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ABSTRACT

Background: The popularity and use of herbal medicines and supplements are growing

Article info: worldwide. Herbal anti-obesity products have been considered as suitable alternatives to
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Methods: Ninety-six herbal drug samples, as weight loss products, were obtained from herb

shops and pharmacies in Bojnurd City, Iran. All samples were analyzed to detect undeclared
active pharmaceutical ingredients using High-Performance Liquid Chromatography with
Diode Array Detector (HPLC-DAD) and Gas Chromatography-Mass Spectrometry (GC-MS)
techniques.

Results: Caffeine, trimethoxyamphetamine, and vitamin E were identified in herbal weight
loss products. Caffeine was detected in 21.8% of the obtained samples, as the most common
undeclared active pharmaceutical adulterant.

Keywords: i Conclusion: Undeclared active pharmaceutical ingredients in herbal weight loss products

Adulteration, Caffeine, i could threaten patients’ health. Thus, it is necessary to create awareness through health
Trimethoxyamphetamine i authorities in this regard.

1. Introduction thetic pharmaceuticals [1, 2]. Herbal remedies should

be considered as safe, harmless, and without adverse

he popularity and use of herbal medicines effects. They are used for many conditions, such as

and supplements are increasing globally, i.e., substance use disorder treatment, sexual performance-

because of numerous adverse effects of syn- enhancing, endocrine disorders, and obesity treatment
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[3, 4]. The therapeutic modalities with herbal remedies
have been effective in treating some disorders; however,
many of their therapeutic dimensions remain doubtful,
and their use is poorly established. Inadequate data about
the mode of action, potential adverse effects, adverse
reactions, toxicity, contraindications, and drug-drug
or drug-food interactions are the key limitations in the
safety and rational use of herbal medicine products [2].

Additionally, the adulteration of herbal medicinal prod-
ucts with undeclared illegal or synthetic drugs is asso-
ciated with some serious health problems. Therefore,
detecting these adulterants is a global concern about the
purity and safety of commercially phytomedicines [5].
The most severe adverse effects caused by these adul-
terations include hepatic encephalopathy, hepatorenal
syndrome, liver injury, cardiotoxicity, rhabdomyolysis,
nephrotoxicity, metabolic acidosis, renal failure, cerebral
hemorrhage and edema, coma, and death [6-8].

Globally, the prevalence of obesity has been consid-
ered as a major risk for public health. Obesity is associ-
ated with numerous pathophysiological conditions, such
as cardiovascular diseases, endocrine and metabolic dis-
orders, osteoarthritis, inflammatory rheumatic disease,
and cancers [9-11]. Accordingly, the demand for anti-
obesity supplements has increased worldwide. Herbal
anti-obesity products have been considered as suitable
alternatives to synthetic pharmaceuticals, as they are in-
troduced as harmless natural products [12].

However, some manufacturers often add undeclared syn-
thetic pharmaceutical drugs to anti-obesity herbal medicine
products to improve their efficacy and potency [12]. Previ-
ous studies in many countries, including Iran, have identi-
fied the most common undeclared active pharmaceutical in-
gredients as adulterants in weight loss herbal supplements
from many pharmacological categories. These classes in-
clude amphetamine analogs, as anorexic agents (sibutra-
mine, desmethyl sibutramine, amfepramone, fenproporex,
fenfluramine, ephedrine, norephedrine, phendimetrazine),
methylxanthines (caffeine), thyroid hormones, rimonabant,
laxatives (phenolphthalein, docusate sodium), diuretics
(furosemide, bumetanide, spironolactone, and hydrochloro-
thiazide), antidepressants (fluoxetine, paroxetine, sertraline,
protriptyline, and bupropion), synthetic Phosphodiesterase
type-5 (PDES5)- inhibitory drugs (sildenafil, vardenafil, and
tadalafil), and opioids (methadone, tramadol) [1, 12-19].

However, a long consumption of adulterated weight
loss herbal products may cause severe adverse effects
and toxicity to patients and could be considered as a
cause of morbidity and mortality [12, 14-18]. Therefore,
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the chemical analysis of adulterated herbal products is
an essential issue in clinical and forensic medicine and
toxicology [19]. Studies on investigating adulterants in
weight loss herbal products are limited in Iran [12, 16,
19]. Thus, this study aimed to identify the possible adul-
teration in herbal weight loss products available in the
drug market of Bojnurd City, Iran.

2. Materials and Methods

Methanol, ethanol, chloroform, acetonitrile, potassi-
um dihydrogen phosphate, phosphoric acid, hydrochlo-
ric acid (37%) were obtained (Merck Co.; Darmstadt,
Germany). High-Performance Liquid Chromatography
(HPLC) grade water was purchased (Merck Millipore
Co.). All the used chemicals and solvents were of ana-
lytical grade.

