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DENTURE STOMATITIS 
IV. AN EXPERIMENTAL MODEL IN MONKEYS 

E. BUDTZ-J0RGENSEN 

An experimental candida infection of the palatal mucosa of 6 Macaca irus was produced h y  
inoculation of C. albicans under an acrylic plate. A diffuse erythema was seen involving the 
palatal mucosa in contact with the acrylic plate. Infection appeared to be associated with a 
transformation of th r  yeast form of C. albicans into thc hyphal form. However, histological 
sections did not show intra-epithelial invasion liy hyphae. The i~iflarnniatory lesion showed 
spontaneous healing 2-3 weeks after infection, clinically and histologically. Prolonged topical 
treatment with Dernethylchlortetracyclinc resultcd in a continuous proliferation of canditla 
and a sustained inflammatory reaction, more intense than that caused by candida alonr. 
After re-infection a more intense inflammation appeared as rompared with the primary lesion, 
a fact that may indicate that the experimental candida infection is capable of stiniulating 
dclaycd hypersensitive responses. 

The cause of denture stomatitis is considered to be either trauma (Nyquist, 
1952) or candida infection (Cawson,, 1963; Ritchie et al. 1969; Burltt-Jm- 
gensen Lft- Bertram, 1970 a, b). A traumatic injury to the palatal mucosa is 
probably a predisposing condition to a caiidida infection (Henrici, 1930; 
Lyon & Chick, 1957; l,ehner, 1965). It is unknown, however, whether an 
acrylic plate, in passive contact with the palatal mucosa, i.e. non-traumatic, 
is an essential factor for the initiation of a candida infection. 

In both acquired oral mucous canclidiasis ( Waisman, 1955 ; Zlegos, 1960 ; 
Jepsen Lft- IF’inther, 1965; C:cuisorz, 1966; Lehner, 1966) and in experimental 
vagiual canclidiasis in mice (Taschdjian et al., 1960) infection is associated 
with iritraepithelinl invasioii hy  cantlicla. However, this does not seem to be 
true i n  canditla - induced deiitnre stonlatitis (Cawson, 1966; Budtz-Jm- 
~ C I I S ~ I I ,  1970). 
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The present iiivestigatioii was designed to p t l i i c e  an experiitietital 
catiditla infection of the 1)alatal iriucosa in inonkeys hy iiioculatinp C .  albi- 
caiis under a i i  acrylic plate. ‘Tlw stiicly has three piir1)ows: 

1) To re(:ord, c.liiiically ant1 Iiistologically the devclopiiiriit ant1 regression 

2) T o  study the sigiiificance arid effect of topical treatnieiit with tetra- 

3)  To ascertain wliethcr ilifectioii is awxiated with intraeliitlielial inva- 

of tire lesion, 

cycline, ant1 

sion l ) v  C. al1,icans. 

MATE It1 AL AND .M ETI 1 ODS 

Six adult monkeys (Macaca irus, 2 male, 4 fmiale) were used. Prior to  the 
experimental proce~Iiire~ palatal swabs were ohtained for cultural deinoti- 
stration of C. alhicuiis. Both first maxillary molars were extracted after which 
algiiiate impressions of the iip\)er jaw w r c  talien. Heat-cured acrylic olatw, 
covering most of the hard palate, were coiistructetl to be retained rnechariically 
by ineatis of esteritions into the eclentulous spaces (Fig. 1). 

C. albican?, isolated in a patient wit11 denture stornatitis a i d  ciiltiired on 
Sabouraiitl’s cle.ctrose agar slants ;it 37°C. for 48 hours was used as iIioculiini. 

E’ig. 1. The acrylic plate used in thc experimental inoculation of C. alhicans onto thr ~ ~ a l a t a l  
mucosa of rnonkev ( Wacaca irus). ‘Thc dimension of the plate i s  delinated on the plastcr nio~lcl. 
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Tablr I. 
Duration of the various periods and the clinical procedures employed in the experiment 

