

superifleliel to the bassl layer and coapoegsed of poliyhedral
culis which asppeer to ve connueted by interceliular

bri dges from which the nase was derived. These cellu
neaom@ more flattened se they spproseh the sueeeeling
layer,

{stratum grasulogum), ecomposed of

flatlerned eeils contalning vasophnilic eytoplasmic granules.

i iegor (strstus lucidum), composed of

rabicized luver {(stratum corneam).
The surfece layer, souposed of flattened, sealce~like scells
eontaining the Fibrous protein kersiine

Cells in the basal leyer and (he iamcdistely adjecent
eells in the prickle-cell leyer are the only epithelisl
eelis capable ol reproduction by mitomis. Thess cells

ne gnowh colleetively as

Celle from the besal layer; srickle-cell layer and
granuler leyer eontaln nuelel and sre vitels They are

ancwm.aallactively ne piratos
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The gtretuws lucldus snd stratum cormeum are composed
of gells withoutl nuclel waien are non-vital.
Tpltheliium with an anuclesr, xerstiniged surface

layer {as in eplderais; is lefined se |

1

Lrel epithe

Text-books of Tral Histology (Orban, L%6Z3 Noyes,
i260) slagoify the normel stratified sguamous epithelium
ol the moulh into four cpbtegories, dependirg on the degree
oi Xerstinizetion, or, wore wcecurately, the degree of
develepment of the course of differeniietion undergene by
ﬁhﬁ'm§iﬁh&liml 0CLlse

somposed of (1) Baual layer,
{11 Prickle-cell laycr,
{111} Grenulsy layer,
(iv) ZHeratinized layer.
Toere 1o no stretws lucidum, snd stratas corneuws is never
B thick ss thatl of @pidermis.

fi'lt{» 10}

Compesed of (1) Basal layer,
{11) Friekle-cell leyer,
(111} Farakeratinized surface layer.

whioh eonalste of llattened cells which stein slailiely



b
to kerstinized cellz but gtill retealn their nuclel,
“his feet, plus the sbsence of & granulsr layer sre the
twe essential feaituras of parasxeratinizations

spithelium.

This ie siniler to parexerstinizged epitielium
sgeept that the staining of the surface cellg with
#allery'e teennique differs. The deeper part of ithe
narckeratinized surfpoe staine like keratin but ﬁhia
steining is lost in the superficial celle, perhaps due to
the infiusnee of the orel fluids on incospletely Jormed

rerstin in the nueclested cells.

Composed ol (1) Sssal layerg

{11 Iriekic=-vell leyer,

(111} “on-~kergtinised surface layer,
gonslating of one or fwe loyere of Tlgttened cells
gontelning nuelel and not ataining like kerstin,

Oral mueccse is divided into three natogorles depend-
ing on function.

Cy gugesst gingliva and herd palate.

opa:  golft paleste, buecsl end lablial

Sueesat, Blveolar mucoss, venbral asurdaees of

tonpue, and floor of zouth.

g:  doreuda of tongues

Az
-

{1} ‘nterior vart - masticatory.
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Fig. 1. Disgrammatic representation of histological
sections of oral epithelium.

Top: keratinized.
#liddles: parskeratinized.,
Bottom: non-keralinized,

Legend: KCPﬂtiTlqu layer (ke), granular
layer (gr), prickle-cell layer (pr),
basal layer (ba), parakeratinized layer
(pk), flattened surface layer (£1).
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(i1} vosterior part - linlng.
AB & general rule, aasiicstory mucosa is keratinized
sl blning mucose la non-xeratinized but either nay be

paraseratinized.

There Lo sowe variation in text-book desoriptions of
normsl veginal epitheliuvm. In "The Cytologic Hlepgnosis
ol Canger” by the Vincent vemorisl lospital Ctaff {1358)
voglnal squamows epitheliva i3 ssild Yo be sonpogod of

three layers.

iRy sdjucent Lo the besenent ncabrane,

L

conzisting of so-ocalled copnie-
Jied vells with smsll nuclei,

On the other hand, Tapenicolacu {1954}, in hig “stlas of

fAxfolistive “ybology" describes rive zones of eells in

vapinal epltheliva,.

1. Aesel gone, @ single ilayer of euboldsl or coluaner

mwmm««

colla.

several layers of round,oval,or

poiyhedrel eells with inter-cellular bridges.

s Several layers of moderalely
Yiattened eellis wilh inler-cellclar bridges.
“he fourth end £ifth zones very depending on the type of

epitheliial nurfeecey whieh, Papsnieclacn stetos, mey be



“é?o
gither fully M&r&nini zed (whieh is rere and pethological )
or "ecornified” which ie normsl,
if the surface 1s {ully kerstinized the fourth and,
PAIth tapers areiw
te Lpdenens

granulosum ol eplderaile, as the flultered eells contain

ent

RHg» which vorregponis to the stratus

vasopiiilie greniles.

Se Junerrioig

flettensd wwmelesr geilg.

008, composed ol several isyers of

if the gurlace is cornifiecd tie Tourth and fifth
layers arese

Le 4 narrew dense Zone, not always present, somposed
of' Zlattened, densely pecked, aeidophilia ecelle shion Bey
represent denaifiestion end collapse of the deeper layers

of the superdicial zone,

o

14, J0UE, consiating of several lavers of
flattened but nucleatod cells.

“here appeers to be universul scecord in the

’;, S

delinitionsdesosribing keratinized epitneliun and nopw

keratinized zpitheliunm. However, “cornification” as umed
W Jeponisclaou sad "parsxeratinigsticn® a8 uped by oral
histologiets wppesr to deseribde slwllar {ypee of esithele

fume “Cornification" and "seratinization® are uosd with
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coniusien in the literature, s:nd at times sre undoubtedly
Bynorgymous. In future seotions of this text, “muvmiﬁicat%
ion" and "eornified® wiil enly be used in guotsiions From
other writers, ani where the meaning Laplied Ly & particul=-
ar writer ig sabiguous in that “eornified” could mesn

either "parekerstinized” or "Reratinlzed",

Cxemicaticn under the light slereseope of seetions of
atrstified squamous eplthelium stained by haemstoxylin and
zoin showes that the ocells uauaily‘ﬁﬁve one nuelsus {rerely
twe, and no nueleus in the keratiniped surface . 7The
nueleus has @ basophilie verder {the nuelear HEMLTENG | »
firely rmiieuiﬂta& Begophlllie chrometin and sometimes a
Dagophilic nuelsoluge 48 the cell nesrs “he superiicial
wong, the sucleus .y become asaller 8¢ that it appears as
& derk sess of basophliic meterial. Suel & nueleus is
deseribed ss pyknotic.

The eytoplass of the celle of the decper layers ie
basopnilice “he bassgl ceils mey econtain melanin sizment
granules and the cella of the gramular layer {if.pr@aﬁnt)
contain basopbilic eytoplasnic grenules which ave known
a8 "keratohyalin gramuies".

Kitochondrias can be found in the epithelial eells

snder the light micrcscope butb ondy 1Y speciel technigues
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are used. ‘hey heve been defined by Wontagna (1962) &siw
ie Intre-cytopisunic eicmente demenetravle in
living eelils with dark rield or phesc contraest sisrcaccp oy
ag motile filesents, rods or granules with a definite
yaiarit;‘
“e Thess elouents that are stmined scleetively
gupre~-vitally with Janug green.
~e Those plecsorphie eytoplassic entities in
““Qr&ﬁﬂi’g“ly Tixed tissue vhich ean be stained with

Hegeud's and Heidenhsin®s heesatexylin or with iltmann' 5

technigue,

ftudles ol epithelisl ceiles with the cleetran
aioroscope have elucidated the structure, 4istribution
st pozsible funetion off eytoplssmic orssneilee not
readlly &amwuatrabl& with the light miercsoovpe.

ditochondria appear in boesel epilderusl celils as
lovg s narrow bedies [Hentegne, 1962}, 4s the aells heccae
flattened neering the grenular m&yerﬁ norsal uiltaschondria
ara aﬁﬂént, bvut small spheriesl grasules believed to be
iragmented mitochondria are discernsbie.

an soundecee of wltochondrie in ine basal 1 yer of
oral epltheliun hes been desceribed by Segnuees ana

Aloright (1958). Jormal aitochondris become inorensingly
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hari to Lind in the superiiclel oral epithelisl e¢slls,
where they appesr to be vesiculsted. These sltored
mitoehondria nay be peen in complexes of finer
eyloplapnic sicaents.

The Celdgl spperstus, snother eytoplasmlie crganclle,
vecurs Lo eplineiiel vells Irom the decpur luyers of
eplderais and oral epithelium. Like mitechondris, it is
diifieualt to deline $n more superlicisl celif.

tmaller vodiss termed pribvoscucs sre present oa ihe
endoplasszic roticulus in ithe &aéy&r sell lavers.

Jhe structure of the inltercelluler bridges of Lthe
rickie-celil layer hao been investigeted with the elcetron
alerosecpe, Chey ere torsed de5i0B0RCE.

dased eeile of eplderaig huve fever, susller
desnoscres whilch csused Hibbs and Clark {1959; to believe
them better adapted to divide and ;lide over cgoh other
during witosiss Oells 1rn the lgyers superiicial to the
srickle-cells have gaaller deBioBCROR.

¥ine protein Yilasents or torofibrils oscur in the
gytoplaan ol epidersal eellr and are assceinted with the

shructure of the A0LROBONMCS .

dttoel

lzﬁf:"@iﬂ LY -

come eytoplesalc constituents of the epithellal sell

2an be demonutrated by speclal histoohewsicul techniques.
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Yhey inciude iipids, polyssechsrides and ENZYHIE S e

Lipide oceur as sudencphilic perinaclear greonules
in #pidernal eells,.

Ulyeogen is often present in sguamous eépithelial
cells ¢l succsel surfaces but rerely in epiderais
{Hontegna, 162). oot investlgsbors syree fhet where
gerstinigation eccurs, glyeosen is aboent, and viee versa.
In a sludy of white iesions of the eral aueose, Sahng
Fiserbud, and 2lake (1961), found that the baanl leyer
is alwaye Ires of glycogeny whiah ig usuelly ewnﬁlﬂad to
the outer two-thirde of the epithelium. -~ fartner paper
(Cahn, 1561) stated that glycosen is net fount in
invasive canger, careinome in sltuy or in keratinized
teslonse  (Uhie is the bosis of the Ushiiler iodire test
11933) used in the clinienl diagnosis of oral Lasiona,
&xd In guspected cases of cereinoss of the aterine cervixe
“he oecurrence of glycogen appesrs tu ve related to the
- degree of eplthelisl iyperplusis (Turesky, Glickman, and
Litwing 1%61), end ﬁyithelial‘glyangan nas been Pound to
inerease during inflesmation end repair CDewar, 1955},

A lurge number of enzyaes have been demonstrasted in
the eplderals and the epitheliva of the moutis and vasinae
Some of those more relevent o the mucous NenLIancs sre

reviewsd below.
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Alkaline ﬁhowphatage hrg been demonstrated in oral
epitheliunm, adthough not conelusively, fing and Levy
(1980} round that 4o the raty, oral epitheliun exhibited
Verying aetivity of 8likaline rhosphatugse during the
cestius eycie; thisp could be correlnted with sinilay
changes in the Vegival enithelium, 2 atudy on ithe levelsg
o alkaline rhosphatuge in wnen vaginal epitheliws
(Heroviei, 1950) umhowed that the enzyme reached & moximum
concentration st the time or ovaietion, Tt oceurred
mainly in the superiieisl leyers, 4 eurve of slksline
Pheaphatese activity was aymaetrieslly epposed to Lhat
of' glycogen, On Lhe “ther hend, Kirkignd (196L) founa
that the vegingl epithelius dencnatrated neo elialineg
phosphatase activity if en BZo=liye technique wepe used,
fAe conaiderca ihet results evtained with the Gomord
teehnigue were unreliable, 2 relationship between
#lkaline ybmaﬁnﬁéaaa and kerstinizution nas been susgeated
by some writers,

The pregsence of #eld phosphatase in the superiicial
layere of speal epitheliun, with the exeestion op the
keratinized zone was noted by Oabring end Carronse (1958),
A siailer distridbution ¥as reported in skin (Mov&tti&
Adeehi, and H1lis, 1960}, .ﬁxaminétlan of vepinal
eplithelium reveaicd aeid phosphatage wetivity in the

basel sng intermediste
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iayers but not in the superiic sl layer (Firkland, 196h).

“8lersge wetivily hue been observed in the
superficlal layers of oral epltheliun, insludicg ithe
kReratinizing zone.

A group ol snzymes capeble of hydrolyeing the betg~
siyeoslde linkage of & number of naturally @émuvrinﬁ and
synthetic glucurenides wre known os beta~g1m¢ur@ai&aae&.
They ocour in 8ll animsl tiascues vut zainly in ilver,
Xliney and spieen, “iphaan flﬁﬁﬁ}‘haa Blsgested thres
popeible roles Tor thece GBRLyMen s

le Condugetion of stereid DOTTONGH .

Ze Hydrolysis of conjugated giucuronideg.

Se 4 vele in celluler proiifergtion.
fhﬂ setivity of sueh engyues in the besnl layer of oprsl
epitheliun in Doth hunane end rats wen degeribed by Cabrini
and Cerranga {19560) szesting e possible role in eellular
preliferations.

| Cyleenrons oxidass hes & low aetivity  in orsl
epithelium but is Feund in the bassl cells in some ercass
Iintisametion spyears toe inercase its setivity (Surstone,
1560)s iron defieiency may reduce eytochrome oxidape
activity (Beutler, 195%}, and vsldenstrom {1358} neliieved
thet changes acsurrisg in the orsl ans cesecpiagenl LuCoese
in iron deficleney were due to igok of the enzynes.

flehel {(1960) deserlibed the distribution of suecinice
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dehivdrepenase in the ginglvel epitheliuvn, vont aciivity
gas found in the basal layer. 7This was conlirsed uy
vord and Hishire (1962 who stated that in the orsil
apithelium, the basal and sdjecent pricklie-~cells exhibit
suecinic dehydrogensse sctivitys Un the other hani,
triphospio~=oyridine aucisotide dlapliorsses was found Lo be
egualiy setive In ell the deep layers of the epltbellun |
but the superficial luyer was insetive. +he distribution
of both succinic dehydreiensse gnd TER diaporase was
Zound to ve in the perd-nuelear eyteplemas “hey, slong
%ith geytoehrome oxidase sre believed 1o ve loogsted in
g¢ione relationshiy fo mitwahan&ria,&nﬂ‘their dlgtribution
sapports thie view.

saine=-pentidase, @& proteolytiio engyme, hes & low

- sebivity in the oral eplthelium (Orban, 1362).

ry and Phunielopry,

The blochemistry of the individual cell of sirstified
sguanous epltheliua ic the vasis of its final physical
giracture, which ia related to the funetion of the single
ell, and %o the cplthelial tissue as an entity.

An epithelial cell consisis c¢ssentialiy ol 2 ceil
aembrane surrowrding protoplass whieh conpisie of &
solution of lunorganie sni organic compounds in water.

The nucleus is seperated from the oytoplase by &
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rmaelesr meabrangs bucieer ehiromatin eontaing decoxyriboe
nucleie seld (DUA). In females, & digtinctive "gex
ehromatin® vody can e ldentified in the nuecleus of
stratified squemous epithelisl cellss The nuclecliusn
eonteing riboupucleic seid {(RMA). Hucleoproteins {(ONP and
#HP) sre the stracturel elesents of the nucleuss

The eytoplassm is s seolution of ainer:l snits and
ergenic ecompounds such aB engymes, pwlyagcaharii&a gnd
macopolysuccherides,; rivoenaclielc meliy escerbiec aeid,
gulphydryl and di-sulphide groupe snd othier scli grouns.
Liplde ceour gz guell dropletse.

Yergtelyalin gremules are surrounded by & capsale of
ribonunlecprotein (HP) snd sontein dense mincral
meterial (probably containing caieclua).

“itoehondria are thought te eontain protein Tibrils
gnd are surrcunded oy smell protein granules.

The Golgl sppearatup say contelin lipilds and phog-
pheliyids.

