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bstract

An herbal dietary supplement, marketed as a natural product for the enhancement of sexual function, was analyzed by HPLC with photodiode
rray and mass spectral detection and found to contain a compound related to the synthetic phosphodiesterase-5 (PDE-5) inhibitors. Based on
V spectra, mass spectra and direct infusion MSn, the structure of the compound was tentatively identified as a sildenafil analogue in which the

ulfonyl group had been replaced with an acetyl group. This new analogue is similar to acetildenafil, a previously reported sildenafil analogue,

ut differs in that it contains an N-methyl group where acetildenafil contains an N-ethyl group. The structure of the unknown was unequivocally
stablished by chemical cleavage of the phenacylamine group of the molecule to generate N-methylpiperazine; other cleavage products matched
hose generated from acetildenafil. Since the new compound has one less CH2 group than acetildenafil, it was named nor-acetildenafil.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The first drug approved for the treatment of erectile dysfunc-
ion (ED), sildenafil citrate, was introduced onto the market
n 1998. Today, there are three phosphodiesterase-5 (PDE-5)
nzyme inhibitors that have been approved by the U.S. Food and
rug Administration for the treatment of ED. They are sildenafil

itrate (Viagra®, manufactured by Pfizer), vardenafil hydrochlo-
ide (Levitra®, manufactured by Bayer), and tadalafil (Cialis®,
anufactured by Lilly). With the commercial success of this

ew class of drugs, a number of over-the-counter herbal products
ave been marketed as natural alternatives to these synthetic pre-
cription drugs. In recent years, there have been several reports
f adulteration of such herbal dietary supplements with one of
he three synthetic ED drugs [1–6] or an analogue in which minor

odifications were made to the molecular structure of one of the
D drugs [5–16].
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The first report [7] of an ED drug analogue as an ille-
al additive came with the detection of homosildenafil in a
ood beverage marketed for penile erectile dysfunction. The
ompound was isolated as a crystalline solid and character-
zed using UV spectroscopy, IR, high-resolution FAB-MS,
nd NMR. Another sildenafil analogue, acetildenafil, was
etected in herbal products and characterized by several research
roups [6,8–10]. Shin et al. [8] elucidated its structure using
xtensive NMR studies. Blok-Tip et al. [9] detected three
ildenafil analogues, homosildenafil, acetildenafil, and hydrox-
homosildenafil, in herbal products and characterized their
tructures using LC–electrospray ionization (ESI)–MS, direct
nfusion ESI–MSn, UV, IR and NMR. Lai et al. [10] isolated
cetildenafil from a dietary supplement and characterized the
ompound using 1D and 2D NMR spectroscopy, UV spec-
roscopy, and LC–MS–MS. A laboratory working with the
ealth Science Authority of Singapore detected sildenafil,
ardenafil, hydroxyhomosildenafil, homosildenafil and acetilde-

afil in six pre-market dietary supplement bulk powders and
ne dietary supplement capsule [6]. This same research group
etected hydroxyacetildenafil in a bulk powder dietary sup-
lement and elucidated its structure using NMR, ESI–MSn

mailto:john.reepmeyer@fda.hhs.gov
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Fig. 1. Structures of sildenafil and some sildenafil analogu

nd high resolution MS [11]. Fourier transform ion cyclotron
esonance mass spectrometry (FTICRMS) was used to deter-
ine the accurate mass of several ED drug analogues and to

tudy their fragmentation patterns. This accurate mass data
as used to provide evidence for a new sildenafil analogue

alled piperidino-acetildenafil [12]. Recently, a sildenafil ana-
ogue, called methisosildenafil, was found to have methyl groups
ttached to carbon atoms rather than the nitrogen atom of the
iperazine ring [13]. The structures of sildenafil and several of
hese sildenafil analogues are shown in Fig. 1.