Inocula- 
tion 

Acrylic 
plate Scraping Biopsy 

Experimental 

period I + 
Control pcriod 
Experimental 

Healing period 
Experimental 

period I1 + 

period 111 + 
~ 

+ + 
+ + + 
+ + + 

+ + 

Photo- Tctra- 
graph rycline 

+ 
L 

+ + 
-c 

-t 

Length of 
period 

1 week 
1-9 weeks 

2-12 weeks 
2 3 wccks 

1 week 

The growth was harvested with a spatula and 100 Trig (wet weight) of c m -  

ditla cells in the yeast pliase were inociilatetl onto the palatal mucosa. 
The study was divided into three experimental periods with an iiitvr- 

vening control period and a healing period (Table I). 
At the onset of experimental piv-iod I C .  albicans was inoculated onto the 

palatal mucosa without the subsequent insertion of the acrylic 1)latc. In the 
following control period the monkeys wore the acrylic plates without con- 
comitant inoculation of C. all-iicans. In experimentul period IZ C .  alhicans 
was inoculated untler the acrvlic plate. After the primary iiiflarnmitory 
reaction had resolved, the effect of tetracycline treatnieiit was stiitlietf by 
coating the fitting surface of the acrylic platc with Ledermycin@ (200 mg 
0.5 yo Denietliylclilortetrucyclirie ointment), coincident with a repeated 
irioc:ulation of C. alliicans. Tliereafter tetracycline ointment was apl)lietl t o  

the plate with weekly or beweelily intervals u p  to  6 weeks (Table 11). 
In the h,ealirzg period the acrylic plate was removed. 
In exppPrirnen,tal period 111 C .  alhicans was re-inociilated under the acrylic: 

plate in 4 animals in order to study possible differences in priiiiary ant1 
secondary lesions. 

The duration of the various scqucnccs varicd for thc individual aiiiinals 
(Table 11). Palatal smears, biopsies, and photographs were talien before and 
at the termination of each sequence ant1 regiilarily during the control p r i o d  
ant1 experirnental period IZ. The smears were fixed in a 1:l ether/all.;ohol 
mixture and stained according to the periodic acid schiff method with hcLiria- 
toxylin as counterstain for identification of hyphae and blastospores. Tissue 
specimens werc rcmoved with a 5 rmn Liopsy punch from a different site 
every time. The tissue was irnrnediately fixed in 10 yo biifferetl formalin. 
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‘Table 11. 
Duration zn weekp of the varmup prriody of the experrmrat f o i  the mdzzidual animals 

~~ ~~ ~ ~ ~- ~ ~ - 

Expcrimcntal Control J~xprriniental period I1 Healing Experimental 
period Total Tctrarvclinc period period 111 Animal period , 

~~ ~~ 

237 1 1 10 3 2 
238 1 1 12 6 2 
239 1 9 3 1 2 1 
243 1 5 3 3 3 1 
244 1 5 5 1 3 I 
245 1 4 3 3 3 1 

- 

Sections were prepared with a tliickriess of 7 p i  ant1 stained with heirla- 
toxylin, Vaii Giesoii’s stain antl P.A.S. During all clinical procedures thr  
inoilkeys were under general ariaestliesia o1)tainetl by injecting 1.4-- 1.8 in1 
Nenihutal intraperitonally. 

RESULTS 

C. albicans was isolated by palatal swabs in 2 aniiria1:i in very few riurn1)ers 
liefore the experimental inoculation. The palatal smears s11owed anuclear 
epithelial cells arid no caritlitla cells were dt:tectetl. The corresponrling histo- 
logical sections showetl a11 orthokeratotic cpithelium with aii indistinct 
stratum graniilosum and tall antl sleritler rete peps (Fig. 2). 

Fig. 2. Photomicrograph showing the histomorphology of the palatal mucosa of Macara irus. 
Note orthokeratosis with an indistinct stratum granulosum. Hernatoxylin-eosin. 100 i . 
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Fig. 3. An inflammatory rcartion is seen, localized to the ducts of the palatal murous glands. 
It is prohably causrd by occlusion of the duct orifices. Control pcrind. 

Experimental period I 

Inoculation with C. albicans onto the non-covered palatal mucosa (lid not 
result in inflammatory changes, neither clinically nor histologically. One 
week after inoculation candida cells were absent in smears. 

