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Background: Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the two most common
neurodegenerative diseases. Recent studies have sought to identify precursor symptoms of AD
and PD that occur before the onset of the disease. We evaluated changes in the oral mucosa of
patients with AD and PD using a stereological method.
Patients and methods: The study included 29 patients with AD, 30 patients with idiopathic
PD, and 30 healthy volunteers. Brush biopsies were obtained from all participants, and the
nucleator method was used to estimate the volume of cells obtained from the buccal mucosa.
Results: Cytomorphometric analysis revealed that the nuclear volume was 484.39±117.10 µm3 in
the AD group, 509.71±132.26 µm3 in PD patients, and 509.30±100.21 µm3 in the control group. The
cytoplasmic volume was 115,456.60±30,664.98 µm3 in the AD group, 103,097.93±25,034.65 µm3
in PD patients, and 109,528.45±28,381.43 µm3 in the control group. The nuclear and cytoplasmic
volumes were not significantly different among groups (P.0.05).
Conclusion: The cytomorphometric analysis revealed no significant differences in the cytoplasmic and nuclear volumes of buccal cells obtained from patients with AD and PD and
healthy volunteers.
Keywords: Alzheimer’s disease, Parkinson’s disease, exfoliative cytology, stereology, oral
mucosa
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Alzheimer’s disease (AD), the most common cause of dementia, is characterized
by an insidious onset and progressive impairment of short-term memory and other
cognitive disorders linked to the degeneration of neurons in the limbic system and
neocortical areas.1
Parkinson’s disease (PD) is the second most common neurodegenerative disease
after AD. It is characterized by movement disorders such as rigidity, bradykinesia,
postural imbalance, and unilateral resting tremor caused by the degeneration of
neuromelanin-containing neurons in the ventral region of the substantia nigra pars
compacta and locus coeruleus in the brain stem.2 Both diseases are chronic and progressive, and in the advanced stages, patients are completely dependent on caregivers,
imposing a serious social and economic burden.3,4
AD and PD are diagnosed clinically based on detailed medical histories and thorough neurological examinations. Definitive diagnoses can only be made post mortem
or by invasive biopsies to identify disease-specific pathological changes.5,6
Several recent studies have investigated various precursors of AD and PD to
identify individuals at risk before the onset of symptoms. For instance, olfactory
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disorders, rapid-eye-movement sleep behavior disorder, and
constipation are thought to be precursor symptoms of PD.6
Moreover, gastrointestinal tract biopsies have been studied
for specific markers of PD.7 Although several studies have
investigated changes in nasal mucosa, fibroblasts, and erythrocytes to identify precursors of AD,8–10 no specific marker
of the disease has been found.
Recent studies have examined oral mucosa cells for precursors of neurological diseases because the cells are derived
from ectodermal tissue and are thought to be embryologically
related to the central nervous system.
A previous study found that gene expression of the tau
protein was increased in the oral epithelial cells of patients
with AD.11 In another study, it was determined that telomer
analysis of buccal cells differed between AD stages.12
However, the morphological and cytological structure of
the oral mucosa has only been analyzed in one study. In a
cytological analysis of the oral mucosa of 10 AD patients,
de Oliveira et al13 found an increase in the nucleus area of the
buccal mucosa and cell groups in the tongue and a decrease
in the nuclear/cytoplasmic area ratio. However, the authors
noted that the changes they observed could have been caused
by diabetes mellitus (DM) or B12, folic acid, and iron deficiencies, indicating that further study was needed to clarify
their findings.
Exfoliative cytology is a readily used, noninvasive,
inexpensive, and rapid procedure based on the microscopic
evaluation of fixed epithelial cells.14
Several methods may be used to investigate exfoliated cells; however, stereology is one of the most reliable
methods for objective morphometric and three-dimensional
analyses.15
We aimed to investigate whether the oral exfoliative
cytology can be a tool for early diagnosis of AD and PD.

Patients and methods
The study included 29 patients with AD diagnosed according
to the National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) and Alzheimer’s Disease and
Related Disorders Association (ARDA)16 criteria, 30 patients
with idiopathic PD diagnosed according to the Parkinson
Society Brain Bank17 criteria, and 30 healthy volunteers. All
patients were diagnosed at the Kafkas University Faculty
of Medicine Neurology Clinic. The study was approved
by the Kafkas University Local Ethics Committee and was
performed in accordance with the Declaration of Helsinki.
All participants provided written informed consent.
Patients who smoked; were alcohol dependent; had
iron, B12, or folate deficiencies; had DM; had undergone
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chemotherapy or radiotherapy; or had an oral mucosa infection were excluded from the study.
The modified Hoehn and Yahr scale was used to identify
the stage, and the Unified Parkinson’s Disease Rating Scale
(UPDRS) was used to determine the severity of idiopathic
PD. The Mini-Mental State Examination (MMSE) and
Clinical Dementia Scale were used to assess the patients
with AD.
Oral mucosa samples were taken from all participants
after they underwent a detailed neurological examination.
The oral mucosa was dried with a gauze swab; then, smears
were taken from the clinically healthy buccal mucosa using
a cotton swab and transferred to glass slides. The samples
were immediately fixed in 95% ethyl alcohol, stained using
the Papanicolaou method,18 and examined under a light
microscope.