Pibomomes contain ribonuclelce seide.

- 4 eccncept of Lhe phyalology of the epithelial cell
a8 it undergoes its course of differentlation Irom the
baszl lgyer to the muriace of fully kerstinized straitified
gQuamous eénithellium van noew we sresented,

le¢ Daughter geils originate in the bseasal ilgyer of
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the ¢pitheiluan sg & resuit of 8 mitotie division of &
beeal celle. It 1s thoupght that thls "egueeges” cells oub
of the beasel layer and inte the pricile-cell layer, 7The
rate of mitosie eppears to be a8t & level %o meed (he
need Tor the roplacement ol cells which are lost from the
surfesce layers., 7There are fluetustions in mitotic rate
which are rolaeted Lo pericdas of rest and getivity Cege
ihe rete inereasses durling sleep, sni deoressea during
museular exerclise, hunger sni stress. Further Iluctuat-
ions mey be caused by the ccstrus cycle in the females
agind by the rote st shich eslls ero lest froam the
epitielial surface. & higher occstrogen level induces
aore nitoses se doevs & hijher rate of surfsasce loss.

2+ 48 the cell progressves through the pricile-~gell
layer it mecumulates e nusber of bascphilie granules,
the so=-cailed “"Kerutohyalin gramulsoe’, snd its aytoplasa
pecomen wore expansive and flettened in the plane of the
eplthelial surface. Lt 4c then a part of ihe grasular
layer.

Se¢ It is believed thot the granular layer ip the
seal ol tie nejor changes in the epitheiisl cell. Meratin
formption ocours snd the eell loses 1tm nueleus and i1tse
keratohyalin granules te Leoccme an  anuclear souame
ecnyosed of Llbroue protein, 1lipid snd srpanic soltoe

Thiz chenge involves wster logs end must reguire high
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aetabolie activity in whieh enzyme systens are ne doubt
esucnitial. There is nuch diversity of opinion soncerning
the ﬁci&& pluyed by the numerous ceaponente of the
epithelial cell during this process of Xepratinization.

Hontegna (19C2) siates, "Mitochondris sre the seab
of all important Biclopdesl syniheses, snd the jprocess
of weratinization must be acdiated by them'. In gtratife
ied sguanous eplithelium, however, intact, norumsl sito-
chondris cannot be Iound in the grenmular layer. This,
along with eleetron alercscople evidenece, hos led a
nuaber ol workers Lo belleve thst keratin forastion beginsg
in the bvusel leyer, where aitochondria are abundanty and
that (he grasuler leyer is the site of wholesale HLELo-
molecular regrrangenenis.

slaple blocheaical coneept of protein synthesie

wag presented by Dutta and Tttawsy (1962). ¥rotein
klosynthesis involves the poiymerizaticn of snincesclds
wlth the formction of pﬁp?id& bondsg an @m@r@y conpuning
process. 1t 1s thought to require the presence of ribo-
nuelele ameld {ENA), u souree of regenerste sdencsipe
triphesphate (4%P), some sort of asytoplassie organclle,
gnd ground cytoplasme. 4 series of asteps lesdlry to the
foraation of a simple protein is outlined below.

le faine aclds are activeted by & soecifie GLE7 I

and ATF to Torm gn (&@13@&0¥1*&ﬁ?}*&ﬁ%§ﬂ& complex and
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pyropnosphste.

Z2e The petivatsd smine seld ie then transferred to
goluble X4 In the eytoplasn. “here ism prcbably a
gpecifiec RHA for seoh anine seid.

3¢ The saine acid, now attached to Widy i8 trange
ferred apaln to an appropriste site an an Lua particlic
on & rivoscie. This particulste s actp as o template
for pretein synthesin, aamﬁrmllinﬁvthﬁ BEIenes in w%ich
the auino acids appears “he code of eontrel is altimately
deterained by the L4 of the nucleus whieh sontrols ithe
gynthesls and varies the strueture of ribosomal R4 o

Le "Ben the poiypeptide chaein of auine seids hos been
aompleted, the primary structure of the rolein has been
determlned. The protein is then detsched from the H¥a
egnd the secondary and tertlsry structures are FTorsed.

it mey bve thet a simple protein fibril, & kerotin
precursor, is lorped in the layers deep to the gramuler
cells by such s procegg. There ig sbundant eviienee in
the litersture of the presence of the reguirenents »uch
ug the naeleic eelds, oybtoplesmle crganelles and CLzyme
cyatems, and of the presence of sueh 7ibrils. Ihis nay
be followed, in the gronulsr lsyer, by the sadition or
secondary and tertiasry structures, involving other biologw
lcally setive substsnces; uscorbic ascid snd suiphydryl

groupse (Asooriic acid mey mediste trunafornation of
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sulphydryl groups to disulphides.)

The keratin seleeule wes tovestigated by Swenbech

P

(1253 ) using X-ray AilTrsetion patterns. He sugpsated a
bypothetical wsodel of the Libril unit a8 being asde up
ol proteln cyilnders surrounded by e iinid layer with
1ipid ehains arranged rodially on the uvrotein eriinder,
The part pleyed by keratohysiin aramales; onee
thought Lo be kerabtin precursors, is not elear, but there
ig no doubt thut they become part of the fully~keratinised
sguane Ln gtratam corneame
Se WAth the loss of keratehyalin gramaies, the gell
snters the lower part of strstus corneun or stratum

sueidum where loss of the nucleus cenurs (Cantoiannd and

Eﬁthmﬁn. 13&2}, egredation of nuelcer msterigl iz
probebly an cozymatic nrocess. Animsl expevinents heave
demonstrated an assooistion belweon depoxyribvonuclensge 17
aeltlvity end nuclesr bhreaikdown,and nigstochemistry reveals

ribonuciesse acvivity in the lower portion of stratum

COrNRQls

With the loss ol the nueleus the well becomes the
desd mmse of Tibrous protein, lipids nd organle saite
whieh 2onstitute stratum cormeun,

it 18 probeble that the 2ifferent Lypes of histolog=



ieal sppearance of stratifled sgusmcus eplihelius (vize
keratinized, purekeratinized snd non-keratinized
represent different degrees of asctivity of the procecses
catlined sboves Thuz kerabinlzed epitheliun would
repregent the hivhest degree of epithelial metubelie
activity and non-keratinigzed epithelium the lowestl, with
pevaxeratinized epitheliun ceoupying en intermedicte
poslition in ithe scanle.

IT the eplihelizl witotic rete inoreases, or autm%rigg
the functionsl demand, a hyperpisstic epithelius resulis.
Thig zsy be sonfined to the basel leyer ss basal sesll
hyperpiasie or say result in g thickening of the prickie=
cail layer whieh is hknown ag apanthopis. & thickening of
bhe xeratinized surface layer is dencted hyper-keratinige
stione

Converasely,hypoplsels proluces & thinner epithslial
ticoue whleh amy be referred to as slirophic,

The faetors ‘sffeeting nitotic rate have bewn brielly
dlsecusged previously; they can be related to the Tsctors
weleh produce clinical chenges in stretified sguamous
gpithoaliame |

14 LR Y

It has been suggested by Wontegns (1362) that
different arcae of evplderals hove & Alfferect genetio

sheracters This is supported by experinentol g afting of
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Plenter epldermis to arsas such ss the ehcat whore the
epithelium is normelly thin. Sueh planter epiderals

reteing 1tz thicknegs.

tned s

t y y ,t o " &
Yaginal and uterine eervical epithelivwi, in cases
ol uterine prolepee, may become fally keretisized. This
is & protective measure sgalinst Lhe sbnoraal treuwss snd
drying preduced by the prolapees Traums to the glngivas,
due to tovthnbrushing, say induse hy@urkeratiniza%i‘m.
el fectorg.

dormel veginel eplthelium is influenced more by

horaone levels ihen by any other fscltors., Similar studics
onr the effeet of ocestrogens on the orel apithelius heve
given eonflileting resulis. Adtheugh parelilel ahanges in
degree of koratlalzatlorn Lave been demonsgtrated in opel
epitheliva and veaginel epiltheliun durding the menstrusl
syele, it sppeara that loosl envirenmental feotors hove

more inliuenge on ihe oral epitheiiaum then do horsones,.

Mutritional d4isturbences Ray grestly influsnoe
the state of stratified sgusmcus epitheliwn. Vitamin A
deficiency gseuses Xeratinizeiion of normelly non=keraiine
ized epithellus and oveprdose of Vitamin A may ceuse
veraceratinization of normally reratinized epitheliume

Yitesin B eomplex deliciency produses atroephie
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churges in the orel epithelium, perticulsriy in the
speecislized epithelivs of the dorsum of the tongue. Iron
deficieney anmenias, pernicious snreals snd sprue 87 Bleo
affect (he eplthelium of the tongue.
These chenges sre thought to coceur due e apsets
in the enzyme systems, end in the aynthesis of nucleie

soidse

In elder people siropghy of the stretified BUMBHOUS
gpithelium cecurs, siong with the oiher body tlsoues. ia
& resuli,the integrity of the epitheliuw is more a681ly

destroyed and its proteetive function ls less effleient.
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There is some gontroversy, it appesrs, as to the
gsresence ol meratohyelin granules in epitheliwa vhioh is
elossified histologleally as non-keratinized or poerse
keratinized. 7The origin of such grenulies and the nerd
they play in the process of keratinization is similariy
controversial .

The serlies oi experiments descoribed in thie thesis
have the following slus.

le To entadlish thatl keratohyalin grunulez d¢ ceour
in the non-geratiniged end parskerstinized eoithelium of
the mouth snd vaginae

2e To pogpest & pousible oripin of these yranuleg.

Jo Te investigste ithe relationship, if present,
vetween the incldence of ihe gramuies and degree of
keratinizations

e To offer comment on the role of the keratohyalin
sranules in the Jight of the prescnt concepts of spithelisl

sell function.
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The generslly secepted vleture of the stretified
soumbgous epithelium of the mmﬁﬁh a8 seen in ﬁtain&& ninto=
logiesl rections exesined with the light microsecones and

the grioplasmic bodles present, are dencribed below.

Grenuice of selenin plguent scometimes occur in the
vagsl layer of nermel oral eplihelium. These deposits are
most common in raees with plgmented skine. Pelhological
deponits of melenin mey be present in Addison's disecase.
Helanin pilgmentetion in the glogive has been lound Lo be
restricted to the bagel layer with ceaesicenal grsumiles in
the a&éae@nt'wrxcmlgmwallw {tummett and Bolden, 1963).

The wxdar~lyi¢w connueetive tissue asy misce eontaln amelaning
it iz produced in melanchblusis which are thought to
injeet the formed pigment into the bassl epithelisl cellao.

Yepry fine granules of basophilic materdsl, ildentifled
nistoehesieally s coniaining RiNAy are present imvﬁn&
basal leyer of the orsl spithelius. Zibonuelele seid
(#KA) im said Lo sceeur in the celle of the g&rﬁimativ&
isyers, and not in the superficisl strate, (Cahng 1961).

aibenueieie acid oceurring in ell the eplthelisl layers
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ig bhought to inddeple malignant potentliale Thege Pine
“AA grenedes ere anguestionably invelved in protein
syaihesls and cell prolifersticn, end are presussbly
censtliuents ol ribososes. Uoubagna (1752) desoribed
sluiler basophilic meterial in the besal lsyer of eplder=
nig, and deroviel (1%80) found thet the basal iayer of
veginal epltheiiom slse contained “very fine pyroninge

sallic grenmuletions” .«

Apart Iream occasional nelsnin prammles and sons Pine
granules contalnlng 04 in eells immedistely sdjscent to
tne Lesal layer, the prickle-cell layer is almost conplete
iy free of any eytoplasule Ledles demonstrable by 1ligh
mieroscopye The eytoplasmic basophilis snd pyroaninoshilia
ol the besal lsyer {uvideg pereeptibly inte the stratium
gpirosums This 1s true for oral epithelium, epiderais snd

vagzinal epithelium,

Se &

o

“he granuler laeyer ig usually deseribed ss being two

to Jive cells thiek, with the cytopiesm econteining larye
vasophilic berstchyelin granules up fe three microns in
Alaneter. In the zcuth and veplina this leyer iz noi
ugually prosents +he eomplete sbaence of & grenulsr layer
when the surfece of ithe epithelium is not kerstinized

appears o be fsken or granted in most texts. Only
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Sogneaas and Albright (1958 meke any suggeationa Lo the
contrary, snd the particles they descoribe are denonstruble

enly with the elestron wieroscops.

The sells oi the surface of kerstinized e itheliunm
are devold of cytoplesmic bodies, and contain keratin.
in the cuse of paraxeratinized or non-keratinized epltihie
eliun no eytoplapaie bodies are deseridbed zs occurring in

surlaco laoyers in histolo;licel texts.

“he alm of the present study wus teo determine shether
sytopluszie granules cocurred in histologiesl meetions of

oral epitheliam,
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fral epitheliun wes obisined In epecinmens fron
excised orsl leslions. 7These lesions were Prom verious
#ltes, the laeblal or buecal mucosua, the lonyue, gingive,
and palstes They had ofton been prezent for zeny months,
and therce was no c¢liniesl evidence of acute inflsmmstion,
adeeration or epithelial hyperplaeis. Histopathologicel
exanicstion had resulfed tn s disgnosis of benign Librous
hyperpioeia in eech case.

Although epithelivn {rea these zpecisena cculd not
be ﬂlﬁ&ﬁ&d‘ﬁtPithy a8 completely norasl, it wss conaidere
2d to aggreximate o the normsl sc neerly thaet the
inconvenient business ol obiainirg biopay specimens of
normal tissue Crom volunteers wae not unlerisiens

In addition, sgpecizers of the tuecal or:l and
eplderasl epithelliun of twe mele foctuses were obianined.
The approximate crown-runp acusurements of the Toetuses
vere S5 mme end 150 mm., end their intre-uterine sges
were assessed me aboul 15 veeksn end 10 weeks respectively
{toyes, 1960).

petatls of the speciamens used are contained in
Table I,

After fixatlon in 10U por cent formol seline sil
speelmens were procesped routinely, and embedded in

pareffine The gections cul were @ix mierens thick.



Deteile of specimens for preliminsry observetions on eytoplesmie bodies in oral epithelisl cells.

The known duration was teken as the time elapeed since the patient fivet noticed the les ion.
The messurvments given are from the fized specimens.

The commenis on histology and diagnosis are those contained in the ki

Pathelogy, Dental School, University of Adelaide.
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AdJjeeent seetions from esch block were atained by the

Tellowing methods.

Le

i

ine iren haemg

oXrlin snd eosin.

This wes used Lo obtein an oversil plcoture of the
histology of the epithelium. The heematoxylin gives an
indlestion ol syloplosmic bascphilie and staing sny
bagophilie granules present, sithoogh this wss not

atended as a velld hintochemicsnl sethod for the indlicate

lon ol basopnilise

pgen = pyronin (Culling 1957)

2. Methyl g

Aleohicl Tixetion is generslly reccmacnded fop

-

use with thie etein byt the m@r@hclaﬁy iz then poor. As
Lthie was enly s preliminery study with morphology most
lmgortunt, formol saline fixstion woe used. The purpose
in veling this stein wes to determine whethep eytoplosuie
bodles containing nucleie selde or meleow-prateins exiat
in the layers superficial to the srickle-cell layer. &HHA
staing red snd DHA gtains blue. Nibonuclease dlgestion
was not veed, sni wae nol necessary, as more therough
investigation wes 4o be curried sut subseqguently if

warranted.

tlon {Culiing 1357)
“hig stein is speceific for DMA epd Aepends on
the relesse of aldohyde groups from the desoxypentose

suger of DEA by aeld hydrolysis. Ten minutes of seild



e
hydreolysis by the slandard techulcue was uned. DNA gleins
rad.

n (Liliie 1954)

This method staine the keratohyslin granulep of
gbratun grenulosuam exn intense blue eclour (Chevrenont snd
Wreierie, i9k3)e It demonsiretes reduction sites in
wiecguee The concept of the ¢hemisiry invelved in ihe case
o8 the so-called kerstonyalln granules spzears to e in a
gonfuged state, but is irrelevant to the issue here. In
this study, the roaction was used to delerming whether
eytoplasnie vodles, stailning blue (ap do reraitchyalin
granules ), ocour in the non-ieratinized end parsieratine

ized orsl epithalium,.

