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Polymeric nanoparticles (PNPs) are a nanotechnology-based
system fabricated for pharmaceutical purposes [2,3]. In recent
years interest towards polymer nanoparticles has been especially
increased due to their favorable characteristics in terms of sim-
ple elaboration and good biocompatibility. PNPs have a marked
role since they can bring therapeutic agents in the human body
with excellent efficiency [4,5]. In addition, they transport active
ingredients to intended position at the specified concentration
and impart stability and longer duration. Thus, PNPs are con-
sidered one of the ideal candidates for drug delivery systems
[6]. The design of a PNP delivery system requires efficient con-
trol of quality characteristics. Moreover, the development of an
unstable nanocomposition results in the uncontrolled and un-
predictable behavior of nanoparticles in a complex biological
environment [4]. That is why it is critically important to develop
nanoparticles with stable, reproducible properties. The proper-
ties of polymeric nanoparticles depends on various factors, such
as polymer nature, physical-chemical properties of active sub-
stance and target characteristics of nanoparticles. Accordingly,
understanding process and formulation variables influencing the
nanoparticles properties is very important. Though, most of the
nanoparticles preparation methods need to be developed and op-
timized [7,8]. Various process variables influence the character-
istics of nanoparticles prepared, which needs to be determined
and strictly adjusted during nanoparticle fabrication process.
The purpose of this study was to evaluate the effect of process
and formulation variables on the preparation of biodegradable
polymeric nanoparticles. Poly-lactide-co-glycolide (PLGA) was
selected as the most widely used biodegradable polymers [2],
which protects active pharmaceutical ingredient from human
defence system. Also, PLGA as a nanocarrier, is good candidate
to insure sustained release of active ingredient. PLGA based
nanoparticles were prepared by modified emulsification method
[4,7]. During experiment we studied impact of various biophar-
maceutical factors on colloidal characteristics of nanoparticles.

Material and methods. Biodegradable polymer PLGA,
Poly(D,L-Lactide-co-Glycolide, (LA:GA  50:50, MW
7000-17000),Surfactants: polysorbates-Tween 80, tween 20,
Sorbitan monooleate (MW 1310), polyvinyl alcohol (PVA,
Mowiol 8-88, MW 67,000), Kolliphor P188 (Poloxamer 188)
were purchased from Sigma-Aldrich (Germany). Organic
solvents: acetone, chloroform, 1,2-dichloroethane were pro-
vided by Tbilisi State Medical University. Freeze-dried crude
extract of Erysimum contractum Somm. Et Levier was ob-
tained from Neopharmi LTD, Tbilisi, Goergia. Crude extract
of Erysimum contractum Somm. etLevier is rich with of fla-
vanoidsand indole, pyridine alkaloids. Cytotoxic activity of
crude extract of Erysimum contractum Somm. etLevier is
also evaluated by Dr. Dali Beridze.

Preparation of the NPs (General Procedure). The polymer
NPs were prepared according to the modified emulsification-sol-
vent evaporation method. All experiments of NPs formulation
were performed at room temperature. In a typical procedure, a
definite amount of PLGA was dissolved in an organic solvent.
The organic phase was added to the aqueous phase containing

© GMN

surfactant and stirred on the magnetic stirrer at 2500 rpm. Evapora-
tion of organic phase takes place at room temperature. Particles are
washed three times with 20 ml distilled water. Nanoparticles are
washed and collected by centrifuging (15 000 g, 15 min). The influ-
ence of the different factors such as organic solvents, surfactants,
as well as a polymer concentration in the organic phase, surfactant
concentration in the aqueous phase, the organic/water phase ratio
on the NPs fabrication process was studied.

NPs Size and size distribution. The mean particle diam-
eter of NPs was characterized by size and size distribution
(Polydispersity Index, PDI). Measurement was performed by
dynamic light scattering (DLS) using a Zetasizer Nano ZS
(Malvern Instruments, U.K.) at 25°C. The MPD and PDI are
presented as an average of three individual measurements+
standard deviation (SD).

