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a b s t r a c t

In response to recent incidents of undeclared sibutramine, an appetite suppressant found in dietary sup-
plements, we developed a method to detect sibutramine using hand-held ion mobility spectrometers with
an analysis time of 15 s. Ion mobility spectrometry is a high-throughput and sensitive technique that has
been used for illicit drug, explosive, volatile organic compound and chemical warfare detection. We eval-
uated a hand-held ion mobility spectrometer as a tool for the analysis of supplement extracts containing
sibutramine. The overall instrumental limit of detection of five portable ion mobility spectrometers was
on mobility spectrometry
ortable
and-held
eight loss drugs

erbal dietary supplements

2 ng of sibutramine HCl. When sample extractions containing 30 ng/�l or greater of sibutramine were
analyzed, saturation of the ionization chamber of the spectrometer occurred and the instrument required
more than three cleaning cycles to remove the drug. Hence, supplement samples suspected of contain-
ing sibutramine should be prepared at concentrations of 2–20 ng/�l. To obtain this target concentration
range for products containing unknown amounts of sibutramine, we provided a simple sample prepa-
ration procedure, allowing the U.S. Food and Drug Administration or other agencies to screen products

bility
using the portable ion mo

. Introduction

Unlike prescription and over-the-counter medications, dietary
upplements do not require U.S. Food and Drug Administration
FDA) approval. Thus, supplement products are susceptible to adul-
eration, contamination or mislabelling. Between 2008 and 2009,
ndeclared drugs, including bumetanide, cetilistat, fenproporex,
uoxetine, furosemide, phenytoin, rimonabant and sibutramine,
ere found in over 70 weight loss supplements [1]. Adverse health
vents associated with those consuming these undeclared drugs
an occur, especially when the dose is above that of prescription
orm.

Abbreviations: CL, critical level; DPA, Division of Pharmaceutical Analysis; du,
igital unit; ED, erectile dysfunction; ESI-MS, electrospray ionization mass spec-
rometry; FDA, Food and Drug Administration; FWHM, full width at half maximum;
C/MS, gas chromatography-mass spectrometry; HPLC, high performance liquid
hromatography; IMS, ion mobility spectrometry; LOD, limit of detection;MS, mass
pectrometry; ORA, Office of Regulatory Affairs; K0 , reduced mobility; MS/MS, tan-
em MS.
� Disclaimer: The findings and conclusions in this article have not been formally
isseminated by the U.S. Food and Drug Administration and should not be construed
o represent any Agency determination or policy.
∗ Corresponding author. Tel.: +1 314 539 3866; fax: +1 314 539 2113.

E-mail address: Jamie.Dunn@fda.hhs.gov (J.D. Dunn).

731-7085/$ – see front matter. Published by Elsevier B.V.
oi:10.1016/j.jpba.2010.09.017
spectrometer.
Published by Elsevier B.V.

Sibutramine hydrochloride monohydrate, brand name
MERIDIA®, is used to treat obesity and is legally available in
the U.S. by prescription. Each MERIDIA® capsule contains 5 mg,
10 mg or 15 mg of sibutramine hydrochloride monohydrate.
Recently, sibutramine was found in counterfeit Alli, an over-the-
counter product marketed for weight loss whose active ingredient
is orlistat. Sibutramine has been detected in unapproved weight
loss products at levels of 0.1–40 mg per capsule,1 the latter amount
being about three times more than the U.S. FDA approved dose. In
the laboratory, evaluation of such products is typically performed
by gas chromatography-mass spectrometry (GC/MS) or high
performance liquid chromatography (HPLC) with detection by
UV, mass spectrometry (MS) or tandem MS (MS/MS). Using these
techniques, analysis times are on the order of 15–75 min [2–11],
which can be costly when multiple samples are tested. Addition-
ally, GC requires conversion of sibutramine hydrochloride to the
free base form prior to analysis [2–4], which results in increased
sample preparation time and possible loss of analyte. Ion mobility

spectrometry (IMS) is a rapid, sensitive technique that requires
minimal sample preparation, thereby making it a viable screening
tool for testing pharmaceuticals [12–20]. Hand-held IMS instru-
ments have been used mainly for illicit drug, explosive, volatile

