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Background: Age-related macular degeneration (AMD) is a major cause of visual loss in 
elderly individuals. However, the involvement of cell receptors in the initiation of retinal 
disorder in AMD has not been duly reflected in the literature. The absence of system 
analysis of pathogenetic mechanisms of drusen formation restricts the possibilities for 
researchers to develop methods of treatment and prevention of early AMD.
Purpose: To carry out system analysis of novel factors in the pathogenesis of drusen 
formation in AMD.
Material and Methods: This prospective study included 109 patients (186 eyes) 
with intermediate stage of dry AMD. All patients received a detailed eye examination 
before and in the course of treatment. We used receptor ligands (specifically, adenosine 
triphosphate (ATP), adenosine diphosphate (ADP), adenosine, platelet activation factor 
(PAF), adrenaline and isadrine) to examine the functional activity of platelet receptors. 
Platelet aggregation was assessed by the turbidimetric method. The effect of platelet 
reactivity on the formation of drusen in the RPE was also assessed.
Results: The comparison of Group 1 patients with and without drusen (subgroups 
A and B, respectively) versus controls with regard to platelet reactivity indicated that 
hyperreactivity of alpha-2 adrenoreceptors reflected early accumulation of metabolite 
residues in RPE cells and appearance of drusen in the retina. An increase in drusen 
numbers in the RPE in Group 2 (subgroup C) patients with early dry AMD compared 
to subgroup B with was reflected by increased activity of P2X purine receptors (р < 
0.05) and A2A adenosine receptors (р < 0.001). In group 3 (subgroup E) patients with 
intermediate stage of dry AMD, an increase in the size of drusen was accompanied by 
changes in activity of the four examined platelet receptors, with increases in sensitivity of 
alpha-2 adrenoreceptor, P2X and PAF receptors, and a decrease in sensitivity of beta-2 
adrenoreceptor.
Conclusion: Platelet receptors reactivity reflected the effect of factors in the pathogenesis 
of AMD on drusen formation, and, therefore, can be used for prediction of the risk of 
disease progression.
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Introduction
Age-related macular degeneration (AMD) is a major 

cause of visual loss in elderly individuals [1]. The average 
annual incidence in individuals aged 67 years or older has 
been estimated to be approximately 3% [2]. Age, sex, diet, 
body mass index (BMI), presence of hypertonia,   level of 
high density lipoprotein-like particles (HDLP), cumulative 
sunlight exposure, and smoking influence the development 
and progression of AMD [3]. However, the involvement 
of cell receptors in the initiation of retinal disorder in 
AMD has not been duly reflected in the literature. Lipid 
accumulation in the form of drusen or linear deposits in 
Bruch’s membrane is accompanied by impaired transport 

of substances and oxygen from blood to retinal cells as well 
as translocation of catabolites to choriocapillaris [4]. The 
absence of system analysis of pathogenetic mechanisms of 
drusen formation restricts the possibilities for researchers 
to develop methods of treatment and prevention of early 
AMD.

The purpose of the study was to carry out system 
analysis of novel factors in the pathogenesis of drusen 
formation in AMD.
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Material and Methods
This prospective study included 109 patients (186 

eyes) with intermediate stage of dry AMD. 
AMD stage was classified according to the Age-

Related Eye Disease Study Research Group (AREDS) 
staging system.

All patients provided informed consent before entering 
the study. Patients were divided into groups for analysis of 
intensity of drusen formation in RPE cells. Group 1 (n=35) 
was composed of patients with no AMD (AREDS stage 1). 
These were divided into two subgroups, A (n=8), with no 
drusen and B (n=27), with a few small drusen (<63 μm). 
Group 2 (n=36) was composed of patients with early AMD 
(AREDS stage 2). These were divided into two subgroups, 
C (n=19), with numerous small drusen and several 
intermediate drusen (63 μm to 124 μm) and D (n=17), with 
numerous small drusen, several intermediate drusen and 
mild changes in retinal pigment epithelium (RPE). Group 
3 (n=38) was composed of patients with intermediate dry 
AMD (AREDS stage 3). These were divided into two 
subgroups, Е (n=21), with numerous intermediate drusen 
and at least one large druse (≥125 μm), and F (n=17), with 
numerous intermediate drusen and geographic atrophy not 
involving the central fovea.