Entrapment efficiency. The amount of entrapped active phar-
maceutical ingredient (crude extract of Erysimum contractum
Somm. etLevier) was calculated by dissolving the nanoparticle
sediment into DMSO (dimethyl sulfoxide) and entrapment effi-
ciency was calculated according to the equation: EE%= amount
of extract determined in sediment x100%/applied amount of
extract. The absorbance was measured at 425 nm.

Results and discussion. /nfluence of surface active substanc-
es on particle size and size distribution. Surface active sub-
stances (surfactant) are used to reduce the surface tension and
stabilize the droplet phase during emulsification process. The
nature and concentration of the surfactant influence on particle
size, polydispersity index and their colloidal stability [5].

Low concentration of the surfactant results in colloidal
instability of the nanocomposites. While at high concentra-
tion, as surfactant acts as a solubilizing agent, the active
substance diffuse in aqueous medium and is dissolved in the
form of micelles, thus entrapmentefficiency is decreased.
This phenomenon also reduces surfactant tconcentration in
aqueous medium, which results in colloidal instability of
system [9]. Thus, determination of optimal concentration
of the surfactant is one of the critical parameters during
nanoparticle fabrication. Different non-ionic surfactants
were used in nanoparticle preparation process:poloxamer
188, sorbitan monooleate (Span 80), polysorbate 20 (tween
20), polysorbate 80 (tween 80), polyvinyl alcohol (PVA).
The NPs were prepared according to the general procedure
described above. The parameters of the NPs fabrication
process are given below: concentration of the polymer in
organic phase 50 mg/ml, organic solvent - 1,2 dichloroeth-
ane, organic phase/ water phase ratio — 1:20. Fifteen com-
position was developed to study influence of surfactants.

Empirical screening of the prepared nanocomposites was
implemented by visual evaluation of nanoemulsion. Exclusion
criteria was phase separation and formation large aggregates.
In nanocomposites where no large aggregates are visually ob-
served, biological microscope and dynamic light scattering
(DLS) are used to characterize size distribution of nanoparticles.
List of the formulations, as well as their visual evaluation results
are given in the Table 1.
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Table 1. The influence of surfactant concentration on PNPs formation

Formulation Surfactant concentration,
Type of Surfactant Visual evaluation
Ne %
1 Poloxamer 188 0.1 Complete aggregation
2 Poloxamer 188 0.5 Complete aggregation
3 Poloxamer 188 1,0 Complete aggregation
4 Poloxamer 188 2.5 Aggregation after washing step, difficult resuspendability
5 Poloxamer 188 5 Aggregation after washing step, difficult resuspendability
6 Tween 20 0.5 Complete aggregation
7 Tween 80 0.5 Complete aggregation
8 Span 80 0.5 Complete aggregation
9 Tween 80 2.5 Coalescence, flocculation
10 Tween20 2.5 NPs sedimentation problem
11 Tween 80 2.5 NPs sedimentation problem
12 Polyvinyl alcohol 5 gelatinization of aqueous phase
131 Polyvinyl alcohol 2,5 No aggregation, easily resuspendable
14 Polyvinyl alcohol 1,0 Separate aggregates after resuspension
15 Polyvinyl alcohol 0,5 Separate aggregates after resuspension

e

Fig. 2. Microscopic images of nanocompositions prepared with 2.8 % tween 80 (a), 2.5% tween 20 (b)

Considering the surfactant structure, we tried to assess the
mechanism of their influence on the properties of nanoparticles.
Investigations carried out by us proved that in compositions
with low poloxamer 188 concentration (<1%), complete aggre-
gation of polymer occurred instantly (composition 1,2,3, Table
2). While at high concentration of poloxamer 188 (2-5%) com-
posite loses colloidal stability only at purification stage. Evalu-
ation by microscope figures (Fig. 1a,b) clearly shows the col-
loidal instability mechanisms of the emulsion systems, such as
coalescence and flocculation.

