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ABSTRACT

The study aims to investigate the efficacies of dimethyl sulfoxide
(DMSO0) and indomethacin on the oxidative status in the aqueous
humor of rabbits’ eyes with experimentally induced hydrofluoric
acid ocular burns. For this purpose, thiobarbituric acid (TBARS)
and total antioxidant status (TAS) were measured. Seventy—
two male New Zealand rabbits were allocated into four groups,
each containing 18 rabbits (Group D, I, DI, and C). After general
anesthesia, 2% hydrofluoric (HF) acid was dropped into the right
eye for 60 s, creating a chemical burn. Solution of 40% DMSO
(4 drops of QID) and 0.1% indomethacin (4 drops of QID) were
used alone and in combination. At the end of the follow—up periods
(2, 7, and 14 treatment days), animals were euthanized, and the
humor aqueous was collected from the burned eyes by anterior
chamber paracentesis. The TBARS and TAS levels were assessed
using enzyme-linked immunosorbent assay (ELISA) in aqueous
humor. On days 7 and 14, the TBARS levels in the aqueous humor
of group D differed significantly from those in the other groups
(P<0.05). Additionally, TAS values were considerably higher in
groups D and C compared to groups I and DI (P<0.05). This study
is thought to be a model for further studies in ocular diseases such
as chemical eye burns, which may result in impaired ocular healing
due to oxidative stress. DMSO could decrease oxidative stress and
improve tissue healing of chemical eye burns.
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RESUMEN

El estudio tuvo como objetivo evaluar el efecto del dimetilsulféxido
(DMSO0) y la indometacina sobre el estado oxidativo del humor
acuoso ocular de conejos con quemaduras oculares inducidas por
acido fluorhidrico. Para ello, se midieron el &cido tiobarbiturico
(TBARS) y el estado antioxidante total (TAS). Setenta y dos conejos
machos de raza Nueva Zelanda se dividieron en cuatro grupos, con
18 conejos en cada grupo (Grupo D, I, DIy C). Tras la anestesia
general, se les aplico acido fluorhidrico (HF) al 2 % en el ojo derecho
durante 60 s, lo que provoco una quemadura quimica. Se utilizd
una solucién de DMSO al 40 % (4 gotas cuatro veces al dia) e
indometacina al 0,1 % (4 gotas cuatro veces al dia), tanto solas como
en combinacién. Al final de los periodos de seguimiento (2, 7y 14
dias de tratamiento), los animales fueron sacrificados y se recogio
el humor acuoso de los ojos quemados mediante paracentesis de
la cdmara anterior. La TBARS y la TAS se midieron mediante un
ensayo inmunoabsorbente ligado a enzimas (ELISA) en el humor
acuoso. Se observo una diferencia significativa entre la TBARS en
el humor acuoso del grupo D, mayor que en los otros grupos, en los
dias 7y 14 (P<0,05). Los valores de TAS fueron mucho mayores en
los grupos Dy C que en los grupos Iy DI (P<0,05). Este estudio se
considera un modelo para futuros estudios sobre enfermedades
oculares, como las quemaduras quimicas oculares, que pueden
afectar la cicatrizacion ocular debido al estrés oxidativo. EL DMSO
podria disminuir el estrés oxidativo y mejorar la cicatrizacion tisular
de las quemaduras quimicas oculares.

Palabras clave: Antioxidantes; DMSO; humor acuoso; acido
fluorhidrico; Indometacina
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INTRODUCTION

The eye is one of the organs that directly affects a living being’s
relationship with the external environment. Ocular traumas that
lead to a decrease or complete loss of function can significantly
change one’s quality of life [1, 2]. Although considerable progress
has been made in its prevention and management in recent years,
chemical eye burns continue to be one of the most prevalent causes
of ocular trauma, resulting in reduced or total loss of visual function
[3, 4]. Inflammation, tissue damage, infection, and oxidative
stress occur in the eye immediately after a severe injury, such
as one caused by liquid, aerosol, or solid materials [5, 6, 7]. One
of the primary causes of pathophysiological changes observed
immediately following a severe injury, like a chemical eye burn,
is oxidative stress [7].

