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1. Introduction

Herbal medicines are major source of aphrodisiacs and have been used worldwide for
thousands of years by different cultures and civilizations. Recently, consumption of dietary
supplements has been becoming more popular around the world. Unfortunately, the
adulteration of dietary supplements with undeclared synthetic chemical compounds is
steadily increasing according to the literature. Some herbal products advertised as “all
natural” have in contrast been found to contain synthetic PDE-5 inhibitors. There are
currently three PDES5 inhibitors Sildenafil (Langtry & Markham, 1999) (Viagra; Pfizer, New
York, US), Tadalafil (Meuleman, 2003) (Cialis; Eli Lilly, Indianapolis, US), and Vardenafil
(Keating & Scott, 2003) (Levitra; Bayer Pharmaceuticals Co, Wuppertal, Germany),
approved worldwide for the treatment of male erectile dysfunction, further two agents
Udenafil (Salem et al., 2006) (Zydena; Dong-A PharmTech Co, Korean), Mirodenafil (Jung,
2008) (Mvix, Life Science R&D Center of SK chemical, Beijing, Tianjin, Shanghai) were
licensed only in Korea. They produce vascular smooth muscle relaxation, promote penile
blood flow, and hence, induce erection. These kinds of commercially available herbal
aphrodisiac products have been spiked with the above-mentioned legal drugs, but also with
their analogues, which have not been subjected to formal pharmacokinetic or other
pharmacological testing in either humans or animals.

The practice of self-medication by an increasing number of patients, the incessant aggressive
advertising of these herbal aphrodisiacs, the invasion of the medicinal market with
uncontrolled dietary supplements and the absence of real directives amplifies the potential
health hazards to the community. Since the sildenafil is an chemical, it must not been found
in any foodstuffs, but an increasing number of sildenafil analogues have been discovered in
dietary and herbal supplements even in soft drinks, this number is steadily increasing and
some time their types are unknown and necrosis not observed instead of paracetamol.
Hence, it is prudent to test the safety and efficacy thus might have unknown and harmful
side-effects. Structural analogues are also synthetic chemicals with slightly altered chemical
structures and have similar erectile effects on the body. Nevertheless, it is not uncommon
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52 Chromatography and Its Applications

for chemicals with similar structures to possess slightly or entirely different before any new
chemical is licensed as drug for human use. This testing process is lengthy and costly; on
average, it takes 9.5 years and costs US$800 million to license a new drug. Many drug
analogues, without the aforementioned drug testing process, are available for human
consumption properties. Phenacetin, structurally similar to paracetamol, has been associated
with renal papillary necrosis not observed with paracetamol (Poon, 2007). Many drug
analogues, without the aforementioned drug testing process, are avaliable for human
comsuption via different channels. Examples include analogues of psychoactive drugs,
anabolic steroids, and Sibutramine which was one of the most abused compound as anti-
obesity drugs.

The most commonly reported side effects of sildenafil are headaches, flushing of the face,
upset stomach and nasal congestion. We met a dieatery supplement having combination of
sildenafil and paracetamol, probably in order to prevent headeache caused by sildenafil.
Other side effects include sensitivity to light, blurred vision, urinary tract infection, diarrhea
and dizziness. The main problem with sildenafil and analogues are that they interact with
many other medications. They can rapidly decrease blood pressure up to dangerously low.
They can interact with nitrates such as nitrogliserin, which are often prescribed to heart
patients. Sildenafil has not to be administrated to patients with heart problems taking nitrate
medications because of the severe potentiation of vasodilatory effects.

It is well known, the first developed and consequently the most famous phosphodiesterase
inhibitor is Sildenafil (Langtry & Markham, 1999) approved by the FDA in early April 1998.
Novel PDE5 inhibitor, Lodenafil carbonate, breaks down in the body to form two molecules
of the active drug lodenafil. This formulation has higher oral bioavailability than the parent
drug (Toque et al., 2008) Fig 1.
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Fig. 1. Prodrug lodenafil carbonate.
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Avanafil was discovered by pharmaceutical developer “Vivus” as PDE5 inhibitors, the
safety and efficacy for erectile dysfunction, a possible lunch in 2012. It has a particular
advantage over its potential competitors, the effects are demonstrable very quickly (in 15

minutes or less) (Bell & Palmer, 2011) Fig 2.
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Fig. 2. Avanafil.

