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Background: Our previous studies have demonstrated that raised IOP can contribute 
to an increase in the severity of inflammatory processes in the anterior segment. Given 
the involvement of free radical processes in the pathogenesis of uveitis, it is reasonable 
to use antioxidative agents for the treatment of the disease. The naturally occurring 
dipeptide carnosine (beta-alanyl-L-histidine) is a highly bioavailable low-molecular 
hydrophilic antioxidant with a direct effect on certain oxidant species and indirect 
effect on the system protecting the body from radicals; it contributes to membrane 
stabilization and can improve inflammatory processes. 
Purpose: To examine the features of the clinical course of experimental anterior 
uveitis developing in the presence of ophthalmic hypertension (OHT), and to improve 
the course with dipeptide carnosine.
Material and Methods: Thirty-four rabbits were divided into three groups (group 
1, 10 animals with induced allergic uveitis; group 2, 12 animals with OHT induced 
prior to experimental allergic uveitis; and group 3, 12 animals treated with carnosine 
for experimental allergic uveitis in the presence of OHT). Animals underwent 
biomicroscopy, ophthalmoscopy and tonometry. The number of white blood cells 
(WBC) in the aqueous humor of the anterior chamber was assessed microscopically, 
and total protein concentration was determined with the Lawry assay.
Results: There were significant differences in the conjunctival and scleral injection 
(р=0.0001), pattern of keratic precipitates (р=0.0009), anterior chamber content 
(р=0.0034), pattern of posterior synechiae (р=0.0025), vitreous opacity (р=0.0338), 
and fundus pathology (р=0.0001) between groups of anterior uveitis-only and that 
with OHT. Even at four weeks of induced anterior uveitis, the number of WBC and 
the total protein in the aqueous humor of the anterior chamber were 14.3% (p > 0.05) 
and 27.5%, respectively, higher in in eyes of group 2 compared to eyes of group 1. The 
course of inflammatory process was significantly more severe in eyes with anterior 
uveitis in the presence of OHT than in eyes with uveitis-only, based on the comparison 
in major clinical signs in the anterior and posterior segments. Binocular instillation of 
carnosine solution in the conjunctival sac for 4 weeks resulted in a significant decrease 
in the severity of inflammatory process in the anterior and posterior segments in eyes 
of group 3, leading to an improved clinical picture and restoration of the blood-
aqueous barrier and ciliary body transport, with a 45.8% decrease in the WBC and 
31.6% decrease in total protein in the aqueous humor of the anterior chamber in 
treated eyes compared to untreated eyes with induced non-infectious anterior uveitis 
in the presence of OHT (р < 0.01).
Conclusion: Integration of carnosine into the therapeutic regimen for ocular 
inflammation in the presence of raised IOP would substantially improve treatment 
outcomes and reduce the complication rate.
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Introduction
An increase in the prevalence of uveitis is still a 

problem in ophthalmology, and is caused by several factors 
including an increase in the prevalence in working-age 
individuals. The disease leads to low vision or blindness in 
9% to 39% of patients [1].

Uveitis is idiopathic in most cases. Patients with uveitis 
tend to have various comorbidities. The disease can be 
caused by a natural body response to infection.

An increased intraocular pressure (IOP) may be a major 
factor that complicates the course of anterior uveitis. In a 
study by Herbert and colleagues (2004) [2], the prevalence 
of raised IOP in eyes with uveitis was approximately 42%. 
In a study by Kopaienko (2010) [3], the prevalence of 
ocular hypertension (OHT) in eyes with chronic uveitis 
was approximately 40% (39/98 eyes) [3].

Free radical processes and lipid peroxidation are 
important in the pathogenesis of inflammatory diseases, 
whereas oxidative stress is a major pathogenetic factor in 
the pathogenesis of glaucoma process [4-7].

The results of our previous studies have revealed an 
important aspect of the pathogenetic effect of raised IOP 
on the severity of uveal inflammation through activation of 
oxidative and peroxidative processes in uveal structures, 
and confirmed the hyposesis that raised IOP is a factor 
contributing to the severity of inflammation in the anterior 
eye [8]. The metabolic abnormalities found in these 
studies indicated that oxidative stress is an aspect of the 
pathogenetic effect of ophthalmic hypertension (OHT) as 
a factor contributing to the severity of inflammation in the 
anterior eye.