Most of the analogues detected to date are analogues of silde-
afil, probably because sildenafil was the first ED drug marketed.
o our knowledge, only one tadalafil analogue and one varde-
afil analogue have been detected as adulterants in herbal dietary
upplements. Aminotadalafil was characterized using LC–UV,
igh-resolution MS, MS–MS, IR, and 2D NMR [14]. The UV
pectrum of the compound was similar to tadalafil, and high
esolution MS established a molecular formula indicating that
he compound possessed one more nitrogen, one less carbon,
nd one less hydrogen atom than tadalafil. This data along with
D NMR established the structure of aminotadalafil. The struc-
ure of piperidenafil, a vardenafil analogue, was elucidated by
C–UV–MS, direct infusion MSn, and hydrolysis of the sulfon-
mide bond followed by GC–MS and LC–MS analysis of the
esulting amine and sulfonic acid products [15]. Aminotadalafil
nd piperidenafil have been further characterized by accurate
ass determination using FTICRMS [12].
This paper reports on the detection and identification of a

ew sildenafil analogue found in an herbal dietary supplement.
his analogue has an acetyl group in place of the sulfonyl group
f sildenafil, and differs from acetildenafil in that it has an N-
ethylpiperazine where acetildenafil has an N-ethylpiperazine.
ince the new compound has one less CH2 group than acetilde-
afil, it was named nor-acetildenafil. Its structure is given in
ig. 1. A technique that proved useful in the structure elucida-

ion of analogues of vardenafil [15] and sildenafil [13] was the
ydrolytic cleavage of the sulfonamide bond, followed by indi-

idual characterization of the cleavage products. It allowed for
he determination of the amine portion of the molecule using
C–MS aided with a spectral library search, and allowed one to

ompare cleavage products of the analogue to those of the par-
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or-acetildenafil is the new analogue reported in this paper.

nt drug. Since the new analogue has no sulfonamide bond, an
lternative reaction was developed to cleave the phenacylamine

N bond.

. Experimental

.1. Chemicals

Sildenafil citrate reference standard was obtained from
fizer, tadalafil reference standard from Lilly, and vardenafil
ydrochloride trihydrate reference standard from Bayer. 1-
ethylpiperazine and anhydrous sodium sulfate (Na2SO4, ACS

eagent) were purchased from Aldrich (Milwaukee, WI, USA),
imethyl sulfoxide (DMSO) ACS reagent from Sigma (St.
ouis, MO, USA), sodium hydroxide (NaOH, molecular biol-
gy grade) from Fisher Scientific (Fair Lawn, NJ, USA), sodium
cetate anhydrous (NaOAc) from Taylor Chemical (St. Louis,
O, USA) and benzoyl chloride (analytical reagent) from
allinckrodt (St. Louis, MO, USA). Formic acid (reagent grade,
in 98%) and HPLC-grade Omni-Solve acetonitrile (MeCN),
ethanol (MeOH) and ethyl acetate (EtOAc) were purchased

rom EM Science (Gibbstown, NJ, USA). Water was purified
sing a Milli-Q Water System to 18 M� cm (Millipore, Bedford,
A, USA).

.2. Standard and sample preparation

A working standard solution of vardenafil hydrochloride,
ildenafil citrate, and tadalafil was prepared in MeCN–H2O (1:1)
ith each compound at a concentration of ∼25 �g ml−1 for anal-
sis by LC–MS. Two herbal dietary supplements with the same
ame and the same distributor, one packaged as a single capsule
n a blister pack (product 1) and the other as 12 capsules in a
ottle (product 2), were purchased over the Internet. Two dif-
erent composites were prepared, one for each of the products.
he contents from two capsules of product 1 were mixed and
ortexed briefly to provide a uniform mixture. The same proce-

ure was applied to three capsules of product 2. Approximately
0 mg of each composite was extracted with 5 ml MeOH in a
lass tube sealed with a PTFE-lined cap. The mixture was vor-
exed vigorously for 30 s, placed in a ultrasonic bath for 10 min,
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The amine generated by cleavage of compound X was deriva-
J.C. Reepmeyer, J.T. Woodruff / Journal of Pharm

he process repeated, vortexed one more time, then centrifuged
or 15 min (Centrifig, model 228, bench-top centrifuge 3300 rpm
aximum speed, Fisher Scientific, Pittsburgh, PA, USA). The

upernatant liquid was decanted to a second test tube and stored
n a refrigerator for subsequent analyses. A 50-�l portion of the

ethanol sample extract was diluted to 2 ml with MeCN–H2O
1:1) and the solution was analyzed by LC–MS.

