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Background: Finding means for improving the effectiveness of drug therapy of 
ocular inflammatory disorders, especially those with comorbidities, is a challenge to 
ophthalmology.
Purpose: To assess the efficacy of carnosine for improving the pro/antioxidative imbalance 
in the anterior segment of rabbit eyes with experimental anterior uveitis in the presence 
of ocular hypertension (OHT).
Material and Methods: Thirty-three rabbits were used in the study. Group 1 (the control 
group) comprised 9 intact rabbits and group 2, 12 animals with OHT induced prior to 
experimental non-infectious uveitis. Group 3 comprised 12 animals in which carnosine 
5% was administered bilaterally into the conjunctival sac twice daily for four weeks for 
OHT induced prior to experimental non-infectious uveitis. Non-infectious uveitis was 
induced by injecting albumin into the anterior chamber, and OHT was induced by a single 
0.1-mL injection of carbomer 0.3% into the anterior chamber. Activities of superoxide 
dismutase, catalase, glutathione peroxidase, NADH-oxidase and xanthine oxidase, and 
levels of total proteins and malondialdehyde (MDA) and diene conjugate (DC) in uveal 
tissue (iris and ciliary body) and aqueous humor specimens were determined.
Results: Uveal activities of NADH-oxidase and xanthine oxidase were 19.4% (р < 0.05) 
and 27.2% (р < 0.01), respectively, lower in eyes of rabbits treated with carnosine than in 
eyes of animals not treated for anterior uveitis plus OHT. Uveal activities of glutathione 
peroxidase, superoxide dismutase and catalase were 34.7%, 39.6% and 28.4%, 
respectively, higher, and uveal MDA and DC levels were 39.3% and 33.3%, respectively, 
lower, in eyes of the former rabbits than of the latter rabbits. Similar changes were found 
in aqueous humor specimens of the experimental rabbits.
Conclusion: Carnosine, when instilled locally, contributed to improvement in the pro/
antioxidative imbalance in the anterior segment of rabbit eyes with uveitis plus OHT. 
It is reasonable to include carnosine-based eye drops into multiagent therapy of uveitis 
complicated by OHT due to their antioxidative, anti-inflammatory and membrane-
stabilizing effects.
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Introduction
Ocular inflammation can result in reduced visual acuity 

and even blindness, and affects functional work capacity 
and quality of life, posing a social and economic challenge 
for the society. Therefore, finding means for improving 
the effectiveness of drug therapy of ocular inflammatory 
disorders, especially those with comorbidities, is a 
challenge for clinical ophthalmologists [1,2].

Etiotropic and pathogenetic therapy for uveitic 
inflammatory processes involves immunosuppressive, 
steroidal and non-steroidal anti-inflammatory agents [2-
4]. Corticosteroids and non-steroidal anti-inflammatory 
agents, although adequately effective, can result in 
metabolic abnormalities or even glaucoma and cataract, 
when applied for a long period [5].

Therefore, it is reasonable to study the efficacy of 
agents with other mechanisms of action to reduce the 
incidence and severity of systemic complications and 
local ocular complications. The use of biologic agents like 
tumor necrosis factor alpha inhibitors (anti-TNFα) in the 
treatment of uveitis has been studied [2, 6-8].

Of note that increased oxidative and peroxidative 
processes result in oxidative balance disturbance and 
are a pathogenetic factor in ocular inflammatory and 
degenerative processes, especially in the presence of 
raised intraocular pressure (IOP) [9-16].
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euthanized by air embolism. Eyes were enucleated and 
immediately placed on ice at 0 to 5 ºC.

Uveal tissues (specifically, the iris and ciliary body) 
were used to prepare the homogenate with NaCl 0.9% at a 
1:9 mass to volume ratio. Samples underwent centrifugation 
at 10,000 revolution per minute for 10 minutes at 5 ºС and 
the supernatant was used for biochemical analysis.

