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Abstract

The goal of the study is to evaluate the effect of Radachlorin (OOO “RADA-PHARMA’, Russia) (RC) on platelet aggregation in ex vivo and in vivo
experiments. The experiments were conducted on male Wistar rats. Platelet aggregation activity was determined in platelet-rich plasma (PRP)
using a turbidimetric method and the aggregation inducer was ADP at a final concentration of 1.25 uM. PRP samples containing RC were irradi-
ated with ALOD-Granat laser device (OO0 “Alkom Medika”, Russia) at 662 nm wavelength with 0.05 W/cm? power density. After a 5-minute incu-
bation of PRP with RC in the dark, dose-dependent inhibition of platelet aggregation was observed. Laser irradiation (12.5 J/cm? and, especially,
25 J/cm?) increased the inhibitory effect of RC. 3 hours after intravenous administration of RC, the rate and intensity of platelets aggregation did
not change, while disaggregation slowed down significantly. Irradiation at a dose of 5 J/cm? did not affect the platelets aggregation kinetics,
and disaggregation slowed down even more at 10 J/cm? and at 20 J/cm? the rate and intensity of platelets aggregation decreased, and no disag-
gregation occurred.

Invitro, RC inhibited the ADP-induced platelet aggregation in rats in a dose-dependent manner; after laser irradiation, this effect was enhanced
significantly. The effect of RC on circulating platelets leads to a change in their functional state, which manifests in slowing down the disaggre-
gation after exposure to ADP. After laser irradiation (10 J/cm? and, especially, 20 J/cm?), the severity of the functional changes increases. The role
of decreasing the disaggregation activity of platelets in the mechanism of vascular thrombosis in the affected area of photodynamic therapy
(PDT) is discussed.
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BJIMAHUE MPEMAPATA HA OCHOBE XJIOPUHA E;
HA ATPETALULMOHHYIO AKTUBHOCTb TPOMBOLMNTOB
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Pesiome

Llenb nccnepoBaHus — n3yyeHue BAVAHNA pafjaxyiopriHa Ha arperauroHHyo akTVBHOCTb TPOMOOLIMTOB B OMbITax in Vitro v ex vivo. OnbiTbl
npoBefeHbl Ha Kpblcax-camuax nuHum Wistar. ArperauvioHHy0 akTUBHOCTb TPOMOOLMTOB ONpeAensanu B naasme, oboraleHHon Tpom6o-
uutamu (PRP), TypbuammeTpryeckum MeTofom, MHAYKTOp arperaummn — ageHosuHaudocdat (AAD) B KoHeuHoM KoHUeHTpaumm 1,25 uM.
Mpo6bl PRP, conepalymne papgaxnopuH, obyyany npy noTHOCT! molHoctu 0,05 BT/cm?. Mocne TeMHOBOW MHKY6aLymn B Te4eHne 5 MUH
PRP c pagaxnopuHom Habsnogany 40303aBUCMMOe YrHeTeHNe arperauny TpombounTos. JlasepHoe obnyuyeHmne (MNOTHOCTb SHeprum 12,5
Ix/cm? n 25 [x/cv?) ycunusano nHrnbrpyioliee BanaHve pagaxiopuHa. Yepes 3 4 nocne BHYTPUBEHHOrO BBeAeHNA poToceHCnbunmsa-
TOpa CKOPOCTb 1 UHTEHCVBHOCTb arperaLyiv TPOMOOLMTOB He U3MEHSANNCD, a fie3arperauysa 3HauMmo 3amegnsanacb. O6yyeHne Npu nioT-
HOCTU 3Heprun 5 [X/cM? He MOBAUANO Ha KUHETUKY arperauuv TpombounTos, npu 10 [xx/cm? —ge3arpeuns ewle 6onblie 3ameansanach, a
npw 20 [1>k/cM? — yMeHbLUIANNCb CKOPOCTb U UHTEHCMBHOCTb arperaymm TpPoMOoLUMTOB, a Ae3arperaLmm He NPOUNCXOANIIO.

