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Abstract 

The paper describes a chemical method for the fabrication of superfine polivinillpirrolidon based coating for doxorubicin-eluting polymer 
biliary stents. The optimal conditions for the fabrication were defined and the effectiveness of the coating when exposed to bile in static 
conditions was proved. The study found that the obtained drug-eluting coating reduces the process of bile crystallization on the sample 
polymer stent surface. The mechanism of “PVP- doxorubicin” stable adsorption complex formation was studied using quantum - chemical 
method DFT. A number of positions of doxorubicin molecule in respect to polyvinylpyrrolidone fragment were analyzed, and the basic 
characteristics of adsorption processes were defined. It was found that energetically more favorable interaction occurs via the doxorubicin 
molecule oxy group.  
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1 Introduction 

Stenting as a method for treating narrow or weak arteries by 
placing inside metallic tubes was first implemented about 
fifty years ago [1, 2]. Currently, as many as four hundred 
types of stents made of various materials are applied in me-
dicine. They differ from one another in length, design and 
surface coating that comes in contact with bodily fluids [3, 
4]. Apart from being intensively used in the treatment of 
coronary heart disease, stents are universally required to 
recover natural passages in the body such as the biliary tract 
and ureter. For this particular purpose, stents made of plastic 
(polyethylene, PVC) are used [5]. These so-called biliary 
stents counteract disease-induced flow restrictions caused 
by stones or malignant tumors or help to ensure the passage 
of stones or drainage after surgery or injury [6-8]. However, 
the efficiency of stents can seriously decline in case infec-
tion sets in or salts build up on the stent surface [9]. To eli-
minate the possible negative effects an effective coating is 
required that when applied on the stent surface will ensure 
high concentration of bactericidal medication, prevent the 
buildup of salts and stones and provide systemic treating 
effects while the stent releases drug into the body [10-12]. 
At present, drug-eluting stents are considered to be a most 
important tool of treatment. When combined with modern 
medical therapy they enable to quickly, efficiently and safe-
ly eliminate disease-induced symptoms. That is why a de-
mand for a broader range of possible drug carriers that pro-
long drug release and possess additional antibacterial pro-
perties increases and the development of new simple and 
inexpensive methods to apply coating on the surface of 
polymer stents seems to be vital.  

In this paper we describe a new method to prepare thin 
film coating that is based on a well-known antioxidant poly-
meric substance N- vinylpyrrolidone made from the mono-
mer polivinillpirrolidone (PVP or polyvidone) [13-16]. As a 
drug to saturate the polymeric coating applied on the biliary 
stent surface we chose doxorubicin [17, 18]. As drug carrier 

we chose PVP because it has a number of valuable charac-
teristics, namely non-toxicity, solubility in most organic sol-
vents and water, good adhesive properties and high tenden-
cy to form compounds [19]. 

We have designed a technique that can be used to apply 
drug-releasing thin film coating on biliary stents. The expe-
rimental results are reinforced by theoretical quantum-che-
mical calculations for the interaction processes between the 
coating components (PVP and doxorubicin). The theoretical 
data turned out to be in good agreement with the obtained 
experimental results. 

2 Experimental studies of possibility for application of 
superfine drug coating on the biliary stent surface 

A biliary stent represents a polymer sample in the shape of 
a flexible cylinder made from polyurethane. For application 
of drug coating on the biliary stent surface an aqueous solu-
tion was prepared, which is a complex of drug and polymer 
that acts as a carrier for the drug substance. The solution of 
«PVP + doxorubicin» was applied on the biliary stent sur-
face by chemical means and formed the expected drug coa-
ting. Polyvidone (PVP) can be described as a mixture of li-
near amorphous polymers with varying degrees of viscosity. 
PVP is a yellow-white or white hygroscopic powder with a 
faint characteristic odor, it becomes soft at a temperature of 
140° –160° C. The substance is soluble in water, alcohol, 
concentrated and diluted mineral acids, aromatic hydrocar-
bons. The polyvidone (C6H9NO) n macromolecule structu-
re is shown in Figure 1. 
 

 
FIGURE 1 Polyvidone macromolecule structure 
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The choice of polyvidone as substance carrier was de-
termined by the following reasons. The electronic nature of 
the PVP functional groups (fragments of the macromolecule) 
provides this polymer with a number of unique features that 
ensure its wide application in industry and medicine. It is 
characterized by high absorption capacity and tendency to 
form compounds. This property of polyvidone to bind to 
many substances (low molecular compounds) including 
drugs, dyes, etc., is used in medical practice to prolong the 
effect of drugs and remove disease-causing toxins from the 
body of humans and animals [13-16]. Polyvidone does not 
display any effect on the body, since it cannot be split by 
enzymes and it passes unchanged through the kidneys [15]. 
When binding to substances of protein origin including to-
xins, products of tissue decomposition, products of bacterial 
origin, PVP forms compounds that can easily pass through 
the kidneys. But for polyvidone these organic compounds 
would have accumulated in the body. Polyvidone based 
compounds help to normalize permeability of cell mem-
branes and restore electrolyte composition. As a result, the 
liver and kidneys regain their normal functions, enzymatic 
processes as well as protein synthesis restore, etc. [16]. 