Ocular history was collected, visual acuity was 
assessed, and tonometry, biomicroscopy, ophthalmoscopy 
and optical coherence tomography (OCT) were performed. 
Fluorescein angiography was conducted if latent 
neovascularization was suspected. Platelets were isolated 
by centrifugation of patient’s citrated peripheral blood and 
used to assess the functional activity of receptors. We used 
agonists of the receptors involved into AMD pathogenesis, 
specifically, adenosine triphosphate (ATP), adenosine 
diphosphate (ADP), and adenosine (ligands of Р2Х, Р2Y, 
and А2А purine receptors, respectively), platelet activation 
factor (PAF), and adrenaline and isadrine (ligands of 
alpha-2 and beta-2 adrenoreceptors, respectively). Activity 
of adenosine A2A- receptors and beta-2 adrenoreceptors 
was investigated through incubation of ADP with either 
adenosine or isadrine, and calculated as the difference 
between ADP-induced platelet aggregation and residual 
platelet aggregation for incubation of ADP with either 
adenosine or isadrine. The agonists were obtained from 
Sigma (St. Louis, MO) and used in EC50 concentrations to 
produce 50% ± 5 % of the maximum rate of aggregation in 
10 healthy volunteer donors without changes in the fundus. 
Platelet aggregation was assessed by the turbidimetric 
method at the Research Institute for Experimental 
and Clinical Medicine (Bohomolets National Medical 
University) headed by Prof. L.V. Natrus.

Statistical analysis was performed using Medcalc 
Software. The mean (Х) and standard error of the mean 
(m) were calculated for the groups. Statistical comparisons 
between the two groups were performed using a Student's 
t-test in the case of quantitative, normally distributed 
variables and a Wilcoxon rank-sum test in the case 
of quantitative, not normally distributed variables. 

Differences were considered statistically significant at p 
< 0.05.

Results and Discussion
Table 1 presents percentage differences in platelet 

aggregation between Group 1 patients with and without 
drusen. We found platelet hyperreactivity to ADP and 
adrenaline in Group 1 patients with and without drusen 
versus controls.

Platelet responses to PAF, ATP and isadrine 
corresponded to the reference range for normal platelet 
response, whereas platelet responses to adenosine 
corresponded to platelet hyporesponse. Activity of alpha-2 
adrenoreceptors was comparable with that of  Р2Y-
receptors and was 12.4% (р < 0.01), 24.7% (р < 0.001), 
34.7% (р < 0.001), and 55.1% (р < 0.001) higher than 
that of PAF, Р2Х, beta-2 and А2А receptors, respectively. 
Therefore, the comparison of subgroups A and B for 
functional activity of receptors could indicate that 
hyperreactivity of alpha-2- adrenoreceptors is associated 
with early accumulation of metabolite residues of RPE 
cells and appearance of drusen in the retina.

Therefore, the in vitro platelet study enabled not only to 
analyze the functional activity of the six receptors reflecting 
the effect of systemic factors in the pathogenesis of AMD 
on blood cells, but also to clarify a major mechanism that 
triggered changes in functional activity of platelets.

In Group 2 patients with early AMD (mean age, 
71.6 ± 1.8 years), four receptors (Р2Х- and Р2Y- purine 
receptors, alpha-2 adrenergic receptor and PAF-receptor) 
reflected platelet hyperreactivity; normal response was 
characteristic for A2A-receptor (95%CI, 49.7%–55.8%), 
and hyporeactivity, for beta-2 adrenoreceptor (Table 2). 
Platelet response to ADP was comparable with that to 
adrenaline, and was 7.3% (р < 0.001), 12.3% (р < 0.001), 
19.5% (р < 0.001), and 42.5% (р < 0.001) higher than that 
to ATP, PAF, adenosine, and isadrine, respectively. The 
comparison between patients with no AMD and those with 
early dry AMD with respect to platelet activity allowed us 
to conclude that an increase in activity of two P2X receptors 
(by 20%; р < 0.001) and A2A receptors (by 38%; р < 0.001) 
reflected the initiation of AMD development. The presence 
of a positive relationship of old age of patients with AMD 
(but not old age of patients without AMD) with increased 
reactivity of PAF- and alpha-2 adrenergic receptors 
indicated that the development of inflammation (resulting 
from the effect of activated white blood cells on platelets) 
and activation of the sympathoadrenal system (SAS) are 
major risk factors for early AMD. In addition, adrenaline 
may be a trigger of increased reactivity of PAF- receptors, 
that is, the SAS initiates chronic inflammation. The effect 
of activated white blood cells on platelets was limited (i.e., 
signaling of PAF-receptors was inhibited) by maintained 
normal reactivity of beta-2-adrenoreceptors. Unilateral 
PAF-induced platelet aggregation and ADP/ ATP-induced 
platelet aggregation confirmed platelet stimulation by 
white blood cells. This was accompanied by activation of 
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purine secretion by platelets and stimulation of Р2Х and 
Р2Y-receptors of white blood cells by active platelets.

