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Formulation of nimesulide-loaded 
polylactide/poly(lactic-co-glycolic acid) nanoparticles 
and the evaluation of release kinetics
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Abstract: Polymeric nanoparticles containing nimesulide (NIM) were prepared by the emulsion sol-
vent evaporation method. Biodegradable polymers were used as materials for nanoparticle formulations 
with the application of studies for the drug delivery sector in mind. Two analytical methods, scanning 
electron microscopy (SEM) and particle size analysis, were applied to investigate the obtained nanopar-
ticles. Characteristic parameters were calculated to describe the amount of active pharmaceutical ingre-
dient trapped in nanoparticles. The biological active substance release process was investigated under 
different conditions. The impact of various parameters [kind of polymer (PLA or PLGA), speed of mix-
ing and especially of pH] is presented across our research.
Keywords: nimesulide, nanoparticles, polylactide, poly(lactic-co-glycolic acid), poly(vinyl alcohol), drug 
release.

Formulacja nanocząstek polilaktyd/poli(kwas mlekowy-co-glikolowy) 
z nimesulidem oraz ocena kinetyki ich uwalniania
Streszczenie: Polimerowe nanocząstki zawierające nimesulid (NIM) otrzymano metodą emulsyjną 
z odparowaniem rozpuszczalnika. Do ich wytworzenia wykorzystano biodegradowalne polimery. Wy-
tworzone nanocząstki zbadano za pomocą skaningowej mikroskopii elektronowej (SEM) oraz analiza-
tora wielkości cząstek. Obliczono charakterystyczne parametry opisujące ilość substancji farmaceutycz-
nie aktywnej uwięzionej wewnątrz nanocząstek. Oceniono wpływ rodzaju polimeru stosowanego do 
kapsułkowania, szybkości mieszania suspensji, w szczególności pH środowiska na proces uwalniania 
substancji biologicznie czynnej.
Słowa kluczowe: nimesulid, nanocząstki, polilaktyd, poli(kwas mlekowy-co-glikolowy), poli(alkohol 
winylowy), uwalnianie leku.

Nowadays, nanotechnology is one of the fastest deve-
loping fields of science, and involved in many different 
scientific areas. Plenty of research has already found ap-
plications in various fields to enhance the quality of life 
of human beings. The implementation of nanotechnol-
ogy in pharmacy and medicine is constant with invest-
ment in delivery systems composed of synthetic poly-

mers, biopolymers and their commonly used derivatives 
[1]. New possibilities for medicine opened due to all ap-
plications of (bio)polymers to construct new therapeu-
tic systems. This phenomenon brings advantages in the 
fight against illnesses that are hard to be treated with 
known, classic methods [2]. Currently, nanotechnology 
is also widely used in medicine for diagnostics and tis-
sue engineering [3]. The main goal of nano-diagnostics 
consists of the formulation and creation of methods en-
abling rapid illness diagnostics based on useful nano-
structures such as: drug carriers (polymers, biopoly-
mers, nanotubes, fullerenes, liposomes, etc.) or materials 
allowing highly selective particle transport (nanopores) 
[4]. The pharmacokinetics of commercially available 
pharmaceuticals and the application of nanotechnology 
for bioavailability enhancement can be both the founda-
tion for further drug delivery systems [5]. The possibility 
of physical and chemical property changes of drugs can 
be obtained by use of its nanostructured forms instead 

1) Warsaw University of Technology, Faculty of Chemistry, 
Department of Physical Chemistry, Noakowskiego 3, 00-664 
Warsaw, Poland. 
2) Warsaw University of Technology, Faculty of Chemical and 
Process Engineering, Waryńskiego 1, 00-645 Warsaw, Poland.
3) Industrial Chemistry Research Institute, Rydygiera 8, 01-793 
Warsaw, Poland.
4) University of KwaZulu-Natal, Thermodynamic Research 
Unit, School of Engineering, Howard College Campus, King 
George V Avenue, Durban 4041, South Africa.
*) Author for correspondence; e-mail: pobudka@ch.pw.edu.pl 



POLIMERY 2018, 63, nr 9 587

of macrostructures. Such a modified drug can be more 
stable, as well as more precisely delivered to the pro-
per place inside the body, and much better absorbed [6]. 
Afterwards, a controlled and verified method of active 
ingredient release, trapped in nanostructured drug car-
rier, can ensure a local concentration in the frame of the 
therapeutic window [7]. The use of such designed nano-
structures allows also for the reduction of drug doses, 
which both decreases the therapy costs and limits un-
desirable effects. 

