
Advances in Biological Chemistry, 2014, 4, 26-34                                                             ABC 
http://dx.doi.org/10.4236/abc.2014.41005 Published Online February 2014 (http://www.scirp.org/journal/abc/) 

N-acetylcysteine amide protects against  
dexamethasone-induced cataract related changes in  
cultured rat lenses 

Shakila Tobwala1, Eylem Y. Pinarci2, Yasaswi Maddirala1, Nuran Ercal1* 
 

1Department of Chemistry, Missouri University of Science and Technology, Rolla, USA 
2Department of Ophthalmology, Baskent University, Istanbul, Turkey 
Email: *nercal@mst.edu 
 
Received 5 December 2013; revised 10 January 2014; accepted 21 January 2014 
 
Copyright © 2014 Shakila Tobwala et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. In accor- 
dance of the Creative Commons Attribution License all Copyrights © 2014 are reserved for SCIRP and the owner of the intellectual 
property Shakila Tobwala et al. All Copyright © 2014 are guarded by law and by SCIRP as a guardian. 

ABSTRACT 
Glucocorticoids (GCs) are one of the most widely used 
immunosuppressive and anti-inflammatory agents. 
However, their long term and systemic use is asso- 
ciated with adverse drug reactions including post- 
erior subcapsular cataracts as one of its ocular com- 
plications. Balanced redox state is crucial for main- 
tenance of lens transparency, and a high content of 
glutathione (GSH) in the lens is believed to play a key 
role in doing so. Depletion of GSH is implicated in the 
etiopathogenesis of dexamethasone-induced cataracts 
and, therefore, the present study was sought to eva- 
luate the efficacy of a novel thiol antioxidant, N-ace- 
tylcysteine amide (NACA), in preventing dexametha- 
sone-induced cataractogenesis. Cataract formation 
was induced by incubation of rat lenses with 5 µM 
dexamethasone. To assess whether NACA had a sig- 
nificant impact on dexamethasone-induced cataracts, 
the rat lenses were divided into four groups: 1) con- 
trol group (Dulbecco’s Modified Eagle Medium 
(DMEM), 2) dexamethasone group (DMEM with 5 
µM dexamethasone), 3) NACA-only group (50 µM 
NACA solution), and 4) NACA pretreatment group 
(50 µM NACA for 6 hours followed by 5 µM dex- 
amethasone only for 18 hours). Lenses were cultured 
for 7 days at 37˚C under 5% CO2. Lenses were eva- 
luated daily using a dissecting microscope and pho- 
tographed and graded for the development of opacity. 
The rat lenses in both the control and the NACA-only 
groups were clear, whereas all lenses within the 
dexamethasone-only group developed well-defined 
cataracts. Overall observations indicated that NACA 

inhibits cataract formation by limiting lipid peroxi- 
dation and increasing the ratio of GSH/GSSG in lens. 
Therefore, NACA can be developed into a potential 
adjunctive therapeutic option for patients undergoing 
therapy with GCs to inhibit glucocorticoid-induced 
cataracts.  
 
KEYWORDS 
Dexamethasone; Cataracts; Oxidative Stress;  
Antioxidant; N-Acetylcysteine Amide 

1. INTRODUCTION 
Glucocorticoids (GCs) are steroid hormones that play a 
role in physiological processes and are widely used as 
immunosuppressive and anti-inflammatory agents in the 
treatment of many clinical conditions, including rheu- 
matoid arthritis, asthma, autoimmune diseases, and vari- 
ous ocular diseases [1,2]. However, their clinical use is 
restricted due to a wide range of complications asso- 
ciated with their long-term topical and systemic use. One 
of the ocular complications of glucocorticoid toxicity is 
the development of posterior subcapsular cataracts (PSCs) 
[3-8]. Unfortunately, certain patients cannot avoid long- 
term steroid therapy and therefore, development of ad- 
junctive therapeutics for the prevention of steroid-in- 
duced cataracts is highly desirable. 