Given the metabolic features of anterior uveitis 
(particularly those of the anterior uveitis associated with 
glaucoma) and the involvement of free radical processes 
in the pathogenesis of these disorders, treatment of the 
latter should include antioxidative medications. Currently 
available medications for the treatment of uveitis 
(particularly those for the disease in the presence of OHT) 
are not sufficiently effective. While looking for novel 
effective and safe agents for the treatment of uveitis, we 
considered the naturally occurring dipeptide carnosine 
(beta-alanyl-L-histidine) [9-11].

The purpose of the study was to examine the features 
of the clinical course of experimental anterior uveitis 
developing in the presence of OHT, and to improve the 
course with dipeptide carnosine.

Material and Methods
Chinchilla rabbits, weighing 3.0 to 3.5 kg, maintained 

under normal vivarium conditions and fed and watered 
ad libitum, were used for all experiments. 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-four rabbits were divided into 3 experimental 
groups (group 1, 10 animals with induced allergic uveitis; 
group 2, 12 animals with OHT induced prior to experimental 
allergic uveitis; group 3, 12 animals treated with carnosine 
for experimental allergic uveitis in the presence of OHT). 
Allergic uveitis was induced by introducing bovine serum 
albumin at a dose of 5 mg into the conjunctival cavity only 
after the animal was sensitized [12]. OHT was induced 
by a single 0.1-mL injection of 0.3% carbomer into the 
anterior chamber of the rabbit.

Carnosine was introduced by instilling 5% solution 
into the conjunctival sac of each eye in animals of group 
3, twice daily for the four weeks. General anesthesia 
was administered by intramuscular injection of ketamine 
hydrochloride (50 mg/kg), and topical anesthesia 
was performed by instillation of 0.5% proparacaine 
hydrochloride into the conjunctival sac one minute 
before injection. Animals underwent biomicroscopy, 
ophthalmoscopy and tonometry. We used a Maklakoff 
tonometer with a 7.5-g plunger load to perform IOP 
measurements after the eye was subjected to topical 
anesthesia by instillation of 0.5% proparacaine 
hydrochloride into the conjunctival sac. Mean IOP values 
were 13.5 ± 0.6 mmHg for the control group, 18.7 ± 1.2 
mmHg for induced OHT, 15.3 ± 1.4 mmHg for induced 
anterior uveitis, and 23.4 ± 1.3 mmHg for induced OHT 
with uveitis.

The number of white blood cells (WBC) in the 
aqueous humor of the anterior chamber was assessed 
microscopically, and total protein concentration was 
determined with the Lawry assay [13].

Non-parametric methods (SPSS 11 and Statistica 5.5 
software) were used for statistical analysis.

Results
In the first phase of the experiment we examined the 

effect of raised IOP on the development of anterior uveitis 
in rabbits. Tables 1-3 present the features of the clinical 
course of anterior uveitis developed in the presence of OHT. 
There were significant differences in the conjunctival and 
scleral injection (р=0.0001), pattern of keratic precipitates 
(р=0.0009), anterior chamber content (р=0.0034), pattern 
of posterior synechiae (р=0.0025), vitreous opacity 
(р=0.0338), and fundus pathology (р=0.0001) between 
groups of anterior uveitis-only and that with OHT.

Of the eyes of group 1 (i.e., uveitis-only), 10% showed 
no pathologic changes, 60%, pericorneal injection, and 
30%, mixed injection. Eyes of group 2 (uveitis with OHT) 
showed more apparent changes; of these eyes,  17% 
exhibited pericorneal injection, 20%, mixed injection, and 
58%, congestive injection (Table 1). Keratic precipitates 
were more numerous and severe in eyes of group 2 
(anterior uveitis with OHT) than in eyes of group 1 
(anterior uveitis-only). Thus, a moderate number of severe 
keratic precipitates was seen in 10% of eyes of group 1 and 
33% of eyes of group 2, whereas a large number of severe 
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keratic precipitates was seen in 17% of eyes of group 2, 
and not seen in eyes of group 1.

In addition, the percentage of eyes exhibiting profound 
changes in the anterior chamber was higher in group 2 
(anterior uveitis with OHT) than in group 1 (anterior 
uveitis-only): no anterior chamber flare, 8% vs 60%; 
anterior chamber flare, 42% vs 20%; serous exudates, 33% 
vs 10%; fibrinous exudates, 17% vs 10%.

