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THE  EYE  RETINA
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Abstract 
In the last decades the use of phytopreparations in ophthalmology has significantly 

in creased. Par ticu larly, pharmaceutical products containing extracts of bilberry 
(Vaccinium myrtillus L.) fruits are available for the therapy of different eye disorders. 
Nowadays, there is a need to enlarge bilberry processing resources. Therefore, Cauca-
sian bilberry (Vaccinium arc to sta phy los L.) re ceived our par ticu lar interest, because 
it is botanically close to the bilberry. Results of stan dard ization have shown that Cau-
casian bilberry fruits fully meet the quality parameters, mentioned in the American 
Herbal Pharmacopoeia (2001) and the USSR State Pharmacopoeia (XI ed., 1987) for 
bilberry fruits. In ves ti gation of technological conditions of Caucasian bilberry anthocy-
anins ex traction has shown that maxi mal effectiveness of ex traction and minimal 
degradation of an tho cya nins occur when using 70% etha nol with 5g/l citric acid as a 
solvent with duration and tem pera ture - 40-43oC/3 h. A protective activity of Cau ca sian 
bilberry extract (20 mg/kg of mo no meric an tho cya nins) against retinal light-induced 
damage has been revealed. In par ticu lar, we have found the ability of the extract to 
prevent damage of retinal functional activity as well as disruption of outer nuclear layer 
and pho to re ceptor outer segments.

Keywords: bilberry fruits, standardization, anthocyanins, liquid extracts, light-induced 
damage, eye retina.

 Introduction
 At present, one of the most important 

medical prob lems are visual disorders, and 
during last years the interest in the use of nutri-
tional supple men tation for prevention of eye 
diseases was prompted. There is an increasing 
need in safe preparations with wide action 
spectra, which will make possible long-term 
medication use that  may be beneficial to ocular 
health (Bartlett H., Eperjesi F., 2005). One of 
such preparations are drug dosage forms from 
bilberry fruit (Fig. 1), which are widely used 
in different countries for prevention and treat-
ment of cata racts and macular degeneration, as 
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well as retinitis pigmentosa and diabetic retin-
opathy (Murray M., 1997).  

As a medicinal plant material, berries of 
Vaccinium myrtillus are highly demanded in 
the phar ma ceu tical market, but their natural 
resources are very lim ited and there is an 
increasing need to enlarge bilberry processing 
resources. There fore, we have studied berries of 
Caucasian bil berry (Vaccinium arctostaphylos), 
which is botanically close to the bilberry and 
probably can be its sub sti tute. How ever, this 
fact is not mentioned in the American Herbal 
Pharmacopoeia (2001) and the USSR State 
Pharmacopoeia (XI ed., 1987). Although Cau-
ca sian bilberry is a little-known species, it took 
our interest, so we have stan dardized fruits of 
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Caucasian bilberry and studied optimal tech-
nological conditions of their ex traction. The 
protective effect of Caucasian bilberry extract 
against retinal light damage was  de ter mined 
by us in albino rats. This experimental model was 
cho sen due to the retinal light damage role in 
the pa thology of several eye disorders, such as 
macu lar degeneration, uveal melanoma, photo-
keratitis, cata racts and others (Roberts J., 2001; 
Boulton M. et al., 2001). It should be noted, 
that with the de vel opment and proliferation of 
artificial light sources and increased use of 
videomonitors the  light damage danger became 
greater (Glickman R.,2002).  

Thus, the study of light-induced retinal 
pa thologies and preventive agents application 
is actual.

Material and Methods
Collecting and drying medicinal plant 

ma terial,  Caucasian bilberry fruits (Vaccinium 
arc to sta phy los L.), was performed in corre spon-
dence with stated rules .

Caucasian bilberry fruits standardization 
was done as mentioned in the articles of Ameri can 
Herbal Pharmacopoeia (2001) and the USSR 
State Phar ma co poeia (XI ed., 1987).

Qualitative analysis of Caucasian bilberry 
fruit an tho cya nins was conducted by thin layer 
chro ma tog ra phy (TLC) method, described by 
Wagner H., Bladt S. (1996), using TLC plates 
«Silica gel 60 F254» (Merck, Germany).

