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preparation «Arglabin» were purchased from «Research-and-Production Center «Phytochemistry» (Kara-
ganda, Kazakhstan). Solvents and all other reagents were purchased from Merck (Darmstadt, Germany). 

2.2 Preparation of empty HSA nanoparticles. Empty HSA nanoparticles were prepared using a previ-
ously described desolvation method [2, 9]. By using of buffer solution, pH 2 % of albumin solution was 
adjusted to 8.0–8.5, then the calculated amount of ethanol and an aqueous solution of glutaraldehyde as 
crosslinking agent added under stirring. To complete the process, the suspension was left for 24 hours with 
constant stirring. The required particle on the size was separated from low- and high-molecular components 
by centrifugation and repeated washing with water. 

2.3 Encapsulation of the drug Arglabin in nanoparticles of HSA. For immobilization of Arglabin in na-
noparticles, the drug previously dissolved in an aqueous solution of albumin and desolvation was carried out. 
In this case two forms of the drug (lipophilic and hydrophilic forms) were used. The concentration of the 
drug was varied from 0.25 mg/ml to 1 mg/mL, using the following ratios of drug: albumin, 1:20, 1:10, 3:20, 
1:5. 

To 20 mg of serum albumin was added from 1 to 4.0 mg of drug in 4 tubes, respectively, and 1 ml water 
to each of them. pH of all solutions was adjusted up to 8,5 and held for 2 hours at constant stirring. In the 
method of incorporation water-insoluble lipophilic form of Arglabin was used. 1 ml of ethanol was added to 
the tubes previously. For the formation of nanoparticles 2 ml of ethanol and 8 % glutaraldehyde solution was 
added to the solution under constant stirring by minipump and stirred for 24 h. 

The required particle by size is separated by repeated centrifugation within 15 minutes at 
14,500 rpm/min and was purified by washing by water for injection. The amount of free drug in a solution 
was analyzed by UV spectrophotometry (λ = 204 nm). 

2.4 Adsorption of arglabin to HSA nanoparticles. 1.3 ml of empty HSA nanoparticles solution was tak-
en (10 mg/ml) which were obtained by the method described above and from 50 to 800 μl of previously pre-
pared solutions of arglabin (5.9 mg/ml) (substanive) were added. The volume of each probe was adjusted 
with ethanol to 2.21 ml. The mixture was stirred for 2 h (650 rpm) at room temperature. After that the parti-
cles were centrifugated and washed with water. The supernatants of the washing steps were collected and 
separated by size exclusion chromatography (Sephadex, Sigma Chemical Co. DE-52) and the concentration 
of free Arglabin in a solution was analyzed by UV-spectrophotometry (λ = 204 nm). 

The yield of nanoparticles was determined by gravimetric method. 
2.5 Measurement of particle size and zetapotential. The average particle size measured by photon corre-

lation spectroscopy (PCS) using a Malvern Zetasizer 3000HSA (Malvern Instruments Ltd., Malvern, UK) at 
a temperature of 25 ºC at a scattering angle of 90º. The samples were diluted 1:400 with water. The zetapo-
tential was also measured on this device. HSA nanoparticles were previously diluted 1:200 50mM phos-
phate-puffer pH 7.4 and the zetapotential was determined by Laser Doppler micro electrophoresis. 

Pictures of nanoparticles loaded with drug were made by transmission electron microscopy (transmis-
sion electron microscope CM 12 (Philips)). 

2.6 Determination of the Arglabin binding with HSA nanoparticles. The binding was determined by 
conductometric and UV-spectrophotometric methods on the instrument U3000 Spectrophotometer 
(λ = 204 nm) (Hitachi). Samples of the solutions were passed through Sephadex column (Sigma Chemical 
Co. DE-52) to separate the polymer from drug and washed with ethanol:water in the ratio of 1:5.7. From the 
obtained data a calibration chart and content of unbound drug was calculated. 

