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Sibutramine in slimming food supplements on the Croatian market
determined by validated high-pressure liquid chromatography-
electrospray tandem mass spectrometry method

ADELA KRIVOHLAVEK - IRENA ZUNTAR - MARTINA IVESIC -
IVANA MANDIC ANDACIC - SANDRA SIKIC - MARIO VREBCEVIC

Summary

People are trying to solve their obesity problem with easy solutions like using herbal products. The most dangerous are
those to which medicines, like sibutramine, are added, since patient believes that the supplement is mostly herbal-based
and thus safe for use. Our study aimed at helping to control sibutramine in slimming food supplements on the Croatian
market. Analysis of sibutramine in such products was done by using high-pressure liquid chromatography-electrospray
tandem mass spectrometry. For sibutramine, and N,N-didesmethylsibutramine as an internal standard, mass spectro-
metry detection was performed in positive mode using Multiple Reaction Monitoring. The drugs were isolated using
simple methanol extraction and were separated using reversed-phase liquid chromatography on a Zorbax SB Cis
column (150 mm x 2.1 mm, particle size 3.5 um; Agilent Technologies, Santa Clara, California, USA) with a gradient
elution using 0.1% formic acid in acetonitrile and 0.1% formic acid in water as a mobile phase at a flow rate of
0.2 ml'min-1. The study showed that one-fifth of the samples tested over a period of six years contained sibutramine.
Regular market control using the described method could prevent health risk to population.
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Obesity is a complexed condition, with serious
social and psychological dimensions, that affects
virtually all age and socioeconomic groups and
threatens to overwhelm both developed and
developing countries. In 1995, there were an es-
timated 200 million of obese adults worldwide
and another 18 million under-five children clas-
sified as overweight. As of 2000, the number of
obese adults has increased to over 300 million.
Overweight and obesity are major risk factors for
a number of chronic diseases, including diabetes,
cardiovascular diseases and cancer. Overweight
and obesity, as well as their related non-communi-
cable diseases, are largely preventable [1]. A drug
therapy might be considered if obesity persists de-
spite diet, physical exercise and life-style modifica-
tion. Drugs used as weight loss aid can be divided

into two categories, based on their mechanisms of
action: appetite suppressants and lipase inhibitors
[2].

Sibutramine  (sibutramine  hydrochloride
monohydrate, SIB) and its metabolites (mono-
desmethylsibutramine  and  di-desmethylsibu-
tramine; both are more pharmacologically active
than sibutramine) share noradrenalin and sero-
tonin reuptake inhibition and secondary receptor
modification effects, such as down-regulation of
B-adrenoceptors that were common among effec-
tive antidepressants of the time. Increasing the
levels of noradrenalin and serotonin in the brain
helps patients to feel full after eating and reduce
their food intake [3, 4]. Based on the data from
the sibutramine cardiovascular outcomes trial [5]
in 2010, SIB was removed from European mar-
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ket. SIB demonstrated an increased risk of non-
fatal cardiovascular events, such as stroke or heart
attack. Therefore, the Agency’s Committee for
Medicinal Products for human use has concluded
that any benefit brought by the use of SIB does
not compensate the risks imposed to patients [6].
By 2011, SIB was withdrawn from all major mar-
kets globally. Slimming products are one of the
most sold over-the-counter and food supplement
products in most European countries connected
with the increasing problem of obesity as well as
culture promoting “ideal body figure”. The most
dangerous are the food supplements to which
medicines, like SIB, are added as adulterants,
since the patient believes he or she is taking a sup-
plement that is mostly herbal-based and thus safe
for use [7].

European Pharmacopoeia does not indicate an
official method for quantification of SIB, but a few
methods have been described in the literature
using high performance liquid chromatography
with UV photometric [8] and mass spectrometric
detection [9, 10], capillary electrophoresis with
UV detection [11], X-ray powder diffractometry
and liquid chromatography [12], high performance
liquid chromatography and high performance thin
layer chromatography methods [13], as well as
thin layer chromatographic image analysis method
[14].