Stereological estimation of cytoplasmic
and nuclear volumes
The samples were placed under a microscope with a motordriven stage and cells were projected onto a monitor via a
camera at ×200 magnification. A minimum of 200 randomly
selected epithelial cells per patient were measured. The
nuclear (NV) and cytoplasmic (CV) volumes were evaluated
for each cell using Stereo Investigator software (MicroBrightField, Williston, VT, USA).
The volume of cells obtained from the buccal mucosa
samples was estimated using the nucleator method according
to the following formula:19
V(n) =

4π 3
l
3 n

where V(n) is the number-weighted volume, l is the length
of intercepts, and n is the number of nucleator estimates
(Figure 1).

Statistical analysis
The Statistical Package for the Social Sciences version 22.0
for Windows (IBM Corporation, Armonk, NY, USA) was
used to conduct the statistical tests. The normal distribution of
data was assessed using the Kolmogorov–Smirnov test, and
nonparametric data were assessed using the Mann–Whitney
U-test. Differences among subgroups were evaluated using
the Kruskal–Wallis test. P,0.05 was deemed to indicate
statistical significance.

Results
The study included 29 patients with AD (16 males, 13 females),
30 patients with idiopathic PD (16 males, 14 females),
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Figure 1 (A, B) Histologic views of exfoliative cell samples. (C) Stereological formulas.

and 30 healthy controls (15 males, 15 females). The AD patient
ages ranged from 60 to 89 years (mean, 78.93±7.47 years), the
PD patients were aged 62–85 years (mean, 76.52±7.29 years),
and the healthy controls were aged 60–88 years (mean,
Neuropsychiatric Disease and Treatment 2018:14

79.49±8.13 years). The age and sex of the participants were
not significantly different among groups (P.0.05).
In the AD group, the mean MMSE score was 14.32±4.23,
and the mean Clinical Dementia Scale score was 2.59±0.68.
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Table 1 Sociodemographic data of the patients
Sociodemographic data

AD patients
(n=29)

PD patients
(n=30)

Controls
(n=30)

P-value

Age (mean years)
Sex (male/female)
MMSE
CDS
Modified Hoehn and Yahr score
UPDRS score
Time of disease (mean years)

78.93±7.47
16/13
14.32±4.23
2.59±0.68
–
–
8.4±2.41

76.52±7.29
16/14
–
–
2.41±0.53
101.23±8.21
9.3±3.2

79.49±8.13
15/15
–
–
–
–

.0.05
.0.05

Abbreviations: AD, Alzheimer’s disease; CDS, Clinical Dementia Scale; MMSE, Mini-Mental State Examination; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease
Rating Scale.

The mean modified Hoehn and Yahr and UPDRS scores in
the idiopathic PD patients were 2.41±0.53 and 101.23±8.21,
respectively. The sociodemographic data of the patients are
shown in Table 1.
Thirteen of the 29 patients were not using any medication for the AD due to different reasons; five of them were
not using medication due to various side effects, and eight of
them were newly diagnosed patients (these patients had AH
symptoms for at least 1 year); on the other hand, 16 of the
patients were using different medications; 14 of them were
using memantine+donepezil and two of them were using
donepezil. There were no statistically significant differences
in NV or CV between the groups with and without drug use.
However, according to MMSE, the patients were grouped as
mild (group 1), moderate (group 2), or severe (group 3). Since
the number of severe stage patients was insufficient, they could
not be included in the statistics. No significant differences
among group 1, group 2, and controls in terms of NV and CV
were observed. Although the NV was decreased in group 2
compared with group 1, the difference was not statistically
significant (Table 2). All the patients who were diagnosed
with PD had drug use. Twelve patients used only dopamine
agonist, six patients received dopamine+dopamine agonist
therapy, and 12 patients used only l-dopamine. According
to the Hoehn and Yahr stages, patients were divided into two
subgroups: group 1 (stages 1 and 2) and group 2 (stages 3
and 4). No significant differences among group 1, group 2, and
controls in terms of NV and CV were observed (Table 3).
Cytomorphometric analysis revealed that the NV was
484.39±117.10 µm3 in the AD group, 509.71±132.26 µm3

in PD patients, and 509.30±100.21 µm3 in the control group.
These values were not significantly different among the
groups (P.0.05; Table 4).
Similarly, CVs were not significantly different among
groups (AD patients, 115,456.60±30,664.98 µm 3; PD
patients, 103,097.93±25,034.65 µm 3 ; and controls,
109,528.45±28,381.43 µm3; P.0.05).