The comparison between subgroups B (AREDS stage 
1, a few small drusen) and C (AREDS stage 2, numerous 
small drusen) allowed for analysis of cases with increased 
number of drusen (Table 3). These changes in drusen 
formation may, to some extent, indicate accumulation of 
cell metabolism products (including lipid metabolites) in 
the RPE. Hyperreactivity of two platelet receptors (P2Y 
purine receptors and alpha-2 adrenoreceptor) was noted 
with the progression of drusen formation. In subgroup 
C, activity of P2Y purine receptors was 13% higher (р < 
0.01), and activity of A2A-purine receptors was 44.9% 
higher (р < 0.001), compared to subgroup B. Activity of 
PAF receptors and beta-2 adrenoreceptors in subgroup 
C was not changed and was within the range of normal 
reactivity.

Therefore, first, there was hyperreactivity of four 
receptors (alpha-2 adrenoreceptor, P2Y- and P2X-purine 
receptors, and A2A-receptor), whereas reactivity of two 
other receptors (PAF-receptor and beta-2 adrenoreceptor) 
conformed to the range of normal platelet reactivity (50.0 ± 
5.0%). Second, activity of P2Y-receptors was comparable 
to that of alpha-2 adrenoreceptors and A2A-receptors, and 
was 7.8% (р = 0.001), 15,8% (р < 0.001) and 25% (р < 
0.001) higher than that of P2X-purine receptors, PAF-
receptors, and beta-2 adrenoreceptors, respectively. The 
observed hyperreactivity of P2X-and P2Y-purine receptors 
and alpha-2 adrenoreceptors is a result of the interaction of 
these receptors. In particular, there were negative pairwise 
correlations between activities of P2X-and A2A-receptors 
(r = -0.420; р < 0.05); Р2Y- and А2А- receptors (r=-0.714; 
р<0.05); alpha-2- and beta-2-adrenoreceptors (r=-0.610; 
р<0.05); and PAF-receptors and А2А-receptors (r=-0.585; 
р<0.05). The found correlations reflected the function of 
compensatory mechanisms with involvement of adenosine 
receptors and beta-2 adrenoreceptors, which provided 
not only limitation for platelet aggregation, but also anti-
inflammatory effect (inhibition of platelet response to PAF 
secretion by white blood cells). Therefore, an increase in 
drusen numbers in the RPE is accompanied by increased 
reactivity of P2X purine receptors (р < 0.05) and A2A 
adenosine receptors (р < 0.001).

The intermediate stage of dry AMD is important for the 
analysis, since at this stage, new changes in RPE cells take 
place, which was manifested by an increase in drusen size 
in subgroup E. In addition, we found that, in the presence 
of numerous intermediate-size drusen, P2X, P2Y and A2A 
purine oreceptors and PAF-receptors reflected platelet 
hyperreactivity; whereas hyporeactivity was characteristic 
for beta-2 adrenoreceptor (Table 4). In subgroup E, 
platelet responses to adrenalin, ATP, adenosine and PAF 
were 33.7% (р < 0.001), 17.3% (р < 0.001), 32.5% (р < 
0.001) and 11.4% higher, respectively, platelet response 
to isadrine was 20.1% (р < 0.01) lower compared to 
subgroup C, and platelet responses to ADP  and adenosine 
were similar to those in subgroup C.

Thus, with increased changes in metabolism in the 
RPE and increased drusen formation, activity of the 
four examined platelet receptors changed. Specifically, 
sensitivity of alpha-2 adrenoreceptor, P2X and PAF 
receptors increased, whereas sensitivity of beta-2 
adrenoreceptor decreased. Therefore, reactivity of 
platelet receptors reflected the effect of factors of AMD 
pathogenesis on drusen genesis, and, thus, can be utilized 
for predicting the risk of AMD progression.

