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A  new  herbal  product  advertised  as  potency  pill  was  sent  for analysis  by  the  local  authority.  The  product
was tested  for the  presence  of  potential  derivatives  of  PDE-5  inhibitors,  such  as  sildenafil,  vardenafil,
and  tadalafil.  Sildenafil  analogues  were  identified,  in  which  the  piperazine  ring and  the sulfonyl  group
were  replaced  by  a piperazinone  and  a hydroxyethyl  structure,  respectively.  The  chemical  structures
were  established  by LC–MS  in  ESI  negative  mode,  UV  and  NMR  spectroscopy  (including  DEPT,  HSQC,
eywords:
iperazinonafil
dulterant
ietary supplement
DE-5 inhibitor

HMBC,  H,H-COSY,  H,H-TOCSY  and  H,H-NOESY  experiments).  This  is the  first  report  of  piperazinonafil
and  isopiperazinonafil  as  adulterant  in  an  herbal  food  supplement.

© 2011 Elsevier B.V. All rights reserved.
MR

. Introduction

In Germany, sildenafil (Viagra®), tadalafil (Cialis®) and var-
enafil (Levitra®) are the only phosphodiesterase-5 inhibitors
pproved by authority for the treatment of erectile dysfunction.
hese drugs are only available on prescription and must be used
nder medical advise. Adverse effects of PDE-5 inhibitors are well
ocumented. Precaution should be taken when patients suffer from
ardiovascular incidence or heart failure. There could be higher
isk of strong side effects when patients take food supplements
eclared as herbal potency pills. These products, mainly marketed
s capsules, do not only contain dried extracts from plants as
ndicated and are frequently adulterated with synthetic drugs for
he treatment of erectile dysfunction, corresponding analogues
1] or entirely different synthetic drugs [2,3]. These related com-
ounds do not carry the status of legal drug substances and are
nly described in scientific literature or patents protecting the
hree legal ED-drugs. For example Shin et al. did the first close
crutiny on functional food in 2003 and discovered the analogue
omosildenafil [4]. Later on acetildenafil was first reported by Blok-
ip et al. in 2004 [5]. Until today, more than 30 structurally modified

nalogues are described in the scientific literature. They were
etected in herbal products and characterized by several research
roups [6–12]. Although their structures and chemical proper-

∗ Corresponding author. Tel.: +49 9131 6808 5451; fax: +49 9131 6808 5838.
E-mail address: nicholas.schramek@lgl.bayern.de (N. Schramek).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.07.012
ties are known, information about their pharmacological effects
is often poor. To asses some risk, Venhuis et al. reported a IC50
value of 7.6 nM for acetildenafil which was comparable to sildenafil,
when tested on an in vitro assay on human PDE-5 [1].  In contrast,
hydroxyhomosildenafil showed a 2.1 fold activity while bearing
a hydroxyethylpiperazine moiety instead of the methylpiperazine
ring of sildenafil. There is less knowledge about the activity and
potential side effects of many other illegal added derivatives, so
it is necessary for official medicinal control laboratories to make
strong efforts to discover such products and remove them from the
market.

The analogues identified in the current study resulted from a
product that was  tested for adulteration with sildenafil, tadalafil,
and vardenafil. It was  also tested for acetildenafil and other
structurally modified analogues using LC–MS/MS following Ng’s
methodology [13]. The first data achieved by LC–DAD and LC–MS
showed similarity to sildenafil, but the UV-spectra did not meet the
absorption lines produced by the reference substances like silde-
nafil or acetildenafil. Even the mass spectra disallowed conclusions
to already known structures. Thus, NMR  was  used to identify the
structure of these compounds.

2. Experimental
2.1. Chemicals

Reference standards of sildenafil citrate and hydroxyacetilde-
nafil were obtained from Pfizer (Berlin, Germany), tadalafil

dx.doi.org/10.1016/j.jpba.2011.07.012
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:nicholas.schramek@lgl.bayern.de
dx.doi.org/10.1016/j.jpba.2011.07.012
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Fig. 1. Chemical structures of acetildenafi

eference standard from Eli Lilly (Bad Homburg, Germany),
nd vardenafil hydrochloride trihydrate from Bayer (Leverkusen,
ermany). Acetildenafil was kindly provided by the National

nstitute for Public Health and the Environment (Bilthoven,
he Netherlands). Ammonium formate, methylenechloride, and
odium hydroxide were purchased from Merck (Darmstadt,
ermany). All LC solvents were obtained in LC–MS grade

Chromasolv®) from Fluka (Buchs, Switzerland).