As an active ingredient, the popular arylsulfonamide 
derivative drug, nimesulide (NIM) was proposed. Nime-
sulide belongs to the nonsteroidal anti-inflammatory 
drug class (NSAIDs). It inhibits the conversion of ara-
chidonic acid to pro-inflammatory prostaglandins in-
side the human body by selective binding to the enzyme 
prostaglandin-endoperoxide synthase 2 (COX-2), caus-
ing its inactivation [8]. NIM is quickly and well absorbed 
by the digestive system, but it is also highly metabolized 
by cytochrome P450 inside the human liver, wherefore 
maintaining its concentration in therapeutic window 
plays an important role for nanostructure applications. 
Its pain-relieving effect starts 15 min after oral applica-
tion and it is used in the case of many pain symptoms 
[9]. NIM has already been the subject of research from 
the emulsions and solid nanostructures field of science 
[10–19]. Nimesulide-loaded nanoparticles have been for-
mulated in two types of microemulsion: Epikuron 170 
(E170)/isopropyl  myristate/water/n-butanol (or isopropa-
nol) [10]. The authors presented the size of nanoparticles 
in the two microemulsions between 45 and 60 Å to be in-
dependent of the factor R ([water]/[E170]) [10]. Because of 
that, and the fact that nanoparticles were instantaneous-
ly formed and stayed stable during several months, the 
authors assumed a thermodynamic stabilization of the 
nanoparticles with the surfactant [10]. A microemulsion 
of solid nimesulide-loaded nanoparticles was obtained 
by the same authors in direct preci pitation in two wa-
ter/oil (W/O) microemulsion systems: E170 (which is a 
lecithin)/isopropyl myristate/water/n-butanol (ME1) and 
E170/isopropyl myristate/water/isopropanol (ME2) [11]. 

The influence of surfactant-coated, NIM-free, and NIM-
-loaded ethylcellulose/methylcellulose (EC/MC) nanopar-
ticles prepared with varied drug concentrations, polymer 
concentrations, and surfactant concentrations were pre-
sented as well [10]. Nanoparticles were characterized by 
scanning electron microscopy (SEM), particle size analy-
sis (AFM), and Fourier transform infrared spectroscopy 
( FT-IR). The nanoparticles mean size dia meter ranged 
from 244 to 1056 nm and from 1065 to 1710 nm for EC and 
MC nanoparticles, respectively [12]. The authors showed 
a linear relationship between the drug concentration and 
loading efficiency of the nanoparticles, whose definition 
has also been described here in Equation (1) (see further 
text). The encapsulation efficiency of active ingredient-
-loaded nanoparticles varied between 32.8 % and 64.9 % 
[12]. The NIM and shea butter lipid nanoparticles, using a 

new very simple technique of preparation, were presented 
at pH 6.9 [13]. Lipid nanoparticles were prepared by melt-
ing shea butter and mixing with an aqueous phase using 
a high shear mixer. Shea butter is a natural lipid obtained 
from the Butyrospermum parkii seeds and is mostly com-
posed of oleic and stearic acids. The obtained nanopar-
ticles had a size of 90 nm and a narrow polydispersity 
(0.21). Active ingredient release was evaluated using di-
alysis. The nanoparticles presented in in vivo experiments 
possessed significant pharmacological effects that were 
not seen for free drug administration [13].