.3. LC–MS

The samples were screened for ED drugs or analogues based
n an LC–MS method previously described [5,13]. The LC–MS
ystem consisted of an Agilent 1100 HPLC system with a binary
ump operated at 1.0 ml min−1, a vacuum degasser, an autosam-
ler set to inject 10 �l, a column oven thermostatted at 30 ◦C, a
iode array detector monitored at 230 nm and set to acquire
pectra of peaks detected, and an Agilent quadrapole mass
pectrometer, model G1946D, controlled with ChemStation
oftware, version B.02.01. The mass spectrometer was oper-
ted in the positive ion mode with electrospray ionization; the
can range was 130–700 amu. The stationary phase consisted of
orbax stable bond C-18 packing, 150 mm × 4.6 mm, 5 �m par-

icle size (Agilent Technologies, Wilmington, DE, USA), with
BrownLee NewGuard C-18 guard column, 15 mm × 3.2 mm,
�m particle size (Applied Biosystems, Foster City, CA, USA).
wo mobile solvents consisted of 0.1% formic acid in water (A)
nd 0.1% formic acid in MeCN (B). The mobile phase consisted
f 15% B for the first 3 min, changed linearly to 100% B over
–15 min, and held at 100% B until the end of the 20 min analysis
ime.

.4. Direct infusion MSn

A 20 �l portion of the LC–MS sample solution (Section 2.2)
f the herbal product was mixed with 200 �l of 0.1% formic
cid in MeCN–H2O (1:1) and analyzed by direct infusion at
�l min−1 into a Thermo-Finnigan LCQ XP ion trap mass spec-

rometer. The instrument was operated in electrospray positive
on mode with the following parameters: sheath gas 5 (arbitrary
nits), auxiliary gas 0 (arbitrary units), spray voltage 5 kV, capil-
ary voltage 7 V, ion transfer capillary temperature 250 ◦C. Other
arameters were set during instrument calibration. Collision
nduced dissociation (CID) MS was also applied to acetildenafil
or comparison to the unknown.

.5. Chemical cleavage of the unknown

The molecule of the unknown (referred to as compound X)
as cleaved in order to identify the amine portion of the molecule

nd to compare the other cleavage products to the cleavage prod-
cts from acetildenafil. Two 100-�l portions of the MeOH herbal
xtract were evaporated to dryness in separate 1-ml Reacti-
ialsTM (Pierce, Rockford, IL, USA). The residue in one vial

as dissolved in 100 �l of DMSO and 4 mg anhydrous NaOAc
as added; the NaOAc catalyst does not dissolve. The mixture
as heated at 60 ◦C for 4 h in a Reacti-ThermTM heating module

Pierce, Rockford, IL, USA). A methanol solution of acetilde-

t
5
t
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afil was evaporated and the residue treated in a similar manner.
he residue of compound X in the second vial was dissolved in
00 �l of MeOH, mixed with 50 �l of 3 M NaOH, and heated at
5 ◦C for 3 h.

.5.1. LC–MS analysis of the cleavage reaction solution
Portions (20-�l) of each DMSO reaction solution were

iluted separately with 1 ml MeCN–H2O (1:1) and analyzed
y LC–MS.

.5.2. GC–MS analysis of the amine cleavage product
GC–MS was used to detect and identify the free amine com-

ound generated by cleavage of compound X in MeOH with
aOH; the MeOH reaction solution was used rather than the
MSO reaction solution to avoid the use of the high boil-

ng solvent on the GC column. Analyses were conducted on
Hewlett-Packard gas chromatograph, model 5890 series II,
ith a Hewlett-Packard 5972 mass selective detector using a
B-5MS, 30 m × 0.25 mm capillary column, 0.5 �m film thick-
ess, under the following conditions—injector: 63 ◦C at start
or on-column injection and automatically increased to a set
oint of 220 ◦C, 0.5 �l injection volume on-column; carrier gas:
elium at 0.8 ml min−1 constant flow; oven temperature: 60 ◦C
or 3 min, increased to 220 ◦C at 20 ◦C min−1; MS scan range
5–150 amu. A standard solution was prepared containing N-
ethylpiperazine at a concentration of 1 mg ml−1 in methanol

nd analyzed in the same manner.

