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Abstract

Background: Depression is a mental health disorder, which affects all the communities around the world. One of the major compo-
nents of depression is hopelessness. There is evidence that depression is accompanied by increased reactive oxygen species, which
contribute to DNA damage.

Objectives: This study aimed at evaluating whether depression and hopelessness are associated with markers of DNA damage, pro-
liferative potential, and cell death.

Methods: The sample included 59 healthy females from Fars province, southern Iran. Depression and hopelessness scores were
measured using Beck’s depression inventory and Beck’s hopelessness scales, respectively. Smears were taken from the buccal mu-
cosa of participants, and using micronucleus assay, they were analyzed for various cell population and genome damage markers,
including cytokinetic defects (binucleated cells), proliferative potential (basal cell frequency), cell death (condensed chromatin,
karyorrhectic, pyknotic, and karyolitic cells), and biomarkers of DNA damage (micronuclei and nuclear buds).

Results: None of the micronucleus (MN) assay parameters had an association with depression scores. There was a significant neg-
ative correlation between the frequency of basal cells and hopelessness scores (r =-0.323, P = 0.012). Other parameters of MN assay
showed no association with hopelessness scores.

Conclusions: As the basal cells are biomarkers of proliferative potential, the results suggest that cellular regeneration is decreased
in buccal mucosa of people with high level of hopelessness. However, more studies with larger sample sizes are required to verify

this conclusion.
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1. Background

Depression is a very common mental health disorder,
which affects all communities around the world. It is
a complex disorder, which can be the result of interac-
tion of environmental, genetic, and biological risk factors.
Problems, which may be associated with depression, in-
clude sadness, hopelessness, feelings of guilt, worthless-
ness, helplessness, suicidal thoughts, and restlessness (1).
Hopelessness is among symptoms strongly related to de-
pression (2). Hopelessness is characterized by a feeling of
futility and negative expectations of the future and one’s
personal goals. Individuals, who are hopeless, lack antici-
pation of future positive events and they think their goals
will not be achieved or they show conditional goal setting
(3,4).

Reactive oxygen species (ROS) and reactive nitrogen
species (RNS), including radicals and other reactive oxy-

gen/nitrogen species, such as superoxide, nitric oxide, and
hydrogen peroxide, react with key cellular structures and
alter their biological function. Under normal conditions,
the production of ROS and RNS is tightly regulated and
they have many physiological roles. However, in excess,
ROS and RNS may react with fatty acids, proteins, and DNA,
thereby, causing damage to these substrates (5). Further-
more, ROS is known to cause many different types of DNA
lesions, including base modifications, DNA strand breaks,
interest and cross links and micronuclei (6, 7). There is
much evidence that suggests the involvement of ROS and
RNS in the pathophysiology of depression and possibly its
association with neurodegeneration. These findings show
decreased antioxidant status, increases in ROS and RNS,
and signs of damage caused by oxidative and nitrosative
stress to fatty acids and DNA in patients with depression

(5).

Oral exfoliative cytology is a microscopic examination
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and measurement of cells, which have been shed or re-
moved from the buccal epithelial surface. The smear ob-
tained by oral exfoliative cytology can be analyzed for buc-
cal micronucleus assay (MN assay). Based on cytologi-
cal and nuclear features, the MN assay has been used to
measure genome damage, proliferative potential, and cell
death (8). Biomarkers of this assay have been reported to
be associated with neurodegenerative diseases (9). Con-
sidering the fact that impaired antioxidant defense and
neurodegeneration are hallmarks of depression (5), the
present study was carried out to assess whether depression
and hopelessness are associated with parameters of MN as-
say.

2. Objectives

This study was carried out to evaluate whether depres-
sion and hopelessness are associated with markers of DNA
damage, proliferative potential, and cell death.

3. Materials and Methods

3.1. Study subjects

The study was carried out on 59 healthy females, aged
between 19 and 24 years old (mean =+ SD: 20.75 + 1.32).
Sampling started on February 2015 and was completed by
June 2016. All participants were from the Fars province,
southern Iran. Exclusion criteria for the subjects included
presence of diseases, alcohol or smoking habit, carrying
restorative dental fillings, using any mouthwash, receiv-
ing any drug, dental treatment or recent facial or oral ra-
diographs. This study was approved by the Shiraz Uni-
versity ethics committee (ECBDE-SU-9-6177616), and all sub-
jects were informed about the objectives of the study.