Initially, the pharmacies and herbal shops in Bo-
jnurd City were identified. Then, they were divided
according to geographical regions, population density,
and the location of herbal shops and pharmacies. All
brands of herbal products sold as weight loss and slim-
ming supplements have been randomly purchased (3
samples were randomly selected from each product’s
brand). Finally, 96 hand-made and factory-made sam-
ples were gathered in different pharmaceutical dosage
forms (tablets, capsules, powders, topical gels, and oral
drops) from herb shops over the one year study period
(2018) (3 samples from 32 formulations). All of the
collected samples had labels indicating herbal supple-
ments and natural products and were advised by sell-
ers for weight loss proposes. All study samples were
introduced to the Laboratory of Forensic Toxicology,
Legal Medicine Center (Bojnurd, Iran) for the analysis
of synthetic pharmaceutical adulterants.

For each solid pharmaceutical dose form, organolep-
tic characteristics, including the features of the sample,
weight, size, shape, odor, and color, were recorded. Fur-
thermore, for liquid samples, pH was determined by the
pH meter as other physicochemical characteristics (827
pH lab, Metrohm, Switzerland).

For powders, the sample was homogenized and uni-
formed with mortar and pestle. Tablets were crushed and
homogenized with mortar and pestle. For capsules, after
breaking the capsules, the solid content was homoge-
nized. All obtained samples were ground to fine and uni-
form powders, then extracted with 3mL methanol (for
eachl mg of the sample) for 20 min in a test tube, using
a rotator. The extract was centrifuged (5 minutes at 4000
rpm). The supernatant was collected and the top layer
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of the compound was injected to analytical instruments
for analyses [12]. For liquid samples, the sample was
diluted with methanol and filtered by a 0.22 um mem-
brane filter (Macherey-Nagel, Germany), then injected
to the instruments.

All of the samples were analyzed with the previously-
validated High-Performance Liquid Chromatography
(HPLC) and Gas Chromatography-Mass Spectrometry
(GC-MS) techniques for systematic toxicological analy-
sis [19]. The HPLC analysis was isocratically conducted
on a C18 column (250 mm *x4.0 mm ID., 5 pm, Euro-
spher II ®100-5) using a C18 guard column (Knauer,
Berlin, Germany). Analyses were performed using an
HPLC system (AZURA, Knauer, Berlin, Germany)
with a quaternary pump and equipped with a Diode Ar-
ray Detector (DAD, S2800), and a Smart 1000 pump. A
mixture of acetonitrile and phosphate buffer (pH=2.3)
(63:37 v/v) was used as elution solvents. A 20-uL sam-
ple was injected into the column and eluted at room tem-
perature with a constant flow rate of 1.0 mL/min.

A GC-MS (7890/5977 model, Agilent, USA) equipped
with a split/splitless injector was applied. The GC col-
umn was HP-5 MS (5% phenyl, and 95% dimethyl
polysiloxane, 30m length, 0.25 mm ID, 0.25um film
thickness) (Agilent, USA). Mass analyzer (Quadrupole,
Agilent, USA) was connected to the column. The in-
jection port temperature was 280° C; the transfer line
temperature was 310° C. The initial column oven was
set to 60° C and held constant for 1 minute. Tempera-
ture program rate was 10° C/min and final temperature
was set to 310° C and final hold for 10 minutes. Helium
(99.99% purity) was implemented as a carrier gas with
a constant flow rate of Iml/min. The mass spectrometer
was operated by electron impact (70 eV) in positive full
scan mode (50-550 m/z). Wiley, National Institute of
Standards and Technology (NIST), and Maurer/ Pfleger/
Weber (MPW) (MPW; 2011) libraries were used for the
qualitative analysis of samples.

Statistical analysis was performed in SPSS. The obtained
results are presented as frequency and percentages.

3. Results

We investigated the organoleptic characteristics of the
study samples. The samples obtained as weight loss or
slimming herbal products in the study were in capsules
(37.5%), water distilled (25%), tablets (12.5%), herbal
tea (9.37%), powders (6.25%), oral drop (6.25%), and
gel (3.13%) formulations. Table 1 summarizes the brand
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name, organoleptic characteristics, and detected unde-
clared pharmaceutical ingredients in the studied samples.

The qualitative analysis of the study samples indicated
that 47% of all pharmaceutical dose forms contained
caffeine as an active pharmaceutical ingredient. How-
ever, only 21.8% of the obtained samples were adul-
terated by undeclared active pharmaceuticals. Caffeine
was detected in 21.8% of the study samples as the most
common undeclared active pharmaceutical adulterants
(Table 1), (Figure 1). Vitamin E and Trimethoxyamphet-
amine (TMA) were detected in 6.25% of the samples as
undeclared active pharmaceutical adulterants (Table 1),
(Figures 2 and 3)

Furthermore, a combination of TMA and caffeine were
detected in one distilled water sample; TMA, caffeine,
and vitamin E combination was detected in one powder
sample (Table 1).

