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ABSTRACT

Objective: To establish a method to determine the content of
costunolide in Laurus nobilis leaves by high-performance liquid
chromatography (HPLC). Materials and Methods: The separation
was performed on a reversed-phase C18 column (100 A,
150 mm x 4.6 mm, 5 um pore size) using a mobile phase composed of
water:acetonitrile (40:60) at a flow rate of 1.0 ml/min. The detection was
carried out on a ultraviolet detector at 210 nm. The developed method was
validated according to the requirements for International Conference on
Harmonisation guidelines. Results: The proposed method for costunolide
was validated for linearity with excellent correlation coefficient (7 > 0.999).
The relative standard deviation (RSD) is less than 1% in precision (i.e
repeatability and intermediate) of the method. The recovery rate for
costunolide was within 100.54%-102.62%. The limit of detection and
limit of quantitation were 2.29 and 6.64 parts per million, respectively.
Conclusion: The developed HPLC method is simple, rapid, precisely,
accurately, and widely accepted and it is recommended for efficient
assays in routine work.
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SUMMARY

e The present study was projected to develop and validate a reverse-phase
high-performance liquid chromatography (RP-HPLC) method for the quantifi-
cation of costunolide from the leaf extract of Laurus nobilis. The developed
method was validated according to the requirements for International Con-
ference on Harmonisation guidelines. A simple, rapid, precise, and specific
RP-HPLC method was developed and validated for the quantification of cos-
tunolide in L. nobilis.

INTRODUCTION

Over the centuries, the use of medicinal herbs has become an
important part of daily life despite the progress in modern medicine
and pharmaceuticals research. Approximately 3000 plants species are
known to have medicinal properties in India."! According to the World
Health Organization, more than one million people trust on herbal
medicines around the world to some extent. India has a wide array of
medicinal plants comprising about 25,000 species, of which 150 species
are commercially used for extracting medicines or drug formulation.”!

Laurus nobilis L. is the member of family Lauraceae which comprises
32 genera and represented about 2000-2500 species and it is also called
Bay Laurel, Sweet Bay, Grecian Laurel, True Bay, and Bay Tree.”! The
Lauraceae family distributed in the subtropics and tropics of Eastern
Asia, South and North America, Mediterranean area, and Europe. The
dried leaves are used extensively in cooking, and the essential oil is
generally used in the flavoring industry.™

The major phytoconstituents present in the L. nobilis leaves and fruits
contain sesquiterpene lactones,” alkaloids, glycosylated flavonoids,!”
monoterpene, and germacrane alcohols.® L. nobilis has been
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reported for its antioxidant,

wound healing,"! neuroprotective,!'!
antiulcerogenic,™® anticonvulsant,!” analgesic,"” anti-inflammatory,!'®!
antimutagenic,'”’ immunostimulant,"® antiviral," antibacterial,*! and

antifungal activities.?'!

In the present study, we have developed a simple, optimized, and validated
reversed-phase high-performance liquid chromatography (RP-HPLC)
method for quantitative determinations of costunolide in the leaves of
L. nobilis. The developed method was validated as per the International
Conference on Harmonisation (ICH) guidelines.??
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MATERIALS AND METHODS

Materials

Costunolide (HPLC grade 297%) was used as standard and was procured
from Sigma-Aldrich (India). All reagents and solvents were of analytical
and HPLC grade. The powdered leaf material of Laurus nobilis was
procured from Europe.

Preparation of the extract

Laurel leaf extract of L. nobilis leaves was prepared by Soxhlet extraction
of 100 g of powdered floral material using 70% alcohol at 80°C for about
5 h in three successive batch extractions. The first batch was extracted
by adding 500 ml solvent for about 3 h, and further two successive
extractions were done by adding 300 ml/batch for 1 h. After completion
of extraction, the cooled liquid was concentrated by evaporating its
liquid contents in a rotary evaporator till dryness. The extract powder
was used for further experiments.