Posterior synechiae were not seen in 20% of eyes of 
group 1, whereas, of the eyes of group 2, 66% showed 
multiple posterior synechiae, and 17%, circular posterior 
synechiae (vs 10% for group 1) (Table 2).

The state of the anterior eye was also assessed with 
the use of laboratory characteristics (ocular vascular 
permeability as assessed by the number of white blood 
cells (WBC) and total protein in the aqueous humor of the 
anterior chamber) (Figs 1 and 2). It has been previously 
demonstrated that these indices are increased in eyes with 
inflammation [14, 15].

Of note that even at four weeks of induced anterior 
uveitis, the number of WBC in the aqueous humor of the 
anterior chamber was substantially increased, but these 
cells were absent in the aqueous humor of the anterior 
chamber in normal eyes and in eyes with induced OHT. 
The number of WBC in the aqueous humor of the anterior 
chamber was 14.4% higher in group 2 (anterior uveitis 
with OHT) than in group 1 (anterior uveitis-only) (р > 
0.05).

At four weeks of induced anterior uveitis, the total 
protein in the aqueous humor of the anterior chamber was 
44-fold higher in group 1 (anterior uveitis-only) compared 
with control group eyes (0.62 ± 0.05 mg/mL). In addition, 
the total protein in the aqueous humor of the anterior 
chamber was 27.5% higher in group 2 (anterior uveitis 
with OHT) compared with group 1 (anterior uveitis-only) 
eyes. The presence of WBC as well as a significantly 
increased total protein in the aqueous humor of the anterior 
chamber in group 1, and, especially, in group 2, at 4 weeks, 
indicated an increased permeability of vascular system in 
the anterior eye (the iris and ciliary body) and progression 
of ocular inflammation.   

We also assessed the state of the posterior segment in 
rabbit eyes with induced non-infectious uveitis (Table 3). 
The percentage of eyes exhibiting individual, moderate 
and severe vitreous opacities in group 2 (anterior uveitis 
with OHT) was 25%, 50%, and 25%, respectively, vs 60%, 
30%, and 10%, respectively, in group 1 (anterior uveitis-
only). Of note that fundus pathology was absent in 90% 
of group 1 eyes, whereas 92% of group 2 eyes exhibited 
neuroretinal changes.

Therefore, we experimentally demonstrated that 
anterior uveitis development was more apparent in rabbit 
eyes with raised IOP than in those with normal IOP. OHT 
contributed to the severity of inflammatory process in the 
anterior eye.

Since carnosine has a high antioxidative and anti-
inflammatory capacity [16-20], we experimentally 

assessed its effect on the clinical and laboratory signs of 
anterior uveitis developing in the presence of OHT.

Tables 1 to 3 show the data on the effect of carnosine 
on the main clinical signs of anterior uveitis developing in 
the presence of ocular hypertension.

Among the rabbit eyes treated with carnosine for 
induced anterior uveitis in the presence of OHT, the 
percentage of eyes exhibiting mixed injection (12.5%) 
was smaller than for group 2 (eyes not treated for induced 
anterior uveitis in the presence of OHT), 20.8% of eyes 
showed congestive injection, and 12.5%, no injection. 
In addition, among the rabbit eyes treated with dipeptide 
carnosine for induced anterior uveitis in the presence of 
OHT (group 3), the incidence of eyes with a great number 
of keratic precipitates was lower, whereas that with 
individual keratic precipitates was lower than among the 
untreated eyes (group 2) (Table 1). There were significant 
differences in conjunctival and scleral injection (р < 0.05) 
and pattern of keratic precipitates (р < 0.05) between 
groups of untreated and treated eyes with induced anterior 
uveitis in the presence of OHT.

Treatment with carnosine contributed to a significantly 
decreased incidence of eyes with serous and fibrinous 
exudates and anterior chamber flare compared to untreated 
eyes with induced anterior uveitis in the presence of OHT, 
with 62.5% of eyes showing no anterior chamber flare 
versus 8.0% for untreated eyes (Table 2).

In addition, treatment with carnosine of eyes with 
induced anterior uveitis in the presence of OHT contributed 
to a significantly decreased incidence of eyes with circular 
or multiple posterior synechiae, increased incidence of 
eyes with individual posterior synechiae, and with some 
eyes (20.8%) showing no posterior synechiae, compared 
to untreated eyes (Table 2). There were significant 
differences in the anterior chamber content (р < 0.05) and 
pattern of posterior synechiae (р < 0.03) between groups 
of untreated and treated eyes with induced anterior uveitis 
in the presence of OHT.

