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Solid-Phase Extraction of L-Muscone from Aqueous Samples
with Amberlite XAD-4 for Gas Chromatographic Assay

Man-Jeong Paik and Kyoung-Rae Kim

College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea

(Received January 16, 2004)

An efficient analytical method was devised for the accurate L-muscone assay in aqueous sam-
ples. It involves solid-phase extraction of L-muscone in adsorption mode using XAD-4 as the
sorbent and dichloromethane modified with 10% (v/v) methanol as the eluting solvent. The gas
chromatographic analysis of the eluate residue dissolved in toluene on a DB-5MS capillary col-
umn provided complete resolution of L-muscone from the co-extracted interferences. The over-
all method showed excellent linearity (©* > 0.9994) in the range of 0.1 to 2.0 ug/mL with good
intra- and inter-day precisions (% RSD = 2.5~7.3) and with high extraction recovery rates (>
98.1%). When the present method was applied to a L-muscone herbal drink product, the
within-batch RE (%) in the labeled concentration (1.5 ug/mL) for the three randomly chosen
bottles were -2.4, -1.3 and -3.3 with high precision (% RSD < 3.1). The present method is con-
sidered to be suitable for quality control evaluation on liquid drinks and other complex formula-
tions fortified with L-muscone.
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INTRODUCTION

L-Muscone (3-methylcyclopentadecanone) used as a
cardiac and general stimulant, aphrodisiac, or anti-
spasmodic agent (Lee et al., 1997; Kamat et al., 2000;
Jacob ef al., 2002) is an odorous principle of musk. It is a
macrocyclic ketone containing 15 carbons in the ring
structure and thus very slightly soluble in water, but
miscible with alcohol. However, in recent vears, it is
increasingly marketed as the active ingredient of herbal
liguid preparations. Therefare, its accurate assay for the
quality control purpose became an important task, mainly
being analyzed by gas chromatography (GC) (Zhang and
Yue, 1982; Hong and Wang, 1991; Zou and Su, 1994)
and high performance liquid chromatography (HPLC)
(Wu, et al., 1989). GC is generally more preferred over
HPLC because of its high resolving power, high sensitivity
and precision, and high speed of analysis.

An appropriate sample preparation of L-muscone from
complex aqueous matrices is required prior to chromato-
graphic analysis. It has been exclusively recovered by
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solvent extraction (Zou and Su, 1994). For most organic
analysis in aqueous samples, the conventional solvent
extractions due to its inherent drawbacks have been
replaced by solid-phase extraction (SPE) employing using
a suitable solid sorbent (Kim et al., 1994, 1997, 1998;
Jung et al.,, 2001). In contrast to solvent extraction, SPE
allows the treatment of larger sample volumes employing
much smaller volumes of solvent without emuision pro-
blems with fewer steps. Moreover, it provides highly
purified extracts with excellent precision and satisfactory
recovery, and offers the possibility of automation (Enoch,
et al., 1998). The SPE of L-muscone was, however, rarely
attempted to date in the literature.

Of the diverse solid sorbents developed for the SPE,
XAD-4 resin that is a styrene-divinylbenzene copolymer
with hydrophobic character and porous structure (Lepane
1999; Vera-Avila et al., 1999; Vilar et al., 2003; Filho et
al., 2004), has gained widespread acceptance for the
extraction of trace amounts of organics in water. They are
chemically stable at a wide range of pH conditions and
also mechanically strong. Moreover, the sorbent surface
with aromatic nature has a higher affinity for hydrophobic
macrocyclic compounds through the interaction by the
intermolecular dispersion force.

The present study was undertaken to develop an
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efficient SPE of L-muscone from aqueous solution em-
ploying Amberlite XAD-4 resin as the sorbent prior to its
GC analysis. Under the optimal conditions, the present
method was validated to demonstrate its suitability for the
quantitative assay for L-muscone in complex liquid pre-
parations.

MATERIALS AND METHODS

Chemicals

L-Muscone and cyclopentadecanone were obtained
from Cho Seon Pharmaceutical & Trading Co., Ltd.
(Kyunggi-do, Korea) and Sigma-Aldrich (St. Louis, MO,
USA), respectively. The solvents were of HPLC grade
from Merck (Darmstadt, Germany) and all other chemicals
were of analytical reagent grade. XAD-4 resin (80-100
mesh) obtained from Supelco (Bellefonte, PA, USA) was
purified by sequential extraction with methanol, acetone,
and dichloromethane in a Soxhlet extractor, followed by
activation (50 °C, 3 h) under vacuum prior to being used
as a sorbent.

Preparation of standard solutions and aqueous
calibration solutions

The stock solutions of L-muscone and cyclopentadeca-
none used as an internal standard (IS) were made up at
10 mg/mL in toluene. The working standard solutions
were then prepared by diluting aliquots of the stock
solution to 50 pg/mL with toluene. The three calibration
samples containing L-muscone in the range of 0.1-2.0 ug/
mL with constant concentration of IS at 1.5 pg/mL were
prepared by dilution of the working standard solution with
water.

