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Albumin nanoparticles loaded with the antitumor drug
«Hydroxycarbamide» by the incorporation method

In this article the possibility of loading the antitumor drug «Hydroxycarbamide» into the polymeric matrix of
human serum albumin was studied. Nanoparticles of serum albumin were obtained using desolvation method.
Prepared empty human serum albumin nanoparticles have average size of 108.4 nm with narrow particle size
distribution, which make them promising in using for the drug delivery purposes. The binding of
hydroxycarbamide with the polymer was performed by incorporation of the drug into the medium during the
process of crosslinking of albumin macromolecules. Incorporation of the drug into human serum albumin led
to the formation of nanoparticles loaded with hydroxycarbamide with satisfactory physico-chemical charac-
teristics (average particle diameters were in the range of 250-350 nm and the value of polydispersity index
was 0.2—0.3) with the high value of binding degree (up to 68 %). It was shown that increasing the concentra-
tion of the drug in the initial solution led to the increase of binding degree of hydroxycarbamide with human
serum albumin nanoparticles. The kinetics of release process of the drug from albumin nanoparticles in the
conditions modeling biological medium was studied. As a result of the study of the drug release rate it has
been concluded that prolonged release of hydroxycarbamide can be achieved when nanosomal form of the
drug is used.

Keywords: nanoparticles, human serum albumin, desolvation, antitumor drug, Hydroxycarbamide, incorpora-
tion, loading, drug delivery, polymers.

Introduction

Nowadays it is known that the use of prolonged drug dosage forms or «prodrugs» instead of traditional
ones have several advantages in comparison with conventional drug delivery systems. First of all it is defined
by the increase of therapeutic efficiency of biologically active substance, which takes place due to the locali-
zation of needed concentration of drug in the targeted organ or tissue, thus leading to prolongation of the
drug effect. Optimization of the effect of drug preparations can be accomplished by «construction» of drug
dosage forms on micro- and nano-level on the basis of the polymers, which have wide application in medi-
cine. Among the biocompatible and biodegradable polymers, which can be used as a polymeric basis for de-
veloping «prodrugs», a serum albumin is of great interest [1, 2]. For the last decade human serum albumin
(HSA) is used as a good transporting agent especially for low molecular compounds including drug prepara-
tions. There are known some novel systems in the forms of nanoparticles based on HSA for such drugs of
protein origin as «Albuferon» and «Levemir» [2, 3]. Besides, the in vivo studies of toxic effects of
nanosomal formulations of albumin for the controlled delivery of antitumor drugs have shown the decrease
of side effects [2, 3]. «Abraxane» is the example of effective using HSA nanoparticles in tumor chemothera-
py [3]. «Abraxane» is the nanoparticulate form of antitumor drug «Paclitaxel» on the basis of albumin and it
was approved for the treatment of breast tumor [3]. So HSA nanoparticles allow increasing the solubility of
drug preparations, thus improving their uptake by tumor cells.

In this regard, the goal of this work was to study the possibility of binding HSA nanoparticles with anti-
tumor drug preparation «Hydroxycarbamide» with the aim of prolongation of its theraputic efficiency and
decreasing undesired toxic effects.

Method

Preparation of empty and drug loaded HSA nanoparticles

Empty HSA nanoparticles were prepared using a desolvation method [4, 5]. Briefly, the pH of HSA so-
lution of albumin (2 %) was adjusted to 8.3 with buffer solution. Then under constant stirring (600 rpm) at
room temperature 8 ml of ethanol (96 %) was added to the mixture (1 ml/min) using a tubing pump. After
the desolvation process the particles were stabilized by the addition of an aqueous 8 % glutaraldehyde solu-
tion (1.175 pl per ml HSA). After that the suspension was stirred for 24 h. The nanoparticles were separated
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from low molecular components by repeated centrifugation with the Centrifuge MiniSpin Plus 14500
(Eppendorf, Hamburg, Germany) at 14500 rpm and washing them with water.