A1 of the gtained sections were exanined with the

light micrcscope &t sagnifiesticns up to L300 diameters.
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Besulte.
Ubservationa are sumserized in Table 1. All types
i oral epithelium were pregent in the specinens,
keratinized, parsieratinized psnd non=-xeratinized.
Cytoplasmic granules were present in the epithelial cells
superficlal to the prickle-cell layer in sli three types
in &ll of the specimens. Host of the granules were
between one and three microng in dismeter 88 aspessed %y
comperison with red vlood celis. Juch grenules stained
blue in the haematoxylin and cosin gtained sections, red
in the aetlyl green ~ pyronin steined gections, bLiue in
Yhe geetlons ptained by the Terrie~ferricyanide reduction
wwat,and were beulgen4ﬁ&gativw. “ne only ¥eulpen
pogitive grasules were tiny snd cecurred enly in celils
with degencrative "@mptywiaaking” naclel, They were
thought to be composed of extruded mele:r chrometin and
Lo be « ssnifestation of nuelear degeneration op
keryorrhexice The sppearsneces of the spithelium and

granules in the adult apecimens were ss follows,

ferstinlzed epithelium usually comprised & basel
luyer, prickle=-cell layer, granular layer, sni an anuclear
zerstinized surface layer. 7The gtrstum Eranulosun was

from one te four cellm thiek snd sompoged of Clattened



. Table II

Staining reactions of granules present in cell layers superficial

to the prickle-cells in specimens of oral epithelium, Q
Specimen |Epithelial type Stain

number |Keratinised = K H and B MG, - P, Peulgen |Perric-Ferri-

Parskeratinised= PK|{Basophilio= B |Methyl green= MG cyanide

Not keratinised= NK|Acidophilic= A|Pyronin = P reduction

1 PK +B +P - +

K +B +P - +

2 PK +B +P - +

NK +B +P - +

3 PK +B +P + +

.4 +B +P - +

IN PK +B +P + +

K +B +P - +

5 PK +B +P - +

(3 NK +B +P + +

7 PK +BA +P + +

K +B +P - +

8 NK +B +P - +

9 PK +B +P + +

10 K +B +P - +

Poetus A NK +B +P + +

Foetus B NK +B +P + +
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¢ells with fine blue=stuining eytoplasmic greamiles.
‘f\;ﬂfig& :!:io

Perekeratinized epithelium wes ususlly without e
distinet granular leyer, and its surfece was of nueleated
cellss Rlue-staining granules ccourred in ithe sytoplesa
of celis hetween the prickle~esll layer and the surface,
however, and ln the surface layer itself (fig. 3).
sometines considerable difficulty wes enccuntered in
clageliying the epithelisl type according to the higtoe
logical text~book definitions. In some specisens a
distinetl greauler layer occurred under s surface conbsine
ing ruclested cells; others with an anuelesr herstinized
surtace contained no dietinet grenular layer {(Pigt. b4y ).

Hon-gerstinized epithelium never conteined g
gronuler luyer, but blue-stsining granules were present
in eells between the prickle-cell layer and the
puriace (fige G)o

4fs @ general rale, the lecs keratiniged epithelium
gontained the larger granules. “hese cells with lerver
gremules usually contained fewer than cells with exmaller
granules (€4 e cells in the granulsr layer of keratinized
epithelium},.

Granulee occurred in the aetusl surfece layer in

non=seretinized epithelive and also in parskerstinized



Photomicrograph
gpithelium with
layer, H and E,

of keratinized oral
e well-defined granular
X1200.



Fig. 3.

Photomicrograph of parakeratinized oral
epithelium with cytoplasmic granules in
cells superficial to the prickle-cell
layer, H and E. X1200,



Fig. L. Pnotomicrograph of oral epithelium with an
extensive granular layer beneath surface
cells containing nuclei. H and ®., X1000.
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figs. 5+ Photomicrograph of oral epithelium with
anuclear surface cells above a poorly
definred granuler lsyer. H and E. X1200,



58,

Pig. 6. Photomicrograph of non-keratinized oral
epitrelium with numerous cytoplasmic
graniles in cells gsuperficial tce the
prickle-cell layer, H and E, X1200,
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epitheliunm which hed & thin surface zone, “here the
parskerstinized surface wee mors than twe cells thick,
gramzies in the surface cells were rere. <hey never
coeurred in & heratinized surface layer.
Tn  specimen seven blue-staining end red-sialning
granulee ogcurred in the same cellis. They were identiesl

in size, morphoiogy snd dimtribation.

in keratinized epithelium rved-staining granuleg
oceurred in situations similar to those staining blue
with the hesematoxyline In the granulsr lgyer; the rede
staining wae dilfluze, and not limited to individusl
visilble granules. It was of ghoul the gene intensgiiy as
that in the besal layer. 7he priekle=gell lager snd
surface loyers conteined 1ittle redw-siaining saterinl.

Parakeratinized, and non-xeratiniged epitheliwa
mlse contained red-steining grenules in similar sitvations
to those staining blue with heematoxylin. Blue-siteining
meterial occourred only in the nuelei in gll epitheliiasl
typess In seneral, the granules did not appesr to stain
65 well with the pyronin as they did with the heematoxy=

dine

Red=-staining grenules ogeurred in some specimens,
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usually in celle in the surfece layer of perskeratiniged
znéd non=eratinized epitheliume They sppesred Lo he

fregnents of muclear chromatin {fig. 7).

In keratinized and parskerstinized eplithelium there
apoeored to be & zone of sctivity beneath the puriace
layers; tnis was not as prominent in nons-ieratinized
gnitheliuse. Cells in the zone amniain&d'@luw*&ﬁaining
granuies of similer distribution and sppearange toc those

gtaining with haematoxylin.

The eppesrences of bofh cral epithelium and epideraip

in the foetal specimeng were as Jollovwa.

2otn oral spiltheifus znd epidermis were multi-
inyered but the epldermis wee thinner. 3Alue-staining
cytoplasmie granules were present in the more superiiciel
cells o beth erel spithelium snd epidermis (fig. &),
There were Tower gramiles in epildermis snd they wore
asually of smsiler sisze than those in the oral apitheliun

which were up to three sicrons in dianeters

redesteining srasules cecurred in aitustions gimilar

to those staining blue with hsematoxylin in beth epliermls
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Fige. 7.

Photemicrogreph of non-zeratinized cral

epithelium. Two cells contain a number of
fragments of nuclear chromatin. reulgen
stain. X1200.
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Pig. 8., Fhotomicrograph of oral epithelium from a
19 week foetus. Cytoplasmic granules are
present in the superficial cells.

H and E. X1200.



}%3.&

and oral epitheliunm,

igen re

ey &{‘ Glle

4 few tiny red-oteining grenules occurred in some
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guperfieial cells of both epiderais and oral epithelium.

Blue=-stainliug grawles ceeurred in aitustions
similayr to those silelning blue with heemetoxylin and red

with pyronine



The results suggest that there were two main types
of eytoplassic granules in the oral spithelisl sells
between the prickle-cell layer and the surfacei~

le Granulea that stained blue with heemestoxylin and
with the ferrie~{erriecyanide reduction %est, snd red with
the methyl green - pyronin stain, thus indieceting that
they econtained RRA or ribomacleoprotein (Lup) Theos
grarules had the staining cherescierieties of kerstohyslin
granules (Montegne, 1962) yet they cecourred in
parateratinized and non-keratinized epitheliun ss well

@ in the granular leyer of hkeratinized eplithelivm.

This suggested that either the soncept of the keratehyelin
granuleg being present only wien the epithellsl surfuece
is completely kerstinized is wrong, or thst there spre
other bodies in the epithelium which are indistirguisheble
from kerstohyalin gramiles by the steining methods used
in this study. |

£¢ Oranules that stained red with the Feulpen
reaction and contained DRA or DWPe They appesred to be
écm@aaed of nuelear shrometin se & result of nuclear
degeneration in cells of the epithelial surface.

The red-staining granuies egeen in the hsemstoxylin
und eosin stained section of ppeecimen geven suggested

that the bluewsteining grenuics ney lose their apparent
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basophilis (perhaps thelr RNA or XNP) in the surface
layera.

Farther investizsiion ig neeccrmsary to ¢larity
these ccneluslons. Posaibilities that may warrant
further considerstion in relstion to the constituents
or nature of the yranules sre listed belows

1. The lowes of the nuecleus of o neutropinil
polyaorphonuciear leucyeyte sre sbout fhe seane size ag
the lsryest ol the eytoplsanlce granules seen in the
epithelisl aellise. However, thesme nuclei invarlably
stain red with the Feulyen resetion, snd dirfer in this
respect to the lsrge cytopilasale granulesg.

e Melanin ig linited to the busal layer of the
aral epithelium. Yone of the specimens in this ztady
wen plgmenteds Helanin cennot be cenaidered, therefore,
28 @ possible cause Lor the a earsnce of gytoplaslic A
grenuleg. However, hacsoglobin, haemosiderin snd bile
plgments resain as poeeible, though unlikely, constituents
of' sytoplasmic grunules,

3¢ Teaat cells could canceivﬁbly glain blue with
haemstoxylin and red with pyronin. Their size and shape
could be similar to those ol the larger eytopisanis
gremiles and they could oeceur inside or on the surface of
orel gguamous epithelinl eells, This reguires further

investigation. Beeteria could concelvebly be confused
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with the smaller oytoplasmic granules, particularly on
the epithelial surfacee.

L. Virug aggregates within oral epithelial cells
have bheen described by many workers. They too, could
concelivably simulate the sppearance of eytoplasuic
gramuless This will be discussed subseguently.

5« Stalning artefacis have of'ten been the cazuse of
incorrect conclusions.

It may be concluded that there are probably two
mein types of granuleg.

l. Large (up to three microns in dismcter) bagophilie
granules containing &NA or NP whiceh mey lose their
basophilia and stain red with haematoxylin and ecsine

Ae They sre probably so-called keratohyalin granules
even though they occur in parskerstinized and non-
keratinized epithelium.

Be They may be:—

(1) Fragments of "polymorph" nuclei,

(11) Pigments: haemoglobin, haemosiderin or bile,
(111) Yeast cells,

(1v) Virus sgeregstes,

(v) Staining artefacts.

n

« Small ¥eulgen positive granules containing Dra
or DHF.
4o They are probably chromatin,.

Be. They may be bacteria.
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Intxredueticn.

Ag a means ol excaining the eytoplasm of individual
oelle, the ordinsry Torislin-fixed, paraffin-cabeddod
seetion, wix mierons thiek, is inadeguate. Ususlly ithe
plane of the meetion 1s simoet at right ancles to the
phene of the gytoplaom of the flattened surface sellis,
se that & cell of LU microns diameter {(or even up to
100 mierons; is represcnted by & slié& gix mieronsg
thieck, which could eeslly misg the grenules in the
eytopiasue Fermelin [ixstives sre not setlelactocy for
BOHe higtoch@mical HOPK o

The siaple smear metihod oliers: several sdvantsges.
It is & cwnvenient asethod of abtainiig speeimens of
norael epltheliua without the necessity for biloisye.

The whole of eseh cell's contents cun be pludied.
“ixetion is by sleohcl, allowing better hintochesical
results.

The technigue of exfoliative eytology has now
veen in use for meny years. rapanicolsou, in fzeries,
is accepted =8 the pioneer iﬁ thisg field, although
e¢xfollated cells have been studied for nlmost 120 yeors,

particularly in sputume In 1917, Stockard and
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vapanicolaou used vaginal zmecars to study the ocestrus
ayele of the guinea pig, end on this bilologicsl besis
wos bullt the huge number of present-dey applicstions
of the technique in pathbology. *rom sbout 1324,
Fepanicoleou was concerned with the use of the vaginal
smesr as ¢ peans ol diagnounis of uiterine cancer. In
cencerning the wet-puesr teehnique for eell exemination,
and the disgnosis of tumours. Today, the simple paear,
wnd modiificetions of it, sre widely ueed za an
cdjunct to diagnosis of variocus patholiogiecal conditicne.

XMany workers have used the orsl smesr in sxeuining
both physlologiecal and pathologiesl provlems. “einmann
(1940, utiiized cteining resctions of selis in oral
waeers to investlgete xerstinization of the orsl mucoss,
end subseguently cther workers have studied the effect
ol hormonee on orsl Reratinlzatione The use of
exfoliotive cytology in oral dlagnecais was described by
dontgoamery snd von Hewa {1951); they assessed itas
usefulness in the diagnosis of benign, pr&-malignant and
aslignent lesions. Vitaszin end sineral deficiencies
have alpe been studied using oral saeers, while Cooke
(1358, 1%60) utilized oral smears in the Aisgncsis of

bullous lesicns, ineluding Herpetic infeections. A4
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tuberculous ulcer was disgnosed irom a glant-cell in
a smear of the lesion by Cawson (1960). Bucesl sacars
are commonly used as & relisble means of determining
nuelear sex in suspected examples of intersex syndromes.

Of &ll the investigators usinz the smear technique,
only Peters (1958) has described the cytoplasmic granules
oceurring in normsl squamous epithelial cells from the
mouths The following observations were made.

1. The granules were round or oval in shape and up
to two or three microns in diameter.

2¢ Frequently there were two large granules in close
proximity to the nucleus.

3« Characteristically, the granules were so
distributed that a clear peri-nuclear halo oeccurred.

Le They were arranged with smaller ones ncarer the
cell periphery, and lesrger ones nearer the nucleus.

5« There were rarely more than five grsnules in each
cell, Irequently only one or two, and sometimes none.

6+ Irradiation, e.ge. an sirdose of 2000 to 3000
roentgens over a period of three weeks caused & mariked
inereave in the nusber of granules so that up to 60
occurred in one cell. This inerease occurred in 70 to
50 per cent of cells.

7+ The increase was not immediate, but occurred

spproximately 10 days sfter irrsdistion.
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8. Granules were found in normel eells, end in
these Irom leukoplalkie pstehes, but not in malignant
¢8llse

e They stalned deeply with heematoxylin, £1d not
yleld the reulgen reaction, asnd stained red with methyl
green = pyronin. They 4id not stain after ribonucliease
digestion, muggesting that they contzined RiA.

1G, There was no correliation between the wecurrence
oi the granuies, and sex,cr mensiruel cyele.

2imiler bodies in vaginal epithelisl cells mere
deseribed by Papanicolacu (1354)e They too stained
deeply with the hacustoxylin of the Papenicoluou siain,
but Paded znt became acldephilic following ovulation.
They ware thought te ensnste from the nucleus.
vepanicolacu sede & Durther stetement: “Superfieciui
syuamous cells somctinmes contain an unuesvally iarge
number ol chromatin granvles, scne of which are ia direct
sontaet with the nusleus. The granulss mey be seen in
& variety ol cases, and their significance for
dlagnestic purposes is not cliear.” Haewmosiderin
granuics were sald t¢ oecur veesslonzlly in esells irom
cases where bleeding hed seeurred.

The Yineent vemorial Hoepltal Tteff in thelr
text-book “"The Cytologie Diegnosis eof Cuncer' (1953)

deseribed an illustrstion of & veginal cell containing
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granules, stating that it was & “ecornified gell with
emgll denme nuecleus, irregulsr eytoplasm with granales,
and cvidence of & perinuciear vacuole.’ They eiffered no
¢Xplanation of the nature or significance of the
Arenules.

Ciearly, the cbservations made in Chepter I support
thoce ol Peters, but dissgree with the impliceticnz of
rapanicolaou that large grenuics (or two mierens or nore
in diemeter; containing UNA cecur in squamous apithelisl
celles with intaet nuclei,

The Tollowing stuiy was designed to confirm the
Tindirgs of Chapter I, utilizicg the technigue of
exfoliative oytclogy whielh was more suitasble than

higtological methods for thip investigation,



Buperficial urol sguamcuer epithelial cells wore
ocibtained fros three sources,

le The bueecel mucosa ¢f 10 premature infents with
no oral lesions.

