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New forms of anticancer drugs «Arglabin» based on human serum albumin

In this article the possibility of creation of human serum albumin nanoparticles immobilized by anticancer
drug Arglabin was considered. Physical and chemical charasterictics of nanoparticles and binding of Arglabin
with polymeric nanoparticles were determined It is found that the particle size and binding of drug with pol-
ymer depend on the method of immobilization of drug.
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1 Introduction

Current, the main disadvantages of drugs used in medicine are short period of validity, low selectivity
to the affected organ and sufficiently high toxicity. By the results of numerous researches, it is shown that
these disadvantages can be avoided by encapsulation of drugs in polymeric nanoparticles [1, 2]. Significant
results were obtained by loading of pharmaceutical drugs in synthetic and natural polymers [3, 4], which are
used in the treatment of diseases such as cancer, requires long-term therapy [5-7].

Using of nanosystems for drug delivery in cancer therapy allows to achieve significantly better effects
than by using free drugs [3, 8-10].

One of the anti-cancer drugs is «Arglabin» obtained by Kazakhstan scientists from the plant Artemisia
glabella growing in Central Asia [11]. The investigation of Arglabin and a number of its derivatives showed
that the epoxyarglabin and hydrochloride of dimethylaminoarglabin possess the best antitumor activity.
Epoxyarglabin (substance or native arglabin) hadn’t found an application because of its insolubility in water.
Further on the base of hydrochloride of dimethylaminoarglabin there was worked out a hydrophilic drug
form preparation «Arglabin» for parenteral administration.
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Arglabin Hydrochloride of dimethylaminoarglabin

The preparation «Arglabiny» is efficient in treatment of breast cancer, primary liver cancer, cancer of
lungs and ovary and during several years it is used successfully in medicine practice for treating cancer dis-
cases in the form of injection.

At the same time there is the task of prolongation of drug action and decrease its side effects.

One of the widely used polymeric carriers of drugs is human serum albumin. Because of its function to
transport low-molecular substances including a variety of drug coming externally, it is unique drug carrier to
target organs, which prolongs their action by binding [9, 10].

The task of present study was to consider the possibility of creation of new drug form of antitumor drug
Arglabin in the form of nanoparticles on the base of HSA.

2. Materials and methods

2.1 Chemicals and reagents. Human serum albumin (HSA, fraction V, purity 96-99 %, 65.000 Da) and
glutaraldehyde 8 % solution were obtained from Sigma (Steinheim, Germany). «Arglabin» (substance) and
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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 (A = 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 pl 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 (A = 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 °C at a scattering angle of 90°. 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
(A =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) Ne 1182 and «Econics-Experty», 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. «Arglabiny» (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 squaresy. 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.

Table 1
Characteristics of nanoparticles of HSA containing the substance Arglabin (T=25 °C; Cys,=20 mg/ml)

C The yield of nano- Drug in NP
ARGL> _ : ; 0
Carar, 107, drug/ d, nm PDI C-potential, Binding, % particles, % —{ (after adsorp-
mg/ml mol/l polymer mV Spectropho-| Gravi- tion), %
tometry | metry >0
193.9 0.030
0.25 0.15 1:20 113 +0.020 -16.314.0 76 88.3 82.3 3.36
256.6 0.074
: —22.6+
0.5 0.3 1:10 130 +0.004 22.613.0 87 87.0 80.7 4.77
189.0 0.017
0.75 0.45 3:20 +0.6 +0.012 -26.312.5 73 86.5 78.8 6.57
126.2 0.046
1.0 0.6 1:5 117 +0.018 —25.844.5 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 {-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 A = 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).
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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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Table 2

Characteristics of nanoparticles HSA containing the dimethylamino hydrochloride arglabin
(T=25 °C; Cysa=20 mg/ml)

C , . o The yield of nanoparticles, %
m;ljfrlldl d, nm PDI § -potential, mV Binding, % Spectrop}lllotometry ’ Gravimetry
0.25 17241 0.045+0.04 -23.1£7.0 51 59.3 63.1
0.5 20042 0.02940.02 -30.0+2.4 53 59.2 65.7
0.75 33144 0.210£0.03 —39.242.2 67 68.5 92.7
1.0 31541 0.13840.01 —37.943.5 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 {-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.
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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.
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Figure 4. Content of hydrophilic Arglabin in albumin nanoparticles after incorporation
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From the figure it is clear that in the content 11.97 % of dimethylaminoarglabin hydrochloride in parti-
cles we can observe the saturation in nanoparticles with drug.

