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Palatal biopsy specimens were obtained from patients with denture stomatitis. The fatty acids were 
extracted from the tissue, then separated, identified, and quantified by a gas-chromatographic technique. 
The sensitivity of this method enabled analyses of specimens with a wet weight of less than 1 mg. The 
concentration of the fatty acids C16: l(n-7) and C24: l(n-9) differed significantly between samples from 
hyperplastic and clinically healthy tissue in the denture stomatitis patients. By comparing specimens from 
denture stomatitis patients and non-denture subjects, the concentration of seven fatty acids, two saturated 
and five unsaturated, was found to be significantly different. A multivariate data-analytical method 
distinguished between the fatty acid composition in specimens from denture stomatitis patients and from 
non-denture subjects. 0 Biopsy; denture; gac-chromatographylm-spectrometry; multivariate data analysis 
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The prevalence of denture stomatitis among denture 
patients has been reported to vary from 9% to 97% 
(1-4). The term denture stomatitis describes intraoral 
inflammatory changes restricted to the mucosa covered 
by a dental prosthesis (5). On the basis of clinical and 
histopathologic findings denture stomatitis has been 
divided into an atrophic and a hyperplastic type (6, 7). 
It has been suggested that denture stomatitis has a 
multifactorial etiology. Bacteria (8), yeasts (9), and 
effects arising from denture materials (10-14) are con- 
ceivable factors in the etiology. Lipophilic compounds 
have been shown to leach in vitro and in vivo from 
denture base materials based on poly(methy1 meth- 
acrylate) (PMMA) ( 13-1 7). The oral mucosal tissue has 
a potential for uptake of lipophilic xenobiotics (18, 19). 
Furthermore, lipophilic compounds from dental 
materials could be absorbed by the lipid bilayer of cell 
membranes, which consist of fatty acids, and to give 
rise to structural changes (20-22). Hence, lipophilic 
compounds leaching from PMMA denture base 
materials may be assumed to affect the lipid part of 
palatal tissue. 

The aim of the present study was to detect potential 
differences in the fatty acid composition of clinically 
healthy and hyperplastic tissue from patients with den- 
ture stomatitis and of palatal tissue from subjects with- 
out dentures. 

Materials and methods 
Fourteen patients, nine denture-wearing patients and 
five subjects without dentures, participated in this 

study. The denture patients, three men and six women, 
had hyperplastic denture stomatitis (6, 7) and were 
having their upper complete denture renewed at the 
School of Dentistry, University of Bergen. The average 
age of these patients was 59.4 years (44 to 73 years), 
and the average period of denture wearing was 14.2 
years (3 to 40 years). The subjects without dentures, 
one man and four women, had an average age of 33.6 
years (16 to 49 years). 

Written informed consent was obtained from the 
patients. The procedures involving the patients were 
approved by the Regional Committee of Ethics in Medi- 
cal Research. 

Sampling procedure 
Tissue samples were obtained with a 3-mm diameter 

biopsy punch (Stiefel Laboratories SRL, Milan, Italy). 
Epinephrine-free anesthesia remote from the biopsy site 
was used. A circular incision was made by pushing the 
punch about 1 mm into the palatal mucosa with a slight 
rotary movement. The base was then cut with a scalpel 
(12d, Martin Surgical Blades, Germany). Two tissue 
samples were taken from each denture patient: one from 
a region with clinically healthy tissue and one from sites 
with hyperplasia. All samples were taken in the left part 
of the palate, towards the alveolar -process. A single 
tissue sample was taken from each non-denture subject, 
from a region with clinically healthy tissue. It was not 
necessary to suture the wounds, and no patient had any 
post-biopsy complications. 

The samples were handled aseptically and washed in 
distilled water. The underlying visible connective tissue 
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was carefully dissected off, and the samples were 
weighed (wet weight). The fatty acids were immediately 
extrac ted, or samples of tissue were stored at - 20°C. 

Fat0 ucrd extractzon procedure 
The fatty acids were extracted from the tissue samples 

by a method previously used by Grahl-Nielsen & Bar- 
nung (23) (Fig. 1). The samples were kept in 0.5ml 
3 mol '1 HCl in methanol in 15-ml tubes. One hundred 
microliters of a >elution of C19: 0 (nonadecanoic acid, 
10 ng 'ml) in methanol was added as an internal stand- 
ard. 'I he samples were methanolyzed at 110°C for 2 h, 
1 ml ciistilled water was added to each tube, and the 
fatty ,icid methyl esters were extracted three times with 
1 ml of hexane. 'The samples were evaporated to 100- 
200 pj under a stream of nitrogen and transferred to 
samplr vials, and the fatty acids subjected to gas- 
chromatography 