2« The normal buccal mueosae of 10 adulte,

2« The nueccal mucose of five sdults with so-colied
"oececlussl plane keratosis". The cells were obtained
enly from the white lesicone in such cases, snd not from
adjacent clinicelly uormal epitheiiunm,

The subjecls were chween 1o represcant (ilfTerent
degreee oi keratinization of the bucecsl mucoss. 5y
histological criteris, infaut mucosa is non-keratinized,
noraad adult buecal mucoss is non=kerstinized o
pargikeratinized, snd epitheliuvz from tiie srems of buccal
reratosis is parakerstinized or keratinized.

Epltinelial eells for exssination were cohtained ae
followse 7The patient was ifustructed to rinse ocut the
wmouth with water; Uhis wae not possible in the sase of
infants. The buceal mucosa wae aseraped with & metsl
gpatula until sdequete nuubers ¢f epithelial szells head
been removed. These cells were Lthen apread evenly snd
gqulekly on & labelled, aibuminized, fist glase clide.
Fixetion waes by immersion in 56 per cent ethyl alcohol
in & Coplin Jar for & zinimum of 30 sinutes.

Fourtesn specimeuns were obtained from caen
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individuel. Care was taken to serepe & new ares of
buecel mucoss for esch upecimen to ensure g siuilior
cell sample. Fach mpecimen was trested in a Aifferent

manner. The methods used sre listed below.

ain {Papsnicolaou, 1954 ).

This multichrome stain wes used to demonstrate the
morphology of the sguemous epitheliesl cells, snd to
examine the staining of the cytoplesule grenules.
Papanicolaou (1933) stated that in sucars from the
vaginal mucosa, red cytoplasaic etaining of the sguamous
cpishiciial celle oceurred in superficial, "cornified"
cellg, and that blue-staining cytoplssn ececcurred in
cells rrom the deeper lsyers of the epitheliius. Otudies
on the oral wsucose {(using the Papanicolaou stain) by
Miller, “oberaan, and Ztahl (1951) and Yontgomery [1951)
deseribed similer findings in the staining of the crel
epitheliun. They found thet the epithelisl cells could
be readily divided into groups smecording to the colour
of' their oytoplesalc steining. 3Hlue or blue-—sreen—
ptaining cells came from the deeper layers of the
epitheilum, red-staining celles from ihe more superiiecial
layers of "gornified" epithelium; and yelloww-staining
eytoplasa, in geils which were usually anuelear,

indicated complete keratinization of the eplithelisl celle.



Slye
- pyronin (Culling, 1957).

The vallidity of the aszumption that red-staining was

Ze Hethyl zreen

-

produced by REA or REP wee tested by the use of

ribonuelvane. {Dee Appendix T.)

3. sdzure A (Fuliaecr, 1962).

L basie dye, fzure o, wos used to support iLhe
repults obtained with the nmethyl green - pyrenin stein,
the intention beling to sluin meterlal containirg 242 or

p

WP with Asure 4 a2t pH L. {lee ippendix IX.)

oo
Y

lpen resetion (Calling, 1957

The ixed snears woere stained by exactly the same

b

acthod as the gectione used In Chapter 7.

1“%}&‘95 jm}’i {;11111{} & 1‘55&} »

The 'ixed smears were sgiained by exaetly the same

method zs the geetliong used in Chapler I

{Lilile, 1954 ).

Girem @tedn
reratohyalin gronules are seld to ccessionally stain

positively with the OUran stein. This methold may

distinguieh between kerstohyslin granules stairning blue,

sbive bacteria, stainling reds

and Groes

(Culling, 1557).

The priamsry purpose of U-ils stain was to demonsirate

the polysaccharide capsules of yeast gelle, if they vere
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present, Heratohyalin grenulees should not stain by this
methods Oyloplasmie glycogen ie stained a megenia

colour,

o (Oulling, 1957).

Yerric salts, and therefore pigments such s

haemosiderin, cen ve stained blue by this method.

.-8t8in for heesoglobin.
The methed used wee that of the Department of

Pathology, University of idelaide. (Zee Appendix TIT.)

10, Gaelin's n (Culiing, 1957).

This wethod wus used to investigate the aneurs for

the presence of bile piiments.

The stuined smears were exanined Ly the 1ight

slercuccpe et mugniliceticns wp to LBU disnetors.

In addition to the oral suears, Papanicolagiys
stalned veginal asmears from the filea of the Cytelopy
Laboratory at the .ueen Eiizubeth Hospitsl were gimilarly

examined microscopically.
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Jesults.

‘he findinge with respeet to the ecntents of the
smears ond the colours of sytoplesale gigining were
slallar to those of Wontyomery (1351) snd ¥iller 6t 8l
{13251,

The gmeers contained predomirantly sguamous epithele
lal cells. 48 expected, most smesrs from the infante
eoitained mainly blue=-staining cellis; red-staining cell
were less cownon, snd anuclisap yellow=staining sells
WeEre & rerity.

Jormal sdults gave suears containing mors red-
steining celle than thoee of the infante; the rexaining
cells were blue-stsining with cecesional gnuclesy
yellow-gsteining zellm.

smenrs from areus of bueeal ueratosis contained
enly red-sigining and yellow-gteining cellp.

cmears from sll the subjects eontalned cellp with
eytoplasmic granules siuiler te those described by
Peters (1958) (fig. 9)e These grenules plained deepnly
with haemstoxylin znd oecurred in both biue-sltaining end
red=-staining cells, tut never in yeilow~staining selles,

Pepanicclaou's (1954, observetion that seldophilie



Fig. 9, Photomicrograph of orasl epithelial cells
i a buccal emear {rom an infant. Prominent
cytoplasmic granules are present in four of
the six cells. Papanicolaou stein. X1L00.
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{red-pteining), faded granules sometimes oeccurred in
vaglinel epithelial cells vae recelied by s perallel
oheeyrvetion in the ¢ral smears The red-staining
granules ceeurred almoet invarisbly in red-staining
erteplagn, and rerely in blue-gtalining celis. "he laset
that indentatiorns of the nueleus of sone gells |
sccomodated some granules, snd thel the granules aome
inte foeus zopeurrently with Lhe nucleumy; su gesteld
that they were intrscellular g:ﬂ not adherent Lo the
eeli nexbrane (fig, 1C).

The grenulen were s sueh more proainent festuve
¢f the gelle in the gmears than they wore in the ssctione
degeribed in Chapier 1.

Folysorphonuelesy ieveocytes, histiceytes and
sacteria sloo ogcurred in the smears, The baeteria often
pppeared to be in intizmate relstionship to the epitieliel

celle but were not in focus concurreuntly with the
nucieus, suugesting thei the. were adherent to the gell
meubrene {fige 1l.)« The "palymorph" nuclei asnd bacterie
could be easily recognized go that no confusion with

eyitoplasnie granules in the gpithelial sells occurred,

The veaginal csmegro were similar to the oral sunears

o

From infantg, in that their epltheliel eell nuclei vere
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1C.

Photomicrograph of a clump of oral
epithelial c¢ells in o buccal smear
showing nuclear indentaticn by
cytoplasmic granules. Papanicolzou
stain. X1800,



Pig.

11.
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Photomicrograph of oral epithelial cells
in a buccal smear. The folded cell (top
centre) has numerous bacteria adhering to
its surface. Papanicolaou stain. X1600.
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sess often pyknotic than thome in edult oral smears.
Gyteplaanie pranules were present in 2ll the BREHrs
examlced, although they soresred to be mueh less
prevelent then in the oral suesrs. These yranules m&ra‘
ldentiesl with thome deseribed in orel cells by leters
(1956}, and those in vaginal cells described oy

%

apanicolacu {1954 .

2e Hebhed

Areern - nhyponin.

(1) sfter digestion with riboruclease.,
Lo cytoplasaic granules were observed in sny of
the specinens.
(11) ifter incubation with distilled wabter.
hed-gtaining oytopleanic granuies cecurred in
some ¢pithelial celle in ell of the specimens [fig. 12),.
meil eytoplapm siained pink and the nuoleus blue. There
e nore granules in some speeinene than others, most
velng observed in the su:ers from the sreas of wuoccal
karatoaié. “here sppesred to be fewer red-staining
granules in these smears than there were blue-gtaining
granules in the Papanicolacu-steained smeers frow Lhe
same =ubjeot.
(1ii} sfter no incubaticn or pre-staining trectnent,
reaults were identiesl with those obteined nifter

ineubation in digtilled water,
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Fig. 12. Photomicrograph of oral epithelial cells
in a buccal smear. Pyroninophilic
cytoplasmic granules are present with one
large granule in the centre of the field.
Methyl green - pyronin stain. X1400.
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e AZUES Lo
(1) sfter digestion with ribonuclessa.
Ko blue-glaining oyitopliascic gronuies were observed
in any of the specinenge

(it} After incubation with distilled water.

eytoplaga of peme of the spithelisl cells in all of the
apeeinzns (fige 13}. There were more in sone speolocns
than others. The results in this respeet were siailsr ie
those obtoined with the aethyl green - pyronin ataln,
(iii; After no incubaiione
The vesulte were identical with those obloined

after incubstion witn diglilled water.

Le The rewip

L e

In e@ll the specimens there were rare ¢xsnples ol
w¥eulgen positive (red-staining) granules scourring in
the cytoplasnm of the eplthelial cells. They aspsared to
comprise snell clumpe of chromatin which resulted fronm
miclear bresizdown as the nuelei in sueh cells never

asppeared intact {(fiz. 1h).

Blue-glalning gramules ceecurred in the spithelial

pelia of all the speeimens (Lige. 18). They appesred io

be pimilar in nusbsrs snd dlstribution te the pranulies
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rig. 13. Photomicrograph of a clump of oral
epithelial cells in a buccal smear.
Cytoplasmic granules are clearly shown
although cell morphology is poorly
demonstrated. Azure A stain. X1000,.
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Photomicrograph of a dense clump of oral
epvithelial cells in a buccal smear.,
Feulgen=-positive cyteplasmic granules
whieh sopear to be associated with s smwail
nucleus ave prescnt in the centre of the
field., Feulgen stain. XL200,






staining with the hesemetoxylin of the Papsniecolaon staine

\

Jome gyluplasulic granuies stalped pesitively with the
Gram stain in all of the speciamens, but these gproared to
be fewer then demonstireted by the Pepanicciscu siain
(figs 16)e Paeteria were often pregent, soae o which

eould be identifled ss “eisseris by virtue of their

negetive staining, cherscteristic begn-ghape, and

dipiceoccal configuration.

in some eplilheliel gells there was u dirfuse
eytoplasaie positive stelning indicabive of the DI BENCe
of glyeogen, but no bodles suggective of yeast sclils

could be identified in pny oi the cpecluoens.

LA588 feection,
Trere were ne poelitive resetione in the gpecinens

examined, ithue excluding ihe presence of hoenosiderine

There were no positive reseitions in the Bueginens

chamined,y thus exeluding the presence of haeuog lovine

AL

There were no positive reseticns in the specinens
¢rumined, thus cxeluling the presence of bille vignmentg,



#ig, 16. Photomicrogrepn of an oral epithelial
cell containing two cytoplasmic granules.
Gram stain. X1000,



Forther conment orn the conclusions formed in
Chapter I ip now posuible. The smecsrs étain&d by the
sapanicelaou aethod demonstroted that eytoplesmic granules
oecur in sguspmous epithelisl sells from the normsl aouthe
of both edults ond infanta, snd from the vegines of adult
females. 7The buccal muecsa is normally non-kerstinized
or paraaavatiﬁiz&djny'himtolaﬁical definition, snd the
veginel mucoss in aleo non-keratinized. ¥eratohyalin
granules would thus not be expected te be found in sueh
smesars if it ls sccepted that they sre associsted enly
with comnpletely keratinigzed squamoue epithelial
gurf'gees. !owever, the grenules in the guenrs from non-
keratinized aress could be Jdivided zeein into twoe moin
vrpes we in Chapler I. One of these types hed similar
proverties Lo weratolyalin grenules in esells fronm
keratinized areas.

Thie Tirst fype of grenule wae similer to those
stalning blue in the heematoxylin znd sosin stained
sections desoribed in Chapter I. ‘They were stained
deeply by the heemetoxyiin of the Fapanicoimou stoin but
cecesional ones siaived red, indicating s probsble loss
ol basophilie maleriel. The rede-steining with meihyl

green - pyronin, and the blue~staining with szure 4 was

4
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removed by digestion with ribonuclesse, indicating the
pregenge of RNA or RNP, A positive resciion cecurred
with the ferrie-ferrieyanide reduction test, ani the
reulgen reuction was negative. The stains for pigwents,
and the PAS reaction were sloo negative,

Thege results are etrong evidenee for the susgestion
thet sueh gronules sre in faet the so-gelled kerstehyalin
gropules. The oniy other possibilities, though unlicely,
are theiv thelr sppearence could be due te micro-oisanizne
er stalning artefncts.

The second type of grenule was Yeulgen pesitive, and
wach saaller than the irst type. The smeeare 1&ft no
doubt that such granules were the result of nueleay
breakdcwn. 7The appearinces in the swears prevented sny
eondusion of these granuies with beecteris.

In summsry, the results ol the exeaination of cral
end veginal ssears 3Gmfirm&ﬁ.mﬁﬁﬁ of the eonclugions
drawn in Chepter 1.

is Cyteplasmie grenules with propertics similsr to
these of kKerstohyslin granules do occcur in epithelial
celis from mon-ikerstinized epithelium of the mouth and
Vg inae

2. The only oiher possible csuses for the sppesrance

of wueh granules could be
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(1) ﬁiaro;oaganisma
(41) staining arstefrets.
3e omail eytoplasmic granules also cceur in BQUEAOVE
epithelial eella Irom the mouth and vegine, They sentain
DEA or DEP snd are probebly the result of nuclear

Gipintosration.



Introducticnie

The exsaination of wseetiuvns and smeurs of oral
epithelium reveals the presence of isrge numbers of
bacterie in intimete relation te the eplithelinl cells,
yel no pathology is evident. It is thought that o
harmonious reolationship exists between the orsl microbial
flore and the epitheliuan. Thie concept of a vital
blological relationshio betveen oral alero=organisms snd
¢pitheliur was proposed by Bloomfleld (19:2). fe found
that the oral mucosa could be scrubved until the
integrity of the gpitheliun wes threatened, without
dislodging the orgenisas ss deteoted by smear and culture,
In the sasears deseribed in Chepter 11, it appeared that
the orpeniame were edhevent to the suriace of the
epitheiiel cells, This view wes aleo held by “ontgcmery
(1351).

fn the other hand, Thoma znd Goldman (1960) sw geat
that orel epithelial cells sre phi: oeyticy, 8nd that the
miere~crganigns seen in reiaticnsiip to them in BHCEry,
are in fact inside the cell., @“ince histological and
histoehenical evidence depiets oral epithelium us &

mechanlealliy protective itissue, this phagoeytie property



is dirfficult to mccept.

“he pogsivility that sowne cytoplesmiec bodice in orsl
epithelial cells amay be virus partlcies cannot be neglecis
ede The patholopical changes caused by virus infeetion
in the wmouth (psrticalarly rerpes simplex iafection) have
been described by Cabn (1950), Joocke (1958;, “ilverman
{1952}, end Thoms and Coldsan {1960}« They include
eoginephilic ballocning degenerstilon of epithelizl ecells,
formaption of multi-nucleated glant cells {so-galled
"Tzane cellg") énﬁ intre-cellular or intra-nuclear
inclusion vodies {so-called "Lipschutz bodles") which
are beiieved tc be colonies of the virus enveloped in a
matrix. /o gush changes were cheerved in the cells
containing eytoplasmic bodles which were exenined in the
sectlions and saseasrs of Chapters [ snd TI. This ig not
unlikely as the gpecimens selected had no clinicel
evidence of virus infections. “he only possibility
remaining is that the aeytoplasaie granules could be
viruses in eclipsc phase. Although this msy be &n
seceptable explanation in sdults, most of whem have a
positive Herpeeg simplex sntibody titre, it ia not accept-
able in infante who sre uniikely to have come in contaet
with the Herpes virug without showing clinioesl signs of

infeotion. However, aany cytoplasmic bodlea cccur in the
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épithelial celle from the infents' oral aucesa.
“relugion of viruses sz cyloplusmie granuiee could only
be made certsin by tizsue eulture studies. 7These o0¢

teyond the resources of thiz study. It is consldered,

epitnelial cells Irom cliniecelly uornsl HUCORL.