The activities of antioxidant enzymes, superoxide 
dismutase [25], catalase [26] and glutathione peroxidase 
[27], xanthine oxidase [28], and the levels of total proteins 
[29] and lipid peroxidation products, malondialdehyde and 
diene conjugate [30] in the supernatant were determined. 
The mitochondrial precipitate of differential centrifugation 
of tissue homogenate was resuspended to determine the 
activity of NADH-oxidase [31] in insulated mitochondria 
of the uveal tissue.

Statistica 5.5 (StatSoft, Tulsa, OK, USA) software 
and parametric statistical tests were used for statistical 
analysis.

Results
Increased lipid peroxidation (Tables 1, 2) and increased 

activities of NADH-oxidase and xanthine oxidase (the 
enzymes producing active oxygen species) (Table 3) were 
observed in the uveal tissue and aqueous specimens of 
rabbits with experimental non-infectious uveitis in the 
presence of OHT.

Aside from accumulation of lipid peroxidation products 
and free radical species in the eye, the above processes 
resulted in exhaustion of the antioxidative enzyme system.

The activities of antioxidant enzymes, superoxide 
dismutase, catalase and glutathione peroxidase (Tables 4, 
5) in these animals were reduced compared to controls.

We have previously reported that binocular 
instillation of carnosine solution in the conjunctival 
sac for 4 weeks resulted in a significant decrease in the 
severity of inflammation in the anterior and posterior 
segments, leading to an improved clinical picture with an 
improvement in uveal metabolism, in eyes of the animals 
treated for experimental allergic uveitis in the presence of 
OHT [20].

In the current study, uveal malondialdehyde and diene 
conjugate levels were 39.3% and 33.3%, respectively, 
lower in eyes of rabbits treated with carnosine than in eyes 
of animals not treated for anterior uveitis plus OHT, and 
these differences were statistically significant. In addition, 
malondialdehyde and diene conjugate levels in aqueous 
humor specimens were 30.9% and 29.9%, respectively, 
lower for the former rabbits than for the latter rabbits 
(Tables 1, 2). The differences compared with controls 
were, however, not statistically significant.

Table 3 presents the data on the effects of carnosine on 
uveal activities of NADH-oxidase and xanthine oxidase in 
rabbit eyes with anterior uveitis plus OHT. Uveal activities 
of NADH-oxidase and xanthine oxidase were 21.9% and 
19.2%, respectively, higher in eyes of rabbits treated with 
carnosine for anterior uveitis plus OHT than in eyes of 
the controls, but these differences were not statistically 

Therefore, it is reasonable to include antioxidative 
agents (lycopene [17], N-acetylcysteine [15], betaine 
[18], and others [9, 16, 19]) normalizing ocular metabolic 
abnormalities in the list of pathogenetic treatment for the 
above disorders.

We have previously found that oxidative stress with a 
suppressed antioxidative status in the eye is a pathogenetic 
factor which in the presence of raised IOP contributes to 
increased severity of experimental uveitis [13, 14, 20].

Therefore, we decided to explore the potential 
of dipeptide carnosine (beta-alanyl-L-histidine), an 
antioxidative agent, in the treatment of experimental 
non-infectious uveitis in the presence of raised IOP. This 
biologically active substance has been proposed for the 
prevention of chronic disorders. The naturally occurring 
dipeptide carnosine is a highly bioavailable low-molecular 
hydrophilic antioxidant that is capable of crossing 
the blood-brain barrier and contributing to membrane 
stabilization [21]. It is believed that carnosine, a dipeptide 
with anti-inflammatory, antioxidative and antiglycating 
properties may have a role in the prevention of chronic 
diseases [22].

The purpose of the study was to assess the efficacy of 
carnosine for improving the pro/antioxidative imbalance 
in the anterior segment of rabbit eyes with experimental 
anterior uveitis in the presence of ocular hypertension 
(OHT).

Material and Methods
All animal experiments were performed in compliance 

with the General Ethical Principles of Animal Experiments 
(approved by Third National Congress on Bioethics, 
Ukraine, Kyiv, 2007) and European Convention for the 
Protection of Vertebrate Animals Used for Experimental 
and Other Scientific Purposes from the European Treaty 
Series (Strasbourg, 1986).

