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ABSTRACT

Background: Nowadays many people depend on herbal medicine for their healthcare needs;
however, handmade herbal drugs are not screened for efficacy and safety. Undeclared active
pharmaceutical ingredients have been detected in herbal medicine, even if there are claims to
be natural. This study determines the undeclared active pharmaceutical ingredients in a weight
gain herbal supplement collected from an Iranian online herbal shop.

Methods: One packet of herbal supplement (containing 45 tablets), advised as a weight gain
product, was gathered from an online herbal shop in Iran. The sample was analyzed to detect
undeclared active pharmaceutical ingredients using gas chromatography/mass spectrometry
instrument, based on Iranian forensic standard operating procedures 920118-2655.
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Results: The cyproheptadine was detected in this herbal supplement at a concentration higher
than the therapeutic dose.

Conclusion: Although synthetic drugs cannot be produced except by permission of the
licensing authorities, there is no regulation for herbal supplement production in Iran. Therefore,
herbal supplements’ serious quality and safety concerns must be assured for patients’ health.
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Introduction

ccording to the World Health Organiza-

tion (WHO), nearly 80% of the world’s

population depends on traditional medi-

cine (herbal) for their primary healthcare

needs [1]. People tend to self-prescribe
herbal medicines without consulting a health profes-
sional [2]. In contrast to conventional pharmaceuticals,
herbal medicines are presumed harmless, safe, and with-
out side effects, because of their natural origin [3]. Con-
cerns have been raised repeatedly regarding the adultera-
tion and contamination of herbal medicinal products [4].
Herbal medicines may occasionally cause idiosyncratic
or dose-related toxicity [5]. Handmade herbal medicines
are not screened from efficacy and safety perspectives
and this issue does not have priority for manufacturers
due to high cost [6]. Several departments in the ministry
of health, treatment and medical education of Iran are
involved in implementing good agricultural practices for
herbal drugs [7]. Meanwhile, developing and developed
countries are facing the threat and health consequences
caused by counterfeit medicines [8]. The presence of
undocumented pharmaceuticals in herbal medicines is
widespread, especially in formulations of Asian origin
[9]. There are some reports about counterfeit medicines
in the pharmaceutical market of Iran [7].

A body mass index of 18.5 kg/m? or less is considered
underweight [10]. Underweighting is classified into three
groups as follows: Mild (>17.5 kg/m?), moderate and se-
vere (<16.5 kg/m?) [11]. According to several studies,
mortality is higher in underweight people compared to
individuals with normal weight [10]. Underweight is
increasingly reported among children in the West and
South Asia [12]. In Iran, underweight has been reported
in men and children, and there are also reports of an in-
crease in underweight in rural areas compared to urban
areas [13, 14] The prevalence of underweight among
6-14-year-old children in Iran is 19% [15]. The use of
herbal medications and natural dietary supplements has
also increased greatly in Iran [7].

There are many protocols for underweight treatment.
Medications, nutrition therapy, and psychotherapy are
used in underweight treatment. Medication-assisted
therapy includes the administration of some medica-
tions, such as cyproheptadine, benzodiazepine, and
atypical antipsychotic drugs for weight gain [16, 17].
Accordingly, this study determines undeclared active
pharmaceutical ingredients (API) in a weight-gain herb-
al supplement.
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Materials and Methods
Study chemicals

Methanol was purchased for the study (Merck Co.;
Darmstadt Germany). The standard for cyproheptadine
hydrochloride sesquihydrate was prepared by Sigma
Chemical Co. Meanwhile, helium gas (99.999% purity)
was purchased from Faransanat Co. (Tehran, Iran). All
the employed chemicals and solvents were of analytical
reagent grade.

Sampling and sample preparation

One packet of herbal products (containing 45 tablets),
advertised as a weight gain supplement, was gathered
from an online herbal shop in Iran. The herbal shop
was not registered with the Iran Food and Drug Admin-
istration (FDA). Some tablets were analyzed to detect
undeclared API in the forensic toxicology laboratory,
based on Iranian forensic standard operating procedures
number 920118-2655. Based on the hypergeometric dis-
tribution, 20 tablets were analyzed. Initially, for each
tablet, organoleptic characteristics (sample weight, odor,
and color) were reported. The samples were crushed
and uniformed with mortar and pestle. The extraction of
drugs was done using simple liquid-liquid extraction as
follows: 1 mg of sample and 3 mL methanol mixed for
20 min in a test tube, using a rotator then the mixture was
centrifuged (3 min at 3000 rounds per min) and finally
the supernatants were filtered with PTFE syringe filter
(Macherey-Nagel, Germany) and collected. For qualita-
tive analysis, extracted samples were injected into gas
chromatography/mass spectrometry (GC-MS) [18]. The
injection volume was equal to 0.2 pL in the split-less
mode.