Quantitative analysis of monomeric an tho-
cya nins was conducted by pH-differential 
method  (Giusti M., Wrolstad R., 2001). The 
ab sor bance of Caucasian bilberry fruit liquid 
ex tracts diluted by pH 1.0 and pH 4.5 buffers 
50 times was mea sured at 520 and 700 nm 
(SPh-26, Lomo, USSR). Final absorbance was 
calculated as follows:

A = (A520 - A700) pH1.0 - (A520 - A700) pH4.5
Monomeric anthocyanin pigment con cen-

tration in the original sample was calculated 
using the following formula:

MA = (AxMWxDFx1000) / E,
where  MA is the concentration of monomeric 
anthocyanins (mg/l),  MW  is the molecular 
weight,  DF is the di lution factor (for example, 
if a 0.2 ml sample is di luted to 3 ml, DF = 15), 
and  E is the molar ab sorp tivity of cyanidin-3-
glucoside (26900).

Indices for pigment degradation and poly-
meric color were determined by using the 
method of bleaching by bisulfite (Giusti M., 
Wrolstad R. 2001). Absorbance of bisulfite-
bleached and non-bleached samples was mea-
sured at 420, 520, and 700 nm.

The color density of the control sample was 
cal cu lated as follows:

Colour density = 
       = [(A420nm-A700nm)+(A520nm-A700nm)]xDF.
The polymeric color of the bisulfite-bleached 

sample was calculated in a following way: 

Fig. 1. Caucasian bilberry (A) and bilberry (B)  
             whole plants
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Polymeric color = 
  = [(A420nm-A700nm)+(A520nm-A700nm)]xDF.

Calculation of the percent polymeric color 
was done using the formula:

Percent polymeric color =
  = (polymeric color / color density)x100.

Constant light exposure was done as described 
(Organisciak D., Winkler B, 1994). 

Animals were exposed to constant light for 
24 h at an illuminance level of 2000-2200 lux 
(Ю-116 luxmeter, Russia) in special Plexiglas 
cham ber. During the exposure animals had free 
access to water and food.

Electroretinographical testing. Animals 
were an aes the tized (chloral hydrate, 400 mg/kg, 
i/p), and elec trore t ino gram (ERG) was recorded 
with a cor neal, reference and ground elec trodes. 
The ERG was recorded by white light flash. 
The duration of light stimulation was 60 ms 
with a 5 sec de lay be tween flashes. 

Data were processed with the use of Micro-
cal Origin 4.10 (Microcal Software Inc., North-
ampton, USA). For quantitative analysis, ampli-
tudes of a- and b-waves were measured. 

Morphological evaluation and quantitative 
his tology. Animals were killed by overdose of 
chlo ral hy drate. The eyes were enucleated, fixed, 
and embedded in paraffin and then 13-15 µm 
thick sections were taken along the vertical 
meridian through the optic nerve head to allow 
com pari son of all re gions of the eye in the 
superior and in fe rior hemi spheres. Sections 
were stained by haematoxylin and eosin and 
embedded in Canadian balsam.

Preparations were studied by light micro-
scope (Biolam, Lomo, Russia) at magnification 
of x150. For quantitative evaluation of morpho-
logical changes the method established by 
LaVail M. et al. (1992) was used. The whole 
retina was di vided into 4 equal parts,  quadrants, 
and in each of the parts outer nuclear layer thick-
ness was mea sured within every 300-350 µm, 
using a micrometric de vice. The length of the 
whole retina was approxi mately 8 mm, and the 
length of one quad rant was 2 mm.

Results and discussion
Standardization and phytochemical analy sis 

of Cau ca sian bilberry fruits. Berries of Cau ca-
sian bil berry were collected and dried in cor-
respondence to stated rules.

 Then berries were standardized according 
to pa ram eters of quality mentioned in the Ameri-
can Herbal Phar ma co poeia (2001) and the 
USSR State Phar ma co poeia (XI ed., 1987) for 
bilberry fruits. Com parative macroscopic ex ami-
nation has shown that berries of Caucasian 
bil berry fruits have the same macroscopic iden-
ti fi cation points, as stated in phar ma co poe ial 
ar ticles for bilberry fruits. Microscopic structure 
of Cau ca sian bil berry fruit epidermis closely 
resembles the structure of bil berry fruit epidermis, 
how ever bilberry epi der mis cells are bigger 
and their walls are thinner than those of the 
Caucasian bilberry. Shapes and sizes of fruit 
seeds of the two species are only slightly dif-
ferent (Fig. 2). 