Oxidative stress and depletion of GSH are implicated 
in the etiopathogenesis of glucocorticoid-induced cataracts 
[9-14]. Under physiological conditions, the lens utilizes 
its various antioxidant defenses to effectively protect 
itself and maintain the reduced state of thiols, which is 
essential for retaining clarity of the lens. However, under 
oxidative stress, depletion of GSH disturbs the thiol-  *Corresponding author. 
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redox status. This sets off a cascade of oxidative damage 
resulting in the oxidation of all major macro-molecules 
in cells, including lipids, proteins, and nucleic acids, and 
eventually in the disruption of function and integrity of 
lens cells [15-19]. Oxidative damage to proteins may 
lead to structural and functional changes, including con- 
formational changes resulting in inhibition of enzymatic 
and binding activities, fragmentation, denaturation, ag- 
gregation, altered gene expression and regulation, and 
modulation of cell signaling [20]. In addition, lipid hy- 
droperoxides may cause changes in membrane permea- 
bility [21-24] along with uncoupling of the membrane- 
bound enzyme Na+/K+-ATPase and oxidative inhibition 
of Ca2+-ATPase [25,26], and DNA damage [27]. Chan- 
ges in the redox ratio of GSH lead to crosslinking, ag- 
gregation, insolubility, and fragmentation of crystalline 
proteins, which results in the formation of cataracts [12, 
28-31]. Epidemiological studies have documented loss of 
GSH in various types of cataracts [32-34]. A decrease in 
GSH levels after glucocorticoid exposure [35,36] along 
with an increase in the levels of lipid peroxide in the lens 
[36] has been reported. Furthermore, protection by anti- 
oxidants like vitamin E and ascorbic acid [7,37] against 
damage caused by a soluble corticosteroid suggests the 
role of oxidative stress in steroid-induced cataract forma- 
tion. 

At present, the treatment for cataracts requires surgery 
to remove the natural lens that has developed opacifica- 
tion, replacing it with a synthetic lens to provide trans- 
parency. Although cataract surgery is considered to be 
one of the safest procedures available, treatment is rela- 
tively expensive and there is a significant rate of post- 
surgical complications, including the development of a 
posterior capsular opacification [38]. Since depletion of 
GSH is hypothesized to be a key initiating event in the 
development of PSCs, the use of a GSH prodrug as an 
adjunctive therapeutic agent would be an effective, non- 
surgical treatment to prevent and treat cataracts. How- 
ever, progress in this area has been modest. Although 
studies have indicated that antioxidants like N-acetyl 
carnosine and N-acetyl cysteine (NAC) may ameliorate 
the risk for cataracts [39,40]. NAC is not highly bioavail- 
able and does not readily penetrate into cells, thereby 
requiring fairly high doses that can increase the side ef- 
fect profile. A potential candidate that possesses far bet- 
ter characteristics for development as an ophthalmologic 
agent to address oxidative stress damage is the low mo- 
lecular weight thiol antioxidant, N-acetylcysteine amide 
(NACA). NACA’s characteristics as a drug were im- 
proved over NAC by neutralizing the carboxylic group 
of NAC, which makes the NACA molecule more lipo- 
philic and therefore enhances its ability to penetrate cel- 
lular membranes. The enhanced ability to penetrate cells 
allows NACA to be administered at a lower dose than 

NAC, giving the drug a greater therapeutic index and 
lowering the risk of side effects that traditionally have 
been associated with higher doses of NAC [41,42]. 
NACA is an excellent source of sulfhydryl (SH) groups 
that can be converted by the cells into metabolites capa- 
ble of stimulating GSH synthesis. The molecule also can 
promote intracellular detoxification and act directly as a 
free radical scavenger. NACA acts as a carrier of NAC 
and its antioxidant and free radical scavenging abilities 
are equal to or better than those of NAC [43].   

Promising results with NACA [44-51] in various 
oxidative stress-related disorders encouraged us to inves- 
tigate the protective role of NACA in the prevention of 
dexamethasone-induced cataracts. Our data showed that 
NACA inhibits dexamethasone-induced cataract forma- 
tion by limiting lipid peroxidation and increasing the 
ratio of GSH/GSSG in lenses. NACA can potentially be 
developed into a promising adjunctive therapeutic option 
for patients undergoing therapy with glucocorticoids. 

2. MATERIALS AND METHODS 
2.1. Materials 
Dexamethasone and N-(1-pyrenyl)-maleimide (NPM) 
were obtained from Sigma-Aldrich (St. Louis, MO). High 
performance liquid chromatography (HPLC) grade sol- 
vents were purchased from Fisher Scientific (Fair Lawn, 
NJ). NACA was gifted by Dr. Glenn Goldstein (David 
Pharmaceuticals, New York, NY). All other chemicals 
were bought from Sigma-Aldrich (St. Louis, MO). 

