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The current study aims to explore and identify the screening of formulation
components and evaluates the quality issues of nanostructured lipid carriers
(NLCs) for the phenolic secoirodoid Oleuropein. The stepwise screening of
the components for preparation of NLCs includes the selection of solid lipid,

Keywords: liquid lipid based on the relative solubility of Oleuropein in different lipids.

Polaxomer 188 was selected as the main surfactant for the preparation of
Gelation NLCs because of its good emulsification efficacy for the solid lipid liquid mix.
Oleurop'ein, Lecithin was used to enhance the stability of NLC. The optimized formulation

was also evaluated for different quality issues. Thermal analysis by DSC
revealed that the lipid particles maintained sufficiently good melting point
even after nanonization. Absence of gelation and resilience for the stress
provided by autoclaving further established the quality of the developed
NLCs. In a nutshell, a systematic protocol was developed for designing of
Oleuropein NLC with good particulate parameters of minimum particle size
and maximum zeta potential with narrow polydispersity index.
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INTRODUCTION

In pharmaceutical research, various strategies for
developing a superior drug delivery system were
emerging rapidly to cater to the therapeutic needs
of the modern era. During the formulation of any
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carrier system, precise control over the material
and process attributes was mandatory to get a
quality product. Practically it was a cumbersome

process to precisely tailor the properties of this
carrier system. Lipid Nanocarriers holds an apex
position in the current drug delivery technologies
(Ana Beloqui et al, 2015) Hence in this research,
Nanostructured lipid carriers were chosen to load
the drug Oleuropein which is a phenolic
secoirodoid extracted from the Olive Leaf. The
quality & efficacy of Nanostructured Lipid Carriers
depends on the type of lipids, surfactants and
methods of the formulation. In addition to the
availability of wide range of lipids and surfactants,
there are some critical quality issues associated
with NLC, i.e. Polymorphic changes in lipids,
presence of supercooled melts, gelation etc. (Anna
Fabregas et al, 2014) Hence, a structured protocol
was need to be articulated to design a
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physicochemically stable and pharmacologically
effective NLC. In advancement to the existing
research, Polyhydroxy surfactants were chosen in
this study because of its advantage of projecting
stronger lipophilicity and hydrophilicity compared
to ethoxylated surfactant, minor susceptibility to
pH change makes them favourable for designing of
NLC when compared to other surfactants (Beloqui,
MAetal, 2013).

In the present study, we have tried to draft a
comprehensive protocol for the selection of
suitable material and process attributes for the
design of NLC using Oleuropein as a model drug.
We designed simple and effective experiments to
choose a suitable solid lipid, liquid lipid, surfactant
as well as the ratio between solid and liquid lipid.
Furthermore, we evaluated the effect of various
formulation methods on the particulate characters
of NLC. Hence, in this work, we provide a stepwise
protocol for the designing of NLC and evaluation of
their quality characteristics.

MATERIALS

Olive Leaves was purchased from Rajasthan Olive
Cultivation Limited, Rajasthan. Solid lipids like
Compritol 888ATO, Precirol ATO5 and Tefose was
gifted by Gattefose (Mumbai, India). Stearic acid,
Palmitic acid was purchased from Merck, Germany.
Dynasan 114 was gifted by Sasol, Germany. Liquid
lipids like Oleic Acid, Labrafac and Gelucire 53/13
were received as a gift sample from Gattefose
(Mumbai, India). Capmul, Capryol and Miglyol
were received as a gift sample from Abitec
Corporation Ltd. (Mumbai, India). Surfactants like
Tween 80, Poloxamer 188, and Span 80 was
purchased from Merck, Germany. Cremophore
RH60, Lutrol F 68, Nurol, Plurol stearic (WL1009)
and plantacare®810 were kindly gifted from
Gattefose (Mumbai, India). Isotonisation agent
Glycerol 85% from Fischer scientific, Dialysis
tubing (Mol. Weight cut off: 6000-8000 Da and a
horizontal width of 23mm) purchased from Sigma
Aldrich  (Bangalore, India). Plurol stearic
(WL1009) and plantacare®810 was purchased
from Gattefose (Mumbai, India). All other
chemicals and reagents were of analytical grade
and were used without further purification.

