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Synthesis of polymeric nanoparticles on the basis of butyl cyanoacrylate
for transport of antitumor drug preparation «Arglabiny»
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Makanazna icikke Kapchl Ipenapar «ApriadMHMEH» HMMOOMIM3AIMsUIaHFaH ITOJIHOYTHIIHaHOAKPHIIATTEL
HAHOOOIIIICKTEP/II ally MYMKIHIIKTepi KapacThIPbUIFaH. OPEKETTECYIli KOMIIOHCHTTEP KaThIHACHIHbIH
MOJIMMEPITi HAaHOOOIIIEKTEPAiH MIBIFBIMBIHA dcepi 3epTrenni. Kypampiana nopinik npenapatsl Odp MOTUMEPIi
OeleKTep i CHHTE3ACY iH BIKIIaMIbI KaFaainaps! Ta0biasl. Keneci mapTrapasl oHTainef(gen ecenteyre
Heriz 0ap: SMyJbratop KOHLEHTPAlMsIChl — MOHOMEp MaccachlHbIH 5 %-bI, Temmeparypa — 25 °CliKkoHe
MOHOMEp KOHIEHTpaLHschl — 2 %. «ApriabuHHIH» PeakLHsIIBIK OPTaaarbl CaHIABIK MEMIICPIH aHBIKTayIbIH
JKaHa KOHIYKTOMETPJIIK 9/TiCi YCHIHBUIIBI. BYJ1 oJTic TOpiiK 3aTThIH MoJUMepMeH OaillIaHbICy 1apexce /5 %
IraMachiHa OONATHIHBIH aHBIKTAYFa MYMKIHIIIK Oep/Ii.

B cratee paccMOTpeHB! BO3MOXKHOCTH IIOJTYy4YECHHS HAHOYACTHL HOMMOYTHITUAHOAKPHIATa, UMMOOMIN30-
BaHHBIX MPOTHBOOIYXOJIEBBIM IpenapatoM «Apriabuny. MccienoBaHo BIMSHIAG)COOTHOIECHUH pearnpyro-
IMUX KOMIOHEHTOB HAa BBIXOJ IOJMMEpPHBIX HaHo4acThl. HalimeHB! ONTHMAaIbHBIOYCIOBHS CHHTE3a IOJH-
MEPHBIX YaCTHI], COJAEPKALIUX JEKApCTBEHHBIN Ipenapar. Y CTaHOBIGHO, YTO ONTUMAIBHBIMU MOXKHO CUH-
TaTh CIEIYIOUINE YCIOBHS: KOHIIEHTpaus sMynbraropa — 5 %40Or MacchliMOHOMEpa, TeMIIepaTypHBIN pe-
xuM 25 °C u xoHUeHTparus MoHoMepa — 2 %. IIpe/sioskeH HOBBINKOH/TYKTOMETPUYECKHI METO/ KOJIHYe-
CTBEHHOT'O OIIpe/ieNIeHUsI «ApriiabuHay B PeakIMOHHOH cpene; JMaHHBIM METO MO3BOJIMII ONPENEeNUTh, YTO
CTEICHb CBSI3BIBAHUS JIEKApCTBA C MOJIMMEPOM cocTaBmia 75%.

One of the fast developing branches of pharmaceutical industry is creation of novel drug formulations
with prolonged effect on the basis of polymesi€*carriersywhich provides directed transportation of drug to
target-organ. Nowadays to achieve this goal different techpological methods are used. One of them is work-
ing out of biocompatible drug delivery syStemsywhich consist of the complex of drug with polymer material
which is biodegradable. Among such systems nanosomal formulations of drug preparations are finding wide
application [1]. The use of polymeri¢ hanoparticles (NPs) and nanocapsules immobilized with drug allows to
decrease side reactions, to achiewe higher therapeutic effect of the drug, thus prolonging the efficiency of
drug preparation.

One of the most often used'Aen-toxic and biodegradable synthetic polymers is polyalkyl cyanoacrylate.
Owing to their ability tesingorporate different drug preparations they are still of great interest of scientists as
drug delivery systems; There are many publications devoted to the creation of novel drug formulations on the
basis of polyalkylgeyaneacrylates there [1-4]. In connection with this polybutyl cyanoacrylate (PBCA) has
been chosen as@ polymeric basis in this work.

The aim of the work was to synthesize polymeric NPs loaded with antitumor drug «Arglabiny» Chemical
structuresfof butyl cyanoacrylate (BCA) (1) and «Arglabin» (2) are shown in Fig. 1.
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Fig. 1. Chemical structures of butyl cyanoacrylate (1) and dimethylaminoarglabin hydrochloride (2)

Cepust «Xumusi». Ne 1(61)/2011 37



Zhaparova L.Zh., Tazhbayev Y.M. et al.