Method validation procedures

All of the samples were analyzed with the validated
GC-MS techniques, as the mainstays of pharmaceutical
analysis for systematic toxicological analysis [19]. A GC
(7890B model, Agilent, USA) fitted with a split/split-
less injector was applied and an HP5- MS capillary col-
umn (5% phenyl silicone, and 95% dimethyl polysilox-
ane, 30 m lengthx0.25 mm IDx0.25 um film thickness)
was used. The GC parameters were as follows: Injector
temperature at 280°C, transfer line temperature at 310°C,
initial column oven set to 80°C and held constant for 1
min. The oven temperature program rate was 10°C/min
and the final temperature was set to 300°C and the final
hold was 22 min (total time=45 min). Helium carrier gas
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Figure 1. Packaging of counterfeit herbal weight gain supplement labeled “Creajensing”

(99.99% purity) was maintained at a constant flow rate
of 1.2 mL/min.

The mass analyzer (5977B model, Quadrupole, Agi-
lent, USA) was connected to the column and operated
by electron impact (70 eV) in positive full scan mode
(50-550 m/z). National Institute of Standards and Tech-
nology (NIST-2014), Maurer/ Pfleger Weber (MPW)
(MPW; 2011) and Wiley (2011) libraries were used to
identify undeclared APIs.

The GC-MS method for the detection of many drugs
was pre-validated in the forensic laboratory. Sample
preparation steps and instrumental conditions were set as
a general method for the detection of drugs with natural,
acidic and basic structures. The linearity of the proposed
method was examined from a calibration graph for cy-
proheptadine. The graphs were plots of the analyte peak
area for five concentrations. Three replicates per concen-
tration level were used. The data obtained were fitted to
the Equation 1:

1. y=ax+b
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Using regression analysis. The limit of detection and
the limit of quantitation of this method were obtained
by the standard deviation of results for ten injections of
a low concentration of cyproheptadine. Cyproheptadine
was the reference compound for the complete recovery
of 30 uL methanol solution (1 pg/mL) cyproheptadine
was used as an internal standard for quantitative analy-
sis. The linearity of cyproheptadine was evaluated us-
ing five cyproheptadine concentrations of 200, 400, 800,
1600, and 3200 ng/mL after triplicate analysis. The re-
gression line was plotted and expressed as a correlation
coefficient (R>=0.9990) using the least squares method
to evaluate the correlation between the area under the
curve (AUC) and cyproheptadine concentration.

Results

The current study employed the liquid-liquid extrac-
tion technique with methanol and GC-MS to detect un-
declared APIs in herbal supplements. The results showed
that the pocket of herbal supplements has a product
number (2941), batch number (57488K), manufacture
date (25/05/2022), expiration date (25/05/2023), manu-

International Journal of
Medical Toxicology & Forensic Medicine

Figure 2. Counterfeit herbal weight gain tablet labeled “Creajensing” containing cyproheptadine
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Figure 3. GC-MS chromatogram of cyproheptadine separated from adulterated herbal weight gain drug
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Figure 4. Mass spectrum of cyproheptadine separated from adulterated herbal weight gain drug
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Table 1. Sample numbers and active pharmaceutical ingredients detected in adulterated herbal weight gain drugs

April 2024, Volume 14, Number 2

Sample Number

Dosage Form

Detected Active Pharmaceutical Ingredients

Quantity of Drugs in Formulations

1

2

10

11

12

13

14

15

16

17

18

19

20

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

White hard tablet

Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine
Cyproheptadine

Cyproheptadine

6.53 mg/tablet
6.62 mg/tablet
6.45 mg/tablet
6.58 mg/tablet
6.63 mg/tablet
6.79 mg/tablet
6.49 mg/tablet
6.44 mg/tablet
6.55 mg/tablet
6.59 mg/tablet
6.64 mg/tablet
6.31 mg/tablet
6.57 mg/tablet
6.57 mg/tablet
6.54 mg/tablet
6.73 mg/tablet
6.53 mg/tablet
6.46 mg/tablet
6.55 mg/tablet

6.22 mg/tablet

Note: This table indicates Mean+=SD of cyproheptadine tablets that is 6.5+ 0.12.

facturers’ name (KWEILIN drug manufactory) and list
of ingredients. There is no standard logo on the pocket.
Other than herbal constituents, the drug labels did not

disclose the presence of pharmaceutical ingredients. All

Table 2. The results of method validation
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of the samples had an herbal smell, were white in color,
CG tablet labels, and the mean weight of tablets was
1.001+0.138 g (Mean+SD) (Figures 1 and 2).