1 The U.S. FDA has not published these results.

dx.doi.org/10.1016/j.jpba.2010.09.017
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:Jamie.Dunn@fda.hhs.gov
dx.doi.org/10.1016/j.jpba.2010.09.017
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rganic compound and chemical warfare detection [21–27]. Using
portable ion mobility spectrometer as a 15 s screening tool,
e obtained a limit of detection (LOD) of 2 ng of sibutramine
ydrochloride (conversion to free base before analysis by IMS was
nnecessary) in dietary supplements, which was 8 times lower
han that obtained in a study using HPLC-UV [7]. HPLC-MS/MS
as shown to be more sensitive than HPLC-UV for the detection
f sibutramine by a factor as high as 1500 [5,7,9]. Although the
OD of sibutramine obtained using MS/MS was lower than that
etermined using the portable ion mobility spectrometer, products
dulterated with just 0.1 mg of sibutramine can be detected using
he portable spectrometer when a solvent extraction volume
etween 5 and 50 ml is used.

Portable devices are not meant to replace laboratory instru-
ents; however, they can screen samples in order to effectively

rioritize collection of samples to be sent to U.S. FDA laboratories
or official testing. At the same time, using portable instruments
ill increase the frequency of testing products with the hope of

ventually testing all products entering the U.S. To address this
hallenge, the Center for Drug Evaluation and Research Division
f Pharmaceutical Analysis (DPA) with the assistance from the
ffice of Compliance and the Office of Regulatory Affairs (ORA) has
eveloped high-throughput methods for portable spectroscopic

nstrumentation, requiring less than a minute per analysis [28]. In
ddition, the U.S. FDA has recently shown that IMS is applicable to
he analysis of herbal dietary supplements suspected of containing
rectile dysfunction (ED) drugs such as sildenafil, tadalfil and var-
enafil as well as five synthetic analogues [13]. Using a benchtop

MS instrument to evaluate methanol extractions, the analysis time
as 12 s and six of the ED drugs had a limit of detection of 0.2 ng.

ike a benchtop instrument, the portable spectrometer used in our
tudies rapidly heats and desorbs the analyte from a substrate. One
hortcoming of the portable system is that the maximum operating
nlet and desorber temperatures are approximately 210 ◦C for the
ositive ion mode, which generally limits the analysis to drugs that
an be volatilized near or below this temperature.

The purpose of the paper is to demonstrate the application of
MS to the rapid analysis of sibutramine in dietary supplements
sing a portable spectrometer. We evaluated five portable SABRE
000 ion mobility spectrometers as tools to screen herbal dietary
upplement extracts containing sibutramine. Following labora-
ory evaluation at DPA, the instruments were sent to five U.S.
DA laboratories around the U.S. for collaborative study. From the
ollaborative study results, we obtained the peak amplitude (inten-
ity), the reduced mobility (K0) and the full width at half maximum
FWHM) of the peak due to sibutramine from each ion mobility
pectrum. The peak amplitudes were used to determine the critical
evel (CL) threshold and the LOD for the method and these values
long with the other parameters were used to set the instrument
hresholds for the detection of sibutramine. The potential for inter-
erence by caffeine was also investigated since dietary supplements
ften contain this compound.

. Experimental

.1. Materials

Sibutramine hydrochloride monohydrate was purchased from
igma (St. Louis, MO). HPLC grade methanol, HPLC grade acetoni-
rile and glacial acetic acid were purchased from EMD Chemicals

Gibbstown, NJ). Caffeine and pyridoxine hydrochloride (vitamin
6) were obtained from U.S. Pharmacopeia (Rockville, MD). An
erbal dietary supplement for weight loss was purchased from a

ocal store and spiked with sibutramine HCl monohydrate. Accord-
ng to the label claim of the dietary supplement product, each
Biomedical Analysis 54 (2011) 469–474

capsule contained 12.5 mg of vitamin B6, 50 mg of magnesium (as
oxide) and 570 mg of a proprietary blend, including approximately
97.5 mg of caffeine and caffeine-like stimulants. Cellulose acetate
syringe filters (0.2-�m pore size, 17-mm membrane diameter)
were purchased from Grace Davison Discovery Sciences (Deerfield,
IL). The positive ion verification standard (chlorpheniramine) and
sampling swabs (paper substrates) were purchased from Smiths
Detection (Warren, NJ). Potassium chloride was purchased from
Fisher Scientific (Fair Lawn, NJ).

