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INTHODUCTION 

The mainterlance of adult human skin in vitro was first reported hy l,j'.j"ng.- 
gren in 1898. Since that time numerous investigations of different adult 
tissues in organ culture such as skin, liver, liitlney liave been performed. 
However, only few reports of adult oral mucosa in organ culture are available 
(Hoorn, 1966; Pozc:eLl, 1967, 1969; lmngnim & Ishihnzia, 1968). Embryonic 

a in orpan culture has been dcscrihed by Porter (1960), Chang SC 
Maibtrch (1967), Flaxman, L u t m e r  & van Scott (1967) and by Melchcr &- 
Ilodges (1968). Most of these authors have used culture medium supple- 
mented with serum. lloorn (1966), Chnng & Ma~ibnch, (1967), and Melcher 
Ly: Hodgc,s (1968) have, however, succeetled in maintaining oral inucosa in 
chemically defined media. 

Most ciiltured tissues have been sI.utlied under the light microscope. Only 
E'laxrnarr, Lutzner &- wan Scott (1967) ant1 Jepsen & l'lzeilade (1967) have 
used electron microscopy in the investigation of oral ~ m i c o s a .  Flnxmun et nl. 
studied the epithelial outgrowth from human slciri and oral m u ~ o s a  taken 
from thc inner surface of the h e r  lip and J q s e n  & TheiZndP studietl the 
epithelial-like oiitgrowtli from palatal mucosa of the giiinea1)ig. Iloth groups 
used Eagle's medium sul)plementetl with serii r n .  

Rerrived for publication, February 13, 1970. 



Fig. I .  Palatal i i i i i c ~ s a  uith 9 indicated swtii inr.  T h e  arca bctwem the soft and hard palate 
w-hich is rich in gl;intliilar matc~rial s i i s  not nscd (section 0).  

hIA‘lEHIA1. AN11 R1 ETI 101)S 

Cu It urc f x h  / I  iq 21 e 

T h e  cult lire I ecliiiiqnc u s d  has bcrn riescri1)etl i n  tletiiil by Bcrgcrrholtz 
(1969). The ln-ocdi i rc  is 1Jriefly a s  follows. 

csvisetl f rom I KO aplxirently heal~l iy ,  anacsthetized, 
fen& cats, ugr~ I l j 2  year. Tlic ariimals w-ere tlien killed hy iiicision of the 
heart. Circurnorally t h e  cats were wa4ied v i t h  glycerol-etliaiiol (20:80v/v), 
after which the Imlatal nin(wsa \,\:is czrc.fiilly rinsed in Tyrotle’s salt solution. 
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With two ~)ar:allt4 scalpel-l~latles momtetl 3 miri apart incisions Iwrpen- 
cliciilar to the ragital plane were inntle from jnst behirid tlic iririsal pattilla. 
8 such incisions were matle i r i  the liar(1 palate (Fig. 1). After one iricision 
had been niatle along the dental arch almiit 1 iriir i  from t.he teeth, the palatal 

.ctetl free from the untlerlying hone. The strips of niucosa 
hilled trunsporl iriediuni (IIanlis' balmcctl salt solution 

NSBLl) : see IIanks, 194'6) supplerneritctl with 1000 11 1)ensyly)enicilliii (RR 
Kahi, Swetlen), 50 jrg streptomycin sulpliate (Glaxo Lalioratories Ltd, Eng- 
land) and 50 IJ Mycostatin (K.  K. Sqiiil)h B Son: c., IJSA) per in1 solution. 
1he same solut.ion was iisetl for cleaning the cxc strips. Wit,h the aitl of 
a stainless-steel pincli with parallel razor blades 1 rnir i  a p r t  the excised 
niiicosa strips were tlivitlrtl iritu stuntlartlizetl rcctangular pieces (I x 3 inin 
epithelinm surface), which were l.;el)t in cliilletl traiizport mediurri for about 
half an h o w ,  (luring which the ex~)lanta~ion TVW perfornietl. 

Hefore explalitation the cnlture chan11)ers wcre prqiared. These were iiiatle 

of Plexiglas with one inlet and one outlet fur gas ewhange (cf. Troic.cp/l, 
1954). A sterile plastic petri dish ( h / S  Niiiic,  L h r r i a r k ) ,  50 nini iri  cliarneter, 
was ~)lac:eO in each c:hanil)er, wliicli coiitaincd a platform (25 x 25 r n m )  
siipportecl by Iegs 3 nini long. 'l'lie platform wiis rriaclt: of titaniuin ex pantled 
metal. The cha~nhers and thc lids were greasetl wi th  lanoline, 4' nil of ciiltiire 
rnetliiim b a s  Illen atltletl to the petri tlish. h piece (27 x 27 inni) of lens 
paper (Gretm's 105 H, J . 1Sarc:liarn Green Lttl, England) w a s  phcctl oi i  the 
top of the platform. After the charrihcrs liatl heen sealetl I)y the lids they 
were gassed for 15 minutes wi th  ;I mixture consisting of 50 (:,(j O,, 5 '%, 
CO,, 45 N,, at a flow rate of 100 nil/ niiniitc. The chamhers were then 
placcd in an iIic:ulxitor at 37°C for al)out t w o  hoiirs in order to enslire gas 
ec~iiilibrat.ion of the cnlture riietliiun. l'irces of palatal miicopa were then 
explanted to the moist lens pi1)er wliilc the chamlrcr was still being gassed 

CO, arid a siil~seqiient increase of f)H. The ciiltiire cham- 
once a day for 15 niinutes uith the ahova rnentione(1 gas 

mixture and flow rate. 
The invest.igations comprised two experinirnts - one cat \\-as u ~ t l  in 

each. 
Experinient 1. One randornly chosen 1)ic:ce of palatal inucosa was main- 

t,airied in each petri tlisli containing nietlinrn 199 /NSRL/(Morgcln, Morton 
dt. Purkw, 1950) containing 1600 [rg NaHCO,, 100 U I,erisylpenic~illiri, 50 pg 
streptomycin sulphate, 50 U Mycost.atin a n d  250 f ig  I.-glutarniri per nil 
inecliuin. All togetlier 36 cultures ant1 charnhers were Iircparetl. 

r 1  

, 

l) NSHI, = l h e  National Swedish Bacteriological Laboratory 
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Fig. 2. ‘Thy platform trchnique showing thp position of thr rxplant with thc epithelial surfarc 
perpendirular to tht. grid surfwe. 