2.2. Ex Vivo Rat Lens Culture and Drug  
Treatment 

All animal procedures conformed to the ARVO State- 
ment for the Use of Animals in Ophthalmic and Vision 
Research and by the Animal Care and Use Protocol Re- 
view Committee at the Missouri University of Science 
and Technology. For rat lens culture, eyes from 21-day- 
old Sprague-Dawley male rats were enucleated to expel 
the lens using plastic-coated forceps and fine scissors. 
Eyes were immediately transferred to Dulbecco’s MEM 
(pH 7.2; Sigma, St. Louis, MO), containing 0.1% bovine 
serum albumin (BSA; GibcoBRL, Grand Island, NY) 
and antibiotic solution (GibcoBRL; 100 U/mL penicillin, 
100 µg/mL streptomycin, and 0.25 µg/mL amphotericin 
B) [52]. The culture media was changed daily. Approx- 
imately 24 hours after the preparation of organ cultures, 
clear lenses were selected and were randomly divided 
into four groups: 1) control group (DMEM), 2) dexame- 
thasone group (DMEM with 5 µM dexamethasone), 3) 
NACA-only group (50 µM NACA in DMEM), and 4) 
NACA pretreatment group (pretreatment with 50 µM 
NACA for 6 hours followed by 5 µM dexamethasone 
only for 18 hours in DMEM). Lenses in each group were 
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cultured in DMEM media as detailed above for 7 days at 
37˚C under 5% CO2. Lenses were evaluated daily using a 
dissecting microscope and photographed to check for the 
development of opacity. 

2.3. Intracellular Glutathione (GSH)  
Measurement 

Intracellular GSH content was determined by reverse 
phase HPLC, according to the method developed in our 
laboratory [53]. Lens samples were homogenized in se- 
rine borate buffer (SBB). Twenty microliters of this ho- 
mogenate were added to 230 µl of HPLC grade water 
and 750 µl of NPM (1 mM in acetonitrile). The resulting 
solutions were incubated at room temperature for 5 min. 
The reaction was stopped by adding 10 µl of 2 N HCl. 
The samples were then filtered through a 0.45 µm filter 
(Advantec MFS, Inc. Dulin, CA, USA) and injected onto 
the HPLC system. 5 µl of the sample were injected for 
analysis using a Thermo Finnigan TM Spectra SYSTEM 
SCM1000 Vacuum Membrane Degasser, FinniganTM 
SpectraSYSTEM P2000 Gradient Pump, FinniganTM 
SpectraSYSTEM AS3000 Autosampler, and FinniganTM 
SpectraSYSTEM FL3000 Fluorescence Detector (λex = 
330 nm and λem = 376 nm). The HPLC column was a 
Reliasil ODS-1 C18 column (Column Engineering, On- 
tario, CA, USA). The mobile phase was 70% acetonitrile 
and 30% water and was adjusted to a pH of 2.5 through 
the addition of 1 ml/L of both acetic and o-phosphoric 
acids. The NPM derivatives were eluted from the column 
isocratically at a flow rate of 1 ml/min. 

2.4. Total Glutathione and Glutathione Disulfide  
(GSSG) Measurement 

Total glutathione content was determined by reverse 
phase HPLC. Lens samples were homogenized in SBB. 
Twenty microliters of this homogenate were added to 60 
µl of NADPH (2 mg/ml) in nanopure water and 20 μl of 
1 unit/ml glutathione reductase were added to reduce 
GSSG. After 10 min of incubation at room temperature, 
the treated samples were diluted with 150 μl H2O, and 
then immediately derivatized with 750 μl of 1.0 mM 
NPM. The samples were analyzed as detailed for the 
determination of GSH using reverse phase HPLC. Data 
from the original GSH levels and the total current GSH 
levels in each sample were subsequently used to calcu- 
late the levels of GSSG present in each sample [54]. 

2.5. Determination of Glutathione Reductase  
(GR) Activity 

Glutathione reductase is the enzyme responsible for re- 
cycling GSSG into GSH via a reduction mechanism, 
utilizing both GSSG and NADPH as a substrate. The 
activity of this enzyme was determined using a commer- 

cial kit from OxisResearch (Portland, OR, USA). The 
oxidation of NADPH to NADP+ was accompanied by a 
decrease in absorbance at 340 nm, providing a spectro- 
photometric means for monitoring the enzyme activity of 
GR. The activity of GR in cells was determined by add- 
ing homogenate to a solution containing both GSSG and 
NADPH and then recording the absorbance as a function 
of time at 340 nm. The rate of decrease in the A340 was 
directly proportional to the GR activity in each sample. 