Doxorubicin (gross formula C27H29NO11) (Figure 2) is a 
crystalline or amorphous orange-red or red powder. The 
substance solves well in water, aqueous acids, acetone, bu-
tanol, chloroform. Doxorubicin is used as a chemotherapy 
drug in the treatment of certain cancers [17]. 

 
FIGURE 2 Doxorubicin formula 

The application of drug coating on the polyurethane 
stent surface was performed as follows. Firstly, 50% 
aqueous polyvidone solution was prepared. Full dissolution 
of the required concentration of PVP in water required 24 
hours. The obtained solution had a yellow color and suffi-
cient viscosity that allowed it to mount well on the polyu-
rethane sample surface. We also prepared another solution 
of the same polyvidone concentration, but this time we 
added doxorubicin into the solution in an amount of 8.5 % 
of the total volume. On thorough mixing and complete dis-
solving of the substances in water we obtained a bright oran-
ge color solution. Further, we degreased a biliary stent sur-
face by placing it in a solvent (acetone) for 30 minutes and 
then chemically applied coating by placing the stent in each 
of the prepared solutions. The dwell time of the stent in the 
solution was 24 hours. After being dried, the coated samples 
were examined under an optical microscope with magnifi-
cation 100 x. Analysis of the images (Figure 3) allowed us 
to determine the coating thickness, which turned out to be 
equal to 0.03 mm.  

 
а) 

 
b) 

FIGURE 3 Fragments of the polymer stent with drug coating: а) 50%-

PVP solution, b) 50%-PVP solution + 8,5% doxorubicin; (magnification 

х100) 

The next stage of the experiment was to test the effec-

tiveness of the obtained biliary stent drug coating by expo-

sure to bile. According to the fundamental research by K. 

Juniper that studied the bile elements it was found that the 

main ones that play a decisive role in the crystallization 

process, are cholesterol (CH), calcium carbonate (CC), 

calcium bilirubinate (BC) crystals, or a combination of 

them [20-22]. The study of bile by using polarized light 

microscopy showed that it can undergo a multi stage cry-

stallization process. Homogeneous micellar solution is an 

evenly spread dark field. In polarized light the crystals 

form optical shapes – textures that have various shapes de-

pending on the phase and type of crystal [17]. Taking into 

consideration these data, we conducted an experiment to 

test possibility to reduce the intensity of bile crystallization 

on the biliary stent surface by means of “PVP + doxoru-

bicin” complex coating application.  
The experiment was conducted in three stages. First, the 

clean polymer stent was placed in a vessel filled with bile for 
24 hours and after being removed from the bile the sample 
was immediately examined in polarized light by microscope 
MIKMED -5. The images captured show that in polarized 
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light crystals are well observable whereas other (non-cry-
stalline) elements are not visible, which eliminates errors in 
the identification of the observed objects. The obtained photo-
graphs of the sample are presented in Figure 4. Crystallization 
began about 4-5 minutes later after the sample had been 
removed from the bile. Further, we studied bile crystallization 
process on the stent with PVP based coating. It was found that 
crystallization process started six-seven minutes later after the 
stent had been removed from the vessel with bile. Finally, a 
study of the bile crystallization process on the stent surface 
coated with “PVP + Doxorubicin” complex was conducted. 
The sample stent coated with drug under study was placed in 
a vessel with bile for 24 hours, then removed and immediately 
studied under a microscope. The obtained pictures are shown 
in Figure 5. The process of crystallization began in 18-20 mi-
nutes after we had removed the sample from the bile. That is, 
the time interval until the onset of crystallization increased 
approximately 3-fold. The observation showed that the cry-
stals on the surface of the drug-eluting stent were substantially 
smaller in size. 

Then, we estimated the size of crystallization area at 
magnification 100 x that took place 5 minutes later after the 
stents under study had been removed from the vessel with 

bile and compared the one in all the three cases: 1) on the 
surface of the clean stent, 2) on the stent surface with PVP 
based coating, 3) on the stent surface with “PVP + doxoru-
bicin” complex coating. The observations showed that the 
surface of the clean stent in the time interval of 5 minutes 
was found to be 100 % covered in crystals. In the case with 
PVP based coated stent as much as 80 % of the surface area 
was estimated to be crystallized whereas the stent coated 
with «PVP + doxorubicin» complex displayed no signs of 
crystallization process. 