Experimental part

Materials. Organic solvents and raw materials were purified according to techniques given in works
[5, 6]. «Arglabin» was a gift of AS ISEH «Phytochemistry».

Synthesis of butyl cyanoacrylate. Synthesis of monomer was carried out using improved method of
V.V.Korshak et al. (Institute of elementorganic compounds named after A.N.Nesmeyanov, 1985) [7]. The
method consists of several stages the final one of which is formation of oligomers of butyl cyanoacrylate fol-
lowed by depolymerization of the product.

Preparation of PBCA NPs loaded with dimethylaminoarglabin hydrochloride. PBCA NPs were
prepared by anionic polymerization method similar to those described in several papers [1-3]. Briefly, the
monomer was added into preliminarily acidified till pH 2.5-3.0 (with 0.01 M H,C,04-2H,0) water contain-
ing surfactant (Tween 85) while constant stirring. The process was carried out 2 hours.

For the preparation of the polymer incorporated with drug the same procedure as for greparation of un-
loaded NPs has been used with the difference that the drug was dissolved in acidified waterisolution before
addition of the monomer.

Determination of binding degree by conductometric method. The measurements ofelectrical con-
ductivity of solutions were performed on Conductivity meter Type OK-102 (Hungary) Ne,1182 000 «Econ-
ics-Expert» and INN/KPP 7728209000/772801001 (Moscow) using platinum eléctrodes, thermostat UTU-
2/77 (Polanol) with thermostatic electrical cell with volume (293 K) 25 ml.

Results and discussion

At present time the problem of treatment of tumor diseases, have globalcharacter. Nowadays there are
many antitumor preparations in medicine, however long-termgandyintensive “‘chemotherapy of tumor with
highly active drugs often leads to expressed toxic effects. Domesti¢ preparation «Arglabin» possesses high
antitumor activity from three types of cancer (breast cancer, primay liver cancer, cancer of lungs and ovary)
and for several years it has been successfully used for the treatment'@f various cancers in a form of an injec-
tion. By obtaining nanosomal formulations of this drug onypolymer basis the increase of therapeutic activity
of «Arglabin» can be achieved [8]. In connection with'this the possibility of obtaining of PBCA NPs loaded
with antitumor drug «Arglabin» was studied.

One of the most widely used methods togsynthesize’polymeric NPs is emulsion polymerization, as it
gives opportunity to obtain the product with frather high“yield and satisfactory characteristics. Emulsion po-
lymerization technique for alkyl cyanoacrylates were first introduced by scientific group of P.Couvreur in
1979 with the aim of obtaining polymeric'NPs for directed transportation of drug preparations [4].

It was previously shown that bywaryingypolymerization conditions of alkyl cyanoacrylates one can get
NPs with the size ranging from 50 t@ 300 nm [1-5]. Therefore a number of experiments have been carried
out in the direction of selection offeptimum conditions of emulsion polymerization for obtaining ultra-sized
particles of PBCA.

The change of medium pH in'the range 1.5-3.5 allows to regulate the size of NPs within the interval
250-500 nm. Essential meaning-on the size of polymeric particles in emulsion polymerization conditions has
monomer concentration, A number of experiments have been carried out on optimization of the conditions of
obtaining particlés of, nanemetric size. PBCA particles were separated using membrane with diameter of
porous 1000 nm:

Withghetaim of obtaining stable emulsion and opportunity of controlling the polymerization process the
ratiosof reactingfcomponents (monomer, emulsifier, stabilizer, etc.) was varied. In this case as an emulsifier
and stabilizer ween 85 and o, D-glucose were used accordingly. The concentration of Tween 85 was
ehanged from 0.5 to 5 % on monomer basis. The results are given in Table 1.

From data shown it is seen that optimum concentration of emulsifier required for obtaining homogene-
ous system is 5 % on monomer mass. When the content of Tween 85 in the solution less than 5 % (on mass
of BCA) unstable emulsion with the precipitation of aggregated particles is formed. Also when solution con-
tains 0.5 % of emulsifier (on monomer mass) and less than 2 % of stabilizer the particles of nanometer size
are not formed.

With the aim of improving the polymerization conditions a number of experiments in the direction of
controlling the reaction temperature have been performed. An optimum temperature regimen for carrying out
the synthesis of PBCA NPs is 25°C. With the increasing of temperature the reaction goes faster and the po-
lymer yield increases, but at the same time the partition of the particles with the size of less than 1 um de-
creases (to 14.8 %).
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Table 1

Emulsion polymerization of butyl cyanoacrylate
with different concentrations of emulsifier and stabilizer [M] =2 %

Tween 85, % Stabilizer, o, D-glucose, % Temperature, °C uﬁws?zgwgsgiﬁgr?qggg ?]rrtT:,CLZS
0,5 0,5 20 -
0,5 1,0 20 -
0,5 2,0 20 -
2,0 0,5 25 14,5
2,0 1,0 25 17,2
2,0 2,0 25 16,4
5,0 0,5 25 51,3
5,0 1,0 25 583
5,0 2,0 25 58,6
5,0 0,5 30 14,8
5,0 1,0 30 20,4
5,0 2,0 30 21,7

With increasing monomer concentration in the solution the polymerization ratefincreases (Table 2).