B ycnoBusx in vitro pagaxnopyviH f0303aBUcuMo nHrnbupyet AAO-nHAYLMPOBaHHYIO arperaumio TPOMOOLMTOB KPbIC; MOC/IE 1a3epHOro
06nyyeHuns 3ToT 3G dEKT 3HaUMMO ycunmBaeTcs. Bo3gecTBre pagaxnopurHa Ha LMPKyapyoLimMe TPOMOOLUTOB NPUBOAMUT K N3MEHEHNIO
X GYHKLMOHANIbHOTO COCTOAHUA, UTO NMPOABNAETCA B 3aMeANieHUn fe3arperauum nocne sosgenctama ALIO. MNocne nasepHoro obnyyeHuns
(10-20 [>k/cm?) BbipaKEHHOCTb GYHKLMOHANbHbIX M3MEHEHNMI yBennurBaeTcA. O6CyKAaeTcAa BONPOC O POSIN CHXKEHWA Ae3arperaLmoH-
HOW aKTUBHOCTY TPOMOOLIMTOB B MEXaHM3Me TPOMO03a COCYA0B B 30He BO34ENCTBUA NPU GOTOANHAMUYECKONW Tepanum.

KnioueBble cnoBa: x/10puH e, poToaktmsaums, A®, arperaynsa ToOM6OLNTOB.
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Introduction

The data on the impact of photodynamic effects on
platelet aggregation activity are scarce and highly con-
troversial. In vivo experiments with the irradiation of
blood vessels of the microcirculatory bloodstream after
the administration of various photosensitizers (PS) reveal
platelet adhesion and aggregation in the exposure area.
It is assumed that their activation occurs due to the in-
fluence of biologically active substances (adenosine di-
phosphate (ADP), thromboxane A2, etc.) coming from
damaged endothelium [1], but some authors do not
exclude photodynamic activation of platelets circulat-
ing in the blood [2]. In vitro experiments showed that the
combined action of various PS and irradiation leads to
the development of structural and functional changes in
platelets, including a decrease in their aggregation activ-
ity [3-9]. In both experimental and clinical photodynam-
ic therapy of neoplasms, PS is usually administered in-
travenously 2-3 hours before irradiation, and, therefore,
circulating blood cells, including platelets, are exposed
to the PS for a long time, which makes it possible to as-
sume that this affects their photosensitivity.

The goal of this work was to study the effect of ra-
dachlorin on platelet aggregation activity in vitro and ex
vivo before and after photoactivation.

Materials and methods

The experiments were performed on male Wistar rats
weighing 240-280 g (Federal State Unitary Enterprise
“Rappolovo Laboratory Animals Farm”) in accordance
with the “Guidelines for the Use of Laboratory Animals
for Scientific and Educational Purposes at the First Pavlov
State Medical University of St. Petersburg” [10], compiled
on the basis of Directive 2010/63/EC of the European
Parliament and of the Council of the European Union of
22 September 2010 on the protection of animals used for
scientific purposes.

The animals were fed an unlimited diet of standard
K-120 food (Manufacturer: Inform-Korm, Russia) and
given unlimited quantity of water, and had a specific
light regime of 12 hours to 12 hours (light: darkness ra-
tio). The temperature was maintained within the range
of 22-25°C, and the relative humidity was 50 to 70%. The
quarantine lasted for 14 days.

Blood sampling for platelet aggregation was per-
formed from the jugular vein in anesthetized rats (20%
urethane solution, 5 ml/kg intraperitoneally). Sodium ci-
trate (3.2%) in a 9:1 ratio was used as a blood stabilizer. To
obtain platelet-rich plasma (PRP), blood was centrifuged

for 10 min (200 g) at room temperature. Part of the PRP
was collected in a plastic tube, and platelet-poor plasma
(PPP) was obtained from the remaining blood by centrif-
ugation for 30 min (1700 g), which was used to calibrate
the optical density scale of the aggregometer and dilute
PRP to a platelet concentration of 200-300-10%/1. A plate-
let aggregation study was performed within 2 hours af-
ter PRP was produced.

