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PREPARATION OF POLYMERIC NANOPARTICLES OF ALBUMIN
AND IMMOBILIZATION OF THEM WITH
THE ANTICANCER DRUG “CYCLOPHOSPHANE”

Abstract. Nanoparticles based on biodegradable and biocompatible polymers allow to attain the targeted drug
delivery to the specific organ, without affecting healthy cells of the body and prolonging the therapeutic effect of the
drug substance. This study is devoted to the development of the method for the preparation of nanoparticles of
human serum albumin (HSA) immobilized with the anticancer drug Cyclophosphamide. Albumin nanoparticles with
the sizes of 150-170 nm and narrow particle size distribution (PDI 0.069-0.116) were obtained by coacervation. The
yield of nanoparticles is 88.5%. The degree of binding of the drug to polymer nanoparticles was within the range of
54.6% to 92.4%. The drug release was prolonged. After 42 hours 68-77% of the biologically active substance was
released from the polymer matrix. It is concluded that the development of HSA-based nanocarrier is promising for
the Cyclophosphamide preparation.

Keywords: nanoparticles, drug carriers, human serum albumin, cyclophosphane, cyclophosphamide, anticancer
drug.

Introduction

One of the serious discases leading to death worldwide is cancer. Traditionally, cancer is treated using
methods of radiation therapy, chemotherapy and surgery [1]. In order to solve the problems associated
with reducing the dosage of the drug and minimize side effects, it is important to use the method of
targeted drug delivery using the polymeric nanoparticles and nanocapsules. Nanotechnology-based cancer
therapy became one of the promising areas of biomedicine that has been widely studied over the past few
decades.[2] The use of nanoparticles in the treatment of cancer overcomes the disadvantages of
conventional drug delivery systems, such as nonspecific biodistribution and targeting, insufficient
solubility in water, poor oral bioavailability and low therapeutic parameters |3, 4, 5].

Among the main requirements for polymer carriers, the stability and inertness to the blood
components should be outlined; also the polymer should protect the drug substance from degradation
[6,7]. Human serum albumin was chosen as the polymeric carrier in this work. Albumin is a favorable
macromolecular carrier and is widely used in medicine owing to its biodegradability, non-toxicity and
non-immunogenicity [8,9]. The incorporation of a drug into albumin nanoparticles is an attempt to carry
out the targeted delivery of drug to tumor cells to reduce side effects of the drug. Presently the antitumor
drug preparations based on albumin nanoparticles have already been created, but their price is so high that
it makes them inaccessible. One of the reasons for the inaccessibility of anticancer drugs created on the
basis of nanoparticles is complex synthesis techniques, high energy consumption and instability of
nanosystems [10]. To overcome these difficulties, in the framework of this study an attempt was made to
develop a relatively simple method for producing albumin nanoparticles, to achieve a high degree of drug
immobilization, and to obtain a drug with the potential for prolonged release.
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Cyclophosphamide was chosen as a model preparation for immobilization. Cyclophosphamide is a
cytostatic antitumor chemotherapeutic drug of an alkylating type of action; a derivative of bis-
chloroethylamine and simultancously a derivative of oxazaphosphorine or a derivative of
diamidophosphate (the so-called "phosphoramide mustard"). It is recommended for the treatment of many
forms of cancer, including small cell lung cancer, cancer of the ovary, cervix and body of the uterus,
breast cancer and others. The drug has many side effects and limitations due to its toxicity and effects on
healthy body cells, etc. Thus, ensuring the safety and effectiveness of treatment with this drug is relevant
and can be solved using polymeric drug carriers.