The one of the last discovered illegal PDE-5 inhibitor is called as “Acetylvardenafil” which
was found in dieatery supplement known as MEGATON® in USA (Lee et al., 2011).
Sulfonyl group of Vardenafil was substituted by an acetyl group Fig 3(a) .

(@) (b)
Fig. 3. (a) Acetylvardenafil; (b) Desulfovardenatfil; (c) Gendenafil.

Another new analogue of vardenafil, Desulfovardenafil, in which the N-ethylpiperazine
ring and the sulphonyl group were removed from the vardenafil structure, was identified
for enhancing erectile function in herbal health product marketed, namely Power58
Platinum (Lai et al., 2007, Lam, 2007) Fig 3(b). New sildenafil analogues Gendenafil had an
acetyl group instead of sulfonyl-N-methylpiperazine moiety was determined as 5-[2-ethoxy-
5-acetyl-phenyl]-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one  (Lin
et al., 2008) Fig3(c). Other vardenafil analogue was found to be added illegally into a
dietary supplement marketed for male erectile dysfunction (MED). Its structure was
determined as 2-(2-ethoxyphenyl)-5-methyl-7-propyl-imidazo[5,1-f][1,2,4]triazin-4(3H)-one
and called “Piperidenafil or Piperidino vardenafil or trivial name Pseudovardenafil” (Park
et al., 2007; Lai et al., 2007b) Fig 4(a).

Very recently, two new analogues of sildenafil in which the piperazine ring and the sulfonyl
group were replaced by a piperazinone and a hydroxyethyl structure, respectively were
isolated from a herbal product in Germany. Based on the piperazinone structure, the
compounds were named Piperazinonafil in Fig 4(b) and Isopiperazinonafil (Wollein et al.,
2011) in Fig 4(c).
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Fig. 4. (a) Piperidenafil; (b) Piperazinonafil; (c) Isopiperazinonafil.

Another sildenafil analogue was detected from a health supplement claimed for human
MED, the structure of this new analogue was characterized as dithio-
desmethylcarbodenafil containing 2 thiocarbonyl groups instead of 2 carbonyl groups, and
4-methyl substitution on the piperazine ring, rather than 4-ethyl substitution when
compared to sildenafil (Ge et al., 2011) Fig. 5(a).

(@) (b)
Fig. 5. (a) Dithio-desmethylcarbodenafil; (b) Nitroso-prodenafil.

Other new unapproved analogue of sildenafil was detected in capsules of a herbal dietary
supplement promoted as a libido enhancing product. This is the first time a PDE-5 inhibitor
and a potential NO donor were identified in one molecule. A hydrolysis experiment showed
that the new analogue was a prodrug of aildenafil and was therefore named nitroso-
prodenafil (Venhuis et al., 2011) Fig 5(b). Both PDE-5 inhibitors and nitrosamines cause
vasodilatation by increasing levels of NO. To their coincidental use is warned against
because it may cause a fatal drop in blood pressure. In addition, nitrosamines are known
carcinogens. The findings indicate the dangerous level of advancement in medicinal
chemistry by producers of unapproved drugs.

Tadalafil (Cialis®) was approved in 2003 by the FDA as the third phosphodiesterase type 5
enzyme (PDE-5) inhibitor to treat MED (Meuleman, 2003). Then, different tadalafil
analogues have been found as adulterants in illegal products. Hasegawa et al. detected N-
octyl-nortadalafil Fig 6(a) together with cyclopentynafil Fig 6(b) in dietary supplement
(Hasegawa et al., 2008). Both of them are the first compounds reported to be new tadalafil
and sildenafil analogues.
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b
(@) (b)
Fig. 6. (a) N-octylnor-tadalafil; (b) Cyclopentynafil.

In Taiwan, one of the dietary supplement which was claimed on the treatment of male
erectile dysfunction was firstly screened in 2009 and Tadalafil and its doctored version was
newly identified. Since it is having amino group instead of methyl in tadalafil it was named
as aminotadalafil (Zou et al., 2006, Lin et al., 2009) Table-1. This compound has two
asymmetric carbons, theoritically two pairs of enantiomers exist. The chromatographic
separation of its stereoisomers was reported by using chiral LC-MS (Kurita et al., 2008).
Using this method, RR-Aminotadalafil and SR-Aminotadalafil were detected in some health
food. In addition, an interaction product of aminotadalafil was isolated from an illegal
health food product. The structure of the interaction product was elucidated and unknown
compound was characterized as condensation product of aminotadalafil and hydroxy-
methylfuraldehyde and is probably the result of a drug-excipient incompatibility (Héberli et
al., 2010) Fig 7.