METHODS

Selection of Solid lipid and Liquid lipid by
Equilibrium Solubility method

Screening of lipids was performed to predict the
most suitable lipid matrix for Oleuropein which
offers high solubility and high drug loading.
Solubility studies were executed by taking 1000mg
of each lipid in the screw-capped bottles followed
by melting at a temperature of about >5°C of
transition temperature for each lipid. To this
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melted lipid, an increasing amount of drug was
added, and the mixture was stirred for about
60min at 500rpm using vortex mixer, and
Saturation solubility was observed by the
formation of a clear, pale yellow solution of molten
lipid. Stabilize the sample for 24hrs, and the lipid
mixtures were smeared on filter paper, which is a
first visible sign to predict immiscibility between
lipids. After the saturation solubility of the drug in
lipid, the effect of different types of solid lipids and
liquid lipids on particulate parameters was
identified by Dynamic Light Scattering technique.
In the end, subject the samples for centrifugation
using ultracentrifuge. The volume of 0.5 to the 1ml
supernatant layer was collected, diluted with
ethanol and the drug concentration was analysed
by using HPLC. Solubility studies were performed
in triplicate, and the results were presented as
mean + SD (Ram R Patlolla et al, 2010).

Selection of Solid and Liquid Lipid Ratio

Miscibility study was done to predict the concrete
ratio of solid lipid to a liquid lipid with higher
solubilizing capacity for drug oleuropein. The ratio
of solid: liquid lipid chosen was 90:10, 80:20,
70:30, 60:40 and 50:50 (%w/w). Lipids were
subjected to melt and blend them for about 30min
at 500rpm using vortex mixer. Add 0.5% v/v
concentration of surfactant solution to the lipid
blend and homogenize the samples using High-
Speed Homogenizer at 10000rpm for 10min. The
samples were resided at RT for 24 hrs and observe
particulate characters by Dynamic Light Scattering
technique (Blanka Soto et al, 2015).

Influence of Phospholipid (PL) /Lipid matrix
(w/w) ratio on NLC

Various Proportions of PL and lipid blend i.e.,
0.5:1,1:1, 1.5:1, 2:1, 2.5:1, 3:1, 4:1 (%w/w) were
mixed using vortex mixer at an rpm of 500 and a
duration of about 30min. To the homogenous
blend, 0.5% v/v concentration of surfactant
solution was added and homogenized the sample
using High-Speed Homogenizer at 10000 rpm for
about 10 min. keep the solutions aside for 24hrs
and measure PS, PI and %EE (A.Kovacevic et
al,2011 and Yasmine M et al, 2014).

Selection of Drug to Lipid Ratio

The influence of drug concentration on the loading
and entrapment of NLC was investigated by taking
different ratios of the drug: lipid blend. Melt and
mix the blend for about 30min at 500rpm using
vortex mixer. Add 0.5% v/v concentration of
surfactant solution to the lipid blend and
homogenize the samples using High-Speed
Homogenizer at 10000rpm for 10min. The
samples were resided at RT for 24 hrs and observe
particulate characters by Dynamic Light Scattering
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technique. The resultant mixtures were analysed
for EE (%) and DL (%) (Fanfei Meng et al, 2016, Fei
Han et al, 2008).

Preliminary Screening of Surfactant

The preliminary screening is a crucial step for the
selection of surfactant to formulate NLC. Hence,
Surfactants belongs to different categories such as
Tween 80, Poloxamer 188, Span 80, Cremophore
RA 60, Plutrol F68, Nurol and Planticare were
screened and the effect of surfactant on PS, PDI and
EE% was estimated by keeping the total surfactant
concentration at 1% w/v constantly throughout
the study. (Wang, T et al, 2018).

Pre-Formulation Studies

FT-IR spectroscopy: Vibrational frequencies of
NLC with and without drug as well as a physical
mixture were recorded by using an FT-IR
spectrophotometer (Eq. name) which is equipped
with ATR sampling accessory 4000 to 400cm-!at
an optical resolution of 4cm-1. Drug unloaded NLC
was taken as a negative control and Oleuropein
drug loaded NLC as a positive control to minimize
the difference between spectra due to baseline
shifts. IR spectrums were compared to investigate
the interaction between drug and NLC (Wei Huang
etal, 2017).

Thermal studies: The thermal properties and
phase transitions behaviour of the drug, lipid
blend, placebo, NLC, Physical mix were
investigated by using DSC (DSC 60; Schimadzu,
Tokyo, Japan). DSC measurement was performed
in a range of 10-190°C at a heating rate at
10°C/min to a temperature of 30°C throughout the
analysis using Indium as the standard reference.
Sample weight of about 2mg was used in this study.
Melting Point values were determined from the
endothermic peak and Crystallinity index was
estimated using enthalpy of bulk material and
enthalpy of NLC. The recrystallisation index (RI)
was computed by the following equation (Hassan
Hajj Ali et al., 2018).