Results of determination of identification 
points and plant material quality parameters 
have shown that Caucasian bilberry fruits fully 
corre spond to all points mentioned in the 
American Herbal Phar ma co poeia (2001) and 
Soviet Union Phar ma co poeia (XI ed., 1987) for 
bilberry fruits (Table 1). Quan ti tative analysis 
of anthocyanins, the main active constituents 
of bilberry fruits,  has shown that Cau ca sian 
bilberry contains 0.32% of mo no meric an tho-
cya nins, while bilberry con tains only 0.1-0.25% 
(Murray M., 1997, Can ter P., Ernst E., 2004). 
Be sides, bilberry and Caucasian bil berry con-
tain the same fractions of anthocyanins, which 
are de ter mined by TLC quantitative study. We 
con sider these facts as extremely important, 
because based on them we can conclude that 
Caucasian bilberry is more profitable for cul ti-
vation and pro duction of phytopreparations. 
Taking into consideration the above, we may 
suggest that Caucasian bilberry fruits can be a 
source for production of drug dosage forms, 
be cause they fully meet all demands stated for 
bil berry - phar ma co poe ial parameters, micro-
scopic and mac ro scopic characteristics, active 
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Fig. 2. Epidermis of Caucasian bilberry (A, B) and 
bilberry (C, D) fruit, seeds of Caucasian bil-
berry (E), bil berry (F).

con stitu ents. Based on this fact, we have estab-
lished Tech nical Conditions for Caucasian 
bilberry fruits and nu tri tional supplements, 
which are approved by Ar me nian National Insti-
tute of Standards (reg is tration number 8742).

It is generally accepted that an important 
step in the study of anthocyanin-containing 
plant ma terial is optimization of anthocyanin 
extraction, as an tho cya nins are labile compounds, 
which can be easily destroyed under the influ-
ence of different tech no logical factors. In fact, 
biolo-gical activity can be lost during the tech-
nological process as a result of an tho cya nin 
degradation and polymerization (Mazza G. et 
al., 2004; Escribano-Bailon M., Santos-Buelga C., 
2003). Therefore, we have studied tech no logical 
conditions of Caucasian bil berry fruit ex traction 
with careful monitoring of monomeric an tho-

cya nin content and indices for anthocyanins 
deg ra dation and polymeric color. First of all, 
we have considered the role of ex tract acidi fi-
cation in the anthocyanin yield and sta bility.  
It was done with consideration that an tho-
cya nin molecules are more stable in the form 
of flavylium cation, which pre vails at acidic 
pH (Giusti M., Wrolstad R., 2001). Results of 
the investigation have shown that maxi mal 
effec tiveness of ex traction and minimal deg ra da-
tion of anthocyanins occur when using 70% 
ethanol with 5 g/l citric acid as a solvent with  
tem pera ture and du ration: 40-43°C/3 h (Table 2).

We suppose that citric acid participates in 
the for mation of copigment complexes with 
an tho cya nins, and protects acylated forms of an tho-
cya nins, which are chemically more stable than 
nonacylated forms (Wrolstad R. et al., 2005). 

The protective effect of Caucasian bilberry 
ex tract against retinal light damage was deter-
mined in al bino rat retinae. Wild type albino 
rats were fed with Caucasian bilberry aqueous 
extract at the dose 20 mg/kg (in 1 ml) daily for 
10 days. After that, rats were transferred to 
Plexiglas cham ber for con stant light exposure 
(2100 lux). The animals were ex posed to this 
light en vi ronment for 24 h and then returned 
to their usual low-intensity cyclic light en vi-
ronment for 10 days. During this time rats were 
fed with the same ex tract in the same dose and 
electroretinographical testing was done. 