OH

Fig. 7. Condensation product of aminotadalafil and hydroxymethylfuraldehyde.

Last flash development for the treatment of MED is discovering of Zoraxel (RX-10100) by
Rexahn Pharmaceutical company (Albersen et al., 2010). Zoraxel is containing clavulanic
acid that is centrally acting in the CNS and may be a more effective MED treatment for
patients who are responsive or unresponsive to PDE-5 inhibitors. It is being developed as an
orally administered, on-demand tablet to treat sexual dysfunction, and has extensive and
well-established safety in humans. For the future, it is being expected, Zoraxel will be on to
worldwide best-selling drug.
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In our central instrumental analysis laboratory, we also try to detect these commercially
available supplements (which are sent by the Ministry of Food Agriculture and Livestock
of Turkey before it grants a license for import to Turkey) whether they possess new or
old sildenafil analogues by using high-performance liquid chromatography with diode
array detection and mass spectrometry (HPLC-DAD-MS) and nuclear magnetic resonance
(NMR) analyses, NMR is the only analytical technique which provides full structural
information from novel compounds, acquisition of MS data or comparison of retention
times may not be sufficient, in this case, LC-MS/NMR allowed to identify the adulterants
without any need for references (Kesting et al., 2010) this means that these kind of
analogues are not easy to detect by ordinary laboratory methods, we have identified the
listed analogues are given in Table 1-2 up to date. With the aim of evaluating the
potential risks of commercialized aphrodisiac products on consumer health, the aim of
present work is to investigate simple HPLC-MS method and NMR data of synthetic and
natural analogues of aphrodisiacs.

