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Abstract—Perioperative dry eye syndrome (DES) is a common ocular complication of long-term general anesthesia.
Chronic DES can lead to permanent damage to the cornea and disturbance of visual function, up to total loss of vision.
Here, a relationship between the duration of general anesthesia and the risk of chronic DES in patients was demonstrated.
Using an experimental model of perioperative corneal abrasions in rabbits, it was found that introduction of animals to 3-h
general anesthesia resulted in clinically significant chronic damage to the cornea in 50% of cases. The development of the
complication was not associated with irreversible or long-term impairment of tear secretion, but it was accompanied by a
decrease in tear film stability and growth of the total protein content as well as decrease in total antioxidant activity of the
tear induced by low molecular weight antioxidants. In addition, anesthesia-induced changes in activity of tear antioxidant
enzymes including superoxide dismutase and enzymes providing homeostasis of reduced glutathione (glutathione peroxidase, glutathione-S-transferase, glutathione reductase) were observed. All these alterations were protracted (up to 1-2
weeks) and therefore might account for transition of the perioperative DES into the chronic form. These findings can be
useful in the development of novel approaches for the prevention and treatment of chronic forms of DES in the postanesthetic period.
DOI: 10.1134/S0006297916120166
Key words: general anesthesia, dry eye syndrome, corneal abrasion, tear secretion, tear film stability, tear proteins, tear
antioxidant activity, superoxide dismutase, glutathione peroxidase, glutathione-S-transferase, glutathione reductase

Perioperative dry eye syndrome (DES or keratoconjunctivitis sicca) is a common ophthalmological complication of long-term general anesthesia performed for
diminishing pain syndrome during invasive procedures
[1-6]. DES is generally defined as a complex of traits typical for clinically apparent or latent corneo-conjunctival
xerosis associated with destabilization of the tear film that
normally protects the corneal surface [7, 8]. As the cornea
Abbreviations: AOA, antioxidant activity; DES, dry eye syndrome; GPO, glutathione peroxidase; GR, glutathione reductase; GST, glutathione-SH-transferase; ROS, reactive oxygen
species; SOD, superoxide dismutase.
* To whom correspondence should be addressed.

is the most densely innervated body tissue, its injury is
associated with onset of a whole spectrum of symptoms:
from foreign body sensation to ophthalmalgia, photophobia, and blurred vision. So far, decreased tear production
caused by suppression of parasympathetic innervation of
the lacrimal gland in the presence of anesthetics was considered as the main pathogenic factor of perioperative
DES [9-11]. This disorder can result in weakening of tear
film protective qualities, manifesting in development of
focal lesions (abrasions) of the cornea. Yet, recent studies
involving an animal perioperative DES model demonstrated that pathological processes within the course of
anesthesia include not only lowered tear secretion, but
also alterations in tear biochemistry [12]. Indeed, during
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anesthesia tear film stability declines, possibly due to the
depressed production of phospholipids, necessary for
maintaining the integrity of its outer layer and prevention
of tear evaporation [7]. Furthermore, under these conditions, the proteomic composition of tears also changes,
and its antioxidant activity becomes depressed, which
may lead to local inflammatory response (Zernii et al.,
unpublished data).
Since regeneration of the corneal epithelium normally takes 24-72 h, small perioperative abrasions generally do not require treatment. Nevertheless, some patients
develop progressing DES with associated symptoms
becoming apparent in a few days or even weeks post-surgery, and these are not uniformly interpreted as being due
to general anesthesia. Degenerative changes in the cornea
were reported to display chronicity in approximately 16%
of cases [13]. Chronic DES mechanisms, along with contribution of different perioperative factors (time of anesthesia, patient positioning, surgery type, etc.) to the risk
of its development, remain unclear. In the meantime, of
all variants of DES, the chronic form may result in irreversible damage to the cornea, deterioration of visual
function, and ultimately complete vision loss. Patients are
now subjected to long-term and costly rehabilitation
courses to avoid these complications [13]. This situation
calls for the development of more effective approaches to
prevention and/or timely correction of perioperative
corneal abrasions.
In this study, we assessed the incidence of chronic
DES in a representative group of surgery patients and
characterized the correlation between duration of anesthesia and risks of DES. Using experimental animals
(rabbits), we developed a model of corneal abrasions
induced by anesthesia the duration of which corresponded to elevated DES risks in patients. We monitored clinical status of the cornea, tear secretion, as well as stability
and biochemical properties of the tear film during a longterm (up to 30 days) postanesthetic period. Our data are
the first to assess the contributions of different pathogenic factors to chronic anesthesia-induced corneal injury.
The results of this study could aid in designing novel
approaches to prevention and treatment of chronic DES
in the postanesthetic period.

