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Background: According to Tear Film and Ocular Surface Society's Dry Eye Workshop II, the 
precorneal tear film plays a crucial role in moisturizing the corneal surface and allowing for 
an optically smooth corneal surface. In addition, as a result of imbalanced secretion of the 
muco-aqueous phase of the tear film, the mucin layer traps shed epithelial cells, inflammatory 
cells, and debris to form a mucous clot within the lower conjunctival fornix. Increased mucus 
viscosity prevents moving mucus away via the punctum, which contributes to the development of 
severe dry eye syndrome (DES). Our clinical experience argues that tear replacement therapy 
alone can be not enough in the treatment of severe DES. N-acetylcysteine (NAC), a collagenase 
inhibitor, has been widely employed clinically as a mucolytic agent. Foreign literature is scant 
on the use of NAC as an anti-inflammatory, mucolytic, detoxicant and anti-oxidative agent in 
the treatment of DES.
Purpose: To assess the efficacy of topical 5% N-acetylcysteine as a part of multicomponent 
treatment for severe DES associated with increased mucus production.
Material and Methods: We reviewed records of 15 patients examined and treated for severe 
DES. At baseline, there was biomicroscopic evidence of mucous discharge in the conjunctival 
fornix, corneal epitheliopathy in the form of punctate fluorescein staining, and desquamated 
epithelium, which was consistent with severe DES.
Results: At admission, mean Schirmer’s test value and tear break-up time (TBUT) were 3.4 
mm (range, 2 to 6 mm) and 4.2 s (range, 2 to 8 s), respectively, and conjunctival impression 
cytology revealed focal epithelial degeneration. Topical 5% NAC was administered 4 times 
daily for 3 months as a part of multicomponent therapy for severe DES.
After 3 months of topical 5% NAC, 86.6% of patients noted good tolerance to the drug and 
improvement of subjective symptoms, and there was biomicroscopic evidence of a reduced 
amount of mucus in the conjunctival fornix and decreased epithelial desquamation. Mean 
Schirmer’s test and TBUT values increased to 5.0 ± 1.7 mm (mean ± SD) and 6.4 ± 1.7 s, 
respectively. Conjunctival impression cytology showed the presence of mucoid substance; 
diffused, differentiated epithelial cells without signs of degeneration; and an adequate 
superficial conjunctival epithelial cell layer.
Conclusion: Topical 5% N-acetylcysteine 4 times daily as a part of multicomponent treatment 
showed a substantial mucolytic effect for severe DES with apparent thick mucus discharge in 
the conjunctival fornix and resulted in the development of an adequate superficial conjunctival 
epithelial cell layer. Findings of this study allow us to recommend topical 5% N-acetylcysteine 
for severe DES patients with increased viscous mucous discharge in the conjunctival fornix.
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Introduction
Ideally smooth, spherical and transparent corneal 

surface is essential for normal corneal function. This is 
possible if the corneal epithelial surface is moist, because 
drying of the anterior epithelium within the area as small 
as 0.3 μm and at a depth as shallow as 0.5 μm may result 
in impaired visual perception [1-6].

  The precorneal tear film plays a crucial role in 
moisturizing the corneal surface and allowing for an 
optically smooth corneal surface; it defends the ocular 
surface, performs optic and trophic functions, moisturizes 
eyelids during blinking, and exerts an antibacterial 
effect. The trilaminar tear film, composed of the lipid, 
aqueous and mucin layers, normally has a thickness of 
approximately 2-5.5 μm [7]. The TFOS DEWS II Tear 
Film Subcommittee recommended a two-phase model of 
the tear film, which has a lipid layer overlying a muco-
aqueous phase [8].

The role of the mucin layer in individuals with normal 
tear film and patients with dry eye has been discussed in 
the literature [9-15]. The mucin layer is in direct contact 
with the epithelial cells of the cornea and conjunctiva, 
and consists of mucin which is produced mainly by the 
conjunctival goblet cells, crypts of Henle and glands of 
Manz; in addition, mucin is synthesized by corneal and 
conjunctival epithelial cells. The thickness of the tear film 
mucin layer is 0.02–0.05 μm. At least 20 mucin genes 
(MUC) have been identified in humans [10, 16-24].

The main function of the mucin layer is converting the 
corneal surface from a relatively hydrophobic surface to 
a hydrophilic surface due to binding of polar molecules 
of mucin with superficial epithelial cells via lipophilic 
domains and binding of water molecules to hydrophilic 
domains of mucin molecules. This results in formation of 
hydrophilic viscous mucin film on hydrophobic membrane 
of corneal epithelial cells, and the film is capable of 
keeping on the surface [7, 25-28].