HSA nanoparticles loaded with the antitumor drug hydroxycarbamide were obtained using the same
procedure with the difference that the drug was dissolved in the solution of albumin before carrying out the
process of desolvation. The yield of nanoparticles was determined by gravimetric method.

Measurement of particle size and polydispersity

The average particle size and polydispersity index (PDI) were measured by photon correlation spectros-
copy (PCS) using a Malvern Zetasizer Nano 90S (Malvern Instruments Ltd., Malvern, UK) at a temperature
25 °C and at a scattering angle 90°.

Pictures of empty HSA nanoparticles and nanoparticles loaded with hydroxycarbamide were made by
electron microscopy on MIRA 3 LM TESCAN (Czech Republic).

Study of binding and drug release of hydroxycarbamide from HSA nanoparticles

The binding of hydroxycarbamide with nanoparticles was determined from the concentration of drug in
the supernatant solution. The analysis of supernatant solution was made on UV-1800 SHIMADZU by UV-
spectrophotometry (A=214 nm). Before measurement the solutions were diluted with water.

The study of in vitro drug release was performed in PBS solution (pH 7.4) at 37 °C within 24 hours.
The samples were withdrawn from a beaker and analyzed by UV-spectrophotometry (A=214 nm).

Results and discussion

Empty HSA nanoparticles have been obtained using desolvation method described above. Physico-
chemical characteristics (average particle diameter and particle size distribution) are shown in Figure 1. The
results of dinamyc light scattering demonstrate that the size of the particles is less than 150 nm and PDI is
equal to 0.273. From the given figure it is also clear that there is small amount of big particles of microne
size in the system, which were separated from the emulsion by centrifugation at low rate (3000 rpm). Overall
obtained HSA nanoparticles have satisfactory parameters, therefore they are applicable as transporting sys-
tems for drug preparations.

Size (d.nm): % Intensity Width (d.nm):
Z-Average (d.nm): 1084 Peak 1: 17,2 91,9 53,24
Pdl: 0,273 Peak 2: 3533 a1 1223
Intercept: 0,639 Peak 3: 0,000 0,0 0,000

Result quality : Good
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Figure 1. Particle size distribution of empty HSA nanoparticles

The immobilization of HSA nanoparticles with the drug were performed by incorporation of the drug
into the medium during the process of macromolecules crosslinking. An incorporation of the drug into the
system when the nanoparticles are formed allow to achieve high loading. The loading of HSA with
hydroxycarbamide was performed using three concentrations (0.217 mg/ml, 0.326 mg/ml and 0.484 mg/ml)
of the drug. Obtained drug loaded HSA nanoparticles were characterized by photon correlation spectroscopy
(PCS), the results are presented in Figure 2 and in Table.
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Size (.nm): % Intensity Width (r.nm):
Z-Average (r.nm): 1411 Peak 1: 1783 100,0 79,92
Pdl: 0,236 Peak 2: 0,000 oo 0,000
Intercept: 0,902 Peak 3: 0,000 0,0 0,000
Result quality : Good
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Figure 2. Particle size distribution of drug loaded HSA nanoparticles at various concentrations of the drug
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Table
Physico-chemical characteristics of HSA nanoparticles loaded with hydroxycarbamide
Characteristics of nanoparticles Yield of
- - o o
Chiydrox, mg/ml Ayerage particle PDI Fractlgn of Binding degree, % nanoparticles, %
diameter, d, nm nanoparticles, %
0 108.4 0.273 91.9 - 93.3
0.217 282.2 0.236 100.0 13.52 84.97
0.326 248.8 0.218 98.2 35.13 85.68
0.484 352.8 0.305 89.1 67.56 86.75

From the graphs it can be seen that the average particle size of nanoparticles ranges between 250—
350 nm which is suitable size for the drug delivery systems. The data presented in the table also show that
the yields of nanoparticles are also high (84-87 %).