Gacteris sre Tar too smell to be confused with the
larger cytoplasule bodies in oral epithelial eells.
Rowever, yeast celles deo eonform in some rempects, and
therefox warrant investigation. Cendida elvicuns was
Jeaceribed by Burnett émd Sehery (1962) as an ovsl,
tudding yeast tvo to four microne in diameter. Candids
specles are inhebitants of the normel mouth, inteastinal
tract, and vagina. Veagls were not present in Lthe
edentuious mouths without artificiel dentures exesined
by Dilienthal {1950;, but occurred in ﬁwuthsaeﬂtainimg
naturael testh; they roaypeared in sdentulous mouths after
the ingertion ol srtificiel denturem. Thrush {infection
with yeast crganisms, usually Cendida albicans, occurs
mestly in poorly nourished infents and sged zduits. i
infante (up to esix amonths of sge) and old adults sye
oiten edentulous, they are ftwo catepories in which
Lilienthal would least cxpeet to find yeasts as & mezber

in the vagina have shbout %5 Limes grester chence of
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developlng oral thrush then those born of non-infeeted
mothers {Yoodraff and Heseeltine, 1938),

Although no bodies suggestive of yeast celis stained
with the PAL reaction in the suears eoxsmined in Chapter
i, the fect remains ithat cytoplesaie grenules staining
with the hecumstozylin, snd with & size rewge piluilar to
that of yeast cells cccurred in Yepenicolsou-stoined
gmears. »n experiment to prove that such bodles were

agt veast cells ig deseribed below.



The subjects chosen lor the study ineluded five normal
infente between 10 and 1L days 0ld, five cdentulcus sdults
who were not wearing sriificisl dentures, and 10 normal
~adults with natursl dentition. Sguamous epithelial cells
were obtained I'rom each subjeet by seraping the buccal
mucose with ¢ metal spatula. This sasterisl wes spresd
evenly on an albuminiged glsee slide and fixed in 6 per
gent ethyi gleohel rYor a minimum of 30 minut:s. Twe such

spears wore obtained Irom vach subject and stained by

different methodn,.

Thig allowed cxomination of the amears for the

preacnee of cytoplasaiec gronules gtaining with haenoloxy-

iine

This swear wes examined by a mierobiclogist who
expressed an opinion as to the presence of yeast cells in
the gmear.

A third ssear was taken fromw esch subjeet by wiping
& sterlile cotton swab cver the buceal mucosfe The mwed
wes then pleeed immediately in nutrient broth st ni 6.4

which contained 1000 units of penieillin and 500 uniis of
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streptonyein per amiliilitre, The sntiblotice prevent the
growth ¢ all organlems in the orsl mlerellere except the
yeusts. After ineutetion at STQG for seven days, the
broth wae plated onto corn meal asgar (pH6). These plates
vere incubveted Lor a Jfurther three 2uays and then

exanined for the presence of Cendida coloniesg,
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The presulis sre shown in Teble Iile

Tn the opinion of the mierobiclogliedl, none af the
Gran-stalned smoars contained yeset celln. 411 but
five of the Payanieola@uuataineﬁ «mears conteined
epithelial cells with eytoplasaic granles, staining
with haematoxyline 1n the sige range between Lwo mierons
and four microns in dismeter. Three ol the 20 mubjucts

gave gultures of Cendids aibicans.
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Table III

Comparison of the presence of Candida albicans (as detected
by smear and culture) in oral smears,with the presence of
cytoplasmic granules in oral epithelial cells in similar,
Papanicolaou-stained smears,

Subjeot Age Natural |[Artificial|Gram + ve| Granules Culta.
number Dentition|Dentures |yeasts (Papanioolaou)
stain
1 |10 days = = - . -
2 L, " - - - + -
3 0" - - = & -
4 12 " - - - + -
5 |1 * - - - + -
6 |45 years - = = + -
7 |61 ¢ - - - - -
8 |58 " - - - + "
9 (5 " - - - + -
10 49 " - - - - -
1 21 " + - - + -
12 |25 - % - " - +
13 18 " + - - & -
u 3 " + + - - -
15 25 " + - - + -
6 |20 " + - - + +
17 |19 " + - - + +
18 26 " + + - - .
19 |20 " + - - N .
2 2 " + - - + -




It ia theoretically posuible that the presence of
only one visble yeant cell in 2 anear may result in &
pogitive culture. One would therelore not nocessarily
expeet laryge numbers of yeast cells to appear in &
stained gmear Irom gn individual with a yeaiti@g culture.
This 1s borne out by ihe fac&A@ha% ne yeasls were
identified in Crsa-stained smcars from the pubjects with
positive cultures, ne would therefore never cxpeet te
see youet cells in & asesr from & subjeet with s negative
cultures In fact, none of the Crameptained smcers (from
individuals with sither pesitive or negutive culturee)
sentalned yeasi cells in the opinion of the nierehiclogist.
However, in the rapsnicoleou-stained sacars, greamles
staining with hsemstoxylin and in the size renge two to
four microns in diameter, cecurred in 15 of the &0
subjects. If these grenules were yeaat cells, one would
expecet the cultures from zll of these pubjects to be
positive. In faet, only two of the 1% were positive.

(The remaining {ive Pepanicoloou-gtained smears
contained granules steaining with heenatoxyiln but less
than twe aicrone in dismeter., O theme, cne had a
positive culture.)

These regults indicuste thet the grenuleg steining

with the haeustoxylin of the Papanicolacu stein are not
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yesgt ecells. Fupthermore, il may be that even when yeast
cells are present as nefursl sierebial flera on ihe

3

buecsl mueose, they sre probebly in zaall nusbers snd
are nol reedily jdentified irx smeers.

Viruges and bacteris heve eslresdy been mentioned as
belrg extrenely unilkely te preduce the sppearcrce of
eytopleemic granvies in normal oral squemous epitheiisl
eelise Thus, the only remeinisg explensticns of the
nature of the gprenules arei-

le Arteluacis.

e« Intrinsie orgeanelles of the epitheilal ecelln,

namely, keretohyalin granules,
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it has been eglablished that the granules cccurring
in oral snd vegingl sgusmous eplthelial ecells from
non=geratinized succss gre elther kerstohyalin gpranules
or griciacts. A method wiiien cen test the latter
weeiblilitly is phege contrast sicroscopy. This slliowe
exgaination of cells under condltions clesely
approximating these "in vive™, sz no fixution cp

staining ig invelved.



The subjecis chosen were the sune ones as those used
in Chepier 111 {(see¢ Teble II1j, plus Iive wemen aged 27,
35 36y 52 snd 64 years. Buceal e¢pithelial cells were
obtained rfrow the infasnts ani adults deseribed in Table
ITI by seraping the buceal sucoes with s setal spatala as
deserived previcuslye. Vaginel suecars were cbtained from
the five w=cmen described shove using s wooden gpatula.

The cellu from esch individusl were then suspended
in & drop of physiologicel ssline solution (C.9 per cent)
on & clean, lat glass slide and covered with ¢ clean
sless cover slipe The amarglne of the sover-silp were
sealed to the siide with elear neil pelish to prevent
evaporation and drying e the speeinsn. Fxamination with
the phease contrast umicroscope was performed immedintely
at asgnifications up teo spyproximately 90C diameters with

the oli immersion objectiive.
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Hesulite.
Cyteplesuic granules ccourred in eells from every
subject. They were similar to the granules occcourring in

fixed stained specimens (fig. 17). The appearsnce of the

epitheliel cells varied« in zach specimen, the apoearances

described below were noted.

1, Aggregetion of nmaterial inside the nucleus

(fig. 18),

2e Bulging ol the nucleus with the nuelear menmbrane
Btill intmet (figs. 1%, 20).

3« Donstriction of the neck of the bulge to produce
2 bud containing the nuclear naterial. The nuclear
menbrane did not necessarily surround the bud (fig. 21).

Le 4 cytoplesmic granule in close proxiaity to the
nucleus often hed the appeersnce of having resulted rrom

scperation of the bud from the nucleus (fiz. 22).
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Fig. 17, DPhase photcmicrograph of an oral evnithelial
cell in a buccal scruping. There is one
large cytoplasmic grenule adjacent to the
nucleus. X3500,



o
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Phase prcotomicrogreph of an oral epitheiial
cell containing twe iarge cytoplasmic
granules. The nucleus appears to contain a
mass of material of similar density to the
granules., X3500.
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cell with a marked bulge cn one side of the
nueleus. X3500,

Fig. 19, Phase photemiercgrapn of an oral epithelial
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. 20, TFhase phctomicrograph of an oral epithelial
cell with a more pronounced bulge on one side
of the nucleus, X3500.



Phase photomicrcgravh of an oral epithelial
cell with the neck ol the rnuclear bulge
constricted giving the appearance of a bud,
£35500.
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Fig. 22, Phase photomicrograph of an orsal epithelial
cell containing a cytoplasmie granule in
close proximity to the nucleus., X3500.
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IThe results oif this investigetion show that the
aytoplasmic granules occurring in squencus apitheiial
cells from non-keratinized wral and vaginal mucoss are
not aﬂﬁ@ﬁggta. This estublishes beyond doubt thet they
maat in faet be keretohyalin grasnules.

The appearsnces of the cells provide evidence thet
the keratohyelin granules may arise from the nucleus of
the eell in the sequence of eventeg described in the |
repults.

| A number ol chuanges asggociated with the formation
of keratohyalin granules in orsl @pithélial cells from
the buocal @ucosa a8 geen by the electron mleroscope
were deseribed by Sognnaes aﬁd ﬁibright (1258} These
changes were:-

"le Foidings of the nuclear aenbrene.

2. Nucleolar frsgmentations and the formation of
weleolar satellites xigrating to the muelear surfece.

3e The'formatian of eytopissmic complexes in near
proxinmity to the nuclei containing granules of varicus
dimensions and mitochondriel fragments besides the high
density keratouyalin gramileg.”
The writers stated thai they considered that the impli=-
cations of @ha nuecleolus, with known RE2 aectivity, to be

significant to the formation of keratohyalin granules



which contain ENP,.

The suggestion that the keratohyalin grenules of
epideruis had & nuclear or nucleclar oriyiln was made
vears belfore by wollmann snd Papin (1314) who believed
them to ve transformed nuclecler extrusiocne. A& similar
view was held by Ludford (192h) who believed that the E—
macleolus piayed s part in kerstohyalin granule
formation, but who slso suggested that the Jolgi
apparatus, which disasppears in the gtratum granulosum of
the epidermis was the origin of the granules. The Dolgi
apparatus was thought to be the origin of the keratohyslin
granuiles by Parst (1928).

A change of or within mitochondris produced
keratohyalin granules in the opinion of sheldon and
setterquist (1956), who described the accumulation of a
dense substance within mitochondria belicved to suffer
from altered metabolism Juring vitamin 2 deficicney.
However, they too noted that vhere the sranules first
sppeared they were most often at the periphery of the
nucleus. The coneept of & mitochondrial origin oy
keratohyalln granules was supported by Favre {(1950) and
Heneffe (1957); the latter studied the electron microscopic
appearance ol the epidermis of enbryc skulls during

differe ntiation.
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A naaver of possible origins were proposed by
dertinotti (191L a, b, 1915, 1921) who suggested that
keratohyalin was formed by & process of "fibrillohexis®
in epideraal fibrils, from the basophilic granules oi the
ground cytoplasn in stratum Halrpighil, from the nucleus
by kReryolysis, &nd {rom the cell membrane. Y¥ore recently,
Hatolimy &n& datoltay (1362}, in an eleetron mieroscopie
study, stated that the development of epiderasl kerato-
hyalin granuiee beging in the cyioplesa when sub-inicrow
scopic corpuscles appear at the time the cells enter their
course of differentistion, grow to varicus sizes
independent of cone snother, and ceame to grow ghen the
eallé are sature. This concept arose whe:s Brody (1952),
using eleetron miercscopy, noticed similer fine gronular
material in both the cytoplasm and the keratohyalin
granules; HMatoltay end Matoltsy extended the idea further
to sugeest that the jrsnules Qriginnte at points in the
cytoplasm, ani grow by aceretion of this meterial.

“here is thus coensidersble support for the suzgesticn
~ that the xeratohyslin granules of the sral and veginal
epithelium arise from the nucleus. However,; evidence
suggesting thé invoelvenent of the mitochendria, the Golgi
appsratus, the cell nesbrane, and the ground aytoplasa in

the fermstion of keratohyelin granules of epiderais
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prevent one froa being dogmatic. It 48 possible thet the
ccaponents ol kerstohyalin grenules amey be variable and
that the granules may arise by different mesns at
different sites.

Liw Cinal conelusions i this discussion are
therefove =

le The oytoplesmic granules cceurring in oral and
veginal squamous epithelisl cells Ffroam non-keratinized
macose are not artefacts or yeast cells, bui are
so=egalled keratohyalin granules.

2e The keratohyalin granuies eppesr to aripe Crom

theé nucleus of the epithelisl cell.
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CHAPTER V

#

In 1940, Teinmann deseribed the use of the oral
smear and the Trnst-Gram staln to assess the degree of
keratinization of the human oral muccms. Other workers
subsequently published similer papers dealing with
different areas of the oral mucess, and with the vazinal
muacoss of the human femsle. Oral and veginal amears
staiped by the Yrast-iram method were compared by Ziskin,
Epauen snd Kittay (1942) who found “general uniformity in
degree ol keratinization between veginal mucoss and
glvecler gingivee”. iUsing similer metheds, Ziskin and'
ioulton (1748) concluded that slight hormonal changes
ceuld e more readily detected by veginal sucsre than
cral smesrs. <The Shorr stain was used by Paple and
Glickaan (1950). They found ne correlation between
verigtions iu gingival keratinizstion snd speecific phases
of the menstrual oycle. Vearistions in bueesal and
veginel smeers stained by the PFapanicclaou method were
studied by Iuseum {19503 he slaimed to demonstrate =
correlation between chaengeg coecurring in both of them

during the menatrusl cycle of the human femele. This led
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to the cconclusicon that ithe meiurdty of sguamcus eéplthelial
e6iin from the puccal and vagl ali mucous membranes was
inflauenced by cesirogen ievels in the female. lowever,
Iupeum sugyested that local Tactore probably influence
the keratinizstion of the orsl sucoss to o greeter extent
than hormonal changes, particulerly in the cose of the
gingival epitheiiume.

The eocleour of the eyteoplasmic steining of oral
sguamons eplthelial cells [es stuined by the Papanicolsou
atain) wap used as g wesne of aseeselng degree of
keratinization by ¥iller et al. {1951). They gquoted
Papanicelsou (1933) s steting, "Jornified cells take on
gn intenge @osin coleur and are gharply differentiated.
Oon the other hand, cells derived from the deeper vaginal
layers which are Iree from cornification are stalned
atrongly blue¥. On this besis they assessed degree of
keratinization by making dirferentisl counts of zelle
cecurring in orsl smears (stained by the Papanicolaou
method ), wnd dividing them into three categoriesie-

1. Yellow~gteini:g celig.

Ze Hedegtaining cells.

He Rlue-staining cells.