Anal_)ilical procedure 
Gat chromatogruphy (GC) and gas-chromatog- 

raphylmass-spectroinetry (G CIMS) . A gas-chromatog- 
raphy system (Hewlett-Packard 5890, Avondale, Pa., 
USA) equipped with a flame-ionization detector and 
an au tosampler (Hewlett-Packard 7673) was used 
to separate the fatty acids. The fused silica capillary 
columri used (D5  23) was 30m X 0.32mm in inside 
diamef er, with 0.25-pm film thickness. The temperature 
progr,im was 2 min at 60"C, 3O"C/min to 145"C, 1 min 
at 145"C, 2.8"C/inin to 220"C, followed by a final hold 
time (if '3 min Splitless injection was used, and the 

injector and detector temperature was 300°C. The 
detector output was coupled to a Multichrom lab-data 
system for storage and treatment of the chromatograms 
(VG Data Systems Ltd., Manchester, UK). The areas 
of peaks were integrated and converted to mass units 
(micrograms) by way of an internal standard (C 19:0), 
using the same response factors for all fatty acids. Fatty 
acid methyl esters were identified by comparing the 
retention time with a standard solution of fatty acid 
methyl esters (Nu Check Prep Inc., Elysian, Minn., 
USA). A GC/MS system (Hewlett-Packard 5970 MDS) 
with an autosampler (Hewlett-Packard 7673) was used 
to identify unknown peaks. 

Presentation of results and statistics 
The absolute amount of fatty acids was determined 

in micrograms per gram tissue. In  the nomenclature of 
fatty acids, the first number indicates number of carbon 
atoms. The number after the colon indicates number of 
double bonds, and the position of double bonds is 
denoted by (n-x), where n is chain length and x is 
number of carbon atoms from the last double bond to 
the terminal methyl group. 

The number of peaks in chromatograms from tissue 
samples were counted by the chromatography software, 
indicating number of compounds in the samples. 

The Wilcoxon test and Kruskal-Wallis one-way 
analysis of variance were used to test for statistical 
significance. A significance level of 0.05 was chosen. 
The Spearman rank correlation coefficient (r,) was used 
to compute the correlation between data. 

Areas of 12 peaks, representing fatty acids, were used 
for multivariate data analysis by principal-component 
analysis (PCA). The resulting matrix was analyzed 
with the multivariate data program SIMCA (24), 
implemented in the program package SIRIUS (25). 
The data were normalized by expressing each peak as 
percentage of the sum of the peaks for each sample. To 
prevent an undue influence on the total variation in the 
data matrix ofpeaks with high recordings, the data were 
scaled by logarithmization. The dimensionality of the 
matrix was then reduced to 2, which represented the 
directions of the largest and second largest variation 
among the samples in the original 12-dimensional coor- 
dinate system. The samples were plotted by projecting 
them onto the plane constituting the principal com- 
ponents-that is, a PC,,2 plot. 

Results 
The median wet weight of tissue from the healthy palatal 
areas was 4.55 mg and that from the hyperplastic areas 
was 3.75 mg in denture stomatitis patients. The median 
weight of samples from the non-denture subjects was 
4.50 mg. These values were not statistically significantly 
different ( p  > 0.4). 
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Fig. 2. The total number of peaks in the chromatograms of the tissue 
from denture stomatitis patients and non-denture subjects. 

The number of peaks, counted from the chromato- 
grams, was highest for the samples taken in hyper- 
plastic areas and lowest for samples from non-denture 
subjects (Fig. 2). 

Correlation analyses between the age of patients (n = 
9) and the total amount of fatty acids showed a value 
of r, = - 0.325. 
A statistically significant difference was shown 

between the content of fatty acids from healthy and 
hyperplastic tissue in denture stomatitis patients with 
regard to C 16 : 1 (n-7) and C24 : 1 (n-9) (Fig. 3A and 3B). 
Significant differences were recorded for seven fatty 
acids by comparing the three groups of hyperplastic 
(Fig. 3A) and healthy tissue (Fig. 3B) from denture 
stomatitis patients and tissue from non-denture subjects 
(Fig. 3C). This difference was found for two saturated 
fatty acids (C14:0, C24:O and five unsaturated fatty 
acids (C16: l(n-7),C18: l(n-ll),C18:2(n-6),C20:5(n- 
3), C24: l(n-9)) ( p  values from 0.01 to 0.049). In this 
comparison the tissue samples from non-denture-wear- 
ing subjects had the highest content of the fatty acids 
C14:0,C16: l(n-7),C18:l(n-ll),andC18:2(n-6) (Fig. 

Tentative MS analyses of two unidentified com- 
pounds in chromatograms of healthy and hyperplastic 
tissue from denture stomatitis patients, with molecular 
fragments similar to the fatty acids, showed that the 
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Fig. 3. The concentration of unsaturated and saturated fatty acids 
from hyperplastic (A) and healthy (B) tissue in denture stomatitis 
patients and non-denture subjects (C). 

content of these substances was highest in the hyper- 
plastic tissue ( p  = 0.022, p = 0.014). 