Control period 

Ilninoculated acrylic plates were worn fnr a period varying for the individual 
animals between 1 week and 2 months (Table 11). The monkeys were erani- 
ined regularily during this period, and there were no inflammatory changes 
apparent by clinical and histological examination, except for one rase which 
showed elevated and inflamed orifices of the mucous salivary glands (Fig. 
3).  The corresponding histological sections showed a chronic inflammatory 
cell-infiltrate around a tangentially cut salivary duct (Fig. 4). During the 
control period the palatal smears showed anuclear epithelial cells. After 2 to 
3 weeks a small number of blastospores were detected hut no hyphae. 

Experimental period II 

One week after inoculation with C. albicans under the acrylic plate a diffuse 
erythema was seen involving the palatal mucosa in contact with the plate 
(Fig. 5). Scraping lightly with a spatula produced bleeding of the palatal 
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Fig. j1. ~ h o t o n i i c r i ~ g r a ~ ~ h  showing a chronic inllainrnatory r:ell..infiItrate around a tungtmtiolly 
cut salivary duct. Control period. H~~inatox~ l in -c~os in .  1 6 0 ~  . 

I r i i iwsa .  nlicl.oacoI)icnlly, thc I)aliital rii i icosii  showed paralieratotic epithe- 
liniti, iiitr;l-et)itheli~~l leucocyte itlfiltratioil, formation of rnicroahsccsses iii  
the ai11)c~)riiral and pricklc (:ell layers, ef)itlit;liiil atrophy, ant1 a slight, chrori- 
ic i t i f lai i~ri int ion of h e  latriiria propria, (Fig. 6 a and h). Irivasiori b y  l-iyphae 
was i iot  clt.tectr(l in P.A.S.-stniiiatl scctioiis. The 1j.A.S.-stoincd smears 

Fig. 5. One weck after inoculation with C. alhicans the niiicosa in contact with the acrylic 
plate is diffusely inflnmcd. Inflarned duct orifices arc sern as well. llxperinlcntal pvriod 11. 
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b a F!g. 6. Photomicrographs showing the inflammatory changes one week after inoculation 
with C .  alhicans. 

a)  Note prakeratosis and thinning of stratum corneuni, epithelial atrophy, and intraelritli~.li:il 
infiltration with leucwcytes. Hematoxylin-eosin. 100 x . 

11) Note formation of an intraopithelial abscess. Invasion by candirla is not sccn. P..4.S.-hvma- 
toxylin. 

showed scattered, iisually very large hyphac, sinall riiimhers of l)lastospores, 
1euc:ocytcs and nucleated epithelial cells. 

During the following 1 to 2 weelcs the inflaniniation subsided evcn tliougli 
the uriiinuls coiltinlied wearing the acrylic 1,lates. An ortliobrtratotic stratuiri 
corriciiin usually reappeared. The palatal srnears revealed hyphae ant1 bla- 
stosporrs in small riiinihrrs. 

h~;frx~ of tetracycline. One week following aliplication of tetracycline oint.- 
nirnt to the acrylic platc coincident with a repeated irioculation of C. albicans 
ail intense iiiflarriniiltion was seer1 (Fig. 7). The palatal smears sliowwl hylihae, 
lrlastospores, as well iis lencocytes in large nurnhers, the epitlielial cells \)ere 
nucleated (Fig. 8 a and 11). Histologically, extreme epithelial atrophy, micro- 
abscesses in the subcorneal arid prickle cell layer, and profuse intraepithe- 
lial leucocyte infiltratiori were seen (Fig. 9). The epithelium w a ~  slightly 
hypcrplastic arid acharitotic and there was a moderate chronic inflammation 
of the lamina propria. Hypliae were riot seen invading the epithelium. 
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Fig. 7. An intense erythema is seen one week after tetracycline ointment was applied to the 
acrylic plate, coincident with a repeated inoculation of C. alhicans. Experimrntal period 11. 

The candida infection was sustained by weekly or heweekly applications 
of tetracycline ointnitnt without any significant change in the intensity of 
the inflammatory reaction. 

During experimental period I1 the biopsy woiinds healed very slowly. 
Two or three weeks after the acrylic plate was removed the palatal mucosa 
showed almost complete healing, rliriirally arid histologically. 