4. Discussion

The present study results demonstrated that herbal
weight loss products in Bojnurd (Northeast of Iran)
were adulterated with caffeine, vitamin E, and TMA (an
amphetamine analog). All the adulterated herbal prod-
ucts in this study were handmade and without Iran Food
and Drug Organization (IFDO) license and approval. In
addition, other medicines from pharmacological catego-
ries, such as thyroid hormones, rimonabant, laxatives,
diuretics, antidepressants, and (Phosphodiesterase type
5) PDES inhibitors and opioids were not detected in the
studied samples.

However, the adulteration of herbal medicines prod-
ucts, like slimming formulations, is a common global
concern; pharmaceutical adulterants are frequently
found in herbal weight loss products [12-19]. The World
Health Organization (WHO) has definitions for substan-
dard, spurious, falsely labeled, falsified, and counterfeit
medicinal products.

Counterfeit medicine is deliberately and fraudulently
mislabeled concerning identity or source. The counter-
feit products may include those with the ingredients
mentioned correctly or incorrectly, without active in-
gredients, with insufficient active ingredients, or with
fake packaging. Besides, a counterfeit drug is a phar-
maceutical product, i.e., produced and sold with the in-
tent to deceptively representing its origin, effectiveness
or authenticity, and may contain components, i.e., not
declared on the label (which may or may not be harm-
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Table 1. Brand names, organoleptic characteristics, and active pharmaceutical ingredients detected in the adulterated herbal

weight-loss

Product Brand Name

Dose Form

Detected Undeclared Pharmaceuti-
cal Ingredients

Slim max
Laghari-e-si gol-e- Bustan
Green Fit
Lemon slim
Cumin slim
Mango slim
Garcinia cambogia
Ronaless
Rogrin
Super Plant
Slim Full
Slimtex
Slim Quick
Cravil
Garcinia cambogia

Mohazel

Caraway distilled water

Green cumin distilled water

Dill distilled water

Celery distilled water

Apple vinegar

Panj Giah
Majoon-e- Lagari
Dr. Sina slimming tea
Brunel slimming herbal tea
Aloe Vera super gel
Lemon anti-obesity drop

Cumin anti-obesity drop

White hard capsules without imprint code
Green/transparent capsules without imprinted code
Silver hard capsule without imprint code
Transparent soft gelatin capsule without imprint code
Green soft gelatin capsules without imprint code
Beige capsules without imprinted code
Red/black capsules (imprint code: STP pharma)
Brown hard capsules without imprint code
Brown hard capsules without imprint code
Pink capsule without imprint code
Brown capsule without imprint code
Brown capsule without imprint code
Olive- green tablet without imprint code
Olive- green tablet without imprint code
Beige tablet without imprint code
Multi color tablet without imprint code

One-liter transplant plastic bottle containing colorless
transparent liquid with pH=9

One-liter transplant plastic bottle containing hand-
made colorless transparent liquid with pH=9

One-liter transplant plastic bottle containing hand-
made colorless transparent liquid with pH=8.5

One-liter transplant plastic bottle containing hand-
made colorless transparent liquid with pH=9

One-liter transplant plastic bottle containing yellow
transparent liquid with pH=3

Hand-made olive color bulk powder
Hand-made olive/brown color bulk powder
A 3 -gram sachet containing green powder
A 3 -gram sachet containing green powder

A blue topical gel
A transparent liquid with pH=5

A transparent liquid with pH=8

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
Caffeine
Caffeine

ND

Caffeine

TMA/Caffeine

ND

Caffeine

ND

Caffeine/vitamin E
TMA/Caffeine/ vitamin E
ND
ND
ND
ND

ND

ND: Not Detected
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Herbal medicine products obtained from pharmacies and herb shops in Bojnurd City, Iran.
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Figure 1. The GC-MS chromatogram and mass spectrogram of the herbal medicine sample adulterated with caffeine

ful), or maybe supplied with inaccurate or fake packag-
ing and labeling [20].

Caffeine was the most common adulterants in our
Study. Caffeine was detected in >40% of the study sam-
ples; however, the presence of this substance is due to
the use of an herbal source of this compound in the prod-
ucts’ formulation. For example, green coffee and green
tea (as main natural sources of caffeine) are the main
used herbal components in the weight loss herbal prod-
ucts. Accordingly, only products have been considered
as adulterated, which caffeine was not declared in the
label as an ingredient. This finding is concordance with
previous studies.