Yellow-gtalining cells were anuclear and indicated complete
keratinizetion. Blue-atlaining celle were considered to

be non-xeratinized,
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Exsuples of their differential ecounts (in inereasing

degrees of keratinization) #r¢ as Tollows:
Ventral surfece of tongues Red-staining cells, 21 per cent

(standard deviation 11,1}

Blue-staining cells, 79 per cent

(Rtandard devistion 10.%)
Cheek: Redw-staining cells, 73 per cent

(3tandard devietion 10.5)

Blue-staining celis, 27 per cent

(5tandard devistion 10,5)
Gingiva: Yellow=-staining ecells, H59.4 per cent

(8tandard deviation 12.2)

Red=gtaining eells, 10,3 per cent
(Gtandard devistion 12.3)
The Papanicoleou stain, eand & similar method of

dirferential counting % sesess degree of keratinisation
in dirfferent areas of the orel mucosa were used by
Hontgomery (1351) The counts were found to be
plgnificently different (at the tive per cent level) in
gnears from different areasj that is, esch ares of the
aucosa studied haud a charscteristie cytologic pattern.
The sreas so differentiested were solt palste, checic,
veatible, tongue (anterior dorsum and posterior dorsum),
and gingive. Age, sex or menstrual oyele did not

algnificantly iniluence these eelluler petterns in
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Hentgomery's studye. Papanicolaou stained sacars from
elinically normael buecal muccsa, hard palate; dorsal
surifaee ol tongue, gingive, and floor of mouth, of both
males and females in different sge groups were studied
oy Silvermsn, Secks and rarber (1358). They coneluded
that & relationsilp appesred Lo exist between eytoplasmic
sernificsetion and loeal functionsl irvritaticn. Degree

oy

of cornilication was determined Ly cellular morphology
in sddition to oyitoplaemic staining. FExtensive clesar
eytoplesm, usually pink, yellow or orange stsining, and
& pyknotle nuecleus or no nucleus zt all, were the criteria
for celluler aaturity or cornifiestion. f“undler, Stahl,
Jahn, end Preund {(1360) used & similar claseification
for celiular maturity of normal squemous epithelisl cells
in sral smesrs. |

Ap gteted earlier, Peters (1958) coumented on the
oceurrence of cytoplasmle granules in oral syuamous
epithelial ecells bul could demonstrate no correlation
vgtween thelr incidence, and sex or aenstrusl eycle.
Gtudies described in ﬁnaptufsr to IV indicate that these
granules csn be regarded ss being identieal with the
so=-cplled keratohyalin granulee of keratinized sguamous
epithellune The smesr itechnigue, the Fepanicolasou stain,

and the metheod of differentiel counting to assess degree
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of keratinization, are methods of investigating the
relaticnehip between the incidence of the granules and
degree of keratinizetion. The following statements and
predictione can be made to elucidete some aspects of this

discusaione

et gi. (1951; concerning the differential counts made
in zmears from the buccal mucosa may be expialned o
follows,.

They claimed thst the nmore red-staining cells and
the less Llue-staining cells found in the smesr, the
nigher the degree of xeratinization. This can be
explained firstly by the Faet that the tougher keratinized
surfece iimited penetrstion by the spatuls used tc sorape
and eolleet the cells, and secondly by the feet that in
uen xeratinized epitheliuwn the red-staining superficial
layers were thicker, so that relatively more red-
gtaining cells would be collected, even if the spatuls
penetration had been egual to that obtained with less
keratinised epithelium,

@« Histological sppearances (Chepter I) suggest
thel more granules should be expected in cells from
sub-surface cpithelial leyers (that is, blue-staining
cells with the Paparicclaou stain) than in superficial
cells (red-staining celle) end that there is no simple
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relationship between degree of keratinizetion and
ineidence of kerantohyslin grenules. On occasions an
anuclear keratinized surface occurred above an
ill-defined and poorly developed granular layer, while
parageratinizetion occurred above a well-devioped granular
layer.

S« A 1t would be expected that most granules
would geceur in blue-staining celis (Papenicoleouw gtein)
end ss a higher incidence oi red-gtaining cells is taken
to indicute a higher degree of keratinizetion, @
cemparison of granule incidence with degree of kergtinige
ation sghould logically be made by couparing the
ineidence of grunules in blue-staining celie with the

incidence of red-staining celle in the smear.

The followling study wae designed primarily to
determine whet relaltionship, i any, existed between the
incidence of' keretohyalin grenules and degree of
keretinization.
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Sgquazmous epithelial cells were obtained as described
in Chepter II by seraping the buceal mucosa with a uetal
spatuls. The cells were spread onto an albuminized
glags slide, and fixed for o minimum of 30 minutes in
96 per cent ethyl slechols. 4As all material was obtained
from the bucecal mucoes, the petients were choegen to
engure a wide range of degree of kerstinization. Twelve
of the patients were prenmature infante whose different
sges, sexes snd feeding methods ensured a varisble
cestrogen level. Detailes ere given in Teble IV. Eight
were adults, three females and five males, of different
sges. Details are given in Table V,

One smear wes obtained from each individual. All
smears were stained by the Papanicolaou method.

The stained smears were examined by the 1light
mieroscope at a magnifiecation of 450 diameters and the
following counts were unade.

le. One hundred epithelisl cells were counted and
divided intos-

(i) Red-staining cells.

(11) Blue-staining cells,

This wag repeated to make five counts in all, and mean
percentages were then salculated.

2¢ (1) One hundred red-staining celle were counted
end divided into
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Table IV

Details of premature infants,

Patient number |Age (days) T Sex Clinical state of
‘ s
J = jmundieed)
1l 10 4 N
2 U, F N
3 20 ) 4 N
I\ 6 r N
5 13 F N
6 3 ) 4 N
7 5 ) 4 N
8 7 r N
9 7 r J
10 7 M J
11 1 | N
12 16 | N




Teble V

Details of adults,

Patient number | Age (years) Sex Clinical state of
buccal mucosa
(N = normal)
13 18 F N
14 22 F N
15 36 F N
16 31 M N
17 25 M N
18 26 M N
19 18 M N
- 20 28 M N

*COT
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Ae Cells containing eytoplasmic granules ldentifiable
with those deseribed in Chapter II.
Bs Cells without cytoplasalc granules.
This was repeated to mske five counts in all, and a mean
percentage of the red-staining eells containing granules
wes csleulsted,

(ii) One hundred blue-sisining eells were counted ss
above, and & nean percentage of blue-ataining cella
eontaining granules was calculated.

3¢ (i) Cne hundred of the red-staining cells
containing gramiles were examined, and the number of
granules in each vell wae recorded to ensble a meen
number of granuies per eell to be caleculated,
(11) Cne hundred blue-steining celles containing
granules were examined as sbove, esnd & mean number of

granules per cell obtained.

These data were then exsmined statistically. The
methods used are described in Appendix IV,
1, Standard deviations were calculated fori-
(1) Mean percentage red-staining cells in each
SHME BT o
{1i) Mean percentage blue-staining ecells in eaeh
GMe &Y |
(111) ¥ean percentsge of red-staining cells

contalning grenules,
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{iv) #ean percentage of blue-staining cells
containing granules.

Ze g/ahi~$quared test was used to determinc the
signiflcance of the difference between 2 (1) and 2 (ii)
anavee ‘

2, The product of ihe mesn percentage ol redw
staining cells containing granules end the mean number
of granules per red-staining cell was caleulated, thus
giving the number of grenules per hundred red-stalning
cellse & ginilar produet wes calculated for blue-
staining cells. An snslysis of variance was then
carried cut to deteraine the significence ol tbe
dirference botween the incidence of the gramules in
red-siaining cells ani their incidence in blua-ataining
sellp, snd the signiilcence of the variations between
individuel petientse.

Lo The incidence of grenules in blue-staining cells
(represented by the mean number of granules per 10U
blue-staining eelle in smears from each patient) was
plotted sgeinet the incidence of granules in ped-
staining cells (represented similarly) in the same snear.
4 gorreistion coeificient was eﬁlculateﬂ for the
relationship beiween the ineidence of granules in red-
gtaining cells and the incidence of granules in blue-

staining cells.
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5. Diiferences between smears from infants and sacars
from adultes were tested for significence by student "t"
teatss The differences teated uzre listed below.

(1) The difference between the incidence of
red-staining cells in infant smears and their incidence
in adult smears.

(41) similarly for blue-staining cells.

{4141) The difference betwsen the ineidence of
red-steaining cells containing granules in infante’ smears
end their ineldence in adult smears.

{4v) 5imilerly for blue~staining cells containing
granulen.

6+ The ineldence of grenules in blue-staining cells
(represented by the number of granules per lﬁé blug=
staining cells in smesrs from emech patient) was plotted
ageinst the ineidence {percentsge) of red-sisining cells

in the sameé Snesr.
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The results are precsented in Tables VI, Vil, VIII,
IX, X, XI and XII,

The inelidence of red-staining and blue-staining cells
in the smears is shown in Table V1.

Table V1T ecompares the incidence «i cells containing
eytoplasnic granules in the red-steining and blue-
staining categorles, and indicates that blue-gtaining
cells containing granules ccour more Ireguently than
red-staining cells containing granulits in every smear. -

The dif'ferences petween the incidence of rede
staining cells containing grenules and the ineidence of
blue-staining cells centalning granuies are ruvealad to
be significent (et the five per cent level cr hetter) in
2ll but two patiehtﬁ in Table VIII.

The nean nunber of granules per cell in red-
staining cells containing granules end in blue-staining
cells containing groanules are shown in Table [X. There
%are nore granules per ecell in blue-staining cells than
in red-ataining cells in every'patient. The mean number
of granules per cell in boeth red-staining and blue-
ataining cells was higher in adults than in infants.

Table X shows the nunber of granuleeg per hundred

red-gtaining celles and per hundred hlue-gtaining cells
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Isble XI

Incidence of red-steining and blue-staining cells
in buccel smears,

e P e
cells cells deviation
1 16.6 83ek 1,14
2 5.2 9%.8 0.8
3 20,6 ek 1.8
I L 564 13.6 2,88
N 5 3.8 65.2 1.72
? 6 he6 25.4 1.67
A 7 17,0 83.0 1.87
N 8 13eh 86.6 2,30
3 9 45.8 54,2 1.48
10 58,0 42,0 1,58
n 50,2 49,8 1,5
12 29,8 70,2 2,55
Nean 3501 649 21,7
A 13 9.0 6,0 2,2k
D W 52.8 47,2 249
U 15 65¢k 34.6 1,82
] 16 52,2 47.8 2,39
s 17 73.8 26,2 1,67
18 75.6 2ol 1,84
19 75.2 24,8 1.92
20 63.0 37,0 2.45
Nean 69.0 31,0 13.75
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sble VI

Incidence of cells containfmg cytoplasmic granules
in bucocal swears.

raton e oo | it St S |
containing gramiles containing granules
1 hh.8 — 2,39 86,2 L.48
2 33.0 2,12 50,2 2,39
I 3 37.8 1,88 66.0 2,36
N [N 53.8 148 67.0 1,87
1l s 16.8 2.28 56,2 1.6
N 6 17.8 2,2 2.2 | L8
? 7 15.6 1.2 49.8 2,88
8 8 hlb 1,52 88,6 3,05
9 The2 1,92 e 2 2,59
10 40,0 1,87 65.h 1,24
1n 20,6 1,82 67.6 2,61
12 46,0 1.58 97,2 126
Nean . 393 16,45 69.2 18,45
A 11 3.6 1,79 7.2 2,1
D U 5.2 1,76 26,6 L18
U 15 10,6 1,26 52,4 1.8
L 16 38,2 1,22 9ok 2,65
T 17 &9k 1,52 654 1,97
s 18 19,6 2,07 26.8 2,19
19 3heb 2.3 45.0 2,59
20 9.8 1,05 16.4 1,26
Nean 25.2 16,98 A2 20,39




Zable VIII

Values of chi-squared (X7) and probability (n=l) for the difference
between the mean percentage of red-staining cells ocontaining gramles,
and the mean percentage of blue-staining oells containing granules in
each patient,

Patient nusber Chi~s quared(X®) Prebability
(n=1)
1 44,08 0,001
2 11,802 0,001
3 30,12 0,001
5 7.882 0.01
5 3.589 0.10
6 24,41 0,001
7 16,78 0,001
8 220,54 0,001
9 73.227 0,001
10 28,503 0,001
n 100,85 0,001
12 963,28 0,001
3 5,68 0,02
W 23,787 0,001
15 70.29 0,001
16 5.017 0,05
17 10,277 0,001
18 2,6321 0,20
19 b5k 0.05
20 42128 0,05




Zsble X

Incidence of oytoplasmic granules in cells containing granules,
ocourring in dbuccal smears,

Patient number

Mean number of
granules per cell

in red-staining cells
containing granules

Mean number of

gramiles per cell
in blue-staining cells

ocontaining gramles

1 2,53 3.1
2 1.7 2,86

I 3 4,05 5.22
N & 2,90 3.39
? 5 2,18 3,01
- 6 118 159
T 7 2,2 3.39
S 8 2,51 3.41
9 509 5.58

10 3,05 &T7

n - 1.89 hosb

12 3.76 5.02

Nean 2,67 £ 0.9307 3.82 1,166

A 13 2,19 3.86
D U 2,12 3,68
v 15 7.7 9.83
] 16 5.30 6.9
8 17 5.83 9.30
18 .79 432

19 2,58 ho36

20 3400 417

Nean 3.82 L 2,177 5.81 2 2,53




Zable X

Incidence of cytoplasmic granules in all cells in

buccal smears,

Patient number

Number of granules
per 100 red-staining
cells,

Number of granules
per 100 blue-staining
cdlls,

1 13 29
2 56 u3

I 3 9 3
N &L 156 227
» 5 102 169
A 6 21 67
i 7 35 169
S 8 104 302
9 303 526

10 122 312

n 39 301

12 173 488

Mean 15 279

13 76 182

A L 1n 98
D 15 82 515
] 16 202 343
] 17 268 608
8 18 35 116
19 89 196

20 30 69

Nean 101 266
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and ggain demonstrates the fact that granules ooccur more
frequently in blue-steining cells than in red-staining
eellse

The correlation coefficient for the relationship
petween the ineidence of gronules in red-staining cells
and the incidence of granules in blue-staining cells
(a8 shewn in Table X) was 0.808, Therefore there ig =z
high degree of concomitant variation in the incidence of
granules in the twe gtaining categories {red-staining
celis and blue-ptaining cells) as the cofvelation
coefficient dilfers from 1.0 significantly st the one per
cent levels Thie reletionship is demonstrated in graph
form in {igure 23

The incidence of granules in infants is only
slightly greater than that for adults in Table X.

The snalysis of variance shown in Table XI (from the
data in Teble X) indlicstes that the difference between
the incidence of granulee in red-steining cells and that
in vlue-staining cells in all the smesres exanined ig
significant at the cne per cent level. It is zlsc
demonstrated that significant veriastions (at the one per
ecent level) in the incidenece of granules oceur between
individual patients.

The pignificance of differences between adult smears

and infant smesrs is shown in Table XII. Adult smears
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Teble XI

Analysis of variance between the incidence of granules in red-staining
oells and blue-staining cells,and between the inocidence of granules in
specimens frem individual patients (date from Table X),

Both variance ratios are sigaficant at the one per cent level,

Variation due to:-| Degrees of | Sum of squares | Mean sum Variance
freedom of squares| retios

Botn‘n cells 1l 271,422,220 271,422,2 50,04

Between patients 19 514,626,90 27,085,6 4.99

Error 19 103,060, 30 59l2le2

Total 39 889,109.40

!
\Jl



Table XII

Differences between infant smears and adult smears,

4 Level of
Infants Adults Difference significance
of difference
Mean percentage of
red-staining cells 35.1 69.0 33.9 0.1%
per smear
Mean percentage of
blue-staining cells 64..9 31.0 33.9 0.1%
per smear
Mean percentage of
red-staining cells 39.3 25,2 L.l 5%
containing granules
Mean percentage of
blue-staining cells 69,2 41,2 28,0 0.1%

containing granules




by

contain more red-staining smears than infant smears
wut infant smears contain s higher percentege of sells
contalning grenules than sdulis smears. Theae
differences are gigniricant st the five per cent level
or bhetter,

Figure 24 clearly depieta the lack of correlstion
between the incldence of sranules in blue-staining
celis and the incidence of red-staining cells in the

Bamne snefre
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smears Irom edults contained, on the average, twice
as high a percenlspe of red-staining celis ag smears Fronm
infants (Table VI). As there is no doubt that more
functionsl mesticstory trauma exists in the adult mouth,
end 1f in faet the percentage of red-staining cells is a
valid indieation of degree of kerstinization, this
observation supports the view of Silverman et ai. (1958)
that there is a dircet relationship between loeal
funetional irritation and degree of cornif'ication of the
oral epithelium,.