After a 10-day period, rats were used for 
mor pho logical and morphometric assessment 
of pho to re ceptor cell loss. For comparing 
the effects of Cau ca sian bilberry extract, the 
other group of rats was fed in the same way 
by commercial extract of bil berry, produced 
by “Nutraceutical cor po ration” (USA). Results 
of electroretinographical testing have shown 
that on day 2 of constant light ex po sure ampli-
tudes of ERG a- and b-waves are sig nifi cantly 
reduced. As shown in Table 3, the a-wave  ampli-
tude of Caucasian bilberry extract-treated 
animals is markedly higher compared with 
the con trol group. 
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Table 1.
Results of Caucasian bilberry fruit standardisation

Parameter Fruits of Caucasian bilberry Standard parameter from pharmacopoeian 
articles

Identification Special colours in identificational chemical reactions of anthocyanins and 
tannins of pyrocathechin group

Humidity 14.38%
           Not to exceed 17% (SP XI)

           Not to exceed 16% (AHP 2001)

A
sh

total 2.51%
           Not to exceed 3% (SP XI)

           Not to exceed 5% (AHP 2001)
non-soluble 
in 10% HCl 0.16%            Not to exceed 0.8% (SP XI)

sulfated 2.86%            Not to exceed 4.5% (AHP 2001)
Extractable matter 54%            Not less than 50% (AHP 2001)

Note: AHP- American herbal Pharmacopoeia, 2001

          SP- USSR State Pharmacopoeia, XI ed., 1987

Table 2. 
Monomeric anthocyanin content and indices for their degradation and polymerisation in the 

Caucasian bilberry fruit extracts prepared by use of different solvents (M±SD)

Solvent
Acid concen-

tration
Monomeric antho-

cyanins (mg/l)
Percent of polymeric 

colour after 72 h
70% ethanol -------- 100.88 ± 6.53 33.45 ± 3.44

Solutions of citric acid in 
70% ethanol

1 g/l 120.50 ± 4.73* 36.60 ± 4.11
5 g/l 178.53 ± 8.38* 26.62 ± 4.35*
10 g/l 165.20 ± 7.45* 25.53 ± 4.87*
20 g/l 175.60 ± 5.15* 27.03 ± 5.68*

Solutions of ascorbic acid in 
70% ethanol

1 g/l 132.77 ± 5.75* 80.68 ± 4,85*
5 g/l 122.45 ± 4.55* 77.62 ± 4.58*
10 g/l 146.65 ± 6.83* 79.65 ± 3.45*
20 g/l 143.03 ± 6.82* 83.67 ± 4.64*

Solutions of HCl (calculated as 
dry matter) in 70% ethanol

4.5% 223.75 ± 4.79* 52.80 ± 5.21*
2.5% 213.60 ± 7.26* 56.30 ± 3.56*
1.5% 181.20 ± 8.79* 50.85 ± 3.61*
0.5% 173.37 ± 4.90* 46.58 ± 4.27*

Note: for all data: n = 6; *- p<0.05 compared with 70% ethanol

R. Stepanyan & H. Topchyan  /  The  New  Armenian  Medical  Journal
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Table 3
Amplitudes of ERG a- and b-waves on day 2 after constant light exposure (М ± SEM)

Studied animal groups a-wave  0.4 lux a-wave  4 lux a-wave 40 lux
Intact
(n=6) 426.17 ± 37.35 428.83 ±30,9 423 ± 37.31

Control (constant light exposure)
 (n=7) 106.29 ± 44.38*** 295.14 ± 21.13*** 345.14 ± 25.58
Caucasian bilberry fruit extract
(n=7) 256.14 ± 25.1* 475 ± 42.13** 487.14 ± 34.67**
Bilberry fruit extract
(n=6) 280.33 ± 41.65* 415.67 ± 37.36* 477.67 ± 34.55*

b-wave 0.4 lux b-wave  4 lux b-wave 40 lux
Intact
(n=6) 653.33 ± 51.89 875.17 ± 92.43 1032.5 ± 59.66
Control (constant light exposure)
(n=7) 148.57 ± 54.81*** 419.57 ± 32.56*** 488.14 ± 39.97***
Caucasian bilberry fruit extract
(n=7) 390.71 ± 32.53** 644 ± 43.55** 713.29 ± 45.11**
Bilberry fruit extract
(n=6) 418.33 ± 45.91** 622.17 ± 56.38* 705.33 ± 48.62**