Results from the multivariate data analysis using 
samples from denture stomatitis patients and non-den- 
ture subjects showed that the pattern made by 12 fatty 
acids, 3 saturated and 9 unsaturated, separated the 
biopsies in 2 classes (Fig. 4). The first principal com- 
ponent (PC,) accounted for 28.5% of the total variation, 
and the second (PC,) accounted for 26.2%. 
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Fig. 4. Principal component (PC) plot of analytical results from 
denture stomatitis patients and non-denture subjects, on the basis of 
the first (F'C 1) and second principal component (PC 2). 
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Discussion 

Fatty acids are normal constituents of human palatal 
lipids, and C16:0, C18:0, C18: 1, and C18:2 are the 
dominant fatty acids in healthy tissue (26). The overall 
fatty acid composition in our study analyzing clinically 
healthy and hyperplastic palatal tissue from patients 
with denture stomatatis and healthy tissue from non- 
denture subjects was in accordance with this previous 
report. 

Biopsy specimens from the denture-wearing patients 
in our study were taken from the same palatal regions 
as presented in previous reports from denture stomatitis 
patients 15, 27). The thickness ofour tissue samples was 
greatcr than that previously used (5,28). Care was 
taken to remove as much connective tissue as possible 
from the epithelium in the specimens. The effect of 
residues of connective tissue on total fatty acid com- 
position is minimal, according to Lekholm & Sven- 
nerhoim (26). 

Cornpared with Lekholm & Svennerholm (26) we 
have used tissue samples that were one order of mag- 
nitudc lower in weight. Hence, the analytical sensitivity 
made it possible to analyze biopsy specimens, not being 
restric ted to autopsy material. 

The most commonly applied method for lipid extrac- 
tion i x r  biologic samples has been the chloroform-meth- 
anol method (26,29,30). The technique used by us, 
originally reported by Stoffel et al. (31), was modified 
to enable rapid analyses of soft-tissue samples (23). The 
method has previously been used to show the total fatty 
acid composition of marine soft-tissue specimens in 
the microgram range (32) and of root substance from 
individual human teeth in the milligram range (33). 

Our study showed an increased level of the unsatu- 
rated fatty acids C16:l(n-7) and C24:l(n-9) in the 
hyperplastic palatal tissue compared with the clinically 
healthy tissue in specimens from denture stomatitis 
patirnts. Several etiologic factors have been suggested 
in the development of hyperplastic denture stomatitis 
(9,34 -37). Among them, compounds leaching from the 
dentures have been considered. Additives (dibutyl 
phthalate, benzoyl peroxide) have been shown to cause 
epithelial hyperplasia (38, 39). Moreover, decompo- 
sition products from benzoyl peroxide (phenyl benzoate, 
biphcrryl) leach from denture base materials (16, 17, 
40). I'he findinq of significantly higher content of 
seven fatty acids in specimens from non-denture sub- 
jects than from denture stomatitis patients (Figs. 3A, 
3B, 3 C )  was in accordance with previous reports. 
Hence, a significantly higher content of the fatty acids 
(216: I and C18: 1 has been demonstrated in healthy 
oral epithelium than in malignant oral epithelium. A 
higher content of C14:O was found, although not 
significant (30). In our study C18:2(n-6), an essential 
fatty acid, had a lower concentration in specimens from 
denture stomatitis patients than in tissue from non- 
dentuil e subjects. This finding may possibly be related 

to the high content of (224: 1 (n-9), because an increase 
of (n-9) fatty acids tends to reflect essential fatty acid 
deficiency (41). Moreover, essential fatty acids have an 
indispensable structural function as integral parts of 
biomembrane phospholipids by regulating the mem- 
brane-associated cell functions, such as the enzyme 
activity (42). 

Assuming that the age of the patients does not influ- 
ence the concentration oftotal fatty acids (r, = - 0.325), 
we have shown differences in the fatty acid composition 
by comparing palatal tissue from denture stomatitis 
patients and non-denture subjects. 

Interpretation of the analytical results with regard to 
the fatty acid composition in healthy and diseased tissue 
has generally been based on the difference between 
individual fatty acids (30, 33,4545) .  The multivariate 
data analysis used here (23,32) enables us to :valuate 
the total fatty acid composition of the tissue samples. 
The pattern in the chromatograms of 12 fatty acids 
distinguished between specimens from denture stoma- 
titis patients and non-denture subjects (Fig. 4). This 
method has previously has been used by Kvalheim et 
al. (46) for data analysis in environmental pollution 
studies. 

In conclusion, the present report has shown that the 
total fatty acid composition of palatal specimkns from 
humans may be analyzed with a GC technique. Multi- 
variate statistical analyses show differences in the fatty 
acid composition between non-denture subjects and 
denture stomatitis patients. Furthermore, small vari- 
ations in the fatty acid pattern from hyperplastic and 
clinically healthy tissue in denture stomatitis patients 
were also detected. The differences may indicate 
changes in the cell membrane structure and/or fatty 
acid metabolism-that is, enzyme activities of palatal 
tissue. 
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