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A simple thin layer chromatographic (TIC)-image analysis method was developed for rapid
determination and quantitation of sibutramine hydrochloride (SH) adulterated in herbal slimming
products. Chromatogra phic separation of SH was achie ved on a silica gel 60 F2s4 TLC plate, using toluene-
n-hexane-diethylamine (9:1:0.3, v/v/v) as the mabile phase and Drage ndorff reagent as spot detection.
Image analysis of the scanned TLC plate was performed to quantify the amount of SH. The polynomial
regressian data for the calibration plots showed good linear relationshipin the concentration range of 1-
6 pg/spot. The limits of detection and quantitation were 190 and 634 ngjspot, respectively. The method
gave satisfactory spedfidty, predsion, accuracy, robustness and was applied for determination of SH in
herbal formulations. The contents of SH in adulterated samples determined by the TLC-image analysis
and TLC-densitometry were also compared.

© 2011 Elsevier Ireland Ltd. All rights reserved,

1. Introduction

Overweight and obesity have been recognized as one of the
serious worldwide problems leading to the search for a number of
weight-loss medicines and especially the use of altemative
treatments based on herbal formulations. The demand for
slimming formulations and dietary supplements originated from
purely natural substances is prominently increasing due to the
belief that these natural products have been regarded as being
harmless and do not cause harmful side effects as synthetic
chemical drugs [1,2).

From the increasing popularity all over the world, the market
share of herbal slimming products has been highly competitive. As
a result, some manufacturers committed illegal adulterations of
synthetic anorexics in order to improve the efficacy of their
products for weightloss. Sibutramine hydrochloride (SH) has been
one of the most commonly adulterated anorexic drugs found in
herbal slimming formulations [3-6]. In many countries including
Thailand, SH was withdrawn from the market due to an associated
risk of serious cardiovascular events such as nonfatal heart attack

* Correspording author at: Department of Pharmaceutical Chemistry. Faculty of
Pharmacy, Silpakorn University. Nakhon Pathom 73000, Thailand.
Tel. +66 89 787 6710; fax: +66 34 255 801
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doi10.1016/) forscint 2011.12.004

and nonfatal stroke (7). Without adequate quality control, those
taking herbal slimming formulations with the presence of
undeclared sibutramine may be suffered from several unpredict-
able implications ranging from headache, vertigo, numbness to
serious cardiovascular effects, depending on the amount of drug
consumed [8,9]. In order to protect consumer risks, a simple, rapid
and low-cost method for screening and quantitative analysis of the
adulterated sibutramine in numerous brands of herbal slimming
products available in the market is of importance for local
authorities related to public health control and surveillance,

Several methods including HPLC [58,10], LC-MS/MS (11,12,
capillary electrophoresis [13] and infrared spectroscopy |14] for
identification and quantitative determination of SH in pharma-
ceutical formulations and herbal products have been reported.
Even though the major advantages of these methods have been
claimed for their being highly sensitive and specific, the analyrtical
instruments are quite costly and expertise is usually required.
Unlike those, the use of simple and inexpensive TLC method can
overcome these drawbacks and being more accessible to many
local authorities and small laboratories. Furthermore, based on a
combination withsimple com puter technology and image analysis
software, TLC-image analysis method has been developed and
applied for quantitative assay with good accuracy and precision
[15].

Therefore, the aim of this study was to develop an economic,
accurate, reproducible and convenient TLC-image analysis method
for rapid determination and quantitative analysis of illegal
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adulterant, sibutramine, in herbal slimming formulations. The
proposed method was validated in compliance with ICH guidelines
and compared with the TLC-densitometry.

2. Materiak and methods
21. Sandards and samples

Standard sibutramine hydrochlonde (SH) phentermine, fenfuramine and
methamphetamine (purity » 99%) were obtained from Regional Medical Sciences
Center 3, Chonburl Thailand. Twenty products of herbal slimming formulations
were purchased from local wendors, drugstores and via Internet. All reagents and
chemicals were analytical grade.

22. Prep af dard and sample solu

A working standard solution of SH (0.5 mg mL™*) was prepared from a stock
swolution (50 mg mL™") in methanol. Far preparation of sample solutions, $1-520,
the weighed content of one single dose (one cachet or one capsule) of each herbal
formulation was placed inan Erlenmeyer flask and sonicated with 20 mL MeOH for
15 min $10 and 519 solutions were further diluted twofold since they were highly
adulterated with SH. All sample solutions were used for TLC assay.