Fi 1 at ioti n ri  0‘ w i  bcrld~rig t cch ti I ‘pic 

For light niic.ro-cal)y all ex1)larits \icre fivetl iri Uoiiiti’s solritioii ( K o m c ~ , ,  

1948) for 3 hoiiri ant1 tlieii 1 q ) t  in 70 (yo ethariol nliic 11 was chiiiged once a 
d‘iy for one ~ e r l \ .  After this the c-iiltiires Mere gently tletaclicd from the lens 
pilirr. The spccimens were deliyilrateil in grndctl coiiceiitratioiis of ethanol 
a i t l  clcaretl in xylenr ant1 iriethvl-l)c.ri/oatc before lwiiig emlircltletl in paraffin. 

‘IMO scgiiienti - oiie at the cntl a i i t l  one in tlic ~riitldle - of each explmt 
were wrially se( tioried. The tions me ciit traiisversely-peri)endicnldr to 
the e~iitlieliiim Mith tlic micrt iie set at 5 p. Coiiventional staining nietliods 
were iisetl siiclt as Mayer’s lierrialiini-cosiri and van (:ieson-ebstiii stain. 
To f,icditatc orientatiori of tlie euplanti in each culture the top of the explant 
>+a\ marLetl \+itli iiitlian ink liefore fixation. This iiilc marl\ h a s  visilde iri 
tlir f i n d  5ectioii. 

Spec iiiiciis for clcctroti rnic~c opy M crc divitlctl in the rnitldle perpen- 
dicular to the q~itl ieli i ir i i  with a razor Iilade arid iimnedi‘itrly fiveti b y  2-3 
Iioiirs’ iiriiiier~ioii in ICT-cold 1 osrniiiin ietrowitle Imfferccl at pH 7.6 
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Fig. 3. Photomirrogmph of uncultiired palatal mucosa. 
Staining: ‘I’oluidine 1)Iue. .: 330. 

witli pliosphatc buffer (Millonig,  1961) arid then cut into smaller pieces. 
The specimens were then rlehytlrated in gra(led conceiitrations of ethanol 
arid finally ein1)eddetl in epon. For orientation piirposcs thick sections 
(1-2 p)  mere cut from the epon blocks in a n  ultrarnicrotonie. ‘I’liese scctioiis 
were placed on ordiriary glass sliclcs a d  stained with toluidirie hlue. The 
specimens 11 ere then trirnmecl a i d  sectioned in an LKB ultratome with 
glass knives. The thin sections w w e  stained witli uranyl acetate or cloiihle 
stained with urnnyl acetate ant1 lead citrate. The sections werc examined 
in a Philips electron microscope EM 300*). 

“) The elrctron microsrope was kindly placed at the autliors’ disposal hy C .  Bloorn, M.D., 
the Department of Histology, Univcrqity of Umeb. 



big. 4. Palatal I I ~ I I C O S B  cclltoretl i n  IlLhl f o r  a )  1, 1 ) )  3 and c) 6 days. No dctci~tat)lr~ histiilogic*al 
altcrations. Staining: Htx-eosin. x 31 0. 

Fig. 5. Palatal mucosa culturril in mriliiiin 199 for a )  1, h) 3 and c) 6 days. No detrctahle 
histological alttmitions. Staining: litx-cosin. x 31 0. 

RESULTS 

Light niicroscopy 

In  the coiit rul spccinirris (Fig. 3)  the larriino propria was rich in cullagcn 
huntlles aiitl elastin fibers. The tissue was wry  vascular. The tlistal part of 
the f J 3 1 i I h l  iriiicora contained several glands. 

The cpitheliuin was of ;I stratified squainous keratinizing variety. ‘The 



Emal layer cwiisisted of a single row of (:oliinitiar cells with s1)licrical or 
ovoid niiclei. The spinous cell layer was 4'-5 cells clerp o i i t l  contained poly- 
hedral cells with a round nucleiis. The cells hecame flattcr a s  they al)l)roacIied 
the hortler to tlie stratiitri granulosmn. Intercellular 1)ritlgt.s hrtu cen tlie 
cells in tlic 1)ahal ant1 spinow layers w r e  readily recogriizetl. In the granular 
layer the cells wcre flat arid werr slill flatter iiear the surface. Tlie inter- 
celltilar spaccs were less tlistinc*t, wliicli gave tliis layer a niore lioniogt~nous 
appearance t l i m  the uridcrlyiiig oncs. In niore superficial parts, tlic cyto- 
plnsni c.oritniried lieratolryaline graiiulrs. Tlie I)ortlcr to the corneal layer 
was distiiict. The . tiirii c-oriieiirri ronsiste(l of rrowtletl, flutteiretl hera- 
tiiiizetl cells. l'liis layer, wliich consisted of a1)oiit 10 rows of cells, hat1 a 
typical larnellar appearance. N o  cliffrreiic~; in structure was o1)serwtl when 
speciinens taken at the tiirre of e.  ion ar id  those takeii at the time of eul)lair- 

tation were t:oniparcd. 
After one ( l ay  in culture (Figs 41 and 51) t tie cii t siirfac't: sliowetl a thiclien- 

yer ant1 inc.il)ieiit prolif(,ration of qiithelial cells. This 
on thc top of the c y h i t s  as wdl ;IS in regions i r i  con- 

tact with 11ie metliurn. Xo diffrrencc coiiltl he olwrvrtl  Jiclwtwr esl)laiits 
from the two iiietlia. 

After t h e e  tlays' (:iilture (Figs 41) aiitl 51)) the stratiiin coriieiiin was  still 
thicker and hat1 assinnet1 ii larnellar alipearaiice. I Iic 1)rolifrriitioIi of the 
cells h i i d  also increased, liut in sonic: s1)ecinieiis ilie c d s  showctl pykiiotic 
nuclei in that region wlriclr was iii (writact with the rnetliuin. There nas still 
no significant tlifftwiicc 1 ) e t ~  een explants culttirecl in iiietliuin 199 am1 
t,hose itiaintainetl iii Eaglc's MEM nictliuiti. 

