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The aim of the work was a comparative experimental study of the effect of oral administration of Pentoxifylline microparticles
based on PLGA, and “standard” Pentoxifylline, on the ADP-induced platelet aggregation process in rats.

Materials and methods. Pentoxifylline substance (100 mg/kg) was used as a reference drug, and PLGA-based Pentoxifylline
microparticles with an average dynamic radius of 175.4 nm were used as the object in study. In the experiment, male Wistar
rats (m = 300-330 g), the same age group (9 months) were used. They were divided into 3 groups, each of 6 animals. The
antiplatelet activity was assessed by determining the degree and rate of platelet aggregation in 1, 3, 5, 8 and 24 hours after a
single oral administration of the reference drug and the object under study. Adenosine diphosphate (ADP) at the concentration
of 5 uM was used as an aggregation inducer. The aggregation process was recorded using a two-channel laser platelet
aggregation analyzer ALAT-2, wavelength of 0.785 um. by determining the average conventional size of the aggregates.
Results. The experiment has proved the following: PLGA-based Pentoxifylline microparticles are more effective at reducing
the possibility of platelets to aggregate within 24 hours of the investigation (more than 40%) conventional to the control group
value. Besides, it should be noted that according to the effectiveness of the pharmacological action during AD-induced platelet
aggregation, the microparticles are commensurate with the standard sample - Pentoxifylline. The action of the microparticle
object under study lasts for 24 hours, while the effect of the reference drug is over after 3 hours and then the indicators of the
reference group do not differ from those of the control onel.

Conclusion. When administered per os, PLGA-based Pentoxifylline microparticles prolong the pharmacological effect
significantly — up to 24 hours.
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Llens — cpagnumenvroe SKCnepUMEHmManbHOe U3yieHue GIUAHU NePOPAIbHO20 86€0eHUS MUKPOYACTUY NeHMOKCUDUIIUHA HA
ocnose PLGA u «cmanoapmno2o» nenmoxcugpuinuna, Ha npoyecc AJ{D-unoyyuposannoii azpezayuu mpomooyumos Kpuic.
Mamepuansl u memoowl. B kauecmee npenapama cpagHeHus UCHONb308ANACH cyocmanyus nenmokcuguriuna (100 me/ke), 8
Pponu uccnedyemo2o 06vekma — MuKpouacmuysl neHmoxkcu@uiiuna Ha ochose PLGA (100 me/ke) co cpednum ounamuueckum
paouycom 175,4 um. B axcnepumenme ucnonwv3o8anucey Kpvicoi-camyvl aunuu Wistar (m = 300-330 &), oonou eo3pacmmou
epynnul (9 mecayes), pazoenernvie Ha 3 epynnuvl no 6 HCUBOMHBIX. AHMUASDEAHMHYI0 AKMUSHOCTb OYEHUBANU NYMeEeM Onpe-
OeleHusi Cmenetu 1 CKopocmu azpesayuu mpomboyumos uepes 1, 3, 5, 8 u 24 uaca nocne nepopanbHoco 00HOKPAMHO20 66e-
OeHUs npenapama CpasHeHus: 1 ucciedyemozo oovekma. Aoenosurn ougocpam (A1P@) 6 konyenmpayuu 5 mxM npumensiiu
6 ponu undykmopa azpezayuu. Ilpoyecc acpezayuu pecucmpuposan ¢ NPUMeHeHUeM CUCIeMbl O8YXKAHANbHO20 NA3EPHO20
ananuzamopa azpecayuu mpomboyumos «AJIAT — 2», onuna eéonnvt 0.785 mrkm, menmodom onpeodenenus CpeoHe20 OMHOCU-
menbHO2O pazmepa azpecamos.