The nanoparticles developed from NIM and poly(lactic- 
-co-glycolic acid) (PLGA) were presented as a biodegrad-
able polymeric active drug carrier to treat rheumatoid ar-
thritis [14]. Two different nonionic surfactants, vitamin E 
d-α-tocopheryl polyethylene glycol 1000 succinate (vita-
min E, TPGS) and poly(vinyl alcohol) (PVA) were used 
in this work [14]. The impact of surfactant percentage 
and ratio of active ingredient/polymer (1/10, 1/15, 1/20) 
of the NIM-loaded structures were investigated by mea-
surements of: the encapsulation efficiency, the particle 
size, the polydispersity index, and the surface charge 
[14]. Nanoparticles containing NIM were prepared and 
characterized, and the antiproliferative effect of ac-
tive ingredient-loaded versus active ingredient-free on 
 HT-29 and SW-480 cell lines was evaluated. The colloi-
dal mixtures with nanoparticles in size ranging from 85 
to 132 nm and negative zeta potential values were ob-
tained. Moreover, these systems showed a good loading 
capacity and drug release profile, and an in vitro antitu-
mor activity comparable to a non-loaded one [15]. The 
novel poly(ethyleneglycol)-block-poly(ε-caprolactone) 
( PEG-b-PCL) nano-sized particles encapsulated with 
NIM, a selective COX-2 inhibitor, were prepared to eva-
luate its anticancer activity against MCF-7 breast cancer 
cells [16]. These NIM-encapsulated PEG-b-PCL nanopar-
ticles were fabricated using three different production 
techniques: (i) by emulsion-solvent evaporation using a 
high shear homogenizer, (ii) by emulsion-solvent evapo-
ration using an ultrasonicator, and (iii) by nanoprecipita-
tion [16]. The nanoparticles were found to be of spheri-
cal shape with the average diameter of all nanoparticles 
ranging between 148.5 and 307.2 nm. In  vitro release pro-
files showed that all nanoparticles exhibited a biphasic 
release pattern. NIM-loaded nanoparticles demonstrat-
ed significant anticancer activity against MCF-7 breast 
cancer cells in a dose-dependent manner, which was 
dependent on the preparation techniques [16]. An in-
teresting review of nanosizing techniques as important 
tools for improving the bioavailability of water insoluble 
drugs was recently presented. In this review, strategies 
including drug nanocrystals, nanoemulsions, nanosus-
pension and polymeric micelles were reviewed [17]. The 
development of polymeric nanoparticles for the deliv-
ery of  JSI-124 (a small molecule inhibitor of STAT3) to tu-
mor and immunosuppressed dendritic cells (DCs) using 
 poly(D,L-lactic-co-glycolic acid) nanoparticles (PLGA) us-
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ing the emulsification solvent evaporation method was 
presented as a potential anticancer modulation compo-
sition [18]. A similar invention proposed NIM-loaded 
nanoparticle compositions with at least one surface sta-
bilizer adsorbed on, or associated with, the surface of 
the NIM-loaded particles. The obtained effective aver-
age particle size was less than 2000 nm [19]. Thus, the in-
travenous administration of loaded nanoparticles-based 
drug can potentially enhance the time of circulation in 
blood and improve drug performance by inducing the 
accumulation into tumors by enhanced permeability and 
retention.

In this paper, the formulation of NIM-loaded nanopar-
ticles with PLA or PLGA compositions, and the deter-
mination of two ways of release from nanostructures 
at constant temperature and different pH and speed of 
shaking (rpm) were investigated. The quantitative re-
lease phenomenon is an important issue concerned with 
drug effectiveness. The goal of the research was to under-
stand whether the type of used polymer (PLA or PLGA), 
thus nanoparticles shape, correlates with the nimesulide 
release characteristics, and whether both drug release 
methods can be applied to in vitro experiments. More-
over, the chosen pH conditions to investigate release pro-
cess correspond to each part of human digestion system, 
which is crucial for drug delivery system design. 