Table-1 shows the determination of some sildenafil and tadalafil analogues and Dapoxetin
HCl, in commercially available health supplements in Turkey. Their formulas, H-13C-NMR
spectra, ESI(+) m/e values and their LC chromatograms are given in Table 1 and Fig 8, 9,
respectively. Fig 9 shows the good separation of caffeine, some sildenafil analogues and
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Fig. 8. HPLC chromatogram of 4.75 (Sildenafil), 4.80 (Vardenafil), 3.84 (Tadalafil), 3.62
(Aminotadalafil), 4.39 (Nor-carbodenafil) (RT : Retention times as min).
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Compound name E SII\;I+;/Vm /2 Formulas 1H-NMR 6§ ppm
. o (CD50D): 0.99 (t, 3H), 1.46 (t, 3H), 1.79 (m, 2H), 2.59 (s, 3H), 2.64,
(Lanf'éﬁ;ig‘;f:;;:’fﬁggg) 474 2.72,2.78, 2.82 (citrate prot.), 2.87 (t, 2H), 2.97 (br.t, 4H), 3.22 (br.s,
o RO, O, 475(M+H) 4H), 4.23 (s, 3H), 4.29 (q, 2H), 7.37 (d, J=8.8Hz, 1H), 7.9 (dd, J=8.8,
) 2.4Hz, 1H), 8.14 (d, J=2.4Hz, 1H)
(CD;OD): 2.93 (5, 3H), 3.05 & 3.1 (dd, 11.6, 1.2Hz & 11.6, 1.2Hz,
Tadalafil 1H), 3.66 (dd, J=16.0, 4.4Hz, 1H), 3.97 (d, J=17.6Hz, 1H), 4.20 (dd,
(Meulerman, 2005) 389 J=17.6, 1.6Hz, 1H), 4.43 (dd, J=11.2, 4Hz, 1H), 5.84 (dd, J=5.6, 1.2Hz,
o0, 390(M+H) 2H), 6.17 (s,1H), 6.67 (d, J=7.6Hz, 1H), 6.79 (d, J=1.6Hz, 1H), 6.82
o (dd, J=8.0, 1.6Hz, 1H), 7.01 (td, ]=6.8,0.8Hz, 1H), 7.06 (td, J=7.6,
1.2Hz, 1H), 7.25 (d, J=8Hz, 1H), 7.51 (d, J=8Hz, 1H).
Vardenafil HCI ym (CD;0D) : 0.98 (t, 3H), 1.32 (t, 3H), 1.45 (t, 3H), 1.82 (m, 2H), 2.52
(Keating & Scott, 2003) ) (s, 3H), 2.96 (t, 2H), 3.19 (q, 2H), 3.3 (br.s, 8H), 4.29 (q, 2H), 7.41 (d,
CasHN604S. HC J=8.8Hz, 1H), 7.98 (td, ]=9.2, 1.6Hz, 1H), 8.05 (d, J=2Hz, 1H).
Uddnatil (CD;0D) : 0.99 (t, 3H), 1.04 (t, 3H), 1.36 (m, 2H), 1.69-2.05 (m, 8H),
(Salem et 2, 2006) 516 2.18 (m, 2H), 2.27 (s, 3H), 2.85-3.05 (m, 6H), 4.18 (t, 2H), 4.23 (s, 3H),
piteyded 517(M+H) 7.34 (d, J=8.4Hz, 1H), 7.96 (dd, ]=8.4,2.4 Hz, TH), 8.25 (dd, ]=2.4,
S 0.8Hz, 1H).
) ] (CD;0D) : 3.11 & 3.14 (dd, 14.4, 1.2Hz & 11.6, 0.8Hz, 1H), 3.69 (dd,
ot al‘“z‘t‘)‘o‘;f’f(“lg?tlaafz‘;os et =160, 4.4Hz, TH), 411 (d, ]=17.6Hz, 1H), 4.29 (dd, J=17.6, 2Hz,
Y 390 1H), 443 (dd, J=11.2, 3.6Hz, 1H), 5.84 (dd, J=5.6, 1.2Hz, 2H), 6.14
Col1aNOs 391(M+H) (s,1H), 6.67 (d, ]=7.6Hz, 1H), 6.80 (d, J=2Hz, 1H), 6.84 (dd, ]=8.2,
The mixture of omers 1.6Hz, 1H), 7.01 (td, J=6.8, 0.8Hz, 1H), 7.06 (td, ]=7.6, 1.6Hz, 1H),
7.24 (d, J=8Hz, 1H), 7.51 (d, J=8Hz, 1H).
Thiosildenafil (CD;0D) : TH-NMR 1.0 (t, 3H), 1.54 (t, 3H), 1.82 (m, 2H), 2.26 (s,
(Zou ot o 2008) 490 3H), 251 (br.t, 4H), 2.9 (t, 2H), 3.06 (br.s, 4H), 4.34 (q, 2H), 4.48 (s,
NS 491(M+H) 3H), 7.39 (d, J=8.4Hz, TH), 7.9 (dd, J=8.4, 2.4Hz, 1H), 8.33 (d,
2H 0TS J=2.4Hz, 1H).
. . . (CD;OD) : TH-NMR 0.9 (t, 3H), 1.54 (t, 3H), 1.82 (m, 2H), 2.52 (t,
Hydroxythiohomosildenafil 520 2H), 261 (br.t, 4H), 2.89 (t, 2H), 3.07 (br.t, 4H), 3.61 (t, 2H), 434 (q,
(C;eH?zi'\I(,o&) 521(M+H) 2H), 447 (s, 3H), 7.39 (d, J=8.4Hz, 1H), 7.89 (dd, J=8.4, 2.4Hz, 1H),
. g 8.35 (d, J=2.4Hz, 1H).
Thiodimethylsildenafil
(Thiomethisosildenafil) (CD50D): TH-NMR 0.99 (t, 3H), 1.04 (d, 6H), 1.54 (t, 3H), 1.86 (m,
(Dimethylthiosildenafil) 504 4H), 2.87 (m, 2H), 291 (t, 2H), 3.61 (dd, 2H), 434 (q, 2H), 449 (s,
(Sulfoaildenafil) 505(M+H) 3H), 7.39 (d, ]=8.4Hz, 1H), 7.89 (dd, J=8.4, 2.4Hz, 1H), 8.33 (d,
(Reepmeyer & Avignon, 2009; Gratz |=2.4Hz, 1H)
etal., 2009) g 4 .
C23H32N603SZ
Homothiomethisosildenafil (CDCIy): 1,01 (t, 3H), 1.04 (d, 6H), 1.21 (t, 3H), 1.86 (m, 4H), 211
(Homosulfoaildenafil) (m, 2H), 2.95 (t, 2H), 2.99 (m, 2H), 3.66 (dd, 2H), 4.28 (t, 2H), 4.53 (s,
(Li et al., 2007) 518 3H), 7.19 (d, J=8.4Hz, 1H), 7.86 (dd, J=8.4, 2.4Hz, 1H), 8.82 (d,
) C2HaN6Os5, | s190m+E) J=2.4Hz, 1H).
Published in US Patent, however it is BBC-NMR (CDCls) : 11.03, 14.2, 19.5, 22.4, 22.58, 27.8, 39.6, 50.5, 52.4,
detected first time in herbal 72.5,113.3,120.2, 129.6,130.8, 132.2, 132.58, 134.1, 146.3, 146.7,
supplement. 159.76, 172.06.
(Al delz;?ﬂe;t(lll\%lestll-ll‘iis?:fgena ay|  ass (CDOD3): 0.99 (t, 3H), 1.04 (d, 6H), 1.47 (t, 3H), 1.81 (m, 2H), 1.8
(Wang et oL 2007) S590+1D) (t, 2H), 2.87 (m, 4H), 3.61 (dd, 2H), 4.23 (s, 3H), 4.3 (q, 2H), 7.35(d,
oS J=8.8Hz, 1H), 7.87 (dd, ]=8.8, 2.4Hz, 1H), 8.17 (d, J=2.4Hz, 1H).
) . - (CDCly): 1.01(t,3H), 1.05(d,6H), 1.19(t,3H), 1.84(m,2H), 1.93(t,2H)
?ﬁ':::‘iﬁ;’:;‘g:ﬁ::z:ﬁi) 502 2.05(m,2H), 2.93(t,2H), 3.03(m, 2H), 3.68(dd,2H), 4.26(t,2H), 4.27
O 503(M+H) (s3H), 7.16(d,J=8.8Hz,1H), 7.84 (dd,J=8.8,2Hz,1H), 8.81(d,J=2Hz,
2 1H), 10.84(br.s,1H) (in Table 2)
Nor-carbodenafil (CDCl): 1.01 (t, 3H), 1.59 (t, 3H), 1.84 (m, 2H), 2.34 (s, 3H), 2.47
Desmethylcarbodenafil (br.s, 4H), 2.9 (t, 2H), 3.56 & 3.78 (br.s, 4H), 4.25 (s, 3H), 4.32 (q, 2H),
(Piazza & Pamukgu, 2001) 438 7.05 (d, J=8.4Hz, 1H), 7.55 (dd, J=8.4, 2.4Hz, 1H), 8.55 (d, ]=2.4Hz,
C23H30N603 439(M+H) lH), 10.9 (S, 1H).
Published in US Patent, however, it 13C-NMR 14.3, 14.8, 22.6, 28.1, 38.4, 42.5(br. s), 46.3, 48(br.s),
is detected first time in herbal 55.3(br.s), 65.87, 113.2, 120.2,124,7, 129.16,130,7, 132.1, 138.7, 146.9,
supplement 147.6,153.9, 157.6, 169.4.

