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The drug administration methods by ingesting and injecting, namely the time–release 

medication deliver treatment comprise certain disadvantages such as the impossibility to control 
the rate of drug delivery, the target area limit, the therapeutic decrease effect, and drug potencies 
[1]. Other major drawback of systemically drug administration is their failure in treatment of 
central nervous system or intraocular diseases because of blood-brain and blood–retinal barriers 
[2, 3]. During the past decades, the interest for better controlling the time-release medication and 
target location of drug delivery has increased. The most important advantages of the medical 
administration by drug delivery systems are the improved efficiency by localized delivery and 
reduced toxicity, minimizing the quantity of drugs and so their side effects [1, 4]. In cancer 
therapy the drug delivery systems are used for a much precise target area and a longer time of 
action of used drugs [5, 6]. It is known, L-asparagine is a nutritional amino-acid required for both 
types of cells tumor and normal, but the leukemic cell can not synthesize L-asparagine and so they 
depend on the plasma deliver of L-asparagine [7]. Thus, this enzyme is used in leukemia therapy 
by catalyzing the hydrolysis of L-asparagine to aspartic acid and ammonia and so killing the 
cancer cells by destroying their source of asparagines [8].  

The aim of our research was to build a substrate with high density of functional groups for 
the subsequent L-asparaginase immobilization, by physically and chemically linkages. The 
common forces involved in physical adsorption are intermolecular (van der Waals) and the most 
important disadvantage of this method is the possibility of leakage of adsorbed enzyme during use 
due to weak binding force between enzyme and carrier [9]. The chemical immobilization methods 
employ chemical bond formation to immobilize protein in three steps: surface activation, 
functional group modification, and protein immobilization. 

In our experiments we prepared thin polymers films with high density of functional groups 
by using a dielectric barrier discharge (DBD) in plan – plan geometry with 5mm gap, working in a 
mixture of helium and polymerizable compounds vapors, respectively acrylic acid (AAc) and N-
vinyl formamide. The flow rate of helium was 100mL/min and the vapors were introduced in the 
discharge by a gas handling system. The discharge was driven by 3 kV monopolar voltage pulses 
with 2 kHz frequency and the polymer foils of PET (polyethylene terephthalate) with 0.125 μm 
thick has been used as dielectric barrier. Plasma diagnosis was performed by optical emission 
spectroscopy and electrical measurements. The axial distribution of excited/ionized species in the 
discharge gap was expressed by the total emission intensity of light and the emission spectra, 
using a spatial resolution system with two slit arrangement. The signals were collected by an 
optical fiber and analyzed with a photomultiplier and a monochromator. The characteristic 
temperatures of the discharge (vibrational and rotational temperatures) were calculated using the 
Boltzman plot method. Both electrical and optical measurements proved that our discharge works 
in the homogenous regime and the discharge current was characterized by a single sharp peak with 



the duration of few μs. Due to the applied monopolar voltage pulses the secondary discharge 
appeared as a consequence of the electrical charge deposited on the dielectric foil, during the 
primary discharge. Regarding the axial distribution of the total light emission intensity we have 
found similarities between our DBD and the glow discharge at low pressure, with a maximum in 
the emission intensity near the cathode (dielectric). In addition, the estimation of vibrational 
temperatures showed the highest values in the cathode region. Concerning the rotational 
temperatures (approx. equal with the gas temperature) the calculated values were around 340K in 
the cathode region with a slight increase in the anode region at 380K. These measurements 
concluded that thermal effects are not implicated in the polymerization process. 

The polymerized films using the DBD as source of energy proved adherence to PET 
substrate and good uniformity. Images of the films taken by scanning electron microscopy showed 
a homogenous surface at micro scale, with granular structures of tens of nanometers. This has a 
particular importance in the enzyme immobilization, since geometric coupling of the enzyme with 
the substrate will assure a good stability. The polymerized films onto the PET substrate was 
identified also by contact angle measurements, the water contact angle being around 20° and on 
the unmodified PET was 79°. This suggests a surface rich in polar groups, OH groups in the case 
of acrylic acid polymerization and NH groups in the case of N-vinyl formamide polymerization. 
These groups will be implicated in short range interactions with the immobilized species. The 
ATR-FTIR analyses confirmed the presence of OH and NH groups in the chemical structure, see 
the spectra in the range 3600–3000 cm-1 (Fig. 1).  

 

 
 

Fig. 1 ATR-FTIR spectrum of plasma polymerized acrylic acid film; duration of deposition was 2 min. 
 

In conclusion, the dielectric barrier discharge working at atmospheric pressure can be used 
as energetic source in obtaining polymerization reaction onto the dielectric substrate. The duration 
of polymerization reaction was of 2 minutes and the SEM images, contact angle measurements 
and the FTIR spectra proved the plasma polymers occurrence. It obtained thin plasma polymers 
with a high density of functional groups, favoring the enzyme immobilization by covalent bonds. 
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