Oxidative stress (0OS) is a consequence of an imbalance between
the detrimental effects of reactive oxygen species (ROS) and the
cellular antioxidant capacity [8]. Various mechanisms have been
suggested to clarify the possible relationship between oxidative
stress and ocular burns. ROS generated at the molecular level in
burn cases may harm corneal tissues by degrading collagen and
oxidizing unsaturated fatty acids in the cell membrane of epithelial-
stromal cells [9]. Antioxidative markers, such as total antioxidant
status (TAS) and thiobarbituric acid—reactive substances (TBARS),
can be assessed as indicators of lipid, protein, and DNA damage
caused by oxidative stress [10]. Tissues have various enzymatic
and non—enzymatic antioxidant defense systems. In chemical
eye burns, a reduction in the antioxidant protection mechanism
and increased lipid peroxidation are observed [11]. Numerous
researchers have emphasized the correlation between the pro-
oxidative state and the imbalance of the antioxidant defense
mechanism, commonly referred to as oxidative stress (0S), in
chemical eye burns [11, 12]. Aqueous humor is a clear, slightly
alkaline fluid produced and secreted by the ciliary bodies, lining the
space between the cornea and the lens. It is a crucial component
of the ocular surface and is rich in low molecular weight, water—
soluble antioxidants that aid the corneal defense mechanisms
against oxidative stress [13]. Although the changes in humor
aqueous concentration of these markers, which are implicated
in the pathogenesis of alkaline eye burns [11], are known, there
remain uncertainties regarding acidic eye burns.

Hydrofluoric acid (HF) is a hazardous substance widely utilized
in industrial settings and is known to cause chemical burns [14].
Ocular chemical burns from HF exposure represent an ocular
emergency that requires immediate treatment to eliminate the
inflammatory agent and manage the resulting inflammation [10,
15, 16, 17]. Antioxidants and anti—inflammatories such as dimethyl
sulfoxide and indomethacin are employed in treatment to avert
irreversible dystrophic changes in the eye tissue, such as alkaline
burns [5, 15, 18].

Although it is estimated how DMSO and indomethacin affect the
oxidative status of the humor aqueous in HF eye burns, the specific
mechanism is unknown. This study was conducted to investigate
how DMSO and indomethacin affect the oxidant—antioxidant
balance (TBARS and TAS) in the aqueous humor of rabbits with
eye burns induced by hydrofluoric acid.
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MATERIALS AND METHODS
Animals and group design

Humor aqueous samples were obtained from 72 male New
Zealand breed rabbits used in the authors’ previous research [15].
Briefly, after general anesthesia with 10 mg-kg?* of 2% Xylazine HCL
(Rompun, Bayer, Tiirkiye), followed by 30 mg-kg* of 10% Ketamine
HCL (Ketasol, Interhas, Tirkiye), the right eye was subjected to
burning through the instillation of 0.05 mL of 2% HF (38—-40% Merck,
USA) for just 60 s [15]. Afterward, the eye was gently rinsed with 500
mL of saline. Following this, rabbits were allocated into four groups
each containing 18 rabbits. Group D received 40% DMSO (99.9%,
Merck, USA,; four drops QID), Group I received 0.1% indomethacin
(Indocolir 5 mL, Abdi-ibrahim, Tiirkiye; four drops QID), and Group
DI received DMSO along with indomethacin in the same doses as
Groups D and I. Group C did not receive any therapeutic agents
and functioned as the control group. These groups were divided
into three subgroups based on follow—up periods of 2, 7, and 14
treatment days (d). Dipyrone (Devalgine 0.5 g-mL?, Vetas, Tirkiye)
was administered intramuscularly at 14 mg-kg* before the burning
and continued every 6 hours for two days.

Subsequent to the euthanasia of the animals at the end of the
follow—up periods, aqueous humor was collected through anterior
chamber paracentesis, conducted with a 25G needle attached to
a 1 mL syringe from the burned eyes (FIG. 1). The samples were
transferred to centrifuge tubes labeled accordingly to evaluate TAS
and TBARS. The control values of humor aqueous were collected
from six healthy left eyes of rabbits. The samples were frozen
at -80°C (Niive DF 490, Istanbul, Tiirkiye) until further analysis.

