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Background: Adulterated herbal weight loss products with containing undeclared synthetic drugs are common and responsible for
many serious health damages.

Objectives: The purpose of the study was to determine five synthetic adulterants in eight common herbal weight loss supplements,
which are currently sold in Iran markets, to verify their presence in supplements, without mentioning on the labels.

Materials and Methods: Eight common herbal weightloss samples were obtained from the Iran pharmaceutical market after advertising
in the Persian language on satellite channels and internet. Five pharmacological classes of drugs used for weight loss, namely sibutramine,
phenolphthalein, phenytoin, bumetanide and rimonabant, were investigated and quantified by GC-MS for the first three and LC-MS for
the last two medications.

Results: The most undeclared ingredients, which were illegallyadded include sibutramine, phenolphthalein, bumetanide, and phenytoin
in the original super slim, herbaceous essence, super slim green lean, and fat loss, supplements, respectively. Rimonabant was not found.
Caffeine, pseudoephedrine, theobromine and amfepramone were also found in the supplements using GC-MS assay.

Conclusions: Adulterated synthetic substances were detected in the herbal weight loss products. Health care professionals should make
people aware of the risks of taking herbal weight-loss supplements.
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1. Background

Nowadays the use of herbal weight loss products as al-
ternative obesity treatment has increased, which leads to
the growing market of herbal remedies worldwide (1, 2).
According to the consumer’s belief, these products are
“natural herbal components” and are regarded as harm-
lessand effective methods of obesity treatment(3,4).Since
these adulterated herbal products are manufactured ille-
gally, their safety, efficacy, and quality control are not veri-
fied (5, 6). The presence of synthetic substances and the
analogues of prescription drugs in adulterated herbal
weightloss formulations, can cause multiple health risks,
that pose major concerns for all health agencies around
the world (3, 7, 8). Thus, the World Health Organization
(9), Food and Drug Administration (FDA), European Medi-
cines Agency (10) have issued several guidelines for safe
and appropriate use of herbal medicines (11, 12). De Carv-
alho et al. (5) showed that the most probable adulterant
classes of pharmaceuticals used in weight loss formula-
tions are anorexic (sibutramine, rimonabant), anxiolytic
(benzodiazepines), antidepressant (fluoxetine.), diuretic
(furosemide) and laxative (phenolphthalein). In addi-

tion the presence of other pharmaceutical classes, such
as ephedrine, bumetanide (13), phenytoin, caffeine and
thyroid hormones in weight loss formulations has been
recently reported in the Netherlands (14), UK (Royal Col-
lege of Physicians 1998), USA (15), and Iran (16). Unfortu-
nately, consumers who took adulterated herbal weight
loss supplements complained of many side effects and
clinical problems such as, cardiovascular disease (15),
liver (17, 18) and renal failure (5), mental/mood changes
e.g. excitement, restlessness, confusion, depression and
occasionally even thoughts of suicide (16, 19, 20). Herbal
medicines are sold at herbal shops and also advertised by
satellite channels in the Persian language or on internet
with direct delivery (2). One problem is that, a herbalist
(a person who involves in production, distribution and
application of herbal remedies) usually does not have the
appropriate knowledge or the required ethics (3, 5). Mar-
keting and sale of these supplements on the internet and
satellite channels are not strictly controlled and are not
always required to pass safety and control tests before ad-
vertisement and sell in the market.

Implication for health policy makers/practice/research/medical education:

This study will help the people who want to lose weight by using medications.
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2. Objectives

Considering the above mentioned, we investigated and
quantified five synthetic adulterants, namely sibutra-
mine, phenolphthalein, phenytoin, bumetanide and
rimonabant in eight common adulterated herbal weight
loss products which are currently sold in Iran market.