Since the number of slimming products in-
creases, it is important, for regulatory purposes,
to check these products for their quality and com-
position in order to evaluate population health
risk. Therefore, in present work, a liquid chro-
matography-electrospray ionization-tandem mass
spectrometry (LC-ESI-MS/MS) method for SIB
determination was developed and validated. Addi-
tionally, the method was applied to analyse various
slimming products on the Croatian market, which
were categorized as weight loss dietary supple-
ments.

MATERIAL AND METHODS

Materials studied

One hundred and twenty-three slimming
products categorized as herbal food supplements
(green tea, coffee, chocolate powder, tablets,
capsules and various syrups) were collected on
the Croatian market in the period from 2009 till
2014 by sanitary inspection (59%) and private dis-
tributors (41%). These herbal supplements were
sampled in 2009 (» = 10), 2010 (n = 39), 2011
(n = 10), 2012 (n = 23), 2013 (n = 16) and 2014
(n = 25). Collected samples consisted mainly of

capsules, tablets and sachets with powder. They
were analysed immediately after arrival to the la-
boratory.

Preparation of samples and standard solutions

Analytical standards sibutramine hydrochlo-
ride monohydrate (SIB) N-{1-[1-(4-chlorophenyl)
cyclobutyl]-3-methylbutyl}-N, N’-dimethylamine
hydrochloride was from Abbott Laboratories
(Irving, Texas, USA) and N N-didesmethylsibu-
tramine hydrochloride (DDSIB) was from LGC
standard (Wesel, Germany). Methanol and aceto-
nitrile were purchased from J. T. Baker (Deventer,
The Netherlands), both of purity suitable for
liquid chromatography-mass spectrometry.

A SIB standard stock solution was prepared
by dissolving solid SIB in methanol and this solu-
tion was further diluted with methanol obtaining
working standard solutions of 1, 5, 10, 25, 50 and
100 ng'mll, respectively. An internal standard
of DDSIB at constant mass concentration of
10 ng'ml! was used in all standard solutions
and samples. All solutions were stored in a cool
(at approx. 4 °C), dark place when not in use.

Calibration curve at six concentration levels
was prepared by injecting 10 ul SIB standard solu-
tions at the following concentrations: 1, 5, 10, 25,
50 and 100 ng'ml-! with constant concentration of
internal standard, 10 ng'ml-1 DDSIB. A calibration
curve with standards was made every day. SIB was
quantified by a calibration curve constructed by
plotting peak area ratios (SIB/DDSIB) versus SIB
concentrations.

The drug, sibutramine, was isolated from
herbal remedies using simple methanol (liquid
chromatography-mass spectrometry grade,
J. T. Baker) extraction. Since there was no in-
formation about the content of SIB and/or its
analogues in analysed samples, the sample was
weighed into a 100 ml Erlenmeyer flask, and
then internal standard DDSIB was added into
30 ml of methanol to obtain final concentration
of 10 ng'ml-1. One dosage unit of capsules, tablets
or sachets with powder was always analysed. For
capsules, the husks were removed first. The tablet
contents were placed in a mortar and rubbed into
fine powder. All the fine powder was transferred
into a vessel and extracted with methanol by hand
shaking for 1 min and centrifuged for 15 min at
4600 xg. Before injection, supernatants were fil-
tered through a polytetrafluoroethylene mem-
brane filter (pore size, 0.2 um) into an autosam-
pler vial.