Table 2

Emulsion polymerization of butyl ¢yanoacrylate
in different concentration of monomer [E] = 5.2, [glucose] =1 %, T = 25 °C

. . Yield'of the fragtion of particles with size less than
[M], % Yield of polymer during 2 hours, % 1000 Am, % (from the amount of polymer, %)
0,1 19 66
0,5 26 65
1,0 45 62
2,0 67 58
2,5 70 40
5,0 79 21
10,0 85 10

However in that case the partition of particles with nanometric size decreases. At monomer concentra-
tion less than 2 % the yield of fgactiondgill 1000 nm is sufficiently high and the yield of polymer is 67 %
which is also acceptable. When,using \higher concentrations of the monomer (> 2 %) the partition of particles
with required size decreases reasenably. For instance, at monomer concentration 2.5 % in comparison with
2 % monomer concentratien in the solution the yield of polymer fraction with particle diameter less than 1
um grows less to 18 %. As'a, result of experiments the concentration of BCA 2 % have been chosen as an
optimal concentration fer the/formation of nanosized polymeric particles.

The next stép was immobilization of polymer with drug preparation «Arglabin». When carrying out po-
lymerization of‘alkyl cyanoacrylates to obtain higher incorporation of the drug into polymeric matrixes the
loading isgperformed, with hydrophilic forms of the drug preparations (e.g. Ampicillin, Actinomycin D, Dox-
orubiein hydrochloride and others) [8, 9]. In this work the loading of polymer was done with water-soluble
form of the'drug — dimethylaminoarglabin hydrochloride.

Polybutyl cyanoacrylate NPs loaded with antitumor drug «Arglabin» was obtained by incorporation of
the drug into polymer matrix directly in the during polymerization of the monomer (hydrophilic form of the
drug'was used). In this case there is the difficulty in determination of binding degree of polymer with drug
there. Previously spectrophotometric method was used for the determination of quantity of immobilized
drug. However the drawback of this method is that during ultrafiltration some quantity of bounded Arglabin
is passes through the membrane and washed out to the supernatant solution. Therefore novel conductometric
method based on additivity of specific conductivity of the components of the system was worked out. Con-
ductometric method allows to determine the binding of Arglabin with polymer directly in the reaction me-
dium without preliminary separation of NPs. For carrying out the measurements Conductivity meter Type
OK-102 device with platinum electrodes and thermostatic cell were used. The concentration of unbound Ar-
glabin was calculated using calibration curve. As an electrical conductivity of solutions is additive value first
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electrical conductivity of the components of the system were measured then necessary amendments have
been done. For the concentrations of Arglabin of 5-60 mkg/ml the change of the meaning of specific elec-
trical conductivity can be described by the following equation: y=86,3x+1,5. The results are given in Fig. 2.
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Fig. 2. Dependence of electrical conductivity on concentration of,dimethylaminoarglabin hydrochloride:
1 — dependence of » on concentration of Arglabin in water;“2,— dependence of » on concentration of
Avrglabin in the presence of surfactant

With the increase of concentration of dimethylaminghydrochloride in water specific electricity of the
solution increases (Fig. 2). The solution of surfactantihas considerably low meaning of electrical conductivi-
ty even at its rather high concentration. In thefpresence of surfactant Arglabin’s conductivity is higher which
is due to the additivity of meaning of specific'electrical conductivity.

Conductometric method of quantitative determination of Arglabin in the reaction medium is suitable not
only for analysis of binding degree @f drugibut also for diagnosis of the release of biologically active sub-
stance from polymeric matrix.

As it was mentioned above pelymerization of alkyl cyanoacrylates goes by anionic mechanism, there-
fore it’s necessary to supporf anlacidic medium. In order to keep medium pH in the range of 2.0-3.0 it was
decided to use weak organic acid = oxalic acid instead of the solution of hydrochloric acid, as strong acid
may lead to the destructionef the*drug. Also being a strong electrolyte (having high electrical conductivity)
hydrochloric acid can'€over the diapason of measurements. After finishing the reaction the acid is titrated by
sodium hydroxide till neutral pH, as a result of which the precipitation formed doesn’t interfere to determine
the quantity of‘the drugyin the reaction medium.