MATERIALS AND METHODS
To determine relationships between duration of general anesthesia and risk of chronic DES, the clinical status of the cornea was surveyed in a group of 20 surgery
patients consisting of 10 male (age 30-59) and 10 female
(age 35-55) individuals. The survey was conducted consistently with Good Clinical Practice standards, Helsinki
declaration, and regulatory protocols of the Russian
Federation. Every patient provided a letter of informed
consent. Patients were included into the test group

because of having spent at least 100 min under general
anesthesia within the course of non-ophthalmic surgery
(herniotomy, cholecystectomy, thyroidectomy, salpingectomy, adnexectomy, hysterectomy, mastectomy, and lumbal discectomy). Among the exclusion criteria were
symptoms of DES and tear production disorders in the
preoperative period, as well as eye surgery, neurosurgery,
and ENT surgery on the patients’ clinical record. All
patients were subjected to ophthalmological inspection
via fluorescein test [14], performed immediately prior to
the surgery and on the 3rd and 5th days after the surgery.
Estimation of test results was carried out using a slit lamp
with blue filter. The registered corneal injuries were
assigned clinical scores (CS) of 0-3 depending on the size
of the affected corneal surface: <15 point lesions (CS =
1); >15 point lesions or one larger confluent lesion (CS =
2); >15 point lesions and one confluent lesion (CS = 3).
For the experimental model of chronic DES, 22
healthy pigmented rabbits (2-3 months old, weighting
2.3-3.0 kg) were purchased from a certified farm
(KrolInfo, Moscow Region). Prior to experiments, the
animals were housed at a 12 h light-dark cycle at temperature of 22-25°C and humidity of 55-60% with free access
to food and water. The animals were treated according to
the 8th edition of Guide for the Care and Use of Laboratory
Animals of the National Research Council and Statement
for the Use of Animals in Ophthalmic and Visual Research
of the Association for Research in Vision and
Ophthalmology (ARVO). The protocol was approved by
the Belozersky Institute of Physico-Chemical Biology
Animal Care and Use Committee (Protocol No. 1/2016).
Chronic anesthesia-associated DES was induced in
the experimental group of 16 animals (group 1). The animals were placed in a constraining device and subjected
to general anesthesia by intramuscular injection of anesthetic preparation containing 50 mg/ml tiletamine and
50 mg/ml zolazepam in a dose of 16-24 mg/kg of body
weight. Additional injections were performed in the
course of anesthesia to uphold continuous narcotic sleep
for 3 h (mean duration of anesthesia in experimental
groups 1 and 2 (see below) was 183 ± 12 min). This time
span was chosen considering the correlations between
duration of anesthesia and risk of DES development,
revealed in the patients’ survey (see below). Development
of corneal abrasions in experimental animals was monitored immediately prior to anesthesia and after 1, 3, and
7 days. In the course of the experiment, the animals were
kept under normal conditions described above. Corneal
lesions were identified via the fluorescein test [14]. To this
end, the animals were given 2 µl instillations (under the
lower eyelid) of 1% sodium fluorescein, which was then
distributed over the cornea by 2-3 movements imitating
eye blinking. Test results were assessed using a slit lamp
with blue filter. The grade of corneal lesions were assigned
clinical scores (CS) of 0-4 depending on the size of the
stained surface (fluorescein scale [15]): no staining (CS =
BIOCHEMISTRY (Moscow) Vol. 81 No. 12 2016
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0), 0-12.5% of corneal surface (CS = 1), 12.5-25% of
corneal surface (CS = 2), 25-50% of corneal surface
(CS = 3), more than 50% of corneal surface (CS = 4).
Tear secretion was evaluated by the standardized
Schirmer’s test [16] in experimental group 1 (16 animals)
immediately prior to and after the end of 3-h general
anesthesia, as well as after 1, 3, 7, 14, and 30 days of the
postanesthetic period. Within the specified time limits,
the animals were kept under normal conditions described
above. Gauged Schirmer’s test strips were placed beneath
the lower eyelid for 5 min, and then the length of the
moistened surface (in mm) was recorded.
Tear film stability was assessed by the tear break-up
time (BUT) test [17] in experimental group 1 (16 rabbits)
prior to, immediately after, and 1, 3, 7, 14, and 30 days
after their exposure to general anesthesia. Fluorescein
was instilled intraconjunctivally, as described above, and
the time until the appearance of the first stained spot in
the center of the cornea was measured. Staining was
detected by a slit lamp with blue filter.
Total protein concentration was measured in tear
samples of animals from experimental group 2 (six rabbits) that were subjected to the same anesthetic conditions as group 1. The samples were collected, using
gauged Schirmer’s test strips, immediately prior to and
after the anesthesia, and after the consecutive 1 h, 1 day,
3 days, and 7 days. During these periods, the animals were
kept under normal conditions (see above). Tear samples
were extracted from 15-mm test strips during 30 min with
150 µl of PBS. Protein concentration in the resulting
extract was measured by the bicinchoninic acid (BCA)
method using a BCA Protein Assay Kit (Thermo Fisher
Scientific, USA) in accordance with the manufacturer’s
instructions.
Total antioxidant activity (AOA) of tears was evaluated in the same tear samples that were used for total protein measurements (group 2, six rabbits). To this end, the
hemoglobin–H2O2–luminol test system [18] was applied.
A calibration curve was generated using standard solutions of Trolox (1, 2, 4, 5, 8 µM) in PBS. A 30-µl sample
of the standard or tear extract (dissolved 4-fold in PBS)
was added to 440 µl of reaction mixture containing
0.01 mM luminol and 0.5 mM hemoglobin in PBS.
Luminol oxidation was triggered by adding H2O2 to the
final concentration of 6 µM. Chemiluminescence was
recorded every 1 s for 10 min by a Glomax-Multi multimode reader (Promega, USA). The data were analyzed
using SigmaPlot 11 software (SYSTAT Software).
Activity of tear enzymes involved in antioxidant protection (superoxide dismutase, glutathione peroxidase,
glutathione reductase, and glutathione-SH-transferase)
was determined in the same tear samples that were used
for total protein measurements (group 2, six rabbits) using
commercially available kits (Sigma-Aldrich, USA) in
accordance with the manufacturer’s instructions.
Intensity of colorimetric reactions was determined with
BIOCHEMISTRY (Moscow) Vol. 81 No. 12 2016
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an Ultrospec 1000 spectrophotometer (Pharmacia
Biotech, UK) and MR-96A plate reader (Mindray,
China). The data were analyzed using SigmaPlot 11 software (SYSTAT Software).