Preliminary in a volumetric flask of 100 ml a drug solution with concentration of 100 mg/ml in water 
was prepared. Aliquots were taken from the prepared solution, was transferred into volumetric flasks of 
25 ml. A series of solution with concentration of drug 5.0; 10.0; 20.0; 40.0; 60.0; 80.0; 100.0 mg/ml were 
prepared and electrical conductivity was fixed. 

Further calibration graph constructed and the concentration of free drug was determined by it. Because 
the conductivity of solution is an additive value, the electrical conductivity of components of system was 
determined and relevant corrections were made. The degree of binding of drug was calculated from the dif-
ference between the initial and free drug. 

The conductivity of the solution was measured in a thermostated cell (at 293 K), 25 ml on the instru-
ment Conductivity meter Type OK-102 (Hungary) № 1182 and «Econics-Expert», INN / KPP 
7728209000/772801001 (Moscow), provided with an electrode. 

The yield of particles was found by gravimetric analysis. 
10 % solution of human serum albumin (HSA) (HSA, fraction V, 96–99 %, 65,000, Sigma Aldrich 

(Steinheim, Germany) for the immobilization of an antitumor drug «Arglabin», and 50 % solution of 
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glutaraldehyde Sigma Aldrich (Steinheim, Germany) were used in the work. «Arglabin» (substance) and 
hydrochloride dimethylaminoarglabin was provided by the international scientific and industrial holding 
«Phytochemistry» (Karaganda, Kazakhstan). 

With the aim of achieving an accuracy and verification of obtained results, our experimental data were 
studied by mathematical processing. Experimental miscount in measurements shortchanged by the method of 
«the least squares». It is shown by the calculations that the maximum relative miscount for the experimental 
data was 5 %, which was determined by specific methods of conductivity and spectrophotometry. 

Typically, the physico-chemical and analytical measurements are taken a = 0,95 and b = 0,99. In this 
work, confidential probability is equal to 0.95. 

3 Results and discussion 

Nowadays three main ways of immobilization of drug to the polymer nanocarriers are known [12]. The-
se are covalent attachment of the drug to the particle prior to preparation of particles or analogical attachment 
to the particle surface; adsorption of drug on the surface of preliminary prepared nanoparticles and incorpo-
ration of drug into polymer matrix during particle preparation. The first method is not widely used because 
the covalent attachment of drug to the polymer changes its chemical structure (entity) and may lead to 
changes of biological activity of drug. 

In the present study it was compared two ways of loading Arglabin to the particle system: adsorption of 
drug on the surface of obtained HSA nanoparticles and incorporation of Arglabin into polymer matrix of na-
noparticles with the use of desolvation method described above. 

At the time of investigations we studied the immobilization of antitumor drug Arglabin into the matrix 
of serum albumin by incorporation method which involves injection of biologically active compounds direct-
ly in the reaction medium during the process of crosslinking of albumin. 

Incorporation was carried out using of Arglabin substance and dimethylaminoarglabin hydrochloride. In 
both cases, concentration of drug is maintained from 0.25 mg/ml to 1 mg/ml. 

The particle size, polydispersity and zetapotential of lipophilic Arglabin obtained by the incorporation 
method analyzed by photon correlation spectroscopy. The results are shown in Table 1. 

T a b l e  1  

Characteristics of nanoparticles of HSA containing the substance Arglabin (Т=25 ºС; СHSA=20 mg/ml) 