23, Chwomatagraphic conditlons

TIC analysis was performed on TIC silica gel 60 Fase plastic plates
(20cm = 10 cm with 250 m thickness, Merck, Germany) A standard or sample
wlution was applied as a 5 mm band onto a TLC plate using a TLC sampler Nanomat
4 (Camag. Switzerland) and a 2l capillary tube (Camag Switzerland). The
distance between each band was 1.0 cm. The plate was developed to a distance of
TOcmina TLC chamber previously saturated with toluene-n-hexane-dlethylamine
(9:1:0.3, vfvlv) for 30 min.

24, TL.CAmage analysts me thod

For the determination of SH by TLC-image analysis method. the developed TILC
plate under the chromatographic condition as abowe was air-<dred at room
temperature, then dipped into Dragendorff reagent for 65 using Immersione
Device 3 (Camag. Switzerland ) After 5 min, the plate was dipped again in the
reagent foranothers s to enhance the color and dried for 10 min before scanning ty
adigital scanner ( Hewlett Packard SCAN Jet 3500C) at a resolution of 200 dpl. The
color image of the plate was saved as a joint photographic experts group (JPEG) file.
The JPEG image was resized and cropped according to the plate dimension at
20cm = 10 cm and saved at a resolution of 40 pixels e * for image analysis of SH
content by Sorbfil TLC Videodensitometer software (Sorb polymer. Russia).

The image file was opened with the software. Equal width of each track line was
st and the evaluation of the chosen track to measure peak area was performed by
Wocess Track command using for each line method option at the values of width
and height at 3 and 30, respectively, and noise filtening at 7. The software evaluated
aSH band in each track on a TLC image on the assumption that the size and the
intensity of a band (in relation to the plate background intensity) depended on
the quantity of a substance in the band. A ch gram was ted on the
deviation of track intensity from bac kground intensity. Ry and peak area of SH were
determined.

25 NLCdensttametric method

For TLCdensitometnc analysis, the air-dried TLC plate developed under the
chromatographic condition as above was scanned by using a Camag TLC scanner 1l
with Camag CATS 1.1 software in the absorbance mode at 225nm. The slit
dimension was 5 mm » & mm and the scanning speed was 4 mm/s.

46. Method validation

The specificity of the TLC metheds was determined by comparing an Ry value of
SH ina sample with that of standard SH and in relation to interferences from other
components in herbal formulations. A TLC analysis of SH and synt hetic compou nds,
eg. phentermine, fenfuramine. and methamphetamine, was performwed. The peak
purity of SH was also determined by TLC-densitometry. The spectra at three
different regionsof the sibutramine peak.ie. peak start(S) peakapex(M)and peak
end (E) were compared.

For calibration curve, different aliquots (2-12 ul) of standard solutions at
0.5 mg mL " wereapplied on TLC plates using the Nanomat 4 witha 2 plcapillary
tube 1o give the concentrations of 1,2, 3, 4. 5 and 6 pg/spot of SH. The plate was
subjected 1o the TLC-image analysis and TLC-densitometric methods as described
above. The calibration curve was constructed between peak area and drug
concentration in pg/spot and the calibration data were subjected to least-squares
regression analysis.

Inordertodetermine limit of detection (LOD) and limit of q uantitation (LOQ). the
linear regression data constructed from the lower concentration range (1, 2 and

3 pgispot) was used [ 16} The LOD and LOQ were determined from the formulie 3
SD/S and 10 SD /S where SD was the standard deviation(SD)of the intercept and S
corresponded to the mean value of the slope

The repeatability (intra-day precision) and the intermediate precision were
performed by determining the amount of standard SH at three different
concentration levels (2. 3 and 4 pg/spot) in triplicate. The intermed ate precision
was determined on two consecutive days. The relative standard deviation (RSD)
values for repeatability and intermediate precision were cakulated.

Robust ness of the TLC methods was studied by introducing small changes in the
mobile phase compositions e g. toluene-n-hexane-diethylamine (9:1:0.3, vjvjv]
(9.1:0.9:03, v/vjv) (89:1.1:03, v/vjv) and by varying the time from spotting to
chromatography and from chromatography to scanning or image capturing for
15 min A concentration of 3.0 pg/spot was emploved. Each variation was
performed in triplicate. The RSD values of the peak areas were calculated for all
vanations.

The accuracy was performed in term of recovery studies using a standard
addition method. A sample spiked with known amount of standard SH to give the
additional concentrations of 1, 2 and 3 pg/spot was analyzed by the proposed
methods. The experiment was cond ucted in triplicate. A mean percent recovery was
calculated.

2.7. Analysis of SH in herbal simming samples

A6 pl of each sample solution was spotted on TLC plates and analyzed by the
methods described above The amount of adulterated SH in the samples was
analyzed by the TLC-image analysis and TLC-densitometry. Each sample was
analyzed in triplicate. The results obtained were expressed as mean of SH content
(mg per one singe dose).