RESULTS AND DISCUSSION
Correlation between duration of general anesthesia
and risk of chronic DES. To determine the incidence of
chronic DES during the postanesthetic period, we
assessed the corneal status of patients after different surgical interventions in a representative group of 20 individuals. Previously, it was demonstrated that the first signs of
corneal damage become noticeable after at least 1.5-2.0 h
of the exposure to general anesthesia [3, 10]. Thus,
patients were included in the test group on the primary
condition of spending more than 100 min under narcosis.
The perioperative DES symptoms were diagnosed by
means of ophthalmological survey based on the fluorescein test. DES is generally considered chronic when
corneal abrasions linger for as long as 3 days after the end
of anesthesia [13]. Based on this condition, ophthalmological inspection of patients was carried out prior to the
operation and on the 3rd and 5th days of the postoperative period. Of 20 patients, five demonstrated positive fluorescein staining within the specified time limits
(Table 1).
According to our results, chronic DES incidence in
the test group reached 25%, in agreement with previous
estimations [13]. Remarkably, anesthetic conditions associated with corneal abrasions in some patients had no visible effect on the others, indicating different levels of
patient susceptibility to perioperative DES. The correlation between duration of anesthesia and severity of
corneal damage was observed among patients with the
aforementioned complication. Thus, patients exposed to
135-150-min-long anesthesia displayed first-degree abrasions in one eye, which completely regenerated after 5
days. However, in cases when the duration of the narcosis
exceeded 150 min, corneal damage was more prominent,
manifesting in both eyes, and in one case even progressing with time. Combined with existing data [3, 10], these
results indicate that the risk of chronic DES development
increases with prolonged duration of narcosis within the
2-4 h range. Therefore, it was decided to use 3-h anesthesia in our chronic animal DES model, and to study the
alterations in biochemical properties of tears associated
with these conditions.
Modeling of chronic DES associated with general
anesthesia in experimental animals. In previous studies, it
was noted that development of corneal abrasions under
effect of general anesthesia is accompanied by changes in
secretion, stability, and biochemical composition of tears
[1-6, 12]. Monitoring these parameters is crucial for
studying chronic perioperative DES due to their potential
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Table 1. Severity scores of chronic corneal lesions in susceptible surgery patients subjected to different times of general anesthesia
Clinical score
Patient