Methods

Synthesis of polymer nanoparticles by the incorporation method

Albumin-based nanoparticles of Cyclophosphamide were synthesized using the incorporation method.
To an aqueous solution of albumin (2%) was added with a certain speed (not more than 1 ml/min) a
solution of the drug in ethanol with concentrations of 2; 4; 8 mg/ml (pH of the solution is 8.0-8.5). The
particles formed in this process are small in size (within the range of 50-300 nm). To crosslink the
particles glutaraldehyde (6.25% solution) was added to the solution, which stabilized the size and the
structure of the particles. Incubation was carried out for 2 hours on a mechanical stirrer (650 rpm). The
solution of unreacted serum albumin was purified by washing it three times with deionized water and
centrifuging for 15 minutes at 14500 rpm. The obtained nanoparticles were separated by centrifugation
(MiniSpin Plus 14500, Eppendorf, Hamburg, Germany). The yield of nanoparticles was determined by
gravimetry.

Determination of particle size and polydispersity

The average size of nanoparticles and their polydispersity were determined using photon correlation
spectroscopy (FCC) at a Malvern Zetasizer Nano S90 instrument (Malvern Instruments Ltd., UK) at a
temperature of 298 K and a scattering angle of 90°. Each nanoparticle sample was properly diluted with a
non-solvent immediately after preparation. The average size and polydispersity index were measured three
times for each batch.

Analysis of Nanoparticles Morphology

Nanoparticles” morphology was analyzed by scanning electron microscopy (SEM) using a MIRA 3
LM TESCAN e¢lectron microscope (Czech Republic). Carbon was sprayed onto the surface of the samples
using magnetron sputtering of carbon fiber to increase conductivity. The measurements were carried out in
high vacuum using an SE detector at an accelerating voltage of 4-20 kV.

Investigation of the binding degree of cyclophosphamide with the polymeric nanoparticles

To determine the binding degree of drug to albumin NPs, the obtained particles were separated from
the supematant by ultracentrifugation at 14500 rpm and washed with water. The content of unbound drug
was determined spectrophotometrically using a UV-1800 SHIMADZU instrument (Japan) (. = 247.5 nm).

The Study of Cyclophosphamide Release

The kinetics of drug release from serum albumin NPs was studied using standard methods in
phosphate buffered saline at a temperature of 310 K (pH = 7.4). For this, a weighed portion of
nanoparticles loaded with cyclophosphamide was dispersed in 10 ml of a phosphate buffer solution.
Within 2 days, 2 ml samples were taken from the dispersion at certain time intervals, which were
centrifuged at a speed of 14500 rpm. The concentration of the drug in the solution was determined using
UV spectroscopy at 247.5 nm [12].

Results and discussion

According to the method described above, an alcoholic drug solution was added to the albumin
solution.

The concentration of the drug ranged from 2 to 8 mg/ml. To stabilize the nanoparticles they were
crosslinked with glutaraldehyde. The physicochemical characteristics of the particles were determined by
photon correlation spectroscopy (PCS). The results of measurements of particle size and polydispersity
index are presented in Figure 1 and Table 1. As can be seen from the figure, the obtained nanoparticles
have satisfactory physicochemical characteristics: the average particle size was at the range of 148 - 171.5,
and the value of polydispersity index is in the interval of 0.0038-0.098. The formation of large particles is
not observed in the system, and the particles are uniformly distributed.
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Figure 1 - PCS data and electron microscopic photographs of serum albumin nanoparticles immobilized
with cyclophosphamide at concentrations of a) 2 mg / ml; b) 4 mg / ml; ¢) 8 mg / ml

To confirm the data obtained by the PCS the electron microscopic images of polymeric nanoparticles
loaded with cyclophosphamide were made using a scanning electron microscope (Figure 1 a, b, ¢).

From electron microscopic images (Figure 1), it can be seen that the polymeric nanoparticles have
spherical shape and they are uniformly distributed in size and shape: the average particle size of
nanoparticles of all concentrations varies from 100 - 300 nm. It was found that with increasing the
concentration of the drug the size of the polymeric nanoparticles increases, but their meanings meet the
requirements to the nanoparticles for invasive administration. These parameters indicate that the obtained
nanoparticles can be used as transporting systems.