Gas chromatography and gas chromatography-
mass spectrometry

GC analysis was performed with a Hewlett-Packard HP
model 6890 gas chromatograph equipped with flame
ionization detectors (Hewlett-Packard, Avondale, PA, USA).
A DB-5MS (SE-54 bonded) fused-silica capillary column
(15 mx250 um 1.D., 0.25 um film thickness; J & W
Scientific, Folsom, CA, USA) was used in the pulsed
splitless injection mode (purge delay time 42 sec) for
samples (ca 1.0 pL). The oven temperature was main-
tained at 80 °C for 2 min, raised to 190 °C at a rate of 30
°C/min and to 210 °C at 10 °C/min, and finally at 30 °C/
min to 300 °C (3 min). The injector and detector tempera-
tures were 260 and 300 °C, respectively. The flow rate of
helium as the carrier gas was 0.8 mL/min in constant flow
mode.

Gas chromatography-mass selective detector (GC-
MSD) analysis was performed with HP 6890 series Gas
Chromatograph, interfaced to HP 5973 Mass Selective
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Detector (70 eV, electron impact mode) (Hewlett-Packard,
Avondale, PA, USA). An Ultra-2 (SE-54 bonded phase)
fused silica capillary column (Hewlett-Packard, Avondale,
PA, USA; dimensions 30 mx 0.20 mm 1.D., 0.11 ym fiim
thickness) was used in the split injection mode (10:1). The
oven temperature was initially 120 °C for 2 min and then
raised to 300 °C (5 min) at a 10 °C/min. The injector and
interface temperatures were 260 and 300 °C, respectively.
The flow rate of helium as the carrier gas was set to 0.5
mL/min in constant flow mode.

Solid-phase extraction

The SPE columns were prepared by packing 0.2 g of
pre-washed XAD into each of 3 mL polypropylene empty
tubes secured with polypropylene frits (Supelco, Bellefonte,
PA, USA). And they were washed sequentially with meth-
anol, acetone, and dichloromethane followed by methanol
and then equilibrated with distilled water before use. An
aliquot (1 mL) of aqueous samples after addition of IS at
constant amount (1.5 pg/mL) was sonicated for 5 min and
immediately loaded onto the activated SPE column, followed
by washing with distilled water (5 mL) and applying low
vacuum to remove remaining water from the column. It
was then slowly passed with dichloromethane (5.0 mL)
modified with 10% (v/v) methanol as the eluting solvent.
After moisture removal with sodium sulfate, the eluate
was evaporated to dryness under a stream of nitrogen.
The residue was reconstituted in 1 mL of toluene for the
direct analysis by GC and GC-MS. All samples were
individually prepared in triplicate.

Validation of SPE method for assay of L-muscone

The aqueous calibration solutions containing L-muscone
at increasing amounts (0.0, 0.1, 0.5, and 2.0 ug/mL) and
IS at constant amount (1.5 pg/mL) were used for the
method validation. An aliquot (1 mL) of each sample was
subjected to SPE with subsequent GC analysis as
described in the previous section. The peak area ratios
relative to IS were used for all the quantitative calcula-
tions. Linearity for quantitative assay for L-muscone was
tested by least-squares regression analysis on the peak
area ratios against increasing concentration ratios to plot
calibration curves. The intra- and inter-day precisions
expressed as a percentage of the relative standard
deviation (% RSD) and accuracy as a percentage of the
relative error (% RE) of the method were determined
from calibration samples at the three different con-
centrations in ftriplicate. The recovery rates were as-
sessed by comparing the percentages of peak area
ratios of extracted samples prepared by the SPE to
those of non-extracted counterparts (representing 100%
recovery) dissolved in toluene at the same nominal
concentrations.
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Sample preparation for L-muscone assay in a L-
muscone drink product

Aliquots (1.0 mL) from each bottle of a locally purchased
L-muscone drink product were subjected to the SPE
procedure after addition of IS (1.5 ug) as described in the
previous section, followed by GC and GC-MS analysis.
The drink product tested was labeled as being fortified
with L-muscone at 1.5 ug/mL. The within-batch accuracy
n the labeled concentration was expressed as the percent
-elative error (% RE) of the measured concentrations.

RESULTS AND DISCUSSION

GC profiling analysis

When the standard solution of L-muscone and IS in
roluene was analyzed under the present GC condition,
they were well resolved as symmetric peaks along with an
unknown peak within 8 min (Fig. 1A). The SPE eluate of
an aqueous standard sample showed several minor
unknown peaks that might be originated from XAD-4,
solvents or water (Fig. 1B). However, they did not interfere
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with the quantitation of L-muscone and 1S. When the SPE
eluate of a commercial L-muscone product was analyzed,
much more increased numbers of co-extracted compounds
were detected (Fig. 1C). L-muscone and IS were, however,
completely resolved with no interfering peaks nearby,
indicating that the present method was specific for L-
muscone assay.