AHNLC x
AHBL X Fraction of Lipid

%RI = 100

Eq. (A1),
Where, = Enthalpy of NLC; AHBL = Enthalpy

Optimization of formulation techniques to
design NLC

Melt-Emulsification and  Ultrasonication:
Oleuropein loaded NLC were prepared by melt-
emulsification and ultrasonication method. Briefly,
a mixture of Solid lipid (Tefose) and Liquid lipid
(Capmul) was taken in a ratio of 60:40, melted 5°C
above the melting point of solid lipid. The drug:
lipid ratio was maintained at 1.4%w/w, and the
specified quantity of the drug was dissolved in
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melted lipid with the aid of vortex until a clear
solution was obtained. Dissolve surfactant into an
aqueous solution and heat the solution upto the
temperature of lipid blend. At this juncture, hot
lipid phase was added to hot surfactant solution
and subject this mixture to ultrasonication for
5min (30:5 on: off lych) to obtain NLC. The
obtained NLC was allowed to cool at RT and
characterized further. The % of the aqueous phase
was (95% by weight), and lipid phase was (5% by
weight), Sodium azide (0.02%) was added to
prevent microbial growth in NLC (Yasmine M et al,
2014).

Ultrasonication: Oleuropein loaded NLC were
formulated by using ultrasonication method. A
specified quantity of lipid blend (Solid: Liquid
lipid) and surfactant solution was heated to a
temperature of 5°C excess to solid lipid in a vortex
mixture separately. The aqueous solution was
dropped into the lipid phase and homogenize the
mixture using probe Sonicator (Q-Sonica,
Germany) with an amplitude frequency of 80%,
pulse of 30 secs for about 10min. Blank NLC's were
prepared by using the same procedure without the
drug. Cool the formulations to room temperature
and characterized them further. The % of the
aqueous phase was (95% by weight), and lipid
phase was (5% by weight), Sodium azide (0.02%)
was added to prevent microbial growth in NLC
(Varsha B. Pokharkar et al, 2015).

Solvent diffusion method: Oleuropein loaded
NLC was prepared by solvent diffusion method. A
measured quantity of solid lipid, liquid lipid and
drug was dissolved in 5 ml of mixed organic
solvent of ethanol: acetone (1:1 v/v) in a water
bath at 50°C. The resultant organic solution was
quickly dispersed into a 20ml aqueous solution of
surfactant at room temperature under mechanical
agitation with 3000rpm for 30min until NLC
suspension was obtained. Blank NLC were
prepared with the same procedure except for drug.
Prepared NLC's were placed in a vacuum
desiccator for 24 hrs at Room temperature to
evaporate the residual solvent. After 24hrs,
centrifugation was done, and the NLC precipitate
was collected and redispersed into 10ml of 0.3%
w/v of sodium dodecyl sulphate aqueous solution
to remove free drug adsorbed on the surface of
NLC, then the precipitate was collected and
characterized. The drug-free NLC suspensions
were prepared with exactly the same procedure,
and the formulated NLC were placed in a Vacuum
desiccator for 24hr at RT to vaporize the residual
organic solvent (Pimchanok Witayaudom et al,
2017 and Harshad Vaghasiya et al, 2013).

Characterization of NLC

© International Journal of Research in Pharmaceutical Sciences
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Particle size Measurement (PS): In order to
predict the suitability of formulated NLC, particle
size analysis was performed on the day of their
formulation. Dynamic Light scattering is the most
widely used non-invasive technique to measure
particle size and PDI based on electrophoretic
mobility. The particle size of the formulated NLC's
was measured at 25°C by photon correlation
spectroscopy (Dynamic light scattering) using
Zetasizer (Horiba). The measurement was
conducted after dilution of samples with distilled
water upto a concentration of 0.1% w/w, to get
suitable scattering intensity and to weaken the
opalescence. The mean diameter and PDI values
were estimated at an angle of 90° in 10mm
diameter cells at 25°C (Wei Huang et al, 2017).