.5.3. LC–MS analysis of the benzoyl derivative of the
mine cleavage product

The benzoyl derivative of N-methylpiperazine standard was
repared via the Schotten–Baumann reaction, a classic organic
eaction used for formation of an amide from an amine and
n acid chloride in a dilute aqueous alkaline solution. Thus, a
ixture of 10 �l N-methylpiperazine, 1 ml water, 30 �l benzoyl

hloride (∼0.35 mmol), and 300 �l of 2 M NaOH (1 mmol) was
tirred. Additional 100-�l portions of 2 M NaOH were added,
f necessary, to ensure that the solution was strongly basic to
H paper. The mixture was stirred for 3 min, then an additional
0 �l benzoyl chloride and 300 �l of 2 M NaOH were added.
he addition of benzoyl chloride and 2 M NaOH was continued
very 3 min until a total of six additions were made, always
nsuring that the mixture remained basic. After the last addition,
he mixture was stirred for an additional 2 h, with the addition
f 2 M NaOH, if necessary, to maintain a basic solution. The
queous solution was extracted three times with 1 ml EtOAc. The
tOAc extracts were combined, dried over anhydrous Na2SO4,
ecanted to a second tube, and back extracted into 1.5 ml of
.1% formic acid in water. The aqueous formic acid solution
as analyzed by LC–DAD–MS using the method described in
ection 2.3.
ized with benzoyl chloride in the same manner by first adding
00 �l water to the NaOH/MeOH reaction solution, transferring
he solution to a test tube, and proceeding as described for the
-methylpiperazine standard.
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ig. 2. UV chromatograms and total ion chromatograms (TIC) of a mixture of
ildenafil, vardenafil and tadalafil standards, and the adulterated herbal drug.

. Results and discussion

.1. LC–DAD–MS

One prominent peak was seen in the UV chromatogram and
otal ion chromatogram of the methanol extract of the herbal
ietary supplement (Fig. 2). This component (compound X) had
retention time almost the same as that of vardenafil. However,
oth the UV and mass spectra of vardenafil differ from those of
ompound X. The mass spectrum of compound X has a proto-
ated molecule [M + H]+ at m/z 453 and a doubly charged species
M + 2H]2+ at m/z 227 (Fig. 3a). The UV spectrum showed two
istinct λmax at 234 and 280 nm, with the longer wavelength
eak slightly more intense (Fig. 3b). While the UV spectrum of
ompound X differs considerably from the spectra of the three
D drugs, each of which differ from one another, it appears to
orrespond to the reported λmax of 234 and 279 nm [9] and pub-
ished UV spectra [6,10] of acetildenafil, a sildenafil analogue
hat has been previously characterized. A sample of acetilde-

afil, which had been isolated previously from an herbal dietary
upplement in our laboratory and characterized by comparison
o literature data [9], was used for comparison to compound

by LC–DAD–MS. The UV spectrum of compound X and

l
3
s
n

ig. 3. (a) Mass spectrum of the herbal component (nor-acetildenafil). (b) UV
pectra of acetildenafil (lower trace) and nor-acetildenafil (upper trace); spectra
re normalized and offset.

cetildenafil are identical (Fig. 3b), and thus, compound X and
cetildenfil probably have the same chromophore. This prelim-
nary evidence suggests that compound X, like acetildenafil,
ossesses an acetyl group attached to the benzene ring instead
f a sulfonyl group. Further support for this structural feature
s shown by mass spectral data and a chemical cleavage reac-
ion which are discussed below. Furthermore, acetildenafil had
retention time slightly longer than compound X and a proto-
ated molecule at m/z 467, 14 units above that of compound X,
trongly suggesting that compound X has one less CH2 group
n the molecule.

.2. Direct infusion MSn

The mass spectrum resulting from collision induced dissoci-
tion of the protonated molecule of acetildenafil is shown in
ig. 4(a). A collision energy of 40 was selected in order to
uplicate the fragmentation pattern reported in the literature,
nd the spectrum does correlate well with the published spec-
rum [9]. The CID-MS on the protonated molecule of compound

(nor-acetildenafil), also at a collision energy of 40, is shown
n Fig. 4(b). Acetildenafil and compound X have common mass

osses of 18, 28, 43 and 47 and common product ions at m/z
96, 355, 353, 341, 339 and 325. A proposed fragmentation
cheme is presented in Fig. 5. Both compound X and acetilde-
afil fragment across the piperazine ring (Fig. 5, fragmentation



J.C. Reepmeyer, J.T. Woodruff / Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 887–893 891

Fig. 4. CID mass spectra generated from (a) the protonated molecule (m/z 467) of acetildenafil, (b) the protonated molecule (m/z 453) of nor-acetildenafil, (c) the
prominent product ion at m/z 353 of acetildenafil, and (d) the prominent product ion
the contention that the product ions m/z 353 from acetildenafil and nor-acetildenafil a

Fig. 5. Proposed fragmentation of the protonated molecules of acetildenafil
(R CH3CH2 , [M + H]+ m/z 467) and nor-acetildenafil (R CH3 , [M + H]+

m/z 453).
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3

at m/z 353 of nor-acetildenafil. Matching spectra shown in (c) and (d) support
re the same.