It is important to know the quantity of the drug bond to nanoparticles, which defines the possibility of
using particles obtained for the drug delivery purposes. Therefore the binding degree of HSA nanoparticles
with hydroxycarbamide was determined using UV-spectroscopy. As it is clear from the table the values of
binding degree and the yields of nanoparticles gradually increase with the increasing the concentration of
hydroxycarbamide, that means that the amount of the drug can be considerably increased.

The surface and morphology of obtained HSA nanoparticles were observed on MIRA 3 LM TESCAN
electron microscope (Czech Republic) (Fig. 3).

S

SEMHV:200kV  WD:5.00 mm
View field: 9.81 ym Det: SE

A SEM HV: 20.0 kV WD: 7.80 mm MIRA3 TESCAN|

View field: 10.3 pm Det: SE 2pm
SEM MAG: 26.8 kx

MIRA3 TESCANl  SEM HV: 20.0 kv WD: 7.80 mm
View field: 10.3 um Det: SE
SEM MAG: 26.8 kx

SEM MAG: 28.2 kx Performance In nanospace
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a— 0.217 mg/ml; b — 0.326 mg/ml; ¢ — 0.484 mg/ml
Figure 3. REM pictures of HSA nanoparticles loaded with hydroxycarbamide at various concentrations

From the given pictures it can be judged that the results of electron microscopy have well correspond-
ence with the results obtained by PCS: HSA nanoparticles loaded with hydroxycarbamide have smooth sur-
face and round shape without any inclusions (Fig. 3). Mainly all three systems consist of the particles of sim-
ilar size in the interval of 150-300 nm, however bigger particles with the size more than 500 nm also present
in the system.

The study of the kinetics of drug release is of great importance as it determines the applicability of pre-
pared HSA nanoparticles loaded with the drug in a treatment of tumor disease. Therefore the release rate of
hydroxycarbamide from HSA nanoparticles was observed under in vitro conditions (pH 7.4 and T = 37 °C)
within 24 hours. The results of the study are given on the graph below (Fig. 4).
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Figure 4. Release of hydroxycarbamide from HSA nanoparticles

The curves on drug release demonstrate that the higher the amount of hydroxycarbamide bond to nano-
particles the faster the process goes. So at a minimal concentration of the drug (1) the release takes place ra-
ther slow whereas when loading HSA nanoparticles with the higher quantity of hydroxycarbamide, it is
clearly seen that 50 % of the drug releases to the medium within 60—150 minutes depending on the amount
of loaded drug (Fig. 4). However in general it can be concluded that the release rate of hydroxycarbamide
from HSA nanoparticles is rather low as in all three cases, i.e. less than 80 % of the loaded drug eliminates to
the surrounding medium within 3 hours. It is seen from the graph that after 6 hours approximetaly 80-90 %
of the loaded hydroxycarbamide releases from the matrix of nanoparticles. After that time however the re-
lease of the rest part of the drug was not observed which is quite regular for this kind of systems and it can be
explained by the retardation of elimination caused by crosslinked structure of albumin macromolecules

which does not allow to the molecules of the drug to be released outside from the inner part of HSA nanopar-
ticles.

Conclusions

So as a result of the study HSA nanoparticles loaded with antitumor drug «Hydroxycarbamide» by in-
corporation of the drug during the process of macromolecules crosslinking were obtained. Nanoparticles syn-

thesized have satisfactory characteristics and rather long release rate, which make them promising systems
for the drug delivery purposes.

References

1 Kreuter, J. (1994). Nanoparticles: Colloidal Drug Delivery Systems. New-York: Marcel Dekker, USA.
2 Kratz, F. (2008). Albumin as a drug carrier: Design of prodrugs, drug conjugates and nanoparticles. J. Cont. Rel. 132, 171—

3 Kreuter, J. (2007). Nanoparticles — a historical Perspectives. Int. J. Pharm., 331, 1-10.

4 Dreis, S., Rothweiler, F., & Michaelis M., et al. (2007). Preparation, characterization and maintenance of drug efficacy of
doxorubicin-loaded human serum albumin nanoparticles. Int. J. Pharm., 341, 207-214.