EXPERIMENTAL PART

Materials

– Nimesulide (CAS Registry No.  51803-78-2, ≥ 0.98 mass 
fraction purity), poly(D,L-lactide), PLA, (CAS Registry No. 
26680-10-4, R 203S, Mw = 18–28 · 103 g/mol), poly(D,L-lac-

tide-co-glycolide), PLGA, (CAS Registry No. 26780-50-7, 
R 203S, Mw = 54–69 · 103 g/mol) were delivered by Sigma 
Aldrich. 

– Poly(vinyl alcohol), PVA, (CAS Registry No. 
 9002-89-5, Mw = 88 · 103 g/mol, 88 % hydrolyzed) was de-
livered by  Acros Organics. 

The names, abbreviations, structures, and molecular 
weights of the compounds are given in Table 1. 

– The buffers were prepared from compounds de-
livered by POCH, i.e., dipotassium hydrogen phos-
phate (CAS number 7758-11-4, 0.99 mass fraction), po-
tassium dihydrogen phosphate (CAS number 7778-77-0, 
0.995 mass fraction), potassium hydroxide (CAS num-
ber  1310-58-3, 0.988 mass fraction), phosphoric acid (CAS 
number  7664-38-2, 0.85 mass fraction). 

– For organic solvents, we used methylene chloride 
(CAS number 75-09-2, 0.99 mass fraction), dimethyl sulf-
oxide (CAS number 67-68-5, 0.99 mass fraction), acetone 
(CAS number 67-64-1, 0.999 mass fraction). For chromato-
graphic measurements, we used methanol (CAS number 
67-56-1, 0.99 mass fraction). All solvents were purchased 
from Sigma Aldrich. Twice distilled and degassed water, 
deionized and filtered with MiliporeElix 3 was used. Cel-
lulose dialysis bags with a pore size of 12 kDa (avg. flat 
width 25 mm, 1.0 in.) were obtained from Sigma Aldrich. 

Particle preparation

The nanoparticles formulation was based on an “oil in 
water” (O/W) emulsion. In our case, oil means an organ-
ic solvent. Poly(vinyl alcohol) (PVA) dissolved in water 
works as an emulsion stabilizer surrounding organic (“oil”) 
droplets. The concentration of PVA in water should not be 
lower than 0.4 % but not higher than 3.0 % (in our case  

T a b l e  1.  Characteristics of the investigated compounds
Name of compound/abbreviation Structural formula Molecular weight, g/mol

Nimesulide/NIM 308.31

Poly(D,L-lactide)/PLA 18–28 · 103

Poly(D,L-lactide-co-glycolide)/PLGA 54–69 · 103

Poly(vinyl alcohol)/PVA 88 · 103
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0.8 g PVA was dissolved in 100 cm3 of water). This mixture 
was mixed for 24 h until a homogenous solution was ob-
tained and then filtered to remove undissolved parts. In the 
second beaker, 15 mg of selected active ingredient, NIM, 
was added to 30 cm3 of acetone and 30 mg of the proper 
polymer. The scheme of the preparation is given in Fig. 1. 

The prepared organic solution from the first step 
was injected to a continuously stirred aqueous solution 
of PVA. Emulsion droplets were quickly formed in the 
whole beaker volume. The droplets started to be covered 
with PVA, which caused a reduction in affinity between 
acetone and the polymer fraction. The locally increased 
acetone concentration near the drops caused flocula-
tion of the PVA and reduced its affinity to acetone. Af-
terwards, acetone started to evaporate and the droplet 
diameters gradually decreased (step 2). Evaporation of 
acetone reduced the PLA/PLGA solubility (step 3) and 
determined the formation of nanoparticles loaded with 
the active ingredient (step 4). The time needed for the en-
tire evaporation of acetone was about 24 h. 

Methods used for drug release

Two methods for NIM release from the polymer nanopar-
ticles were used: the dialysis membrane method (DM) and a 
high throughput screening method (HTS). In the case of the 
DM method, a 1 cm3 sample of nanoparticle suspension was 
washed three times with distilled water and centrifuged 
(Hettichzentrifugen, EBA 20). Then, 1 cm3 of proper buffer 
(pH 2.5 or 7.4 or 9.0) was added and the sample was intro-
duced to a dialysis sack with a pore size of 12 kDa. The sack 
was placed into a vessel containing 150 cm3 of 10 mM buffer 
with the proper pH. Afterwards, the system was closed and 
slowly mixed with a magnetic stirrer. Samples of a volume 
of 0.2 cm3 were collected at equal time intervals.