.2. Sample preparation

The content of one capsule was mixed with 10 mL  of
ethylenechloride and 2 mL  of 2 M sodium hydroxide solution. The

rganic layer was collected using a separation funnel. The aque-
us layer was extracted again with 5 mL  of methylenechloride. The
ombined organic solvents were dried under a stream of nitrogen.
he residue was reconstituted in 1 mL  of acetonitrile. This solution

as suitably diluted with the same solvent for LC–DAD analysis

nd for LC–MS analysis. All samples and solutions were filtered
efore use through a 0.45 �m Spartan filter from Whatman (Dassel,
ermany).

Fig. 2. LC–DAD run (wavelength 2
iperazinonafil 2 and isopiperazinonafil 3.

2.3. LC–DAD

LC–DAD analysis was  performed on an Elite La Chrom system,
equipped with a L-2455 diode array detector (VWR, Darm-
stadt) operated in a detection range from 200 to 320 nm.
For chromatographic separation, a Zorbax-SB C18 column
(250 mm × 4.6 mm × 5.0 �m;  Agilent Deutschland GmbH, Böblin-
gen, Germany) was  used. The elution conditions were as follows:
gradient elution with solvent A – 10 mM ammonium formate
and solvent B – acetonitrile. Chromatography was started with
solvent B 20% which was raised to 80% within 20 min. Solvent B
was subsequently decreased within 5 min  to 20% again to allow
reconditioning the analytical column for an additional of 5 min.
The column temperature was kept at 25 ◦C, the flow rate was
set to 1.0 mL/min with an injection volume being 10 �L of each
sample. Isolation of the compounds was  carried out using the
chromatographic system described above, but with an injection
volume of 80 �L. The eluate was  collected in a sample tube after the

detection of the peak in the chromatographic run. The solvent was
removed under reduced pressure and the residue was subjected to
NMR-analysis.

54 nm)  of prepared sample.
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Table  1
Identified compounds 2 and 3 and corresponding retention times.

Compound
number

Name Retention time
(LC–DAD)

Retention time
(LC–MS)

2

n
S
t
n
c
L
P
M
p
t
t
6
s
w
i

2 Piperazinonafil 12.22 min  12.69 min
3 Isopiperazinonafil 11.65 min  12.36 min

.4. LC–MS

LC–MS studies were carried out by using a Shimadzu promi-
ence LC-20 (Shimadzu, Kyoto, Japan) system connected to AB
ciex 5500 QtrapTM triple quadrupole linear ion trap mass spec-
rometer (AB Sciex, Foster City, USA) operated in electrospray
egative mode by Analyst software version 1.5.1. Separation
onditions were comparable to the parameters mentioned under
C–DAD but using a Luna C18 column (150 mm × 2.0 mm × 3.0 �m;
henomenex, Torrance, USA) and a flow rate of 0.2 mL/min. The
S parameters were: entrance potential: −10 V; declustering

otential: −10 V; collision energy: −10 V; collision cell exit poten-
ial: −11 V; curtain gas: 30 psi; ion spray voltage: −4.5 kV; source
emperature: 600 ◦C; ion source gas 1: 40 psi; ion source gas 2:

0 psi. The MS/MS  method was set up by using an enhanced MS
can (EMS) with information dependent acquisition (IDA) which
ould initiate an additional experiment, namely enhanced product

on scan (EPI). The IDA was set for ions greater than m/z 400 and

Fig. 3. UV-spectra of compounds 2 and 3 (—), showing maximum absorbance at
221 nm and 290 nm.  The UV-spectrum of sildenafil reference substance (—-) is given
for  comparison.