3. Materials and Methods

3.1. Samples

Eight samples suspected for adulteration with unde-
clared synthetic drugs were obtained from herbalists and
markets. These products were mainly from China and
some Southeast Asia countries, and had been declared as
natural herbal mixtures, which were in the form of pills
(Mobic, Shangaya HG) or capsules (Magic Slim, Green
lean Super Slim, Original Super Slim, Fast Slim, Herba-
ceous essence, Fat loss). The recommended dosage by
the manufacturer was 2 - 3 capsules or pills per day. These
common herbal weight loss supplements were analyzed
using GC-MS and LC-MS methods; the GC-MS method was
used for the screening of sibutramine, phenolphthalein,
and phenytoin while the LC-MS method was used for the
analysis of rimonabant and bumetanide.

3.2. Chemicals

Authenticated standards of sibutramine, phenolphtha-
lein, bumetanide, and phenytoin were obtained by Sig-
ma-Aldridch and rimonabant was also provided by Mol-
Port-003-850-185. Methanol used in this investigation had
the analytical grade purity and was purchased from Merck.

3.3.Sample Preparation

One capsule or pill was randomly selected from each
product. Capsules were directly emptied for weighing,
whereas pills were ground before weighing. Of each ho-
mogenous powder, 5 mg was extracted with 10 mL metha-
nol for 30 minutes in round bottom test tube using labo-
ratory rotator. The extract was centrifuged for 10 minutes
at 8000 rpm,; then filtered. The supernatant was collected
for examination. The linear calibration range for all the
compounds was between 1 - 500 ug/mL. Lower limit of
quantifications (LLOQ) for all the compounds were ob-
tained as 5 ng/mL and no further attempts were made to
improve. All of the compounds except bumetanide had
excellent accuracy (average of 95.6 %) and precision (aver-
age of 6.7 % RSD). Bumetanide had lower accuracy (aver-
age of 87.2 %) and precision (11 % RSD).

3.4. Measurements

The samples were analysed for detection of rimonabant
and bumetanide using the liquid chromatography/mass
spectrometry analysis (LC-Mass) method; the LC-Mass
system consisted of an Agilent 1200 series HPLC coupled

with an Agilent 6410 series triple quadrupole mass spec-
trometer with an electrospray ionization interface (Agile-
nt Technologies Inc., CA, USA). In the LC assay, the Mobile
phase was methanol/water solutaion (90:10) containing
ammonium formate buffer (2mM, pH = 2.4), flow rate
0.35 mL/min. The column was a C-18 Zorbax column and
the column oven temperature adjusted at 55 °C; mass
spectrometer was operating at positive mode. Drying gas
temperature was 350 °C, Nebulizer 30 psi, drying gas flow
rate was 12 L/min. Data collection was performed over the
mass range of 100 to 1000; capillary voltage was 30000 V
and fragmentation voltage was adjusted at 35V.

In order to determine the adulterants, i.e. sibutramine,
phenolphthalein, bumetanide, and phenytoin in the tab-
lets or capsules, the GC/MS (Agilent 7000, Triple Quaed,
GC7890A) was used. A capillary column [HP-5ms, 30 m
(length), 0.25 mm (diameter), 0.25 pm (film)] was used as
the stationary phase. The column oven temperature was
initially held at 50°C for two minutes, and then increased
to 290°C at the ramp rate of 5 °C/min. and held for 10
minutes at the same temperature. The total run time was
36 minutes. The temperatures of the injector and detec-
tor were set at 250 and 300°C, respectively. The carrier
gas was helium, at a working flow rate of 1 mL/min and
the injection volume was 1 pL. The MS conditions were:
ionization energy 70 eV, mass range 25 - 1000 amu and
ionization technique was electron impact. The identifi-
cation of constituents in our samples was carried out by
comparing their retention time and their mass spectra
with those of pure reference standards and correspon-
dent drugs found on the market. Mass spectra were also
compared with those in the Wiley 275 and NIST libraries
installed on the GC-MS linked computer.