The above stated phenomenon can be explained by chemi-
cal structure of poloxamers. Chemical structure of poloxam-
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ers contain hydrophilic polyethylene oxide blocks (PEO) and
hydrophobic polypropylene oxide blocks (PPO), all poloxam-
ers have similar structure, but they differ by molecular weight
and PEO/PPO ratio. Hydrophobic (PPO) blocks in poloxamer
188 is less, which results in weak interaction between the hy-
drophobic polymer (PLGA) particles and the poloxamer. This
is the reason why most of the surfactant is removed at washing
step and aaggregates are formed. The same mechanism explains
the colloidal instability of nanocomposites prepared with low
concentration (0.5%) of polysorbates (Tween 20, Tween 80) and
sorbitan monooleate (span 80), formulations Ne 6,7,8 respec-
tively (Table 1). Low concentration of the above stated surfac-
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Fig. 3a - PVA 2.5% Fig. 3b. - PVA 0.5% Fig. 3c. PVA 0.1%

tants (Tween 20, Tween 80, span 80) are not sufficient to ensure
colloidal stability of composite, visible aggregates are formed
instantly. The reason is excess of hydrophilic blocks in their
structure, which prevents from strong interaction of surfactant
and polymer particle surface. But, in case high concentration
(£2.5%) no visually detectable aggregates are formed, although
microscopic images prove colloidal instability, such as coales-
cence, flocculation (Fig. 2a,b).

When high concentration of sorbitan monooleate (span 80)
was used nanoparticle sedimentation problem occurred indepen-
dence of centrifugation speed and duration. The reason of this
problem was also in the structure of surfactant. The so-called
netlike positioning of hydrophobic blocks of sorbitan mono-
oleate (SPAN 80) in water phase prevents sedimentation of
nanoparticles (especially of small size particles).

During our experiments polyvinyl alcohol was used as a sur-
factant. There are partially hydrolyzed and fully hydrolyzed
polyvinyl alcohols. Amount of residual acetyl group in fully
hydrolyzed polyvinyl alcohol is approximately 1.5% which pro-
vides weak interconnection between the surfactant and PLGA
particle surface. Partially hydrolyzed polyvinyl alcohol contains
more hydrophobic acetyl groups (10%), that provides stronger
interation of polyvinyl alcohol to the surface of PLGA particles.
That is why partially hydrolyzed polyvinyl alcohol is preferred
for nanoparticle fabrication.

The above stated hypothesis was proved by the experiments
too, in the formulation (Nel2, 13, 14, 15), where partially hy-
drolyzed polyvinyl alcohol was used no aggregation of particles
was detected. Influence of polyvinyl alcohol concentration is
also interesting. In particular, in the experiment we used various
concentrations of the surfactant (Table 2). In case of 5% concen-
tration (formulation-12) increased viscosity of water phase pre-
vented further separation of phases and sedimentation of NPs.
Microscopic images (Fig. 3a,b,c) clearly show that the particle
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size is not homogeneous and they are of micro scale size (within
10-40 micrometer).

Re-suspension of nanocomposites prepared with low concen-
tration of PVA (0.1-0.5%) doesn’t occur completely. At the stage
of washing, because of removal of a surfactant, the composite
loses its stability and collected particles are hardly re-suspended.
This is proved microscopically by the presence of single aggre-
gates (Fig. 3a,b,c). Thus, application of 2.5% partially hydro-
lyzed polyvinyl alcohol provided formation of relatively stable
nanocomposites (Fig. 3a). Nanoparticles are easily re-suspend-
able, particles are of micro-size, with non-homogeneous distri-
bution, although microscopic images do not prove presence of
single aggregates. Thereafter, size and poly-dispersion degree of
formulation Ne12 were evaluated by DLS, the size and posidis-
persity index were 731.5+71.02 and 0.786+0.022, respectively.
Results demonstrate that particles at nanoscale are obtained with
broad size distribution. At the next stage, influence of other for-
mulation variables was studied to obtain nanoparticles with nar-
row size distribution.