Fig. 4. Mass spectra from enhanced product ion scan of compound 3 (A) and compound 2 (B).
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Fig. 5. Proposed fragmentation of compound 2.

maller than m/z  600 in the survey experiment of EMS. When
xceeding an intensity of 100,000 cps, the EPI was initiated with
1 fixed and Q3 scanning from 100 Da to 600 Da with collision
nergy of −45 V and spread of 15.0 V.

.5. NMR

Each of the purified compounds 2 and 3 was dissolved
n 0.6 mL  of CD2Cl2. NMR  experiments with detection of 1H
one-dimensional 1H NMR, two-dimensional H,H-COSY, H,H-

OCSY, H,H-NOESY, HSQC and HMBC) were performed with a
ruker AVANCE-I 500 MHz  spectrometer, equipped with an inverse

 mm 1H/13C probehead. NMR  experiments with detection of
3C (one-dimensional 13C NMR  with 1H decoupling, DEPT-135,

Fig. 7. 1H NMR  spectrum of (A) com
Fig. 6. Proposed fragmentation of compound 3.

DEPT-90) were carried out with a Bruker AVANCE-III spectrom-
eter, equipped with a 5 mm  CP-QNP X-detect cryoprobehead
at 125.6 MHz 13C NMR  frequency. Chemical shifts are reported
in ppm. Data were processed with TOPSPIN 3.0 or MestreNova
software.

3. Results and discussion

3.1. LC–DAD
The unknown compounds were detected during analysis of an
herbal food supplement. Using HPLC–DAD, compound 2 (Fig. 1)
eluted at an RT of 12.22 min, shortly after compound 3 (Fig. 1)
which resolved at an RT of 11.65 min  (Fig. 2 and Table 1). Both peaks

pound 2 and (B) compound 3.
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Table 2
NMR data of piperazinonafil 2, isopiperazinonafil 3 and acetildenafil 1 [5]; Positions 1 to 31 indicate either hydrogen (H,H-COSY/H,H-TOCSY) or carbon (HMBC) signal.

Pos. Compound 2 (piperazinonafil) Compound 3 (isopiperazinonafil) Acetildenafil

ı 1H Multiplicity ı 13C DEPTa H,H-COSY/
TOCSY

HMBC ı 1H Multiplicity ı 13C DEPTa H,H-COSY HMBC ı 1H ı 13C

1 146.2 0 H-11/H-12 146.3 0 H-11/H-12 146.8
2
3
4  153.6 0 153.6 0 153.7
5  11.10 1H, br s 11.06 1H, br s 10.8
6  148.3 0 H-15 148.1 0 H-15 147.4
7
8  138.4 0 H-11 138.4 0 H-11 138.5
9  124.4 0 H-10 124.4 0 H-10 124.5

10  4.25 3H, s 38.0 3 4.25 3H, s 38.0 3 4.27 38.2
11  2.94 2H, t, J = 7.7 Hz 27.6 2 H-12 H-12/H-13 2.94 2H, t,

J = 7.4 Hz
27.7 2 H-12/H-13 H-12/H-13 2.94 27.8

12  1.88 2H, m,  J = 7.4 Hz 22.3 2 H-11/H-13 H-11/H-13 1.88 2H, m,
J = 7.4 Hz

22.3 2 H-11/H-13 H-11/H-13 1.87 22.4

13  1.05 3H, t, J = 7.4 Hz 13.8 3 H-12 H-11/H-12 1.05 3H, t,
J = 7.4 Hz

13.8 3 H12 H-11/H-12 1.08 14.1

14  120.0 0 H-18 120.1 0 129.9
15  8.42 1H, d, J = 2.3 Hz 128.4 1 H-17 H-17/H-22 8.35 1H, d,

J = 2.3 Hz
131.1 1 H-17 H-17 9.14 132.3

16 135.0  0 H-18/H-22/H-31 129.0 0 H-18/H-
22/H-31

120.0

17  7.54 1H, dd, J = 8.6, 2.3 Hz 129.9 1 H-18 H-15/H-22 7.40 1H, dd,
J = 8.6,
2.3 Hz

