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Preparation, characterization and investigation of in vitro release
of anti-tuberculosis drug p-amino salicylic acid based on human serum albumin

Nowadays the task of pharmaceutical chemistry is not only the search of the new drug preparations; but also
the increase of the effectiveness of the latter by chemical modification or creation of new forms. With the aim
of prolongation of the effect and decrease of single dose the possibility of immobilization of anti-tuberculosis
drug p-amino salicylic acid (PASA) on human serum albumin (HSA) nanoparticles (NPs) by adsorption and
incorporation methods was considered in this article. It is shown that independently of the immobilization
method of the drug into polymer matrix the meanings of binding degree are very high. The study of the de-
pendence of binding degree on drug concentration resulted in more than 95 % at maximum concentrations of
the added drug. As it has been expected the drug release degrees have high meanings when incorporating as
well as adsorption the drug on the surface of empty nanoparticles. They are 70 % and/80 % respectively.
Therefore the results obtained allow us to hope on prolongation of the effect of p-amino salieylic acid and de-
crease of single dose of the drug in tuberculosis therapy.

Keywords: Human serum albumin; p-aminosalicylic acid, anti-tuberculosis drug, nanoparticles, adsorption,
immobilization, incorporation, polymer matrix.

Introduction

Nowadays short period of action, low selectivity.and rather high toxicity are considered as the main
drawbacks of drug preparations used in medicine. The results of numerous investigations have shown the
possibility of disposition of these shortcomings by binding the drugs with polymers [1-3]. Promising results
have been obtained when nanoencapsulating the drugs [4, 5] which are used for the treatment of such diseas-
es as tuberculosis and tumor with natural and synthetic polymers [6—11]. PASA is one of the first antibiotics
used in the treatment of tuberculosis and it is currently the drug required for the use in the Republic of Ka-
zakhstan. During the time of use of the drug the resistance to tuberculosis strain has been developed and a
single dose now reached ten grams. In this regard, the task of researchers is to prolong the effect of anti-
tuberculosis drug by binding it to polymer thus reducing the single dose of the drug.

One of the most widely used polymeric carriers of drugs is human serum albumin (HSA). Due to its
ability to transport low molecular compounds, including different kinds of drugs into a great variety of cells,
especially after conversion to NPs, it represents a unique transporting material which allows to carry drugs
into certain target-organs, thus prolonging their efficiency [12—15].

In the present study.the possibility of immobilization of antituberculosis drug PASA with albumin NPs
by adsorption of the drug onto preliminary synthesized empty nanoparticles and incorporation of the PASA
during the process of particle crosslinking will be investigated.

Materials and methods

Human serum albumin (HSA, fraction V, purity 96-99 %, 65.000 Da) and glutaraldehyde 8 % solution
were purchased from Sigma (Steinheim, Germany). PASA were purchased from LLP «Romat» (Pavlodar
Pharmaceutical Factory, Pavlodar, Kazakhstan). Solvents and all other reagents were purchased from Merck
(Darmstadt, Germany). Deionized (DI) water was used throughout the study.

Empty albumin NPs have been synthesized by desolvation method according to the procedure given in
[3, 12, 13, 15]. 200 mg of HSA were dissolved in 2 ml of purified water and the pH was adjusted to 8.2—8.5
with 0.01 M NaOH. Then under constant stirring (600 rpm) at room temperature 8§ ml of ethanol (96 %) was
added (1 ml/min) using a tubing pump. After the desolvation process the particles were stabilized by the ad-
dition of an aqueous 8 % glutaraldehyde solution (1.175 ul per ml HSA). In order for the process to be fin-
ished, the suspension was stirred for 24 h. The obtained nanoparticles were separated from low molecular
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components by repeated centrifugation with the Centrifuge MiniSpin Plus 14500 (Eppendorf, Hamburg,
Germany) at 14500 rpm and by washing them with water.

Adsorption of PASA onto empty nanoparticles of HSA carried out in two steps: obtaining empty nano-
particles and the subsequent binding of the drug with the polymer. Prepared solutions of the drug with con-
centrations of 0.16 %, 0.32 %, 1.0 %, 2.0 % and 4.0 % were added to the solutions of empty albumin NPs
obtained by above said technique and were stirred for 2 hours at room temperature. The required particle by
size is separated by repeated centrifugation within 15 minutes at 14,500 rpm/min and was purified by wash-
ing with water.

The yield of NPs was determined by a microgravimetric method.