FIGURE 1. Parasynthesis of the humor aqueous

Measurement of oxidative stress status

Commercial enzyme-linked immunosorbent assay (ELISA)
kits (SunRed Biotechnology Company, Shanghai, China) were
used to measure oxidative levels through TBARS and antioxidant
levels through TAS. Both tests were performed according to the
kit protocol.
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Statistical analysis

Statistical analyses were conducted using SPSS 20.0 software (SPSS
20.0, Chicago, IL, USA). Analysis of variance (ANOVA) was utilized to
determine whether there was a difference between treatment days
and groups. Subsequently, Duncan test for multiple comparisons was
applied to assess the significance level of the differences between the
mean values in groups. P<0.05 was considered statistically significant.
Results are presented as mean + standard error (SE).

RESULTS AND DISCUSSION

Thiobarbituric acid reactive substances and total antioxidant
status values are shown in TABLES I and II and FIGS. 2 and 3.
TBARS values of all groups were maximum on d 2 and minimum
on d 14. TBARS values were less marked in group D than in groups
C and DI and with no observed difference between groups D and I
ond 2 (P>0.05), and group D was less marked than other groups
with a significant difference at d 7 and 14 (P<0.05).

Total antioxidant status was significantly higher in groups D and
C thanin groups I and DI (P<0.05), with no statistically significant
difference between groups D and C and between groups I and DI
ond 2 (P>0.05). TAS values were much higher and statistically
significant in the group DI than in other groups on d 14 (P<0.05).

The eye is particularly vulnerable to oxidative damage induced
by reactive oxygen species generated by exposure to various
chemical agents. In the agueous humor, reactive oxygen species
are constantly generated through hydrogen peroxide, superoxide
anion, singlet oxygen, and peroxyl radicals. The humor aqueous,
which serves as the eye’s physical and chemical barrier, is crucial in

TABLE1
TBARS (pM) values of the humor aqueous HF-induced
eye burn in rabbits (mean + SE)

Groups day 0 day 2 day 7 day 14
C 0.050+0.014% 1.050+0.122% 0.533+0.076% 0.179+0.039%*
D 0.050+0.014%2 0.604+0.101A< 0.143+0.049%° 0.066+0.0075°
I 0.050+0.014°P2 0.897+0.0724%¢  0.466+0.07%2  0.229+0.033¢2
DI 0.050+0.014% 1.286+0.157** 0.340+0.047%2 0.243+0.0288¢2

Different letters in the same line (* & <P) and column (* <) with statistically
significant (P<0.05). D: Dimethyl sulfoxide, I: Indomethacin, DI: Dimethyl sulfoxide+
Indomethacin, C: Control

TABLE IT
TAS (mmol-L ) values of the humor aqueous of HF-induced
eye burn in rabbits (mean * SE)

Groups day 0 day 2 day 7 day 14
C 9.550+0.47142 9.110+0.475*82> 6.776 +0.475%* 6.933+0.609%°
D 9.550+0.47142  9.916+2.845* 7.876+0.961** 5.726+0.856""
I 9.550+0.47142  4,183+0.953%° 9.010+0.436** 5.723+1.0418°
DI 9.550+0.47142 5.293+1.3828> 8.740+0.836** 9.700+0.471%2

Different letters in the same line (*® ¢P) and column (* <) with statistically
significant (P<0.05). D: Dimethyl sulfoxide, I: Indomethacin, DI: Dimethyl sulfoxide+
Indomethacin, C: Control
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FIGURE 2. Bar graph illustrating the change in TBARS means between days for
each group. D: Dimethyl sulfoxide, I: Indomethacin, DI: Dimethyl sulfoxide+
Indomethacin, C: Control

combating free radicals through its enzymatic and non—-enzymatic
antioxidants. Additionally, it is important for the nutrition and
protection of the anterior lens epithelium and corneal endothelium.