4.Results

Despite the manufacturer’s claim that their products
contained only the extracts of the plants mentioned on
the label, but those are comprised of other synthetic
substances (Table 1). Sibutramine, phenolphthalein, bu-
metanide and phenytoin were detected in six, three, five
and two herbal products, respectively; caffeine, pseudo-
ephedrine, theobromine and amfepramone were also
found, based on a library search on Wiley 275 and NIST
libraries, in four, one, three and one of the herbal weight
loss remedies. Rimonabant was not found. Identification
was performed based on retention time and molecular
ions observed in El-Mass spectra and pseudomolecular
ions in ESI-Mass. The mass spectra of standard solutions
of sibutramine (a), phenolphthalein (b), and phenytoin
(c) were obtained by GC-MS and bumetanide (d) was ob-
tained by LC-Ms (Figure 1). The chromatogram obtained
for Herbaceous essence (a) by GC-MS and the mass spec-
tra obtained for caffeine (b), pseudoephedrine (c) and
theobromine (d) are shown in Figure 2 ; also in Figure
3,the chromatogram obtained for Fat loss (a) by GC-MS
and the mass spectra for amfepramone (b) are presented.
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Table 1. Adulterants Found in Eight Analyzed Herbal Weight Loss Products

Name of Products Quantitative Adulterants, Dose (mg/capsule or mg/pill) Component
Herbaceous Essence Sibutramine 30 Caffeine
Phenolphthalein 167 Pseudoephedrine
Bumetanide 23
phenytoin 0.1
Magic Slim Sibutramine 6 Caffeine
Phenolphthalein 233.8
Bumetanide 2
Green Lean Super Slim Sibutramine 15
Bumetanide 3.8
Original Super Slim Sibutramine 78
Phenolphthalein 825
Fast Slim Sibutramine 57
Fat Loss Sibutramine 46 Amfepramone
Bumetanide 0.82
phenytoin 0.86
Mobic Bumetanide 1.6 Caffeine
- - Theobromine
Shangaya HG - Caffeine
- - Theobromine

5. Discussion

The results of the study showed the presence of illegal
synthetic substances in common herbal weight loss sup-
plements sold in Iran market. Adulterants identified and
determined in the assessed herbal weight loss supple-
ments were sibutramine, phenolphthalein, bumetanide
and phenytoin; caffeine, pseudoephedrine, theobromine
and amfepramone, which were also qualitatively found
as miscellaneous compounds in the supplements. All syn-
thetic adulterants used in these supplements are not men-
tioned on labels and therefore the consumers are kept
unaware of their side effects and health problems; they as-
sume they are taking a natural product but are unaware of
the dangerous complications that they could be exposed
to; these products have been illegally imported without
any licensed label confirming their safety and quality from
the related Ministry of Health. The manufacturers of such
illegal products add some synthetic pharmaceuticals as
adulterants to their products to make them more effica-
cious for the consumers (10, 11,14).

One adulterant is sibutramine often reported as the
main undeclared adulterant in a herbal weightloss formu-
la (5, 14, 21-23); its most common side-effects are psychotic
and mood changes(16, 19, 24). Also, some studies showed
sibutramine has been associated with increased cardiovas-
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cular outcomes, heart failure and sudden death, causing
it to be withdrawn from the market in the United States,
United Kingdom, European Union, Australia, Canada and
some Asian countries (11, 25). However, In Iran, it is still pre-
scribed as a medicine and the dose range of sibutramine is
5 -15 mg daily (26) which requires regular monitoring. On
the other hand, the recommended dose for herbal weight
loss pills are 2-3 tablets per day, which is higher than the
therapeutic dose of sibutramine (Table 1).