Zeta Potential (ZP): It reflects the electric charge
on the particle surface, indicates physical stability
of NLC. ZP was measured by using Zetasizer
(Horiba). The samples were diluted with purified
water and adjusting conductivity (50 ps/cm) with
potassium chloride solution (0.1% w/v). The pH
was in the range of 5.5-7.5. ZP was estimated from
the electrophoretic mobility using Helmholtz
Equation. Each sample was estimated 3 times and
meant values and SD are represented (Jafar Ezzati
Nazhad Dolatabadi et al, 2018).
sp=smX

4m/s Eq. (A.2),

Poly Dispersity Index (PDI)

Pl is a measure of particle width, and the values of
PI are ranging from O to 1. In general, very narrow
distributed particle possesses PI values of about
0.2 -0.3 which is ideal for stability and uniformity
of dispersion (Hassan Hajj Ali et al. 2018).

Determination of %EE and % Drug loading

EE is referring to the amount of drug encapsulated
compared with the amount of drug used. Whereas,
DL refers to the drug encapsulated compared with
the amount of lipid. The %EE of Oleuropein within
NLC was measured by estimating the
concentration of the drug (free drug) in aqueous of
NLC dispersion. A measured volume of prepared
NLC dispersion was diluted with distilled water
and centrifuged at 25,000 rpm for 30 min at 25°C
to settle the colloidal nanoparticles using
ultracentrifuge. The amount of free drug in the
aqueous phase was estimated
spectrophotometrically at 275nm using UV-visible
spectrophotometer (Wei Huang et al, 2017).
Values of % EE and % DL was calculated by the

following equation.
%EE = Amount of Oleuropein added — Amount of Oleuropein in NLC
Amount of Oleuropein added

Eq. (A.3),
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% DL = Amount of Oleuropein added - Amount of Oleuropein in NLC
Weight of NLC

Eq. (A4),
Creaming Stability Evaluation

A measured volume (10ml) of NLC dispersion was
chosen and evaluated at 25°C by observing the
height of top layer (cream) and height of the serum
phase (HS) for 28days (Jakarwan Yostawonkul et
al, 2017 and Somasree Ray et al, 2018%.
) N [(HT - (HC + HS)
The Creaming Stability Index (CSI) = 100X

HT  Eq.(A.5),

HC= Height of Creamy layer; HT=Total height;
HS=Height of serum layer

Gelation phenomena

Gelation phenomena in the colloidal suspension of
lipid nanoparticles can transform the low viscosity
suspension to the high viscosity gel. Such changes
could be attributed to the aggregation of
nanoparticles in the response of external stress
such as syringing etc. The developed
nanosuspension of the NLC was taken into a
syringe with needle and pumped into a beaker. The
process was repeated 20 times, and the particle
size of the NLCs was determined before and after
this process (soma Sree et al, 2018).

Effect of sterilization

The effect of sterilization on the particle size of
colloidal NLC was observed using an autoclave.
The colloidal suspension of NLC was filled in
screw-capped 50 mL reagent bottles. Autoclaving
was conducted for 15 min at 15 psi or 121°C
(Schwarz et al., 1994). Samples were allowed to
cool to room temperature and are studied for the
change in particle size using the DLS method
(Wang et al. 2018).

RESULTS AND DISCUSSION
Pre-selection of Lipids

Oleuropein, a moderately soluble drug in water
showed maximum saturation solubility at room
temperature in Tefose and Capmul among the solid
lipid, Liquid lipid chosen for the study.
Recrystallisation behaviour and solubility of the
drug in various solid and liquid lipids are
mentioned in Table 1. Solid lipid, Compritol
888ATO, Stearic acid and Palmitic acid show
recrystallization after 24hrs, which is not ideal for
high drug entrapment. Hence those lipids are not
recommended for study. But to identify their
particulate character, the lipids are evaluated by
DLS technique and the PS, Pl and EE were reported.

1385



Table 1: Screening of Formulation Variables based on Particulate Properties of Oleuropein

Bhaskar Reddy K et al, Int. ]. Res. Pharm. Sci., 10(2), 1382-1391

NLC (Particle Size, Zeta Potential, Entrapment Efficiency and Poly Dispersity Index)