2.2. Sibutramine reference standard and spiked dietary
supplement sample preparation

Approximately 1 mg/ml of sibutramine HCl monohydrate was
prepared in methanol. Using this solution, aliquots of 5, 10, 20,
30 and 40 �l were placed in 1.5 ml microcentrifuge tubes and
vacuum dried (Thermo Electron Corp., SPD111 V SpeedVac con-
centrator and RVT4104 refrigerated vapor trap, Madison, WI) for
approximately 45 min. The solution containing 1 mg/ml of sibu-
tramine HCl monohydrate was diluted to 0.1 mg/ml of sibutramine
HCl monohydrate. Aliquots of 10 and 20 �l of the diluted sibu-
tramine solution were dispensed into 1.5 ml microcentrifuge tubes
and vacuum dried for 45 min. A dietary supplement composite was
prepared by transferring the contents of 20 capsules into an amber
jar with a Teflon-lined cap and mixing with a turbula mixer (Chemi-
cal and Pharmaceutical Industry Co. Inc., model T1A, New York, NY)
for 2 h. Approximately 3.5 mg of the mixed composite was added
to each microcentrifuge tube that contained the dried aliquot of
sibutramine (1, 2, 5, 10, 20, 30 and 40 �g). A blank sample was pre-
pared by transferring 3.5 mg of the mixed composite into an empty
microcentrifuge tube. A 20 �g sibutramine reference standard was
prepared in a similar fashion (20 �l of 1 mg/ml sibutramine HCl
monohydrate was dried in a microcentrifuge tube) except the com-
posite was not added to the tube. These eight dietary supplement
samples and the sibutramine reference standard were stored in a
refrigerator below 10 ◦C until extracted into methanol. To prepare
samples for analysis, 1 ml of methanol was added to each spiked
sample, the sample was shaken for 30 s and filtered with a cellu-
lose acetate syringe filter. The reference standard was treated in a
similar manner, but was not filtered. It was not necessary to filter
the standard solution since it did not contain particulates and was
only used to ensure the instrument was working properly prior to
the analysis of the dietary supplement extracts. A 1 �l aliquot of the
resulting solution was dispensed on the sampling swab, allowed to
dry and immediately analyzed using the SABRE 4000.

2.3. Analysis of caffeine and vitamin B6

Typically, weight loss supplements contain a significant amount
of caffeine and the presence of caffeine could affect the detection
of sibutramine by IMS. Therefore, a study was conducted to see
the effect of caffeine on the LOD of sibutramine. Prior to quanti-
tation by HPLC, direct infusion positive ion electrospray ionization
mass spectrometry (ESI-MS) was used to determine the amount of
caffeine in the dietary supplement. The contents (approximately
700 mg) of one capsule was added to a 20 ml volumetric flask,
diluted to volume with methanol, sonciated for 10 min, centrifuged
for 10 min and filtered with a 0.2 �m cellulose acetate filter. From
this solution, 0.1 ml was transferred to an HPLC vial and 0.9 ml of
methanol was added. The diluted methanol extract of the dietary

supplement was analyzed by direct infusion positive ion ESI-MS.
Analysis by ESI-MS was performed with a Thermo Finnigan LCQ
Deca XP ion trap mass spectrometer (San Jose, CA) using a sheath
gas of 30 arb, spray voltage of 4 kV, capillary temperature of 300 ◦C
and capillary voltage of 4 V.
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For quantitation of caffeine in the dietary supplement by HPLC,
pproximately 10 mg of caffeine was transferred to a 20 ml vol-
metric flask and diluted to volume with methanol. From this
affeine standard solution, six dilution solutions were prepared at
oncentrations of 10, 50, 100, 200, 300 and 400 �g/ml of caffeine in
ethanol. To a 5 ml volumetric flask, 17.15 mg of dietary supple-
ent composite was added and diluted to volume with methanol.