Platelet aggregation activity was determined by
a turbidimetric method with an AT-01 aggregometer
(Manufacturer: NPF Medtech, Russia); ADP (Manufacturer:
CHRONO-LOG Corporation, USA) at a final concentration
of 1.25 uM was used as an aggregation inducer.

During the study, the following aggregogram indica-
tors were recorded:

- the maximum amplitude of aggregation (MA) refers
to the maximum increase in the optical transmission co-
efficient from the moment of ADP introduction, as a % to
the optical transmission of platelet-free plasma;

—t istime needed to reach MA, s;

- \/agr is the aggregation rate, which is MA/t, %xs™;

-t is the time needed to halve MA, s;

= Vieage 15 the disaggregation rate, V2 MA/t,, %xs™.

PRP samples were irradiated in a polypropylene cu-
vette (d = 7 mm, h = 45 mm) with ALOD-Granat semi-
conductor laser apparatus (manufacturer: OO0 Alkom
Medica, Russia), wavelength: 662 nm. A fiber with a
lens for external irradiation was used (OOO Polironik,
Russia), fixed in a clamp stand. The fiber end face was
positioned at a distance of 40 mm from the sample sur-
face.

The photosensitizer used was a 0.35% solution of ra-
dachlorin (OOO RADAPHARMA, Russia, registration cer-
tificate No. JIC-001868 dated December 16, 2011). After
intravenous administration, the concentration of rada-
chlorin in rat plasma was determined by spectropho-
tometry. At the time of administration, the calculated
concentration of radachlorin, taking the hematocrit into
account, was 160 ug per 1 ml of plasma. PPP was diluted
to half the concentration with PBS (phosphate-buffered
saline, pH 7.4) and the optical density was determined at
662 nm wth an SF-2000 spectrophotometer (AO LOMO,
Russia). 800 pl of the drug was introduced into a quartz
cuvette (I = 0.5 cm), the measurement was carried out in
comparison with the plasma of control rats diluted to a
half of the concentration with PBS. The concentration of
radachlorin in the plasma was determined on the basis of
a calibration graph plotted for radachlorin diluted in the
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control plasma in PBS, to the concentration in range from
2.5t0 30 pg/ml.

In the first group of experiments, the effect of rada-
chlorin on platelet aggregation in vitro was investigated.
Radachlorin at a final concentration of 10, 20 and 40 pg/
ml was added to the standard platelet content plasma,
and after a 5-minute incubation in the dark, platelet ag-
gregation activity was determined.

In the group of experiments that followed, the effect
of photoactivated radachlorin on platelet aggregation in
vitro was investigated. Radachlorin (14 pug/ml) was intro-
duced into the plasma with the standard platelet count,
and, after a 5-minute incubation in the dark, the sample
was irradiated and platelet aggregation activity was de-
termined. In the comparison group, the effect on platelet
aggregation of irradiation with the same dose was inves-
tigated. Radiation exposure modes: the power density
on the sample surface was 0.05 W/cm?, and the energy
density was 12.5 and 25 J/cm?.

In the third group of experiments, an intravenous
bolus injection of radachlorin (5 mg/kg) was adminis-
tered into the tail vein of the animals. Before blood sam-
pling, the animals were kept in the dark. After 3 hours, a
blood sample was taken from the jugular vein, platelet-
standard plasma was produced and then irradiated, and
platelet aggregation activity was determined. Radiation
exposure modes: the power density on the sample sur-
face was 0.05 W/cm?, and the energy density was 5, 10,
and 20 J/cm?.

The statistical analysis of the results was performed
with IBM SPSS Statistics Version 20.0 software package.
The significance of differences between the measured
parameters was evaluated with Mann-Whitney U test.
The differences were considered statistically significant

The effect of chlorin e, drug on platelet aggregation activity

at p values under 0.05. The results are presented as me-
dian (lower/upper quartile). A correlation analysis was
performed with the use of the Spearman test.