Pesynvmamel. B xo0e sxcnepumenma 6uL10 00Ka3ano ciedyiowee: MUKpouacmuybl neHmoxkcuguinuna va ocnoge PLGA 6onee
aghpexmusHo ymenvuiarom cnocobHocms mpomooyumos K azpesayuu 6 meuenuu 24 u. ucciedosanus (bonvwe, uem na 40%)
OMHOCUMENbHO 3HAYEHUL KOHMPONLHOL 2DYNNbL, KPOMe MO0 Cliedyem Ommenums, Ymo no 3¢h@dekmueHocmu papmakonocu-
yecko2o oeticmesusi 60 epems A @-undyyuposantol azpezayuu mpomooyumos MUKpOUacmuybl COUBMePUMbL CO CAHOapm-
HbILM 06pasyom — nenmorcugpuinunom. Jeticmeue ucciedyemo2o 06vbeKma MUKpouacmuy npooonxcaemcs 6 meverue 24 u.,
6 MO 8peMsl KaK Oelicmeue npenapama cpasHenusl 3akaniueaemcs yepesz 3 yaca u oanee noKa3amenu epynnvl CPAGHeHUsl He
OMAUYAIOMCSL OM NOKaA3ameineti KOHMpOJsl.

3aknrouenue. Mukpouacmuysl nenmorcuguiiuna na ocnoge PLGA npu nepopanvbHom 66edeHuu cyuyecmeeHHbIM 00pasom
nponoxeupyiom gapmaronoeuyueckoe oeiicmeue 00 24 u.

Knioueswvle cnosa: nenmoxcugunnun, nonu-DL-1axmud-ko-enukonuod, MuKpouacmuybl NeHMOKCUDUIIURA, PeolocuiecKue

ceolicmea Kposu, anmuazpecanmnbol

INTRODUCTION

In pathological conditions such as strokes and heart
attacks, platelet thrombi play a triggering role. [1]. The
task of pharmacy is the development and study of highly
effective drugs that comprehensively affect vascular-plate-
let hemostasis [2—5]. In a number of products aimed at im-
proving the rheological properties of blood, Pentoxifylline
has been used most widely [6, 7]. In patients with complex
cardiovascular pathology, Pentoxifylline has the most con-
vincing basis for the correction of perfusion disorders [8,
9]. In cerebrovascular and peripheral vascular diseases of
atherosclerotic genesis, Pentoxifylline is included in the
treatment standards [10-13]. Its use is pathogenetically
and clinically validated for the treatment of patients with
systemic atherosclerosis [14—16].

Pentoxifylline is known to play the role of a weak
P2Y-receptor antagonist, thus it competes with ADP for
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the ability to bind to these receptors, resulting in a de-
crease in the proaggregant effect of ADP on the purine
receptors and the assembly process of integral receptors.
Pentoxifylline helps to reduce platelet aggregation and
adhesion, and also has a vasodilating effect. It also has a
weak cardiotonic effect, caused by the process of block-
ing phosphodiesterase of type III in cardiomyocytes [1].

It should be also noted that Pentoxifylline reduces
the process of fibrinogen synthesis, and reinforces the
occurrence of tissue plasminogen activator (I-PA). This
leads to the increased activity of the fibrinolytic system
[1, 17-20].

The primary metabolism of Pentoxifylline occurs in
the blood. Up to seven metabolites are formed during that
process, two of them are characterized by a pronounced
antiaggregant activity. The final metabolism of Pentoxi-
fylline occurs in the liver [21].
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Pentoxifylline is characterized by good tolerance,
due to this it is possible to combine its use with many
other drugs. Pentoxifylline preparations existing on the
pharmaceutical market today, require a triple administra-
tion per day, which makes the treatment process rather
compliant. In addition, if a patient does not take the drug
in time, there is not only a decrease in the effectiveness
of therapy, but also a risk of an impairment increase of
hemorheological blood properties. In this regard, the cre-
ation of Pentoxifylline with prolonged properties is rele-
vant and promising [3, 22, 23].

According to the literature data, the use of prolonged
forms based on PLGA (Somatulin, Sandostatin Lar and
others), allows increasing the bioavailability of the drug
and its delivery to the target organ, maintaining a con-
stant therapeutic concentration in the blood and reduc-
ing the frequency of administration. The advantages of
PLGA should also include the fact that it has low toxicity,
and when ingested, it is completely biodegradable [23].
Considering the above, Pyatigorsk Medical and Pharma-
ceutical institute outlines the research to create an inno-
vative, prolonged dosage form of Pentoxifylline based on
PLGA.