tandard and dietary supplement solutions were filtered with a cel-
ulose acetate filter prior to analysis by HPLC. HPLC was performed

ith an Agilent 1100 instrument (Santa Clara, CA) using a Waters
unFire C18 (2.1 mm × 150 mm 3.5 �m) column and a photodiode
rray detector at 274 nm to determine the concentration of caf-
eine in the dietary supplement capsules. The mobile phase was
.5% acetic acid in 21% acetonitrile, the flow rate was 0.2 ml/min
nd the injection volume was 3 �l.

To investigate the influence of caffeine on the LOD of sibu-
ramine, 10 solutions of caffeine (0.1–1 mg/ml) were prepared in

ethanol. A standard sibutramine solution of 2 ng/�l in methanol
as prepared. An aliquot of the sibutramine solution was first spot-

ed on the swab, allowed to dry, then 1 �l of the caffeine solution
as spotted on the same location of the swab, allowed to dry and

mmediately analyzed using the portable ion mobility spectrom-
ter. Triplicate analysis of each caffeine solution was performed
sing three instruments. The sibutramine solution without the
resence of caffeine was also analyzed in triplicate with the same
hree spectrometers.

Standard solutions of 20 �g/ml of caffeine and vitamin B6 were
repared separately in methanol. Each solution (1 �l) was analyzed
sing a benchtop ion mobility spectrometer, IONSCAN-LS.

.4. Humidity effects on the detection of sibutramine

Water can influence ion drift times in IMS and since the
nstruments under investigation were intended for field use in
ncontrolled environments, it was necessary to determine if
umidity will affect the ion mobility of sibutramine. Four SABRE
000 instruments were separately placed in a glove bag containing
solution of saturated potassium chloride in water, a stir plate and
hygrometer (Control Company Model 4410, Friendswood, Texas).
hen the relative humidity reached 80–90% inside the glovebag,

�l aliquots of sibutramine HCl in methanol (5, 10, 20, 30 and
0 ng/�l) were analyzed in triplicate. The analysis was repeated
ith a humidity of about 60%.

.5. Ion mobility spectrometry

Five SABRE 4000 (Smiths Detection, Danbury, CT) portable ion
obility spectrometers (dimensions of 14.5′′ × 4′′ × 4.5′′ and weight

f 7 lbs) with Instrument Manager software version 5.057 (Smiths
etection, Danbury, CT) were used in this study. The preset nar-
otics control parameters (positive ion) and particle mode were
sed for the detection of sibutramine. Using a type K thermocouple
Control Company model 4131CC, Friendswood, Texas), the des-
rber temperature was measured for each IMS instrument using
programmed desorber temperature from 150 ◦C to 210 ◦C with

0 ◦C increments. A measured desorber temperature of approxi-
ately 190 ◦C was used for the analysis of sibutramine and the

rift tube temperature was preset to approximately 130 ◦C for
ach instrument. The analysis time was 15 s with a scan period of
5 ms, a pulse width of 0.3 ms, 12 segments with 50 co-added scans
er segment and a drift flow of 200 cc/min. The instruments were

aked-out for 2 h at 180 ◦C and cooled for 2 h prior to the analysis
f sibutramine in dietary supplements. After sample analysis, the
nstrument was purged with clean air as needed.

A benchtop ion mobility spectrometer, IONSCAN-LS (Smiths
etection, Danbury, CT) was used in positive ion mode to analyze
Fig. 1. Comparison of the desorber temperatures of the five SABRE 4000 IMS instru-
ments.

solutions of caffeine and vitamin B6. The instrument parameters
included a drift tube temperature of 232 ◦C, an inlet temperature
of 289 ◦C, a desorber temperature of 291 ◦C and a drift flow of
300 cc/min.

3. Results and discussion

Prior to sending the portable SABRE 4000 IMS spectrometers to
five U.S. FDA laboratories, the performance of these instruments
was evaluated by comparing the desorber temperatures and the
ion mobility spectra of sibutramine. In addition, we investigated the
effect of humidity on the reduced mobility of sibutramine. The data
obtained from this initial study were used to set the preliminary
instrument alarm parameters for the detection of sibutramine.

