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A  health  supplement  used  for  female  sexual  performance  enhancement  was  sent  to Health  Sciences
Authority  of  Singapore  for  testing.  An unknown  compound  was  detected  and  isolated  from  the  health
supplement  and  its  structure  was  elucidated  using  LC-DAD,  LC-FTMS,  NMR  and IR.  The  detected  com-
pound  was  identified  to be  flibanserin,  a  non-hormonal  treatment  developed  for  pre-menopausal  woman
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. Introduction

Sexual dysfunction is more prevalent for women (43%) than men
31%) and is associated with various demographic characteristics,
ncluding age and educational attainment [1].  Hypoactive sexual
esire disorder (HSDD) is a form of Female Sexual Dysfunction
FSD). HSDD is defined as a persistent or recurrent deficiency (or
bsence) of sexual fantasies/thoughts and desire for sexual activity
ausing marked distress or interpersonal difficulty [2].  Up to 10% of
omen in the USA suffer from FSD of which HSDD is the major

ubindication [3].  Sexual Desire Disorders are generally under-
iagnosed as many women are reluctant to discuss sexual issues
ith their physicians and have low expectations concerning the
rospects for help [1,4]. Currently, no pharmacologic therapy is
pproved by US FDA for the treatment of HSDD. With no approved
SDD therapies available to women, women with reservations to

eek help from their physicians may  turn to natural health prod-
cts for help. As a result, health supplements for treating FSD have
ecome increasingly popular in recent years as they are believed
o be natural with no side effects. Many of these products claim to
e libido enhancer that stimulates blood flow, circulation and hor-
one activity which result in a more enjoyable orgasm experience
or women.
In this paper, we report the detection and isolation of flibanserin,

 compound developed to treat HSDD [5–7], from a natural health

∗ Corresponding author. Tel.: +65 6516 7962; fax: +65 6779 1554.
E-mail address: phakohhl@nus.edu.sg (H.-L. Koh).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.08.027
product used for female sexual performance enhancement and its
structural elucidation using LC-DAD, LC-FTMS, IR and NMR.

2. Materials and methods

2.1. Sample and chemicals

A health supplement, named MMP,  was sent from an over-
seas company to the Health Sciences Authority (HSA) of Singapore
for testing. It is presented as transparent capsules with white
powder. Methanol (AR grade) and acetonitrile (HPLC grade) were
supplied by Lab-Scan Analytical Sciences (Patumwan, Bangkok,
Thailand). Methanol (HPLC grade) was supplied by RCI Labscan
Limited (Thailand). Dimethylsulfoxide (DMSO) was supplied by
Sigma–Aldrich (Steinheim, Germany). 0.45 �m nylon membrane
filters were supplied by Whatman International Ltd. (Maidstone,
UK). Ultrapure water was  obtained using a Elga Purelab Water
Purification System. Sodium dihydrogen phosphate was supplied
by Sigma–Aldrich (Steinheim, Germany). Deuterated formic acid
and deuterated chloroform used for NMR  analysis were purchased
from Sigma–Aldrich (St. Louis, MO,  USA).

2.2. Extraction of sample

For LC-DAD, 1 g of the capsular contents (white powder) were

ultrasonically extracted in 10 ml  methanol (AR grade) for 30 min.
1 ml  extract was  further diluted to 10 ml  with methanol (AR
grade) and filtered through the 0.45 �m PTFE membrane filter.
For LC-LTQ Orbitrap XL FTMS, NMR  and IR analysis, 3.3 g of the

dx.doi.org/10.1016/j.jpba.2011.08.027
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:phakohhl@nus.edu.sg
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Fig. 1. Chemical s

apsular contents were ultrasonically extracted in 40 ml methanol
AR grade) for 30 min. The extract was filtered and the solvent was
vaporated using rotary evaporator. The residue was  reconstituted
n 1.5 ml  DMSO and filtered through 0.45 �m PTFE membrane
lter. The filtered sample was further purified using preparative
PLC and the purified compound of interest was  analyzed by
C-LTQ Orbitrap XL FTMS, NMR  and IR.

.3. Preparative HPLC

A Shimadzu HPLC system with two preparative pumps (LC-8A,
yoto, Japan) and an automatic fraction collector (FRC-10A, Kyoto,

apan) were used. An Agilent ZORBAX SB-C18 reversed phase semi-
reparative column (250 mm × 9.4 mm  i.d., 5 �m)  was  used for the
ample separation. The mobile phases were water and acetonitrile
HPLC grade). The gradient elution profile was as follows: acetoni-
rile was increased from 20% to 90% in 15 min  and maintained for

 min. The flow rate of mobile phase was 4 ml/min and injection
olume was 50 �l. Column oven temperature was  set at 40 ◦C. The
V and visible spectra from 190 to 600 nm were recorded on-line
uring the chromatographic run. Fractions containing the target

ompound were collected by the automatic fraction collector based
n UV detection (254 nm). The solvent was removed using a rotary
vaporator and the residue was freeze dried using Christ Alpha 2-4
D Plus Freeze Dryer (Osterode, Germany).

ig. 2. UV–vis spectrum of flibanserin in methanol, scanned from 200 nm to 400 nm,
howing the maximal absorbances at 210 nm,  230 nm, 250 nm and 280 nm.
re of flibanserin.