) to give m/z 396 with losses of 57 ( C3H7N) and 71 ( C4H9N),
espectively. This is the highest mass fragment common to both
ompounds. Acetildenafil and compound X fragment with mass
osses of 114 and 100, respectively, to generate a major prod-
ct ion at m/z 353. This loss in acetildenafil is attributed to a
eutral loss of N-ethylpiperazine, and an analogous loss in com-
ound X would be a neutral loss of methylpiperazine (Fig. 5,
ragmentation 2). The prominent ion at 353, common to both
ompounds, provides additional evidence that the two com-
ounds differ by a CH2 group, and furthermore, that this CH2
s associated with the piperazine ring of the molecule. If the

roduct ion at m/z 353 is the same for both acetildenafil and
ompound X, then further fragmentation of this ion should be
he same for both compounds. Fragmentation of product ion m/z
53 for acetildenafil and compound X, shown in Fig. 4(c) and (d),
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re practically identical, generating two prominent product ions
t m/z 325, 324 and a minor ion at 296. The fragments at m/z 325
nd 324 are attributed to fragmentation 2 followed by losses of
H2 CH2 and CH3CH2, respectively, through fragmentation
. Fragmentation 3 (Fig. 5) generates the acylium ion at m/z 339.
urther fragmentation of both compounds (ms4) gives a com-
on transition of [M + H]+ → 353 → 325 → 308, 297 (100%),

nd 281 at approximately the same relative abundance (data
ot shown). The UV and mass spectra, relative retention times,
nd mass fragmentation patterns establish that the structures
f compound X and acetildenafil differ by a CH2 group in the
mine moiety of the molecule, and is consistent for a structure in
hich the N-ethylpiperazine of acetildenafil is replaced with a
ethylpiperazine. However, one cannot assume that the methyl

roup is attached to the nitrogen atom. Indeed, one sildenafil
nalogue, recently detected as an adulterant in a herbal dietary
upplement, was found to have methyl groups attached to carbon
toms of a piperazine ring [13].

.3. Chemical cleavage of compound X

In the structure elucidation of analogues of sildenafil [13] and
ardenafil [15], a hydrolytic technique was used to cleave the sul-
onamide bond, thus releasing the free amine. This amine was
ubsequently identified by GC–MS and confirmed by LC–MS
f a benzoyl derivative of the amine. The suspect compound cur-
ently under investigation has no sulfonamide group. However,
t does have a phenacylamine group, and if the C N bond of this
roup were cleaved, it would generate the free amine, which
ould then be identified by GC–MS analysis.

Although there are several C N bonds in the molecule of
cetildenafil and nor-acetildenafil, the C N bond of phenacy-
amines are more reactive than other C N bonds. The cleavage

eaction developed here takes advantage of this selectivity.
umerous reactions with variations in the solvent and reagent
ere tried to establish a suitable cleavage process. Acidic

onditions normally gave poor results, while neutral or basic

p
a
t
a

Fig. 6. UV chromatograms of reaction products of acetildenafil and nor-
ical and Biomedical Analysis 44 (2007) 887–893

onditions gave good results. The use of NaOAc in DMSO was
ufficiently mild to give consistent results with the generation of
wo main products. The cleavage reaction was poor without the
ddition of NaOAc (e.g. DMSO alone). Methanol was more suit-
ble than the high boiling DMSO as the solvent in the reaction
ntended for GC–MS analysis.

.3.1. GC–MS
GC–MS analysis of the cleavage reaction solution showed

peak which had a mass spectrum that gave a top match for
-methylpiperazine in the NIST mass spectral library. Concomi-

ant injection of N-methylpiperazine standard and the amine
enerated from compound X into the GC–MS gave retention
imes of 4.29 and 4.17 min, respectively, and matching mass
pectra with molecular ions at m/z 100 (13% relative abundance),
nd prominent ions at m/z 58 (100% relative abundance), 43, 42,
nd 28.

