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KEYWORDS Abstract Background/purpose: Recurrent aphthous stomatitis (RAS) is one of the most prev-
Glutathione alent oral mucosa diseases with unknown etiology. Reduced glutathione (GSH) is a major intra-

reductase; cellular non-protein physiological antioxidant, and it has been demonstrated that GSH
Oxidized glutathione; deficiency may be related to cardiovascular, immune, and diabetes. The purpose of this inves-
Oxidative stress; tigation was to evaluate the potential roles of GSH, oxidized glutathione (GSSG), and gluta-
Recurrent aphthous thione reductase (GR) in the etiopathogenesis of minor recurrent aphthous stomatitis (MiRAS).

stomatitis; Materials and methods: The study comprised 87 patients with idiopathic MiRAS and 90 race-,
Reduced glutathione age-, and gender-matched healthy individuals. The spectrophotometric method was used to

determine serum GSH and GSSG concentrations as well as GR activity. The GSSG/GSH ratios
were subsequently computed. For statistical evaluation, the independent sample t test, Pear-
son’s chi-square test, Mann—Whitney U test, Kruskal—Wallis H test, and Binary logistic regres-
sion analysis were used.

Results: The serum GSSG level, GR activity and GSSG/GSH ratio were statistically higher in
MiRAS patients, whereas the concentration of serum GSH was significantly decreased. With
the exception of GR, serum GSSG, GSH, and GSSG/GSH were all significantly associated with
MiRAS. Serum GSSG can be regarded as a risk factor, whereas serum GSH and GSSG/GSH maybe
considered as protective factors against the occurrence of MiRAS.

Conclusion: GSSG may be a potential danger factor to MiRAS and GSH may be a protective fac-
tor, while GR may not play an important role in the aetiopathogenesis of MiRAS.
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Introduction

Recurrent aphthous stomatitis (RAS) is the most common
oral mucosal disease with uncertain etiology, characterized
by recurrent painful ulcers on nonkeratinized or keratinized
oral mucosa in humans of all genders, ages, races and
geographical regions. It has been found that RAS lesion
occurs mostly in children, teenagers, women, and in-
dividuals from better socioeconomic strata.’-?

Based on clinical symptoms, RAS has been categorized
into three categories: minor RAS (MiRAS), major RAS
(MaRAS), and herpetiform RAS (HU).>* MiRAS, which ac-
counts for 80% of RAS cases, is characterised by small,
shallow, round or ovoid ulcers with necrotic centers,
yellowish-white fibrinopurulent pseudomembranes, cir-
cumscribed margins, and erythematous haloes. It typically
affects nonkeratinized oral mucosae such as the labial
mucosa, buccal mucosa, ventral surface of the tongue, and
the floor of the mouth, and can heal spontaneously within
7—14 days without scarring.*

Trauma, nutritional deficiencies, psychological factors,
genetic predisposition, poor eating habits, sleep depriva-
tion, bacterial and viral antigens, anemia, allergies, hor-
mone imbalance, and some immune diseases (Behcet’s
disease, Crohn’s disease, pharyngitis and adenitis syn-
drome) have all been identified as predisposing factors for
RAS.>° All of the aforementioned conditions are thought to
have the direct or indirect capacity to disrupt the balance
between oxidant and antioxidant systems in humans, which
may eventually contribute to oxidative stress with the
accumulation of excess reactive oxygen species (ROS),
potentially accelerating the occurrence of toxic reactions
and the damage of human cell tissue.®

Glutathione, a biologically active tripeptide including
glutamate, cysteine, and glycine, exists in biological sam-
ples in the reduced form and oxidized form, which consti-
tute the glutathione redox couple.”® Reduced glutathione
(v-L-glutamyl-L-cysteinyl-glycine, GSH) has the greatest
abundance of sulfhydryl groups and is a major intracellular
nonprotein physiological antioxidant for reactive oxygen
species (ROS) detoxification in all living organisms.®? It has
been proved that the deficiency of GSH may be connected
with many human diseases including cardiovascular, im-
mune, diseases of aging, arthritis and diabetes.’® Under
oxidative conditions, two GSH molecules donate one elec-
tron each and convert into oxidized glutathione (gluta-
thione disulfide, GSSG), which can be either reduced back
to GSH by the action of glutathione reductase (GR) or
excreted into the extracellular environment by an ATP-
dependent transport system located in the plasma mem-
brane to prevent the potentially toxic effects of intracel-
lular excessive GSSG accumulation.