2.4. LC-DAD analysis

An Agilent 1100 series HPLC chromatograph with diode-array
detector (Palo Alto, CA, USA) was  employed. A BDS Hypersil C18
column (200 mm × 4.6 mm i.d., 5 �m)  from Thermo Scientific (USA)
was  used. Mobile phase A consisted of 25 mM sodium dihydrogen
phosphate in water, adjusted to pH 3.2 ± 0.1 with phosphoric acid.
Mobile phase B was  acetonitrile (HPLC grade). The gradient elution
profile was  as follows: 0–30 min, acetonitrile rose from 10% to 70%
(v/v), and maintained for 5 min. The flow rate of mobile phase was
1 ml/min. The injection volume was 10 �l. The UV  spectra from 200
to 400 nm were recorded on-line during the chromatographic run.
The chromatograms of both original methanol extract and purified
compound were recorded at the wavelength 254 nm.

2.5. LTQ Orbitrap XL FTMS analysis

The isolated compound was dissolved in methanol (HPLC grade)
at a concentration of 0.5 �g/ml and was  injected to Thermo Fis-
cher Scientific LTQ Orbitrap XLTM hybrid FTMS System (Bremen,
Germany) controlled by Xcalibur (Version 2.0.7) software. The ESI
ionization source was  operated in the positive ion mode with spray
voltage set at 3 kV, sheath gas flow rate at 40 arb, auxiliary gas
flow rate at 10 arb, capillary voltage and temperature at 39 V and
250 ◦C respectively. The tube lens were set at 120 V, mass range was
set to 200–500 Da with a resolution of 30,000. The high-resolution
MS  spectrum was acquired by direct infusion with a flow rate of
5 �l/min. The [M+H]+ was selected as a precursor ion and the MS2

spectrum was  acquired with Collision energy (CE) set at 45 V under
HCD (High energy Collision Dissolution) mode.

2.6. NMR and IR analyses

The isolated compound was  dissolved in deuterated chloroform
(CDCl3) for NMR  analysis. 13C and DEPT spectra were recorded
on a Bruker AMX  500 spectrometer (Bruker BioSpin, Rheinstet-
ten, Germany). 1H, COSY, HMQC and HMBC spectra were recorded
on a Bruker DRX 500 spectrometer (Bruker BioSpin, Rheinstetten,
Germany). Chemical shifts were reported in ppm using the sol-
vent peak as an internal standard. IR spectrum in KBr disc was
recorded on a Nicolet 6700 FTIR spectrometer (Madison, WI,  USA)
and recorded over the spectral range 4000–400 cm−1.
3. Results and discussion

Approximately 10 mg  of white amorphous powder was isolated
from 3.3 g of MMP  powder. Fig. 1 shows its proposed chemical
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Fig. 3. High resolution

tructure. As shown in Fig. 2, the UV spectrum of isolated compound
n methanol showed maximal absorbances at 210 nm,  230 nm,
50 nm and 280 nm.  The retention times for the compound in both

he extract and purified sample were 17.2 min  and 17.4 min  respec-
ively under the LC-DAD chromatographic conditions.

High-resolution ESI-MS spectrum of the compound in Fig. 3
evealed [M+H]+ at m/z  391.17310, suggesting a molecular formula

able 1
MR  data for flibanserin.

No. 1H (ıH) 13C (ıC) 

2 – 155.6 

3  10.00 (1H, s) – 

4  – 128.1 

5  7.06 (1H, m)  108.0 

6a 7.10 (1H, m)  121.3 

7a 7.10 (1H, m)  121.6 

8 7.11 (1H, dd, J = 6.3, 1.6) 110.0 

9  – 130.3 

10  4.08 (2H, t, J = 6.8) 38.5 

11  2.80 (2H, t, J = 6.8) 55.7 

12,  14 2.74 (4H, t, J = 4.5) 53.1 

13,  15 3.22 (4H, brs) 48.6 

16  – 151.3 

17  7.09 (1H, m)  112.2 

18a – 123.2 

19  7.01 (1H, dd, J = 8.0, 2.0) 115.8 

20  7.31 (1H, t, J = 8.0) 129.5 

21  7.07 (1H, m)  118.7 

22a – 125.4 

ppm in CDCl3, J in Hz.
a Overlapping signals.
b Number of attached protons.
c Correlation cannot be accurately assigned due to overlapping signals.
ectrum of flibanserin.

of C20H21F3N4O. The error between observed mass and theoreti-
cal mass of [M+H]+ was −2.352 ppm. This molecular formula was
further supported by 1H and 13C NMR  data which indicated the

presence of 20 carbon atoms and 21 protons.  1D and 2D NMR
(Table 1) data were used to assign protons and carbons.