When the specinieris hacl 1)crir iriuiiitainccl for siy days in Eaglc's MEM 
niediuni the stratum co rnc~~rn  w a s  ]'cry thick and lamellar (Fig 4c). Coinparetl 
with those in the control specimens, t h e  other layers were very well pre- 
served. Eslilants niairitairiecl in trietlitirri 199 (Fig. 5(4) often exhibited central 
necrosis of the epitheliiini cliaructerized I J ~  pyknosis am1 acitlopliilic zones. 
Only some hosal cells seemed to he intact. I n  the hasal (:ell layer mitotic 
figurcs were more coinnion in e x  plants ciiltrirrd in Eagle's M F M  medium 
than in those inaintainetl in nietliiini 199. KpiJioly was not oliservetl in any 
explant. 

r 1  

Elrctron microscopy 
Con tro 1 spccinirns 

Sirice this is apparently the first report on the ultrastructure of the palatal 
mucosa in the cat, it may hc appropriate to give a detailed tlescription of 
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the fine structure o f  thc specimens irriirietliately after they had heeii excised, 
i.e. a descriIitioii of tlie appearaiic-e of tlie riurnial piilatal mu( 

Uortler zone el)itht4iiiiri arid coriiiectire tissue (Fig. 6) was irregrilar and 
iintliilate. The tw-o tissues werc sciiaratcd by a 400-700 A thick osrriiophilic 
layer, the lamina tleiisa, wliicli liiitl a fiiiely granular or sonietiines fillrillar 
ap1mraiire. Retw-err1 the larriiiia tlrrisa arid the epithelial cells was a less 
electron deiise zone, thc lamina liicitla. This rotlier clear homogenoup zone 
was a ~ m i t  400 A in wi(It1i. ‘1‘1ie lieriiitlesriiosonies were riiiiiieroiis aii t~ were 
sitiiatecl at irrrgiilar intervals. ‘I’hey I i a t l  a typical larnellar appearaiice. 
Filariieritous strticturrs werc oftcn wcii in  tlic licniidcsrnosonic area between 
the peripheral cleiisity arid tlic lainiiia tlciisa. Siiriilar structures also cxtcii(lec1 
from the coiiiiective tissue side of the lamiria tlensa. 

111 tlir iiritlerlyirig coririwtive tissue was a zone adjacent to tlie larriiiia 
tleiisa iri wliirh the fibrils wcrc rather sparse uiicl not arranged in any Inr- 
ticular fashion. Below this zone tlie fihrils were tliiclier arid arraiigctl in 
l~niidles (fillers). Hlood vessels were riiiiiieroiis. 

Stratz~mn hasalP. The basal cells were columnar in type with a round riiicleus. 
The niirlriis often showd  invaginatioris, which soinrtimes were fairly deep. 

o l i l x m  tlie tonofilnrrients Mere rather sl)iirsc and did not inask 
the varioiis orgnrielles as they do in liighcr strata. The mitochondria wcrc 
nuinermis lliit small aiitl were irrcpiilarly tlistrihiitecl in the cytol)lasm, 
with a sliplit teiiclriicy towards acwiniulatioii in the llasal parts of the cells. 
Free ri2)osorries were niiniwoiis and diffusely tlistrihutetl throughout tlie 
rytoplasin. 

The tonofilanieiits were, as iiieritioricd al~ove, rather sparse and crossed 
the cytolllasrri in hiinrlles (toiinfil,rils) rriiiiiing in  rarioiis clirections. Some 
of these were connected with the attaclirncnt plaques of the (lesriiosonies 
ant1 the hernitlrsinosoines (Fig. 6r). 

lritercelliilar spares were rather wide  arid were therefore clearly seen even 
in views of the entire section. Tlic peri1)hery of the h a 1  cell was very uri- 
evcri and frequently interdigitated with cytoplasmic processes of different 
size and shaI)e. The attachments I)et~+--ecri tlie rpithelial cells consisted o f  

Fig. 6. Control specimen. From the basal layer. 
a. Cenerol i ~ i e ~ )  q/’ h e  bnsnl ltryer. Capillaries run close to the lamina densa. X 5,700. 
b. Frum the bosal layer. A melanocyte hrtween the epithelial cells. x 5,700. 
c. Border zone ei~ithelium-connective tissue. Hernidesrnosomes and lamina tlensa are seen. 

d. Border zone ~ ~ ~ / h e Z i r r m - r . o n n e ~ ~ i ~ , e  t i s s i ~ e  in, higher mngnificicntion. Filamentous structures 
extrnd from the cc: l l  mcmlmtne and the periphcral density of the hemidesmosornes to the 
lamina densa. Small vesicles are present in the cytoplasm near and at the cell membrane. 

x 37,200. 

x 140,000. 



Fig. 7. Control spwiriicm. From the spinous layer. 
a. General uiew. ‘The crlls arc’ relativrly spht~ical. Thr nuclei have deeper invaginations than 

in the liasal layer. x 8.000. 
b. Cytoplasmic projertions from clear ctdls in the basal layer are often sccn bctwC.cn the spinous 

cdls  (arrows). x 13,500. 
c. The tonofilaments are arranged in thick I)undlrs and cross thc: cytoplasm in various di- 

rections. x 21,300. 
d. In higher magnification the tonofilanwnts show a striated appearance. x 68,000. 
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desiriosoines, tight juriciions (zonula occlii(1ciis) ant1 iiiterlnediate junctions. 
The structiire of these attachments is well l a o w n  and will therefore riot he 
descri1)ecl in tletail here. ‘Ihe (lcsiriosnnies were riiiiiieroiis a r t t l  sitiiattvl at 
different intervals. They  slimsed ;I typical laniellar striictiire. Both tight 
jiinc-!ions ant1 interincdiate jiinctioiis Tiere coininon. There was w r y  oftcn 
a11 intermcdiatc junction where ilrc intcrc~~lliilar s1);ire entletl in tlie lamina 
lucitla. 