3.2. Measurement of Hopelessness and Depressive Symptoms

Depression was measured with Beck’s depression in-
ventory (BDI). Beck’s depression inventory is a 21-item self-
report scale measuring participants’ levels of depression
over the past week. The total scores range from 0 to 63, with
higher scores indicating greater levels of depressive symp-
toms. The participants can be categorized to 4 groups, ac-
cording to the following score ranges: 0 to 9, no depres-
sion; 10 to 18, low depression; 19 to 29, moderate depres-
sion; and 30 to 63, severe depression (10). The level of
hopelessness was assessed using Beck’s hopelessness scale
(BHS), a 20-item self-report scale designed to measure par-
ticipants’ levels of hopelessness over the past week. The to-
tal scores ranged from 0 to 20, with higher scores indicat-
ing greater levels of hopelessness. For categorical levels of
hopelessness, the score ranges were as follows: 0 to 3, no

hopelessness at all; 4 to 8, mild hopelessness; 9 to 14, mod-
erate hopelessness; and 15 to 20, severe hopelessness (11).

3.3. Cell Sampling and Preparation

Buccal cells (BCs) were collected from volunteers. Prior
toBCcollection, the mouth wasrinsed thoroughly with wa-
ter to remove any unwanted debris. Small-headed tooth-
brushes were rotated 30 times in a circular motion against
the inside of the left cheek. The heads of the brush was
placed in a 14-mL falcon (Maxwell) containing BC buffer
(0.01M Tris-HCl, 0.13 M EDTA, 0.02 M sodium chloride)at pH
7.0, and agitated to dislodge the cells. The cells were cen-
trifuged (Iran Khodsaz) for 10 minutes at 500 g. The super-
natant was removed and replaced with 10 mL of fresh BC
buffer. Cells were spun and washed twice more. The super-
natant was removed and cells were re-suspended in 3 ml of
fixative (ethanol-acetic acid (3:1)). After 5 minutes, the cells
were centrifuged, re-suspended in 200 microliter of fixa-
tive and dropped onto slides, and then allowed to air-dry
for 10 minutes. Slides were treated with 5 M HCI for 30 min-
utes and were then stained with Schiff's reagent for 60 min-
utes. The cells were counterstained with 0.2% light green
for 30 seconds. Reagents were purchased from the Merck
company (Germany) and BDH Chemicals Ltd (England).

3.4. Microscopic Observation

Using the MN assay, biomarkers of DNA damage
(micronuclei and nuclear buds), cytokinetic defects (bi-
nucleated cells), proliferative potential (basal cell fre-
quency), and cell death (condensed chromatin, karyor-
rhectic, pyknotic, and karyolitic cells) could be evaluated
(8). Various distinct cell populations were scored in MN as-
say (Figure 1) and identified based on the criteria outlined
by Thomas et al. (12). According to these criteria, Basal
cells have a uniformly stained nucleus. They have smaller
size and larger nuclear-cytoplasmic ratio compared to dif-
ferentiated cells. Normal differentiated cells have a uni-
formly stained nucleus. They have larger size and smaller
nuclear-cytoplasmic ratio relative to basal cells. The mi-
cronucleated cells contain both the main nucleus and one
or more smaller nuclei called Micronuclei (MNs). The MNs
are round or oval with similar stain intensity as the main
nucleus and have a diameter of 1/16 to 1/3 of the main nu-
cleus. The cells with nuclear bud have nuclei attached to
the main nucleus, suggestive of a budding process. The
nuclear bud has a similar morphology and staining prop-
erties as the nucleus and its diameter may range from a
quarter to half of the nucleus. Binucleated cells have 2
nuclei with the same morphology. The nuclei are in close
proximity or may be touching each other. Condensed chro-
matin cells have a nucleus with striated pattern of paral-
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lel tracts of aggregated chromatin. The nucleus is inten-
sively stained in distinct areas of chromatin condensation.
The karyorrhectic cells have a nucleus with extensive chro-
matin aggregation, leading to fragmentation and disinte-
gration of the nucleus. The pyknotic cells have a small and
shrunken nucleus, which is uniformly and highly stained.
The nuclear diameter is approximately 1/3 to 2/3rd of the
normal nucleus. The karyolytic cells are cells with a DNA
depleted nucleus. The nucleus has no Feulgen staining and
appears as a ghost-like image. The frequency of each cell
type was determined in 1000 cells for each person. The cells
were analyzed under a total magnification of 400 X using
a Nikon microscope.