5 Langer, K., Balthasar, S., & Vogel, V., et al. (2003). Optimization of the preparation process for human serum albumin nano-
particles. Int. J. Pharm., 257, 169-180.

52 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Albumin nanoparticles loaded with the antitumor drug ...

E.M. Taxo6aeB, M.XX. bypkees, JI.)K. XKamaposa, T.C. XXymaranueBa, A.A. ArgapOek

Karepui icikke kapcbl «'mapokcukapOamMuay npenaparbiMeH eHrisy diciveH
HMMOOMJIIEHTeH aJIb0YMHUH/II HAHO0O/IIIIEKTepP

Makasnana Karepii icikke Kapchl «['HIpOKCHKapOaMuay» HperapaThbliH aJaMHBIH CapbICyNbl ajlbOyMHHIHCH
IBIHFAH HaHOOOIILeKTepre HMMOOWIACY MYMKIHIIr 3epTTenmi. AJaMHBIH CapbICYJbl  albOyMHUHIII
HaHOOOJIIIEKTepi JAeconbBarTay dficiMeH anbiHabl. CHHTE3AeNreH anb0OyMUHAI HAHOOOIIIEKTEP/IiH opTaria
onmemi 108,4 HM jkoHe eieM OOWbIHINA Tapanybl Tap Oonabl. By omapapl angarbl yakpITTa JOpitik
3aTTapAbl TachIManjaylda KoNJaHyFa MYMKIiHAIK Oepeami. JIopiiik 3aTThl MOJIMMEpPMEH OaiIaHBICTBIPY
THPOKCUKApOaMU/TI opTara anbOyMUH/II HAaHOOOIIIEeKTepAiH Ty31nyi GapbIChIHAA EHTi3LTyi apKBIIBI JKYy3ere
aceIpbUIABL.  Jlopimik  3aTThl  anbOyMHMHMEH €Hri3y oficiMeH  OalaHBICTBIPY  KaHAraTTaHAPIIBIK
cunarramanapra ue (bemmexrepain oprama emmemi 250-350 uM, an momuaucnepceti Morzepi 0,2-0,3) sxone
GaitmaHbICy Jmopekeci jkorapsl (68 %-fa meiiH) TIHIpOKCHKapOaMUAIeH HMMOOWIAEHIEH CaphICyiIbl
ars0yMUHAI HaHOOONIIEKTepHiH Ty3lIyiHe okennai. bacTankel epiTiHmire eHri3UITeH IopiliKk 3aTTHIH
KOHLCHTPALMSACHIH  apTThIPYy THIPOKCHKapOaMUATIH  anbOyMHHAI  HaHOOMIIeKTepMeH OailiaHbicy
JIOPEKECIHIH apTyblHA OKEJETiHI KepceTin/i. BHONOrusipK mapTrapasl MOICIbACUTIH JKaFaaiiia IopiHiH
anpOyMUHAI HaHOOOJIIEKTepIeH Oocall IIBIFY KHHETHKAChl 3epTTeiai. [ uapokcukapbaMuaTiH anb0yMuHIl
HaHOOeJIIIEKTepAeH OOocam LIBIFY YPIIiCiH 3epTTey HOTHKECIHAC MSPLIIK MpenapaTThlH HAHOCOMAIbI YIIriCiH
KOJIIaHY apKbUIbI JIOPITIK 3aTTHIH Y3aFbIpaK YakbIT apalbIFbIHAA 0OCall MIBIFYbIHA KOJDKETKI3yre 0OJIaThIHbI
TYpaJibl KOPBITBIH/IBI KACAJ/IbL.

Kinr cesnep: HanoGemmiekTep, afaMHBIH CapBICYIBl albOyMUHI, AE€CONbBALUS, THAPOKCHUKApOAMHL, €HTi3y,
HMMOOHIIIICY, AOpLIep i TackIMaay, IOJIMMepIIep.