The desorber temperature of the ion mobility spectrometer
is one of the most important instrument parameters for analyte
detection. The desorber rapidly heats the sampling swab, allow-
ing the analyte to be thermally vaporized from the swab’s surface.
Thus, if the temperature is not adequate, then the analyte will
not be desorbed from the surface. Furthermore, if the tempera-
tures of two instruments are different, then the sensitivity may
also differ. To compare the programmed desorber temperatures
of the five instruments, the temperature was measured for each
instrument with a thermocouple attached to an unused sample
swab. Fig. 1 shows a linear relationship between the programmed
and measured desorber temperatures. This result demonstrated
that the set temperature is not necessarily accurate, but that the
setting can be adjusted to achieve the desired desorber temper-
ature as demonstrated by Fig. 1. The effective upper limit on the
desorber temperature was roughly 210 ◦C. At settings above this
temperature, the instruments became unstable. For the analysis of
sibutramine, the instruments were programmed to have a mea-
sured desorber temperature of 190 ◦C. Although sibutramine HCl
monohydrate has a melting point near 195 ◦C [29], there was no
need to convert the salt to the free base (melting point of 52-57 ◦C)
[30] in order to detect it using the SABRE 4000 instrument. Ther-
mal properties such as melting point and heat of vaporization can
be used to estimate the appropriate desorber temperature, but the
final temperature selection is best done empirically.

In order to compare the ion mobility spectra of sibutramine,
we analyzed five solutions of sibutramine HCl (5, 10, 20, 30 and
40 �g/ml) in triplicate using four of the spectrometers. The reduced

mobility of the peak was obtained from the ion mobility spectrum
of each sibutramine solution analyzed. The analysis of the sibu-
tramine HCl standard using the portable IMS instrument yielded
a single peak at 18.6 ms in the positive ion mobility spectrum as
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instruments. From the collaborative study, the standard deviation
of the blank signal across all instruments was found to be 4.3, and
the resulting instrument LOD was 2 ng. LODs for individual instru-
ments ranged from 1.2 to 2.5 ng. A typical capsule contained 770 mg
of dietary supplement powder, and using the extraction and dilu-
ig. 2. Positive ion mobility spectrum of sibutramine HCl standard obtained using
he SABRE 4000 instrument.

emonstrated in Fig. 2. The peaks at 8.7 and 9.8 ms were most
ikely due to ions from water ((H2O)nH+) and nitrogen (N2

+ or N4
+),

espectively, and these peaks were also present in the absence
f sibutramine. The peak at 12.3 ms was due to the instrument’s
ositive ion internal calibrant, nicotinamide, which was used to
alculate the reduced mobility of sibutramine. Averaged across
our of the portable spectrometers, the reduced mobility of sibu-
ramine was 1.1728 ± 0.0010 cm2/(V s), which was used to program
he instrument to detect sibutramine.

Environmental conditions and surroundings may lead to false
etection. In order to see if we could simulate false negative and
alse positive results, we investigated the effects of humidity on
he detection of sibutramine and tested three cleaning agents using
he SABRE 4000 instruments, respectively. The instrument’s inter-
al calibrant is used to correct for small environmental changes

n humidity, temperature and pressure. The instrument also con-
ains a replaceable air purification cartridge used to remove much
f the moisture from atmospheric air (serving as the drift gas) prior
o it entering the instrument. As this cartridge becomes spent due
o water build-up, the internal calibrant can shift out of its drift
ime detection range (the instrument is programmed with a cali-
rant drift time variability of 0.05 ms). To determine the influence of
umidity on sibutramine’s reduced mobility, we analyzed different

evels of sibutramine with four SABRE 4000 instruments at both 60%
nd 80–90% relative humidity. We found that the relative humidity
id not significantly change the reduced mobility of the sibu-
ramine. At about 60% relative humidity (laboratory conditions),
he reduced mobility of sibutramine was 1.1728 ± 0.0010 cm2/(V s)
nd with a relative humidity of 80–90%, the reduced mobility
lightly decreased to 1.1712 ± 0.0007 cm2/(V s). This minimal dif-
erence of 0.0016 cm2/(V s) in reduced mobilities was used to
stablish the drift time variability of 0.05 ms for sibutramine. The
hange in humidity did not cause a false negative result when sibu-
ramine was analyzed. However, we found that false detection of
ibutramine occurred when chemical vapors from a cleaning agent
ere present in the laboratory. Fumes from floor wax adsorbed