Instrumentation and chromatographic conditions

HPLC was performed on a Shimadzu LC2030 C Prominence-i (Japan)
system equipped with a quaternary low-pressure gradient solvent
delivery LC2030 pump with high-pressure switching valves, online
LC2030 degasser unit, a high sensitivity LC2030 ultraviolet (UV)
detector, and high-speed drive LC2030 autosampler with a 100
ul loop, and it accommodates 216 samples at a time with direct
access rack system and large capacity column oven. The system was
controlled and data were analyzed by LabSolutions software (Shimadzu
LC2030 C Prominence). A separation was carried out in Kinetex C18
column (100 A, 150 mm x 4.6 mm, 5 wm pore size). The mobile phase
consists of isocratic elution with a low-pressure gradient using water:
acetonitrile (40:60) with a flow rate of 1.0 ml/min and the injection
volume of 5 pl. All solutions were degassed and filtered through a
0.45-um pore size filter. The column was maintained at 26°C throughout
the analysis, and the UV detector was set at 210 nm. 100% methanol
was used as a diluent for assay by HPLC analysis, and the total LC run
time was 10 min. The instrument was calibrated and qualified before
the analysis. Using these chromatographic conditions, it was possible
to confirm the retention time (RT) of costunolide by injection of
corresponding standard separately.

Preparation of standard solution

Accurately weighed appropriate amount of costunolide standard was
mixed and dissolved in 100% methanol in a 10 ml volumetric flask to
obtain a stock solution 500 parts per million (ppm). Before analysis, the
solution was filtered through 0.20 wm nylon membrane filters.

Preparation of sample solution

The appropriate amount of dried laurel leaf extract was mixed and
dissolved in methanol in a 50 ml volumetric flask to obtain a stock
solution of 1000 ppm. Further, the sample solution was obtained by
diluting the 5.0 ml stock solution to 10 ml volumetric flask and made
up with methanol to get a final concentration of 1000 ppm. Before
analysis, the solution was filtered through 0.20 um nylon membrane
filters.

Preparation of spiked sample

Three different volumes (0.8, 1, and 1.2 ml) of standard solution and 5 ml
of sample (1000 ppm) solution are added into 10 ml of volumetric flask
separately. The standard stock solution was spiked into the sample to
determine recovery. Before analysis, the solutions were filtered through
0.20 pm nylon membrane filters.
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Validation of the method

In the present study, a simple isocratic RP-HPLC method was developed
according to the ICH guidelines. The method is validated for linearity,
precision, repeatability, accuracy, limit of detection (LOD), limit of
quantification (LOQ), and robustness.

Specificity

Specificity of the HPLC method is demonstrated by the separations
of the analytes from other potential components such as impurities,
degradants, or excipients. In this study, the specificity was demonstrated
by running a blank, standard, and sample solution. In addition, the
resolution between the peaks, tailing factor, and theoretical plates is
determined.

Linearity

Linearity was determined by different known concentrations of
costunolide standard solution in triplicate by diluting the standard stock
solution. The standard solutions were injected, and the peak area was
measured. For linearity study, five aliquots in the range of 0.6-1.4 ml of
standard stock solution (i.e., 100 ppm) were taken and diluted to 10 ml to
obtain different concentrations in the range of 30-70 ppm.

Precision

Precision was determined by studying the repeatability and intermediate
precision. The repeatability was determined at a minimum of three
different concentration levels of costunolide standard. The intermediate
precision was carried for another day by different analyst. It is not
necessary to study these effects individually. The precision was expressed
as percentage relative standard deviation (% RSD).

Accuracy

The accuracy of the method was tested by adding standard solutions with
three known concentrations of costunolide in the sample. The standard
stock solution was spiked into the samples to determine recovery. Three
different volumes (0.8, 1, and 1.2 ml) of standard stock solution were
added to the sample solution (1000 ppm). Triplicate injections were
made with all the spiked samples.

% of recovery= (b —a)/c x 100

where “a” is the amount of drug found in the sample before addition of
standard drug, “b”is the amount of drug found after addition of standard
drug, and “c”is the amount of standard drug added.

Limit of detection

Detection limit of an individual analytical procedure is the lowest
amount of analyte in a sample which can be detected but not necessarily
quantitated under the stated experimental conditions. The quantitation
limit (QL) may be expressed as: 10 x standard deviation of lowest
concentration/slope of the calibration line. Calculated the standard
deviation of the response and the slope of costunolide.

Limit of quantification

QL of an individual analytical procedure is the lowest amount of analyte
in a sample which can be quantitatively determined with accuracy. The
QL may be expressed as: 10 x standard deviation of lowest concentration/
slope of the calibration line. Calculated the standard deviation of the
response and the slope of costunolide.

Robustness

The robustness of an analytical procedure is its ability to remain
unaffected by small variations in the analytical parameters. The
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robustness is evaluated by varying the analytical parameters such as
changing the mobile-phase concentration, temperature, and many other
simple parameters. In this validation, we change the temperature 26°C to
30°C. The robustness of the method was done at three different standard
concentration levels of 40, 50, and 60 ppm and sample concentration
of 1000 ppm (n = 6). The corresponding peak areas were recorded and
expressed in terms of % RSD.