.3.2. LC–MS of benzoyl derivative of the amine product
The cleavage reaction solution was treated with benzoyl chlo-

ide under Schotten–Baumann conditions to form a benzamide.
hen analyzed by LC–MS, the benzoyl derivatives of the amine

ormed from compound X and the benzoyl derivative of N-
ethylpiperazine standard gave retention times of 3.74 and

.69 min, respectively. Both compounds had ions at m/z 205
[M + H]+, 100% relative abundance) and m/z 409 ([M2 + H]+,
40% relative abundance, a dimer). Although there was no dis-

inct λmax in the UV spectra of the two compounds, their spectra
ere identical. Data are consistent with the GC–MS data and

stablish the structure of N-methylpiperazine.

.3.3. LC–MS analysis of cleavage reaction products
The cleavage of compound X establishes that N-methyl-
iperazine is part of its structure. If both acetildenafil and nor-
cetildenafil are cleaved and the piperazine ring is lost, then
he cleavage product should be the same for both compounds,
ssuming the assigned structure for compound X is correct. In

acetildenafil when treated with NaOAc in DMSO at 60 ◦C for 4 h.
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ontrast, if the piperazine ring remains intact, then the acetilde-
afil cleavage product will have one CH2 group more than
he nor-acetildenafil cleavage product. Since the phenacylamine

N bond is the target for cleavage and it has been shown in Sec-
ions 3.3.1 and 3.3.2 that N-methylpiperazine is generated from
ompound X, then one would expect to see at least one cleavage
roduct common to acetildenafil and compound X. Fig. 6 shows
he UV chromatograms of the two reaction solutions when com-
ound X (nor-acetildenafil) and acetildenafil were treated with
aOAc in DMSO. Peaks 1 and 1a are the starting materials, nor-

cetildenafil and acetildenafil. Peak 4 from compound X has the
ame retention time, UV spectrum, and mass spectrum (m/z 357)
s peak 4 from acetildenafil. Similarly, peak 3 (m/z 385) is the
ame for both compounds. The proposed structures for 3 and
are the aryl glyoxylic acid and aryl carboxylic acid products,
ith 3 derived from the cleavage of the phenacyl C N bond and
derived from 3. As the reaction continues, peak 4 continues to
row, while the other peaks decline. The proposed scheme for
he cleavage reaction in DMSO is as follows:

r CO CH2 NR2

→ Ar CO COOH + Ar COOH + HNR2

here Ar represents the substituted benzene ring of nor-
cetildenafil or acetildenafil and NR2 represents the piperazine
ing.

Peak 2 (m/z 467) from nor-acetildenafil corresponds to peak
a (m/z 481) from acetildenafil; the structure of these compounds
re unknown, but since the compounds differ in mass by 14 units,
hese compounds are not a result of phenacylamine cleavage and
he piperazine ring is still attached. The fact that compound X
nd acetildenafil have common cleavage products is additional
roof for the structure of nor-acetildenafil.

. Conclusion

A product, marketed as a natural herbal dietary supplement
nd advertised as a sexual performance enhancer for men, was
ound to contain an analogue of an erectile dysfunction drug.
his compound, named nor-acetildenafil, may be described as

n analogue of sildenafil in which the sulfonyl group has been
eplaced with an acetyl group and as an analogue of acetilde-
afil in which the N-ethyl group on piperazine has been replaced
ith an N-methyl group. The structure of the compound was

[

[
[

ical and Biomedical Analysis 44 (2007) 887–893 893

lucidated using LC–UV–ESI–MS, direct infusion MSn, and
hemical cleavage of the molecule followed by GC–MS and
C–MS analysis of the cleaved products. Two lots of the herbal
roduct were found to contain 79 and 85 mg per capsule as
he free base when analyzed against sildenafil citrate reference
tandard. Viagra is available in doses of 25, 50, and 100 mg.

The adulteration of “natural” herbal dietary supplements with
rectile dysfunction drugs or analogues is a growing trend and
osses a health threat to patients who unwittingly consume a
ynthetic drug that has been untested for safety and efficacy.
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