Note: *- p < 0.05 compared with control, **- p < 0.01 compared with control
       ***- p  < 0.01 compared with norm

Table 4
Amplitudes of ERG a- and b-waves on day 6 after constant light exposure (М ± SEM)

Studied animal groups a-wave  0,4 lux a-wave  4 lux a-wave 40 lux
Intact
(n=6) 426.17 ± 37.35 428.83 ± 30.9 423 ± 37.31
Control (constant light exposure)
 (n=7) 67.86 ± 36.04*** 250 ± 27.41*** 290.14 ± 32.21***
Caucasian bilberry fruit extract
(n=7) 271.83 ± 19.65** 297.67 ± 36.78 424.67 ± 31.12*
Bilberry fruit extract
(n=6) 266 ± 17.52** 298.5 ± 23.39 412 ± 28.04*

b-wave 0,4 lux b-wave  4 lux b-wave 40 lux
Intact
(n=6) 653.33 ± 51.89 875.17 ± 92.43 1032.5 ± 59.66
Control (constant light exposure)
(n=7) 112.57 ± 56.51*** 394.57 ± 33.05*** 486.29 ± 37.38***
Caucasian bilberry fruit extract
(n=7) 426.17 ± 14.72** 491 ± 25.27* 671.33 ± 44.12**
Bilberry fruit extract
(n=6) 398.5 ± 33.32** 519 ± 36* 676 ± 28.87**

Note: see note to Table 3
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Therefore, at 0.4 lux it is 2.5 times higher 
than con trol, and at 4 and 40 lux it is saved at 
the normal level. As for b-wave amplitude, it 
is 3 times higher in the experimental group at 
0.4 lux, and at 4 and 40 lux - 1.5 times higher, but 
it is important to note that it did not reach the 
normal level under the in fluence of Caucasian 
bilberry extract, as in the case of a-wave.

Influence of commercial bilberry extract is 
the same as that of Caucasian bilberry. This 
dem on strates the protective activity of extracts.

On day 6 of constant light exposure in the 
con trol group a-wave reduction is slightly 
increased, but b-wave remains at the same level 
(Table 4). The a-wave amplitude of Caucasian 
bilberry ex tract-treated animals is 4 times higher 
than control group at 0.4 lux, and 1.5 times 
higher at 40 lux. Para doxically, we did not find 
statistically sig nifi cant difference at 4 lux.

The results indicated that there is a statisti-
cally sig nifi cant difference in the b-wave ampli-
tudes be tween extract-treated and control ani-
mals at all three light intensities, but it still did 

not reach the normal level (Table 4). The effect 
of commercial bilberry extract corresponds to 
that of Caucasian bilberry extract.

On day 10 of constant light exposure a- and 
b-wave amplitudes are recovered to some ex tent, 
in comparison with the 6th day, as a result of 
natu ral recovery process (Table 5). In the two 
ex peri men tal groups (bilberry and Caucasian 
bilberry treated) in fluence on the a- and b-wave 
am pli tudes is ex pressed, as shown in Table 5, 
but it is not as sig nifi cant, as by 2 and 6 days 
of constant light ex po sure.

Our findings suggest, that Caucasian bilberry 
and bilberry extracts at monomeric anthocy-
anins dose of 20 mg/kg through oral administra-
tion greatly pre vent a-wave reduction, caused 
by constant light ex po sure. Besides, both 
extracts significantly im proved the recovery of 
a-wave, which is a result of positive influence 
on photoreceptor cells. We also observed that 
under the influence of Caucasian bil berry and 
bilberry extracts b-wave amplitude is preserved 
from reduction to a great extent, which is quite 

Table 5
Amplitudes of ERG a- and b-waves on day 10 after constant light exposure (М ± SEM)

Studied animal groups a-wave  0.4 lux a-wave  4 lux a-wave 40 lux
Intact
(n=6) 426.17 ± 37.35 428.83 ± 30.9 423 ± 37.31