Duration of anesthesia,
min

Eye
after anesthesia
before anesthesia
3 days

5 days

1

135

OS
OD

0
0

1
0

0
0

8

150

OS
OD

0
0

0
1

0
0

17

155

OS
OD

0
0

1
1

1
1

14

185

OS
OD

0
0

0
2

0
0

5

255

OS
OD

0
0

1
1

1
3

Table 2. Severity scores of acute and chronic corneal abrasions in experimental animals (rabbits), subjected to 3 h of
general anesthesia
Clinical score
Rabbit

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

after anesthesia

before
anesthesia

0 days

1 day

3 days

7 days

OD

OS

OD

OS

OD

OS

OD

OS

OD

OS

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
1
2
2
1
3
1
3
1
2
2
3
2
1
2
1

2
2
1
2
2
1
2
1
2
2
1
1
1
2
1
4

0
2
0
0
1
2
0
0
1
2
1
1
1
2
1
1

0
1
1
0
0
1
0
1
0
0
1
1
2
0
0
1

1
0
1
0
1
0
1
1
2
0
0
1
1
2
1
0

2
2
1
0
1
0
1
0
1
0
0
0
1
1
0
0

0
0
1
0
1
0
0
0
2
0
0
2
1
2
0
0

1
0
2
1
1
0
0
0
3
0
0
1
0
2
0
0

diagnostic value. Moreover, it might promote further
understanding of mechanisms of the complication, which
is necessary to design novel approaches to its prevention
and treatment. However, this kind of research is complicated by limited availability of patients for ophthalmological tests during prolonged postoperative period. With

that in mind, studies of long-term alterations in tear film
composition and stability after application of general
anesthesia were performed using our previously developed DES model system [12] adapted to the chronic
course of the disease. Rabbits (Oryctolagus cuniculus)
were chosen as model animals for simulation of anestheBIOCHEMISTRY (Moscow) Vol. 81 No. 12 2016
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This could be one of the major factors contributing to
chronic DES development.
Study of total antioxidant activity of tears in experimental animals with general anesthesia-induced chronic
DES. The observed negative effect of general anesthesia
on tear film stability could be associated with anesthesiainduced alterations in the biochemical composition of
tears. For instance, the decline of tear phospholipid content is known to result in degeneration of the outer layer
of the tear film, thereby enhancing its evaporation [7].
The major biochemical component of tears is a set of low
molecular weight antioxidants, including cysteine, glutathione, tyrosine, ascorbates, and urates [20, 21]. The
chemical properties of these compounds make a strong
contribution to total antioxidant activity (AOA) of tears,
protecting corneal epithelium from negative impact of
oxidative stress [21]. Since the loss of this protection followed by increased harmful activity of reactive oxygen
species (ROS) is one of the confirmed pathogenic factors
affecting DES, we characterized changes in tear AOA
during the anesthesia-induced chronic variant of the disease. Animals from experimental group 2 (6 total) were
subjected to 180 min general anesthesia, followed by 2
weeks of tear sample collecting and AOA measurements.
Figure 3 shows the results of this survey during the first
week. As was observed, AOA decreases 2-fold along the
course of the anesthesia itself, which correlates with our
previous findings ([12], Zernii et al., unpublished data).
However, tear AOA of the experimental animals continues to decline for 1-h post-narcosis, whereas the first
signs of recovery become visible in 2 to 3 days, and complete restoration takes up to 7 days. In summary, the
decrease in concentration/impact of tear antioxidants is
one on the first and most dynamic responses to the anes2.5
2.0
Clinical score