Thirty-three Chinchilla rabbits maintained under 
normal vivarium conditions and fed and watered ad libitum, 
were used for all experiments. Group 1 (the control group) 
comprised 9 intact rabbits and group 2, 12 animals with 
OHT induced prior to experimental non-infectious uveitis. 
Group 3 comprised 12 animals in which beta-alanyl-L-
histidine (carnosine) 5% was administered bilaterally into 
the conjunctival sac twice daily for four weeks for OHT 
induced prior to experimental non-infectious uveitis. 

Non-infectious uveitis was induced by introducing 
bovine serum albumin into the anterior chamber [23], 
and OHT was induced by a single 0.1-mL injection of 
carbomer 0.3% into the anterior chamber [24].

We used a Maklakoff tonometer with a 7.5-g plunger 
load to perform IOP measurements after topical anesthesia 
was performed by instillation of proparacaine hydrochloride 
0.5% into the conjunctival sac. Biomicroscopy was used to 
ascertain the state of the anterior segment.

Four weeks after completing OHT plus uveitis 
modeling, animals were deeply anesthetized with 
thiopental sodium 10% (1.0 mL/kg, intramuscularly) and 
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significant. Moreover, uveal activities of NADH-oxidase 
and xanthine oxidase were 19.4% (р < 0.05) and 27.2% (р 
< 0.01), respectively, lower in eyes of rabbits treated with 
carnosine than in eyes of animals not treated for anterior 
uveitis plus OHT.

Therefore, carnosine, when applied locally for 
experimental non-infectious uveitis plus OHT for a long 
time, contributed to a reduction in (a) the accumulation 
of lipid peroxidation products and (b) the opportunity 
for free-radical production in the presence of increased 
activity of pro-oxidative enzymes, in tissues of the anterior 
segment of the eye.

Of note is an apparent activating effect of carnosine 
on anti-oxidative enzymes in the uveal tissue of animals 
with uveitis plus OHT (Table 4). Uveal activities of 
glutathione peroxidase, superoxide dismutase and catalase 
were 34.7% (р < 0.05), 39.6% (р < 0.01) and 28.4% (р < 
0.05) respectively, higher in eyes of rabbits treated with 
carnosine than in eyes of animals not treated for anterior 
uveitis plus OHT (Table 4). However, uveal activities of 
glutathione peroxidase, superoxide dismutase and catalase 
were 32.3% (р < 0.01), 36.2% (р < 0.01) and 29.1% (р 
< 0.01) respectively, lower in eyes of rabbits treated with 
carnosine for anterior uveitis plus OHT than in eyes of the 
controls.

Aqueous humor activities of glutathione peroxidase, 
superoxide dismutase and catalase were 44.3% (р < 0.01), 
27.9% (р < 0.05) and 29.4% (р < 0.05), respectively, higher 
in eyes of rabbits treated with carnosine than in eyes of 
animals not treated for anterior uveitis plus OHT (Table 
5), and 25.0% (р < 0.05), 27.7% (р < 0.01), and 17.5% (р 
> 0.05), respectively, lower in eyes of the former animals 
than in eyes of the controls.

In summary, although activities of antioxidative 
enzymes in the anterior segment were somewhat lower 
for rabbits treated with carnosine for anterior uveitis plus 
OHT than for the controls, our findings demonstrated 
apparent beneficial effects of carnosine eye drops on the 
improvements in (a) the activities of these enzymes and 
(b) the pro/antioxidative imbalance in the ocular tissues of 
the former animals.

Discussion
Pathogenetic features of ocular inflammatory and 

degenerative disorders (e.g., non-infectious uveitis 
complicated by ocular hypertension) indicate that free-
radical process activation in the presence of exhaustion of 
the antioxidative system in uveal tissues is an important 
trigger of metabolic abnormalities and functional and 
structural alterations in the eye [11, 12, 15, 20, 32].

That is why we aimed to investigate the effects of 
dipeptide carnosine, an antioxidative agent [33-36], on 
the enzymatic antioxidative system, activities of the 
enzymes producing active oxygen species, and levels of 
peroxidation products in the anterior segment of the rabbit 
eye in experimental uveitis plus OHT. We demonstrated 
the capacity of carnosine to reduce the uveal oxidative 

stress induced by ocular inflammation and complicated by 
raised IOP.