Greater variations in percentsges of red and
blue-staining cells occurred in smears from infants than
in thosge from adulis. This may be due to ante-natal
variations in cestrogen levels in the foetsl gireulation,
combined with post~natal varistions in the milk
received by easeh infant, Cornification of the infant
veginal mucose was stated by Osborn (1953) to be due to
the aetion of the mother's oestrone; higher cestrone
levels induced higher degrees of cornificetien of the
infants' vaginal epithelium which persisted for up to
four weeks after birth., This persistence of effect long
after the cesirone is removed from the infants'
eirculation ie readily explained if we accept the idea

that keratinizetion ig initiated in the basal layer of
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the epithelium. It would then take some weeks for s ecell
in the basal layer at birth to reach the surfsce of the
epitheliua, resulting in a more kerati nigzed surface long
after the direct action of the oestrogen had ceancd.

Soth blue-staining and red-staining sells in infent
smears contained granules nore frequently than éimilar
cell populations in adult smears (Table VII). However,
less granules in each infant cell (Teble IX) resulted in
adults end infants having @ similar overall incidence of
granuies in their amaara‘{Tabiﬁ X}e Hewever, Tabie VI
shows that the degree of keratinization in sdults {as
assezsed by the ineldence of red-gtaining cellis) is twice
that of infants, and there is no correlation between
degree of kersdnization and ineidence of keratohyalin
granules in aﬁb—surraen (blumwuﬁaiming) ¢cells of the
buecal epithelium (fig. 5.

The feet that granules cecourred more frequently in
blue-staining cells then red-staining eolia confirmed
the impression gasined from abaéwvatien on scetions
{Chapter I). There can be no doubt that 8 change oceurs
in the granules as the epithelisl cells proceed from the
intermediate layers to the surface. This change involves
the loss of RNA or RNP which is probsbly invelved in the
synthesis of the final produet of the cell, farthermore,
the high correlatlon between the ineidence of granules in
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blue-steining ecells and their inecidence in redwmta;ning
eells (figs 23.) sugreste that the relative reduétion
ol granule ineidence whieh accompanies the chsnge in
colour of eytoplesmic stainiung uey be at & uniforu ievel .

The following cconclusions can be drawn from this
discussion.

ie The buceal ﬁueosa of sdults possessed g higher
degree of keratinization (a8 assessed by the incidence of
red-utaining cells in Pepenicclsou-stained smears) than
wiaet of infants. 4

This is probably due to the adult mucosa being
subjecied to more functlonal irritstion than infant
MI0sa. ‘

2. Varistions in the degree of keratinization of
infents' buccul mucoss (as assessed above )] eould be due
to varistions in oestrogen levels both ante-natully and
poat-natally.

3« There is no correlation between the degree of

keratinization and the incidence of zerctohyalin granules
' 1a the bussal mncoes of infants and sdults.

L. Keratohyalin granules oceur more Irequently in
the subsurfsece epithelial ceile than in the cells of the
superficiel luyera.



‘he origin, nasture and funection of the keratohyalin
grenules of stretified sguemous epithelium hsve long been
& source of speculation. 4lthough recent work has
elarified this subject to some degree, a variety of
opinions are expressed in histological textbooks.

in deseribing the kerstohyslin granules of epidermis,
“eximow and Bleom (1997) state that their origin ic not
cleerly established. However, they imply indirecily that
there may be & nuclesr corigin of keratohyalin granules
when they say "with the graduasl inerease in size and
nunber of granules, the nucleus disintegrates cnd becomes
pale." OFf the oral zpithelium they state that "in man,
under physiclogic econditions, it does not undergo
coruification”, but that it mey contain granules of
keratohyalin.

Similarly vague refavande to the keratohyalin granules
i epiderais ie made by lem {1953} who eonsiders that they
are involved in some phase of the proeess by which soft
keratin iu form&dg Montegna (1962) in eurveying the
literature concerning the n@tuée, origin end Iunciion of |
the keratohyalin granules of epidermie, arrives st some
more definite conelusions. He states, “"Keratohyalin

granules seem to be more numerous in sites of slow
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keratinization than in those of rapid keratinization.
Th@Al&GE ol either sullhydryl or disuliphide groups in
these granules, however, clininates simost entirely the
posslblliity that they vley a primary, direct role in
Reratinization.” 4An aslmost identical statement is naede
in "Balley's Text-book of Histology" (1958); "iinee the
keratehyslin grenules leek sulfbydeyl groups charscteris-—
tic of tonofibrils, and disullide groups characteristic
el keratin, it seeas doubtful that they have any direet
role in the pracéﬁﬂ of Reretinization.” vhile sechoing
the apinion thet the gronuies sre not ﬁir@cﬁiyﬁ@oneernad
with kerstinization, Lever (1961} appesrs to contradiet
completely Vontagne's statement concerning the
relaticnsihidp of granule incidence to rate of keratinizate
ion wher he says, "The thicknese of the granulsr layer
varies from one to three celle, end as a rule, stands in
direet reletion to the deyree of kerstinization., The
layer is thickest in arcszs where keratinizaticn is most
active., In arces of imperfeet keratinizabtion
(parekeratoeis), the granular laver is usually sbsent".
“urthermore he liaits his remarks sbout the cral
eplthelium to, "The mueous meambranes of the mouth
norually possess no granaler cells and no horny layer,
inere the cpithelisl cells in thelr amigration from the

besal layer to the surfece, Tirst become vecuclated, then
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shrlnk end Cinsily desquancte.” lever's ststesent is in
turn contradicted by (hat of Sognnees {19%54) writing in
Greep's "Histology". He reports that in epithelium of
wucosal surfeces “"granules of the refresctive horny
gubstence, kersiohysiin, are said tc cceur in the outer
ceily, even in the cesophagus.” Orban's Oral Yistology
and “mbryology (1962 alilows ithat keratohyelin grenules
do vecur in oral epitheliunm, Euﬁ offers no opinion beyond
the well-known fact that they "ere vesophil and stain
Blue in haematoxylin and cosin preparstions,” wiilech haa
hes been accepted since Yaldeyer (1832) named sueh
eyloplasule bodies "keratohyalin granules." A YSynopsis
of Oral Histology" (Bhaskar, 1962) contains a comment
alumost as santiquated; "These granuies are believed Lo be
the precursors of keratin.”

fecent studles with the electron amlercscope heve done
much to clear the confusion evident in the foregoing
review of the literaturc. Although Zelickson and
Hertmann (1962) in sn eleotron microsecpic study of the
epithelium from the inside of the lower 1ip of adult
white nales slate thet kerstohyslin pranmules are gaent,
Sognnaes and Albright (1958) on the other hand, deseribe
Reratohyalin granuleg in cells from adjacent buccal
epitheiiua. 7The diversity of opinion concerning the

origin of the granules hae beern discussed previously
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{Chapter 1V).

Finally, the ultimate purpose and destinstion of the
granules hes been exhsustively investigated by Brody
(1959, 1960}, He proposes tha® the keratohyalin granules
énd eytoplasaic ribrils (of keratin) sre equally invsived
in the formstion of the final horny coaponent of
epidermis. However he states that the granules dc not
undergo a fibrillar tranaformation, but appear to bheconme
dissoclated and mixed with the fibrous content of
keratinizing eells, their ultimate fate thus belng a
dispersion into the interfibrillary spacess Thic conecept
was supported by Charles (1959) who slso considered that
the keratohyalin granules appesred as a preeipitate
adjacent to tonefibrils.

From this discussion s number of points of
eontroversy arise. Pirstly, there is some doubt as to
whether keratohyalin grenules asceur in the epithelium
lining the oral mucosa and other muccus surfaces, although
the preponderance of opinion suggests that they are indeed
present.

Seeendly, the origin of the granules has stimuleted
many hypothescs over a number of years (see Chapter IV);
this work has involved the use of both the iight

aieroscope and the electron uicroscope.
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Finaily 1t has been suggested by Lever (1961) that
the ineidence of keratohyelin, granules in epidernis
bears a direct relationship to the degree of keratinize
gtion, whereas Yontegna (1962 considered keratohyalin
granules to be fewer in areas of repid kevstinissbtion and
more numerous in are&s of slow keratinization.

The present investigstion produced fsete which may
clear the controversy cencerning these three pointse

le Kerstohyalin grsoules were invarisbly present in
sectione of the orel epithelium I'rom the Llips, cheeks,
tongue and hard palste of adulte and from the ouceal
mucoss of Jeoetuses. They were eslse present in zmears fron
the buecal mucoss of both sdults and infants of bhoth
sexes and in veginel smears from adult womenp Hiatbow
chenicel evidence, along with phase contrast microscopy
and the microbiclogicsl work, ileft no dcubt thet the
grenules present in the smears were in fact the sowcsiled
kerstohyalin granules and were not pigments, micro-
organismse or ertelacias «f eny kinde.

2e from the observations made with the phase
conirast microscope, it appears that the keratolyslin
granuics of buccsl snd veginal epithelisl zells srise from
the nucleus of the cell and poesibly rom the nuclecluse.

Je In the bucesl epithelium of adults snd infants

the degree of keratinizetion bears no relsticnshipy to the



127
incidence of kerstohyalin gremnales. If the keratohyslin
granules were directly invelved in the kerestinization
process ong would expect the opposite, & correlation
rebtween ¢ ranule incidence and degree ol kerstiniszaticiis
“hies ¢vidence thua'eugparbﬁ the suggcetion of Bredy
{195%, 1960} thet the granules are not directly involved
iﬁ the process of xeratinixmtibn. but ultimately become
an interfibrillary compongnt of the keratinized sgusme.
't would not then be inconeeivable for the amouni ol
interfibrillery substance to vary independently, with ne

reletion to the amount of fibriliap keratin,



Three specimens were used and the pree-staiving treatment wes

differeat for cach,
(i} incubstion at 37°C for one hour in & solution of
vibonuclease in gless distilled water,

(ii) ineubation at 37°C for one hour in gless distilled

HALBY o

(iii) Uvo imcubaticsn,



123,
AFFENDIX IX

The formule used was as follows:
Asure Ay, 125 mgm,
Litrdc acid O,1 ¥, 30 ml,
Disodium phosphute 0.2 H, 20 ml,

datdig methed

(1) i

(31} Stained with Asure 4 for 10 minutes,

(141} vashed is ruaning water for five minutes,
(iv; Dehydrated with butyl alechol.

Cnee sguln three specimens were used, and were treated in
exactly the saze wenner as those stained with methyl green ~ pyremin,
(i) Incubation at 37°C for vae hour in & %—m; sclution of

rivenucieose in glass (istilled water,
(1) Incubation st 37°C for ene hour in Glass distilled waber,

{131} Yo incubatien,
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APPENDIX IIX

Hesolve 0.7 mgm, of bengidine and & 5 mw, opystal of sodium

nitro-pruseide in 15 nl, of methyl sicohol. Add fowr drops of
gleninl scetic mcid end shake,

{ at *
il,0ss 10 volumes , .+ 50 ml,
b‘i?t'l\}?l sloohel . o LC0D ml,

@ ® & @ 0505'3:%.

The solution used is similar to that uaed for the silver
reticulin method, diluted in the ratio 1l:4 with distilled water,
It is vleached with oxelie aeid,
dethod: (i) suy fixstive,

(1i) Bwing Yo water; remove any meroury end rinse with
wothyl sloclicl,

(i14) Stsin the inverted slide on & tile for five to ten
minutes with the bensidine solution,

(4v) Vash off with osecnic ether,

(v) leave on the rack with fresh osonic ether for five

to ten wdnutes,

{vi) Vash off with tep water and examine, If there is 2
prwipuute vemove it with wesk persanganste,
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(vii) Vash in water for tea or fif'teen minutes,
{viii) Counterstain with neutral red,
(ix) Dehydrvate, oclear, wnd mount,

Hasmoglobin steineé dark blue,
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AFPENDIX IV

1, (i) Perceatage «f red-staining sells,

(totad = n) (x) (£ (£ = 2x) (8= 2x°)
Count number ded  Differences [lumber of  Contribution
eells  frow 20 observationsto sus
1 21 +4 i +1 1
2 20 (¢} 1 0 0
3 23 +3 ) § +3 9
4 18 g 1 -2 &
5 21 W i +1 3
W3 15

n

= 20 & ’%

@ %C:. @

_ Y
Standard devistion = Vix® = aik.
B ow &
2 V15 = Shtde.
P
n 0.«%
o Lol
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The vulue of ochimsquared was seloulated using the following
method,
Example =
atdant 3,
(ell colouy led wlue

Yerceatage sontalining ,
M" 378 ‘@éﬁ 0

Fereentage without o
greaules - 62 o el

Chimsquarsd (X%} = 3 ffm;li&...
3




This test involved the combined results of all 20 patients as
shown below,

(dats from Table X)
fatient Number of granules per 100 cells

e iedestaining Slue=staining Totals
cells cells
1 15 ixy ) 29 (%, 5 ) w07 (%4)
2 56 13 199
3 19 Sisd 493
& 156 227 333
5 102 163 27
6 el 67 &6
7 35 169 26
8 1, 302 {06
9 53,030 526 329
10 322 312 L3
11 39 301 340
12 173 455 661
13 76 132 254
TR 11 93 109
15 a2 515 597
16 202 Sh3 5,5
17 258 600 896
16 5 116 b |
19 8 _ 196 285
20 30 (g 4 €9 (x%‘g} 99 (X50)
Totuls 2,186 (X)) 54469 (X)) 74655 Zmnd ""X'mu
G‘;‘OTG r
Ae Corrsction Faetor (C.5,) = 5’&2%»

I L s,0056



125,

(1)  Between cells 5,3, - ~ CuF,

* 2lhal22,2

& . 42 2
M A L) . X o 7:.:?
{41) Detween patients 5.8, e Wl i - e

»
o
A

= LaFV9pE32.50 = 1,465,005,6

© 5h626,9

2 2

(i41) Totol 5.8, =22, 42, ¢ 28 %o . = Cob
:1.1. lmi’fo ‘a.l"tnnt.@a@&'g [N ]

= 25300 115,00 = 1,465,008, 60

(iv) Errer Gele = Totel 5.8, - (Cells B.8¢ + Paticnts BeB,)

= 4032000,50



80 (4)  [Between cells il 8.3, = w

(i4) Botween patients HeS.8.=

&

(114) Ewrror M.5.S8,

Do Variange ratio (V.i.)
(L between cells V,E, =

(34} Detween patients V.l s

&

These results are sentained in “able XI,
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The cerrelation ceefficient was obtained from the seme data as
used for the anaslysis of variunce,

{dste from Table X)
(x - %) (xﬂ x,)

Correlation coeffieient (¥) = 2“
' g»(x xl) : a(x,; - 55,.}2
= Q.008
e Shudeat "t7 tests.
The followiag is an exemple of the "¢" tasu.
(date from Table VI)
Mean percentage of
red-staining cells Standeyd deviation
Infunts 5503 (x,) 21,7 ()
Adults €349 (x&) 12.75 (fﬂ@a“)

{n = number of patiemu.

Thus n, = = number of infants (12)

n_ = nusber of adults (8) )

-
2d

M miém'&
T (23,75)° + (2:&.7)2
@ 12

= SadO
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“ne iniviul objecuvives of thls thesis were ocutlined
in the Introduction. Do brieily relterate, it wes
decided 10 attompt we ehoracberize hislochenicnlly the
¢ytonlagmic grinules securring in non=ker tinized
stratified spuencus epitheliuws to see if they could e
dentliied wo so~culled “keratonyulin sranulces'.
Surther viudies were directed with the hone that irow
ledge of the origin and role of the sranuies in the
normal cell could be exiended., The relationshin between
ke:gaoxynlin granule incldence wnd degree of
Ferutlaization wes Shouw kb Yo be sn drportunt iield for
investl ftion iz thisz rospect.