AMD progression has been reported to be associated 
with reduced capacity of RPE cells for autophagy [5]. 
Autophagy plays an important role in the protection 
of RPE cells from oxidative stress and lipofuscin 
accumulation; impaired autophagy increases oxidative 
stress and contributes to the development of the AMD. 
Oxidative stress inhibits RPE cell phagocytosis with 
activation of cAMP-activated protein kinase [6]. Similar 
effect was reproduced by direct enzyme stimulation with 
5-aminoimidazole-4-carboxamide riboside (AICAR). 
Modified mice studies demonstrated that RPE cell 
phagocytosis was controlled by alpha-2 adrenoreceptors 
and activation of these receptors promoted inhibition of 
phagocytosis in oxidative stress; this effect was associated 
with increased phosphorylation of acetyl-CoA carboxylase.

ATP levels are known to be decreased in RPE cell 
phagocytosis, but the ecto-5’-nucleotidase inhibitor beta-
methylene ADP prevented this effect [7]. One could 
hypothesize that autophagy inhibition was mediated by 
non-elucidated purine receptors. Ecto-5’ nucleotidase 
activity on the apical membrane of RPE cells was 
examined in 2006, and it was found that stimulation 
of alpha-2 adrenoreceptors inhibited enzyme activity, 
resulting in increases in adenosine levels and activity of 
alpha-2 receptors, while a decrease in subretinal adenosine 
levels contributed to increased phagocytosis of rod outer 
segments [8]. Subsequently, it was found that blocking 
adenosine A2A receptors in human microglia increases 
the clearance of apoptotic photoreceptors. Therefore, 
it is increased activity of alpha-2 adrenoreceptors and 
adenosine A2A receptors that are risk factors of drusen 
genesis [9].

It has been established previously that stimulation of 
purine receptor P2X7 increased pH levels in lysosomes in 
cultivated human RPE cells, which resulted in increased 
concentrations of cytoplasmic Ca2+ and decreased 
approach to the active site of cathepsin D, leading to 
lysosomal dysfunction [10]. Therefore, endogenous 
autostimulation of the P2X receptors could hamper the 
removal of oxidized metabolites from cells including lipids, 
confirming the possible role of excessive ATP stimulation 
of RPE cells in lipid accumulation. Other studies confirmed 
that, in release of ATP from RPE cells, autocrine P2X7 
stimulation by ATP is possible and targeted at increases in 
lysosomal pH and lipofuscin production [11]. Adenosine 
may reactivate lysosomal function through A2A receptors 
and decrease lipid oxidation. Therefore, in RPE cells, 
there is an adaptive mechanism that maintains the balance 
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between extracellular ATP and adenosine, and, in this way, 
can modulate lysosomal pH and the rate of production of 
lipofuscin.

Conclusion
First, our platelet in vitro study enabled (1) the analysis 

of functional activity of receptors that reflect the effect 
of systemic factors in the pathogenesis of AMD on target 
cells and (2) elucidation of major mechanisms that trigger 
changes in RPE. 

Second, the appearance of drusen in early AMD as 
a possible consequence of accumulation of metabolic 
products in the RPE is associated with hyper-response 
of platelet alpha-2 adrenoceptors. Progression of drusen 
formation was accompanied by increased activity of P2X 
receptors and PAF receptors and decreased activity of beta2 
adrenoreceptors. Platelet receptors reactivity reflected the 
effect of factors in the pathogenesis of AMD on drusen 
formation, and, therefore, can be used for prediction of the 
risk of disease progression. 

Finally, increased activity of P2X and A2A receptors, 
and the presence of a positive relationship between 
elderly age of patients and increased platelet PAF receptor 
and alpha-2 adrenoceptor reactivity may indicate that 
the pathophysiological processes (like retinal hypoxia, 
ischemia and inflammation) associated with these changes 
may be major factors in the development of AMD.
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Agonist
Mean platelet 

aggregation value 

(%), X ±SD

Range
(Min –Max)

Left
(95% CI)

Right
(95% CI)

ADP (5 μm) 63.0±0.7 55.0-74.0 61.5 64.5

Adrenaline (5.0 μm) 61.4±0.8 49.0–73.0 59.7 63.1

ATP (500 μm) 58.7±0.7*** РAdrenaline 
=0.017 47.0–68.0 57.2 60.2

PAF (150.0 μm) 56.1±0.9*** 
РATP =0.024 45.0–67.0 54.2 57.9

Adenosine (1 μm) 52.7±1.5*** 43.0–72.0 49.7 55.8

Isadrine (10 μm) 44.2±1.2 
РAdenosine <0.001 31.0–58.0 41.8 46.9

Table 2. Induced platelet aggregation in Group 2 patients with early dry AMD (n=36)