The next adulterant is the laxative phenolphthalein that
was withdrawn as a medicine several years ago because of
its carcinogenic effects (14, 27). Hence, high phenolphtha-
lein intake increases the risk of cancer (Table 1); that is also
associated with sibutramine in several herbal weight loss
formulations (5, 14, 27). Bumetanide as a diuretic, like laxa-
tives, is not very effective as a weight-loss drug but has sim-
ilar health risks (4, 28). Although not prescribed as a medi-
cine in Iran, athletes in Arizona use diuretics to decrease
weight and as masking agents of doping (13). Phenytoin
is found only in trace amounts in some of these illegal
supplements. In our study the amount of phenytoin was
below the safety dose but its simultaneous consumption
with diuretics and sibutramine usually increases the risk
of their potential harmful effects (14).
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Figure 1. The Mass Spectra of Standard Solutions of Sibutramine (a), Phe-
nolphthalein (b), and Phenytoin (c) Obtained by GC-MS and Bumetanide
(d) Obtained by LC-Ms

Caffeine, pseudoephedrine and theobromine were re-
ported as anorectic for weight loss purposes (18, 29-31).
Using caffeine in combination with other stimulants or
taken in massive doses increases the risk of serious life-
threatening or debilitating adverse effects such as hyper-
tension, myocardial infarction, stroke, seizure, and death
(18, 32, 33). Thus, these classes of pharmaceuticals should
also be considered as illegal substances in herbal weight-
loss formulations. In recent years, derivatives of xanthines
(caffeine and theobromine) have increasingly attracted
the attention as adulterated natural products, that are
used in weight loss drugs and energy drinks. Adultera-
tion, lack of standardization, incorrect preparation and/or
dosage and inappropriate labeling are the most common
problems with such herbal products (34, 35).

Another stimulant drug is amfepramone, which is
used as an appetite suppressant in adulterated herbal
supplements, despite worries that these drugs might
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Figure 2. The Chromatogram of Herbaceous Essence (a) by GC-MS and the
Mass Spectra Obtained for Caffeine (b), Pseudoephedrine (c) and Theobro-
mine (d)
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Figure 3. The Chromatogram of Fat Loss (a) By GC-MS and the Mass Spec-
tra Obtained for Amfepramone (b)

cause serious heart and lung problems in some users
(36), but doctors also think there is a possible link be-
tween amfepramone and a severe mental illness called
psychosis, which has been reported in a case who be-
came psychotic after taking this drug (37). There has
been much legal action against this drug, and it has
been taken off the market several times but unfortu-
nately is available again. In theory, although physicians

Iran Red Crescent Med ]. 2014;16(3):e15344
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in the UK can prescribe amfepramone, most are not sure
that these drugs work well enough to lessen the risk of
side effects. Aamfepramone is not used by the National
Health Service (NHS) (38). Thus, although illegal herbal
products might contain safety doses of some legal syn-
thetic drugs such as phenytoin, caffeine, and theobro-
mine, they are not officially prescribed for weight loss.
Limitations: Since anti-obesity drug analogues are not
limited in these products, we were not able to analyze
and discuss all adulterated herbal weight loss supple-
ments in Iran market. The most important limitation
of this study was no accessibility to the serum samples
of consumers for detecting adulterants and the data ob-
tained is only limited to the herbal weight loss supple-
ments.

Nowadays, the consumption of herbal weight loss for-
mulations has increased vastly, due to misleading adver-
tisements for obesity treatment on internet and the me-
dia; adulterated weight loss products which cause health
problems, and the ministry of health should warn people
about these products. The efficacy and safety of herbal
weightloss drugs should be tested and strict government
control and regulation of their marketing and sales on
Iran market are recommended.

Acknowledgements

The corresponding author had full access to all data in
the study and had final responsibility for the decision to
submit for publication. We would like to acknowledge
the laboratory personnel of the RIES for their assistance.
We also thank Ms. Niloofar Shiva for English editing the
manuscript.

Authors’ Contribution

None declared.

Financial Disclosure

Authors have no conflict of interest.

Funding/Support

This study was supported by grant number 404 from
the Endocrine Research Center, Shahid Beheshti Univer-
sity, Tehran, IR Iran.

References

1. Bodeker G, Kronenberg F. A public health agenda for traditional,
complementary, and alternative medicine. Am | Public Health.
2002;92(10):1582-91.

2. Morris CA, Avorn J. Internet marketing of herbal products. JAMA.
2003;290(11):1505-9.

3. ErnstE.Adulteration of Chinese herbal medicines with synthetic
drugs: a systematic review. ] Intern Med. 2002;252(2):107-13.