Equipment and LC-ESI-MS/MS conditions
Liquid chromatography (LC) analyses were
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performed on a Zorbax SB Cig narrow bore
column (150 mm x 2.1 mm, 3.5 um; Agilent Tech-
nologies, Santa Clara, California, USA) using an
Finnigan Surveyor (Thermo Electron, San Jose,
California, USA) series liquid chromatograph
equipped with a quaternary pump and autosam-
pler. Data acquisition and quantification were
conducted using Xcalibur sofware version 2.4
(Thermo Electron). The column was thermostated
at 40 °C. Chromatographic separation was per-
formed using gradient elution with 0.1% formic
acid in water (A) and 0.1% formic acid in aceto-
nitrile (B) starting with a ratio of 80:20 (v/v);
then at 1-10 min, 60% decreased to 10% of A; at
10-11 min stayed at 10% A; and then at 11-15 min
at 60%. The flow was set at 0.2 ml'min-1, column
temperature was 40 °C, and the injection volume
was 10 ul. Scan time for each transition reaction
was 500 ms with scan width of m/z = 1.0.

Mass spectrometry (MS) analyses were per-
formed on a Finnigan TSQ Quantum Ultra EMR
triple stage quadrupole mass spectrometer (Ther-
mo Electron) equipped with a heated-electrospray
interface. The electrospray capillary temperature
was 350 °C and the capillary voltage was 4500 V.
Argon was used as a collision gas and nitrogen was
used as sheath and auxiliary gas. MS detection was
performed in positive mode using Multiple Reac-
tion Monitoring (MRM). SIB monitoring ion was
m/z = 280.2, and product ion was m/z = 125.0.
For DDSIB, monitoring ion was m/z = 252.4 and
product ion was m/z = 125.0.

RESULTS AND DISCUSSION

The purpose of slimming food supplements
control was to determine the sibutramine presence
in these products placed on the Croatian market
in order to warn consumers on potential risk of
serious cardiovascular diseases. This is the reason
why the LC-MS/MS method was developed and
validated. Based on different papers describing
the analytical methods for detection and quan-
tification of the adulterant, sibutramine drug, in
slimming products [8-14], LC-MS/MS method was
chosen because of its selectivity, qualitative, quan-
titative and confirmative performances.

A MRM procedure was applied. For SIB and
DDSIB, one transition was monitored, from
parent ion m/z = 280.2 to daughter ion m/z = 125
at retention time of 7.15 min; and from parent
ion m/z = 252.4 to daughter ion m/z = 125 at re-
tention time 6.14 min. Method validation was per-
formed using both standard solution and samples
of spiked food supplements.

Selectivity of the method was checked by the
preparation and analysis of blank and spiked food
supplements samples to verify the absence of po-
tential interfering compounds in the sample. No
interference was observed around SIB and DDSIB
retention times in samples. Figs. 1A-1C show
LC-ESI-MS/MS chromatograms of coffee extract
in MRM mode of a blank, of a spiked coffee ex-
tract and of an appropriate standard solution
(10 ng'ml-1).

The limit of detection (LOD) and limit of
quantification (LOQ) were estimated by inject-
ing decreasing concentrations of matrix-matched
calibrators and measuring the response at a sig-
nal-to-noise (S/N) ratio of > 3 and > 10 for LOD
and LOQ, respectively. Using this approach,
LOD was 1 ng'ml! and LOQ was 5 ng'ml-l. The
internal standard-based quantification method
was used for SIB. In this study, we chose to use
DDSIB as an internal standard, which was accom-
panied by matrix-matched calibrators to minimize
possible matrix effects. Good linear relationship
(r2 > 0.998) was achieved over the working range
of 1-1000 ng'ml-1, which corresponds to a content
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Fig. 1A. LC-ESI-MS/MS chromatogram
of blank coffee extract.

TIC - total ion current, SIB - sibutramine, DDSIB - N,N-
didesmethylsibutramine used as an internal standard.
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of 1-100 ug SIB per kilogram of test sample. This
Awas satisfactory for SIB analysis in herbal slim-
ming food supplements.