Influence of organic solvent on NPs sizes and size distri-
bution. Selection criteria of organic phase for nanoparticle
preparation was solubility of PLGA polymer. As usual, selec-
tion of organic solvent is made empirically. Mechanism of or-
ganic solvent influence on particle size is not clearly known.
According to one of the hypotheses, organic solvent diffusion
coefficient in water can be used as an indicator of particle
sizes and distribution degree. Organic solvent with high dif-
fusion factor provides relatively small size and monodisperse
particles, while organic solvent with low diffusion factor
works on the contrary. The following organic solvents were
used in study: chloroform, 1,2 dichloroethane and acetone,
formulations are given in Table 2.

Particle size and polydispersity index in composites were
evaluated by DLS. Results are given in Table 3.

Table 2. Compositions with different organic phase

Organic phase Aqueous Phase
Formulation
Ne PLGA, mg 1,2 dichloroethane, ml | Chloroform, ml Acetone, ml Polyvinyl Water,
alcohol, % ml
13 50 1 - - 2,5 20
16 50 - 1 - 2,5 20
17 50 - - 1 2,5 20
Table 3. Influence of organic solvent on NPs size and size distribution
Formulation Ne Z-Ave (nm) Polydispersity index (PDI)
13 731+ 71 0.786+ 0.022
16 1299+ 308 0.663+0.114
17 571+ 53 0.337+0.12
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Table 4. Impact of aqueous and organic phase ratio on the particle size and entrapment efficiency

. . o Entrapment
Composition Ne F Z-Ave (nm) Polydispersity index (PDI) .
efficiency (%)
17 (1:20) 571453 0.337+0.12 25
18 (1:10) 2745 0.228+0.012 48
19 (1:5) 23243.25 0.18+0.004 73

The obtained results demonstrates (Table 3) that organic
solvent greatly influence on NPs size and size distribution.
The obtained results proved the hypothesis regarding organic
solvent mentioned above. Improved size distribution was ob-
tained in the formulation prepared with water miscible or-
ganic solvent, acetone (formulation F17). According to the
literature data, nature of organic solvents can influence on
interaction of surfactant with polymeric nanoparticles, which
itself impactson thecolloidal stability. Apparently, in case wa-
ter miscible organic solvent is applied, number of surfactants
associated with (formulation-17). Therefore, acetone was se-
lected as an organic solvent.

Influence of polymer concentration on nanoparticle sizes and
size distribution. To determine impact of polymer concentration
on particle size we used 50 and 100 mg PLGA. The condition
of the NPs fabrication process is: polyvinyl alcohol — 2.5%, or-
ganic solvent — acetone, organic phase/ water phase ratio — 1:20.
Variable parameters: polymer concentration- 50 mg/ml, 100 mg/
ml. By increasing polymer concentration from 50 mg to 100 ml
NPs size was increased from 571 nm to 882 nm, respectively.
Polydispersity index was also increased from 0.33 to 0.68. By
increasing polymer concentration, the viscosity of the organic
phase is rised. This increases viscosity force and decreases ho-
mogeneous distribution of emulsion drops, which contributes to
formation of big size particles. Thus, 50 mg PLGA was consid-
ered as an optimal concentration of polymer.

Influence of aqueous and organic phase ratio on the entrap-
ment efficiency. Ratio of aqueous and organic phase mainly in-
fluences on the entrapment efficiency of active substances in
the nanoparticles, especially when organic solvent (acetone) is
water miscible.

Alongside with it, ratio of aqueous and organic phase influ-
ence on the particles meophology as well. Increase of aqueous
phase ensures rapid solidification of nanoparticles, their surface
is smoother with a smaller number of pores. By decreasing ratio
of aqueous and organic phase the number of pores increases,
which in its turn results in high speed of drug release.

Therefore, to achieve high entrapment efficiency of active
substance we studied the impact of aqueous and organic phase
ratio. The condition of the NPs fabrication process is: polyvinyl
alcohol — 2.5%, organic solvent — acetone, amount of PLGA- 50
mg. Variable parameters: organic phase/ water phase ratio- 1:20,
1:10, 1:5.