3.5. Statistical Analysis

The normality of the variables was evaluated using the
Shapiro-Wilk test. Since depression and hopelessness were
distributed non-normally, Spearman’s correlation test was
applied to determine the correlation between depression,
hopelessness, and biomarkers evaluated by the MN assay.
Also, to confirm that age made no difference, the correla-
tion between age and either of depression or hopelessness
was examined in the same way. Significance was accepted
at P < 0.05. Statistical analysis was performed using the
SPSS version 22 software.

4. Results

There was no significant correlation between age and
either depression or hopelessness scores (r = 0.130, P =
0.326, r = 0.027, and P = 0.840, respectively). The mean
of depression and hopelessness scores in the study sub-
jects were 12.66 = 9.29 (range of 0 to 38) and 4.93 £ 3.85
(range of 0 to 16), respectively. The distribution of depres-
sion and hopelessness scores, and also biomarkers of MN
assay in the study subjects are displayed in Table 1. To deter-
mine the correlation between depression, hopelessness,
and biomarkers of MN assay, including biomarkers of DNA
damage, cytokinetic defects, proliferative potential and
cell death, the Spearman’s correlation test was performed
(Table 2). As expected, depression scores were significantly
correlated with hopelessness scores. On the other hand,
greater depression scores were associated with increased
scores of hopelessness. None of the MN assay parameters
had anassociation with depression scores. Although show-
ing no significant correlation, it should be noticed that
the mean of condensed chromatin and nuclear bud in-
creased in individuals with high scores of depression (Ta-
ble 1). However, in the case of hopelessness, there was a
significant negative correlation between the frequency of
basal cells and hopelessness scores. This negative corre-
lation was also observed with depression, although it did
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not achieve significance. Other parameters of the MN as-
say showed no association with hopelessness scores.

5. Discussion

Depression is a potentially life-threatening disorder,
which can occur at any age and affects hundreds of mil-
lions of people all over the world (1). One of the main fea-
tures of depression is hopelessness. In agreement with
other studies, the result of this study indicates a significant
positive correlation between depression and hopelessness
scores (13, 14).

The MN assay has been shown to be an effective tool in
measuring cytogenetic damage, which can be the result of
lifestyle characteristics, occupational exposure, diseases,
and environmental risk (8). The frequency of MN has been
revealed to be increased in patients affected by neurode-
generative disorders, such as Alzheimer’s and Parkinson’s
disease, and psychiatric disorders, such as anorexia ner-
vosa and bulimia nervosa (9, 15). It has been shown that
the number of MN in females with fibromyalgia was sig-
nificantly higher than that of controls (16). Fibromyalgia
is a multi-factorial disease and psychiatric disorders seem
to play a crucial role in its pathophysiology (17).

According to the result of the present study, there was
no correlation between depression score and biomarkers
of the MN assay. However, in case of hopelessness, as the
score increased, the frequency of basal cells significantly
decreased. The oral epithelium is composed of 4 distinct
layers, including connective tissue, basal cell layer contain-
ing actively dividing basal cells, prickle cell layer contain-
ing populations of differentiated, apoptotic and necrotic
cells, and the keratinized cell layer, which lines the sur-
face of oral cavity containing cells thatare constantly being
shed. The structure and integrity of the oral epithelium is
maintained by progeny produced in the basal layer by mi-
tosis migration to the surface replacing those thatare shed
(18). As the basal cells are biomarkers of proliferative po-
tential, the results suggest that cellular regeneration is de-
creased in buccal mucosa of people with high level of hope-
lessness. Individuals with Alzheimer’s disease have also
been revealed to have lower frequency of basal cells com-
pared to controls (19); this finding, along with the results
of the present study, may support a previous report, which
suggested that hopelessness during midlife may increase
the risk of cognitive impairment and Alzheimer’s disease
in later life (20).

It should be noted that, although hopelessness and
depression are significantly correlated, they did not have
the same effect on the BCs profile. The frequency of basal
cells decreased as the depression score increased, how-
ever, this association did not achieve significance. This
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Basal Cell Normal Binucleated Cell
Differentiated Cell
Cell with Nuclear Bud Micro Nucleated Cell Condensed Chromatin Cell
Karyorrhectic Cell Karyolitic Cell Pyknotic Cell

Figure 1. Images Showing Distinct Buccal Cell Types as Scored in the Buccal Cytome Assay

finding indicates that hopelessness seems to have a dis-  The relative strength of the associations found for hope-
tinct or stronger effect on cell renewal in buccal mucosa. lessness versus depression has also been found by several
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Table 1. Distribution of Depression and Hopelessness Scores and Biomarkers of Micronuclei Assay in the Study Subjects®