In order to analyse the recovery of the extrac-
tion procedure, known amounts of standard so-
lution of SIB were added to the tested slimming
product sample (3 concentration levels in tripli-
cate) for coffee and for capsule samples. Mean
value for the capsule slimming sample was 82.9%
with the relative standard deviation (RSD) of
4.1%, while for the green coffee it was 114.7%
with RSD of 9.8%. Furthermore, robustness of
extraction was also tested by spiking of capsule
samples in six replicates of each slimming product
using filtration at once, after 30 min and then
after 120 min. Results showed good stability of the
sample with mean recovery of 86.0% with RSD of
5.4%. RSD value decreased by prolonged time of
stabilization.

Stability of prepared capsule samples spiked at
three concentration levels was also investigated.
The analysis was performed on the same day as ex-
traction and results were compared with those ob-
tained after 30 days of keeping solutions in the at
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Fig. 1B. LC-ESI-MS/MS chromatogram
of spiked coffee extract.

TIC - total ion current, SIB - sibutramine, DDSIB - N,N-
didesmethylsibutramine used as an internal standard.

approx. 4 °C. Mean recovery was 85.0% with RSD
of 6.2% on the same day of analysis and, after
30 days, recovery was 86.9% with RSD of 2.7%.
These results confirmed stability of the samples at
keeping in the dark at approx. 4 °C.

The validated LC-MS/MS method was used for
routine analysis of SIB in 123 slimming products
categorized as herbal food supplements (green
tea, coffee, chocolate powder, tablets, capsules
and various syrups) obtained from the Croatian
market in the period from 2009 till 2014. (Tab. 1,
Tab. 2). Results showed that 22.0% of samples
were non-compliant with declaration, containing
0.014 mg-kg-1 SIB or more. Most of non-compliant
samples were found in 2009 and 2010, and the
number of non-compliant samples decreased
over following years (Tab. 1). After 2010, when
SIB was forbidden as active substance in medi-
cal slimming products, the percentage decreased
gradually down to 11.4%. Similar results were
obtained for products on the Dutch market dur-
ing the period 2004-2013, and for the South Ko-
rean market during the period 2009-2012, 34%
and 26%, respectively [15, 16]. Additionally, SIB
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Fig. 1C. LC-ESI-MS/MS chromatogram
of standard solution 10 ng-ml-1.

TIC - total ion current, SIB - sibutramine, DDSIB - N,N-
didesmethylsibutramine used as an internal standard.
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Tab. 1. Slimming food supplements
analysed for sibutramine in a six-years period.

Number of samples Percentage of

Yoar Total | Compliant Non- non-complioant
compliant | samples [%]

2009 10 6 4 40.0
2010 39 24 15 38.5
2011 10 9 1 10.0
2012 23 21 2 8.7
2013 16 13 3 18.8
2014 25 23 2 8.0
Total 123 96 27 22.0

and SIB analogues were the most frequently de-
tected active pharmaceutical ingredients (repre-
senting 34%) in a joint market surveillance study
focused on slimming dietary supplements per-
formed by the Official Medicines Control Labora-
tories Network in 2012 [17]. The number of non-
compliant samples increased to 18.8% in 2013,
but levels of detected SIB were much lower than
the highest values in 2009 and 2010. SIB was de-
tected in the range from less than 0.010 mgkg!
to 26410 mg-kgl, with 0.010 mgkg! being taken
as the threshold of compliance (Tab. 2). The most
contaminated groups of products were green
coffee, capsules and tablets. SIB contents in green
coffee samples were 0.014-2438 mg-kg'1, while the
highest content of SIB was found in one capsule
sample in 2009 (26410 mg-kg1).