Experimental period III 

After healing of the mucosa C. albicans was reinoculated under the acrylic 
plate. One week after inoculation a niorc intense erythema appeared as 
compared with the primary lesion. Histologically, a inore dense infiltration 
with chronic, inflammatory cells was seen in the lamina propria (Fig. 10). 
The palatal smears showed scattered hyphae and blastospores. 
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b a Fig.%. Segments of a palatal smear showing growth and proliferation of C. all~icans influenced 
by treatment with tetracycline ointment. P.A.S.-~rPmatoxylin. 

a) Colony of hyphae. 1 0 0 ~ .  
h) Blastospores and pseudohyphae. 1 6 0 ~ .  

Fig. 9. Photomicrograph showing pronounced inflammatory changes aftcr tetracycline treat- 
ment. Note extreme epithelia1 atrophy and a moderate, chronic inflammation of the lamina 

propria. Invasion by candida is not seen. P.A.S.-hcmatoxylin. 1 0 0 ~  . 
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Fig. 10. 1Sxperiincwtal prriod I l l .  Ph(itornicroRraph showing the inflainrnatory ch;lngt.s one 
\\c*c.k after rr-inoculation of C. alliicans. Not(. (tense accurniilntion of chronic infhiiniatory 
,.ells i n  t l i v la i i i ina  propria infiltrating thc. Iiaeal t Y j i i h t 4 i a l  ( ~ , 1 1  layers. l’.A.S.-h~iiiatiiuylin 100 \< . 

DISCUSSION 

M u c w z  irus was chosen for this study for tlic: followin, u reasons: 
1) It w a s  foiiird that this aiiiinal is ahlc to wear arid tolcrate i i i i  acrylic. 

1)Iatc in  the oral (wi ly ,  
2) According to Rowen (1963, 1965) the oral iiiicroflora of M. irus is 

qiditativcly as well ;is qiiiiiititativcly very siitiilas to the hiiriiaii one, and 
3 )  Cantlida albicans is il frequent saprophyte of the oral cavity of the 

iriorikey (Ruch, 1959; Hozcwi, 1963), monkeys are susceptible to  cutiditla 
iiifec%ion (Stockdalr rt al., 1964; Fienrirs: 1967), and no sigrrificarit vnrin- 
Lioiis have been foimd in the Inthogeiiicity of caiitlicla isolatetl in liiiitimis 

arid nionlceys ( A  I-lloory, 1968). 
1 lie experimeiitally-irIduced palatal carirlida infection in monkeys s h w w  I 

t Ire same rim-specific clinical arid histological iiiflarniiiatory c:l-ianges as 
desc:ril)ed in acqiiiretl caiitlitla-iiitliice(1 delitiire stoinatitis (Rudtz-J~clrgc:r~sen 
& Bertram, 1970; Uudtz- Jiirg~Jrism, 1970). Cliiiically, the expc;riineritnl 

r 1  



EXPERIMENTAL DENTURE STOMATITIS 523 

lesion was similar to the geiieralizetl simple type of denture stornatitis, show- 
ing a diffuse erythema confined to the mucosa iii contact with tlic acryclic 
plate. None of the ariiriials showed the granular type of inflarnniatiori. €list- 
ologically, epithelial atrophy and iritraepithelial leucocyte iiifiltrution wt’re 

Hyphue were riot seen iiivacling the epithelium, neither in the experinieiital 
nor i n  tlie acquired infection. In tlw latter, however, achaiitosis, epithrlial 
liypt~!)lasia, and the cellular infiltration of the lainiria propria were itiorc 
proiioiiiiced, probably due to the chronicity of the iiiflarririintory rcartioii. 
011 the other hand, micro-abscesses were seen inore frequently in the experi- 
irieiitally-iriducecl lesioii. 

Although overgrowth of candida in the oral cavity is seen follow~ing topical 
treat i t i t . n ~  with tetracycline Sklar (1961), Johnston et al. (1967) arid McKwi- 
drick (1967) maintain that a quantitative increase of C. albicaris docs iiot 
necessarily increase the susceptibility to candida infection. However, JVi’iriner 
(1958) a i d  hlaibach 22 Klignmn (1962), have suggested that eiitlotouiii- 
like substaiices, released from an increascd number of canditla cells, may 
explaiii local tissue darnage. Both in vivo arid in  vitro studies have showri 
that l~roatlspectriim antibiotics favor the irivasive hyphal from of C. db i -  
cans (Bremrr et al., 1954; Seligmann, 1952; Yinthcr  et [il., 1956). Finally, 
t opit:ally applied tetracycline per se may cause damage to the tissues at the 
site of infection, thus, increasing liyplial invasion (Huzen et al., 1955). 
In the present study inoculation of candida arid a prolonged treatment with 
tetracycline oiritnient resulted in a continuous proliferation of caiitlitlu and 
a sustained inflarrirnatory reaction, more intense than that caused by caii- 
dida alone. The more intense inflammation may partially be explaiiicd as a 
delayed hypersensitivity reaction the monkey being serisitisetl at the oiisc’t 
of experi’irnrrital period Il. 