Moreover, treatment with carnosine contributed to 
improved laboratory characteristics of the aqueous humor 
of the anterior chamber (Figs 1 and 2), with a 45.8% 
decrease in WBC count (р < 0.01) and 31.6% decrease in 
total proten (р < 0.01) in the aqueous humor compared to 
untreated rabbit eyes with induced anterior uveitis in the 
presence of OHT.

Table 3 presents the data on the effect of carnosine on 
the state of the posterior segment in eyes with anterior 
uveitis developing in the presence of OHT. Thus, there was 
no incidence of severe vitreous opacity among the eyes 
treated with dipeptide carnosine, compared to 25% for 
untreated eyes with induced anterior uveitis in the presence 
of OHT. In addition, the percentage of eyes with moderate 
opacities was decreased (29.2% vs 50%), whereas that 
of eyes with individual opacities was increased (50% vs 
25%), compared to untreated eyes, and there were eyes 
without opacity (20.8%) among treated, but not untreated 
eyes. Fundus pathology was absent in 62.5% of group 3 
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eyes, whereas the rest (37.5%) of group 3 eyes exhibited 
neuroretinal changes.

Discussion
In the current study, OHT caused an increase in the 

severity of inflammation in rabbit eyes with induced 
anterior uveitis, with significant increases in incidences of 
eyes with conjunctival and scleral injection, precipitates 
(a great number of severe keratic precipitates was seen in 
17% of eyes of group 2, and not seen in eyes of group 1), 
fibrinous exudates in the anterior chamber (17% vs 10%) 
and numerous posterior synechiae (66% vs 20%).

In addition to changes in the anterior segment tissues, 
rabbit eyes with both raised IOP and induced non-
infectious anterior uveitis showed substantial changes in 
the posterior segment (particularly, vitreous opacity and 
changes in the neural retina) at 4 weeks of the experiment. 

Moreover, rabbit eyes with both raised IOP and induced 
non-infectious anterior uveitis showed an increase in 
WBC number and a 27.5% increase in the total protein in 
the aqueous humor of the anterior chamber compared with 
anterior uveitis-only eyes, which indicated an eye tissue 
trophic disorder and blood-ocular barrier dysfunction.

When considering the mechanisms of uveal damage in 
ocular inflammatory processes, especially in conjunction 
with other pathogenic factors like OHT, it should be noted 
that increased free radical processes and increased lipid 
peroxidation may play a key role in the pathogenesis of 
infectious and allergic uveitis [19-21].

Particularly, phagocytes in the focus of inflammation 
may play a role in the presence of activated xanthine 
oxidase, NADPH-oxidase and myeloperoxidase, and 
with hyperproduction of superoxide and hydroxyl 
radicals, which, if produced excessively, have not only an 
immunoregulatory effect, but also a cytotoxic effect [22, 
23].

Previous animal studies [14,15] on the effect of 
instillation of dexamethasone and superoxide dismutase 
have demonstrated the efficacy of antioxidants for 
reduction in inflammatory process and breakdown of the 
blood-aqueous barrier in experimental anterior uveitis. 
Treatment of rabbits with antioxidative agents, lipoflavon 
and acetylcysteine, for OHT induced in the presence of 
allergic uveitis was found to prevent abnormal activity of 
antioxidant enzymes in the anterior chamber angle tissue 
and increased lipid peroxidation in the aqueous humor 
[24].

The present animal study demonstrated that 
antioxidative treatment with carnosine contributed to a 
substantial decrease in the severity of pathologic changes 
in tissues of the anterior and posterior segments in eyes 
with induced non-infectious anterior uveitis in the presence 
of OHT. 