The aim of the work is to study the effect of oral
administration of Pentoxifylline microparticles basing on
poly-DL-lactide-co-glycolide, on ADP-induced aggrega-
tion process, in comparison with Pentoxifylline.

MATERIALS AND METHODS

Animals

The lab rats were obtained from the vivarium of Py-
atigorsk Medical and Pharmaceutical Institute — branch
of Volgograd State Medical University. Keeping exper-
imental animals complied with the current regulatory
documentation, i.e., the “Sanitary rules for the design,
equipment, and maintenance of experimental biological
clinics (vivariums)”. The animals were kept on a stan-
dard diet that complies with current regulations. Feeding
was carried out at a fixed time. For drinking, the labo-
ratory animals were supplied with drinking bowls. The
environmental factors (temperature, humidity, light in-
tensity and air exchange rate, litter composition) met the
requirements for keeping laboratory animals The cages,
drinking bowls, litter were changed at least once a week.
[24]. The contents and all animal manipulations com-
plied with the requirements of the European Convention
for the Protection of Vertebrate Animals used for exper-
iments and other scientific purposes (Strasbourg, 1986).

Study design

Pentoxifylline substance (100 mg / kg, “TCI”, USA,
Lot. BRDTB-FM, P 2050) was used as a reference drug,
and PLGA-based Pentoxifylline microparticles with an
average dynamic radius of 175.4 nm were used as the ob-
ject under study. They were obtained on the base of Py-
atigorsk Medical and Pharmaceutical Institute — branch
Volgograd State Medical University. An optimal technol-
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ogy has been developed for obtaining a prolonged dos-
age form of Pentoxifylline based on PLGA, namely the
ratio of Pentoxifylline and poly-DL-lactide-co-glycolide
(50:50), mol.wt 40,000-75.000 (Sigma) — 1: 3. Accurate
portions of the polymer and Pentoxifylline substance are
dissolved in 2 ml of solvent (chloroform), then the fin-
ished composition is added dropwise to the aqueous solu-
tion of polyvinyl alcohol at the concentration of 0.3%.
The process takes place with continuous operation of the
homogenizer at 20,000 rpm for 15 minutes. The finished
solution is centrifuged at 6000 rpm for 40 minutes, then
the supernatant is decanted and returned for the subse-
quent analysis.

The recovered sediment of microparticles is washed
with purified water. After that it is centrifuged again (4
times). The finished microparticles are transferred to a
25 ml flask, and brought to the mark with purified wa-
ter. This dosage form is used for pharmacological studies
[22,23].

During the experiment, healthy adult male Wistar
rats (m = 300-330 g) of the same age group (9 months),
which had been quarantined for 14 days, were used.

With the help of the method of random sampling
three groups of 6 animals were created:

— Group 1 — the animals which received a 0.9% so-
dium chloride solution per os in an equivalent volume
(control group);

— Group 2 — the animals, which were given a single
dose of Pentoxifylline at the dose of 100 mg/kg per os
(experimental group);

— Group 3 — the animals, which were given a single
dose of a prolonged form of Pentoxifylline at the dose of
100 mg/kg per os (experimental group).

The objects of the study were administrated at the
fixed time of the day (8-00 - 8-30). Considering the fact
that Pentoxifylline is widely used in clinical practice per
os [25], this route of administration was used in the fur-
ther study. For that, a suspension was prepared in a 0.9%
solution of sodium chloride, which was then adminis-
tered to the animals using a special probe in a volume of
10 ml/kg. The effect of the objects of the study on plate-
let aggregation was studied at the dose of 100 mg/kg (in
terms of Pentoxifylline).

Based on the scientific data on effective therapeutic
doses of Pentoxifylline, as well as taking into account
the coefficient of conversion of the dose from human to
rat, this dose was determined by calculation. [26, 27].