Most investigators agree that the hyphal form of C. albicans is prirtiarily 
responsible for its invasion into tissues (licschdjiari and Kozirin, 1957; 
Creshan~ J1- IT7iittle. 1961). However, in studies on experinieiital sy 
caiididiasis in mice after iiitravenoiis infection there was iio eviderice that 
invasiveness couId be correlated specifically with either the Iiyphal or the 
yeast form of C. albicans (Louria et al., 1962). The palatal sinears frorn the 
exl’eriinental caiidida infection showed ciiririida almost exclnsively iii the 
hyphal form as in candida-induced delitiire stomatii.is (Cawson, 1963 ; Kudtz- 
Jtvgc~nsrn J1- Bertram, 1970). It is possible that a transforriiatioii of C. a h i -  
cans from the yeast form into the hyphal form may result from iiihit)iIio~i of 
cell clivisioii due to the euhauetirig of a limiting metabolite (Kcmp 22 .Solo- 
trowslry, 1962), ;I low pEl and a low oxygeii-tension (McClnry, 1952). n close- 

characteristic featiires of both the cxpcrinicntal and the acquired i r i f t  ’( : tic ’ ) l lS.  
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fitting acrylic plate is probably depriving tlip palatal niucosa of the huffering 
effect of saliva and free accession of oxygen. Hence C. albicans in the hyplial 
form woultl find optimal conditions in the superficial, shetltlirig layers of 
the epithelium. 

The tihseiice of intra-epit helial invasion hy cantlit-la in the experiiiiental 
lesion of the palate is in coiitrast with experimental vaginal carididia 
inice (Taschdjian et al., 1960). In her study lhstospores were seen i 
superficial epithelial layers whereas hyphae were penetrating into the tlceper 
siilphydryl-rich layers with a low oxygen tension. On the other I-land, experi- 
mental cutaneons cantlitliasis in riian (Maibach~ Ly. Rlignmn, 1962) antl clog 
(Schw~artzmann rt wl.,  1965) correspontls well with the palatal canditla in- 
fection, both in its coiirse antl clinical and histological appearance. The skin 
lesion was prodiiced by inoculating C. albicans under tape, i.e. under experi- 
mental conditions probahly comparable to those used iii the present stiitly. 
The epithelium appears atrophic in the expcrirnental infection of the pilate 
as well as of the skin. It is a q u e d o n  whether the continuous shedding of 
epithelial cells is caiised hy keratinolytic enzymes ( K q i c a  & Blank, 1957) 
or the primary irritant effect of endotoxin-like substances (Muibach Ly. 

Kligmun, 1962), released from candida cells accumulated beneath the acrylic 
Idate. 7‘he continuous shedding of epithelial cells might explain why candida- 
invasion of the epithelium is not recognized histologically. 

After healing of the mucosa re-infection resulted in a more intense sub- 
epithelial inflamtnation when compared with the primary lesion. This may 
indicate that the experimental infection gives rise to delayed hypersensitivity, 
though the nuniber of cases investigated were too few to give valid informa- 
tion. O’Grady et al. (1967), studying the histological reaction of mouse- 
thigh lesions to reinfection with C. albicans, fonnd supporting evidence for 
a delayed hypersensitivity reaction. 

The present study has denionstrated that it is essential to cover the riiucosa 
in order to produce an experimental catiditla ction in the I d a t e  of a 
monkey. However, spontaneous healing was whether the plate was 
removed, or not. It is a qiiestion whether regression of the infection is caused 
by  an inirriiiriological reaction of the host and/or insufficient environmental 
coriclitions for the propagation of the fungi. Topical treatment with tetra- 
cycline changed the environincntal conditions so that the infection progres- 
sed. 
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