Nor-acetildenafil (CD50D): 0.99 (t, 3H), 146 (t, 3H), 1.8 (m, 2H), 2.31 (s, 3H), 2.57 &
Demethylhongdenafil 452 2.67 (brs, 8H), 2.86 (t, 2H), 3.93 (s, 2H), 4.21 (s, 3H), 4.28 (q, 2H),
(Reepmeyer & Woodruff, 2007) | 453(M+H) 7.23 (d, ]=8.8 Hz, 1H), 8.16 (dd, J=8.8, 2.2 Hz, 1H), 8.46 (d, ]=2.2 Hz,

C24H32N6Os 1H)
Dimethylacetildenafil* (CDCls): 1.04 (t, 3H), 1.05 (d, 6H), 1.63 (t, 3H), 1.83 (t, 2H), 1.89 (m,
(Goker et al,, 2010) 466 2H), 2.9 (m, 2H), 2.93 (t, 2H), 3.02 (m, 2H), 3.79 (s, 2H), 4.28 (s, 3H),
CasH3iNGOs 467(M+H) JK@? 437 (q, 2H), 7.09 (d, J=8.8Hz, 1H), 8.16 (dd, J=8.8, 2Hz, 1H), 9.15 (d,
o™~ J=2Hz, 1H), 10.85 (br.s, 1H).
Dapoxetine HCI 205 N O (CDCls): 2.2 (s, 6H), 2.34-2.45 (m, 1H), 2.59-2.7 (m, 1H), 3.55-3.63
(Li et al., 2009b) S060A+ED) o (m, 1H), 3.86-3.9 (m, 1H), 4.02-4.4 (m, 1H), 6.62 (d, J=7.6Hz, 1H),
CtHsNO. HCI - ‘ 7.19-7.5 (m, 9H), 7.74-7.77 (m, 1H), 8.2-8.24 (m, 1H).