sia-induced corneal abrasions. This choice was particularly supported by the fact that the species’ visual sensory
system possesses many common anatomical, biomechanical, and biochemical features with the human eye [19].
Sixteen animals from experimental group 1 were subjected to general anesthesia for 3 h. Their corneal status was
surveyed immediately after awakening and during the following week. As demonstrated by the fluorescein test
results, 3 h anesthesia induced corneal abrasions in all
subjects. In the meantime, 13 of 16 animals sustained
corneal damage during the first 24 h (19 eyes, 59%), 11
animals – during first 72 h (18 eyes, 56%), 8 animals –
during first week (13 eyes, 40%) after the anesthesia
(Table 2). For the latter group, progression of corneal
injury over time was assessed. We found that while the tissue underwent partial regeneration during the first 24 h,
this remission was followed by further aggravation of the
disease (Fig. 1). Indeed, in half of the subjects (40% of the
eyes) DES was demonstrated to take a long-term chronic
course, with third degree corneal abrasions observed as
early as after one week of the postanesthetic period
(Table 2). In summary, according to the data, the species
of choice (rabbit) displays pronounced susceptibility to
chronic anesthesia-induced corneal abrasions, and,
therefore provides a convenient model for studying various pathogenic factors underlying chronic DES.
Monitoring of tear secretion and tear film stability in
experimental animals with general anesthesia-induced
chronic DES. As stated above, until recently, low tear
secretion associated with the suppressive effect of anesthetics on lacrimal gland activity was considered the main
pathogenic factor underlying perioperative DES. To estimate the contribution of this factor to the risk of development of chronic DES, we measured tear secretion in animals from experimental group 1 (subjected to 3-h general anesthesia) during 30 days of the postanesthetic period.
Using the standardized Schirmer’s test, secreted tear volume was found to decrease 3-fold immediately after the
recovery from narcosis (Fig. 2a). This result agrees well
with existing observations that anesthesia effectively suppresses tear production [9-11]. Nevertheless, tear secretion rate completely recovered during the first 24 h and
maintained normal levels during the next 29 days. Based
on these observations, it can be suggested that chronic
corneal abrasions detected in half of the animals after 5-7
days (Table 1) are associated with changes in quality,
rather than quantity, of the secreted tears. Indeed, the tear
break-up time (BUT) test performed on the same animals
revealed an alternate curve of tear film stability during the
same period (Fig. 2b). Namely, this parameter hit its lowest point after the first 24 h of the postanesthetic period,
while the recovery was delayed, not reaching normal levels until 7 days later. In conclusion, general anesthesia in
animals does not cause long-term or irreversible tear production failure, but it promotes tear film destabilization
and, consequentially, decline of its protective qualities.
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5

6

7

Postanesthetic period, days
Fig. 1. Clinical course of chronic corneal abrasions in a group of
eight animals (rabbits No. 1, 3, 4, 5, 9, 12, 13, and 14 from experimental group 1) during the first 7 days after their exposure to 3-h
general anesthesia.
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35

18
anesthesia

16
14
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BUT, s

Tear secretion, mm/5 min

anesthesia

30
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15

*

8

*

*

6

*

10

10

4
5

2
0

0
0

3

24

72

168

336

0

720

3

24

72

168

336

720

Time, h
Fig. 2. Tear secretion (a) and tear film stability (b) in rabbits from experimental group 1 under the effect of 3-h general anesthesia (highlighted in gray) and on the 1st, 3rd, 7th, 14th, and 30th day of the postanesthetic period (*p < 0.05 in comparison with the values obtained before
the anesthesia).

thetic action. This lingering condition might be one of the
factors enabling DES to develop chronicity.
Analysis of tear proteins in experimental animals with
general anesthesia-induced chronic DES. Tear proteins
secreted by lacrimal and Meibomian glands, conjunctival cells, and the cornea itself are supposed to be involved
in protective mechanisms providing defense of the
cornea from ROS and other chemical agents, along with
antibacterial and antiinflammatory action [7]. To determine the mechanisms of chronic DES and to develop

40

anesthesia

140
Total protein, mg/ml

AOA, µM Trolox equivalent

160

diagnostic and prognosis methods for this disorder, characterization of anesthesia-induced alterations in the tear
proteins is required. With this in mind, we studied the
changes in total protein content of tears and, in accordance with previous AOA measurements, monitored the
activity of antioxidant enzymes in tear samples from
experimental group 2 (see previous section). Our data
demonstrate that under the effect of anesthesia total protein concentration in tears increased, peaking by the end
of the first hour, and proceeded to decline during 3 to 7

120
100

*

80

*

60

*

*

40

анестезия

30

*

*

*

20

10

20
0

0
0

3

4

24

72

168

Time, h
Fig. 3. Total antioxidant activity (AOA) in rabbit tear samples
obtained from experimental group 2 within 3 h of general anesthesia (highlighted in gray), and after 1 h, 1 day, 3 days, and 7 days
of the postanesthetic period (*p < 0.05 in comparison with the values obtained before the anesthesia).