In the HTS method, similarly to the DM method, 1 cm3 
samples of nanoparticles were washed three times with 
distilled water and centrifuged (Hettichzentrifugen, 
EBA 20). Then, 1 cm3 of the proper buffer (pH 2.5, 7.4 or 9.0) 
was added and the solution was shaken. A further 0.2 cm3 

of obtained suspension was placed in the well of the donor 
plate with filter mode on the bottom (dialysis sack). In this 
way, ca. 0.5 mg of nanoparticles was loaded to each well. 
Then, to limit evaporation, the donor well-plate was closed 
with self-adhesive foil. Next, 0.28 cm3 of the proper buffer 
(pH 2.5 or 7.4 or 9.0) was placed in the wells of the acceptor 
plate. Finally, both donor and acceptor plates were put to-
gether and shaken (Unipan, laboratory shaker type 358 S) 
for 12 h or longer. After the proper incubation times, sam-
ples were collected and analyzed chromatographically.

Methods of testing

– Particle sizes were determined by photon correlation 
spectroscopy using a Zetasizer 3000 HS (Malvern UK). 
Samples were diluted with water just after production 
and their size established by taking the average of at least 
three measurements.

– Scanning electron microscopy (SEM) was used to 
characterize the morphology of the nanoparticles. Sam-
ples were diluted in distilled water, dried, covered by 
a fine gold layer (11.6 nm thick) with a Leica EM SCD 500 
coater (20 s, 44 mA), and observed on a JSM-6300 (JEOL, 
Tokyo, Japan) scanning electron microscope.

– The efficiency of the used method for particle prepa-
rations was described by two parameters: 

loading efficiency (LE) – defining the percentage of the 
active ingredient in the obtained nanoparticles structure:

  (1)

where: md – mass of loaded active pharmaceutical in-
gredient, mn – mass of loaded nanoparticle;

entrapment efficiency (EE) – efficiency of the nanopar-
ticles formulation:

 
dup

du

 (2)

where: mdu – mass of active ingredient used for 
nanoparticle preparation, mdup – the sum of mdu and of 
polymer used for the nanoparticle preparation.

The necessary mass data was obtained by the following 
experimental procedure. A sample was collected from the 
nanoparticles suspension. Then, it was centrifuged (Het-
tichzentrifugen, EBA 20). The supernatant above the pel-
let was removed and the nanoparticles were washed three 
times with distilled water and further dried under vacu-
um. A known mass of dried nanoparticles was dissolved 
in a 2 % solution of DMSO in acetonitrile until the entire 
polymer dissolved. The mass of active substance loaded 
in the nanoparticles was determined by the use of HPLC 
(high-performance liquid chromatography, Agilent Tech-

1. 2. 3. 4.

Acetone PVA PLA/PLGA

Fig. 1. The scheme of the preparation of nanoparticles 
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nologies 1200 series with UV-VIS detector and C18 column 
150 × 4.6 mm, 5 μm filling), gradient methanol (75 %) and 
phosphate buffer (25 %), flow 1 cm3/min. The values of the 
calculated parameters are given in Table 2.

The results clearly show that high efficiency of nanopar-
ticles formation has been obtained for both polymers.

RESULTS AND DISCUSSION

Biodegradable polymers used in controlled drug deli-
very formulations must be chemically inert, non-tox-
ic and free of leachable impurities. Degradation prod-
ucts must be tolerated with little or no adverse reactions 
within the biological environment and should be me-
tabolized and removed from the body via normal meta-
bolic pathways. Therefore, the biodegradable polymers 

(PLA and PLGA) were used. The polymer particles were 
prepared with a O/W “oil in water” emulsion method. 
The results of the SEM analysis present two different 
types of nanostructures containing NIM: sphere-shaped 
nanoparticles (PLA) (Fig. 2) and nanofibers (PLGA) 
(Fig. 3). Detailed characteristics of the obtained nano-
structures are given in Table 3. The presented results 
proved the unified structures of nanoparticles in both 
cases. The average size of nanoparticles (PLA) was about 
1020 nm and the diameter of the nanofibers (PLGA) was 
about 240–355 nm. 