Results and discussion

In our experiments, adenosine diphosphate (ADP) at
a concentration of 1.25 uM was used to induce platelet
aggregation in rat blood; the aggregation was reversible.
The data on the effect of radachlorin on platelet aggrega-
tion in vitro are given in Table 1. After a 5-minute incuba-
tion of PRP with radachlorin, the kinetics of the process
changed: the aggregation intensity decreased, aggrega-
tion and disaggregation slowed down. The severity of
these effects directly depended on the concentration of
radachlorin. As can be seen from Table 1, the decrease
in platelet aggregation activity during incubation with
radachlorin was dose-dependent (Spearman’s rank cor-
relation coefficient r = -0.915; p <0.001).

In the next group of experiments, after a 5-minute
dark incubation of PRP with radachlorin, the samples
were irradiated (12.5 and 25 J/cm?). As an additional con-
trol, platelet aggregation immediately after laser irra-
diation in the same doses was studied in samples which
contained no PS. As can be seen from the data in Table 2,
laser irradiation of PRP (especially at a dose of 25 J/cm?)
led to a significant increase in the intensity of platelet ag-
gregation; however, the kinetics of the process did not
change significantly. After irradiation of PRP previously
incubated with radachlorine, a decrease in the intensity
of aggregation and a slowdown in disaggregation were
observed, especially at a dose of 25 J/cm?. Thus, photoac-
tivation of radachlorin enhanced its inhibitory effect on
ADP-induced rat platelet aggregation, whereas no stimu-
lating effect of irradiation on aggregation was observed.

Ta6nuua l

BausiHue papaxnopuHa Ha AAD-MHAYLMPOBaHHYO arperauuto TpoMOoUUTOB in vitro

Table 1

The effect of radachlorin on ADP-induced platelet aggregation in vitro

MakcumanbHas
amMmnanTypa arperayvum
(MA), %

Yucno kpbic (N)

KoHTponb

CKopocTb
arperauun (V_ ),
%xc!

CKopocTb
Aesarperauun (V, ),
%xc

Control 10 55,5 (51-61,7) 0,42 (0,39-0,45) 0,31 (0,26-0,34)
PagaxnopwuH, 10 MKkr/mn o= v % _ *
Radachlorin, 10 g/m 5 46 (44-49) 0,35 (0,29-0,37) 0,15 (0,15-0,19)
PapgaxnopwH, 20 MKr/mn a1)% B % _ %
Radachlorin, 20 pg/m| 5 36 (30-41) 0,23 (0,23-0,29) 0,12(0,11-0,12)
FEREHOUS IR, A0 TN 5 21 21-28)* 0,2 (0,17-0,22)* 0,08 (0,08-0,09)*

Radachlorin, 40 pg/ml

* - p<0,01 No cpaBHEHNIO C KOHTPONEM (6e3 pagaxnoprHa)
* - p<0.01 compared to control (without Radachlorin)
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Ta6nuua 2

BausiHue doToakTUBMpOBaHHOrO (12,5 1 25 Ax/cM?) papaxaropuHa (14 MKr/MA) Ha AAD-MHAYLMPOBAHHYIO arperauuio
Tpom6boLMTOB

Table 2

The effect of photoactivated (12.5 and 25 J/cm?) radachlorin (14 ug/ml) on ADP-induced platelet aggregation

PapaxnopwvH + nasepHoe
o6nyueHue, [x/cm?

PapaxnopuH
(n=5)

KoHTponb JlazepHoe o6nyueHue, xx/cm?