Blood sampling from the animals was carried out on
an empty stomach in the morning. To prevent the blood
clotting process, a 3.8% solution of sodium citrate was
added at the ratio of 1:9. Silicone dishes were used to
exclude a contact platelet activity. The induced platelet
aggregation was investigated immediately after taking
blood for analysis.

Platelet rich plasma (PRP) was obtained and platelet
counts were calculated using the standard method [28,
26]. With the help of the centrifuging method (a PC-6
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centrifuge was used in the experiment) at 400 g and 1800
g, respectively, PRP was obtained from the blood sam-
ples taken for the analysis.

In the Goryaev chamber platelet counts in PRP were
performed with the use of the microscopic method with
phase contrast. Normally, in the blood of a rat, the num-
ber of platelets varies widely - from 430,000 to 1 million
in 1 mm® — after the analysis of the number of platelets
in PRP. To analyze the platelet count of PRP, standard-
ization of the platelet count was carried out, for which
the PRP was diluted with the necessary number of PRP
to 400 = 30 thousand platelets in 1 mm?® in the sample.

Defined indicators

The antiplatelet activity of the prolonged form of
Pentoxifylline was evaluated by the degree of platelet ag-
gregation. The indices were recorded after 1, 3, 5, 8 and
24 hours after a single administration of Pentoxifylline
microparticles based on poly-DL-lactide-co-glycolide.
ADF ADP (NPO “RENAM?”, Russia) acted as an inducer
of aggregation with a total concentration of 5 uM [26].

By laser aggregometry, platelet aggregates and a
detection and determination of their sizes were held. An
assessment of the degree of dispersion of the light beam
and fluctuations in the analysis of the optical density
were carried out taking into account the light transmit-
tance curve and the size of the aggregates.

This method allows to investigate the platelet ag-

gregation process, size and shape of aggregates. When
adding an inductor, the degree of aggregation has a max-
imum value of the average size of the units [29, 30].
According to the obtained aggregatogram the extent of
platelet aggregation was determined.

The conditions in the study of platelets on the ag-
gregometer were close to physiological, namely: a con-
stant mixing speed was maintained, simulating blood
circulation, the experiment was conducted at the tem-
perature of + 37°C.

Statistical processing

the data obtained were processed by the application
package STATISTICA 6.0 (StatSoft, Inc., USA, for the
Windows operating system) and Microsoft Excel 2010.
The mean value and its standard error (M + m) was de-
termined. The normal distribution was evaluated by the
Shapiro-Wilk criterion. In the normal distribution of the
data, the Student’s t-test for multiple comparisons was
used to compare means. The differences were considered
significant at p <0.05. Student’s t-parameter was used for
normal data distribution of [28].

RESULTS AND DISCUSSION

These amplitudes of ADP-induced platelet aggre-
gation in a standardized plasma in the control group of
animals after 1 h amounted to 41.8 + 4.8 conventional
units (Table 1).

Table 1 — The effect of Pentoxifylline microparticles based on poly-DL-lactide-co-glycolide
and a standard sample of Pentoxifylline when administered per os at the dose of 100 mg/kg
per ADP-induced platelet aggregation process

Group of animals, conventional

Observation time

units Ih 3h 5h 8h 24h
Control 41.8+4.8 47.0+5.1 394+29 37.8+2.3 42.7+4.8
Pentoxifylline 23.9+£1.9% 23.8+ 1.9%* 40.8 £6.8 425+2.8 40.4£3.9
x=57.2% x=50.6% x=103.6% x=112.4% x=95.7%
Microparticles of Pentoxifyl- 24.24+1.8* 27.042.2* 27.942.3#* 27.243.2#* 27.2+1.7*#
line on the basis of RLGA x=57.9% x=57.4% x=70.8% x=72% x=63.7%
Note:

* — statistically significant (t - Student s criterion) relative to the control group;
#— statistically significant (t - Student s criterion) relativeto the Pentoxifylline group