Impact of aqueous and organic phase ratio on the particle size
and entrapment efficiency is given in Table 4.

The obtained results (Tables 4) proved the above referred
theoretical hypothesis: decrease of aqueous medium increases
the entrapment efficiency. This is explained by the fact that,
increasing volume of aqueous phase, more active substances
migrate from organic phase to aqueous phase. This process is
more intensive when water miscible organic solvent (acetone) is
used in the formulation. This is the explanation, that in formula-
tions Ne 17 and 18 entrapment efficiency is low, 25% and 48%
respectively. Decrease of aqueous and organic phase ratio posi-
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tively influences on the particles size distribution as well. This is
explained by the fact that mixing in small volume is much more
intense and homogenous, than in case of big volume. Accord-
ing to the results optimal ratio of aqueous medium and organic
phase is considered to be 1:5. This condition obtained smaller
nanoparticles (232 nm) with narrow size distribution (0.18) and
73% of entrapment efficiency.

In summary, based on the performed experiments optimal
formulation of nanocomposite is suggested: polyvinyl alcohol
— 2.5%, organic solvent — acetone, amount of PLGA- 50 mg,
organic phase/ water phase ratio 1:5.

Conclusion. The result of the study demonstrates that the for-
mulation variables could be effectively altered to achieve the
desired characteristicsof polymeric nanoparticles. The influence
of the various biopharmaceutical factors such as type of organic
solvent, surfactant, as well as surfactant concentration in the
aqueous phase, polymer concentration in the organic phase, the
organicphase/water phase ratio on the NPs size, size distribution
and entrapment efficiency were studied. The influence mecha-
nism of different biopharmaceutical factors on the colloidal
characteristics of polymer nanoparticles has been theoretically
explained and experimentally confirmed. Based on performed
study optimal formulation and preparation method of nanocom-
posite is provided.
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SUMMARY

BIOPHARMACEUTICAL UNDERSTANDING OF FOR-
MULATION PREPARATION VARIABILITY OF PLGA
NANOPARTICLES LOADED WITH ERYSIMUM EXTRACT

"Ebralidze L., 'Tsertsvadze A., 'Bakuridze L., Berashvili D.,
"Bakuridze A.

Thilisi State Medical University, Faculty of Pharmacy, 'Depart-
ment of Pharmaceutical Technology, Faculty of Pharmacy, *Di-
rection of Pharmacognosy and pharmaceutical botany, Georgia

The purpose of this study was to evaluate effect of process and
formulation variables on the preparation of Erysimum extract
loaded PLGA nanoparticles.

The influence of the various biopharmaceutical factors such
as type of organic solvent, type and concentration of surfac-
tant, polymer concentration in the organic phase, ratio of or-
ganic phase and water phase were studied. Modified emulsi-
fication solvent evaporation method was used for preparation
of nanoparticles. Based on the performed experiments optimal
formulation of nanocomposite is suggested. Nanoparticle size,
size distribution and entrapment efficiency were determined.
Among five non-ionic surfactants polyvinyl alcohol provided
more stable nanocomposite. Influence mechanisms of different
surfactants on nanoparticle formation are provided. Water misci-
ble organic solvent, acetone obtained 232 nm nanoparticles with
improved size distribution. Entrapment efficiency was increased
to 73% by reducing ratio of organic and water phases. Based on
experiments nanoparticles with stable, reproducible properties
are fabricated.

Keywords: polymeric nanoparticle, PLGA, formulation vari-
ables, endemic plant species.

PE3IOME

OLEHKA BJIUAHUA BUO®PAPMALHEBTHYEC-
KHAX ®AKTOPOB HA CBOMCTBA HAHOYACTHI]
PLGA, COIEPXKAIIUX ODKCTPAKT ERYSIMUM
CONTRACTUM SOMM

"E6panunze JI.3., 'Ilepusanze A.M., 'Bakypunze JLA.,
bepamBuiu 1. T., 'Bakypuaze A.Jlk.