nto sampling swabs in less than 30 s, yielding erroneous false pos-
tive results for sibutramine. As a consequence, testing an unused
wab before analyzing a sample was found to be critical in order to
void errors from chemical vapors that may be present in a labora-
ory or manufacturing location.

Based on the preliminary data discussed above, each spectrom-
ter’s alarm was programmed for the detection of sibutramine. The
nstruments and samples were then shipped from the DPA labora-
ory to regional U.S. FDA laboratories in Jamaica NY, Philadelphia
A, Atlanta GA, Detroit MI and Irvine CA. In collaboration with these
aboratories, dietary supplements containing sibutramine HCl were

valuated to determine the overall reduced mobility, FWHM, LOD
nd the 95% CL (used to set the peak amplitude threshold) for five
ABRE 4000 portable ion mobility spectrometers. When the sam-
les were analyzed, a typical ion mobility spectrum shown in Fig. 3
Fig. 3. Positive ion mobility spectrum of a dietary supplement sample containing
sibutramine and caffeine acquired using the SABRE 4000 instrument.

was obtained. Using the collaborative study data, it was determined
that sibutramine (detected in the supplement extracts containing
2–40 ng/�l) had a reduced mobility of 1.1712 ± 0.0015 cm2/(V s)
and a FWHM of 424 ± 30 �s averaged across all five SABRE 4000
instruments. Fig. 4 shows the combined calibration plot from all
data from the five instruments. The peak amplitudes of sibu-
tramine were found to vary somewhat for triplicate analyses on
individual instruments as well as across instruments. For exam-
ple, when the dietary supplement extract containing 20 ng/�l of
sibutramine was measured using a single instrument, the peak
amplitude was 124 ± 34 du. Across all instruments the peak ampli-
tude was 162 ± 72 du. Residual analyte, sample delivery, desorption
and ionization efficiencies and detector response across instru-
ments all contribute to variability. We believe that when higher
amounts of sibutramine such as 20–40 ng were analyzed, variation
in the ionization efficiency, space charge effects and precipitation
onto the walls of the drift tube result in higher peak amplitude vari-
ability. The linear least-squares method was used to determine the
relationship between the amount of sibutramine (C) and the ampli-
tude of the sibutramine peak (S) in the ion mobility spectrum, and
the result based on the data in Fig. 4 is given in Eq. (1)

S = mC + b (1)

where the slope m = 7.6229 amplitude units per nanogram reflects
the sensitivity of the instrument and the intercept b = 6.4181 du
reflects the baseline signal. The LOD was determined in accordance
with ICH Q2B guidance [31] as

LOD = 3�bl

m
(2)

where �bl is the standard deviation of the blank signal across all
Fig. 4. Calibration plot from the analysis of sibutramine in dietary supplements
using data from five SABRE 4000 instruments.
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ion procedure described in section 2.2, the 2 ng LOD is equivalent
o 0.44 mg of sibutramine in a typical capsule. Since our extraction

ethod resulted in a dilution factor of about 220,000, at least 10-
old lower detection limits can be easily achieved by reducing the
ilution factor. Because the amount of undeclared sibutramine in a
ietary supplement is typically unknown, a guideline for preparing
nd analyzing samples is provided (see the 5-step procedure).

The overall critical level at 95% confidence was determined from
he data collected by five U.S. FDA laboratories each using a differ-
nt portable instrument. The critical level can be used as a pass/fail
ecision threshold and was defined as the concentration at which
blank sample will pass (no sibutramine will be detected) with

robability determined by the desired confidence level. At 95% con-
dence and assuming that the peak amplitudes of the blank sample
ere normally distributed, the critical level of the signal amplitude

CLamp) was determined according to Eq. (3), which was used to set
he SABRE 4000 peak amplitude alarm threshold for sibutramine.
rom the collaborative study, the mean blank amplitude (S̄bl) was
.0 du, �bl was 4.3 du as previsously stated and CLamp was 14 du.