Siiiall iiivaginatioris partly fillet1 with a ratlier osniiol)hilic su1)stanrc were 
olten wen in tliv cell 1iienil)rane o1)I)osite t l i v  larriiria (lcnsa. The  c*ytoplasni 
near this 1)nrt of tlie cell iricnil~rarie oftcw rotitairled srii;ill resicales witli a 

sirnilur content (1;ig. 6 4 .  
Ilrlaiiocytes M-cre iiitcrspcrscd hett2cc.n ilie eliitlielial cells (Fig. 61)). 

1 hey Incltetl toiiofilnments iii the cytop1asrri arid i tw c~lrroriiatin-ric~ti nuc:leiis 
shol\e(l dt:ep invaginatioris. 111 m o s t  cases ninture niclaniti grariiilcs we,re 
seen as  osniiophilic spots. lksitles these graiiiiles the cytoplasm contaiiied 
iiiiiiieroiis vesicles arid grxiii1t.s of varying elwtrori tlviisity, tlic lut.lcr con- 
stituting i)reiri(~l;itic)soIies ant1 riiel;iiio~oiiic,s. Cytol)lasiriic projections from 
tlitxsc cells wcre often found in tlie stratinn spiiiosiuii. The intercelliilar 
spice l)ettcerii tliese cells tincl a(1jucwit e1)itlir~lial (~11s  w a s  rather riarrob\ and 
the cell rnernlirane was more eveii tliaii i r i  the epi t l i r l ia l  cell. The at taclirrieiits 
consistctl of intermediate junctions, no tlesmosoines or tight junctions were 
ohxrvcd. The intercellular sul)starice was homogenoiis antl ariiorplioiis and 
of rather low r:lrctron c1ensii.y. 

S ~ W ~ Z J I ~ L  spi~zosurn. The sl)iiiosiini cells a1)peare(i roiiii(1ed nr stellate except 
in the layers atljaccnt to th ratiim graniilosiini, where they were flattened 
with the longest diameter 1);irallel to tlie tissue siirfxe. The toiiofilanicnts 
were alxnidant and arrangcd in thick hmiclles (Figs 7c L I L I ~ I  d). ‘111~: usual 
organelles were oftcri niaslictl b y  this a1)undance of filaments. The nucleus 
\$as roiind with deep invaginatioris (Fig. 7a). 

The intercellular space wiis of alwiit the saine Tiidtli as that in the stratum 
hasale. The cell nicinbranes   ere liiglily convoluted antl cytoplasmic projec- 
tions interdigitatecl freely hetween cells. The desniosomcs were nuincroiis, 
they seemed to I x  more niirrieroiis here than in tlie stratimi hasale. Tight 
junctions arid interrriediale junctions were coinrnon. 

Clear cells as well as cytoplasmic projections from inelanocytes in the 
basal layer rt ere iiiterspersetl arnong tlic cl)itl.ielial cells (Fig. 7b). The clear 
cells of this layer showed the same cliaracterist ics as the above mentioned 
melaiiocytes except that thcy contained 110 deinonstrahle mature melanin 
granules. 

Stratum granulosum. The cells were flattened and the higher they were 

r 1  
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sitiiated in this layer the flatter they ap1)earetl. The nucleus and the cyto- 
plasmic organelles were intact in the 10%-cr part of the layer hut higher up 
they began to disintegrate, and adjacent to the stratum corneiini they were 
usually no longer dernonstraHe. 

Keratohyaline granules, eleciron-dense and irregular in shape antl form 
were abundant. They often seemed to be associated with the tonofilaments 
(Fig. 81)). Occasionally small nsmiophilic granules were observed i n  t hc 
upper part of the stratum. 

Intercellular spaces were narrower in this layer than in the lower strata. 
The desmosonies were niimerous. At the border to fully lieratinized cells 
the structnre of the desmosorries diangecl and showed what has been called 
a composite structure. The inner layer of the cell ineinbrane of the stratum 
corneuni cell show-ed a continuous thickening which merged with its attach- 
ment plaque. On the stratum granulosum side there was no thickened inner 
layer outside the desmosome. Tight junctions and intermediate junctions 
were very common. Except for focally expanded parts, the intercellular 
spaces seemed to consist mainly of these three types of attachments. 

Stratun~ corneurn. The border between the stratum corneum and stratum 
graniilosuni was iisually distinct (Fig. 8a). The cells were long, flat and 
arranged in even layers parallel to the tissue surface (Fig. 9.). The cyto- 
plasm was characterized by crowded filaments in an osrniophilic aniorphous 
ground substance (Fig. 9b). Sornetinies nuclear remnants were olmxved 
in the lower layers hut hardly ever in the rriost superficial layers. Oval, 
empty vacuoles were common i n  the cells. The cell menihrane changed i n  
appearance; in thcse layers it coi ted of a single, thick, rather electron- 
dense hand. 

1 he intercellular spaces were very narrow and only focally widened. They 
ran a straighter course than deeper in the epithelium. The (Iesrnosomes 
showed a modified structure. They were very comnioii antl in the desrnosome 
area the cell membranes of opposite cells rail parallel. A s  mentioned above, 
the cell membranes were tliiclieriecl antl 110 special attachmerit I)laqiies 
could be distinguished. Between the thiclienctl re11 menibranes there was a 
three-layered structure, a central, thick, weakly osrniophilic band horclered 
by two narrow, less electron-dense lines. Sometimes ;I denser intcrmetliate 

r ,  

Fig. 8. Control specimen. From the granular and corneal layers. 
a. The border between the stratum granulosum and the stratum rorneum is rather distinct. 

1).  From the granular layer. Tonofibrils and keratohyaline granules are seen. The intercellular 
x 5,700. 

spaces are narrow. x 27,500. 
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lcig. 9. C h t r o l  spwinwn. 
a. (knr ra l  view of t l r v  strxtnni corneum. Thc cells are long, flat  and oricntated parallel to 

the surface. x 5,700. 
b. Stratum corneuni in h i g h  rnagnific:ation. 'I'he cells consist of densely pac:kd filarncmts 

in an osmiophilic amorphous sul)stance. The intercellular spaces are narrow and ratlicr 
straight. x 21,300. 

c. 1:roni the border zone stratum aranulosum-striitiiiii cimierini. At tlw horcler to fully kera- 
tinizcd cells the tlcsmosornes sliow ti compositc structure. x 27,500. 