2.8, Statseical analysts

The mean values of SH contents in one single dose assayed by the TLC-image
analysis and TLC-densitometric methods were tested by paired r-test at 95%
confidence level.

3. Results and discussion
3.1. Method optimization and method validation

The chromatographic condition for determination of adulterat-
ed SH in herbal products was attempted on the most common used
silica gel 60 F,44 TLC plates. Among various mobile phases, the
solvent system consisting of toluene-n-hexane-diethylamine
(9:1:0.3, v/v/v) gave a narrow band of SH at an R, value of
046 = 0.02 but weakly detected under UV at 254 nm. The intensity of
spot detection was enhanced by dipping the plate in Dragendorff
reagent. The orange-colored band corresponding to SH was clearly
observed and well separated from other components in the samples.
The specificity of the TLC method was ensured by comparing an Ry
value of SH in the samples with that of standard SH. A TLC analysis of
SH compared with synthetic compounds, e.g.. phentermine, fenfur-
amine, and methamphetamine was also performed. The data showed
that, the tertiary amine SH produced the strongest positive orange
color whereas the other synthetic compounds, belonging to a group of
primary and secondary amines, were weakly or not detectable with
Dragendorff reagent and none of the compounds were detected at the
same Ryvalue as SH (Fig. 1).

Furthermore, no other interferences in the samples were
observed at the Ry value of SH. There were no any orange-colored
bands comresponding to the R value of SH found in the non-
adulterated samples, suggesting that other compounds found in
the herbal samples did not interfere with the identification (Fig. 2).
Peak purity of SH in each adulterated sample was also assessed
from TLC-densitometry by comparing spectra at the start (S), apex
(M) and the end (E) of the peak obtained from the band, ie., r(S,
M) 0999 and (M, E) > 0.999.

The digital images of scanned TLC plates were analyzed by
Sorbfil TLC Videodensitometer (Fig. 3). The calibration curves
between peak area and concentration were obtained from TLC-
image analysis and TLC-densitometric method. The polynomial
regression data showed good linear relationship over the
concentration range of 1-6 pg/spot from both methods

e e e
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(R* > 0.9990) (Fig. 4). The LOD and LOQ values obtained from TLC
image analysis and TLC densitometry were at 190 and 634 ng/spot
and at 103 and 344 ng/spot, respectively.

The precisions of both TLC methods were found to be
satisfactory as the RSD values determined by repeatability and
intermediate precision studies were all less than 2% as shown in
Table 1. The TLC-image analysis and TLC-densitometric methods
showed RSDs of peak areas calculated from robustness studies
for all variations were less than 1.90% and 1612, respectively
(Table 2).

The accuracy of the methods was determined from the recovery
studies by spiking a sample with three different concentrations of
standard SH. Mean recoveries obtained from TLC-image analysis
and TLC-densitometric methods ranged from 96.86 to 106.57% and
from 95.95 to 106.92%, respectively (Table 3).

3.2. Anaiysis of herbai siimming formulations

The TLC-image analysis and TLC-densitometric methods were
applied for detection and gquantification of SH in twenty herbal
slimming formulations which were claimed to contain only natural
ingredients obtained from a variety of herbs, for example, aloe
vera, garcinia cambogia, lotus root, konjac and cinnamon. Six
formulations, 52, 56, §7, 59, 510, 519, from twenty products were
shown to be adulterated with SH. The presence of SH peak was
clearly observed in the TLC chromatograms of the adulterated
samples (Fig. 2). The contents of adulterated SH were shown in
Table 4. A paired r-rest suggested that there were no significant

SH

w * s v mm ]

Fig 2. (A TLC image of standard SH (frack 1).adulerated shmming formulations (tracks 2 -7: 2. 56, 57 .59, §10and §19) and SH-free samples( tracks 8-10: 514,515 and 5151,
(BITIC chromatogram of standard SH.slimming coffee (821 shimming gel( 561 and shimming capsule $10) obtained from TLC-image analysis and ( Cjfrom TLC-densitometry.