The carnosine molecule, the main component 
responsible for its physiological and biochemical 
properties, is the imidazole part of l-Histidine[34].

The biochemical properties of carnosine [34] include 
metal-ion chelation [37] and the capacity of reacting with 
carbonyls [38], which is important under carbonyl stress 
conditions in various disorders. Thus, carnosine  can (a) 
react with various aldehydes (like methylglyoxal) with 
a reduction in glycation damage and (b) suppress the 
deleterious effects of protein carbonyls by reacting with 
them to form protein-carbonyl-carnosine adducts [35, 39-
41].

In an in vivo study by Aydin and colleagues [42], 
administration of carnosine for 1 month to aged rats 
resulted in decreased levels of lipid peroxidation products 
in serum and increased levels of reduced glutathione in 
erythrocytes. Therefore, carnosine and its derivatives 
are believed to be promising for the prevention of 
complications in various pathological conditions caused 
by oxidative stress [32, 33, 35, 36].

In a study by Tsai and colleagues [43], mice treated 
with 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) were used to examine the neuroprotective effects 
of carnosine. The preintake of carnosine significantly 
attenuated MPTP-induced glutathione loss, retained the 
activity of antioxidative enzymes, diminished oxidative 
stress, and lowered inflammatory cytokines.

In the current study, carnosine caused a reduction in 
malondialdehyde and diene conjugate levels and activities 
of NADH-oxidase and xanthine oxidase in the anterior 
segment of the rabbit eye in experimental non-infectious 
uveitis plus OHT. In addition, carnosine contributed to a 
substantial increase in uveal and aqueous humor activities 
of glutathione peroxidase, superoxide dismutase and 
catalase in experimental anterior uveitis plus OHT in 
rabbits.

Moreover, we have previously reported that carnosine 
instillation in the conjunctival sac signiticantly reduced 
neopterin levels in uveal tract tissue, aqueous humor and 
tear samples from the rabbit eye with experimental anterior 
uveitis plus OHT, indicating a reduction in inflammation 
in the anterior segment of the eye [20, 44].

Therefore, we demonstrated that carnosine, when 
instilled in the eye for a long time, contributed to 
improvement in the pro/antioxidative imbalance in the 
anterior segment of the rabbit eye with experimental non-
infectious uveitis plus OHT. Consequently, we believe 
it is reasonable to include antioxidative agents into 
multiagent therapy of non-infectious uveitis, especially 
that complicated by OHT, for preventing metabolic 
abnormalities in the anterior segment of the eye. Carnosine-
based eye drops would be the first-line therapy in this 
situation due to their antioxidative, anti-inflammatory and 
membrane-stabilizing effects.
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Table 1. Effects of carnosine on uveal levels of malondialdehyde and diene conjugates in rabbit eyes with both anterior uveitis 
and ocular hypertension (OH)

Characteristics 
under study

Statistical 
characteristics

Control rabbits
(n=9)

Experimental rabbits

OH + uveitis 
(n=12)

OH + uveitis + carnosine
(n=12)

Malon-dialdehyde
nmol/g

M±m
р1
%1
р2
%2

428.23±30.47
-

100.0
-
-

826.73±57.12
<0.001
193.1

-
100.0

502.14±48.70
>0.05
117.3

<0.001
60.7

Diene conjugates
nmol/g

M±m
р1
%1
р2
%2

85.46±6.78
-

100.0
-
-

144.52±10.03
<0.001
169.1

-
100.0

96.42±8.43
>0.05
112.8
<0.01
66.7

Note: n, number of animals; p1, significance of difference compared to control; p2, significance of difference compared to 
uveitis plus OHT

Table 2. Effects of carnosine on aqueous humor levels of malondialdehyde and diene conjugates in rabbit eyes with both 
anterior uveitis and ocular hypertension (OH)

Characteristics 
under study

Statistical 
characteristics Control rabbits

(n=9)

Experimental rabbits

OH + uveitis 
(n=12)

OH + uveitis + carnosine
(n=12)

