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ABSTRACT

Objective: The purpose of this study was to develop an RP-HPLC method for determining drug
content and entrapment efficiency in ursolic acid-loaded solid lipid nanoparticles (UA-SLNS).
Methods: The RP-HPLC method was carried out in the reverse phase (RP) C18 column with a
mobile phase of methanol: water (80:20 v/v), at the flow rate of ImL/min. The Amax was set at
249nm.

Results: The retention time of ursolic acid was found at 5.7 £ 0.02 minutes. The approach was
demonstrated to be specific, linear in the range of 0.5-8.0 ug/mL (R* 0.999), precise at the intra-
day and inter-day levels as evidenced by the relative standard deviation values (<1.0%), and
accurate at the intra-day and inter-day levels (average recovery 99.02 to 99.59%). The detection
and quantification limits were determined to be 0.074 and 0.228 pg/mL, respectively. The
method was utilized to determine ursolic acid drug content and entrapment efficiency (EE) in
solid lipid nanoparticles were found to be 98.82 + 0.35% and 87.29 + 1.12%.

Conclusion: The RP-HPLC method may be useful for the determination of ursolic acid content

and entrapment efficiency in solid lipid nanoparticles.
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INTRODUCTION

Ursolic acid (UA, 3-hydroxy-urs-12-ene-28-
oic acid) is a hydrophobic pentacyclic
triterpenoid with antitumor, anti-
inflammatory, antibacterial, antioxidant, and
antidiabetic effects [1]. UA is found in a
variety of plants, including Rosmarinus

officinalis,

Lithocarpus

Glechoma hederacea,

frutescens,  Phoradendron
Jjuniperinum, Syzygium claviflorum, and
Hyptis capitata, and can be found as a free
acid or as an aglycone of triterpenoid saponin
[2 & 3]. The structure of UA is shown in
Figure 1.

Solid lipid nanoparticles (SLNs) have been
suggested recently as an interesting for the
development of formulations with increased
effectiveness and stability. The
nanoformulations provide greater stability,
these new formulations may allow the
modified release and specific drug targeting
[4].

HPLC is one of the best and most accurate
method for determining UA content and
entrapment efficiency (EE) in solid lipid

nanoparticles. For the determination of

ursolic acid-loaded solid lipid nanoparticles

(UA-SLNs), several researchers have
researched and employed various
approaches.  To  measure  evaluation

characteristics such as drug content and

entrapment efficiency, adequate and proven
quantification methods are necessary to
characterize UA solid lipid nanoparticles.
The use of the HPLC method to determine
and quantify the UA in formulations is
described in a few references. Mariana M et
al. used a high-performance liquid
chromatography approach for in vitro
characterization to determine ursolic acid
from polymeric nanoparticles [5]. For the UA
phospholipid nanopowders, Zhou et al. used
HPLC to examine the entrapment efficiency
and UA concentration in vitro and in vivo [6].
Using a charged aerosol detector (CAD ™),
Marc plante et al. demonstrated a sensitive
HPLC approach for resolving and measuring
triterpenoids [7]. Using HPLC, Zhitao liang
et al. determined oleanolic acid and ursolic
acid in Oldenlandia diffusa and its equivalent
[8]. Ursolic acid solid lipid nanoparticles
have yet to be characterized by any method.
The goal of this study is to develop and
validate a simple and optimized RP-HPLC
method for measuring the content and
entrapment efficiency of UA in solid lipid
nanoparticles.

MATERIALS AND METHODS

Materials

Ursolic acid was procured from Yucca
Mumbai, India.

enterprises, Glycerol
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monostearate was supplied by Hi Media
Labs, Mumbai. Kolliphor®P188  was
provided as a gift sample by Aurobindo
Labs, India. HPLC grade methanol was
purchased from Merck life sciences Pvt Ltd,
Mumbai, India. Double distilled water was
prepared by using Milli-Q® (Direct-Q-UV-3).
All other chemicals are analytical grade.
Equipment

The method development and quantify the
ursolic acid (UA) was performed by the Ultra-
Fast Liquid Chromatography (UFLC, Shimadzu
Corporation, Kyoto, Japan) system with gradient
binary pump (LC-20AD) and the analytical
reverse-phase column Cig, 250 x 4.6 mm; 5 um
particle size (Luna™ 5 p, Phenomenex), equipped
with a UV-Visible wavelength detector (SPD-
A20). The results were acquired and processed
by the Lab solution software. Milli Q water
purification system equipped with 0.22 pm
Millipak express filter. Membrane filters of
0.45 um pore size were used for filtration of
the mobile phase.