132.4 1 H-15/H-18 H-15 8.15 132.5

18  7.11 1H, d, J = 8.6 Hz 113.2 1 H-17 7.11 1H, dd,
J = 8.6 Hz

113.1 1 H-17 7.09 112.7

19  156.1 0 H-15/H-17/H-18/H-20 156.4 0 H-15/H-
17/H-18/H-
20

159.8

20  4.32 2H, q, J = 7.0 Hz 65.5 2 H-21 H-21 4.33 2H, q,
J = 7.0 Hz

65.6 2 H-21 H-21 4.36 65.8

21  1.61 3H, t, J = 7.0 Hz 14.5 3 H-20 H-20 1.62 3H, t,
J = 7.0 Hz

14.5 3 H-20 H-20 1.63 14.6

22b 4.84 1H, m,  J = 6.6 Hz 68.4 1 H-31 H-15/H-31 4.02 1H, m 61.4 2 H-31 H-31 194.9
22b 3.82 1H, m 61.4 H-31
23
24b 3.40 1H, m 57.1 2 H-24 H-28/H-31 3.20 2H, s 54.0 2 H-31 2.68 52.2
24b 3.19 1H, d, J = 16.1 Hz 57.1 H-24 H-28/H-31
25  165.5 0 H-24/H-27/H29 165.9 0 H-24/H-29 2.54 52.5
26
27b 3.43 2H, m 45.8 2 H-28 H-29 2.87 1H, m 45.9 2 H-28 H-28/H-29 2.54 52.5
27b 45.8 3.33 1H, m 45.9 H-28
28b 3.02 1H, m 49.9 2 H-27 H-24/H-31/H-27 2.63 1H, m 46.5 2 H-27 H-24/H-31 2.68 52.2
28b 2.79 1H, m 49.9 H-27 H-24/H-31/H-27 3.31 1H, m 46.5 H-27
29  3.45 2H, q, J = 7.2 Hz 41.0 2 H-30 H-30 3.39 2H, m,

J = 7.1 Hz
40.9 2 H-30 H-30 2.41 53.3

30  1.16 3H, t, J = 7.2 Hz 11.9 3 H-29 H-29 1.10 3H, t,
J = 7.1 Hz

11.8 3 H-29 H-29 1.05 11.8

31  2.62 2H, m,  J = 6.6 Hz 65.0 2 H-22 H-22/H-24 3.75 1H, m 68.6 1 H-22 H-22/H-
24/H-28

3.82 64.6

ıppm in CD2Cl2 (compounds 2 and 3) and CDCl3 (acetildenafil), J in Hz.
a Number in DEPT is the number of attached protons.
b Proton signals are double-specified due to the influence of chiral carbon.
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Fig. 8. H,H-TOCSY s

howed identical UV absorption between 200 nm and 320 nm.  The
V-traces shown in Fig. 3 clearly demonstrate the differences
etween compounds 2 and 3, and sildenafil.

.2. LC–MS

The extract of the herbal food supplement was subjected to
C–MS analysis. Different to the method reported by Ng et al. [13]
sing a precursor ion scan as survey scan, an EMS  was  set up for the

nitial MS  experiment. The scan of the extract produced two  major
eaks at RT 12.36 min  and RT 12.69 min  with a parent ion mass

f m/z 481. This indicates that the unknown compounds 2 and 3
ad same molecular weights of 482 Da. The corresponding mass
pectrum of the [M−H]− ion at RT 12.69 min  is shown in Fig. 4B.
he two fragments (m/z 311 and m/z  282) were characteristic for

Fig. 9. 13C NMR  spectrum of (A) com
m of compound 2.

PDE-5 inhibitors, but there is no established structure with a molec-
ular mass of 482 Da. A hydroxyethyl moiety could be assigned by
the following fragments: m/z 453 formed by neutral loss of ethy-
lene (−28) from the molecular ion, followed by loss of water from
the alcohol function in position 22 of the molecule to give ion of
m/z 435. The resulting fragments (m/z 311 and m/z  282) seem to
obey the same cleavage mechanism reported for acetildenafil [13].
The m/z 311 fragment results from the cleavage of the carbon bond
between position 16 and 22 of the molecule (Fig. 5). Fragment m/z
282 is generated in similar manner but with prior neutral loss of
the ethylene part.
The first peak at RT 12.36 min also had a parent ion of m/z 481 but
generated different daughter ions. Just ion m/z 453 resulted from
neutral loss of ethylene as described before. All other fragments
could be explained by shifting of the alcohol function from position

pound 2 and (B) compound 3.
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Fig. 10. HMBC sp