4.  AlSafi SA, Ayoub NM, Ayoub AM, Al-Momany E, Al-Doghim I, Al-
Balas M, et al. Public awareness of the abuse of herbs and drugs
to decrease body weight: a novel national survey in Jordan. ] Pub-
lic Health. 2008;16(3):205-13.

5. de Carvalho LM, Martini M, Moreira AP, de Lima AP, Correia D, Fal-

Iran Red Crescent Med ]. 2014;16(3):e15344

10.

12.

13.

14.

15.

16.

18.

19.

20.

21

22,

23.

24.

25.

26.

27.

28.

caoT, etal. Presence of synthetic pharmaceuticals as adulterants
in slimming phytotherapeutic formulations and their analytical
determination. Forensic Sci Int. 2011;204(1-3):6-12.

Deng JF. Clinical and laboratory investigations in herbal poison-
ings. Toxicology. 2002;181-182:571-6.

Bogusz MJ, Hassan H, Al-Enazi E, Ibrahim Z, Al-Tufail M. Applica-
tion of LC-ESI-MS-MS for detection of synthetic adulterants in
herbal remedies. ] Pharm Biomed Anal. 2006;41(2):554-64.

Liang Q,Qu]J,Luo G, Wang Y. Rapid and reliable determination of
illegal adulterant in herbal medicines and dietary supplements
by LC/MS|MS. ] Pharm Biomed Anal. 2006;40(2):305-11.

World health organization . Guidelines for the appropriate use of
herbal medicines. Regional office for the Western Pacific: World
Health Organization; 1998.

Margine I, Martinez-Gil L, Chou YY, Krammer F. Residual baculo-
virus in insect cell-derived influenza virus-like particle prepara-
tions enhances immunogenicity. PLoS One. 2012;7(12): ee51559
Zhang X. WHO guidelines on safety monitoring of herbal medicines
in pharmacovigilance systems.: World Health Organisation; 2004.
Calapai G. European legislation on herbal medicines: a look into
the future. Drug Saf. 2008;31(5):428-31.

Hoggan AM, Shelby MK, Crouch DJ, Borges CR, Slawson MH. De-
tection of bumetanide in an over-the-counter dietary supple-
ment. ] Anal Toxicol. 2007;31(9):601-4.

Venhuis BJ, Zwaagstra ME, Van den Berg ]DJ, Wagenaar HWG, Van
Riel AJH, Barends DM. Trends in drug substances detected in ille-
gal weight-loss medicines and dietary supplements. RIVM Report.
2009;370030002.

Nazeri A, Massumi A, Wilson JM, Frank CM, Bensler M, Cheng ], et
al. Arrhythmogenicity of weight-loss supplements marketed on
the Internet. Heart Rhythm.2009;6(5):658-62.

Khazan M, Hedayati M, Askari S, Azizi F. Adulteration of products
sold as Chinese Herbal medicines for weight loss with thyroid
hormones and PCP. ] Herbal Med. 2013;3(1):39-43.

Calixto JB. Efficacy, safety, quality control, marketing and regula-
tory guidelines for herbal medicines (phytotherapeutic agents).
Braz ] Med Biol Res. 2000;33(2):179-89.

Yuen YP, Lai CK, Poon WT, Ng SW, Chan AY, Mak TW. Adulteration
of over-the-counter slimming products with pharmaceutical an-
alogue-an emerging threat. Hong Kong Med J. 2007;13(3):216-20.
Cordeiro Q, Vallada H. Sibutramine-induced mania episode in a
bipolar patient. Int ] Neuropsychopharmacol. 2002;5(3):283-4.
Taflinski T, Chojnacka J. Sibutramine-associated psychotic epi-
sode. Am ] Psych. 2000;157(12):2057-8.

Jung ], Hermanns-Clausen M, Weinmann W. Anorectic sibutra-
mine detected in a Chinese herbal drug for weight loss. Forensic
Sci Int. 2006;161(2-3):221-2.

