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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 salicylic 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 µl 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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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. 
 

 

Figure 2. Dependence of viscosity (a) and absorbance (b) 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. 
 

 

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). 
 

 

Figure 4. Dependence of viscosity (a) 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. 

 

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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T a b l e  

Yield of HSA nanoparticles loaded with PASA  

Drug content  
in initial solution, g 

The yield of nanoparticles determined by microgravimetry, % 
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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Адам сарысулы альбумин негізіндегі туберкулезге қарсы  
п-аминосалицил қышқылы препаратының алынуы,  
сипаттамасы жəне босап шығуын in vitro зерттеу 

Қазіргі таңдағы фармацевтикалық химияның басты міндеттерінің бірі жаңа дəрілік препараттарды 
іздеу ғана емес, сонымен қатар жаңа үлгіні жасап шығару немесе химиялық түрлендіру арқылы оның 
тиімділігін арттыру болып табылады. Бір реттік қабылдау мөлшерін азайту жəне əсерін ұзарту 
мақсатында бұл мақалада туберкулезге қарсы препарат пара-аминосалицил қышқылын адам сарысу 
альбуминнің нанобөлшектеріне енгізу жəне адсорбция əдісімен иммобилизациялау мүмкіндігі 
қарастырылған. Дəрілік затты полимер матрицасына иммобилизациялау əдісінен тəуелсіз байланысу 
дəрежесінің мəндері жоғары болатыны көрсетілген. Байланысу дəрежесінің дəрілік зат 
концентрациясынан тəуелділігін зерттеу барысында дəрілік заттың максималды концентрациясында 
95 % жоғары мəнді көрсететіндігі анықталды. Ал препаратты бос нанобөлшектердің бетіне енгізу 
жəне адсорбция əдісі арқылы иммобилизациялау дəрілік заттың босап шығу дəрежесінің жоғары 
мəндеріне ие болды. Олар сəйкесінше 70 жəне 80 % құрады. Сол себепті алынған нəтижелер пара-
аминосалицил қышқылының туберкулезді емдеу барысында пролонгациялық əсер беретінін жəне бір 
реттік қабылдау мөлшерін азайтатынын дəлелдеді. 

Кілт сөздер: адам сарысу альбумині, пара-аминосалицил қышқылы, туберкулезге қарсы препарат, 
нанобөлшектер, адсорбция, иммобилизация, енгізу, полимер матрицасы. 
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Получение, характеристика и исследование высвобождения in vitro 
противотуберкулезного препарата п-аминосалициловой кислоты  

на основе человеческого сывороточного альбумина 

В настоящее время задачей фармацевтической химии является не только поиск новых лекарственных 
препаратов, но и повышение эффективности действия препарата путем химической модификации или 
создания новых форм. С целью продления эффекта и уменьшения разовой дозы в этой статье была 
рассмотрена возможность иммобилизации лекарственного средства против туберкулеза — п-амино-
салициловой кислоты (ПАСК) — на наночастицу человеческого сывороточного альбумина методом 
адсорбции и включения. Показано, что, независимо от способа иммобилизации лекарственного сред-
ства в полимерную матрицу, значения степени связывания очень велики. Изучение зависимости сте-
пени связывания от концентрации лекарственного средства приводило к более чем 95 % при макси-
мальных концентрациях добавленного лекарственного средства. Как и ожидалось, степени высвобож-
дения лекарственного средства имеют высокие значения при включении и адсорбции препарата на 
поверхности пустых наночастиц. Они составляют 70 и 80 % соответственно. По этой причине полу-
ченные результаты позволяют надеяться на пролонгированное действие п-аминосалициловой кислоты 
и снижение разовой дозы препарата при лечении туберкулеза. 

Ключевые слова: сывороточный альбумин человека, п-аминосалициловая кислота, противотубер-
кулезный препарат, наночастицы, адсорбция, иммобилизация, включение, полимерная матрица. 
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