Solid Lipid Melting range Particle Size Polydispersity Entrapment efficiency
(°C) (nm) index (%)
Compritol 888 65-77 155.4+23 0.28+0.012 73.2+3.5
ATO
Precirol ATO 5 50-60 148.8+3.0 0.22 +0.02 64.0 +3.4
Tefose 46-53 1243 +4.2 0.14 +0.015 72526
Stearic acid 67-72 138.6 +2.4 0.16 £ 0.012 748+ 2.4
Palmitic acid 62.9 146.6 + 4.6 0.24 +0.020 78.6+2.8
Liquid Lipid
Oleic Acid 13-14 120.4+0.3 0.16 + 0.026 753 3.6
Labrafac 25-33 111.8+0.5 0.18+0.012 62924
Gelucire 53/13 42.5-475 128.3+0.9 0.13+0.009 82.8+1.8
Capmul 953+1.2 0.12 +0.007 85.7+1.5
Capryol 101 +£1.6 0.12 £0.013 87920
Miglyol 1323 +1.5 0.26 +0.013 541+28
The ratio of Solid Lipid Liquid Lipid
90:10 120.3+2.4 0.345 +0.014 738+ 1.4
80:20 118.6+2.5 0.260 + 0.012 75.0+1.6
70:30 115.7+2.4 0.240 £ 0.014 758+ 1.4
60:40 109.6+2.6 0.146 £ 0.010 785+ 1.2
50:50 111.543.6 0.140 £ 0.012 764+ 1.2
Surfactant (w/w)
Tween 80 243.64 +1.58 0.491 £ 0.021 48.11 +2.07
Poloxamer 188  --- 190.630 £2.52  0.310 £ 0.035 54.65 + 1.87
Span 80 223.29+6.41 0.458 £ 0.074 56.47 +1.12
Cremophore 218.52 +3.73 0.469 + 0.059 46.07 £ 1.06
RH60
Plutrol F 68 268.05 + 4.65 0.620 = 0.067 35.89 + 1.45
Nurol 198.47 £5.19 0.464 +0.027 59.07 + 1.06
Planticare 221.00+1.36 0.438 £ 0.013 62.83 +£2.43

Selection of Solid Lipids

The results of solid lipid screening were depicted
in table 1. For the selection of various excipients in
the preliminary studies, the criteria of selection are
PS<200nm, ZP>30mV and EE%

should be >50%. NLC prepared with solid lipid
Tefose shows less particle size of about 124.3 +
4.2nm compared to the other chosen solid lipids.
Hence, Tefose is selected as a solid lipid for the
further formulation and optimization of NLC.

Screening of Liquid Lipid

The results of solid lipid screening were depicted
in table 1. Among the Liquid lipids chosen, Oleic
acid and Capryol show recrystallization after
24hrs. The particulate parameters of the drug-
loaded NLC project that the liquid lipid Capmul
produces NLC of least particle size 195.3 + 1.2 nm,
PDI of 0.12 + 0.007 and entrapment of about 85.7
+1.5%. Hence, Liquid lipid Capmul were selected
for the preparation of NLC, because of their better
particulate properties, good physical compatibility
with no phase separation.
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Selection of Solid and Liquid Lipid Ratio

Different ratios of solid lipids and liquid lipids
were examined to check for stability, physical
compatibility and leaching out of the drug. The
results are shown in Table 1, which shows close
proximity in PS, EE but differs widely in PDI for all
the formulations. Hence, the ratio of least particle
size, high EE and best PDI was chosen to formulate
NLC. The ratio 60:40 of Tefose: Capmul were found
to be optimum with respect to the particulate
properties and entrapment efficiency.

Effect of Drug: Lipid Ratio on Loading and
Entrapment of drug

To predict the impact of drug concentration on
lipid matrix solubility, various concentration of
drug, lipid was taken (0.5:1 to 2:4) and analyzed
for EE% and DL%. From the data, it was reflected
that, the drug: lipid ratio of 1: 4 gives a maximum
EE and DL. Hence the same ratio is selected for
further studies. The changes in the PS and EE with
different ratios of solid lipid and liquid lipid were
shown in table 2. The particle size of NLC decreases
with increase in the concentration of liquid lipid
while the inverse is true with EE.