Statistical analysis

Results were expressed as mean + standard deviation. The data were
submitted to statistical analysis using Excel software.

RESULTS AND DISCUSSION

An RP-HPLC method was developed and validated for the determination
of costunolide in L. nobilis. Several mobile-phase compositions were
tried, and following chromatographic parameters provided the best
separation for the analysis of costunolide. Water: acetonitrile (40:60 v/v)
was used as mobile phase.

In specificity, an optimized chromatogram of blank, standard, and
sample is shown in Figure 1. The RT of costunolide reference standard
was found to be 5.236. The 100% test (sample) chromatograms confirm
the presence of costunolide RT at 5.231 without any interference. The
sample solution is overlay with the standard solution, so the method
was specific. The chromatographic parameters such as column
efficiency and peak symmetry were done to the standard solution
according to the ICH guidelines. The theoretical plates 4604 and
the tailing factor 1.30 were observed, which indicated that column
efficiency is satisfactory.
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Figure 1: Optimized HPLC chromatogram of costunolide (a) Blank (b)
Standard (c) Sample
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The calibration plots were linear in the range 30, 40, 50, 60, and
70 ppm and the correlation coefficient (r*) of costunolide was 0.999 as
shown in Figure 2. The minimum acceptable correlation coefficient is
0.990.1222*1 The 1* value is >0.990. This indicates that the costunolide obeys
Beer-Lambert law and good fitting of the curve. The method shows good
linearity parameter in the concentrations in the range of 30-70 ppm.
Precision was evaluated based on the % RSD value. The data pertaining
to repeatability (intra) and intermediate precision are summarized in
Table 1. In repeatability, the % RSD of peak area of costunolide standard
concentration of 40, 50, and 60 ppm was found to be 0.103%, 0.120%,
and 0.117%, respectively. In intermediate precision, the % RSD of peak
area of costunolide standard concentration of 40, 50, and 60 ppm was
found to be 0.203%, 0.074%, and 0.126%, respectively. These precision
presented % RSD values are <1.0%, so the method was found to be highly
precise and reproducible.

Percentage recovery was calculated from differences between the peak
areas obtained for spiked and standard solutions as shown from the data in
Table 2. The accuracy of the method was evaluated by adding the standard
solution of 40, 50, and 60 ppm (i.e., 0.8, 1.0, and 1.2 ml) to known sample
solutions and was found to be 101.44%, 102.62%, and 100.54%, respectively.
The average % RSD at three different levels spiked sample of costunolide
was found to be 0.23%, 0.15%, and 0.11%, respectively. Therefore, this
HPLC method can be regarded as selective, accurate, and precise.

LOD was found to be 2.29 ppm and LOQ was 6.64 ppm. Low LOD
and LOQ of costunolide enable the detection and quantitation of this
costunolide in L. nobilis at low concentrations.

Table 1: Results of precision (n=6)

Costunolide Repeatability Intermediate precision
standard conc Mean SD % Mean SD %
area RSD area RSD
40 ppm 859536 888 0.103 860302 1748 0.203
50 ppm 1065608 1275 0.120 1064565 786 0.074
60 ppm 1288769 1513 0.117 1286975 1624 0.126

Table 2: Results of accuracy (n=3)

Recovery study of Costunolide

Amount Mean SD % a C %
added (ppm) area (b) RSD recovery
40 1065325 2404 0.226 192362 860989 101.34%
50 1287534 1944 0.151 192362 1067169  102.62%
60 1489861 1685 0.113 192362 1290498 100.54%
16,00,000
y = 21680x - 12143
14,00,000 R* =0.9998
12,00,000
10,00,000
S
g 8,00,000 e
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Figure 2: Linear curve of costunolide
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The robustness of the method was done at three different concentrations
of standards 40, 50, 60, and sample of 1000 ppm at six injections. The
% RSD was found to be <1%, which shows ability to remain unaffected
by small variation in the analytical parameters. This indicates that the
proposed method was stable, precise, and reproducible.

CONCLUSION

The developed method is simple, accurate, precise, specific, selective, and
robust. Therefore, the method was proved to be suitable for costunolide
determination in L. nobilis. Further explorations are needed to investigate
the standardization of individual phytoconstituents of L. nobilis.
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