One of its functions is to remove metabolic waste and biochemical
byproducts generated by the cornea and lens. Evaluating ocular
biomarkers in aqueous humor provides valuable information for
revealing eye disorders [10, 19]. Recently, studies have shown that
the composition of aqueous humor is affected by the pathophysiology
of diseases requiring ocular emergency treatment, such as eye burns
[11] and other ocular disorders [20]. Therefore, severe oxidative
stress in eye burns can be assessed by measuring the aqueous
humor’s antioxidant capacity and enzyme activity.

Prior research has demonstrated DMSO and indomethacin’s
clinical and histopathological effectiveness in treating acidic
eye burns [15]. Furthermore, results demonstrating the anti—
inflammatory activity of various substances in alkaline eye burns
have also been reported [11]. This study investigated the impact
of DMSO and indomethacin on the oxidative status of aqueous
humor obtained from hydrofluoric acid—induced eye burns (FIG. 3).

TAS
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FIGURE 3. Bar graph illustrating the change in TAS means between days for

each group. D: Dimethyl sulfoxide, I: Indomethacin, DI: Dimethyl sulfoxide+
Indomethacin, C: Control

3of5



Indomethacin and DMSO in ocular burn / Altan et al

This study found that DMSO alone was more effective in reducing
TBARS levels than either indomethacin alone or the indomethacin—
DMSO combination in the aqueous humor. These results are
consistent with those observed in TBARS levels associated with
the use of DMSO in certain pathological conditions [21]. It is well
known that TBARS are terminal products of lipid peroxidation, and
therefore, the TBARS content is commonly utilized to estimate the
extent of oxidative stress [22]. DMSO possesses a chemical property
that allows it to be readily miscible with water and to dissolve highly
lipophilic substances [23]. As a free radical scavenger, DMSO is
clinically employed as an antioxidant in treating various diseases
[23, 24]. DMSO may have reduced TBARS levels due to its chemical
structure and its ability to scavenge hydroxyl radicals properties.

Total antioxidant status is a biomarker that describes the
dynamic balance of oxidative stress between pro—oxidants and
antioxidants [20, 13, 25]. Its levels decrease due to high catabolism
and consumption in burn cases [26]. Indomethacin, an anti—
inflammatory drug, is used to treat alkali eye burns because of its
anti—inflammatory properties [15]. Nonsteroidal anti—inflammatory
drugs, commonly used topically to prevent inflammation in ocular
therapy, are known to cause rare corneal complications [27]. DMSO
is known for its anti—inflammatory effects and its role as a free
radical scavenger, effectively reducing oxidative stress following
chemical burns [28, 29]. The TAS values were considerably elevated
in group D, exhibiting a significant difference (P<0.05) in comparison
to the control group on d 2. In group DI, TAS values were also higher,
with a statistically significant difference (P<0.05) than the other
groups on d 14. However, TAS values were markedly lower on the
2" and 14" days in the groups treated only with indomethacin than
the others. This increase in TAS in group D can be attributed to the
use of DMSO because of its antioxidant properties.

The antioxidant effect of DMSO in this study was consistent
with that of Altan et al. [15], which demonstrated that the DMSO-
administered group exhibited both clinical (no corneal haziness,
no conjunctival inflammation, minimal corneal erosion, among
others) and histopathological (minimal inflammatory cell density)
significant anti—inflammatory effects. The low level of inflammatory
cell density, a major source of ROS, in the DMSO—-treated group, is
thought to correspond with the reduced oxidative stress observed
in the aqueous humor of this group in the present study.

CONCLUSION

This study examined the TBARS and TAS levels related to
oxidative status in the humor aqueous. It was not possible to
evaluate other parameters indicating oxidative and antioxidant
status due to insufficient samples collected from the aqueous
humor. Although this might be viewed as a limitation of the study,
the results suggest that DMSO is a potent antioxidant in aqueous
humor. Consequently, this study is considered a model for further
research on ocular diseases such as chemical eye burns, which
may impede corneal healing due to oxidative stress and ultimately
lead to vision loss.
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