Lamp = S̄bl + 1.645�bl (3)

Eq. (4) converts the amplitude critical level to a mass (CLmass) of
ibutramine delivered to the instrument,

Lmass = CLamp − b

m
(4)

esulting in a critical level of 1 ng of sibutramine HCl, which was
sed to set the SABRE 4000 peak amplitude alarm threshold. Using
his value in the alarm settings will result in a false positive alarm
or 5% of blank samples. Assuming that low level sibutramine con-
aining samples have the same distribution of measured values as
he blank sample, the instrument LOD can also be estimated as
(CLamp + 1.65�bl) − b]/m = 2 ng A sample containing sibutramine at
his LOD will be detected 95% of the time. This alternative method
f determining the LOD has the advantage of providing an LOD that
s statistically unambiguous. From the collaborative study, the new
larm settings were K0 = 1.1712, FWHM = 424 and peak amplitude
hreshold = 14 for the detection of sibutramine in dietary supple-

ents (the drift time variability was kept at 0.05 ms).
Once the LOD of sibutramine was determined from the collabo-

ative study, we investigated factors that could potentially increase
he LOD. The detection of sibutramine in the presence of other
ompounds extracted from the herbal supplement was a concern
ue to ion suppression effects, resulting in decreased sensitiv-

ty. Hence, a compound with a higher ionization efficiency than
ibutramine would most likely result in a reduced signal for sibu-
ramine. Analysis by positive ion ESI-MS showed that a methanol
xtract of the dietary supplement contained caffeine, a common
timulant present in weight loss supplements, and vitamin B6 (data
ot shown here). The analysis of a sibutramine-spiked dietary sup-
lement extract using the SABRE 4000 afforded the ion mobility
pectrum shown in Fig. 3. There was a dominant peak at 14.6 ms,
hich was due to caffeine, but vitamin B6 was not detected. The

mount of caffeine in each dietary supplement capsule determined
y HPLC was approximately 100 mg, which was in agreement
ith the product warning label, stating that two capsules contain

pproximately 195 mg of caffeine or caffeine-like stimulants. In
.5 mg of dietary supplement composite, the amount of caffeine
resent was 0.44 mg. Thus, when dissolved in 1 ml of methanol,
he sample solution contained 440 ng/�l of caffeine. A 1 �l aliquot
f this solution was analyzed using the portable IMS instrument.

ence, 440 ng of caffeine was delivered to the instrument each time

he dietary supplement extract was analyzed. When the amount of
affeine was below 100 ng, it was not observed in the ion mobility
pectrum using the SABRE 4000. To determine if caffeine influ-
nced the LOD of sibutramine, we performed analyses with 2 ng
Fig. 5. Analysis of 2 ng of sibutramine in the presence of caffeine (100–1000 ng)
using three different SABRE 4000 instruments.

of sibutramine in the presence of up to 1000 ng of caffeine and
found no increase in the LOD as shown in Fig. 5. Vitamin B6 was
also present in the dietary supplement (12.5 mg/capsule). There-
fore, the amount of vitamin B6 in 3.5 mg of dietary supplement
corresponded to approximately 60 ng. At this level, this vitamin
was not observed in the ion mobility spectrum. Even at 800 ng of
vitamin B6, the ion mobility spectrometer was not able to detect
the vitamin. The detection of caffeine over vitamin B6 using the
portable spectrometer was hindered by the desorber temperature
rather than the ionization efficiency of the vitamin. The spectrom-
eter utilized a thermal desorber temperature of 190 ◦C to vaporize
the analyte from a paper substrate. Interestingly, the melting point
of caffeine (238 ◦C) is above that of the vitamin (205–212 ◦C). [32]
However, sublimation of caffeine occurs at 178 ◦C [32]. Although
the ionization mechanisms of IMS and ESI are not identical, analysis
of the dietary supplement by ESI-MS was used to compare the rel-
ative proton affinities of caffeine and vitamin B6. A diluted dietary
supplement methanol extract was analyzed by direct infusion posi-
tive ion ESI-MS (mass spectrum not shown). The amount of caffeine
(0.5 mg/ml) in the methanol extract was 8-fold greater than that of
vitamin B6 (0.0625 mg/ml). The predominant MS signal at m/z 170
[M + H]+ due to vitamin B6 was approximately 20-fold more intense
than the signal due to caffeine at m/z 195 [M + H]+, suggesting the
vitamin has a higher proton affinity. We then analyzed caffeine and
vitamin B6 standards using a benchtop IMS instrument with a des-
orber temperature of 291 ◦C. Analysis of 20 ng of vitamin B6 yielded
a signal with a peak intensity of about 1200 du whereas when the
same amount of caffeine was analyzed, its signal was about 20-fold
less intense (spectra not shown), confirming that the vitamin has
a higher gas-phase proton affinity than that of caffeine. Therefore,
the lack of signal of vitamin B6 in the positive ion mobility spectrum
acquired using the portable spectrometer was most likely due to an
insufficient desorber temperature.