2.6. Lipid Peroxidation Measurement 
Malondialdehyde (MDA) is a thiobarbituric acid reactive 
substance (TBARS). The extent of lipid peroxidation 
was determined by measuring concentrations of TBA- 
MDA complex. Lens homogenate (350 μl), 100 μl of 500 
ppm butylated hydroxytoluene, and 550 μl of 10% trich- 
loroacetic acid were combined, and the suspension was 
boiled for 30 min. An aliquot (500 μl) of the supernatant 
was removed and 500 μl of thiobarbituric acid added. 
From this solution, 500 μl were removed and added to 
1.0 ml of n-butanol. This mixture was vortexed, and cen- 
trifuged for 5 min at 110 × g to facilitate phase separa- 
tion. Fluorescence was then measured (λex = 515 nm and 
λem = 550 nm) [55]. 

2.7. Statistical Analysis 
All reported values were represented as the mean ± S.D. 
of quadruplets. Statistical analysis was performed using 
the GraphPad Prism software (GraphPad, San Diego, 
CA). Statistical significance was ascertained by one way 
analysis of variance, followed by Tukey’s multiple com- 
parison tests. Values of p < 0.05 were considered signifi- 
cant. In the figures, “*” represents a significant differ- 
ence in comparison with the control group, and “#” re- 
presents a significant difference in comparison with the 
Dex-only group. 

3. RESULTS 
3.1. Prevention of Dexamethasone-Induced  

Cataracts by NACA 
To examine the effects of dexamethasone on the lens, we 
used an ex vivo rat lens model. We isolated rat lenses and 
treated them in organ culture to cause steroid-induced 
cataracts directly. The lenses were incubated with 5 µM 
dexamethasone and morphologic changes in the whole 
lenses were recorded photographically with a dissection 
microscope. Opacity first appeared at day 3 in the lenses 
incubated with dexamethasone. All lenses in the dex- 
amethasone group developed cataracts by day 7. In con- 
trast, only 25% of the lenses developed cataracts in the 
NACA pretreatment group. Untreated control lenses re- 
mained transparent until day 7 (Figure 1). 
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3.2. Effect of NACA on Intracellular GSH Levels  
in Dexamethasone Treated Cultured Rat  
Lens 

To support our hypothesis that GSH depletion induces 
cataract formation in the Dex-treated group, we meas- 
ured the levels of intracellular GSH. Figure 2 shows the 
effect of Dex on lens GSH levels in the presence and 
absence of NACA. A 7-day exposure with 5 μM of Dex 
decreased the GSH level to 21% of that of the control. A 
pretreatment with 50 μM of NACA increased the GSH 
level close to control. 

3.3. Effect of NACA on Oxidized Glutathione  
(GSSG) Levels and GSH/GSSG Ratio in  
Dexamethasone Treated Cultured Rat  
Lenses 

GSSG levels in the lenses of the Dex-only group were 
found to have significantly increased by approximately 
three times the GSSG levels in the control group. The 
amounts of GSSG found in lenses with NACA pretreat- 
ment were significantly lower compared to the Dex-only 
group and were close to that of the control group. A 
graph with these results is shown in Figure 3. An inter- 
esting result was obtained by observing the ratio between 
the GSH and the GSSG levels in the lenses of each group. 
As expected, the control group was found to have the 
highest ratio of GSH to GSSG. The ratio dropped to 
about 6% of control in the Dex-only group (Figure 4). 
However, NACA pretreatment increased this ratio sig- 
nificantly to approximately 50% of the control group 
value. 
 

 

(a) (b) 

(c) (d)  
Figure 1. Appearance of cultured rat lens with 
dexamethasone and NACA at day 7. Opacity was 
observed only in the Dex group at day 7 (Figure 
1(c)), which was significantly prevented by pre- 
treatment with NACA. (a) Control; (b) NACA- 
only; (c) 5 µM Dex; (d) 5 µM Dex + 50 µM 
NACA. All reported values were represented as 
the mean ± S.D. (n = 8). 