2 to 31 which gives compound 3 an acetal function (mixed N,O-
cetal). The first fragmentation occurs at position 31 with loss of
he alcohol function (−18), the first acetal half, which resulted in
/z 336. Afterwards, the ESI negative conditions induce breakage

f the second acetal half between position 31 and nitrogen 24 of the
iperazinone together with neutral loss of ethylene (Fig. 6) to give
/z 308. All ions observed for compound 3 (Fig. 4A) are the evidence

or the isomer hydroxyethyl moiety in comparison to structure 2.

.3. NMR

1H and 13C NMR  data of acetildenafil (1) [5] and compounds
 and 3 are summarized in Table 2. The 1H NMR  spectrum of
 (Fig. 7A) shows a signal at 11.1 ppm which can be tentatively
ssigned as an amide proton. The three signals at 8.42 ppm (d,
 = 2.3 Hz), 7.54 ppm (dd, J = 8.6, 2.3 Hz), and 7.11 ppm (d, J = 8.6 Hz)
esemble the coupling pattern of a 1,2,4-substituted phenyl ring.
ignals were detected at the same frequencies as for the N-methyl,
-ethyl and C-propyl moieties in acetildenafil.
 of compound 2.

The proton signal for H-31 is shifted to higher field which indi-
cates a structural modification (in comparison with acetildenafil)
nearby. Moreover, a proton signal at 4.84 ppm (m, J = 6.6 Hz) is
observed, which is not present in acetildenafil. The H,H-TOCSY data
(Fig. 8) shows a correlation between the signals at 2.62 ppm and
4.84 ppm. These observations suggest the presence of a hydrox-
yethyl moiety.

The proton signals representing the piperazinonyl methylene
resonances also differ significantly in comparison to the respec-
tive ones for acetildenafil. Instead of two complex signals for
H-24/28 and H-25/27 in acetildenafil, discrete signals for H-24
(3.19, 3.40 ppm), H-28 (2.79, 3.02 ppm) and H-27 (3.43 ppm) are
observed. No proton signal for H-25 is observed. The signal pattern
is consistent with a piperazinone moiety. Interestingly, the signals
for the geminal protons at C-24 and C-28 are found at different

frequencies indicating the neighbourhood of a chiral atom.

The 13C NMR  spectrum (Fig. 9A) shows most of the characteristic
resonances for acetildenafil [5].  On the other hand, the character-
istic signal of the carbonyl group at position 22 is missing. Instead
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he signal for C-22 is observed at 68.4 ppm. Moreover, a signal at
65.5 ppm consistent with an amid carbon can be assigned to C-25

eading to the proposed piperazinone structure.
All conclusion mentioned above are in line with all signals

etected in HSQC-NMR spectra, such as the correlations between
C 68.4/ıH 4.84 (C-22/H-22), ıC 49.9/ıH 2.79, 3.02 (C-28/H-28),
C 45.8/ıH 3.43 (C-27/H-27), and ıC 57.1/ıH 3.19, 3.40 (C-24/H-
4). The HMBC spectroscopic data (Fig. 10)  also provided strong
onfirmation of the structure with indicative correlations of ıH
.84/ıC 128.4, 135.0, 129.9, 65.0 (H-22/C-15, C-16, C-17, C-31),
H 2.62/ıC 135.0, 68.4, 57.1, 49.9 (H-31/C-16, C-22, C-24, C-
8), and ıH 3.19, 3.40/ıC 165.5, 49.9, 65.0 (H-24/C-25, C-28,
-31).

A 2D-NOESY experiment shows a correlation between H-22
nd the aromatic protons H-15 and H-17. Moreover, a NOE occurs
etween H-31 and the aromatic protons H-15 and H-17. A weak
OE is observed between the piperazinone protons H-24/H-28 and
-22. Moreover, a very weak NOE occurs between H-28 (2.79 ppm)
nd H-15 (8.42 ppm). These correlations also support the signal
ssignments and indicate an orientation of the piperazinone ring
owards the phenyl ring [14].