MokasarTenb (n=10)

MakcrmanbHas
amnanTyga arpe-
rauum (MA), %
Maximal aggre-
gation amplitude
(MA), %

55,5(51-61,7) 76 (76-77)* 81 (81-82)* 37 (36-39)* 29 (26-30)** 18 (8-18)**

CkopocTb arpera-
uun (Varp), %xc!
Aggregation rate
(V. ), % xs"

aggr

0,42 (0,39-0,45) 0,59(0,57-0,64) 0,8(0,74-0,82) 0,28 (0,26-0,29) 0,09 (0,0,08-0,15)* 0,07 (0,02-0,09)"

CKkopocCTb fie3a-
rperauumn (Vﬂesarp),

[0) -1

e . 0,31(0,26-0,34) 034 (0,32-034) 03(0,29-0,33) 0,13(0,13-0,14)* Her pesarperaumi
Disaggregation No disaggregation
rate (Vdisaggr)’

% Xs™!

* — p<0,01 No cpaBHEHUIO C KOHTponem; # — p<0,01 No cpaBHeHWIO C pafaxIopVHOM 6e3 nazepHOro obyyYeHus.
* - p<0.01 compared to control; # - p<0.01 compared to Radachlorin without laser irradiation.

Ta6nuua 3

BausHue dpoToakTuBMpoBaHHoOro (5, 10, 20 Ax/cM?) papaxropuHa (Uepe3 3 U NOCAe BHYTPUBEHHOIO BBEAEHUA

B A03e 5 Mr/kr) Ha AAD-MHAYLMPOBaHHYIO arperauuto TpoMmoouuToB

Table 3

The effect of photoactivated (5, 10, 20 J/cm?) Radachlorin (3 hours after intravenous administration at a dose of 5 mg/kg)
on ADP-induced platelet aggregation

CKopocTb
Ae3sarperauuu
(V,esarp)r Yoxc™!

esarp!

Hncno SPERIC MakcumanbHasa amnnu- CKOpOCTb arperaynun

(N) Typa arperauyun (MA), % (V) %oxc

B/B-BBefieHVie paflaxnopriHa
3a 3 4 go 3abopa KpoBu

IV-administration of Radachlorin > 68 (67-74)* 0,44 (0,41-0,46) 0,22 (0,18-0,23)*
3 hours before blood sampling

ﬁrﬁaﬁyi;'ﬁzﬂesifﬂcw 5 65 (64-68) 0,41 (0,36-0,49) 0,21(0,15-0,22)*
f?i?.:ﬁi?i ES/%/ZCMZ > 56 (56-57) 0,45 (0,43-0,46) 0,12 (0,1-0,13)*
oo s i

* - p<0,05 no cpaBHeHUIO C KOHTponeMm; # — p<0,01 MO CpaBHEHNIO C KOHTPONEM.
* - p<0.05 compared to control; # - p<0.01 compared to control
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In the third group of experiments, 3 hours after in-
travenous administration of radachlorin to rats, blood
was collected, PRP was produced, and samples were
subjected to laser irradiation in different doses, and
platelet aggregation activity was determined.

Based on the blood volume in rats (63 ml/kg), the
maximum plasma concentration of radachlorin imme-
diately after its administration was 160 pg/ml. 3 hours
after intravenous administration, the residual concen-
tration of PS in rat PRP blood was (38.0+1.3) ug/ml, or
24% of the initial concentration, which is consistent with
the published data (10-30%) [11-14]. In this case, plate-
let aggregation activity did not change, and the rate of
disaggregation significantly decreased. In vitro experi-
ments with comparable concentrations of radachlorin
(20, 40 pg/ml) showed a significantly more pronounced
effect (p <0.01) (Table 3.).

As can be seen from the data in Table 3, after the ir-
radiation of PRP at a dose of 5 J/cm?, no changes in the
kinetics of platelet aggregation activity were observed,
and at a dose of 10 J/cm?, the rate of disaggregation sig-
nificantly slowed down, and after irradiation at a dose
of 20 J/cm?, the intensity and spead of platelet aggrega-
tion significantly decreased, while disaggregation was
not observed.

The above studies showed that radachlorin (which
has chlorin e, as its main active substance) has a direct
effect on platelet aggregation in rat blood, the effect
being more pronounced in in vitro than in ex vivo ex-
periments.