Bindingudegree of PBCA with Arglabin determined by conductometric method was 75 %. It was shown
in literature thatdn most cases when obtaining polymer-immobilized complexes the binding degree of drug
with polymer doesn’t exceed 20 %. High meaning of binding of polymer with drug allows to hope that the
use of PBCA containing «Arglabin» will give opportunity to raise the efficiency of the drug in comparison
with standard drug form.

So method of the synthesis of PBCA NPs loaded with antitumor drug preparation «Arglabin» with high
drug content was worked out.
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Kypambina ekme KaObiHy (TyGepkya€sre)y kapchl mnpemiapar «KamnpeoMunuH cyibharsly eHrisiireH
MOJMATHINNAHOAKPUIIATTEL  HaHOOSMIMEKTepMIH (M3NKAIBIK-XUMUSJIBIK ~ CHUIIaTTaMalapbl  3€PTTENreH.
KypaMmbiHaa aspimik 3aTbl 0ap jKoHe ASPWIIK 3aTCHI3 IOJMMEPIICPAIH CAIBICTRIPMAIIBI TAAAy HOTIIKEIepi
OoMbIHIIA KAaTPEOMHUIUH CyIb()ATBIHBIH KaTBICHIH/A TOJMATUIHAHOAKPUIATTBIH TEPMUSUIBIK JeTpalaliusChl
OasymaiiTBIHBI KOPCETITeH, AJIBIHFAH TepMOTPABUMETPHSIIBIK KHCHIKTap MeH MK-cmekrtpriepi mopimik
3aTTBIH NOJMMEpNi MaIpHN@ga | eHPi3UIreHiH nomenzeni. I[IONMMATHILMAHOAKPHIATTBI  KallPEOMHIIMH
cyibdaTeiMeH IMMOOHIM3ALHSIIAY ITOTMMEPIiH (PU3UKATBIK-XUMUSITBIK TapaMeTpIIepiH e3repTei.

Physicochemical _characteristics of polyethyl cyanoacrylate nanoparticles containing antitumor drug
preparation capfeomyein sulfate were investigated. According to the results obtained by comparative analysis
of polymers with and without drug it was shown that thermal degradation of polyethyl cyanoacrylate slowed
down in the presence.of capreomycin sulfate. Obtained thermal curves and IR-spectra confirm incorporation
of thedrug preparation into polymer matrix. Immobilization of polyethyl cyanoacrylate with capreomycin
sulfate changes physicochemical parameters of the polymer.

Ha cefonssnHwii 1eHp 0HOIM W3 aKTyaJIbHBIX 33724 MEJULMHBI U (papMaIluy SBISETCS ONTHMH3AIIHS
CBOWCTB M OMOJIOCTYITHOCTH COBPEMEHHBIX JIEKApPCTBEHHBIX CPEACTB. JTO JTOCTHTACTCS IMOyYEHUEM ITOJIH-
MEPMMMOOMITM30BaHHBIX KOMIUIEKCOB JIEKAPCTBEHHBIX IMPEMapaToB Ha OCHOBE OMOCOBMECTHUMBIX MPUPO-
HBIX M, CHHTETHYECKUX MOIUMEPOB. 3 orpaHMUEeHHOrO CIKCKa MOJMMEPOB, IUPOKO MPUMEHIEMBIX B MEJIU-
LMHCKOW MpaKTHUKE, MOJUBUHUIIKANPOJIAKTAM, MOJUMOJIOYHAS U MOJUTIUKOJIEBAask KUCIOTHI, MOJH-E-Kalpo-
JIaKTaM Y TIOJTUATKWIIHAHOAKPUIIATH TIPEJICTABIISIOT CO00H OONBITYI0 BAXKHOCTH OJIaroiapsi CBOUM CBOMCT-
Bam [1]. TTonwaKuIIHaHOAKPHIATE 3a TIOCIEAHNHE HECKONBKO IECATHIETHH YCIIENIHO HCIIONb3YIOTCS B
(hapmarieBTHYECKON U OMOMEIUITMHCKOM chepax Kak XUpyprudecKue KIeH JUIsl IIOKPBITHS paH, Tak U B Kade-
CTBE KOJUIOWIHBIX HOCHUTENCH IS pPa3lIMYHBIX OWOJOTHYECKH AaKTHBHBIX areHTOB. VI3BECTHBI TpHUMEpPHI
BKJTFOUCHHS TIENTHI0B, HyKJICHHOBBIX KHUCJIOT, JICKAPCTBEHHBIX MPENapaToB U IPYTHX BEIIECTB B MOTHATKHUII-
LMaHOAKPHUIATHI C LENbI0 JOCTUKCHUSI HAMPaBICHHOM TOCTaBKH BellecTBa [2—5]. B cBsi3u ¢ 3TUM B HACTOS-
el paboTe B KaUeCTBE IMOJIMMEPHOTO HOCUTENIS BRIOPAH MOJUATHIIIIMAHOAKPHUJIAT.
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