Luque CA, Rey JA. The discovery and status of sibutramine as an
anti-obesity drug. Fur ] Pharmacol. 2002;440(2-3):119-28.

Zou P, Oh SS, Kiang KH, Low MY, Bloodworth BC. Detection of
sibutramine, its two metabolites and one analogue in a herbal
product for weight loss by liquid chromatography triple quad-
rupole mass spectrometry and time-of-flight mass spectrometry.
Rapid Commun Mass Spectrom. 2007;21(4):614-8.

Nisoli E, Carruba MO. An assessment of the safety and efficacy of
sibutramine, an anti-obesity drug with a novel mechanism of ac-
tion. Obes Rev. 2000;1(2):127-39.

Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, Cifkova R,
et al. European guidelines on cardiovascular disease prevention
in clinical practice: executive summary. Fourth Joint Task Force
of the European Society of Cardiology and other societies on car-
diovascular disease prevention in clinical practice (constituted
by representatives of nine societies and by invited experts). EurJ
Cardiovasc Prev Rehabil. 2007;14 Suppl 2:E1-40.

Luque CA, Rey JA. Sibutramine: a serotonin-norepinephrine
reuptake-inhibitor for the treatment of obesity. Ann Pharmaco-
ther.1999;33(9):968-78.

Coogan PF, Rosenberg L, Palmer JR, Strom BL, Zauber AG, Stolley
PD, et al. Phenolphthalein laxatives and risk of cancer. ] Natl Can-
cer Inst. 2000;92(23):1943-4.

Martin M, Schlabach G, Shibinski K. The Use of Nonprescription
Weight Loss Products Among Female Basketball, Softball, and



Khazan M et al.

29.

30.

31

32.

33.

Volleyball Athletes from NCAA Division I Institutions: Issues and
Concerns. ] Athl Train.1998;33(1):41-4.

Haller CA, Benowitz NL. Adverse cardiovascular and central ner-
vous system events associated with dietary supplements con-
taining ephedra alkaloids. N Engl ] Med. 2000;343(25):1833-8.
Theoharides TC. Sudden death of a healthy college student re-
lated to ephedrine toxicity from a ma huang-containing drink.
J Clin Psychopharmacol. 1997;17(5):437-9.

Zaacks SM, Klein L, Tan CD, Rodriguez ER, Leikin ]JB. Hypersensi-
tivity myocarditis associated with ephedra use. ] Toxicol Clin Toxi-
c01.1999;37(4):485-9.

Cannon ME, Cooke CT, McCarthy |S. Caffeine-induced cardiac ar-
rhythmia: an unrecognised danger of healthfood products. Med
JAust.2001;174(10):520-1.

Holmgren P, Norden-Pettersson L, Ahlner ]. Caffeine fatalities-
-four case reports. Forensic Sci Int. 2004;139(1):71-3.

34.

35.

36.

37.

38.

Chan K. Some aspects of toxic contaminants in herbal medi-
cines. Chemosphere. 2003;52(9):1361-71.

Gomez MR, Cerutti S, Sombra LL, Silva MF, Martinez LD. Deter-
mination of heavy metals for the quality control in Argentin-
ian herbal medicines by ETAAS and ICP-OES. Food Chem Toxicol.
2007;45(6):1060-4.

WHO . Pharmaceuticals: Restrictions in use and availability: Essen-
tial Drugs and Medicines, Quality Assurance and Safety of Medicines,
Health Technology and Pharmaceuticals. Geneva, Switzerland:
World Health Organization; 2001.

Little JD, Romans SE. Psychosis following readministration of di-
ethyl proprion: a possible role for kindling? Int Clin Psychophar-
macol.1993;8(1):67-70.

Royal College of Physicians of London . Anti-obesity drugs guid-
ance on appropriate prescribing and management.: Royal College
of Physicians of London; 2003.

Iran Red Crescent Med ]. 2014;16(3):e15344