Platelet aggregation 
inducer

Subgroup А, n=8
(without drusen)

Subgroup В, n=27
(with a few small drusen <63 μm)

АТц X ±m Min–MaxI X ±m Min–MaxI

Adrenaline (5.0 μm) 54.6±1.3 46.0–58.0 62.5±0.6*** 57.0–68.0

ADP (5 μm) 58.7±0.9 55.0–63.0 62.1±0.9 50.0–72.0

PAF (150.0 μm) 53.5±1.1 
РADP<0.01 49.0–58.0 55.6±0.6 

РADP<0.01 48.0–63.0

ATP (500 μm) 45.1±1.1 
РPAF<0.01 41.0–50.0 50.1±1.0* 

РPAF<0.01 34.0–59.0

Isadrine (10 μm) 40.6±1.0 
РATP<0.05 37.0-44.0 46.4± 0.7** 

РATP <0.05 40.0-54.0

Adenosine (1 μm) 31.1±0.7 
РPAF<0.001 44.0–50.0 40.3±1.0*** 

РIsadrine<0.05 28.0–45.0

Table 1. Differences in induced platelet aggregation (%) in Group 1 patients with versus without drusen

Notes: *, significance of difference in induced platelet aggregation between subgroup B and subgroup A, p < 0.05; **, 
significance of difference p < 0.01; P, significant of difference in induced platelet aggregation compared to previous agonist

Notes: ***, significance of difference in induced platelet aggregation between patients with no AMD and early dry AMD, p < 
0.001; P, significant of difference in induced platelet aggregation compared to previous agonist
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Table 4. Differences in induced platelet aggregation (%) in patients with progression of dry AMD 

Platelet 
aggregation 
inducer

Group 2
Subgroup С, n=19

(with numerous small drusen and several 
intermediate drusen, 63 μm to 124 μm)

Group 3
Subgroup Е, n=21

(with numerous intermediate drusen and at 
least one large druse ≥125 μm)

X ±m Min–MaxI X ±m Min–MaxI

Adrenaline (5.0 μm) 59.4±1.3 49.0-73.0 79.4±0.6*** 70.0-79.0

ATP (500 μm) 56.6±0.9 47.0-63.0 66.4±0.6*** 
РAdrenaline <0.001 60.0-71.0

ADP (5 μm) 61.0±0.8 55.0-67.0 64.2±1.0 56.0-72.0

Adenosine (1 μm) 58.4±2.0 43.0-60.0 59.9±0.9 
РADP<0.01 50.0-67.0

PAF (150.0 μm) 52.7±1.0 45.0-60.0 58.7±1.0*** 51.0– 65.0

Isadrine (10 μm) 48.8±1.3 40.0-58.0 39.0±0.8** РPAF<0.001 33.0-47.0

Notes: *, significance of difference in induced platelet aggregation between subgroup E and subgroup B, p < 0.05; **, 
significance of difference p < 0.01

Platelet 
aggregation 
inducer

Group 1
Subgroup В, n=27

(with a few small drusen <63 μm)

Group 2
Subgroup С, n=19

(with numerous small drusen and several 
intermediate drusen, 63 μm to 124 μm)

X ±m Min–MaxI X ±m Min–MaxI

ADP (5 μm) 62.1±0.9 50.0–72.0 61.0±0.8 55.0-67.0

Adrenaline (5.0 μm) 61.0±0.9 46.0–68.0 59.4±1.3 49.0-73.0

Adenosine (1 μm) 40.3±1.0 28.0–45.0 58.4±2.0*** 43.0-60.0

ATP (500 μm) 50.1±1.0 34.0–59.0 56.6±0.9* 47.0-63.0

PAF (150.0 μm) 55.6±0.6 48.0–63.0 52.7±1.0 
РATP =0.08 45.0-60.0

Isadrine (10 μm) 46.4± 0.7 40.0-54.0 48.8±1.3 
РPAF =0.023 40.0-58.0

Table 3. Differences in induced platelet aggregation (%) in patients with AMD (AREDS stage 1 vs stage 2)

Notes: *, significance of difference in induced platelet aggregation between subgroup C and subgroup B, p < 0.05; ***, 
significance of difference p < 0.01; P, significant of difference in induced platelet aggregation compared to previous agonist