CARGL, 
mg/ml 

CARGL, 
10–5, 
mol/l 

drug/ 
polymer 

d, nm PDI 
ζ-potential, 

mV 
Binding, %

The yield of nano-
particles, % 

Drug in NP 
(after adsorp-

tion), % 
Spectropho-

tometry 
Gravi-
metry 

0.25 0.15 1:20 
193.9 
±1.3 

0.030 
±0.020 

–16.3±4.0 76 88.3 82.3 3.36 

0.5 0.3 1:10 
256.6 
±3.0 

0.074 
±0.004 

–22.6±3.0 87 87.0 80.7 4.77 

0.75 0.45 3:20 
189.0 
±0.6 

0.017 
±0.012 

–26.3±2.5 73 86.5 78.8 6.57 

1.0 0.6 1:5 
126.2 
±1.7 

0.046 
±0.018 

–25.8±4.5 81 84.0 74.5 8.09 

 
As can be seen from the data obtained particles vary in size and have a monomodal distribution. In all 

cases, the dispersed system is stable, as indicated by low values of ζ-potential of nanoparticles; the yield of 
nanoparticles obtained by two independent methods correlated. 

Binding of Arglabin with nanoparticles of albumin was determined by UV-spectrophotometry at a 
wavelength λ = 204 nm. Before conducting the spectrophotometric analysis of particles with drug substance 
solutions were washed with water-ethanol and passed through a Sephadex column. Figure 1 shows the bind-
ing of nanoparticles of Arglabin from the amount of drug. 
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Figure 1. Dependence of binding of HSA nanoparticles from the amount of substance Arglabin 

According to the presented data in the Table. 1, the effective incorporation of drug in HAS nanoparti-
cles occured. 

As it is shown in the picture, that in the result of encapsulation the lipophilic forms of Arglabin in the 
albumin nanoparticles the binding is always high and constitutes more than 73 % in all cases. In the propor-
tions of drug to albumin 1:10 and 1: 5 nanoparticles immobilized by drug were obtained. The binding degree 
of these particles is up to 80 %, which proves the effectiveness of incorporation. 

As long as the drug was included in the polymer matrix during the process of obtaining the particles, it 
is important to know the content of drug in the nanoparticles after incorporation. Therefore, the content of 
Arglabin in the obtained nanoparticles was calculated (Fig. 2). 
 

 
 

Figure 2. Content of lipophilic Arglabin in albumin nanoparticles after incorporation 

From the graph, it is clear that the content of lipophilic Arglabin in formed nanoparticles increases by 
the growth of drug concentration in the initial solution. Thus, there is a possibility of further loading of se-
rum albumin by lipophilic form of drug. 

Our next task was the immobilization of nanoparticles by hydrophilic form of drug. Incorporation of 
dimethylaminoarglabin hydrochloride in the matrix of serum albumin was carried out by the same procedure 
as the lipophilic form of drug, but without adding ethanol. The concentration of drug was varied from 
0.25 mg/ml to 1.0 mg/ml. Physico-chemical characteristics of particles also were analyzed by photon correla-
tion spectroscopy (Table 2). 
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T a b l e  2  

Characteristics of nanoparticles HSA containing the dimethylamino hydrochloride arglabin  
(Т=25 ºС; СHSA=20 mg/ml) 

CARGL, 
mg/ml 

d, nm PDI ζ -potential, mV Binding, % 
The yield of nanoparticles, % 

Spectrophotometry Gravimetry 
0.25 172±1 0.045±0.04 –23.1±7.0 51 59.3 63.1 
0.5 200±2 0.029±0.02 –30.0±2.4 53 59.2 65.7 

0.75 331±4 0.210±0.03 –39.2±2.2 67 68.5 92.7 
1.0 315±1 0.138±0.01 –37.9±3.5 78 80.0 79.9 

 
It can be seen from the Table 2, that the diameter of particles rises with increasing of drug concentration 

in nanoparticles of serum albumin, which is apparently caused by an increase of the content of arglabin in 
particles. By the value of ζ-potential we can see that polydispersity of particles is sufficiently low and the 
system is stable. The dependence of the degree of binding by weight of dimethylaminoarglabin is likely con-
nected with an increase of the probability of binding with carboxyl-terminated of serum albumin. The bind-
ing degree of drug is 78 % at the maximum concentration, while the possibility of further loading of nano-
particles with Arglabin is not excluded. 