In vitro, the addition of radachlorin dose-dependent-
ly reduced the intensity of ADP-induced aggregation,
which is consistent with the literature [15], and also led

The effect of chlorin e, drug on platelet aggregation activity

to a slowdown in the rate of disaggregation. This effect
has not been described before. According to J.Y. Park
et al. [15], chlorin e, affects almost all processes that
are activated after the interaction of ADP with purine
receptors, i. e., it acts similar to P.Y,-receptor blockers.
However, this mechanism is not the only one, since we
previously described the inhibitory effect of radachlorin
on collagen-induced platelet aggregation in rats, which
is not associated with purine receptors activation [16].

Platelet disaggregation is currently believed to be
an active process. The mechanisms initiating it con-
stantly occur in platelets, preventing their activation
and aggregation in the blood flow [17]. As can be seen
from the data in Table 2, radachlorin dose-dependent-
ly inhibited the rate of both aggregation and, to an
even greater extent, disaggregation. A model of ADP-
induced reversible platelet aggregation in rats showed
that the P.Y,, receptor inhibitor (CS-747) decreased the
intensity of aggregation and did not affect the rate of
disaggregation [18]. This confirms our assumption that
the point of application of radachlorin is not only purine
receptors, but also other platelet receptors.

At a high concentration of radachlorin, hardly any
aggregation of rat platelets activated by ADP and col-
lagen occurred. The aggregatogram in this case had
the same pattern as in the case of Glanzmann'’s disease
(genetic deficiency of GPIIb/llla receptors). Perhaps the
main mechanism of the effect of radachlorin on plate-
let aggregation and disaggregation is associated with
its effect on membrane receptors, including GPlIb/llla.
The severity of the expression of GP receptors and the
strength of their bounding with fibrinogen determine
the intensity of aggregation and the possibility of disag-
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gregation. It is possible that with a high concentration
of radachlorin, fibrinogen becomes irreversibly bound
to GP receptors. One of the mechanisms of sharp inhi-
bition of platelet aggregation in vitro at high concen-
trations of radachlorin, especially after light activation,
may be the loss (shedding) of GP receptors. A similar ef-
fect on the platelet GP receptors is produced by a tem-
perature increase [19].

Upon photoactivation of radachlorin, its effect on
platelet aggregation and disaggregation was signifi-
cantly stronger, with the process of disaggregation be-
ing more sensitive.

During PDT, the PS circulating in the blood penetrate
into blood cells, including platelets; after irradiation, PS
photoactivation occurs, probably resulting in photody-
namic damage to platelets. It remains unclear to what
extent this may affect the formation of blood clots and
impaired microcirculation in the area of PDT. Very tenta-
tively, the answer to this question can be obtained in ex
vivo experiments by studying the aggregation activity
of platelets after their prolonged contact with PS in the
bloodstream.

According to our data, 3 hours after the intravenous
administration of radachlorin, the rate of aggregation
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did not change, and the rate of disaggregation signifi-
cantly decreased. Subsequent in vitro laser irradiation
had an inhibitory effect on both processes, with a more
significant impact on the disaggregation rate (Fig. 1).
Based on these data, it can be assumed that irradiation
of photosensitized platelets in the area of PDT can lead
to a change in their functional activity, but the severity
of these changes is unlikely to be significant for micro-
circulation disturbance. A decrease in disaggregation
activity can be considered as a factor contributing to
thrombosis during platelet activation by thrombogenic
factors (ADP, thromboxane A2, etc.), which are released
from damaged endothelial cells in the PDT zone.

Conclusion

In vitro, radachlorin dose-dependently inhibits ADP-
induced rat platelet aggregation; after laser irradiation,
this effect significantly increases. The effect of radachlo-
rin on circulating platelets leads to a change in their
functional state, which is manifested in a slowdown in
disaggregation. After laser irradiation, the functional
changes become more severe. Decreased platelet dis-
aggregation activity may be significant in the mecha-
nism of vascular thrombosis in the area of PDT exposure.
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