In summary, the NMR  spectroscopic data provide firm evidence
hat the unknown compound 2 is 5-{2-ethoxy-5-[1-hydroxy-2-(1-
thylpiperazin-2-on-4-yl)ethyl]phenyl}-1-methyl-3-propyl-1,6-
ihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (Fig. 1).

The chemical structure of compound 3 was definitely identified
y comparison of its NMR  data with those of compound 2. Roughly,
he 1H NMR  (Fig. 7B) and 13C NMR  (Fig. 9B) spectra of compound 3
ere similar to those of compound 2. However, the proton signals

or H-22 at ıH 4.84 and H-31 at ıH 2.62 of 2 disappear and new
ignals at ıH 4.02, 3.82 and 3.75 appear for 3.

The comparison of the 13C NMR  spectra of compounds 2 (Fig. 9A)
nd 3 (Fig. 9B) showed that the secondary carbon signals of C-31 at
C 65.0 and C-24 at ıC 57.1 disappear and a new secondary carbon
ignal at ıC 61.4 appears.

The H,H-COSY correlation between H-31 (3.75 ppm) and H-22
4.02, 3.82 ppm) again indicates the presence of a hydroxyethyl

oiety. In conjunction with many correlations observed in HSQC
nd HMBC experiments (Table 2), the structure of compound 3
s assigned as 5-{2-ethoxy-5-[2-hydroxy-2-(1-ethylpiperazin-
-on-4-yl)ethyl]phenyl}-1-methyl-3-propyl-1,6-dihydro-7H-
yrazolo[4,3-d]pyrimidin-7-one (Fig. 1). Specifically, the HSQC
orrelations between ıC 68.6/ıH 3.75 (C-31/H-31), ıC 61.4/ıH
.02, 3.82 (C-22/H-22), and ıC 54.0/ıH 3.20 (C-24/H-24), and
he HMBC correlations of ıH 3.75/ıC 129.1, 61.4, 54.0, 46.5 (H-
1/C-16, C-22, C-24, C-28) are strongly indicative for the signal
ssignments.

Compared with the chemical structure of compound 2, the N,O-
cetal structure of compound 3 explains the significant shift of the
roton and carbon signals for H/C-31 to lower field as well as the
hift of the proton and carbon signals for H/C-22 to higher field. The
,O-acetal structure also leads to a slightly higher electron density
t C-24 and C-28 which explains the shift of both signals to higher
eld.

. Conclusion
In the present study, two analogues of sildenafil were isolated
rom a herbal product. The chemical structures of both compounds
ere elucidated using LC–MS, UV and NMR  spectroscopic data.
ased on one- and two-dimensional NMR  data, the chemical

[

[

 Biomedical Analysis 56 (2011) 705– 712

structures were determined as 5-{2-ethoxy-5-[1-hydroxy-2-
(1-ethylpiperazin-2-on-4-yl)ethyl]phenyl}-1-methyl-3-propyl-
1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (compound
2) and 5-{2-ethoxy-5-[2-hydroxy-2-(1-ethylpiperazin-2-
on-4-yl)ethyl]phenyl}-1-methyl-3-propyl-1,6-dihydro-7H-
pyrazolo[4,3-d]pyrimidin-7-one (compound 3). Based on the
piperazinone structure, the compounds were named piperazi-
nonafil 2 and isopiperazinonafil 3. Both were quantitated in the
product in varying but approximately equal amounts per capsule.
Notably, similar structures bearing an hydroxyethyl moiety with-
out piperazinone functionality were reported by Piazza et al. [15],
but these purinone derivatives were intended to treat patients with
precancerous lesions. Taking into account the structure similarity
of both compounds to acetildenafil, which shows activity similar
to sildenafil, 2 and 3 might exhibit PDE-5 inhibition [14]. However,
the efficacy and safety/toxicity profile of 2 and 3 is not yet known.
Quite obviously, this puts consumers’ health at substantial risk.
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