.d. ,4 compositc desmosorne in higher niagnification. l:or explanation see text. x 100,000. 



Fig. 10. Onc (la) i,iiliiire. Rlr~lium 199. 
a. ( h e r d  vie\$ of the upper part of thc htrntuin cnrnciini. T l i c ~ c  is an increase in tliickness 

of this stratum, and the surface layers consist mostly of partly clctac:hrd cells. x 5,700. 
b, c. tl, c. Except for this increase in thickness, no othcr  rtrtictiiral (:l~angcs r o i ~ l d  he nhsrrved: 

1).  from the corneal layer ( x 21,300), c. rrom the granular layer ( x 21,300), d. froin thr  
spinous layer ( x  U,O00), and e. horn thc. Iiasal layer ( X  21,300). 

2 
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Fig. 11. One day culture. MEIM. 
Compared with thr control spi*cirricms no  striietiiral clianges could be observed in the basal 
layer (a, x 8,000 and c, x 37,100) or in the spinnus laycr (h, x 8,000). 

line was reeii in  the central faintly osrnio~ihilic l x d .  Modified tight junctions 
were also common. At the orifices of the intercellular spaces at the tissue 
surface, modified clesinosomcs or tight junctions (Figs. 9c and (1) were 
observed. 

At lime of mplnntation 

No differences could be discerned hetween the spccinieris taken at time of 
explantat,ion and the control specimens. The keeping of the pieces of miicosa 
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Fig. 12. Oiie day cultiirc. MEM. 
r 1  I he stratum corneum has increased in thickness (a, x 5,700 and I), x 5,700) and the 
cells of the outer layers arc partly detached from each other. No othcr structural changes 
were O I J S V C \ ~ ~  in  the corneal laycr or the granular laycr (c, x 37,200 and (1: x 37,200). 
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Fig. 13. Thrrc  (lay culture. Mrtliom 199. 
a. 1”rom the 1)ortlcr straturri I )wa l i*  - stratum spi~~i):;utn. The interc:elliilar spaces arc prncmlly 

widcncd. x 5.700. 
t ) .  From the l)order zone epithelium ~ connective tissuc. In thc connecti! c t issue thcrc are 

local areas ol ordema-like alterations. Tho clcar zone Iietwren thr wlI  memhranr of the 
basal (:vlls and thc larnina clensa is focally expanded (arrow). x 21,300. 

Fig. 14. Thrcc t h y  ciiltiirr. Ltlcdiurn 199. 
a. Fissurc-likc formations in thc stratum cnrne i~n~ down to the stratum granulosum. x 5,700. 
1). Compared with the control specimens the cells of the stratum corneuin are often riinre 

crowded. x 21.300. 
c.  From thv stratum grannlositm partial hnloformation round thc iiurlcus. x 5,700. 
d. From thr  stratimi Iiasalv. In some cells the nuttiI)er of rnitorhontlrial cristnc is rrducrtl. 

x 21.300. 
e. From the stratum mrnrum. In somc arcas likr that illirstfiittd i n  thc figure, thrre are no 

changes in structure cwmpar-ed with that of thc rnntrol spwimcns. x 21.300. 
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Fig. 15. ‘Thrcc 11:iy culture. MEM. 
Cornparid with llic control specimens no structural changes could be observ-rcl in the 
h s a l  or thn spinous layer. 

a ( x  j5700) and c ( x 37,200) froin the 1)asal layer. 
11 ( x 5,700) and d ( x 17,000) from thc spinous layer. 
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Fig. 10. Thrw day riilture. hlEhI. 
Thc  corneal laycr is thick with partly rlctachrd crlls on thr siirfacc~ I q c r s  (a, I)). The des- 
niosonie structure is quite normal ( a s  inset). 

c. I he hortler zone straturn rorneum - - stratum granulosiim is of quite norinal appearanw. 
Magnification: a, x 5,7000; a, insct x 37.200, 
r .  

I>, x 5,700; c ,  x 37,200. 
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Fig. 17. Six day culturv. \lediurri 199. 
a. From thi: h s d  layer. l h e  cells are finttrned, thr intercellulnr spaces are widmrd. The 

structure of thr ocl l  organelles is well preservixl as arc the mitochondria (a, inset). .< 5.700. 
lnset x 37,200. 

b. From the spitious layer. In the interior parts thc intercellular spactxs are widened. x ,5,700. 
c. From the stratum granulosunl and t h t x  stratum corneum. ’Thc wlls are vcry flat and the 

intercellular spares are narrow exct’pt in the surface layers of the stratum corncum, whew 
the cells arc partly detached. x 5,700. 

in ttir chilled transliort medium 1)etu eeii the excision and thr explaiitatiori 
thus scemrd to hake no rffert on fiiic structiire. 

Orga,n ru It ii  rc .spccinzcri s 

~ ~ ~ c - ~ u ~ - c I L ~ ~ ~ I I . ( ~ s .  ‘Tha orily tlifferencc 1,etweeri the sl.wcinieris in the tuo 
nietlia and [lie cwritrol spcciiriens i t  as a n  irirrease iii tliicliriess of the stratuiii 
coriieiiin in the cultivated specimens. This stratum M - ~ S  of tyliical larricllar 
appearancc ant1 tlir cells of the outer layers were partly cletaclied from each 
otlier (Figs. 10, 11 arid 12). 
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Fig. 18. Six day culture. Medium 199. 
a. From the. uplwr part of thc stratum spinosiirn. The nuclei and the cell organcllrs are well 

preserved. The intrrcellular spaces arc  narrow. x 21,300. 
11. I1ight:r magnification of the lowcr part of the stratiirn comeurn. Narrow intercellular sluic(>s. 

x 37,200. 
c .  I<'rorn thv lmrder zone str:iti~rn h a b a l c  - connective tissue. Thc lamina densa is focally 

expanded frorn the basal layers. x :37.200. 
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Fig. 19. Six (lay culture. Medium 190. 
In somc spccinicns thr structure was scwrdy changed, ti. from the stratum lmalc. ( x 5,700), 
11. from thc striiturn spinosum ( x 21,300) and c. from the 1)order zonr cpithclium ~~ - con- 
nccxtivc. tissue ( x  2lJOO).  
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Fig. 20. Six day culturc. MEM. 
I n  stratum hasale thcre art’ areas with witlcnctl intercc~ll~ilar sptws (a). In smnr arras the 
mitochondria arc mlargctl (c). Cells with apparently well prcscrvrd nuclei and cl-toplasmic 
orpmelles are often SCCII ailjac(.nt to thc stratum cornciini, indicating delayed disintegration 
of thrst: strnr~tiir~:s. 

a. x 5,700. 
1). Jn most arcm at the stratum 1)asale thvrr were no chuigcs in structure roiiiptred with thc 

c. K 37.200. 
appcarancc of thc control specimens. x 21,300. Inset x 140.000. 