Incorporation of PASA into serum albumin was carried out at one stage by the procedure described be-
low:

Calculated amount of PASA was added to the 2 % solution of serum albumin with pH8.0-8.5 and was
stirred for 2 hours. For the formation of NPs calculated amount of 8 % solution of glutaric aldehyde“was
added to the drug solutions. The particles of needed sizes have been separated from low- and high molecular
compounds by multiple centrifugation and washing with water.

The average particle size was measured by photon correlation 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.

Drug content was determined by conductometric method. The measurements of electrical conductivity
of solutions were performed on a Conductivity meter Type OK-102 (Hungary) Ne 1182 OOO «Econics-
Expert» and INN/KPP 7728209000/772801001 (Moscow) using platinum electrodes and a thermostat UTU-
2/77 (Polanol) with thermostatic electrical cell with a volume of 25 ml.

0.1, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005 mg/ml drug solutions in water were prepared for a calibration
curve. The quantity of unbound drug was calculated using a calibration curve.

Results and discussion

Empty HSA nanoparticles were obtained according to the technique given above [3, 12, 13, 15]. Nano-
particles with average diameter of 310 nm (PDI = 0.142) were formed.

There are two main ways of binding of drugs to HSA nanoparticles [3, 12, 13, 15]: 1) physical adsorp-
tion of drugs on the surface of preliminary prepared NPs, and 2) incorporation of drugs into the polymer ma-
trix during particle preparation. Therefore at first PASA was bound to the polymer by adsorption of the drug
on the surface of preliminary synthesized empty HSA nanoparticles. The adsorption of the drug on HSA na-
noparticles has been performed with:concentrations of PASA in initial solution ranging from 0.16 to 4.0 %.
The immobilization of PASA with empty NPs has been carried out by direct mixing of corresponding solu-
tions. Adsorption of the drug on the surface of preliminary prepared NPs led to a minor increase of the parti-
cle size (d =316 nm, PDI = 0.140).

It is necessary to note that molecules of both serum albumin (1) and PASA (2) contain carboxylic and
amino groups which should leadto some effects when creating chemical bonds.

O

OH

N (R NE— GO R H,N OH
2N—[R'—=NH - CO - R*] - COOH
(1) (2)

The binding degree of the drug with HSA nanoparticles was determined using conductivity measure-
ments. Conductometry enables estimation of the binding of drug with polymer directly in the reaction medi-
um without preliminary separation of nanoparticles from the solution. The quantity of unbound drug was
calculated using a calibration curve. The results of the binding experiments of PASA on HSA nanoparticles
are shown in Figure 1.

Increasing the concentration of PASA in solution leads to increase of binding degree with limiting
meaning of 95 % (Fig. 1).
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Figure 1. Dependence of binding degree on mass of PASA

This regularity correlates well with the assumption that the bond between drug and polymer was formed
by ionic mechanism. The binding of the drug with HSA was investigated using photocolorimetry and
viscosimetry. The results are shown in Figure 2.
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Figure 2. Dependence of viscosity (@) and absorbance () of albumin solution
on concentration of PASA (using viscosimetry)

The above given assumptions are in. good accordance with conducted viscosimetric measurements
(Fig. 2). Decrease of viscosity of serum albumin solution is caused by suppression of polyelectrolytic effect
on two directions: 1) the screening effect.of amino- and carboxylic groups; 2) their chemical binding which
is an advantage for the creation of novel drug preparations. The same dependence is observed from the graph
of dependence of absorbance on concentration of drug added which points on compaction of polymeric par-
ticles (Fig. 2).

As a continuation of our study the kinetics of release of anti-tuberculosis drug PASA from the polymer
matrix of serum albumin was investigated. Release of PASA from HSA nanoparticles produced by adsorp-
tion method was studied during the day. The results are shown in Figure 3.
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Figure 3. Drug release profile of PASA-loaded NPs (for the NPs obtained by adsorption method)
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As seen from the graph, a significant portion of the drug released into the medium during first 3 hours
(about 30 % per hour, about 60 % in 3 hours). This is apparently because of the desorption of the drug, locat-
ed on the surface of NPs. Further, there is a gradual release of PASA from nanoparticles of HSA of up to
80 % of the drug. The remaining part of PASA did not release, which could be related to the structure of the
crosslinked polymeric nanoparticles.

When adsorbing the drug onto the surface of NPs there is a risk of loss of some part of the drug by desorp-
tion, in this regard at the next stage we have studied the binding of the drug during particles’ crosslinking.

In this case PASA was preliminarily dissolved in water solution of serum albumin and then desolvation
was carried out. Average particle diameter obtained by incorporation method was 435 nm (PDI = 0,147). The
concentration of the drug in initial solution was sustained as in case of adsorption. Binding degree of PASA
was also determined by conductometry method (Fig. 1).