 
Figure 2. Intracellular GSH levels in lenses after 
treatment with dexamethasone and NACA. GSH 
levels were measured after 7 days of treatment for 
control, NACA, Dex, and Dex + NACA groups. 
Exposure to Dex (5 μM) significantly decreased 
intracellular GSH level. Pretreatment with NACA 
(50 μM), prevented such a dramatic decrease. The 
NACA-only treated group showed no significant 
difference when compared to the control. *p ≤ 
0.05 compared to the control group. All reported 
values were represented as the mean ± S.D. of 
quadruplets. 

 

 
Figure 3. Intracellular GSSG levels in lenses af- 
ter treatment with dexamethasone and NACA. 
The GSSG level was significantly higher in the 
Dex-only group than in the control. This GSSG 
level was significantly reduced upon pretreat- 
ment with NACA. The NACA-only treated group 
showed no significant difference when compared 
to the control. *p ≤ 0.05 compared to the control 
group, and #p ≤ 0.05 compared to the Dex group. 
All reported values were represented as the mean 
± S.D. of quadruplets. 

3.4. Effect of NACA on Glutathione Reductase  
(GR) Activity in Dexamethasone Treated  
Cultured Rat Lenses 

GR is a key antioxidant enzyme involved in maintenance 
of cellular GSH homeostasis. It reduces GSSG back to 
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the reduced form, GSH. A significant reduction in the 
activity of GR was observed upon Dex treatment. How- 
ever, NACA pretreatment increased the activity of GR 
(Figure 5). 

3.5. Effect of NACA on Lipid Peroxidation  
Byproduct: MDA 

MDA was used as an index of lipid peroxidation (LPO). 
Dex-treated lens had significantly higher levels of MDA, 
as compared to those of the control (Figure 6). Pretreat- 
ment with 50 µM of NACA completely reduced this in- 
crease, with MDA levels becoming nearly the same as 
those of the control, and with a p value of <0.05, as 
compared to that of the control. The NACA-only treated 
group showed no significant difference when compared 
to the control. 

4. DISCUSSION 
Posterior sub-capsular cataract is one of the ocular com- 
plications of glucocorticoid toxicity. Despite a well-es- 
tablished link between the use of GC’s and cataracts, 
treatment with glucocorticoids cannot be avoided in 
some cases. GC-induced cataract formation is directly 
attributed to oxidative stress that occurs within the lens. 
Oxidation, which can be caused by an overabundance of 
oxidative stress generators, such as molecular oxygen, 
hydrogen peroxide, and free radicals, produces a major 
insult upon the lens, which can lead to the loss of GSH, 
LPO, and a decrease in antioxidant enzyme activity  
 

 
Figure 4. GSH/GSSG ratio in lenses after treat- 
ment with dexamethasone and NACA. The GSH/ 
GSSG ratio in the Dex only group was signifi- 
cantly lower than in the control group. This GSH/ 
GSSG ratio was significantly increased upon pre- 
treatment with 50 μM NACA. The NACA-only 
treated group showed no significant difference 
when compared to the control. *p ≤ 0.05 com- 
pared to the control group, and #p ≤ 0.05 com- 
pared to the Dex group. All reported values were 
represented as the mean ± S.D. of quadruplets. 

 
Figure 5. Glutathione reductase activity in lenses 
after treatment with dexamethasone and NACA. 
GR activity was significantly lower in the Dex- 
only group than in the control group, while NACA 
pretreatment increased its activity. The NACA- 
only treated group showed no significant difference 
when compared to the control. *p ≤ 0.05 compared 
to the control group, and #p ≤ 0.05 compared to the 
Dex group. All reported values were represented 
as the mean ± S.D. of quadruplets. 

 

 
Figure 6. MDA levels in rat lenses after treatment 
with Dex and NACA. It was found that, after 7 days 
of Dex treatment, the MDA levels significantly in- 
creased. Dex (5 μM) induced a significant increase in 
the MDA level. Pretreatment with 50 µM of NACA 
decreased lipid peroxidation significantly. The NACA- 
only treated group showed no significant difference 
when compared to the control. *p ≤ 0.05 compared to 
the control group, and #p ≤ 0.05 compared to the Dex 
group. All reported values were represented as the 
mean ± S.D. of quadruplets. 