7~~,.c.c-r/c~,~-r.r~Iturcs.  There Mere clear tliffereiwee in structure 1wtu;een the 
specirrietis ( d i  ivated iii the Eagle’s ME11 rncclium ai i t l  those c d t  ivated in 
tlie i r i c t l i i im  199 (Figs. 15, 14., 15 a i d  16). The structural changes in the 
pieces cdtivatetl in Fhgle’s irictliiirn were confiiietl to the siratitin corncum. 
Here the cliange H’BS similar to ihnt swri afic:r one (lay’s cxiltiire and corisiste(1 
of a thic-lieniiig of tlie corneal layer. Almt  from the width, which can l)e 
c:harac:terized as ilir ))nornial)) width of tliis layer ii1 v i w ,  the cells were inore 
or less tletachetl from each other (Figs. 15 ant1 16). 

J he epecilneiis talien from riietliirrn 199 showcd structural changes in all 
layers. In the coniiectivo i iw ie  Imicath the epiiheliurn tliere were areas of 

r 7  
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The ccll 
layer ( x 

Fig. 21. Six (lay ciilturc. MEM. 
structurt’ arc wr.11 prcwrvctl, a. rrom ttw basal layer ( x 5,700), b. from the spinous 
5.700), c. tonofihrils in the spinous laycr ( x 37,200). 

oedcrna-like altrratioiis (Fig. 131)). ‘l’lie clear zone (lamina lucicla) between 
the cell mcnibrane of tlir h a 1  c:ells ant1 tlie lamina densa was focally cx1)aritletl 
a d  sIioMr(I rniniitc vcsiciilar forrnatioris. The intercellular spaces were 
perirrally wideilcd (Fig. 13a) ; in certain areas in the granular layer they be- 
canir extrcrricly wide. Where the witlenings were rather limited the coiiveri- 
tional set of attachmenis swxned to he intact, but in areas M - i t l i  very w i d e  
intwcelliilar sliiices in  the stratum granulosuiii they were reduced in iirimher. 
As iii the. citie-(lay-speciiricii, the stratum coriieuiii was thickened, but i i i  

some of the three-day-sl,ecinieiis the partial detachmcrit of the cells IxotlwetI 
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fissiire-like formations down to the zone hording the straturn granulosurn. 
In general, the cells of the straturn c~rneiirn were far less crowded than in 
the control specimens (Fig. 14h). 

In these three-day-speciniciis from medi~r t i  199 there were also intra- 
celliilar alterations. In some cells of the stratnm hasale and the stratum 
spinosum the endoplasmic reticulnrri was tlilatetl arid the number of mito- 
chondrial cristae was reduced (Fig. 14tl). In the strat,uni granulosum also 
other changes were occasionally seen in the form of partial haloformations 
(Fig. 14c) around the nnclei. These features were most oftcn comhiiietl with 
cl-ianges in the nucleus. An incipient fornintion of vticuoles was occasiorially 
seen i n  the cytoplasm of some cells of the hasal and spirions layers. In the 
stratum grannlosiiin these vacuoles were rather common, especially in the 
zone hordering on the stratum cornenrn. In this latter layer the usual oval 
or round vacuoles had increased in nnmher, some of them seemed to  he filled 
with a rather electron dense sulrstance. Tlie cells of this laycr often contained 
rernriants trf the nuclei. Tlwre were, Iiowever, some areas in the specirnens 
from niecliuiri 199 where the structure still reseriil)letl that of tlie control 
specimens (Fig. 14e). 

Six-day-cultures. After six days’ cnltivation in Eagle’s MEN1 metLiirri 
rather small differences in striwtnre could be discerned, compared with 
the picture of the control spciniens (Figs. 20, 21 and 23). In the basal layer 
the intcrcellular spaces had increased in width in small areas (Fig. 20a). 
Here tlir conventional attachments liad clirninislied in tiurnher. Some mito- 
chondria seernetl t o  have increasccl in size (Fig. 2Oc). These al)ove-mentionetl 
alterations coiil(1 not he clim=rriecl in tlie s~)irious laycr, where the structiire 
i n  a d  1)etween epithelial cells a s  well as clear c:ells seemed to he quite ))nor- 
malo (Figs. 21h ar id  c). The granular layer showed no distinct changcs except 
a ~)ossiil)ly tlcliiyrti tlisintegratioii of niiclei ar id  cytoplasmic orgarielles (Fig. 
22c). In the stratum corncum the ty1)ical round or oval vacuoles had increa 
in  mirriher (Fig. 221~). 

‘The appwrance of the stratum corneuin was largely the same as in the 
one-(lay and the three-tlay-sl)ec.irrlelis, there was a thickeriirig of the layer 
and a 1)arLly detached, lamcllar structure of tlie ontcr layers of cells (Fig. 

Tlie speeitrieris wliich liad Imw cultivated for six clays in rnetlium 199 
show-ed changw of Nitlely varying degree. The alterations varied from al- 
most coinl11t:te disintegration of tlie tissiie to l e h s  pronounced or negligilrle 
changes. These areas with only ncgligible changes were mostly corifinetl to 

the granular and corneal layers (Figs 17 and 18). The connective tissne part 
of the Ppccimens w ~ i s  very sI)arse in fihrils and the cells were in a state of 

224.  