1H NMR  data and their HMBC correlations were used to
assign the protons. 13C and DEPT NMR  data showed signals of six

DEPTb COSY HMBC

0 – –
– – C-2, C-4, C-9
0 – –
1 – C-4
1 – c

1 – c

1 – C-6, C-7, C-9
0 – –
2 H-11 C-2, C-9, C-11
2 H-10 C-10, C-12, C-14
2 H-13, H-15 C-11, C-13, C-15, C-12/C-14,
2 H-12, H-14 C-12, C-14, C-13/C-15, C-16
0 – –
1 – c

0 – –
1 H-20 C-17
1 H-21/H-19 C-16, C-19, C-21
1 H-20 c

0 – –
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Fig. 4. High resolution ESI

ethylene, eight methine and six quaternary carbon atoms. The
EPT signals at 53.1 ppm and 48.6 ppm were twice as intense as

hose from the rest of the methylene carbon signals, suggesting two
ethylene carbons each at signals 53.1 ppm and 48.6 ppm. HMQC

orrelated these methylene carbons to proton signals at 2.73 ppm
nd 4.08 ppm respectively, which corresponded to four protons
ach. A total of six methylene carbon atoms were hence confirmed
ith overlapping methylene carbon signals at 53.1 ppm and

8.6 ppm. The 13C NMR  data (Table 1) showed that there were two
uaternary carbons at 155.6 ppm and 151.3 ppm. The carbon with
hemical shift 155.6 ppm was C-2. In the structure of imidazolone,
arbonyl carbon C-2 was attached to two nitrogen atoms which
elped to withdraw electrons from oxygen to C-2. Hence, C-2 was

ess deshielded as compared to a normal carbonyl carbon which
ypically has chemical shift above 170 ppm. Eight methine carbons
nd two quaternary carbons with chemical shifts above 108 ppm
uggested the presence of two aromatic rings. The quaternary car-
on with chemical shift 125.4 ppm was C-22 which was attached
o three fluorine atoms. Due to the strong electron withdrawing
ffect of the fluorine atoms, C-22 was highly deshielded and had

 high chemical shift. The NMR  results suggested the unknown
ompound to be 1-[2-[4-(3-trifluoromethyl phenyl) piperazin-
-yl] ethyl] benzimidazol-[1H]-2-one, which is also known as
ibanserin.

This structure was further confirmed by high-resolution ESI-
S/MS. The high-resolution MS2 spectrum in Fig. 4 showed

he major fragments at m/z 161.07045, 204.11269, 243.10999,

57.12555 and 371.16727. The fragmentation process is indicated

n Fig. 5, which is confirmed by Mass FrontierTM 5.0 (HighChem,
td., Slovak Republic). All proposed fragments have mass errors
elow 5 ppm.
S  spectrum of flibanserin.

The IR spectrum of the isolated compound showed absorp-
tion bands of amide (�C O 1685 cm−1, �N–H (stretch) 3180 cm−1,
�N–H (bending) 1610 cm−1), alkyl fluoride (�C–F 1077 cm−1,
1112 cm−1, 1158 cm−1), aromatic ring (�Ar–H 3028 cm−1,
3078 cm−1 and �C C 1401 cm−1, 1446 cm−1, 1453 cm−1, 1468 cm−1,
1487 cm−1) and alkane (�C–H 2891 cm−1, 2930 cm−1 2948 cm−1).
The IR spectrum further supported the structure of flibanserin.

Flibanserin, a serotonin-1A (5-HT (1A)) receptor agonist and the
serotonin-2A (5-HT (2A)) receptor antagonist is being developed
as a novel, non-hormonal treatment for pre-menopausal women
with HSDD [5–7]. However, the FDA Advisory Committee for Repro-
ductive Health Drugs rejected the New Drug application as the
efficacy was  deemed not sufficiently robust to justify the risks and
there were concerns over the safety signals and potential drug
interactions involving flibanserin [8].  Data on the long term use of
flibanserin and further documentation of efficacy will be needed for
reconsideration. Women  suffering from FSD and are deceived into
taking herbal aphrodisiacs adulterated with flibanserin are being
put at risk of experiencing side effects from this unapproved drug.
The highest health risk is with consumers not expecting potentially
serious drug–drug interactions.

As the sample was  sent to the laboratory from an overseas com-
pany with the intention to market the product in Singapore, it is
likely that the product is a pre-existing product in other countries,
using the same or different product names. The problem can hence
be a more widespread one and the finding will be useful to regula-
tors, researchers and healthcare practitioners. They will be alerted

on the possible adulteration of flibanserin, an unapproved drug in
health products claimed for woman sexual performance enhance-
ment. The methods used in this study also constitute a good tool in
the detection of adulterant in health supplement and a combination
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Fig. 5. Proposed ESI-MS/MS fragmentation of the protonated molecules of

f up-to-date analytical procedures is nowadays highly necessary
or such challenging tasks.

. Conclusion

In this study, a serotonin-1A (5-HT (1A)) receptor agonist and
he serotonin-2A (5-HT (2A)) receptor antagonist, flibanserin, was
solated from a health supplement and its chemical structure was
lucidated using NMR, IR, high-resolution ESI-MS and MS/MS. The
resence of flibanserin in the health supplement is dangerous for
onsumers as it is not an approved drug. This is the first report of
ibanserin as an adulterant in a health supplement used for sexual
erformance enhancement.
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