Chromatographic conditions

In isocratic mode, the chromatographic
analysis was carried out. At a flow rate of 1.0
ml/minute, the mobile phase was made up of
methanol: water (80:20% v/v). The eluted
samples were detected at a wavelength of
249nm with a 20 pL injection volume. The
total run time was 10 minutes. The total area

of the peak was utilized to quantify ursolic

acid in all experiments, which were carried
out at a temperature of 25 + 0.1°C.
Preparation of standard solution

A standard solution of 10 mg/mL of UA was
prepared by accurately weighing 10 mg of
UA into a 10 mL volumetric flask containing
methanol. After solubilization, the volume
was made up to the mark by using methanol
to give the final concentration (1 mg/mL) of
the drug solution. The resulting solution was
sonicated in an ultrasonic bath (PCi ™
Analytics) for 15 minutes. Dilution of these
solutions with appropriate volumes of the
solvent mixture was carried out to obtain
concentrations of 0.5, 1, 2, 4, 6, and 8
pg/mL. The standard solutions were filtered
through a 0.45 pm membrane filter, 20 pL
were injected into the chromatography and
the concentrations of UA were determined
(n=3) [9].

Method validation

The HPLC method was validated according
to the ICH guidelines. The following
characteristics were considered for validation
those are selectivity, linearity, the limit of
detection (LOD) and limit of quantification
(LOQ), accuracy, precision, and robustness
[10 & 11].

Selectivity

The selectivity of the method was evaluated

by comparing the chromatograms obtained
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from the samples containing UA and internal
standard (Glycyrrhetinic acid; GA) with the
retention time (Rt) without any interference.
Linearity
A regression line was calculated from the
peak area vs. concentration to determine
linearity. UA solutions with concentrations
ranging from 0.5 to 8.0 upg/mL were
prepared. The calibration standards were
injected, and the detector response (peak
area) and concentrations exhibited a linear
relationship.
Limit of detection (LOD) and limit of
quantification (LOQ)
The LOD and LOQ were evaluated from the
linearity equation i.e. slope of the calibration
curve and the standard deviation (SD) of the
peak areas using the following formula:
LOD:
3.3xSD/slope; LOQ: 10xSD/slope
Precision
Precision was assessed by six determinations
at three levels of known concentrations
corresponding to low (2 pg/mL), medium (4
pg/mL), and high (6 pg/mL) levels in the
calibration curve range. To assess the inter-
day precision, these experiments were
performed for three days under the same
HPLC conditions. The relative standard
deviation (RSD) was used to calculate both

inter-day and intra-day precision. According

to ICH guidelines, the % of RSD should be
less than 2.

Accuracy (% recovery)

The accuracy was assessed at three distinct
concentration levels of UA at low (50%),
medium (100%), and high (150%) within the
linearity range, and each level was repeated
three times (n=3).

Robustness

A robustness study was performed by
altering the optimized chromatographic
conditions such as by modifying the flow rate
and wavelength. It was calculated by
estimating % RSD.

Method applicability

Preparation of ursolic acid nanoparticles
(UA-SLNs)

The UA-SLNs were developed through a
process of hot homogenization followed by
ultrasonication. To obtain the oil phase,
ursolic acid (10 mg), solid lipid (Glycerol
monostearate, 100 mg), and lipoid E 80 (50
mg) were liquefied in a 20 mL mixture of
chloroform and methanol (1:1 ratio). A rota
evaporator was used to separate the organic
solvents, and a heating system set at 5°C
above the melting point was used to melt the
drug-encapsulated lipid covering layer. The
aqueous phase was developed using the
surfactants poloxamer 188 and polysorbate

80. These surfactants are dissolved in double
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distilled water and heated to the same
temperature as the oil phase. The hot aqueous
phase was mixed with the oil phase and
homogenized for 5 minutes (at 12,000 rpm)
using a homogenizer. A probe sonicator
(Vibracell, Sonics, 12T-Probe, USA) was
used to sonicate the resulting coarse oil in
water (O/W) emulsion for 20 minutes. When
a heated nanoemulsion was allowed to cool
to room temperature, it resulted in the
development of ursolic acid-loaded solid
lipid nanoparticles [12].

Entrapment efficiency from solid lipid
nanoparticles

The entrapment efficiency (EE) of developed
UA-SLNs formulations was determined by
measuring the concentration of free drug
(unentrapped) in the aqueous phase. The
aqueous  phase  was  separated by
ultrafiltration using Centrisart tubes which
were composed of a filter membrane
(molecular weight cut-off 20 kDa) at the base
sample recovery chamber. About 5 mL of the
UA-SLNs formulation sample was kept in
the outer chamber, and a sample recovery
chamber was placed over the sample and
centrifuged at 3500 rpm for 30 minutes. The
SLN and encapsulated drug remained in the
outer chamber, while the aqueous phase
passed through the filter membrane and into

the sample recovery chamber. The amount of

ursolic acid in the aqueous phase was
analyzed by the HPLC method. Entrapment
efficiency was calculated by the following
equation,

% EE = (W nnitial drug — W Free drug) / W nitial
drug X 100

Determination of drug content

A 0.1 mL of the UA-SLNs formulation was
collected and dissolved in 0.9 mL of
chloroform: methanol (1:1) mixture, which
was then diluted further with a mobile phase.
The amount of drug in diluted samples was
determined using HPLC [13].

RESULTS AND DISCUSSION

Method development

The retention time (Rt) of UA was
determined to be 5.7 minutes and the internal
standard (GA) was found to be 8.2 minutes.
Calibration graphs for UA were constructed
in the range of 0.5 to 8.0 pg/mL. The
regression equation of this curve and its
coefficients of determination (R?) were
calculated as follows: Y=268.3 X and -
2535X  (R*=0.999). The limit of
quantification (LOQ) was 0.225ug/mL, while
(LOD) was

the limit of detection

0.074pg/mL, with a relative standard
deviation (RSD) of <2.0%.