 
[56-58]. GSH is an indispensable and primary lenticular 
antioxidant [12]. A wide body of evidence indicates loss 
of GSH because of its oxidation to GSSG, since its levels 
increase drastically once cataracts develop. Therefore, an 
alternative method for treating or preventing the occur- 
rence of GC-induced cataracts would be through the use 
of a GSH prodrug. With this background, we evaluated 
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the effects of a novel antioxidant and a potent GSH pro- 
drug, N-acetylcysteine amide (NACA), in the prevention 
of cataracts induced by Dex in rat lenses. Results from 
morphological observations indicated that NACA was 
able to reduce the opacification of the lens within this ex- 
vivo dexamethasone-induced cataract model (Figure 1).  

As discussed earlier, GSH is an essential lenticular an- 
tioxidant and is present in high concentrations in the lens, 
providing a first line of defense against oxidative damage 
[59], as well as playing an important role in antioxidant 
defense and redox regulation [60]. Results from this 
study indicate that treatment with dexamethasone de- 
creased lenticular GSH and the GSH/GSSG ratio signifi- 
cantly. In addition, it increased GSSG levels signifi- 
cantly. However, pretreatment with NACA significantly 
increased the ratio of GSH/GSSG by decreasing the le- 
vels of GSSG. The ratio of reduced to oxidized gluta- 
thione (GSH/GSSG) serves as a representative marker of 
the antioxidative capacity of a cell. Depletion of GSH 
could be due to several possible mechanisms, including 
but not limited to the efflux of GSH from the lens, se- 
questration of GSH by incorporation into mixed disulfide 
aggregates, enhanced consumption of GSH in the proc- 
ess of detoxification of ROS, and downregulation of en- 
zymes involved in GSH biosynthesis. Another possible 
explanation for the decrease in GSH levels under oxida- 
tive stress is the reduced GR activity. Some studies have 
indicated that loss of GSH will directly affect the activity 
of the GSH-dependent enzyme GR. This enzyme plays 
an important role in GSH homeostasis. It has been re- 
ported that, under oxidative stress, the protein sulfhydryl 
(protein-SH) groups are lost [61], which are essential for 
enzyme activity [62]. Under such circumstances, GSH is 
not regenerated, so depletion of GSH indicates that the 
tissue is undergoing oxidative stress. The decreased ac- 
tivity of GR seen in our experiments with Dex treatment 
supports our hypothesis of GSH depletion upon treat- 
ment with Dex. A decrease in the lenticular GSH levels 
has been observed upon treatment with glucocorticoids 
[13,35,63]. In vivo treatment of rabbits with the Dex eye 
drops, as used for cataract surgery, reduced GSH levels 
in the lens [63]. In addition, free radical scavengers have 
also been reported to prevent GC-induced cataract for- 
mation [64-66] by increasing GSH levels and decreasing 
LPO. Decreasing the levels of GSH, when reactive oxy- 
gen species are present, can trigger a cascade of further 
oxidative damage, such as LPO, which has been asso- 
ciated with the formation of cataracts in patients [67-70]. 

The extent of LPO was determined in this study by 
measuring the amount of MDA, a by-product of LPO, 
within the lens. Unavailability of GSH as a substrate for 
glutathione peroxidase stalled the process of lipid perox- 
ide decomposition and, thus, increased the levels of 
MDA in the Dex-treated group. NACA supplied an ade- 

quate amount of GSH as a substrate for glutathione pe- 
roxidase to effectively decompose lipid peroxides in the 
rats, reducing MDA levels (Figure 6). The multiple roles 
of NACA in preventing cataract formation include direct 
scavenging of free radicals, providing cysteine for GSH 
synthesis, and nonenzymatic reduction of the preexisting 
toxic GSSG into GSH. 

Our results suggest that NACA can prevent the forma- 
tion of dexamethasone-induced cataracts by directly and 
indirectly maintaining the GSH/GSSG ratio in healthy 
lenses, allowing the lens to better cope with oxidative 
stress. NACA could confer a protective effect by pro- 
viding a substrate for the generation of GSH, maintaining 
antioxidant levels within the lens and, possibly, through 
disulfide-exchange mechanisms. Treatment with NACA 
may prove to have a major therapeutic role in dexame- 
thasone-induced cataracts. In future studies, we will fo- 
cus on the prophylactic role of NACA in GC-induced 
cataract formation and investigate the development of a 
topical formulation for the application of this antioxidant 
in an in vivo model. 
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