766 AXEL BEI~GENIIOI.TZ kND l l O L G E R  TI-LILANDER 



PALATAT. MUCOSA MAINTAINED AS ORGAN CIJLUTHE 767 

ix day culture. MEM. 
a. 1:rorn the stratum spinosuni. A dear  cell is seen intcmpersctl hetween the epithclial cells. 

1,. Higher magnification of the framed area in a. illustrating thc relation between the rndo- 
x 5,700. 

plasmic reticiilu~n and the cell mernbrane (arrows) 37,200. 

Fig. 22. Six day culture. MEM. 
a. The stratum corncuni is thickcnctl with partly detached cells in thc surface layers. x 5,700. 
b. Cells with apparently wcll preserved nuclei and cytoplasmic organelles arc often seen ad- 

jacent to the stratum corneum, indicating a delayixl disintegration of these structurcs. 
The round and oval vacuoles have incrcnsed in number. Occasionally, nuclear remnants 
are observed in the stratum corneum ( I ) .  insct). x .5,700. Inset x 9,000. 

c. From the border zone straturn corneom - stratimi granulosurn. The structure is very 
wcll preserved. x 37,200. 

disintegration with a grossly cliangetl nuclear and cylol)lasriiic structure. In  
some regions the lamina deiisu was largely intact, in others it had partly 
disappeared arid focally, vaciiolcs of differeilt size could be observ-etl be- 
tween the lamina derisa a n t  the cell nieml~rane of the basal cells (Fig. 18~).  
In the epitheliiirri t.he most rriarliccl changes werc localized to the basal arid 
the spinous layers (Fig. 19). 111 large areas the cells were inore or less dis- 
integrated with a severely vacuolized cytoplasm. The endoplasrriic rcticulurn 
was, when it coiild still he discerned, increased in width, a i d  most of the 
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mitochondria1 cristae had tlisal)lw;ircd. The nuclei containeci only scattered 
osmiophilic remnants, mostly ;i(ljaceiit to the still visible nuclear membrane. 
The iriterc:ellril~ir s1)aces hat1 incrcasetl in width and of the conventional 
cell contact dcvices only desrnosorr~es anti scattered half-tlrsrrlostrrties could 
he observed. I n  other rt:gions i t 1  the same or in other si’ecimens the changes 
were rii .r t  so olnious. Here the ccll structurc of the niiclei and cell organelles 
seerrietl to 1~ rathcr well Irrcscrvetl. The cells \+ere elongate0 antl the cyto- 
plasm 1wor in fihils .  ‘The intercellular s1)aces were here markedly widened 
and tlie cell contacls consisted of a few tlesmosomes. In the stratum pranu- 
loslim the crll striiotiire w a s  hctter I)r rveti Ihan in the nntlerlying layers. 
The cells were flat, i l i e  irltercrllulilr s i ~ a c e s  were ~iarrow and only focally 
w-itlcnetl (Fig. 17c). ‘I’liey ran ;I rathrr straight course. The attachnlents werc 
of ordinary types. The horder to the stratiim corneiiin \$as tlisiinct. In a few 
areas the cells shoc\eti signs of incipient disintegration, as described above 
in the case of the iintlerlying 1nyt:rs. The appearance of the stratum rorneiiin 
was largely the s;iine ;is that in tlie corresymntling t1iree-day-s~)eci~nens. In 
general, the various lciyrrs consisle(l of fewer rows of cells compared with 
earlier specinicns arid the epithelial layer was therefore on the whole rather 
thin. 

I n  i)rcvioiis investipitioris (Iic~rgc~n.lioltz, 1969) the l’rowell platform technique 
(Trowell, 1954) was foiiiul to he the method of choice M-lien studying palatal 
mucosa in organ cdti irr~.  \ arioiis technical factors found to improve the 
siirvival were also ntilizetl i n  the present investigalioii. ‘Thus, aniorig tested 
r1ie:rriicnlly tlefinetl media mctliiini 199 (NSHJ,) arid Eagle’s MEM medium 
(NSI3L) were those whic*h In-esvrvetl the inorl)liology ant1 oxygen wnsnmp- 
tion lxst  for up  to 6 (lays in vitro. 1n the above rrirntioned investigation the 
results proved to  clel)en(l on the o.;ygen ronceritrntion, and 50 ?(, oxygen in 
the gas pliase was foiinrl to he o1)~itrial. This concentration was acv>rtlingly 
wed in the I)rescnt investigation with metlium 199 and Kagle’s MEM nmliuni. 

tlie rrior1)hology (light as w d l  as eleclrori niicruscopy) 
of the p l a t a l  rriIi(wsa of the cat T V ~ S  forintl to closely resemble that of man 
(’l%ilc~nclcr, 1968). Cibbiris (1962) stiidied the ultrastructure of the palate 
of tlie alt)ino rat and conchided ) h a t  this epithelium possesses many of the 
features of the stratified squamous e1)ithelium fonnd in other sites antl in 
other animals), which is confirnietl l)y AStcrn (1965), for cxaniple, as well as 
our  findings. 

Compared with the control specimens, the cultured palatal miicosa of the 
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cat showed ari increase in the tliiclcness of the stratum cornerirn with the 
duration of culture. This was observed i n  explants maintained in Eagle’s 
MEM medium as well as in explants cultured in nietlium 199. In vivo there 
is normally a wear and replncenieni. the rate of wliich is ndapted to the pre- 
vailing pliysiological circumstances. Oral niiicosa maintained in. vitro does 
not show such mechanical wear and this probihly explains the increased 
tliiclcening arid lamellation of the corneal layer. The thickening and laniella- 
tion should thus not be regarded as a sign of tlet.erioration. 

The increasing number of vacnoles in the stratiim corneiini observed after 
culture in each media may lw difficult to explain. However, it is well kriown 
that entlothelial tissue as well as el)itlieliuin close to vascnlar systems shows 
vacuolization. As the Trowell platforni technique implies a close relation- 
ship between the tissue and the watery medium, the increased number of 
vacuoles may, perliaps, be due to an increased cellular uptake Iiy 1)inocytosis. 
On their way to the epithelial surface it is plausible that sinall pinocytotic 
~ ~ u b l ~ l e s  becomc greatcr by fusion and finally give rise to these vacnoles in 
the stratnm coriieum . 