As it is seen from the graph in this case almost 100 % binding was possible (Fig. 1).

As in this case the drug is incorporated inside of NPs the curves of dependence of viscosity and absorb-
ance are opposite to the ones obtained by adsorption method (Fig. 4).
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Figure 4. Dependence of viscosity (@) and absorbance (b) of albumin solution
on concentration of PASA (using photocolorimetry)

Because of the presence of ionogenic groups on the surface of NPs this dependence tends to increase
due to no suppression of polyelectrolytic effect.

Then the degree of drug release from the matrix HSA nanoparticles obtained by incorporation method
has been studied, of which the'results are shown in Figure 5.
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Figure 5. Drug release profile of PASA-loaded NPs (for the NPs obtained by incorporation method)

The graph shows that, as compared with the adsorption method in the case of incorporation a sustained
release of PASA is observed. It is explained by release of the drug located inside the NPs. Thus, about 15 %
of the drug released per hour, and only 24 % of PASA for 3 h. While the observation of the kinetics of drug
release from NPs obtained by adsorption method, 2 times more of PASA released during the same period of
time. Also the yield of NPs loaded with drug was determined (Table).
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Table
Yield of HSA nanoparticles loaded with PASA

Drug content The yield of nanoparticles determined by microgravimetry, %
in initial solution, g Obtained by adsorption Obtained by incorporation
0.0125 92 92
0.025 43 89
0.08 41 55
0.16 13 10
0.32 67 35

In both cases the particle yields were high. The tendency of decreasing of the yield of NPs reaching a
minimum with increasing of drug concentration was observed (Table 1). With the last sample high yield of
NPs has been achieved.

Conclusion

Thus, in this work the possibility of obtaining polymer carriers of nanometric sizes based on HSA for
the transport of anti-tuberculosis drug PASA has been shown. The results obtained have demonstrated that
the loading of HSA with PASA by both adsorption and incorporation methods enables synthesizing NPs with
satisfactory characteristics, high values of the binding degree and high nanoparticle yield. According to the
results of the study on drug release it can be concluded that slower drug release is'observed when immobili-
zation of PASA by incorporation method in NPs. However, despite the relatively rapid release of PASA
from HSA nanoparticles obtained by the adsorption method,-these polymeric NPs can also be effectively
used as drug delivery systems for anti-tuberculosis drug PASA.
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Anam capbicyJibl a1b0YMHUH Heri3iHaeri Ty0epKyJesre Kapchl
N-aMUHOCAIMIMI KbIIIKbLIbI MIPeNapaTbIHbIH AJIbIHYbI,
CHUIIATTAMAChI KdHe 00cal WIBIFYbIH in vitro 3eprrey

Kasipri tanmarel (apMaiieBTHKaNbIK XUMHSHBIH 0acTbl MiHAETTEpiHiH Oipi jkaHa Iopiiik mpenaparTapbl
i37ey FaHa eMec, COHbBIMEH KaTap jKaHa YJTiHi jkacall MIbiFapy HeMece XUMUSIIBIK TYPJICHIIPY apKblIbl OHBIH
TUIMIUTrIH apTTeipy Oonbinm Tabbutamel. Bip peTTik KaObuigay MeNIIepiH a3alTy jJKOHE OCEpiH. y3apTy
MakcaTblH/a OyJ1 Makanana TyOepkysesre Kapchl Mpernapar napa-aMHHOCAIUIII KbILIKBUIBIH a1aM CapbICy
aTb0yMUHHIH HaHOOOINIIEKTEepiHe €Hri3y »XoHe ancopOIms oiCiMeH HMMOOWMIM3AIMsUIAY . MYMKIHAIT
KapacThIpbUIFaH. J{opisik 3aTThl MONIMMEp MaTpUIAChIHA HIMMOOWIN3aUsIIAY diCIHEH Toyesuci3 OaillanbICy
JOpeXeciHiH MOHZIepi KOoFapsl OONATHIHBI KepceTinreH. baiimaHpicy JepexeciHiH  goplmK 3ar
KOHIIEHTPAMSICBIHAH TOYEIIUIITIH 3epTTey OaphIChIHIA JOPUIIK 3aTTHIH MAaKCHMAJABI KOHIEHTPAIUsICHIHAA
95 % >xoFapbl MOHII KOPCETEeTIHMIri aHBIKTaIAbl. AJ HpermapaTThl 00C HaHOOOINIIEKTEpPAIH OeTiHe eHTizy
JKOHE aZcopOIMs oici apKpUIbl MMMOOMIHM3AaLMsUIAY IOPLTIK 3aTTHIH OOcCall IIBIFY IOPEKECiHIH KOFaphl
MoHepiHe ue Oousbl. Onap coiikecinme 70 sxoHe 80 % Kypansl. Coxn ceGenti albIHFAaH HOTHKENEp Iapa-
AMUHOCAJIMIIMI KBIIIKBUIBIHBIH TyOepKyie3 i eMaey GapbIChIHAA MPOIOHTalMIIBIK dcep OepeTiHiH aHe Oip
PeTTiK KaObUIaay MeNIIEpiH a3afiTaTbIHBIH ASJEIACI.