Variables Sub, No. Basal Cell BN Cell CCCell KH Cell PK Cell KL Cell MN NBUD
DS range
0-9 24 27.92 +11.92 6.38 +3.33 59.29 =+ 30.82 93.25 4 55.55 4.25+4.63 83.92 + 67.20 .04 £ 20 12.96 + 4.13
10-18 21 28.76 + 13.64 6.8113.98 62.38 1-30.01 96.52 1 44.62 5.24 +7.06 91.76 & 65.40 .62 +1.91 1314 + 6.90
19-29 10 25.20 +9.94 5.80 4 2.97 78.90 + 42.89 83.20 £ 41.59 5.00 £ 4.19 115.90 + 105.83 .50 + .97 14.10 £ 6.48
30-63 4 19.00 %+ 6.37 6.00 1 .81 91.50 + 56.28 56.75 +20.37 5.50 & 6.45 103.00 =+ 53.80 .00 .00 16.50 + 13.91
HS range
0-3 26 30.62 £ 14.02 6.12 +3.63 61.62 1-32.36 8150 + 47.40 5.65 + 6.75 8438 £70.23 54 £1.72 13.27 £ 5.53
4-8 20 27.20 £9.33 6.25 +3.21 67.60 =+ 33.55 108.70 4= 52.45 4.55 + 4.29 101.15 + 86.65 .05 1 .22 12.75 £ 5.98
9-14 1 2136 + 8.68 7.55 &+ 3.41 61.73 4= 33.95 86.18 1+ 33.43 2.27 +3.40 10136 4= 55.41 36+ .92 13.27 £ 5.83
15-20 2 13.50 &£ .70 5.50 &£ .70 127.50 £ 64.34 41.50 16.26 10.50 £ 4.95 90.00 =+ 76.36 .00 .00 24.00 £18.38
Total 59 27.15 1+ 12.01 6.414337 65.90 £ 35.12 90.24 1 48.00 4.81£5.55 93.42 £ 72.70 324122 13.46 £ 6.37

Abbreviations: BN, Binucleated; CC, Condensed Chromatin; DS range, Depression Scores range; HS range, Hopelessness Scores range; KH, Karyorrhectic; KL, Karyolytic;

MN, Micronuclei; NBUD, Nuclear Bud; PK, Pyknotic; Sub, Subjects.
Values of MN assay biomarkers are given as mean = SD.

Table 2. The Correlation Between Depression, Hopelessness and Biomarkers of the Micronuclei Assay

Variables Depression Hopelessness
r P Value r PValue

Hopelessness 0.621 0.000

Basal cell -0.109 0.411 -0.323" 0.012
BN cell 0.043 0.746 0.073 0.582
CCcell 0.162 0.220 0.188 0.154
KH cell -0.135 0.307 0.082 0.539
PK cell -0.013 0.922 -0.121 0.362
KL cell 0.226 0.086 0.148 0.263
MN 0.162 0.221 -0.008 0.952
NBUD -0.044 0.742 0.017 0.900

Abbreviations: BN, Binucleated; CC, Condensed Chromatin; KH, Karyorrhectic; KL, Karyolitic; MN, Micronuclei; NBUD, Nuclear Bud; PK, Pyknotic.

3Spearman’s rank correlation, P < 0.01
bSpearman‘s rank correlation, P < 0.05.

other studies examining cardiovascular disease, hyperten-
sion, and suicide (13, 14, 21, 22). Although hopelessness is
strongly related to depression, it is not necessary to cause
depression; in fact, individuals may experience hopeless-
ness without depression (23). The result of this study sup-
ports the notion that hopelessness may be distinct from
depression.

5.1. Conclusion

This study was the first to examine the association of
depression and hopelessness scores with biomarkers of
the buccal micronucleus assay. Results showed a signifi-
cant decrease in the frequency of basal cells in individuals
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with high score of hopelessness, suggesting reduced pro-
liferative potential of the buccal mucosa in these people.
If this preliminary finding is verified in larger studies and
combined with further investigation of the possible effect
of hopelessness on dementia, it could provide a basis to im-
prove understanding of the biological mechanisms lead-
ing to the development of depressive and cognitive disor-
ders.

5.2. Limitations

One of the main limitations of this study was small
sample size which was the result of restricted exclusion cri-
teria, especially dental filling. Since genotoxic damage in-
creases in the oral mucosa cells of subjects with dental fill-
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ings (24), only the subjects with no dental fillings were in-
cluded in the study. However, most people, even at young
ages, have dental filling at least for one tooth.
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