Another important parameter to consider when developing a
method using these portable IMS instruments is that the linear
dynamic range is about one order of magnitude, so overloading the
instrument with analyte is easy. Typically, persistent analytes can
be removed from the instrument by purging the system with clean
air for 20 s up to three times. However, the system may necessi-
tate rigorous cleaning and/or replacing parts of the instrument if
overloaded. Thus, when analyzing a compound for the first time, it
is better to analyze a low amount (1–10 ng) of sample rather than
a high amount such as 100 ng. From the collaborative study, when
30 ng and 40 ng of sibutramine were analyzed, saturation of the IMS
chamber occurred and the instrument required more than three
cleaning cycles to remove the drug. Hence, no more than 20 ng

of sibutramine should be analyzed with the SABRE 4000. When
the amount of adulterant in contaminated dietary supplements is
unknown, proper dilution of the sample is essential when preparing
the sample for analysis by IMS. Hence, the target sample concen-
tration range was 2–20 ng/�l of sibutramine as determined from
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he LOD and instrument saturation. Counterfeit weight loss prod-
cts have contained 0.1–40 mg of sibutramine HCl/capsule. Based
n these values, the following 5-step procedure can be used as a
uide to prepare and analyze dietary supplements that may poten-
ially contain sibutramine in order to prevent saturation of the IMS
nstrument:

. Transfer the contents of one capsule or one ground tablet into a
20 ml volumetric flask, dilute with methanol and shake.

. Filter 3 ml of this solution from step 1 using a syringe filter,
preferably a 0.2 �m PTFE filter.

. Dilute 0.1 ml of the filtered solution from step 2 using a 10 ml
volumetric flask and methanol. Analyze 1 �l of the diluted solu-
tion.

. If sibutramine was not detected in the solution prepared from
step 3, then dilute 1 ml of the filtered solution from step 2 using a
10 ml volumetric flask and methanol. Analyze 1 �l of the diluted
solution.

. If sibutramine was not detected in the solution prepared from
step 4, then analyze 1 �l of the filtered solution from step 2.

Replicate analysis of each solution is suggested. We also rec-
mmend analyzing a sibutramine reference standard prior to any
ample analysis to ensure that the instrument is working properly.

. Conclusion

We have demonstrated that portable IMS instruments can
e applied to the analysis of low levels of sibutramine. Results
btained using five portable ion mobility spectrometers were used
o aid in determination of instrumental parameters for the detec-
ion of sibutramine in dietary supplements. Among the five SABRE
000 instruments, the LODs of sibutramine were consistent with an
verall LOD of 2 ng of sibutramine HCl. Counterfeit herbal dietary
upplement samples containing unknown amounts of sibutramine
an be prepared using two dilution factors. Samples should be
repared to contain 2–20 ng/�l of sibutramine and these concen-
rations can be obtained using the suggested 5-step procedure. The
ample preparation and the portable IMS instrument methods for
he detection of sibutramine are simple enough that they can be
sed to examine products at ports of entry to prevent adulterated
aterials from entering the marketplace.
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