Please cite this article in press as: P. Phattanawasin, et al,

Quantitative determination
formulations by TLC-image analysis method, Forensic Sci. Int. (2012), doi:10.1016/j.forsciint2011.12.004

of sibutramine in adulterated herbal slimming
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Fig 3 TIC chiomatogram obtained by Somfil TLC Videodensitometer software (Tracks 1-6: standard SH at 1-8 pgispot. respectively. )
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Fig 4. Calibration graphs between peak area and concentation from (A) TICimage analysis and (B) TICdensitametric methods (n =61

Table 1
Intraday and interday precision study
SH concentration ( ngispot | TIC4mage analysis TLC-densitometry
Intraday predison® Interday precision” intraday precision® Interday precision®
2000 159 175 1.28 105
3000 108 119 051 s0
4000 182 126 1.5 104

* Relarive standand deviation (X RSD. n~=1)

Table 2
Robustness gudy.
Parameter TIC-Aimage analysis TIC denstomerry
’SD ®o
Mobile phase composition
Toluene n-hexane-dethylammne (9:1:03. viviv) 154 123
Toluene-n-hexane-diethylamine (91:09:03 viviv) ARE] 021
Toluene-n-hexane-diethylamine (89:1.1:03, viviv) 014 044
Tume from sporting to chromarography ( 1 5mini 175 118
Tune from chromatography (o IMmage captuning of densitomatric scanmng (115 minj 190 161
Table 3
Recovery study
SH amount added (ngispot) TIC4mage analysis TIC densitometry
Receovery (%) Average recovery (%) Receovery (%) Average moovery (%)
1000 106574199 106924173
2000 95864178 101054454 95954113 W34 518
3000 99714+ 088 S04 4102

Please cite this article in press as: P. Phattanawasin, et al., Quantitative determination of sibutramine in adulterated herbal slimming
formulations by TLC-image analysis method, Forensic Sci. Int. (2012), doi:10.1016/j.forsciint2011.12.004
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Table 4 N \’7'{ —— g ‘\4\‘('
The mean content of SH (mg/unit) in the herbal slimming products analyzed by TLC-image analysis and TLC-densitometry. *\\")UE\‘Z}JW\\\
Samples (characteristics) TLC-Image analysis TI.C«dens&onW
Amount (mg/ unit) x RSD Amount{mg/ unit) X RSD

S1 (dietary supplement (cachet )) N.D. - N.D. -

52 (slimming coffee) 11.85 303 1227 265
53 (slimming coffee) N.D. - ND. -

S (slimming coffee) N.D. - ND. -
55 (slimming capsule) N.D. - N.D. -

S6 (shimming gel) 16.64 1.09 17.07 218
57 (slimmuing coffee plus green tea) 675 068 682 305
58 (dietary capsule) N.D. - N.D. -
59 (shmming coffee) 16.36 149 16.36 028
S10 (shimming capsule ) 19.98 087 20.63 113
S11 (slimming coffee plus grseng) N.D. - N.D. -
512 (slimming coffee) ND. - N.D. -
513 (slimming coffee) ND. - N.D. -
S14 (slimming coffee) ND. - ND. -
$S15 (slimming coffee) ND. - ND. -
516 (dietary capsule) N.D. - N.D. -
517 (slimming coffee) ND. - N.D. -
518 (slimming coffee) ND. - ND. -
S19 (slimming capsule) 2357 118 24.16 052
520 (shimiming drink) N.D. - N.D. -

N.D. not detected.

differences (P = 0.05) between the contents of SH determined by
TLC-image analysis and TLC-densitometry, suggesting that the
proposed TLC-image analysis method can be used as an altemative
to TLC-densitometry for quantification of SHin thecomplex matrix
samples.

4. Conclusions

This is the first report of the validated TLC-image analysis
method using a common computer technology for detection and
quantitation of sibutramine as an illicit additive in so-claimed
purely natural slimming preparations. Statistical analysis indicat-
ed that the amount of SH content determined by the TLC-image
analysis and TLC-densitometric methods was comparable and
varied from 6 to 24 mg per one single dosage. For those being
unaware of taking the adulterated herbal products, serious
cardiovascular effects may be developed depending on the amount
of drug consumed and overused. The proposed TLC-image analysis
method could therefore be useful and affordable to local
authorities and small laboratories due to its simplicity, low
operating cost and uses of inexpensive and general instruments to
conduct surveillance programs for rapid detection and content
determination of undeclared SH to ensure the safety of herbal
slimming products.
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¥. MANYIN | WS ElmesamSUNsaunuusY TLC mersounualaines CAMAG TLC scanner Il with
CAMAG CATS 3.1 software

Start position X Taefungamfiodunsawnuluunu X Tnedoadusumisiilifiyaues
@3

Start position Y 7 mm

Y-postion for 0 adjustment 7 mm

Application of Y 12.0 mm

End of track 82.0 mm

Distance between tracks 15.0 mm

Number of tracks Tds1uau track fidosnsiasien

Position of solvent front 82 mm

Scanning speed 4

Lamp deuterium

Wavelength 225 nm

Sensitivity automatic

Span 20

Sens/span optimization no

Offset 30%

Absorbance/fluorescence absorbance

Reflectance/transmittance reflectance

0 adjustment for each track no

Monochromator bandwidth 10

Slit width 6

Slit length 5

Optics macro
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