As early as 1975, Ralph [29] emphasized that 
conjunctival goblet cell loss is a feature of all forms of 
dry eye disease (DED), and this has been confirmed in 
later reports, in Sjogren syndrome, ocular cicatricial 
pemphigoid, alkali burn, radiation keratitis, superior limbic 
keratoconjunctivitis, trachoma and after LASIK treatment 
[30-33]. In keeping with this, a decrease in MUC5AC 
staining has been shown by immuno-fluorescence in 
conjunctival impression samples from DED patients [30, 
34-37].

The mucoaqueous subphase performs a lubricating 
function between the lids and globe [38]. It also traps 
shed epithelial cells, inflammatory cells, debris and 
microorganisms, which are normally removed with tear 
film from the conjunctival cavity [39, 40]. As a result, 
these are collected into a mucous thread in the lower 
conjunctival sac. Increased amount and viscosity of the 
mucous thread contribute to formation of a mucous clot, 
which prevents moving mucus away via the punctum, 

causing foreign body sensation in the eye and increased 
subjective symptoms of dry eye.

Therefore, the tear film is an important component of 
the visual system. Because changes in homeostasis and 
function of a tear film layer may result in impairments in 
other layers, a combined form of dry eye is common [4, 
8], which is important to take into account when choosing 
therapy for dry eye.

Although tear replacement, anti-inflammatory and 
metabolic therapies are common in the treatment of DES, 
in our clinical experience, these alone can be not enough in 
the treatment of severe DES due to increased amount and 
viscosity of the mucous retained within the conjunctival 
fornix.

Since Sheffner [41] first discovered and reported on 
the mucolytic properties of N-acetylcysteine (NAC), a 
collagenase inhibitor, in 1963, this drug has been widely 
employed clinically as a mucolytic agent with low toxicity., 
In addition, the number of PubMed publications pertaining 
to this agent which were published in the period from 1963 
to this time is as large as 12,727.

The list of therapeutic indications for NAC is expanded 
year by year. The agent is used for impaired mucociliary 
clearance in airway diseases [42], in the management of 
cardiac diseases [43, 44] and cancer, transplant procedures 
[45]; as antidote in poisoning with various substances; and 
in therapy for HIV infection [46-49]. 

Foreign literature is scant on the use of NAC as 
an anti-inflammatory, mucolytic, detoxicant and anti-
oxidative agent in severe DED with a highly viscous 
mucous thread [50]. Because NAC contains free 
sulfhydryl groups, it breaks disulfide bonds connecting 
acid mucopolysaccharides, hampers the polymerization 
of mucoproteins, lowers the viscosity of the mucus, and 
reduces bacterial adhesion to conjunctival epithelial cells. 
In addition, it exerts a stimulating effect on mucous cells 
whose secretion lyses fibrin. Moreover, NAC increases 
glutathione synthesis and activates detoxication. The 
anti-inflammatory effect is due to inhibition of formation 
of free radicals and reactive acid metabolites that cause 
ocular surface inflammation [50].

A clinical trial demonstrated that oral treatment with 
mucin depolymerizing agent resulted in decreased ocular 
dryness symptoms in patients with Sjögren's syndrome. 
Another study reported that topical NAC had a better effect 
in reducing subjective symptoms of DED than artificial 
tears, but had no effect on the objective signs [13, 51].

In addition, several foreign authors reported case series 
of patients with filamentary keratitis treated with 10% 
NAC as an adjunct to artificial tear eye drops, cyclosporine 
and steroids [26, 52].

However, up today, mucolytic, anti-inflammatory, 
detoxicant and anti-oxidative effects of NAC have not 
been reflected in indications for use in the management of 
patients with eye disease.
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The purpose of the study was to assess the efficacy 
of 5% N-acetylcysteine in multicomponent treatment of 
severe dry eye syndrome with increased mucus production.

Material and Methods
The study protocol (Protocol No. 1, dated February 26, 

2019) was approved by the Bioethics Committee of the 
Filatov Institute. We reviewed records of 15 in-patients 
(age, 31 to 81 years; mean age, 55.6 years; 5 men and 10 
women) examined and treated for severe dry eye disease 
with increased mucus production at the Department of 
Corneal Pathology. Patients were included in this study 
after obtaining informed consent.

Patients presented with complaints of photophobia; 
constant and severe ocular discomfort; foreign body 
sensation; dryness and tearing; and unstable visual acuity 
that affected their work capacity. Moderate-to-severe viscous 
mucous discharge in the conjunctival fornix in the form of 
mucus threads or clots, corneal epitheliopathy in the form of 
punctate fluorescein staining, and desquamated epithelium 
were found in each patient. Patients were diagnosed with 
severe DES and filamentary keratitis (Figs 1, 2).

All patients had concurrent diseases. Of these, 10 
had rheumatoid arthritis or polyarthritis; one,  idiopathic 
pulmonary arterial hypertension; one, pemphigoid; 
one, neurotrophic keratitis after radiation therapy for 
retinoblastoma; one, Reiter's syndrome; and, one patient 
was after retinal detachment surgery, aphakia and 
pathologic myopia.