Tounucckuii 20cy0apcmeenuvlil MeOUYUHCKULL YHUsepcumen,
kaghedpa papmayesmuueckoi mexnonocuu; nanpasnenue
¢apmaroenosuu u papmayesmuyeckoii bomaruxu, I pyzus

Lenpro rccnenoBanus sIBUIACH OLICHKA BIHMSHUS Ono(apMareB-
THYECKNX (akTopoB Ha cBoiicTBa HaHouacTui PLGA, comepxa-
WX SKCTPAKT Erysimum contractum Somm.

Wzydeno BnmsHUE pasnHYHBIX OHO(ApMAIIEBTHYECCKHX (aK-
TOPOB: OPTaHWYECKUI PACTBOPHUTEINb, THI M KOHIIEHTpAIWS IIO-
BEPXHOCTHO-AaKTUBHOTO BEIECTBA, KOHIEHTPANHs MOJMMepa B
OpraHu4eckoil (hase, COOTHOIICHIE BOTHOW W OPraHUYECcKo (as.
HccnenoBaHo BIMSTHUE ISTH HEHOHHBIX TOBEPXHOCTHO-AKTHBHBIX
BEILIECTB HA CBOMCTBAa HAHOYACTHII. TeopeTHdecKn OOOCHOBAH M
9KCTICPUMEHTATBHO TTOATBEPIKICH MEXaHN3M BITUSHIS Pa3IHIHBIX
OnoapMaeBTHIECKUX (aKTOPOB Ha KOJUIOUIHBIE XapaKTePUCTH-
KU TIOJIMMEPHBIX HAHOYACTHI]. DKCIIEPUMEHTAIBHO yCTAHOBIIEHO,
YTO MOMYTUAPOIN30BAHHbIN TTOIHBHHIUIOBBIA CIIPT 00ecTe nBa-
€T KOJUIOMAHYIO CTaOMIEHOCTD HAHOKOMITO3HIINH.
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I[J'lﬂ IMPUTIOTOBJICHHWA HAHOYAaCTHL, HCIOJIb30BaJIU MO}J,I/I(I)I/IL[I/I—
POBaHHBINH 3MyIbCHOHHON MeToA. IIpennoxeHo onTUMalbHOE
COJIEpYKAHNE HAHOKOMIIO3HULIMU: TIOJTMBUHUIIOBBIHN criupT - 2,5%,
COOTHOIIICHUE BOJHOW ¥ opraHudyeckoi ¢asz - 1:5, momumep
(PLGA) - 50 M1, opraHu4ecKkuii pacTBOPUTEb - ALlETOH, aKTHUB-
HOE BEIIeCTBO - 5 M. OnpeaeneHbl pa3Mep 4acTUll, HHACKC M0-
JIMAUCIEPCHOCTHU U PIHKaHCyHPIpOBaHI/Ie AKTUBHOT'O BE€IIIECTBA.
Hcnonb3oBaHne CMEMIMBAEMBIX C BOJOH OpPraHMYECKHUX pac-
TBOpHUTENEH oOecreynBacT 0Opa3oBaHHE HAHOYACTHI[ 232 HM
U 3HAYUTCIBHO ynyqulaeT CTCIICHb AUCHEPrupoOBaHUsA YaCTHULI.
‘YMEHBIIICHHE COOTHOIICHHS BOIHON U OpraHMYecKoi (a3 obe-
CIICYUJIO yBeJ’lI/I‘leHI/IC CTCIICHU MHKAIICYJIMPOBAHWsA aKTHBHOI'O
BemecTsa 10 73%. Pe3ynbraThl uccienoBaHus IoKas3aiy, 4To,
U3MEHAA ITapaMETpPbl, MOXKHO l'lO.]'ly'-ll/lT]) HaHO4YACTHULBI C XKeJ1ac-
MBIMH XapaKTEPUCTUKAMHU.
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