After a single intragastric administration of Pentoxi-
fylline (at the dose of 100 mg/kg), the degree of ADP-in-
duced platelet aggregation in a standardized plasma after
I h of administration was 23.9+1.9 conventional units
(Table 1), i.e. 42.8% lower than in the control group
rats. A similar effect on the platelet aggregation activi-
ty after 1 h after the introduction of the observation was
also established with the introduction of PLGA-based
Pentoxifylline microparticles: the studied parameter was
24.244.8 conventional units (Table 1) 42.1% lower than
in the experimental group. The high efficacy of Pentoxi-
fylline, as well as microparticles of Pentoxifylline on the
basis of PLGA as an antiplatelet agent for ADP-induced
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platelet aggregation was also recorded 3 hours after the
administration (Table 1).

It should be noted that the antiplatelet effect in both
experimental groups in the considered time interval was
comparable. Thus, in the group with Pentoxifylline, the
indicator under study was 23.8+1.9 conventional units
(Table 1), and in the group of Pentoxifylline microparti-
cles on the basis of PLGA it was 27.0 &= 2.2 conventional
units, while in the control 47.0+5.1 it was conventional
units (Table 1). Thus, the reduction in platelet aggrega-
tion was 49.4% for the “standard” Pentoxifylline and
42.6% for the PLX-based Pentoxifylline microparticles.

In the study of other time periods (5 h, 8 h and 24 h),
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the process of platelet aggregation established significant
differences in the effects on the object under study from
the comparator drug.

Thus, in the group of the animals which received
Pentoxifylline per os at the dose of 100 mg/kg, there were
no statistically significant differences from the animals
of the control group (Table 1). At the same time, in the
animals which received oral PLGA-based microparticles
per os in a similar dose, significant differences were re-
corded during the analyzed observation period. So, after
5 hours, the degree of platelet aggregation was 27.9 +2.3
¢ conventional units, after 8 h — 27.2 &+ 3.2 conventional
units, and after 24 h —27.2 + 1.7 conventional units (Tab.
1). In the control, the studied indicator was respectively
39.4 + 2.9 conventional units, 37.8 £ 2.9 conventional
units, and 42.7 + 4.8 conventional units (Table. 1).

Thus, the prolonged form of Pentoxifylline on the

basis of PLGA in the dose of 100 mg/kg taken intragastri-
cally once, unlike the standard Pentoxifylline in a similar
dose, has a pronounced antiaggregant activity not only
for 1 hour and 3 hours of the experiment, but for 5 hours,
8 hours and 24 hours of the observation, respectively,
inhibiting the process of platelet aggregation by 29.2%,
28.04% and 36.3%.

Analyzing the influence of the objects of study
on the rate of platelet aggregation, it was established
that Pentoxifylline microparticles on the basis of
PLGA, unlike Pentoxifylline, significantly inhib-
it this process during the entire observation period.
It was experimentally shown that in the 1st and 3rd
hours of the observation, the studied parameter in
both experimental groups was statistically signifi-
cantly lower than in the animals without pharmaco-
logical correction (Fig. 1).

120 /

100 .~

80 1.
e mlh
m2h
X 60 1 g m5h
m8h
20 7 m24h

20 7~ |
0

Comparative drug - pentoxifylline

The object under studi is
pentoxifylline microparti cles

Figure 1 — The effect of Pentoxifylline and Pentoxifylline microparticles on the basis of PLGA on the rate of
ADP-induced platelet aggregation

Thus, in the control, the rate of platelet aggregation after
1 hour and 3 hours was 52.71 + 2.12 conventional units and
57.48 + 1.44 conventional units, respectively. In the group
of the animals that received microparticles of Pentoxifyl-
line on the basis of PLGA it was 30.90 + 1.37 conventional
units (after 1 h) and 29.02 + 1.63 conventional units (after
3 hours), while in the group of the animals receiving the
“standard” preparation, the analyzed indicator was 32.20
+ 0.82 conventional units and 33, 62 + 1.36 conventional
units, respectively, after 1 h and 3 h of observation.