It may be wpproprsiate at shds sine to review zome
of the Iindings decerided in the text, iArstly, a
review of the liter ture revecled that it hes besn
genernlly cceeptod thay ker tohyelin gr nules sceour
oLy in epdthe fuwm widieh could be ¢lasnsided histolo i-
eally as "keratioized® acccordin . %o the celinition
putli.ed in the Introduction. In conseguence mosd
ristologdeul v XU books siute sha’ ihe nonekerati.igzed
arens of oral epithelium cont in no kKerudohyalin
gromiieg. IV oues be romenmbered however Lhat becsuse
cplthelium i= cl&;wad aB non-kercticiged this does nog
cecesourily menn thet 1% cells are eotirely devoid of
kerutin. In fact a dlondvant ge of histoleogical
¢laasisdiention of ey ithelium into shivee hypesn,
keruiinized, porokersiiniszed and norn=kerutinized is
bhet 1% sujgesis that theee thiee types are distinet
@ibities, whercas she Zruth is the: there in o grafual
troneltion {rom one itype Lo anciher. Lot iszfr&guenﬂy
e histolo ical spoesrances ol siratified BULMOULS
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epitheliun poevent easy elassifieaticn, Inis point is
ililustrated by fdlmices 4 and 5 (ppe 36 and 37). The
repunltes of examination of ndotologlesl cections of erel
eplihelium from o variedy of wites revealed shes
gronules with She charagberisidic sbeoining recctions of
keretonyalin remules were present in all %ypes of
epithelivm, includin, thai conformin 1o the definition
of nonekeratiniged episthelium. The appearcnces gsould
be interpreted Yo mean that no consbunt relationsnip
existed Leiween degrew ¢i ke:wtinization and iucidence
of kerstohyalin granules.

Hlgtochenmienl studles were cxiended Lo cmesys of
nomal vuccal eplibeliuwam which eun be noimally classed
a8 non-keratinizedy thic resulted 1n conficetion of the
histomchemicol iindingc of the work uging histelozdienl
Cmectlons. The povaibility that artefscte or micyoe-
crgonisms could account for the grenules was eliniuated
Ly tbe resulie descrived in Cheplers III mmd IVe From
the appearances of orel and vaginel cell& under sRasGe
eontraut microscopy it seemed ket ihe keravohyalin
gromuies ordginated from the nmucleus by an active
"podddng® process,

“he zmiatisticul enwlysis in Chapie:r V provided
further evidence thau degree of keratinization =nd

inciderice of keratohyalin  ranules could - vary iundepende
ently ix no:smal uuceal spithelium,

Additional speciuens of oral epithelium have since
teen cibtalned and svaluated in orvder to elucidaie come
of the [dndings descrived in the text., The -esults
descrived below,
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le Histologicel exasmliation of normel and inflaned
Oral MUCOBi.

In the preliminesry studles descrived in Chepter I,
vhe eplthelial wpeclimens uged for hisiological study
were Irom hyperplasile lesicns. Conseguently it was
thought advisable o conduet s Luriher study to compare
epitheliun from normel mucoge znd that of inflamed
aress me that the comeclusions coneerning the occurrence
oL Zeratohyalin grenvies in hisftologleal secitiong of
oral espithelium cvould have broader spplication. (Althoush
the snear techuique allows more accurate usoescnent of
zrenale incldence, the area of orsl mucosa most commonly
found %0 be inflemed is tne gingival interdental papille
from wnleh adeguuie emewis are lmpossible wo obtuin,
iidetologieal methods were thereflore used in this study.)

Speclimens of ¢gral mucosa from veriousn sites were

gxcised from patients umdargoinb THL BUTLeiY, Yixed in
10 per cent loimol saline, proces ed, seciionsd, stgined
wilth heensloxylin sud eosin, end exarmdned microscopically.
the detsdls of the apecizens are . dven in sables 1III and
A1V

Grarules identificivle with those described
previously in the text as kersiohyalin granules wers
prepont in the cplthelium of @Vuxy specimen re. ardlecs
@f the degree of herasicizati w8 debermined by
aigtolegienl oriteria ou tline& in the Introduction. In
speciuens with inflamed suiwepithelisl tissuve bvut intset
@yivheliunm she genevrel incldence and appearance of b
grendlies seemed 0 be no different {from that of nornmal

vlegue.

Thus the op earance and occurrence of kerubtohyelin
granules have been found 0 be pimilac in histologienl
seclione of nosmal epliheliuwn, epiihelium from hypere
plastic lesione (Chapber I) and epithelium from acrezs
of inflemmution.
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totle ~II1

of ppeciuoens ¢f normal ool mucoss

i N

Lex

~ite

Zplinelial sype

59
08
39
65
46

15
37
31
63

Huecal mulcus

Yylohyold reglon

aecal sulous

Glrngivel nargin
(ingivel margin

Mueecal sulcus
nard Pelatbe

Vedian fvenum
Hucenl sulcus
- Iavial mucosa

Loneieratinized
dfarakeratiniged
ron=peratinized
rarvakeratinized
Yeratinized

hon=keratinized
darakeraiinized
hon-xeratinized
hormkeratinizaed
fon=keratinized
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Hucosa

Grod

LexX

€3 i
ot

e

Lpithieldal Gype

Gla dval
Glugdival
HMnaival
Gdngival
Gingivel
dion dival
Gingival
Gdnadval
Gduglval
Hngival

margia
papilla
papiila
papilla
papillea
ﬁaf@iﬁ
papilla
BRLEEN
maradn
papille

Jarskeratinized
hon=keratinized
Lon-izeratinized
Ferokeratinized

rarekerabinized
Lon=kecatinlzed
von=Reravisized
ligne-iteratinized
Parekeratinized
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2. ‘the rela%ian&h&g;beﬁwven.;he ineidence or

¢ytoplogmic gremiles and degree of ke atisization.

‘he most imposvuny conclusion of Chapte. ¥, numely
snat the:e 18 no cocrelation Letween the de ee of
xerntloization mnd the incldence ¢l keratohyalin sranulcs
in vormal ucewl epithelium, depends upon the velddity of
using cytopluemic colour ¢f Fapuricolsou~cisined cells o
an indication oi degree of kevaiinization., 7o test the
efficacy ol the method used in Chapier V, & buceal smear
wue tuken irem cach ¢f the iwenty odulss with cliniecally
noimal buccal muoosa. Smes s wers fixed while wet in
967 ethyl asleohol for 20 minutes, as were Shose deseribed
previously in the Uoxt, then zll stuiced simultaneosely
with huesmstoxylin wnd eosin, nmounted, and examired
mierovcoplenlly at ma adifieations up to 400 diunmcters.
‘he eells were divided into two groups depending upon the
chur cleristice of thelr nuclel, which were cluusified uns
eituer prkootic or none~pyknotic. The eriterie for oyknoois
were oo rollows:

l. e ked reduciion in sisze of nucleus.

<. Denge sicining with ncematoxylin to produce a

wilformly "black" wppesrinee with ne clearly
deiined nuclesr membrane or chromatin pscticles.

“he curiteria for s non-nvknoidie cluoseificetion were:

1. o masked reduction from no:mal zize. A

de  Tormal otaindng with elenrly delined uelear

membrane wund chromatin puriticles.

“hose few nuclei with “qu ivoeal choructerisiics weve
not counied. JAnuclea:r cells, whlch we:e «lso excesdi gly
rare, vere placed in the pyknoltlc sroupe A hiher
peccentage of pykuotic nuclel wue interpresed as bedug
icdientive of o highe:r deives of keretivization, and &

lower percentare of pyknciic nuelel was tuken to represcnt
& lower degree of kerctinization.
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fdve sepucate counts ol 100 cells each were made on
gacn enear and o mean perceniage of pyknetic vucleil was
ealovlated for each spetinen.

Uytoplasamic granuies identificble with the so-called

keratohyslin granules; and idesnticul with ithooe descrived

as such in Chapters II and IV, ahd those counted in
Chapier Ve were present in a2ll specre. The mumber of the
grapules oceurring 4o 100 eelle with non=pyknotic nuclei
wig reccrded Ter each vmesr. In rare instonces granules

B

which appesyed Yo be the result of nuclear disintesration
with disscluticon of the nucles:s membrane WeIC Deen. tnese
granules were thus nov kerstohynlin g”nnuLe& and were not
included in the counto.
the sooultz of the counte are shown in Pauble IV,
fhe 1 cldence of ;renules wus plotted sgeinst the percente
age of pyknovic nueled representin, degree of
e:radinization in the sime smears The yeaulﬁinQ aiaph
ig shown in Iigurs 2%. (efe figure 24, ».118),
tatlesticsl analyeis of these data indleates that the
esults arve osignizdicant 2% Sthe five per cen’t level. Thege

23

repul e sienrly show thab, weing sthis meothod, there ip ro
corrveliablion beitween de; ree of kﬁ*uti;izazlaa and

ineidecce ol kevatohyslin greomales in the Luceal apithele
ivm and thus agree with the conelusion reacked in Shnpter

o
i .
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Loble Y

Tuheidence of pyknoitle snuclei and
a.,y‘to slosuic L,:.u,.m‘a.ck} in normeld wuccal eopithelisl cells

‘ Cex |Vean percentuge of fumber of g oauules
(va“, 1) cells with pykaotic | per 100 cells with
mucled non=-pykrotic sucled
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Incidence of keratohyalin granules

Fig.
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Graph showing the lack of correlation
between incidence of keratohyalin
granules and degree of keratinization
in buccal epithelium.
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Ltroredieted specimens of ural epd WAliie
i=irradiction en oral &pi.4a11 1

recorded

L
-

The eifecim of
cells were desc ibed by feters [19%8) and
previcusly in the Vext, Zhe main ¢iaaiﬂ concerned the

encrmous increase in the numbe. of granules identiiiavle
with those desscerived as kevatohyelin granules in
Chapters Il and IVe

In order to relate Zeterst {indin = to those of
tois thesis, bucenl smears of otherwize noimal
irredizted epithelium wers obiained fyom five patients
undercoing treatmont for fuecial ¢or orel meli nancies 1t
the ‘'mdiotherapy lepurtment of the Hoyal idelside
hospital, adistion doses rounged Lrom 2000 o 3000 rede,
anG treatment Lad begpun between dhves and g8l weeke
previcously and had not Leen concluded for more than one
weck. Umea:s were obitained, fixed, stoined and exsmine
a8 described poeviocualy in thie addenduamnm.

-
i -

fhe finddn s of Peters were completely coufirmed.
Crapulesn we.e 00 numesous in mest cells sy to prevent
securnte countin , but approxizate amsessmente Jave the
mumbe:r of gounales per 100 cells with non-pyknotic nucled
o be vetween 5000 and 7000. This represoute a Yen-Ield
inerease ¢veyr the bighest inecidence of the granules
recorded in any ¢f the swently nomel smears.
on the other hend, the ineidence of 3yhnc tic nucled

in the irrediated cells &i& ot dncreoase. uclear
abnormnlitios were guilte freguently choerved and were
often vizarre, wut pesrcentages of pyknotic nuclei varded
hefween 14 per ceut and 31 per cendt, f.8, within normal
limlite es defined oy tuble AV. 'The incideuce of
completely degenerate nuelel did not appear o Le
iagreased and thus sould noet be associated with the
incresse in granule numbers.

i
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Udgcuscion.

:he fegss B0 emerge ifro:r these wdditional ¢iudies
arve mainly confiimutory of those elicited uy “he work
descrived in the ;ext. In particular it can now be
sedd hat mo=called "ke“aﬁohyulim Lranules” oeeus o
oral epituelium cave*iza normel, inflomed, «nd hypere
plagiie ticsve und that the incidernce of che gremales
in normel buccel epiidhelium i3 not related to the desvee
of kerviinization us vssessed by iwo diffe.ent methods,

fmeary Trom Sedrrodicted eplt smlilm nave porovided
supportive evidence iTor o number oF gges siong concae: ne
in . the 0l in and role of the gronules 4n the epithelial
cell, Whis evideuce cun now be included in & Liief
speculoiive review of e¢opitheldal cell function.

‘8 mentioned previously in the Introduction
rumver oL workers have found thai cytoplesmic orpunelles
including mitochondria, Gelgd npparatus and rou he
mrisced endoplusmic reticulim mre abundant 4n basal
epithelicl cells Lut disapear in cells or more supere
ficial layerss DInzymes bove been demonsitrobed in
virtually wll layers of the eplinelium. GCome of these,
iw the deeper cell luyers wre doubtless invelved in the
mitotic process, wnd other cneryy equitdny scocessec
gsuch s protedn syanthesis, while others, nlthou h
provacly syninesized in cells ol the deuper laye:s,
pervist in more cuperficial cellss It is slmost cectain
that these e¢ngymes are contained in membirone bound
vesigles (leObOm“&) wnd they aey be indlrect evidence
of furuher orgerdsation of cell comunonenis in the
superiliclal epiithelial laye .

fhe vceunmulated nmorpholegicel and viochemicul
evidence in the livc:.ature can only te interpreted to
mean that the mefor wnergy-requiring syntheses oceour 4n

08
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the decper cell lbyﬁ*ﬁ; Keratin cynthesis must surely
Le wmeng theve processnes. On the other hand, She
appesiance ¢f kerntohyalin cremules ocours in move
periicial cell layers ue do the wecepted wnnilieste

evione ol ke otinization, namely nuclea: mervhoelosical
changes und cytoplasmic steduing diffevences, It seoms
then that the chulp of bDiochemical events initiuted in
the bvasal layer of the epithelium coatinucs to verying
degreeu, ite ultinute being she production of an
spucless, fully-kerstizdzed soucme. The fact that ro

va ntitative relntionship can be dewonstroted hetween
keratobyalin ramule incidence spd degree of kevratind e
ation pugouedts that perhans no gualitative zelgti@nshiy
exiete. In the light of the svidence that sronule
productlion seems 40 luvelve muclea. membrane weiivisy
phoopholipid metavolism, it i® not unlikely
that thie should be wnrvelated %o the synthesis of
proteing cuch ase keratine It 4o intecceting o note
shat llston (1963) described suelesr formations sirdler
%o ihe appesrunces depicled in figures 19 %o 22

(ppe 87 to 90) in human bone nar:ow, akin nd fasein lata
cells in vitro, and in orsl wmucosa ecellsz in vivo.
Surthermora, foghy Pledler, and Jenues (1961) found ivhat
‘m=iryadiation of numsan uzmion aellﬁ in vitro produced
dding aud cresk-old of muclear material, In view of
L @vi&ena@ presented dn this sddendum, alons with that
of FPeters (1958) it secms that J=irradiation may
stimulave sledlar suelear budding and thus increase
keratohyalln granule incidence in orsl epithelisl cells.
‘8 She dryxediation iz desdigned o discupt nucledc acid
syuthesis wnd hence mitosie in cancer cells, it iz ni hly
likely that it should at le st in part reduce the level
¢f synthesis of proteins such as keratin, One would Shus

&

aud thereny
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expect the Lfinding that the increume in number of

keratohyalin gramules would dbe umaccomp&ﬁiaa by en

neresnse in degree ol kerautinization.

It 4= cleo Interesting that Petere (1958)
noticed that 'n incrcsse in srenule incidence did not
rench & peek undil 10 days aiter the besdnnirg of
rodiotherany wuich suggests that bthe irndtianl efiecos
may ve in he deeper cell luyers, only to vecome obvious
alter the celle have progressed 1o more supsriiciel
serato.  Iwo altewnative siplanctions of this phenomenon
mug ent themeelves, Mretly, wlthoush unlikely, it ey
e thnt lrraddation reculds in ddlrect setimulation of
gromule produetion in the deep cell luyers but that the
gramiles only Lecome elaioable wien they reach Lhe more
superileial luyevs. Jecoudly, it may be that irrasdiasion
produces = change in the nucleus which resultbs in
grexule production when the ¢ell reaches the
superiicial stratas.

fg granule producition and the nuclear chanses in
superiicial cells oy ve dependent on vasiatlons in
uernbren® siabllity, intervesving future zb.dies could come
Trom the use ol known membrane “stavilizers” und
"lavilizers® such as gortisone anud vitemin 4 in combine
ation with irrepdiation. Huch siudies would Lﬁﬂ@ﬁﬂ&fily
ve conduched with sudlitotle experimental manimals =né 2auld
sosedbly deteruine where the nitiation of kayutﬁhy&lin

increaged

Lrenule producition GCCUYBe
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