In order to confirm the obtained data by photon correlation spectroscopy, we made images of nanopar-
ticles with drugs using transmission electron microscope (Fig. 5a, b). From the images it is seen that the size
of nanoparticles with hydrochloride dimethylaminoarglabin is higher than size of nanoparticles with native
form of Arglabin. The results of transmission electron microscopy correlate with obtained data by photon
correlation spectroscopy.

From the above figures it is shown that obtained particles are sufficiently small and their size is 80—
200 nm, which satisfies the requirements of polymer particles for drug delivery transport [13].

It is currently believed that the diameter of the nanoparticles for the treatment of cancer is should be of
10-100 nm. The lower limit was calculated by calculating of filtering ratio of walls of capillary, because the
limit particle size for renal excretion is assumed to be about 10 nm in diameter. The upper limit was not
determined accurately, however, it was proved that the particles with diameter of hundreds nanometers are
also capable to penetrate through walls of blood vessels and assimilate in the tumor.

a) HSA nanoparticles containing arglabin substance
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b) HSA nanoparticles containing dimethylaminoarglabin hydrochloride

Figure 5. HSA nanoparticles

In comparison of obtained results, earlier published material is presented in this article [13]. It is known
that adsorption of drug on the preliminary prepared carrier systems bears the risk of drug loss by desorption
process. To prevent the drug inactivation during storage as well as from early degradation of the complex
polymer-drug after injection [12], it was studied adsorption on the nanoparticles not hydrophilic, but lipo-
philic or native (substantive) insoluble form of antitumor drug Arglabin. Such composition of complex allow
us to hope that there are no drawbacks which were said above as there is less inclination of native Arglabin
to be desorbed from the polymer matrix into water medium.

With the aim of optimization of drug loading (incorporation) into nanoparticles prepared from HSA and
to establish a standard protocol for their preparation the concentration of Arglabin (native, substantive) in a
sorption solution was varied between 0.25 mg/ml to 6.2 mg/ml. In this case concentrations of HSA in all so-
Iutions were the same and were equal to 5.9 mg/ml. The process of adsorption included two hour incubation
of Arglabin into disperse solution of HSA nanoparticles. Drug-loaded nanoparticles were separated from
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unbound Arglabin by centrifugation. The quantitative content of Arglabin was determined spectrofoto-
metrically (A=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 (A=204 nm) (Hitachi) are
presented in a chart (Fig. 6).
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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).

Table 3
Characteristics of Arglabin (substantive)-loaded HSA nanoparticles by adsorption
Carat T Drug in NP
mg/ml d, nm P Z, mV Binding, % (after adsorption), %
158.8 0.052 -14.2
162.9 0.017 -11.4
0.23 160.9 0.061 11,0 63.9 1.6
160.9£2.0 0.043£0.020 -12.242.0
158.7 0.061 -18.7
155.2 0.054 -23.0
0.50 159.9 0.024 164 391 23
157.9£2.0 0.046+0.020 -19.443.3
162.1 0.015 -20.4
157.8 0.050 -22.8
0.75 161.6 0.014 14.6 60.0 4.3
160.5+2.0 0.026+0.020 -19.344.1
161.1 0.037 -19.0
159.1 0.078 -12.7
1.00 160.2 0.010 107 473 45
160.1£1.0 0.04240.035 —14.144.2
158.7 0.014 -14.8
2.00 159.6 0.025 -21.5 38.8 7.2
159.7 0.021 -15.2
159.310.5 0.020+0.010 -17.243.4
162.3 0.006 -20.0
162.5 0.028 -16.2
4.00 160.9 0.003 153 38.9 13:5
161.9+0.8 0.01240.013 -17.242.4
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The obtained adsorption isotherm was analyzed using empirical equation of Freundlich which showed
high correlation degree (R=0.97) and the possibility of further loading HSA nanoparticles with Arglabin.