Judging from the light and electron microscopic findings, explants cul- 
tivated in Eagle’s MEM rnerliurn seem to be intact np to at least six days 
after explaiitation. However, in sonre areas of the six day ciiltures, the mito- 
chondria were enlarged, without any other alterations hut of otherwise nor- 
rnal appearance. The enlargement may, perhaps, he the result of increased 
demands npon mitochondria1 function. However, the mechanism leading to 
increased mitochondria1 growth is not properly understood. 

In earlier investigations explants cultivated in medium 199 have been 
shown to be almost as good as explants maintairietl in Eagle’s MEM rnetiiuni. 
1 lie reproducibility of the resnlts obtained with niediurri 199, however, 
seems to vary more from batch to Ix~tch of t.lie inediurn and from one manu- 
facturer t.o another, than that of the results ohlainable with Eagle’s hfEh1 
medium. In this investigation some of the specimens sliowed severe struc- 
tural changes after six tlays cultivation in rriediuni 199. 7‘1iis probaldy de- 
pends on the above ment.ioiied factors. Judging from the present investi- 
gation, medium 199 does not seein to preserve palatal epithelium of the cat 
as well as Eagle’s MEM medium. Ry comparing the results of light micro- 
scopy and those of electron microscopy no clianges were observed in the 
light microscopy in explants cnltiired in three days in medium 199. However, 
changes in the iiltrastructure were visible in the form of a focally expanded 
lamina densa forming minute vesicles. No such clianges were observed in 
the specimens maintained in Eagle’s MEM mediiirti. 

The present resiilts show that it is possible to niaintain palatal inncosa of 

, >  

3 
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the cat in Eagle’s MEhl rriedium arid a gas plrasc containing 50 (x 0, for at 
6 days witliont morphological deterioration. Good results were also 

obtained with metliiirii 199. As 1)et t er results were obtained with Eagle’s 
MEM niedinrn aticl as this rrietliiun is easier to prepare, it may he regarded 
as the rnediuni of choict.. 

The results of this investigation atit1 t Iiose of Bergenholtz (1969) show 
that oral mucosa can retain its pliysiological functions arid striicture in vitro. 
I he differentiated cells in a n  organ culture represent the donor animal 
het ter than the tletliffereritiated cclls ohtainetl hy  cell arid tissue culture. 
By using the organ culture tecliniqiie it may thercfore be pssiLle to study 
the direct effect of clifferetit factors or drugs on the clifferentintrcl target 
cell or target tissuc. 

r ,  

SCVII\IARY 

T h e  ultrastriictiire of the palatal triiicxisa of the cat shows close similarities 
with that of Iiurnan Ida t a l  mucosa. 

Palatal I I I I I C O ~ ~  of the cat was niaintairiecl in organ cwltiire for a period of 
6 (lays. Tu-o diffcrciit chemically definetl media, Eagle’s MEM niedium and 
niedium 199 Mere testccl. In Eagle’s MEM niedium arid 50 yo oxygen in the 
gas-phase ultrasiriic~tural morpliology is preserved for at least 6 clays. Speci- 
nieris culturccl in metliurii 199 revealed alterations in the ultrastriicture al- 
ready after 3 days in vitro. After 6 clays in rrieclium 199 alteratioris were 
detectable alro in the liglit rnicroscqrc. 

H i s  u It B 

~ T U D E  A U  MICROSCOPE OPTIQLIE ET AU MICROSCOPE CLECTIWNIQUE DE LA 

DANS DES MIILECX DE COMPOSITIONS CHIMIQ~JES D ~ T E R M I N ~ E S  

L’ultrastructure de la niiiqiieiise palatine du chat prksente line proche 
ressemblance avec celle cle la muqueuse palatine humaine. 

La rriuqiiei~se palatine du chat a 6th rnaintenue en cnlture d’organe pendant 
line pCriode de 6 jours. Deux milieux cliffkrents de compositions chiniiques 
d6terminCes ont 61.6 test&, l e  milieu MEM d’Eagle et le milieu 199. Dans l e  

milieu MEW d’Eagle avec 50 ”/” d’oxyghe clans la phase gazeuse, la morpho- 
logie de l’ultrastructure Ctait maintentie pendant au moins 6 jours. L’ultra- 
structure des fragments ciiltivCs dans le milieu 199 prksentait d C j h  des altCra- 
tions au bout tle 3 jours in vitro. Au bout de 6 jours dans le milieu 199, 
les altkrations Ctaient aussi visibles au microscope optique. 

MUQUEUSE PALATINE DU CIIAT ADUI.TE MAINTENUE EN CULTURE D’ORGANE 
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ZUSAMMENFASSUNG 

D I E  EHHALTUNC DEH SCHT.EIMHAUT DER IiATZE: A1.S ORGANKULTUR I N  CHEMISCH 

DEFINIEHTEN MEDIEN 

EINE LICIIT- IJND E L E I ~ T R O N E N ~ I l i R O S I ~ O ~ I S C I I E  UNTERSUCHUNG 

Die IJllrastriilitLir cler Schlciinhaut tlrr Kutze zeigt grnsse Ahnlichkeiten riiit 
clrr tler niensclilicheti Schleirrillaut. 

Die Sclileimhnitt tler Katze wiir(1e scchs Tage larig in eirier Orgatiki~ltur 
am Lrheri erlialten. Zwei vcrscliiederie, cherriiscli dcfinierte Metlien, Mctlium 
Eagle NIEM uncl Medium 199, wurderi untersuclit. In Medium Eagle MEM 
uncl 50 (x Sauerstoff irri  (;aszustaritl w-ird die ultrastriikturelle Morpliologie 
mitidestens seclis Tage bcwalirt. Schleitiiliaiitge~.el~e, die in Mediiiin 199 ge- 
zuclitet wurderi, zeigten sclioii nacli drei Tagen i/i vitro Veriintleruilgen der 
Ultrastruktur. Nacli seclrs Tagen in Metlitmi 199 wareti die Verkderiirigeri 
aiic.11 i t r i  LichttriiI<ro&op t~rl~eiiitliar. 
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