© International Journal of Research in Pharmaceutical Sciences
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Table 2: Influence of variables on the Particulate parameters of prepared Oleuropein Loaded

NLC
Parameters PS (nm)* PDI * EE (%)* ZP (mv)* DL%*
Effect of Lipid Concentration on Loading and Entrapment Efficiency of NLC
1:2 --- --- 68.34 +3.2 70.42 2.6
1:4 --- --- 76.52 2.6 77.62 2.4
1:6 --- --- 64.42 +2.4 60.32 2.2
1:8 --- --- 61.54 +3.2 54.50 +2.8
Effect of Dru : Lipid Ratio on Loading and E trapment Efficiency of NLC
0.5:4 --- --- 64.80 3.6 64.34 2.6
1:4 --- --- 75.60 +3.4 68.42 +3.0
1.5:4 --- --- 79.26 +2.8 74.34 2.4
2:4 --- --- 60.42 +2.6 64.34 2.6
Influence of Surfactant Combinations on the Particulate parameters of prepared Oleuropein
Loaded NLC

Tween 80:Span 80 181.00 £2.50 0.291+0.02 56.70+3.42 -12.1%

1.42
Tween 80: Poloxamer 175.30+1.09 0.260+0.01 65.20+1.42 -234+
188 1.64
Span80: Poloxamer 188  199.42 +1.48 0.304+0.04 69.54+1.30 +18.4

+1.54
Lecithin: Poloxamer 188 113.64 #1.72 0.310+0.02 66.42+1.38 -33.6%

1.80
Plurol Stearique: 211.52+1.64 0.432+0.02 58.06+2.80 -39.8%
Caprolyl 1.26
Lecithin: Caprolyl 103.47+£2.32 0.274+0.04 71.10%1.54 -41.2%

2.10

Influence of Phospholipid/Lipid matrix (w/w) ratio on Particle Size and Entrapment Efficiency of
Oleuropein Loaded NLC (n=3)

0.5:1
1:1
1.5:1
2:1
2.5:1
3:1
4:1

113.4 3.6
105.22 +3.4
98.0+2.8
90.0+2.6
91.0+£28
87.0+£2.6
89.0+3.6

65.8+2.6
69.2 + 3.0
70.3+2.4
72428
758+2.6
79.2+2.0
81.8+2.4

* Values are expressed as Mean + SD (n=3)

Table 3: Effect of Various Formulation Techniques on the Particulate Characters of Oleuropein

loaded NLC
Formulation Technique PS (nm) PDI
Blank NLC OLE NLC Blank NLC OLE NLC
ME-US 144.20+£1.90 153.42+1.52 0.192+0.004 0.199+0.002
us 162.80+0.80 184.52+1.52 0.214+0.002 0.221+0.004
SD 180.20+1.80 192.52+1.98 0.235+0.004 0.239+0.006

ME-US: Micro emulsification — Ultrasonication; US: Ultrasonication; SD: Solvent Diffusion; OLE:
Oleuropein, Values are expressed as Mean + SD (n=3)

Table 3: Effect of Various Formulation Techniques on the Particulate Characters of Oleuropein
loaded NLC (Contd....)

Formulation Technique EE (%) ZP (mv)
OLE NLC Blank NLC OLE NLC
ME-US 73.4+2.96 -40.0 £ 2.0 -42.0+£3.0
us 69.8 +3.12 -35.0+3.0 -39.0+£ 2.0
SD 67.2 +2.56 -39.0+£ 2.0 -42.0+£ 2.0

ME-US: Micro emulsification — Ultrasonication; US: Ultrasonication; SD: Solvent Diffusion; OLE:
Oleuropein, Values are expressed as Mean + SD (n=3)

© International Journal of Research in Pharmaceutical Sciences
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Effect of drug concentration on DL and EE%

The impact of drug concentration of DL and EE%
was investigated and summarized in table 2. It was
evident that drug concentration shows linear
response on the EE%. Increase in the ratio of the
drug from 0.5:4 to 1.5:4, the EE% increases to
79.26+2.8%. Further increase in the concentration
of the drug, delivers EE which is attribute due to
limited space for incorporation of the drug. Drug
loading shows an increment with an increase in the
concentration of drug from 0.5:4 to 1.5: 4 and a
further increase in concentration to 2:4 ratios will
revert the DL%. This correlation is sustained due
to the saturation solubility of the drug in the lipid
matrix and less concentration of the free drug.