The binding degree is an important quantity that characterizes the quantification of the immobilization
of a drug substance in a polymer matrix. Therefore, the next step in our study was to determine the
binding degree of the cyclophosphamide with albumin nanoparticles. It was found that the binding degree
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of cyclophosphamide in the samples reached 92.4% depending on the concentration of the drug (table 1).
In this case, the increase in the concentration of the drug in the solution leads to the increase in its content
in the polymeric nanoparticles.

Table 1 - Physicochemical characteristics of albumin nanoparticles immobilized with cyclophosphamide

Cys, d, nm PDI The yield of the | The binding degree.% | The degree of release,% The yield of
mg/ml particles with the nanoparticles,%
size up to 1000
nm.,%
140.9 0.154 100 54.6 68.2 70.5
2 148.9 0.085 100
143.8 0.116 100
1524 0.038 98.5 79.4 71.5 75.3
4 149.1 0.085 100
151.2 0.086 99.5
172.6 0.134 100 92.4 77.1 88.5
8 171.5 0.098 100
168.8 0.116 100

At the next stage, the release of cyclophosphamide from albumin nanoparticles was studied. The
release kinetics was studied under conditions close to physiological (in phosphate-buffered saline at a
temperature of 310 K, pH = 7.4) for 2 days. The results of this study are presented in Figure 2.
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Figure 2 - Kinetics of cyclophosphamide release from NPs

All release curves of cyclophosphamide from the albumin matrix are characterized by the presence of
several sites. The first four hours are characterized by the highest speed, when 24-34% of the drug is
released which probably characterizes the release of an unbound drug from the surface layer of albumin
1This indicates the retention of the drug in the albumin nanoparticles via non-chemical bonds, possibly via
hydrogen, van der Waals, and other bonds. Only after 42 hours the concentration of the drug reaches
saturation in solution and its amount is 68-77% depending on the initial concentration. These results point
on promising further studies in the field of the creation of prolonged forms of the drug.
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Conclusion

It was possible to develop a method for the synthesis of nanometric polymer carriers based on a
biocompatible and biodegradable albumin polymer for transporting the anticancer drug
Cyclophosphamide. Nanoparticles with satisfactory physicochemical characteristics have been
synthesized using incorporaton method. It makes them promising systems for targeted drug delivery. The
use of such new dosage forms in the form of nanoparticles will reduce the daily dose of the drug, increase
its effectiveness and minimize its side effects.
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AJBBYMHWHHIH NOJUMEPJI HAHOBOJIIEKTEPIH AJTY KIHE OJIAPABI KATEPJII ICIKKE
KAPCBI IPEITAPAT «ITUKJIO®OCPAHMEH» HMMOBUJNIHUIALIIUATIAY

AnHOTanusl. BrOBIIBIpaMaNel KOHE OWOYHIECIMAI MONMMMEPNEPAIH HETI3IHACTI HAHOOONMIEKTEp JIPLIIK
3aTTHIH TEPAIEBTHKAIBIK OCEP CTY YAKBITBIH Y3apTa OTHIPHIN, COHBIMCH KAaTap Aar3aHblH cay >KacyllalapbiH
3aKbIMJAMal ASPUTIK 3aTTHI MAKCATTHI TYPAC TIKEJEH HBICAHA aF3aFa >KETKI3yre MYMKIHmIK Oepedi. Bym 3eprrey
Karepii icikke Kapcel «Llumkmodochar» mpemapaTsiMCH HMMOOWTH3ANMATIAHFAH AaM CAPBICYJBl aab0yMHHIHIH
HAaHOOGOIIIIEKTEPIH Ay >KOJJAPBIH >Kacam HibFapyra apHamraH. Koamepsamus smicimen 150-170 HM emmremperi,
MOTMMANCICPCTIMK MOHI TeMeH (momuamcrepcTimk uuaekci 0,069-0,116) anpOyMuH HAHOOOMUEKTEPi ANBIHIBI.
Hanobemmuexrepaiy mberbMbI 88,5%-ab1 Kypambl. [Iopilgik 3aTTHIH MOIMMEPII HAHOOOIIECKTEPMEH OaIaHBICY
mopeskeci 54,6% xone 92,4% apanbirbiaaa 0osapl. Jopidik 3aTThIH O0Cal IIBIFYBI MPOJIOHTANMSUIBIK TYPAC XKYPAL.
42 caraTTaH KCHIH TOHMCPI MATPHIANAH OHONOTHSIIBIK OCICCHAI 3aTThIH 08-77%-b1 OopTara 00cCam MIBIKTHL
«uxrodocdan» mpenaparsiHa agaM CapbICyIbl AT60YMHIHI HETi31HACTI HAHOTACHIMAJIAY IIBIHBI YKACATT IIBIFAPY IbIH
60 amarbl 30p IETCH KOPBITHIH/IBI YKACATBIH/IBI.