Dependence of binding of HSA nanoparticles from the amount of hydrophilic form Arglabin — 
dimethylaminoarglabin hydrochloride is shown in Figure 3. 
 

 

Figure 3. Dependence of binding of HSA nanoparticles  
from the amount of dimethylamino hydrochloride arglabin 

The content of Arglabin in the obtained particles was also calculated at the end of process and the graph 
of dependence of drug concentration is shown in Figure 4. 

 

 
 

Figure 4. Content of hydrophilic Arglabin in albumin nanoparticles after incorporation 
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unbound Arglabin by centrifugation. The quantitative content of Arglabin was determined spectrofoto-
metrically (λ=204 nm), preliminary separating solutions of Arglabin and HSA by size exclusion chromatog-
raphy using columns Sephadex (Sigma Chemical Co. DE-52). 

The results which were obtained with the help of U3000 Spectrophotometer (λ=204 nm) (Hitachi) are 
presented in a chart (Fig. 6). 
 

 

Figure 6. Adsoptive binding of Arglabin to 5.9 mg/ml of empty HSA NP 

As it is shown in a chart at low concentrations of Arglabin more than 60 % of drug may be adsorbed on 
the surface of nanoparticles (Fig. 6). The portion of adsorbed Arglabin decreases with the increasing drug 
concentration in the initial solution, reaching a minimum meaning 38.8–38.9 % at a drug concentration of 
2 mg/ml and 4mg/ml (Table 3). 

T a b l e  3  

Characteristics of Arglabin (substantive)-loaded HSA nanoparticles by adsorption 

CARGL, 
mg/ml 

d, nm P Z, mV Binding, % 
Drug in NP  

(after adsorption), % 

0.25 

158.8 
162.9 
160.9 

0.052 
0.017 
0.061 

–14.2 
–11.4 
–11.0 63.9 1.6 

160.9±2.0 0.043±0.020 –12.2±2.0 

0.50 

158.7 
155.2 
159.9 

0.061 
0.054 
0.024 

–18.7 
–23.0 
–16.4 59.1 2.5 

157.9±2.0 0.046±0.020 –19.4±3.3 

0.75 

162.1 
157.8 
161.6 

0.015 
0.050 
0.014 

–20.4 
–22.8 
–14.6 60.0 4.3 

160.5±2.0 0.026±0.020 –19.3±4.1 

1.00 

161.1 
159.1 
160.2 

0.037 
0.078 
0.010 

–19.0 
–12.7 
–10.7 47.5 4.5 

160.1±1.0 0.042±0.035 –14.1±4.2 
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159.7 

0.014 
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0.021 

–14.8 
–21.5 
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Сарысулы альбумин негізінде қатерлі ісікке қарсы  
«Арглабин» препаратының жаңа үлгілері 

Мақалада қатерлі ісікке қарсы «Арглабин» препаратымен иммобилденген альбумин нанобөлшектерін 
алу мүмкіндігі қарастырылған. Нанобөлшектердің физика-химиялық сипаттамалары жəне 
«Арглабиннің» полимерлі нанобөлшектермен байланысу дəрежесі анықталды. Бөлшектердің өлшемі 
жəне байланысу дəрежесі дəрілік затты иммобилдеу əдісінен тəуелді екені дəлелденді. 

 

М.Ж. Буркеев, Й. Кройтер, Е.М. Тажбаев, Л.Ж. Жапарова,  
Т.С. Жумагалиева, А.Т. Кажмуратова, Д.A. Муханова 

Новые формы противоопухолевого препарата «Арглабин»  
на основе сывороточного альбумина 

В статье рассмотрена возможность получения наночастиц альбумина, иммобилизованных 
противоопухолевым препаратом «Арглабин». Определены физико-химические характеристики 
наночастиц и степень связывания «Арглабина» с полимерными наночастицами. Установлено, что 
размер частиц и степень связывания зависят от способа иммобилизации лекарственного вещества. 
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