The release of the active ingredient from polymer 
nanoparticles is a rather complicated process. It can be 
affected by many factors such as the binding affinity be-
tween the polymer and the drug, polymer degradation 
speed, pH and so on.

T a b l e  2.  Assessment of nanoparticles

Polymer EE 
%

LE 
%

PLA 69.3 23.1
PLGA 84.6 28.2

T a b l e  3.  Characteristics of the obtained nanoparticles

Polymer Average size 
nm

Zeta 
mV

Polydispersity 
index

PLA 1020 -18 ± 2 0.387
PLGA 240–355 -23 ± 3 0.337

10 mμ 2 mμ

5 mμ 1 mμ

Fig. 3. Polymeric nanofibers PLGA loaded NIM: a) zoom 10 000 times; b) zoom 40 000 times

Fig. 2. Polymeric nanoparticles PLA loaded NIM: a) zoom 5000 times; b) zoom 20 000 times

a) b)

a) b)
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The process of NIM release from polymer nanoparticles 
have been characterized and calculated for each experi-
mental point by the active ingredient release ratio – RR:

 uw

zal

 (3)

where: nuw – number of active ingredient moles re-
leased from nanoparticles during the experiment at each 
point of time, nzal – number of active ingredient moles 
loaded in nanoparticles at the beginning experiment.

The process of the NIM release from the polymer 
nanoparticles were investigated by the use of the DM 
method and the HTS method. The obtained results for 
different pH (pH = 2.5 or 7.4 or 9.0) and rpm speeds are 
presented from Fig. 4 to Fig. 8. We observed that, as in 
literature in the field, the active ingredient release de-
pends on both pH (in both methods used) and the speed 
of shaking, rpm (in HTS method). The amount of released 
NIM from nanoparticles was greater in the same peri-
od of time with increased values of both pH and rpm 
(HTS method). For the faster shaking speed (300 rpm), 
in comparison with 100 rpm, the active ingredient re-
lease is greater by about 30 % over slightly shorter times 
(see Fig. 4). For example, the release ratio changed after 
5 h from 68 % (100 rpm) to 90 % (300 rpm) in the HTS 
method (PLA, pH = 7.4, see Fig. 4), the faster the shaking, 
the quicker the release. The comparison of NIM release 
from PLA nanoparticles at pH = 7.4 with the DM and the 
HTS methods is shown in Fig. 5 for the speed of shaking 
300 rpm. As we can see, the release ratio is only slightly 
higher for the HTS method.

A comparison (Fig. 5 and Fig. 6) shows that there is 
only a small difference between the kinetics of NIM re-
lease in both methods used. In the case of both methods, 
higher pH values induce active ingredient release. The 
NIM release rate was greater for alkaline pH than neu-
tral pH, and the NIM release at neutral pH was greater 
than at acidic pH. The lower active ingredient release rate 
at the acidic pH than alkaline pH is attributed to the re-
pulsion between H+ ions and cations on the surface of 
the polymers, which slows down the hydrolysis of the 
polymer. These results are also very important from the 
point of view of the scale change because they confirm 
the possibility of research performance in the micro-scale 
(HTS method) instead of the macro-scale (DM method). 
Moreover, the comparison of NIM release from the PLA 
and PLGA nanoparticles at pH = 7.4 , 300 rpm, were done 
for both methods. 