Malon-dialdehyde
nmol/g

M±m
р1
%1
р2
%2

53.40±3.62
-

100
-
-

89.20±6.14
<0.001
167.0

-
100,0

61.62±5.24
>0.05
115.4
<0.01
69.1

Diene conjugates
nmol/g

M±m
р1
%1
р2
%2

26.15±1.50
-

100
-
-

40.36±2.46
<0.001
154.3

-
100.0

28.29±2.37
>0.05
108.2
<0.01
70.1

Note: n, number of animals; p1, significance of difference compared to control; p2, significance of difference compared 
to uveitis plus OHT

Table 3. Effects of carnosine on uveal levels of NADH-oxidase and xanthine oxidase in rabbit eyes with both anterior uveitis 
and ocular hypertension (OH)

Characteristics under 
study

Statistical 
characteristics Control rabbits

(n=9)

Experimental rabbits

OH + uveitis 
(n=12)

OH + uveitis +carnosine
(n=12)

NADH-oxidase,
ncat/mg of protein

M±m
р1
%1
р2
%2

0.092±0.006
-

100
-
-

0.139±0.009
<0.001
151.1

-
100.0

0.112±0.008
>0.05
121.7
<0.05
80.6

Xanthine oxidase,
ncat/mg of protein

M±m
р1
%1
р2
%2

0.036±0.002
-

100
-
-

0.059±0.004
<0.001
163.9
<0.05
122.9

0.043±0.003
>0.05
119.4
<0.01
72.8

Note: n, number of animals; p1, significance of difference compared to control; p2, significance of difference compared 
to uveitis plus OHT
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Table 4. Effects of carnosine on uveal activities of antioxidant enzymes in rabbit eyes with both anterior uveitis and ocular 
hypertension (OH)

Characteristics 
under study

Statistical 
characteristics Control rabbits

(n=9)

Experimental rabbits

OH + uveitis 
(n=12)

OH + uveitis + carnosine
(n=12)

Glutathione peroxidase
(ncat/mg of protein)

M±m
р1
%1
р2
%2

0.780±0.052
-

100.0
-
-

0.392±0.032
<0.001

50.3
-

100.0

0.528±0.047
<0.01
67.7

<0.05
134.7

Superoxide dismutase
 (units/ mg of protein)

M±m
р1
%1
р2
%2

2.32±0.16
-

100.0
-
-

1.06±0.07
<0.001

45.7
-

100.0

1.48±0.12
<0.001

63.8
<0.01
139.6

Catalase
(ncat/mg of protein)

M±m
р1
%1
р2
%2

1.34±0.09
-

100.0
-
-

0.74±0.05
<0.001

55.2
-

100.0

0.95±0.07
<0.01
<0.05
128.4

Note: n, number of animals; p1, significance of difference compared to control; p2, significance of difference compared to 
uveitis plus OHT

Table 5. Effects of carnosine on aqueous humor activities of antioxidant enzymes in rabbit eyes with both anterior uveitis and 
ocular hypertension (OH)

Characteristics 
under study

Statistical 
characteristics

Control rabbits
(n=9)

Experimental rabbits

OH + uveitis 
(n=12)

OH + uveitis + carnosine
(n=12)

Glutathione peroxidase
(ncat/mg of protein)

M±m
р1
%1
р2
%2

0.152±0.013
-

100
-
-

0.079±0.006
<0.001

52.0
-

100.0

0.114±0.009
<0.05
75.0

<0.01
144.3

Superoxide dismutase
 (units/ mg of protein)

M±m
р1
%1
р2
%2

16.04±1.20
-

100
-
-

9.07±0.70
<0.001

56.5
-

100.0

11.60±0.85
<0.01
72.3

<0.05
127.9

Catalase
(ncat/mg of protein)

M±m
р1
%1
р2
%2

0.160±0.012
-

100
-
-

0.102±0.008
<0.001

63.8
-

100.0

0.132±0.010
>0.05
82.5

<0.05
129.4

Note: n, number of animals; p1, significance of difference compared to control; p2, significance of difference compared 
to uveitis plus OHT