Thus, we empirically tested that application of coating 
on the biliary stent is possible by chemical method when 
certain conditions are observed. In the course of this experi-
ment, we found optimal proportions of polyvidone, water 
and doxorubicin volumes to produce the most stable coating. 
The effectiveness of coating was tested under exposure to 
bile, and it was found that the empirically obtained coating 
reduces bile crystallization processes on the sample surface. 
Resistance of the coating that provides uniform dissolution 
of doxorubicin and enables its prolonged effect due to which 
long-term presence of the drug in the body is possible was 
tested. This prolonged action is much more effective as 
compared to a doxorubicin injection on the daily basis. 

  
а) b) 

FIGURE 4 A fragment of the clean stent before the onset of bile crystallization process on its surface (a) and a fragment of the stent five minutes later 

it had been removed from the bile (b) 

  
а) b) 

FIGURE 5 A fragment of the stent coated with “PVP + Doxorubicin” complex before the onset of bile crystallization process on its surface (a) and a 

fragment of the stent five minutes later (b) 
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3 Quantum chemical study of the interaction between 
PVP macro- molecules and doxorubicin molecules 

We studied the interaction mechanism between polyvidone 
and doxorubicin and performed calculations of the interac-
tion process in the framework of quantum-chemical method 
DFT (density functional theory) using B3LYP functional 
[23]. To describe the polymer PVP a molecular cluster con-
sisting of three monomers N-vinylpyrrolidone was modeled. 

It is known that one of the most important properties of 
PVP is the ability to form stable complexes with phenolic 
compounds due to the formation of a hydrogen bond 
between the functional group of polyvidone > N- C = 0 and 
the oxy group of polyphenol molecule. In the structure of 
doxorubicin molecule five oxy groups can be identified. 
Taking this fact into consideration, we selected hydrogen 
atoms belonging to these groups as possible active adsorp-
tion centers. In Figure 6 they are numbered 1 – 5. 

 

 
FIGURE 6 Possible adsorption centres of a doxorubicin molecule 

We considered several positions of a doxorubicin mole-
cule in respect to the fragment of PVP shown in Figure 7. 
As the figure shows interaction takes place at the doxoru-
bicin active centre – the hydrogen atom of the oxy groups: 
a) adsorption center 1; b) adsorption center 2; c) adsorption 
center 3; d) adsorption center 4; e) adsorption center 5.  

The adsorption process was modeled in increments of 
0.1 Å of doxorubicin molecule to a fragment of Polyvidone 
macromolecule. The calculations allowed us to construct 
energy curves of these processes (Figure 8). The chart analy-
sis showed that each of the three curves (variants 1, 4, 5) has 
an energy minimum that indicates the case of adsorption. 
The rest of the positions studied (namely, variants 2 and 3) 
correspond to the unstable state of the system since the 
minimum is located in the range of positive energies. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

FIGURE 7 The process of doxorubicin molecule approaching an O atom 

of the PVP molecule; interaction takes place via the active centre of 

doxorubicin – H atom of the oxy group: a) adsorption centre 1; b) 

adsorption centre 2; c) adsorption centre 3; d) adsorption centre 4; e) 

adsorption centre 5 
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The curves show that energetically more favorable inter-
action is observed in variant 5 (Table 2, Figure 10) where 
adsorption energy EADS = - 0.57 eV, which corresponds to 
theoretically obtained values of hydrogen bond energy and 
indicates the formation of the most stable structure. The 
main characteristics of doxorubicin and PVP interaction 
process are shown in Table 1. 

The obtained values of the main characteristics of the 
interaction determine the possibility of fairly easy desorp-
tion of doxorubicin from PVP and its gradual release into 
the body thus providing a long-term medical effect. 

 
FIGURE 8 The dependence of doxorubicin and polyvidone 

macromolecules interaction energy values on a distance  

 

 

 

TABLE 1 The main characteristics of PVP and doxorubicin interaction 

process for different positions: rаds, Ǻ - adsorption distance, 

Еаds, eV – adsorption energy 

Variants rаds, Ǻ Еаds, eV 

1 2.1 -0.34 

2 - - 

3 - - 

4 2.6 -0.28 

5 1.7 -0.57 

4 Conclusions  

We proposed a method for preparing drug-eluting coating for 
polymeric stent surface, namely, we experimentally found 
optimal proportions of polyvidone, water and doxorubicin 
volumes to produce the most sustainable coating, and we 
tested the coating efficiency under exposure to bile in static 
conditions. We found that the obtained coating reduces the 
process of bile crystallization on the sample surface. 

We proposed and studied theoretically a plausible stable 
adsorption complex “PVP doxorubicin” formation mecha-
nism that can be used as effective coating enabling prolon-
ged release of drug into the body. We analyzed a number of 
positions of doxorubicin molecule with respect to polyvi-
done in the interaction process and calculated the main cha-
racteristics of adsorption processes. We found that energe-
tically more favorable variant is the one where interaction 
takes place via the oxy group in a doxorubicin molecule. 
The obtained values of distance and adsorption energy 
indicate the possibility of a gradual release of doxorubicin 
into the body when it desorbs from PVP.  
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