Control (constant light exposure)
 (n=7) 180.86 ± 35.08*** 259.43 ± 19,12*** 367.43 ± 21.69
Caucasian bilberry fruit extract
(n=7) 259.5 ± 20,83 332.83 ± 25.01* 413.67 ± 28.01
Bilberry fruit extract
(n=6) 318.67 ± 19.99** 301.5 ± 14.54 425.67 ± 30.49

b-wave 0,4 lux b-wave  4 lux b-wave 40 lux
Intact
(n=6) 653.33 ± 51.89 875.17 ± 92.43 1032.5 ± 59.66
Control (constant light exposure)
(n=7) 297.29 ± 53.68*** 444.14 ± 18.24*** 549.29 ± 14.77***
Caucasian bilberry fruit extract
(n=7) 433.67 ± 27.47* 552.67 ± 46.35 731.5 ± 33.93**
Bilberry fruit extract
(n=6) 489.67 ± 33.13* 575 ± 16.08** 734 ± 17.28**

Note: see note to Table 3
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Fig. 3. Rat retinae: central inferior (I1) part and pe riph eral inferior (I2) part. Intact retina - 1 (I1), 2 (I2); Constant 
light exposure by 10 day - 3 (I1), 4 (I2); Light exposure+Caucasian bil berry fruit ex tract 5 (I1), 6 (I2). OS - outer 
segments,  IS - inner segments, ONL  -outer nuclear layer, INL - inner nuclear layer, ISL-  inner synaptic layer, GCL 
- ganglion cell layer. Bar - 20 µm

R. Stepanyan & H. Topchyan  /  The New Armenian Medical Journal
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important, because it means that extracts prevent 
damage of synaptic signal transmission. 

These results suggest that bilberry extracts 
not only protect the retinal function, but also 
enhance the recovery of the retina from light 
damage. Morphological assessment of outer 
nuclear layer caused our particular interest, 
because its thickness is a reliable parameter 
that reflects de gen erative changes in the 
photoreceptor cells (Zhang C. et al., 2004; Cao W. 
et al., 2001).

As shown in Figure 3, in inferior retina of 
nor mal rats the outer nuclear layer consists of 
8-10 rows of nuclei. Constant light exposure 
reduces the thickness of the outer nuclear layer 
of pho to re ceptor cell nuclei to 4-6 rows in the 
central in fe rior retina and to 7-8 rows in the 
peripheral in fe rior retina. As a result of light 
exposure the length of pho to re ceptor outer 
segments is reduced, more dra matically in the 
central part of the retina. As for the retinas of 
Caucasian bilberry-treated ani mals, we observed 
that in the inferior retina both outer nuclear 
layer and the length of outer segments preserved 
at nor mal level in the central and pe riph eral 
part of reti nae (Fig. 3). Quantity of distrophi-

Fig. 4. Thickness of outer nuclear layer in retinal quad-
rants (µm): I2-peripheral inferior, I1 - central inferior, 
S1 - central superior, S2 - peripheral su pe rior.   -intact 
retinae;   -constant light exposure;   -constant light 
exposure+Caucasian bilberry ex tract. 
Note: * p<0.01 compared with norma, 
        ** p<0.01 compared to con trol, n=6-9.

cally-changed photoreceptor cells is reduced.
Figure 4 shows changes in outer nuclear 

layer thickness that occurred in both normal, 
control (light damaged) and Caucasian bilberry 
extract-treated animals. Results of morphomet-
ric measurements have shown that oral admin-
istration of Caucasian bilberry extract brings 
forth  statistically significant preservation of 
outer nuclear layer from constant light damage 
in all 4 quadrants of the retina, compared with 
light-damaged non-treated controls. It is inter-
esting to note, that in the inferior hemisphere 
outer nuclear layer is reaching the normal level, 
differently from superior hemisphere

Based on these findings we may con clude 
that under the influence of orally ad min is tered 
Caucasian bilberry extract the sig nifi cant pres-
er vation of outer nuclear layer and pho to re-
ceptor outer segments occur. These observations 
could be useful for revealing mechanisms of 
action of bilberry extracts and for recommending 
clinical trials in the development of treatment 
and prevention strategies of light-in duced eye 
pathologies. Besides, our results show that pro cessing 
resources of bilberry fruits can be en larged by 
using their substitute  - Caucasian bil berry.
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