Tom 7, Beinyck 2, 2019

Further study of the rate of platelet aggregation in-
dicates a significant difference in the action of Pentoxi-
fylline microparticles based on PLGA and the reference
drug, on the dynamics of the process under consider-
ation. In the group of the animals to which the “standard”
Pentoxifylline was administered, no statistically signifi-
cant differences from the control animals on the effects
on the platelet aggregation rate at 5, 8 and 24 hours of the
experiment were revealed, i.e. the drug’s effect was over
(Figure 1). At the same time, the use of the innovative
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form of Pentoxifylline significantly limits the process of
platelet aggregation during the entire observation period
(Fig. 1). In addition, it should be noted that the severity
of this process in this group of the animals throughout the
experiment was comparable.

The generation of TXA, by platelets and a decrease
in the level of cAMP is associated with the fact that ADP
is a weak agonist. The recorded effect of PLGA-based
Pentoxifylline microparticles on cell aggregability must
be associated with the changes in platelet membrane
properties.

On the platelet membrane, ADP binds to 3 purinore-
ceptors (P2Y12, P2X1 and P2Y1). The ionotropic recep-
tor, P2X1, is responsible for the entry of exogenous Ca**
and Na' into the cell; the remaining two P2Y receptors
are associated with G-proteins, which carry a stimulation

signal inside the cell. In order to develop a complete ag-
gregation when exposed to ADP platelets, a compound
of this agonist with both P2Y receptors is required [1].
The fact that under the influence of ADP there is a clear
aggregation of platelets, as well as due to the effect of
Pentoxifylline, its significant suppression occurs, which
proves a significant role of purineregic receptors in the
implementation of the pharmacological response to this
drug once again.

The comparability of the antiplatelet action of the
“standard” Pentoxifylline and its innovative form based
on PLGA, which were identified at 1 and 3 hours after
oral administration of the objects of study, indicate the
preservation of biophase during the implementation of
the antiplatelet effect of Pentoxifylline microparticles

(Fig. 2).

— Control

- W—

conventional units

Pentoxifulline

30 / A

o—e Pentoxifylline

Microparticles

1h 3h 5h

8h 24h

Figure 2 — The effect of Pentoxifylline and Pentoxifylline microparticles on the basis of PLGA on the process of
ADP-induced platelet aggregation

Note:

* — marked statistically significant (p <0.05) shifts of parameters compared with the control;
# — marked statistically significant (p <0.05) parameter shifts compared to Pentoxifylline.

At the same time, the duration of the pharmaco-
logical response (24 hours), which was observed in the
study of Pentoxifylline microparticles based on PLGA
and under the conditions of ADP induction of platelet
aggregation, makes it possible to suggest that pharma-
codynamic changes are due to the pharmacokinetics of
the object of study. The results of the study indicate that
PLGA-based Pentoxifylline microparticles effectively
reduce (by more than 40%) platelet aggregation in the
first 3 hours of the experiment, while the effectiveness
of the pharmacological action of ADP induced platelet
aggregation is comparable to “standard” Pentoxifylline
(Fig. 2).

According to the data obtained during the experi-
ment, Pentoxifylline microparticles based on PLGA (un-
like Pentoxifylline) significantly inhibit ADP-induced
platelet aggregation within 24 hours.

CONCLUSION
The use of PLGA-based Pentoxifylline microparti-
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cles significantly contributes to prolongation of the ac-
tion of Pentoxifylline as an antiaggregatory agent for 24
hours.

The results of the experiments showed that PL-
GA-based Pentoxifylline microparticles are more ef-
fective at reducing the ability of platelets to aggregate
in the first 3 hours of the study (more than 40%). Be-
sides, it should be noted that the effectiveness of phar-
macological action during ADP-induced microparticle
platelet aggregation commensurate with the standard
sample. According to the data obtained during the ex-
periment, Pentoxifylline microparticles based on poly-
DL-lactide-co-glycolide (unlike Pentoxifylline) signifi-
cantly inhibit ADP-induced platelet aggregation within
24 hours.
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