Further results are shown in Fig. 7 and Fig. 8. As we 
can see, the structure of the polymer has an impact on the 
process of drug release. The curves for PLA and PLGA re-
lease kinetics are very similar. A similar shape of curves 
for PLGA and PLA does not mean that the release is 
the same because sphere-shaped nanoparticles for PLA 
(Fig. 2) and nanofibers for PLGA (Fig. 3) were observed. 
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Fig. 4. The comparison of NIM release from PLA nanoparticles 
at pH 7.4 with the HTS method, the speed of mixing 100 rpm and 
300 rpm:  300 rpm,  100 rpm

Fig. 5. The comparison of NIM release from PLA nanoparticles 
at pH 7.4 with the DM and the HTS methods; the speed of mix-
ing 300 rpm:  HTS,  DM; the line type corresponds to release 
study method as follows: dotted for DM method and solid for 
HTS method

Fig. 6. The comparison of NIM release from PLGA nanoparticles 
at different pH with both the DM method, 300 rpm:  pH 2.5, 
 pH 7.4,  pH 9.0 and the HTS method:  pH 2.5,  pH 7.4, 
 pH 9.0; the line type corresponds as in Fig. 5. 
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The in vitro release of active ingredient-loaded nanopar-
ticles was found to be first order [14]. A little faster NIM 
release (in particular period of time) was obtained for the 
use of PLA than of PLGA. This was slightly increased 
in PLA nanoparticles (99.0 %) in comparison with PLGA 
nanoparticles (93.5 %) after 12 h (Fig. 8).

CONCLUSIONS

The wide investigation concerning NIM release from 
two types of polymer nanoparticles (PLA and PLGA) 
was done. The process of NIM release from polymer 
nanoparticles was investigated by the dialysis mem-
brane method (DM) and high throughput screening 
method (HTS). 

The comparison of the active ingredient release 
showed no significant differences between the two used 
methods for the initial period of release study (Fig. 5). 
However, NIM release depends on both pH (both used 
 methods) and the speed of shaking (rpm in HTS method). 
The rate of NIM release is greater at higher pH (in both 
used  methods) and faster rpm (HTS method).

Taking into consideration two scales of drug release 
experiment, obtained results give an important advan-
tage, due to confirmation that the micro-scale (HTS 
method) experiment allows to obtain similar results as 
the macro-scale one (the DM method). Micro-scale, as a 
high-throughput, can be used for screening release ratio 
on initial periods of these studies consuming only small 
amounts of materials.

Understanding how to slow down the release of NIM 
from nanoparticles gives an advantage to drug deli very 
systems. Controlled release allows a decrease in the 
amount of delivered drug that still maintains an active 
concentration in human bodies in the frame of the thera-
peutic window.

Independently of the structure of the used polymers, 
the curves of the drug release are very similar. Faster 

nimesulide release was obtained for the use of PLA over 
PLGA, which can be explained by the PLGA degrada-
tion in the used solution. The obtained results can bring 
the idea that the release process is not dependent on the 
polymer composition. But taking into consideration the 
difference between their nano-scale shapes (see Fig. 2 
and Fig. 3) and the fact that PLGA polymer possesses 
the addition of glycolic acid in its’ composition, it can be 
explained by different speeds of polymer hydrolysis – 
nevertheless the process can be more complicated and a 
combination of other phenomena. 

Funding for this research was provided by the Warsaw Uni-
versity of Technology, Warsaw, Poland.
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Polska Izba Opakowań i Międzynarodowe Targi Poznańskie

zapraszają do udziału w

IV Kongresie Przemysłu Opakowań

„TRANSORMACJA PRZEMYSŁU OPAKOWAŃ  
W KIERUNKU GOSPODARKI O OBIEGU ZAMKNIĘTYM”

Centrum Kongresowe MTP, Poznań  – 2 października 2018 r. 

Celem konferencji jest zainicjowanie zmian w projektowaniu i procesach wytwarzania opakowań, mają-
cych na celu zwiększenie odzysku surowców i materiałów z odpadów opakowaniowych i ponowne ich 
wykorzystanie.

Zaproszenie jest skierowane głównie do projektantów i producentów opakowań i materiałów opakowa-
niowych, a także do organizatorów i realizatorów procesów: zbiórki, selekcji i recyklingu opakowań.
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