Binocular instillation of carnosine solution in the 
conjunctival sac for 4 weeks resulted in a significant 
decrease in the severity of inflammatory process in the 
anterior and posterior segments, leading to an improved 
clinical picture and restoration of the blood-aqueous barrier 

and ciliary body transport, with a 45.8% decrease in the 
WBC and 31.6% decrease in total protein in the aqueous 
humor of the anterior chamber in treated eyes compared 
to untreated eyes with induced non-infectious anterior 
uveitis in the presence of OHT (р < 0.01).  Therefore, we 
believe that integration of carnosine into the therapeutic 
regimen for ocular inflammation in the presence of raised 
IOP would substantially improve treatment outcomes and 
reduce the complication rate.
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Table 1. Effect of carnosine on major clinical signs of anterior uveitis in the presence of ocular hypertension (OHT)

Group Uveitis-only, 
n = 20

Untreated uveitis plus 
OHT, n = 24

Uveitis plus OHT treated 
with carnosine, n = 24

Conjunctival and scleral injection 
1. No injection 2 (10.0%) - 3 (12.5%)
2. Pericorneal injection 12 (60.0%) 4  (17.0%) 13 (54.2%)
3. Mixed injection 6 (30.0%) 6 (25.0%) 3 (12.5%)
4. Congestive injection - 14 (58.0%) 5 (20.8%)

Mann-Whitney U and р values
U = 66.00, р < 0.0001 -

- U = 132.00, р < 0.01
Keratic precipitates
1. Individual serous precipitates 2 (10.0%) - 5 (20.8%)
2. Moderate number of serous precipitates 8 (40.0%) 2 (8.0%) 8 (33.4%)
3. Large number of serous precipitates 4 (20.0%) 6 (25.0%) 3 (12.5%)
4. Individual severeprecipitates 4 (20.0%) 4 (17.0%) 5 (20.8%)
5. Moderate number of severe precipitates 2 (10.0%) 8 (33.0%) 3 (12.5%)
6. Large number of severe precipitates - 4 (17.0%) -

Mann-Whitney U and р values
U=100,00, р<0,001 -

U=121.00, р<0.001

Note: n, number of eyes

Table 2. Effect of carnosine on the content of the anterior chamber and the presence of posterior synechiae in anterior uveitis 
in the presence of ocular hypertension (OHT)

Group Uveitis-only, n = 20 Untreated uveitis plus 
OHT, n = 24

Uveitis plus OHT treated 
with carnosine, n = 24

Content of the anterior chamber
1. No anterior chamber flare 12 (60.0%) 2 (8.0%) 15 (62.5%)
2. Anterior chamber flare 4 (20.0%) 10 (42.0%) 5 (20.8%)
3. Serous exudates 8 (33%) 3 (12.5%)
4. Fibrinous exudates 2 (10.0%) 4 (17%) 1 (4.2%)

Mann-Whitney U and р values
U=116.00, р<0.01 -

U=120.00, р<0.001
Posterior synechiae
1. No 4 (20.0%) - 5 (20.8%)
2. Individual 10 (50.0%) 4 (17.0%) 12 (50.0%)
3. Numerous 4 (20.0%) 16 (66.0%) 6 (25.0%)
4. Circular 2 (10.0%) 4 (17.0%) 1 (4.2%)

Mann-Whitney U and р values
U=112.00, р<0.01 -

U=118.00, р<0.001

Note: n, number of eyes
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Fig. 1. Effect of carnosine on the number of white blood cells 
in the aqueous humor of the anterior chamber in eyes with 
uveitis induced in the presence of ocular hypertension. Note: 
the mean number of white blood cells in five fields of vision 
was calculated.

Fig. 2. Effect of carnosine on the total protein in the aqueous 
humor of the anterior chamber in eyes with uveitis induced in 
the presence of ocular hypertension

Table 3. Effect of carnosine on the major clinical signs of anterior uveitis in the posterior segment in the presence of ocular 
hypertension (OHT)

Group Uveitis-only, 
n = 20

Untreated uveitis plus OHT, 
n = 24

Uveitis plus OHT 
treated with carnosine, 

n = 24
Vitreous opacities
1. No – – 5 (20.8%)
2. Individual 12 (60.0%) 6 (25.0%%) 12 (50.0%)
3. Moderate 6 (30.0%) 12 (50.0%) 7 (29.2%)
4. Severe 2 (10.0%) 6 (25.0%) -

Mann-Whitney U and р values
U=150.00, р<0.04 -

U=120,00, р<0,01
Fundus pathology
1. No 18 (90.0%) 2 (8.0%) 15 (62.5%)
2. Neuroretinal 2 (10.0%) 22 (92.0%) 9 (37.5%)

Mann-Whitney U and р values
U=44.00, р<0.00001

U=132.00, р<0.01

Note: n, number of eyes