Tyiiin ce3qep: HAHOOOMIICKTEP, MOPI TACHIMAIAAYINBLIAP, aXaM CapbICYJIbl ambOyMuHI, HHKIO(oC(haH,
muIodochamua, KaTepa iCikKe Kapchl Mpemapar.
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MNOJYYEHUME NOJUMEPHBIX HAHOYACTHUI AJBBYMHHA U UX UMMOBUJIN3ATINA
MPOTUBOONYXOJEBBIM NPEITAPATOM «IIUKJTO®OCPAH»

AnnHoTtanust. HaHouacTHIbI HA OCHOBE OHOJCTPATMPYEMBIX H OHOCOBMECTHMBIX IIOJMMEPOB JAFOT
BO3MOKHOCTb LEJICHAIIPABJICHHO JOCTABILITH JICKAPCTBEHHOEC BEHICCTBO HEMOCPEACTBCHHO B OPTaH-MHIICHb, MPH
3TOM HE TOPAXKasi 3M0POBbIC KICTKH OPTaHM3MAa M MPOJJIEBAS CPOK TEPANICBTUMECKOTO ACHCTBHUS JEKAPCTBCHHOTO
BemmecTBa. Hacrosimee mccieoBaHWE IMOCBSIICHO Pa3padOTKE crmoco0a MOMyUEHHS HAHOYACTHIL YEIOBEUECKOTO
CceiBOPOoTOUHOTO anpOymuHa (UCA), MMMOOMIH3HPOBAHHOTO MPOTHBOOIYXOJCBEIM TpenapaToM «Lluxmodochan».
MerogoM KoaUEpBalWHM IIOJYYCHBI HAHOYACTHIBI ampOymmHa ¢ pasmepamu 150-170 HM, y3KOH mmoJmMmuc-
MepcTHOCThIO (MHACKC mosmaucnepcTHoctd 0,069-0,116). Brixox waHowacTmn cocrasmn 10 88,5%. Crenenb
CBSI3BIBAHIS JICKAPCTBA C MOJIMMEPHBIMH HAHOYACTHIIAMH HAXOAWIach B npeaenax 54,6% no 92,4%. BricBoOOX-
JICHHC TpeHapaTa MPOUCXOTHIO MPOIOHTHPOBAHHO. Uepes 42 uaca W3 MOIMMCPHOIH MATPHIBI BBICBOOOAHIOCH 68-
77% OHMONOTHYECKU-AKTHBHOTO BemecTsa. CAenaH BHIBOJ O NMEPCIESKTUBHOCTH CO3IAHMSI HAHOHOCHUTEISI HA OCHOBC
UCA g mpenapata «L{uxnodocdamn».

KimoueBbie c/10Ba: HAHOYACTHIBI, HOCHTEIH JICKAPCTB, YCIOBCUCCKHH CHIBOPOTOYHBIM ATbOYMHH, IIHUKIIO-
(dochan, nukmoochaMua, MPOTHBOOIYXOJICBBIH MPEIAPaT.
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