E.M. Tax6aeB, M.2K. bypkees, JI. K. XKanaposa, T.C. XXymaranuesa, A.A. Arnapoek

HanouacTuusl aJb0yMuHa, ”MMMOOWIN30BAHHBIE IPOTUBOOIYX0JE€BbIM MPENapaToM
«I'uapoxkcukapoaMuI» MeTo10M BKJIIOYEHUS

B crarbe n3ydeHa BO3MOXKHOCTh HIMMOOIIM3AIMU TIPOTHBOOITYX0JICBOTO npenapata «[ mapokcukapbamugy B
MaTpHIly HAHOYACTHUI] YSJIOBEUECKOTO CHIBOPOTOYHOTO anbOyMuHA. HaHOYACTHIEI YeI0BEYECKOTO CHIBOPO-
TOYHOrO anbOyMHHA IOJydJadd METOJOM JecoibBanuu. [lodydeHHBIE HaHOYACTHIBI adbOyMHHA HMEIOT
cpenuuii pasmep 108,4 HM ¢ y3KUM pacrpeerIeHreM JacTHIl IO pa3MepaM, 4To JelacT UX NepCHeKTUBHBIMI
TP UCTIONBb30BAHUM B IOCTABKE JieKapcTB. CBsA3bIBaHHE JIEKAPCTBEHHOTO BEILECTBA C MOJIMMEPOM MPOBEAEHO
HETOCPEICTBEHHBIM BBEJIEHHEM THAPOKCHKapOaMuaa B Cpelly B MPOLECCE CIIUBKH MAaKPOMOJIEKYT adbOyMu-
Ha. BkiroueHue JIeKapCTBEHHOTO BELIECTBA B HAHOYACTHUIIBI UYEJIOBEUECKOTO CHIBOPOTOYHOIO albOyMHHA
MPHUBENO K 00pa30BaHUIO HAHOYACTHUI, UMMOOHIN30BAHHBIX IMAPOKCHKAPOAMHJIOM, C yIOBIETBOPUTEIbHBI-
MH (HU3MKO-XUMHUUECKUMH XapaKTepUCTHKaMK (CpelHHil pa3mep dactull coctaBmi 250-350 HM, a 3HAUCHUS
nomuaucriepcaoctd — 0,2—0,3) 1 BEICOKMMH 3HaYCHUSIMH CTETIeHN CBs3bIBaHMS (10 68 %). ITokazano, uto
yBEIMYEHHE KOHIIEHTPAIUH JIEKapCTBEHHOTO BEUIECTBA, BBEJIECHHOTO B NIEPBOHAYANBHBIA PacTBOP, IIPHBOJIHUT
K YBEJIMUCHUIO CTEIEHH CBS3BIBAHMS THIPOKCHKapOaMmia ¢ HaHOYACTHIAMH CHIBOPOTOYHOTO albOyMHHA.
HccnenoBana KMHETHKa IpoIecca BEICBOOOXKIEHHS JICKAPCTBA M3 HAHOYACTHI[ albOyMUHA B YCIOBHSX, MO-
Jenvpyromux 6uonoruueckue. Ilo pesynpratam m3ydeHHs mpolecca BBICBOOOXKAEHHS THApOKcHKapOamuaa
U3 HAaHOUYACTHIl aTbOYMHHA CAENaH BBIBOJ O TOM, YTO MOXHO JOOUTHCS Gonee MITUTENTLHOTO BICBOOOKICHUS
JIeKapcTBa MPU UCHOJIb30BAHUM HAHOCOMAJIBHOM (pOPMBI JIEKapCTBEHHOTO IperapaTa.

Kniouesvie crosa: HaHOYACTHILIBI, CHIBOPOTOYHBIA albOYMHH YEJIOBEKA, JECONbBAIMSA, TMIAPOKCUKApOaMum,
BKITIOYEHHE, IMMOOWITU3AIINS, TOCTaBKA JIEKAPCTB, MOJIMMEPHL.
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