Solid-phase extraction and method validation

Prior to loading into the activated SPE column, each
aqueous solution required thorough sonication due to
the insolubility of L-muscone and IS in water. No break-
through of L-muscone and IS from the column was
observed during the rinsing of the column with water (5
mL), indicating strong adsorption of L-muscone on the
hydrophobic XAD resin surface. The less-polar dichloro-
methane modified with 10% (v/v) polar methanol was
found to be optimal as the eluting solvent to recover L-
muscone from the column with small solvent volume (5
mL). The present three-step SPE procedure took only 30
min including solvent evaporation from the eluate.
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Fig. 1. Gas chromatograms for neat standard sample (A), samples solid-phase extracted from an aqueous standard solution (B) and from a L-
muscone drink product (C). GC conditions: DB-5MS fused-silica capillary column (15 m x 250 pm 1.D., 0.25 um film thickness), initially at 80 °C for
2 min, raised to 190 °C at a rate of 30 °C/min and to 210 °C at 10 °C/min, and finally at 30 °C/min to 300 °C (3min); 1.0 uL sample injected in the
pulsed splitiess injection mode (purge delay time 42 sec); helium as carrier gas at 0.8 ml/min in constant flow mode; injector and detector
temperatures at 260 and 300 °C, respectively. Peak: 1 = IS (cyclopentadecanone); 2 = L-muscone.
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The calibration curve measured at the concentration
range of 0.1-2.0 mg/mL with the present method was
linear (r* = 0.9994) with the following regression equation:
y =1.17 x + 0.04, where y was peak area ratio and x was
amount ratio of L-muscone relative to IS. The excellent
overall linearity proved suitability of the present method
for quantitative measurements of L-muscone in unknown
samples. The ranges of intra- and inter-day precisions (%
RSD) of the overall procedure measured at three different
concentrations (0.1, 0.5 and 2.0 pg/mi) varied from 2.5 to
6.2 and from 6.1 to 7.3, respectively (Table I). These
values of the present method indicated that the level of L-
muscone could be measured with acceptable precision.
The recovery rates examined at 0.1, 0.5 and 2.0 pg/mL
were 98.1, 98.4 and 99.2%, respectively (Table Il). These
high recovery rates with good precision (% RSD < 6.4)
ensured the correct quantitation.

Precision and accuracy in quantitation of L-mus-
cone in a drink product

Table 1. Intra- and inter-day precisions for the assay of L-muscone
Mean area ratio + SD? (% RSD)°

Concentration
(ng/mL) Intra-day Inter-day
0.1 0.102 £ 0.006 (6.2) 0.100 + 0.007 (7.0)
05 0.452 £ 0.011 (2.5) 0.406 + 0.030 (7.3)
20 1.601 £ 0.045 (2.8) 1.586 + 0.097 (6.1)

®Mean area ratio of L-muscone to IS (n=3)
® Relative standard deviation

Table Il. Efficiency of solid-phase extraction for L-muscone assay

Concentration Mean area ratio £ SD (% RSD)* Recovery °
(ng/mt) Non-extracted Extracted (%)
01 0.077 £0.005 (1.0)  0.075 £ 0.005 (6.4) 98.1
05 0418 £0.010(20) 0412+0.018 (44) 98.4
2.0 1.577£0.020(1.2) 1.565 £ 0.052 (3.3) 99.2

2 Area ratio of L-muscone to IS (Relative standard deviation for n=3)
® (Extracted / Non-extracted) x 100

Table lll. Accuracy for L-muscone assay in a drink product fortified
with L-muscone

Concentration (pg/mt.)

Batch " p Accuracg/
. + 0,
No. Nominal ean Erof??sglr)e)a % SQ RE (%)
1 1.500 1.464 + 0.046 (3.1) 2.4
2 1.500 1.481 £ 0.042 (2.8) -1.3
3 1.500 1.451 £ 0.045 (3.1) 33

®Relative standard deviation forn = 3
PRelative error; {(measured mean value —nominal value)/nominal
value} x 100
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When the present method was applied to a L-muscone
drink product, the within-batch RE (%) values in the
labeled concentration (1.5 pg/mL) for the three randomly
chosen bottles were -2.4, -1.3 and -3.3 respectively with
high precision (% RSD < 3.1) (Table Ill). These high accu-
racy values suggested that the drink products examined
in this study were prepared under good quality control.

CONCLUSIONS

The present SPE employing XAD as the sorbent with
minimal volume (5.0 mL) of dichloromethane modified
with 10% (v/v) methanol as the eluting solvent provided
quantitative recovery of L-muscone from complex aqueous
solution with rapidity and minimal labor. The overall
method linearity ( > 0.9994), intra- and inter-day precisions
(% RSD = 2.5~7.3), extraction recovery rate (> 98.1%)
and accuracy (% RE = -3.3~-1.3) were satisfactory for the
precise and accurate quantitation of L-muscone in unknown
samples. The GC analysis provided complete separation
of L-muscone from the co-extracted interferences. Therefore,
the method is considered to be suitable for quality control
evaluation tests on liquid preparations and other complex
formulations fortified with L-muscone.
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