Selection of Surfactant for the formulation of
NLC

Selection of appropriate surfactant was significant
to achieve desired particle size and stability. In
general, a high concentration of surfactant
favoured low PS, Narrow PDI and better stability
and ended up with high toxicological potential.
Hence an optimal concentration is needed to
design NLC. Particulate characters were depicted
in the mentioned Table 1&2. Lipid Nanoparticle,
stabilized with Poloxamer 188 had a mean
particulate diameter of about 190nm, Whereas
NLC stabilized with Plantacare 810, exhibits a
particle size of around 221nm, Cremophore RH60
shows PS of about 218nm. PI values less than 0.3
indicates narrow PSD. Hence, NLC stabilized by
Poloxamer 188, and Plantacare shows highest drug
encapsulation efficiency. The particle size of NLC
may depend on various factors such as chemical
structural, surfactants and chemical interaction.
Hence, a combination of surfactant was
ascertained in the formulation of NLC to prevent
particle aggregation and to reduce or stops
polymorphic transaction; thereby it improves
stability of NLC. Because of its less toxicity and high
capacity of penetration across BBB, Poloxamer 188
and Tween 80 combination were chosen for the
study. Table 1&2 represent that all the system
shows a particle size distribution in nm. The mean
particle size for the formulation prepared by the
surfactant alone was higher, and the mean particle
size for the various surfactant combinations
exhibit smaller particle size. The PDI also exhibit
the same effect, i.e., surfactant alone shows higher
PDI values whereas the combination shows
narrow size distribution. Taking the particulate

character represent in table 1&2 into
consideration, a different combination of
surfactant shows  different emulsification

efficiency, which is related to the particle size of
the system. The combination of lecithin with
polyhydroxy surfactant results in the formation of
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closely packed mixed films; thereby it reduces the
particle size and PDI of the NLC. Hence, the
combination of surfactant with stabilizer is a
preferable choice for the NLC to obtain better
stability. The mean diameter of all anionic NLC
prepared with various combination of surfactants
are in the range of 103.47 + 2.32 to 211.52 + 1.64
nm and PDI in varied from 0.26 to 0.432 (Table 2).
ANOVA showed that combination off surfactant
and type of surfactant had a significant effect on
the particle size (p<0.0001); lecithin: Poloxamer
188, Lecithin: Capryol Showed significant decrease
in PS compared to others. These observations are
due to the fact that lecithin favours a high oil/water
interface, leads to the formation of smaller PS of
NLC. The negative charged phospholipids molecule
offers a -ve charge on the surface of the NLC,
thereby it offers -ve zeta potential (-41.2 + 2.10
mV) which indicate high stability of NLC. Increase
in the drug concentration, increases in the particle
size, which is due to agglomeration of particles and
also high entrapment efficiency had a direct
influence on the increase in PS.

The zeta potential for samples formulated with
Lecithin: Capryol was higher than that of samples
made with Tween 80, Poloxamer 188 and span 80
combinations. The Zp for plurol stearique: Capryol
also exhibits a close resemblance with Lecithin:
Capryol formulations. In non-ionic surfactant, the
molecules are complexed around the interface of
nanoparticles, which forms complex micelles, and
the interaction effects are much smaller than the
emulsifier molecule results in decreased ZP.
Lecithin, a charged ionic surfactant forms a stable
polymeric layer on the surface of the particle,
which improves the electrostatic repulsion and
promotes complete steric stabilization. Hence, it is
very necessary to add an ionic surfactant (lecithin)
in combination with a polyhydroxy surfactant to
acquire the NLC of excellent stability

Influence of PL/Lipid matrix (w/w) ratio

Phospholipids  forms  shell around the
nanostructures lipid carrier, which is a pre-
requisite for the stability of NLC. From the data in
table 2, it was evident that the increase in
Phospholipid concentration increases the PS,
which is due to surface active effect and reduction
in surface tension. Increase in PL enhances the
EE% of drug which is due to an uptrend in the
miscibility of the drug in the lipid matrix. Taking
account of stability, PS and EE% of NLC, the ratio of
PL: Lipid - 3:1 was chosen for subsequent studies.

Influence of Formulation Techniques on NLC

Particulate characters were estimated for blank
and drug-loaded NLC by using various methods,
and the results are shown in Table 3. Form the
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results it was observed that Melt Emulsification -
Ultra-sonication (ME-US) method exhibits minimal
particle size (144.2 nm for blank NLC and 153.42
nm for drug-loaded NLC) with narrow uniform size
distribution with good zeta potential (-40.0 mV for
blank NLC and -42.0 mV for drug-loaded NLC).
From this data, ME-US method was chosen as the
best method for formulation of NLC.