The GSSG/GSH ratio is an important and stable biological
indicator for indicating the status of the thiol redox

homeostasis. A increased GSSG/GSH ratio has been sug-
gested to be important contributing factors to many human
diseases such as pneumonitis, diabetes, cataracts, chronic
renal failure, malignancy, neurodegenerative diseases,
Parkinson’s disease, Alzheimer’s disease, and so on."
Glutathione reductase (GR), an important antioxidative
enzyme in the cell with a redox active disulphide at its
active site, is essential for the GSH redox cycle in order to
maintain adequate intracellular levels of GSH by catalyzing
the nicotinamide adenine dinucleotide phosphate (NADPH)
- dependent reduction of GSSG to GSH.'>'3

To the best of our knowledge, there are only a few
published articles about the serum levels of GSH and GSSG
in RAS patients with active lesions.®'*"> However, there is
no previous information on the potential contribution of GR
activity to the pathogenesis of RAS in the literature. In
order to determine whether these physiological biomarkers
stated above contribute to the etiopathogenesis of RAS,
this study compared the serum GSH and GSSG concentra-
tions and GR activity in Chinese MiRAS patients with active
lesions to those in healthy individuals and investigated the
relevance between those biomarkers mentioned above and
MiRAS.

Materials and methods

This cross-sectional study was designed and conducted in
accordance with the World Medical Association Declaration
of Helsinki and was approved by the Ethics Committee of
Bethune International Peace Hospital (Project No. 2014-12-
9). A power analysis was performed to determine the
minimum number of participants for this study, with an
alpha value (type 1 error) of 0.05 and power (type 2 error)
of 0.9. To avoid missing visits and get a higher precision, we
enlarged the theoretical sample size by 20% as the final
sample size, which is 177. Each subject provided written
informed consent after thoroughly understanding the
research objectives and procedures. The recruitment
period was 18 months from July 2020 to December 2021.

Patients with minor aphthous ulcers and a medical his-
tory of recurrence of similar idiopathic ulcers at least three
times per year were recruited from the Department of
Stomatology of the 980th Hospital of the PLA Joint Logistics
Support Force (Bethune International Peace Hospital). Only
those with aphthaes diameters less than 1 cm were
included in the study. Clinical examination and evaluation
of oral mucosa were performed by an experienced oral
medicine specialist throughout the study. The final diag-
nosis was based on a detailed clinical history and typical
clinical symptoms as described by Manfredini et al.? and
Bilodeau et al.> The subjective complaints of MiRAS pa-
tients recruited were documented, including the number of
ulcers per attack, the frequency of ulcerative episodes per
year, and the duration of each ulcer attack.
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Control subjects were chosen from those who had un-
dergone routine medical examinations at the same hospital
and had never experienced an idiopathic oral ulcer inci-
dent. On the basis of gender and age, control volunteers
were matched to MiRAS patients. Age, gender, marital
status, allergy history, and place of residence (rural or
urban) were recorded for all participants.

All participants had no symptoms of active inflammation
and were not under a therapeutic regimen of immuno-
modulatory agents, multivitamins, steroids, or other anti-
oxidant supplements for the previous three months. We
excluded subjects with a history of trauma, diabetes mel-
litus, respiratory disease, liver or kidney disease, cardio-
vascular disorders, rheumatoid arthritis, Behcet’s disease,
inflammatory bowel disease, celiac disease, chronic diar-
rhea, pemphigus vulgaris, cicatricial pemphigoid, viral
enanthems, periodontitis, oral lichen planus, and other oral
mucosal diseases. Furthermore, we also excluded those
participants who were pregnant, nursing, or had a history of
smoking, alcoholism, or intravenous drug abuse.