0

3

4

24

72

168

Time, h
Fig. 4. Total protein concentration in rabbit tear samples obtained from
experimental group 2 within 3 h of general anesthesia (highlighted in
gray), and after 1 h, 1 day, 3 days, and 7 days of the postanesthetic period (*p < 0.05 in comparison with the values obtained before the anesthesia).
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*

0.3
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d
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anesthesia
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c
0.4
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0.20
0.15
0.10

* *

*

0.05
0.00

0.010

0

3

4 24 72 168 336

Time, h

0.008
0.006
0.004
0.002

*

*

*

3

4

24

0.000

0
0

3

4

24

72

0

168

72

168

Time, h
Fig. 5. Specific and absolute (insets) activity of superoxide dismutase (SOD) (a), glutathione peroxidase (GPO) (b), glutathione-S-transferase
(GST) (c), and glutathione reductase (GR) (d) in rabbit tear samples obtained from experimental group 2 within 3 h of general anesthesia
(highlighted in gray), and after 1 h, 1 day, 3 days, and 7 days of the postanesthetic period (*p < 0.05 in comparison with the values obtained
before the anesthesia).

days post-narcosis (Fig. 4). The resulting curve is different from the one observed in our recent studies, where
protein concentration was shown to normalize within
the course of 2-h anesthesia. However, the same studies
revealed a proinflammatory response in experimental
animals that developed after 3 h from the start of the
anesthesia (Zernii et al., unpublished data). It was characterized by upregulation of tear proinflammatory
cytokines that are known to enhance permeability of
conjunctival blood vessels to serum proteins [22]. As a
result, the influx of these proteins from blood to tears
could explain the observed increase in total protein content. This suggestion agrees with the fact that proteins
such as serum albumin and serotransferrin are major
components of the tear proteome ([23], Zernii et al.,
unpublished data).
BIOCHEMISTRY (Moscow) Vol. 81 No. 12 2016

As the growth of total protein concentration in tear
samples corresponded to the local AOA decline (Figs. 3
and 4), we suggested that the latter was at least partially
associated with the inability of protective enzymes to
neutralize ROS and to replenish the pool of low molecular weight antioxidants [24]. To test this hypothesis, we
measured the activity of four major enzymes involved in
antioxidant protection – superoxide dismutase (SOD),
glutathione peroxidase (GPO), glutathione-SH-transferase (GST), and glutathione reductase (GR) – in animal tear samples from experimental group 2. During the
experiments, the activity curve for each enzyme was
traced within the post-narcosis period. As demonstrated
in Fig. 5 (a, b, d), a decrease in SOD, GPO, and GR
specific activity was observed within the course of anesthesia and for the next 24 h. This effect did not stem
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from the overall increase of protein content in tears
(Fig. 4) because absolute activity of these enzymes also
declined (Fig. 5, a, b, and d, the insets). In contrast with
these results, both specific and absolute GST activities
elevated within the specified time limits (Fig. 5c).
Although the recovery dynamics slightly varied among
the analyzed factors, in general all enzymes normalized
within one week after anesthesia. In summary, general
anesthesia has a noticeable impact on different tear
components with protective antioxidant activity. For
instance, exposure to general anesthesia in experimental
animals hinders the function of SOD, the only antioxidant enzyme in tears [25]. Furthermore, this condition
apparently suppresses the activity of reduced glutathione
(which plays a major role in tear AOA [26]) and significantly alters the functioning of enzymes involved in its
metabolism (GPO, GR, GST). Reduced glutathione
diminishes production of hydrogen peroxide in tears,
thus inhibiting oxidation of phospholipids, crucial for
tear film mechanical integrity [26]. Furthermore, in the
presence of increased ROS, glutathione deficit in tears
inhibits proliferation of conjunctival cells – especially
goblet cells, which are the main source of mucins
responsible for tear film stability [27]. Based on these
observations, it can be speculated that decreased concentration of reduced glutathione, along with enzymes
providing its antioxidant activity (GPO), and regeneration (GR), partially underlies the prolonged depression
of tear film stability under general anesthesia (Fig. 2b).
As a result, this condition might result in the development of chronic DES.
Current approaches to perioperative DES prevention
generally involve artificial tears or ointments that slow
tear evaporation, thus assisting in the recovery of its protective function [28-31]. However, such methods display
limited effectiveness, since pathogenesis of perioperative
DES is complex, and many contributing factors remain
unattended by commonly used prophylactic measures
[12, 31]. In the light of this research, it seems viable to
carry out complex preventive treatment to avoid chronic
corneal injury associated with prolonged general anesthesia. This treatment could include administration of agents
promoting restoration of tear antioxidant function, e.g.
vitamins A, C, E [32-34], as well as novel targeted antioxidants [35-37].
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