Discussion
Our microscopic and cytomorphometric analyses of buccal
cells in patients with AD and PD, the two most common
neurodegenerative diseases, and healthy volunteers revealed
no differences in NV or CV among groups.
Exfoliative cytology has been used for the screening and
the early diagnosis of malignancies for several years.20 Buccal
mucosa cells, in particular, are readily obtained using this
inexpensive, noninvasive procedure, which is well tolerated
by patients. Stereological assessment of the buccal cells
provides objective information based on mathematical and
statistical principles.21 Thus, recent studies have investigated
cytological changes in oral mucosa cell-associated diseases
other than cancer.
Keles et al18 found a significant increase in NV and CV
values in exfoliated buccal mucosa cells after renal transplant
(RT). Given the increased risk of malignancy in RT recipients,
the authors concluded that the observed changes may have been
related to the malignant transformation of oral mucosa cells.
Previous cytomorphometric analyses performed in
patients with DM have revealed an increase in NV and
the nuclear/cytoplasmic area ratio in oral mucosa cells.22–24

Table 2 NV and CV values according to AD stages
NV
CV

AD group 1 (n=14)

AD group 2 (n=13)

Controls (n=30)

P-value

482.19±215.10
100,423.20±40,224.48

470.39±122.75
115,212.60±35,552.90

509.30±100.21
109,528.45±28,381.43

0.889
0.669

Notes: According to MMSE, the patients were grouped as mild (group 1), moderate (group 2), or severe (group 3). Since the number of severe stage patients was insufficient,
they could not be included in the statistics.
Abbreviations: AD, Alzheimer’s disease; CV, cytoplasmic volume; NV, nuclear volume.
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Table 3 NV and CV values according to PD stages
NV
CV

PD group 1 (n=17)

PD group 2 (n=13)

Controls (n=30)

P-value

503.39±100.22
111,287.91±22,084.45

511.71±152.86
101,017.77±30,214.45

509.30±100.21
109,528.45±28,381.43

0.122
0.541

Notes: According to the Hoehn and Yahr stages, patients were divided into two subgroups: group 1 (stages 1 and 2) and group 2 (stages 3 and 4).
Abbreviations: CV, cytoplasmic volume; NV, nuclear volume; PD, Parkinson’s disease.

Table 4 Cytometric analysis results in AD patients, PD patients, and controls
Nuclear volume (μm )
Cytoplasmic volume (μm3)
3

PD patients (n=30)

AD patients (n=29)

Controls (n=30)

P-value

509.71±132.26
103,097.93±25,034.65

484.39±117.10
115,456.60±30,664.98

509.30±100.21
109,528.45±28,381.43

0.35
0.52

Abbreviations: AD, Alzheimer’s disease; PD, Parkinson’s disease.

This finding may be explained by nuclear hypertrophy, which
is an adaptive response to the cellular damage caused by DM.
Buccal mucosa cells are derived from ectodermal
tissue during the embryological period of development,
similar to brain and skin epithelial cells.5 Thus, it may
be that buccal mucosa cells reflect changes in brain tissue. Accordingly, we searched the literature for previous
cytological and cytometric analyses of buccal mucosa
cells in patients with AD. de Oliveira et al13 performed a
cytomorphometric analysis of buccal mucosa cells in 10
AD patients and nine age-matched control patients. They
found a significant reduction in intermediate cells (P,0.05)
and in the nuclear/cytoplasmic area ratio (P,0.0001) in
AD patients, compared with the control patients. However,
the authors acknowledged that their sample size was small,
and the changes observed could have been caused by type
2 DM or deficiencies in vitamin B12, folic acid, and iron.
To our knowledge, no such study has been conducted in
patients with PD.
Our sample size was larger than that of de Oliveira et al,
and we excluded participants with DM or vitamin B12, folic
acid, and iron deficiencies; nevertheless, we found no significant differences in buccal cell cytology among the AD,
PD, and control groups.

Limitation
However, a limitation of our study is that we did not perform
analyses according to buccal cell types.

Conclusion
In our study, we could not reach a conclusion that oral
cytological evaluation helped early diagnosis. Our findings
suggest that further study is needed to clarify the effect of
neurodegenerative diseases on buccal mucosa cells, and
whether such changes are useful clinical predictors of neurodegenerative disease.
Neuropsychiatric Disease and Treatment 2018:14
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