Following an overnight fast, 5 mL of venous blood was
drawn from the antecubital vein with a sterile disposable
syringe and transferred into a vacutainer without antico-
agulant in the morning hours (8:00—10:00). In order to
obtain serum, all blood samples were centrifuged at 3000g
for 10 min at 4 °C and stored at —80 °C until analysis.

The GR activity and serum concentrations of GSH and
GSSG were measured in this study using a spectrophotom-
eter (Genesys10 UV Scanning UV/VIS Spectrophotometer,
Shimadzu Co., Tokyo, Japan) according to the manufac-
turer’s recommendations of commercial colorimetric assay
kits (GSH-GSSG/GR Detection Kit, Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

The serum concentrations of GSH and GSSG were deter-
mined following GSH- 5,5'-dithio-bis (2-nitrobenzoic acid)
(DTNB) recycling assay described by Giustarini et al."" and
Sairam et al."® GSH reacts with DTNB to form 5-thio-2-
nitrobenzoic acid (TNB) and GS-TNB, which can then be
reduced back to GSH by GR and NADPH. The serum con-
centration of total GSH (T-GSH) was estimated according to
the rate of TNB formation at 412 nm. After adding a —SH
masking agent to the blood sample, the concentration of
GSSG was measured, and the concentration of GSH was
calculated by subtracting the serum level of GSSG from T-
GSH."" Both of the biomarkers were expressed in pmol/L.
The GSH/GSSG ratio was subsequently calculated as a result.

GR activity was evaluated on the basis of NADPH con-
sumption durning the reduction of GSSG at 340 nm, just as
described by Villa-Correa et al.® and Sairam et al.."® The
molar ratio of GSSG reduced to NADPH oxidized during the
process was 1:1, and the results indicating GR activity were
represented as U/L.

All data were analyzed using the Statistical Package for
the Social Sciences version 25.0 software for Windows (SPSS
Inc., Chicago, IL, USA). Continuous variables were
expressed as the mean + standard deviation or median
(interquartile range) according to the results of the
Kolmogorov—Smirnov test, which was used to evaluate the
level of data normality. Independent sample t-test was
used for comparing those data with normal distribution.
The Mann—Whitney U test and Kruskal—Wallis H test were
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performed for non-normally distributed variables. Cate-
gorical variables were shown as number (percentage) and
were compared using Pearson’s chi-square test. Binary lo-
gistic regression analysis was used to show the relevance
between those investigated biomarkers and MiRAS. A two-
sided P-value less than 0.05 was considered to be statisti-
cally significant.

Results

A total of 87 MiRAS patients (38 males, 49 females) and 90
race-, age- and sex-matched healthy controls (42 males, 48
females) were recruited in this study. MiRAS patients were
29.87 (5.02) years old on average, while healthy controls
were 30.91 (6.47) years old. There was no significant dif-
ference between MiRAS patients and healthy volunteers
with respect to age (P = 0.232) and gender (P = 0.690).
Other possible confounders, such as marital status, allergy
history, and place of residence, did not differ statistically
between the groups (Table 1).

There were 73 MiRAS patients (83.9%) who had one ulcer
per attack and 14 (16.1%) who had two or more ulcers per
incident. The duration of each ulcer attack in most MiRAS
patients included in this study was 1—3 weeks, and the
frequency of recurrence was mostly 3—5 times per year
(Fig. 1).

The serum levels of GSSG (P < 0.001), GSSG/GSH
(P < 0.001) and GR activity (P = 0.002) were statistically
increased in MiRAS patients, whereas the serum GSH level
(P < 0.001) was significantly decreased (Table 2).