Kinm ce3dep: amam capbicy anbOyMuHI, Hapa-aMHHOCATHIMII KBIIIKBUIEL, TyOepKymesre Kapchl Ipemapar,
HaHOOeJIIEKTep, aacopOIHsl, TMMOOHIN3ANNS, CHT13Y, TOJIMMEpP MaTPHIACHL.

M.XK. Bypkees, XK. Kpoiitep, EM. Taxb6aes, JI.)K. XKanmnaposa,
T.C. XKymaranmuesa, XK.T. AprsictanoBa, J[.A. MyxaHoBa

IHony4yeHnne, XapaKTePUCTHKA U HCCJIE0BAHNE BLICBOOOKIEHMS in Vitro
NPOTHBOTY0EPKY/1e3HOI 0 IPenapara n-aMUHOCATUIIUIOBOH KUCJI0THI
HA OCHOBE 4€JI0BeYeCKOr0 CbIBOPOTOYHOI0 a1b0yMHHA

B nacrosiee Bpems 3anaucii papMaleBTHUECKOH XUMHHU SABJISAETCS HE TOJIBKO MOMCK HOBBIX JIEKAPCTBEHHBIX
HpenapaToB, HO U NMOBbIEHNE 3G (OEKTUBHOCTH AEHCTBUS NpernapaTa IyTeM XMMHYECKOH MOJu(HKALNK W
co3aanus HOBBIX (opM. C Henpio npoieHus ¢ Qekra 1 yMEHBIICHUs] pa30BOil 103kl B 3TOH cTaThe ObLIa
paccMOTpeHa BO3MOKHOCTh MMMOOHMIIM3ALMHU JICKAPCTBEHHOI'O CPE/ICTBA NPOTUB TyOepKye3a — n-aMHHO-
camuruiaoBoit kACoThL ([TACK) — Ha HaHOYACTHITY YeJIOBEUECKOTO CHIBOPOTOYHOTO albOyMHHA METOIIOM
azcopbuun u BKIoueHUs. [lokazaHo, 94To, HE3aBHCHMO OT CIIOC00a MMMOOMIIM3AINHY JIEKapCTBEHHOTO CPeJi-
CTBa B IOJMMEPHYIO MATpPUILy, 3HAUEHHS CTETICHN CBSI3BIBAHUS OYECHb BENMKH. l3ydeHHne 3aBUCHMOCTH CTe-
TICHU CBS3BIBAHUS OT KOHIICHTPAIMHU JISKAPCTBEHHOTO CPEJICTBA NMPHUBOIMIO K Oonee ueM 95 % mpu makcu-
MaJIbHBIX KOHIICHTPALUAX J100aBICHHOTO JIEKAPCTBEHHOTO CpeAcTBa. Kak M 03KMIanoch, CTENEHH BBICBOOOXK-
JIeHUS JICKAPCTBEHHOTO CPEACTBA MMEIOT BBICOKME 3HAYCHUs IPH BKIIOYEHHWHM M aJcopOLMM Iperaparta Ha
MOBEPXHOCTH MycThIX HaHOuacTHL. OHM cocTtaBisitoT 70 u 80 % coorBercTBeHHO. Ilo 3TOM MpHUMHE MOTY-
YeHHBIEC Pe3yJIbTAThI MTO3BOJIAIOT HAAEATHCS Ha MPOJIOHTUPOBAHHOE JEHCTBHE 1-aMUHOCATHIIMIOBONH KHCIIOTHI
U CHIDKEHME Pa30BOi JI03BI Ipenapara IpH JIEYeHHH TyOepKyJesa.

Kniouesvie cnosa: CLIBOpOTO‘IHLIﬁ aHB6yMI/IH YCJIOBCKA, n-aMUHOCAJIMIOUIIOBas KHCJIOTa, HpOTI/IBOTy6ep-
KyJ'[e3HI>II71 npenapar, HaHO4aCTUIIbI, aﬂcop6u1/m, I/IMMO6I/IJII/1321HI/I$I, BKJIIOYCHUE, [TIOJIUMEPHAA MaTpulia.
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