Pre-Formulation Studies

FT-IR: The IR spectrum for Oleuropein and
Oleuropein NLC was shown in Fig. 1, which screens
out the presence of aromatic OH group at 3208cm
-1 and 2952cm -1 respectively in the spectrum,
which confirm the presence of phenolic OH group
in the extracts. The wavenumber at 1653.1cm -1
indicates the presence of alkenes and 1407.1cm -1
indicates the presence of aromatic compounds
with conjugated diene. No shift in the wavenumber
or there is no formation of new peaks or
disappearance of new peaks was observed. Hence,
the drug and additives were found to be
compatible.
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Figure 1: a) FT-IR Spectrum of Oleuropein
Extract and (b) FT-IR spectrum of Oleuropein
Loaded NLC Extract.
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Figure 2: Comparative DSC Thermograms of a)
Oleuropein Extract (b) Physical Mixture -
1(Oleuropein: Tefose, Capmul, in a ratio of
10:5:5) (c) Physical Mixture -2 (Oleuropein:
Tefose, Capmul, Poloxamer 188, Tween 80 in a
ratio of 10:5:5:5:5); (d) Thermal peak of
Oleuropein loaded NLC
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Thermal Analysis

DSC is a useful tool for the estimation of the degree
of Crystallinity, Polymorphism and incompatibility
between drug and lipid. DSC thermograms of drug,
lipids, Physical mixture and drug-loaded NLC
formulation are presented in fig 2. Oleuropein drug
shows a sharp melting endothermic peak at 88.3°C.
The lipids show a slight pre-shift in the peak with a
melting temperature ranging from 83 to 84°C. The
DSC parameters like Melting temperature, onset
temperature and Crystallinity Index (CI %) are
given in Fig. 2. Thermal analysis of Oleuropein
loaded NLC was done after 7 days of production.

No significant shift in the peak was observed in the
physical mixture which indicates good
compatibility of drug and lipids. From the
thermograms, it was found that no melting peak of
oleuropein was detected for drug-loaded NLC
which indicates that drug was completely soluble
in the lipid matrix of NLC. It was attributed due to
the change in the crystal lattice of lipid during the
formulation of NLC, and also small particle size and
large surface area of NLC leads to a decrease in
crystallization point. The CI % of drug and bulk
lipid NLC was found to be 100% and 15%
indicating the complete crystallization of lipid after
production. According to Siekmann and Westesen
(1994), the decrease in the melting point of NLC is
due to their large surface to volume ratio and rapid
crystallization of lipid matrices.

Creaming stability

Creaming stability of the formulation observed
after 28 days of the storage at 25°C. All the samples
are homogenous, and there are no signs of phase
separation upto 21 days, and after that, NLCs
solidified which results in the formation of a thin
cream layer on the top. Formation of thin creamy
layer is attributed due to the polymeric transition
of solid lipid, the increased surface to total volume
ratio, insufficient surfactant and hydrophobic
interactions between lipid particles. The CSI was
found to be 97.84 + 0.21% after 28 days of storage
at 25°C, whereas CSI was 99.89 * 0.13% for the
sample stirred at 5°C

Gelation phenomena

Stress-induced gelation will be a possible reason
for concern in lipid Nanocarriers. Morphological
changes can occur during formulation, storage of
administration (parenteral administration) poses
a formulation related to physical instability.
However, gelation was fetal to the patient because
it will block veins or may lead to other
complications. After multiple syringing, the
Particle size of the NLC was found to be 156.22 +
3.1 nm. Hence, no significant change was observed

1389



Bhaskar Reddy K et al, Int. ]. Res. Pharm. Sci., 10(2), 1382-1391

in NLC even when it was exposed to the stress
through multiple syringing.

Effect of sterilization

The developed NLC suspension was subjected to
the standard autoclave cycle. Physical observation
after autoclaving showed slight changes in
turbidity. However, there was a complete absence
of lumps or aggregates even under a microscope.
The particle size of the post-autoclaved NLC was
found to be 165 * 3.6 nm, which was slightly higher
than the optimized size of pre-autoclaved NLC
(156.22 * 3.1 nm). Hence, no significant difference
was observed, and NLC was suitably autoclaved for
terminal sterilization without any loss of stability
and integrity.

CONCLUSION

NLCs are promising nanoparticles with a variety of
therapeutic applications. However, the quality of a
good NLC formulation depends upon the précised
selection of the material and process attributes.
The present study defines a stepwise protocol for
selection of excipients for NLCs by employing
simple experiments. This protocol can be utilized
in a logical selection of material and process
attributes to achieve a good quality formulation
with the defined objectives. Furthermore, the
developed formulation was found to be
invulnerable against the common quality problems
of lipid formulations.
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