The results of binary logistic regression analysis has been
presented in Table 3 and Fig. 2. According to the
Hosmer—Lemeshow test, the logistic regression model had
a better goodness of fit (P = 0.765). Serum GSSG, GSH, and

Table 1 Demographics and potential confounders of
MiRAS patients and healthy controls.
Variable Total Healthy MiRAS P-value
controls patients
(n = 90) (n = 87)
Age(years)® 29.87 + 5.02 30.91 + 6.47 0.232
Gender®
Male 80 42 38 0.690
Female 97 48 49
Marital status®
Married 120 58 62 0.332
Single 57 32 25
Allergy history °
Yes 21 8 13 0.213
No 156 82 74
Place of
residence”
Rural 111 58 53 0.628
Urban 66 32 34

MiRAS: minor recurrent aphthous stomatitis.

@ Data are expressed as mean =+ standard deviation. Student’s
t test was used.

b Data are expressed as number of patients. Pearson’s chi-
square test was used.
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Duration of each ulcer attack

>3 weeks 6(6.9%)

2~3weeks | 30(34.5%)

1~2 weeks 42(48.3%)
<1 week 9(10.3%)
I T T T T 1
0 10 20 30 40 50

Fig. 1
MiRAS: minor recurrent aphthous stomatitis.

Table 2 Serum levels of GSSG, GSH, GSSG/GSH, and GR
activity in MiRAS patients and healthy controls.

Parameters Healthy controls MiRAS patients P-value

(n = 90) (n = 87)
GSSG (umol/L)® 29.94 (16.01) 34.37 (9.07) <0.001
GSH (umol/L)® 44.32 (15.10) 35.26 (8.95) <0.001
GR (U/L)? 405.79 (150.69) 430.87 (72.67) 0.002
GSSG/GSH? 0.68 (0.51) 0.97 (0.35) <0.001

MiRAS: minor recurrent aphthous stomatitis; GSSG: oxidized
glutathione; GSH: reduced glutathione; GR: glutathione
reductase.

2 Data are expressed as median (interquartile range).
Kruskal—Wallis H test and Mann—Whitney U tests were used.

GSSG/GSH were all significantly associated with MiRAS
(P < 0.001), with the exception of GR (P = 0.225). MiRAS
risk was statistically increased by serum GSSG (OR =
1.186), which can be regarded as a potential risk factor.
Serum GSH and GSSG/GSH, as protective factors, reduced
the incidence of MiRAS by 18.9% (OR = 0.811) and 99.6%
(OR = 0.004), respectively.

Discussion

RAS is a prevalent, recurring, inflammatory, and ulcerative
disease of the oral mucosa with a prevalence ranging from
5% to 66% in different countries.'” Even though the condi-
tion is not life-threatening, the presence of painful ulcers
makes eating and speaking difficult, decreasing the quality
of life for those who have active aphtha.’ It has been
proved that the peak of RAS episodes is between 10 and 29

Frequency of ulcerative episodes per year

>10 times 13(14.9%)

25(28.7%)

6~9 times

3~5 times 49(56.3%)

I T T T T T 1
0 20 40 60

Subjective complaints of MiRAS patients about the recurring ulcer.

years of age and the recurrent frequency and severity
decrease until the age of 40.%° The volunteers recruited in
this study ranged in age from 43 to 19, with a mean of 30.4,
which is consistent with the above epidemiological findings.

Under normal physiological circumstances, there is a
favorable state of dynamic equilibrium between oxidants
and antioxidant defences. When excessive reactive oxygen
species (ROS) are mainly generated by the respiratory
redox chain in mitochondria, and can’t be eliminated by
antioxidant defense mechanisms, the balance will be
damaged and oxidative stress occurs, which may result in
cell injury or even organ damage.'® It has been proved that
oxidative stress may participate in a wide range of diseases
including atherosclerosis, paraquat poisoning, chronic
obstructive pulmonary disease (COPD), systemic inflam-
matory response syndrome (SIRS), idiopathic pulmonary
fibrosis, type 2 diabetes mellitus, Alzheimer disease, hy-
pertension and cancer.'®