(Fig. 7).
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Figure 7. Adsorption of Arglabin on nanoparticles of serum albumin

So with the increasing of Arglabin concentration in the solution together with decreasing binding de-
gree as it is said above the portion of drug on nanoparticles’ surface increased and in a limit case it reaches
13.5 % from HSA nanoparticles’ mass. The equation of adsorption (x/m = 3.06) shows that the portion of
Arglabin in polymer-drug complex may be increased essentially.

As it was expected, because of electroneutrality of native Arglabin absolute meaning of zetapotential
remained to be high enough (between —11.0 and —22.8 mV) which provides mobility of nanoparticles and
prevents them from coagulation, and as a consequence the particle size changed slightly (160.8+2).

From the Table 3 and Figure 7 of polydispersity it is seen that the size distribution of particles is in rela-
tively narrow meaning interval and the system is sufficiently stable.

Arglabin-loaded nanoparticles is seen on pictures obtained with the use of CM 12 transmission electron
microscope (Philips) and they are shown in the Figure 8.

It is seen in a pictures that there might a formation of associates but separated particles are small
enough. Thus, it was shown a possibility of obtaining a new drug form of antitumor drug «Arglabin» by
loading HSA nanoparticles with native Arglabin.
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Figure 8. Electron-microscopy pictures of nanoparticles with Arglabin adsorbed on a particle surface

So, comparing the results of research on the production of nanoparticles by two methods one can con-
clude that the particle size, the degree of binding depend on the method of immobilization drugs. Thus, larg-
er particles can be obtained by immobilization by incorporation than when immobilized by absorption meth-
od. And the maximum degree of binding is achieved by first one.
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M.XK. Bypkees, 1. Kpoiitep, E.M. Tax6aes, JI.JK. Xamaposa, T.C. XKymaranuesa,
A.T. Kaxmyparona, [I.A. MyxaHoBa

Cappicyibl a1b0yMUH Heri3iHAe KaTepJi icikke Kapchl
«Aprjaadéun» npenapatbIHbIH KaHA YJriiepi

Makasnaza Katepi icikke Kapchl « ApriabuH» npenapaTbiMeH HMMOOHIIICHI€H ab0yMUH HaHOOOIILEeKTepiH
aly MYMKIiHIIr  KapacThippUiFaH. HaHoOemmiekrepaiH — (HU3MKa-XUMHSUIBIK — CHUIIATTaMajapbl  JKOHE
«ApriabMHHIHY MOIMMEpITi HaHOOeIIIEKTepMeH OaillaHbICy Iopekeci aHBIKTaIabl. belekTepain ememi
yKoHe OaillaHbICy TopexKeci Jopilik 3aTThl UMMOOMIIICY SIICIHEH TOYeNIi eKeHi ToNeICH .

M.XK. Bypkees, I1. Kpoiitep, E.M. Tax6aes, JI.JK. XKarmaposa,
T.C. XKymaranuesa, A.T. Kaxwmypartosa, [.A. MyxaHoBa

Hosbie (popMbI NIPOTHBOOIIYX0J1€BOI0 NIpenapara «Aprjiadun»
HA OCHOBE CHIBOPOTOYHOI0 AJ1b0yMHHA

B cratbe paccMoTpeHa BO3MOXKHOCTb IOJY4YEHMS HAHOYACTHI albOyMHHA, HMMMOOMIM30BAHHBIX
MPOTHUBOOIYXOJEBBIM MpenapatoM «Apriabun». OnpezneneHbl (U3UKO-XUMHYECKHE XapaKTEPUCTUKH
HAHOYACTHI[ M CTEICHb CBS3BIBAHUS «ApriiabHUHA)» C MOJMMEPHBIMM HAHOYACTUIIAMH. YCTaHOBJIEHO, YTO
pa3Mep YacTHIl M CTCIIEHb CBS3BIBAHMS 3aBUCST OT CIIOCO0a MMMOOMIN3AINH JIEKAPCTBEHHOTO BEIECTBA.
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