All patients underwent an eye examination, including 
visual acuity measurement, pneumotonometry, perimetry, 
dry eye tests (Schirmer test and tear break-up time, TBUT), 
slit lamp biomicroscopy, color photography (HS-5000, 
Huvitz, Korea), and impression cytology.

Impression cytology was performed as follows. After 
topical anesthesia, a Biopore membrane device (Millicell-
CM 0.4 µm PICM 012550, Millipore Corp, Bedford, 
MA, USA) was applied to the conjunctival surface at 
the superior temporal conjunctival quadrant, 2-3 mm 
from the limbus. The filters were fixed in the Nikiforov’s 
mixture and stained with hematoxylin and eosin. Ready-
to-use specimens were covered with polystyrene and 
examined under a light microscope Jenamed II (Carl Zeiss, 
Gottingen, Germany) at a magnification of 120×. 

The cytological pictures, obtained from patients at 
presentation, formed a basis for comparison.

In all patients, topical 5% NAC was administered four 
times daily for three months as an adjunct to preservative-
free hyaluronic acid artificial tears, reparative therapy 
(Dexpanthenol) and metabolic therapy (vitamins A and E).

Because pathological microflora from the conjunctival 
cavity of patients with severe DES was plated frequently, 
the conjunctival cavity was sanitized before administration 
of NAC.

Results
At baseline, impression cytology of the superficial 

conjunctival epithelium showed focal degeneration of the 
epithelial cells as well as scattered groups of discrete cells 
with no nucleus. In addition, vacuolar degeneration of 
epithelial cells was seen in 80% of samples. Neither goblet 
cells nor mucus were seen (Fig. 3). The mean Schirmer 
test value was 3.4 ± 1.6 mm (mean ± SD), and the mean 
TBUT test value was 4.2 ± 2.0 s.

After three months of topical 5% NAC, 13 patients 
noted good tolerance to the drug, improvement of 
subjective symptoms (including photophobia and foreign 
body sensation) and increased periods of stable visual 
acuity.  Two patients (one with cicatricial pemphigoid and 
one with neurotrophic keratitis after radiation therapy for 
retinoblastoma) left the study due to increased sensitivity 
to the agent (ocular mucosa irritation and conjunctival 
hyperemia). 

There was biomicroscopic evidence of a reduced 
amount of mucus in the conjunctival fornix, epithelization 
of the corneal surface with decreased epithelial 
desquamation and, however, some punctate fluorescein 
staining (Fig. 4-5). The mean Schirmer test value changed 
insignificantly to 5.0 ± 1.7 mm (mean ± SD), and the mean 
TBUT test value increased to 6.4 ± 1.7 s. After 3-month 
treatment with 5% NAC, impression cytology showed 
the presence of meibomian gland secretion and mucoid 
substance (goblet cell secretion) with the development of 
an adequate superficial conjunctival epithelial cell layer 
(Fig. 6).

Discussion
After three months of topical 5% N-acetylcysteine 4 

times daily, severe dry eye patients with apparent thick 
mucus discharge in the conjunctival fornix noted good 
tolerance to the drug and improvement of subjective 
symptoms and showed reduced amounts of mucus thread, 
decreased  desquamation of epithelium, and epithelized 
corneal surface. Impression cytology showed an adequate 
superficial conjunctival epithelial cell layer.

Patient selection for topical 5% N-acetylcysteine is 
still to be discussed, because, in the current study, this 
treatment was followed by irritation in two patients, likely 
due to individual sensitivity to the agent.

Therefore, findings of this study allow us to recommend 
topical 5% N-acetylcysteine as a part of multicomponent 
therapy for severe dry eye patients with increased viscous 
mucous discharge in the conjunctival fornix. 
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Fig. 1. Increased sticky mucous discharge in the 
inferior conjunctival fornix and irregular corneal surface 
(epitheliopathy) are seen

Fig. 2. Corneal epithelial cell desquamation with 
numerous threads in severe dry eye 
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Fig.7.  Atfter three months of treatment with 
N-acetylcysteine, there are occasional epithelial 
filaments on the corneal surface

Fig. 8. Conjunctival impression cytology after three 
months of 5% topical N-acetylcysteine shows 
small groups of epithelial cells affected by vacuolar 
degeneration 

Fig. 5. After three months of treatment with 
N-acetylcysteine, there is a significant decrease in 
mucus in the conjunctival cavity, the corneal surface 
appears epithelialized.

Fig.6. After three months of treatment with 
N-acetylcysteine,  the corneal surface appears 
epithelialize, with occasional epithelial filaments on the 
corneal surface

Fig. 3. Dry keratoconjunctivitis, epitheliopathy in the 
inferior half of the cornea

Fig. 4. Conjunctival impression cytology in patient with 
severe dry eye. Complete vacuolar degeneration of 
epithelial cells is seen. Hematoxylin and eosin staining. 
120×. 