Method validation

The chromatograms of UA and internal

standard (IS) with the retention time (Rt) at
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5.7 = 0.02 minutes and 8.2 = 0.02 minutes
respectively without any interference. The
results are depicted in Figure 2.

Linearity

The calibration curve was constructed by
plotting the mean peak area versus the
concentration of analyzing the calibration
graph of UA was within the concentration
range of 0.5, 1, 2, 4, 6, and 8ug/mL. The
correlation coefficient (R?) for UA is 0.999,
indicating good linearity in the proposed
range. The peak area (y) is proportional to
the concentration of UA (x) following the
regression equation y= 268.3 X and -25.35X.
The data is represented in Table 1 and
Figure 3.

Precision

The % RSD of intra-day and inter-day
precision was found to be <2%, which
confirms the high repeatability of the method
[14]. The results are shown in Table 2.
Accuracy

The average recovery and the %RSD for
each level have been calculated. The results
have shown that the current method has good
recovery (from 99.02 to 99.59%) from UA at
three concentration level studies (2, 4, and
6pg/mL) and within the RSD lower than 1%
[15]. The results are shown in Table 3.

LOD & LOQ

The LOD and LOQ of UA were found to be
0.074 + 0.005 and 0.228 + 0.003 pg/mL
respectively.

Robustness

The method was found to be robust with a
change of £2% in flow rate and wavelength.
But no significant changes were observed
[16]. The results are shown in Table 4.
Method applicability

The UA-SLNs were prepared using a
technique of hot homogenization followed by
ultrasonication. The polydispersity index
(PDI) was within normal ranges, indicating
that the particles were uniform in size. The
proposed method was employed to
investigate the drug content of UA in solid
lipid nanoparticles with a size range of 163.8
+ 4.89 nm, PDI of 0.240 + 0.02, and zeta
potential (ZP) of -26.48 £ 2.63 mV.

Drug content and EE of UA solid lipid
nanoparticles

An HPLC approach was used to determine
entrapment efficiency and drug content in
UA-SLNs. In the UA-SLNs formulation, the
drug content was found to be 98.82 + 0.35%. The
UA-SLNs formulations had an entrapment
efficiency (%) of 87.29 + 1.12%, showing a
higher degree of encapsulation of UA into
SLNs [17]. The results are summarised in

Table 5.
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Table 1: Linearity results of UA
Parameters Results of UA
Range of linearity (ng/mL) 0.5 - 8pg/mL
Regression equation y =268.3x — 25.35

Correlation coefficient (R?) 0.999 £+ 0.001

Slope + SD 268.3 £0.416

Intercept = SD 25.35+0.165

Table 2: Intra-day and inter-day precision results of UA

Concentration (ug/mL) Intra-day Precision

Inter-day Precision

Mean + SD % RSD Mean = SD % RSD
2 508.33 +5.033 0.79 515.33 £ 3.05 0.59
4 1035.33 +3.511 0.33 1043.66 + 4.58 0.43
6 1576.66 + 4.725 0.29 1581.33 +£4.50 0.28
Table 3: Accuracy results of UA
Parameter Actual concentration Recovered concentration % Recovery % RSD
(ng/mL) (pg/mL)
50% 2 1.980 99.021 0.411
100% 4 3.944 98.616 0.443
150% 6 5.975 99.599 0.352
Table 4: Robustness results of UA
Parameters Robustness of UA (Mean £+ SD
Modifications Mean Rt of UA £ SD % RSD
Flow rate (mL/min) 0.8 5.57 £ 0.05 0.99
1 (Optimized) 5.75 £ 0.02 0.46
1.2 5.93 £ 0.04 0.67
Mean area of UA + SD % RSD
247 1031.33 + 6.506 0.63
Wavelength (nm) 249 (Optimized) 1044.33 +5.033 0.48
251 1049.66 + 8.326 0.79
Table S: Results of UA-SLNs formulation
S. No. Evaluation parameters Results
1 Size (nm) 163.8 £4.89 nm
2 PDI 0.240 £ 0.02
3 Zeta potential -26.48 £ 2.63 mV
4 Entrapment efficiency 87.29 £1.12%
5 Drug content 98.82 + 0.35%

Figure 1: Structure of ursolic acid
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Figure 2: Representative chromatogram of ursolic acid with internal standard (Glycyrrhetinic Acid)

Calibration curve of Ursolic acid
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Figure 3: Calibration curve of ursolic acid
CONCLUSION established. The method was found to be

The RP-HPLC method was successfully
applied for the determination of ursolic acid
in solid lipid nanoparticle formulation. The
proposed RP-HPLC method offers good
linearity, precision, accuracy, and robustness,
according to the method validation. The

detection and quantification limits were also

suitable for analyzing ursolic acid-loaded
solid lipid nanoparticles for drug content and
entrapment efficiency assessment.
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