Parameters Equations Results
Recovery percentage 100 (spiked matrix/actual concentration) 109.92%
- . o .
Coefficient of variation (CV/;) or relative standard 100 (standard deviation/mean) 559
deviation
Limit of detection 3 (standard deV|at|o.n of !ow concentration/slope of 0.02 ng/mL
calibration curve)

Limit of quantification 10 (standard deviation of low concentration/slope of 0.3 ng/mL

calibration curve)

Sadeghi, S. Undeclared Cyproheptadine in Weight Gain Suppl IIMTFM. 2024;

International Journal of

Medical Toxicology & Forensic Medicine

Archive of

Ir



Archive of SID.ir

April 2024, Volume 14, Number 2

International Journal of
Medical Toxicology & Forensic Medicine

Y =19.42*X + 1436
R squared: 0.9990

o 80000

-}

<

o 60000

c

>3

)

;GCj 40000

o)

2 -

S 20000

®

< 04— T

0 1000

I I |
2000 3000 4000

Cyproheptadine concentration (ng/ml)

International Journal of
Medical Toxicology & Forensic Medicine

Figure 5. Linearity plot for five different concentrations of cyproheptadine using GC-MS instrument

All samples contained cyproheptadine based on the
quantitative analysis results. The identification of cy-
proheptadine was confirmed with retention time (18.71
min) and spectrums (base peak is 207 m/z) of standards.
Therefore, to identify, the analyte was confirmed by
comparing the ion ratios of the unknowns to those of the
standards. Quantitative analysis of tablets showed that
cyproheptadine concentration was 6.5+0.12 mg/tablet. It
means that MeantSD=6.5+0.12 mg/tablet (Figures 3 and 4
and Table 1). Meanwhile, the method validation results
are presented in Table 2 and Figure 5.

Discussion

Herbal medicines can be bought over the counter from
pharmacies, supermarkets, markets, or the Internet with-
out any consultation with a health professional [2]. De-
tecting and proving adulteration of drugs is one of the
important tasks for forensic toxicologists and pharma-
ceutical analysts [20]. One explanation for adding unde-
clared API to herbal supplements is to make them more
effective for consumers [21]. Various guidelines for the
proper and safe use of herbal medicines have been pub-
lished by the WHO, the European Medicines Agency,
and the US-FDA [22-25].

Side effects caused by adulteration and contamination
of herbal products can be extremely serious [4]. Mor-

tazavi et al. demonstrated avascular necrosis due to an
unapproved weight gain supplement [26]. The results
of the present study demonstrated that an herbal weight
gain supplement was counterfeited with cyproheptadine.
Some studies declared cyproheptadine in herbal weight
gain products [27-29]. Cyproheptadine the main use in
allergy and hay fever, is one of the drugs that is con-
sidered obesogenic [30]. Cyproheptadine is a safe, well-
tolerated medication that has utility in helping facilitate
weight gain in underweight populations and children
with cancer/treatment-related cachexia [31, 32]. Also,
the use of cyproheptadine in infants and children with
poor appetite and poor growth is a safe and effective
treatment [33]. Cyproheptadine is approved by the US
FDA for use in the prevention of allergic reactions as
an antihistamine. Other, non-FDA-approved uses were
appetite stimulation in anorexia nervosa, the control of
symptoms of carcinoid syndrome, adjunctive therapy
with growth hormone in growth hormone-deficient
children, and management of anorgasmia during cyclic
antidepressant therapy [34]. The therapeutic concentra-
tion during a steady state of cyproheptadine is about
0.05 mg/L [35]. One study reported that there were no
adverse effects from the use of cyproheptadine [36]. On
the contrary, one case of cyproheptadine poisoning was
reported in a patient receiving approximately 22.5 mg of
the drug [37]. A case of death with cyproheptadine has
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been reported in a 28-year-old man with a high blood
concentration of cyproheptadine (0.46 mg/L) [38].

In light of the findings, it is suggested that in addition
to conducting more related research and study, new pro-
tocols for the regulate produce and marketing of herbal
drugs and avoidance of unapproved herbal drugs.

Conclusion

This article mainly identified undeclared APIs in herbal
supplements used for weight gain in Iran. The results of
the present study showed that herbal weight gain prod-
ucts may not be natural. They contain API in higher dos-
es than therapeutic amounts. Although synthetic drugs
cannot be produced except by permission of the licens-
ing authorities, there is no regulation for the production
of herbal drugs. Therefore, the quality and safety of natu-
ral supplements must be assured for patients’ health.
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