Vitamin E

g

For example, Dastjerdi et al. argued that caffeine is
the main adulterant in herbal weight loss supplements
sold in Kermanshah City (northwest Iran) [19]. In an-
other study in Kermanshah City, Iran, caffeine with
phenolphthalein, phendimetrazine, and protriptyline
were reported as common adulterants in alleged herbal
slimming products [12]. Cianchino et al. detected caf-
feine, norephedrine, and furosemide in 4 phytophar-
maceutical dosage forms for use in weight control pro-
grams, applying a validated capillary electrophoresis
analytical method [14].

Caffeine, as methyl-xanthine derivatives and adrener-
gic stimulants, is frequently added to food and herbal
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Figure 2. The GC-MS chromatogram and mass spectrogram of the herbal medicine sample adulterated with vitamin E
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Figure 3. GC-MS chromatogram and mass spectrogram of the herbal medicine sample adulterated with trimethoxyamphetamine

supplements due to their stimulating and thermogenic
effects [21]. A meta-analysis investigation indicated
that caffeine intake (congaing in a weight loss supple-
ment) might promote bodyweight reduction [22]. How-
ever, there are reports of the adverse outcomes associ-
ated with caffeine uses in non-prescription herbal and
nutritional supplements. Therefore, restricting the use
of these products is currently being considered. Caffeine
is unsafe when consumed orally for a long time or in
high doses. Caffeine could cause insomnia, nervousness
and restlessness, stomach irritation, nausea and vomit-
ing, increased heart rate, and respiration.

Caffeine use could generate sleep disorders, and head-
ache, anxiety, agitation, and chest pain in high doses [23].
Pendleton et al. reported a case of possible caffeine-
induced seizure in a 38-year-old female taking an over-
the-counter weight loss supplement containing caffeine
(Zantrex - 3™). She experienced blurred vision and a
new onset grand mal seizure with a two-month history
of taking the supplement, i.c., advertised as a weight-
loss supplement [24].

One of the main and novel results of the present study
was detecting TMA as an adulterant of the handmade
herbal weight loss samples. To our knowledge, this is
the first report about the presence of this substance, as
an adulterant, in herbal slimming products. TMAs are
a family ofisomeric hallucinogenic amphetamines.
There exist 6 different TMAs that only differ in the
position of the 3 methoxy groups. Additionally, the

TMAs are analogs of the phenethylamine -derived alka-
loid mescaline. These isomers are significantly as active
as hallucinogenic drugs and have been placed into illegal
drug schedules in some countries.

TMAs use develops various psychological conditions,
ranging from sadness to empathy and euphoria. [25]. The
loss of appetite is a common side effect of amphetamine
stimulants. Accordingly, pharmaceutical amphetamine
analogs, such as amfepramone, fenfluramine, sibutra-
mine, fenproporex which inhibit serotonergic and norad-
renergic reuptake, seem to be the most common adulter-
ant in herbal weight loss products [1, 13, 26]. Moreover,
consuming these adultered herbal weight loss products
may be associated with psychiatric disorders due to their
intrinsic toxicity [27].

Vitamin E was detected as another active pharmaceuti-
cal in the herbal samples in the present study. Vitamin
E may have therapeutic effects on herbal products’ con-
sumers; however, due to the lack of its declaration in the
explored products’ label, it was considered as adultera-
tion. Vitamin E is a lipid-soluble antioxidant, and its de-
ficiency is associated with anemia, as well as neurologi-
cal and several health disorders [28]. Besides, vitamin
E may be a promising agent for attenuating metabolic
syndrome, a medical condition inclusive of central obe-
sity, hyperglycemia, hypertension, and dyslipidemia.
Vitamin E has anti-oxidative, anti-inflammatory, anti-
hypercholesterolemic, anti-obesity, anti-hypertensive,
and anti-hyperglycemic properties. The pathways regu-
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lated by vitamin E are critical in developing metabolic
syndrome, and it may exert some therapeutic benefits on
this syndrome [29]. However, the efficacy and direct ef-
fects of vitamin E on weight loss remain unclear.

A study limitation was the qualitative analysis of the
products; therefore, the quantification of the analysis are
suggested for future studies.

5. Conclusion

In the study, caffeine, TMA, and vitamin E were
identified as the synthetic adulterants in the handmade
herbal slimming products. All substances identified in
the study samples were not declared on the products’
labels. Caffeine was the most common adulterant used
in herbal slimming products. TMA, as an anti-appe-
tite substance, has hallucinogenic effects. The current
study reported the presence of TMA as adulterants in
herbal weight loss products for the first time. Finally,
due to the public interest in the extensive uses of herbal
weight loss products, it is necessary to create awareness
through health authorities.
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