GSH is a low molecular-weight tripeptide providing
antioxidant protection against oxidative damage and play a
crucial role in cellular redox homeostasis.”'? In the current
investigation, there were significantly increased serum
GSSG and decreased serum GSH in MiRAS patients compared
with healthy subjects, which were consistent with the re-
sults of Bagan et al."™ As an important intracellular
nonenzymatic antioxidant, GSH can be used to scavenge
those excessive intracellular ROS and be converted into
GSSG, resulting in higher concentration of intracellular
GSSG and lower concentration of intracellular GSH. To keep
the stable intracellular condition between GSSG and GSH,
extracellular GSH may be transported into the intracellular
environment to supplement consumed GSH, and increased
intracellular GSSG also can be excreted into the extracel-
lular environment except for being reduced back to GSH by
GR, which may be used to explain the results of this study.

Table 3  Binary logistic regression analysis for glutathione-related biomarkers in MiRAS patients.

95% Cl for OR
Parameters B SE Wald value OR Lower bound Upper bound P-value
GSSG (umol/L) 0.170 0.062 7.448 1.186 1.049 1.340 0.006
GSH (umol/L) —0.209 0.058 12.783 0.811 0.724 0.910 <0.001
GR (U/L) 0.004 0.003 1.475 1.004 0.998 1.010 0.225
GSSG/GSH —5.464 1.987 7.561 0.004 8.6 x 107° 0.208 0.006

B: regression coefficient; SE: standard error; OR: odds ratio; Cl: confidence interval; MiRAS: minor recurrent aphthous stomatitis; GSSG:
oxidized glutathione; GSH: reduced glutathione; GR: glutathione reductase.
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OR (95% CI) P-Value
GSSG |_|_¢ 1.186(1.049~1.340) 0.006
GSH ;_|_| 0.811(0.724~~0.910) <0.001
GR | 1.004(0.998~1.010) 0.225
GSSG/GSH |—| 0.004(0.000086~0.208) 0.006
I T ]

0.0 0.5 1.0
Fig. 2

1.5

0Odds ratio of serum GSSG, GSH, GR and GSSG/GSH for MiRAS patients.

OR: odds ratio; Cl: confidence interval; MiRAS: minor recurrent aphthous stomatitis; GSSG: oxidized glutathione; GSH: reduced

glutathione; GR: glutathione reductase.

However, Avci et al. demonstrated that the levels of GSH,
determined by high-performance liquid chromatography, in
patients with RAS were significantly higher than in healthy
controls.' The factors leading to the contradictory results
may be different sample size, laboratory methods, subjects
recruited with different racial background, dietary, and life
habit. In the study, it also had been demonstrated by the
binary logistic regression analysis that GSSG may be a risk
factor with higher OR and GSH maybe a protective factor
with lower OR in the etiopathogenesis of MiRAS.

GR is an essential enzyme for recycling oxidized gluta-
thione to its reduced form.'>?° The potential role of GR in
the pathogenesis of RAS was evaluated for the first time,
which showed that GR activity was statistically increased in
serum samples from MiRAS patients, but there was no sig-
nificant correlation between MiRAS and GR, indicating that
GR may not play an important role in the aetiopathogenesis
of MiRAS. Increased GR activity can be viewed as a normal
physiological response to supplement intracellular GR
consumption in the GSH redox cycle.

Three limitations were identified in the current investi-
gation. First, it had been demonstrated that those bio-
markers were associated with MiRAS, but the cross-
sectional design makes it difficult to evaluate whether
there was a causative connection between them. Second,
the majority of the participants in the study came from
local area or surrounding cities, therefore the findings only
represented the serum levels of GSSG, GSH, GSSG/GSH, and
GR activity of this age group of the province’s population.
Third, the study did not take into account several other
underlying factors, such as oral habits, sleeping duration,
periodontal health conditions, and emotional stress status,
which will be considered in our future study.

With those limitations, the findings of this study suggest
that the primary thiol redox system of the cell, which is
employed to defend the cell from oxidative stress, is dis-
rupted with increased serum GSSG and decreased serum
GSH. In addition, GSSG may be a potential danger factor to
MiRAS and GSH may be a protective factor, while GR may not
play an important role in the aetiopathogenesis of MiRAS.
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