The results of this study demonstrate a real
problem concerning the safety of slimming food
supplements and herbal products. A portion of
22.0% of the analysed preparations declared as
“natural and herbal” did not comply with dec-

laration, because they contained forbidden syn-
thetic chemical, sibutramine, and thus could cause
damage to health. Percentage of non-compliant
samples ranged from 0%, in chocolate and tea, to
37.5% in green coffee (Tab. 2). All non-compliant
slimming products originated from Asia and none
was from European countries. Although a de-
creasing trend in the percentage of non-compliant
products was noted also by European Rapid Alert
System for Food and Feed [18], the number of
slimming products ordered online is constantly
increasing on European market [19]. The study of
MATHON et al. [20] showed that, during two sur-
veys, half of 52 weight loss supplements bought
online were adulterated with SIB. Generally, it
is important for regulatory purposes to check all
these products for their quality and composition in
order to prevent consumption of preparations of
unknown or doubtful origin, which are dangerous
for human health or even life-threatening. Any
distribution of such products (of unknown origin
or dubious quality) should be strictly forbidden.
The problem with SIB is not only that it was
withdrawn from European market [6], but that it
was also forbidden in slimming food supplements
in EU [21] and also by Croatian national regula-
tion [22]. The herbal food supplements in which
SIB was found were not properly declared. They
were contaminated and/or adulterated inten-
tionally, to improve their effect on weight loss.
Besides of the reasons why SIB was withdrawn,
unknown substances contained in so called harm-
less products could affect health because of
serious drug-drug and drug-herbal interactions.
It is known that SIB acts like a prodrug with even
more active metabolites (mono-desmethylsibu-
tramine and di-desmethylsibutramine). Biochemi-
cal metabolism involves cytocrome P450 enzymes,
CYP3A4, CYP2B6, CYP3A5 and CYP2CI19

Tab. 2. Type and number of analysed slimming food supplements and range of determined sibutramine.

Number of samples Percentage of non- Sibutramine in
Samples compliant samples non-compliant
Total Compliant Non-compliant [%] samples [mg-kg1]

Green coffee 32 20 12 375 0.014-2438
Tea 0.0 -
Chocolate powder 0.0 -
Tablets and capsules 59 48 11 18.6 0.400-26410
Syrup 11 10 1 9.1 0.250
Other 11 8 3 27.3 0.660-815
Total 123 96 27 22.0

Other samples: gel capsules, chewing chocolate cubes, powder for preparing slimming drinks of various tastes and food sup-

plement powder for sportsmen.
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[4, 23] that are also parts of oxidative metabo-
lism of more than 50% of all prescription medica-
tions and also some herbs [24]. Co-administration
could lead to drug toxicity or no effective therapy,
depending on the type of interaction. Also, con-
tent of SIB as unknown constituent in a slimming
product could increase and worsen its effect [25,
26]. Moderate increase of SIB was caused by in-
hibitors of CYP3A4 such as cimetidine, ketoco-
nazole, erytromicin, simvastatin, omeprazole and
cyclosporine [25, 26]. The most commonly pre-
scribed antidepressants, selective serotonin re-
uptake inhibitors (SSRIs) [27], when taken with
SIB, cause the serious serotonin syndrome [25,
26]. The same happened with one of the top 10
best-selling herbs, St John’s wort (Hypericum per-
foratum), that is typically used to treat depres-
sion [24, 25]. Co-administration of oy adrenergic
blockers, such as the herb yohimbine (used for
sexual dysfunction), with SIB has been recognized
as potentially life-threatening due to potential
sympathetic side effects resulting in hypertension
and tachycardia [25]. Additionally, grapefruit juice
that is used as a dietary intervention to lose weight
and improve cardiovascular health, inactivates
CYP3A4 and reduces SIB metabolism, increases
bioavailability and thus its effect [24, 25]. Regu-
lar market control of slimming food supplements
on SIB, for example by the method for its identi-
fication and quantification described in our study,
could prevent population health risk.

CONCLUSION

The study showed that one-fifth of herbal slim-
ming food supplements believed to be ,healthy
and harmless,, were contaminated or adulter-
ated with active substance SIB, which was with-
drawn from the market due to an associated risk
of serious cardiovascular events. In order to pre-
vent health risk by taking undeclared SIB in such
products, which could also interact with other
herbs and prescribed drugs, LC-ESI-MS/MS
method was validated and performed in routine
laboratory work. To the best of our knowledge,
this was done for the first time with samples from
the Croatian market.
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