*Detected in our lab. for the first time by us.

Table 1. Some synthetic PDE-5 inhibitors as analogues sildenafil and tadalafil were isolated by us.
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Default file
1-9+Dap-Caff- 2: Diode Array
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Fig. 9. HPLC chromotogram of 3.13 (Caffeine), 3.37 (Dimethylacetildenafil), 3.67 (Udenafil),
4.02 (Noracetildenafil), 4.43 (Dimethylsildenafil), 5.02 (Dimethylhomosildenafil), 6.43
(Hydroxythiohomosildenafil), 8.14 (Thiomethisosildenafil), 8.69 (Thiosildenafil), 9.24
(Dapoxetine HCI), 10.14 (Thiohomomethisosildenafil) (RT : Retention times as min).

Dapoxetin HCI. Dapoxetine HCI, is reported to be a selective serotonin reuptake inhibitor
under investigation for the treatment of premature ejaculation (PE) (Li et al., 2009a). Since
we have met this compound in one of the herbal drinks for adults, we have added it to our
list. As it is well known, caffeine is very common for this kind of health supplements, it was
added to chromatogram as well.

1.1 Natural aphrodisiacs

Formulas, 1H-13C-NMR spectra, ESI(+) m/e values and LC-MS ion chromatograms of
natural aphrodisiacs are given in Table 2 and Fig. 10.

L- Arginine is not herb, but a nonessential amino acid, it is found naturally in foods such as
meat, dairy, poultry and fish, it also may be synthesized in the laboratory, in spite of there is
insufficient evidence to rate effectiveness for male fertility and female sexual problem, but it
is possible to see the ingredients of many aphrodisiacs, recently. It is also available as oral L-
arginine supplements, which some product manufacturers market as a "natural Viagra"
(Stanislavov & Nikolova, 2003).
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Fig. 10. HPLC-MS ion chromatogram of 2.69 (L-Arginin HCI), 2.72 (Inosine), 3.19 (Icariin),
4.3 (Yohimbin), 7.18 (Imperatonin), 8.64 (Osthole). (RT : Retention times as min).
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Compound M.w. Formulas 1H-NMR & ppm
name ESI(+)m/z
NH,
L-Arginin HCl NH
(Stanislavov & 174 N (CDsOD): 1.27 (m, J=7.2Hz, 2H), 1.85
Nikolova, 2003) |175(M+H)| TN (q,J=7.2Hz, 2H), 3.21 (m, J=2.8Hz, 1H),
CsH1aN4O, OH 3.57 (t, J=6.4Hz, TH), 4.6(s, 1H).
O
(CDs;OD): 1.16 (q, 12Hz, 1H), 1.35-1.42
(m, 1H), 1.46-1.56 (m, 2H), 1.65-1.69 (m,
1H), 1.90 (qd, 1H), 1.99 (dq, J=10Hz,
1H), 2.23 (t, J=11.2Hz, 1H), 2.34 (dd,
J=12.0, 2.8Hz, 1H), 2.46 (dt, 1H), 2.62
ey td, J=11.2, 4.4, 1H), 2.72 (dd, J=15.6,
é‘;}l'i“el;‘;e 2010, 4(1.8Hz, 1H), 2.90 (d)d, ]=11(.2, 3Hz, 1H),
Melnyk et al. 2.93-3.02 (m, 1H), 3.1 (dd, J=11.2, 4.8Hz,
2011) ’ 355 1H), 3.4 (br.d, J=11.8, 1H), 3.76 (s, 3H),
356(M+H) 4.23 (m, 1H), 6.95 (t, ]=7.6Hz, 1H), 7.02
CarH26N2O5 (t, 7.6Hz, 1H), 7.27 (d, ]=7.6Hz, 1H),
7.36 (d, ]=7.4Hz, 1H).
BC-NMR(CDCls): 21.7, 23.3, 31.4, 34.3,
36.7,40.7,51.9, 52.3, 52.9, 59.8, 61.3, 66.9,
108.3,110.7,118.1, 119.4, 121.4, 127 4,
134.4,135.9,175.6.
Inosine (DMSO-de): 3.51 & 3.62 (m, 2H), 3.91 (q,
(Deuster & 268 J=4Hz, 1H), 4.09 (t, J=4Hz, 1H), 4.46 (t,
Simmons, 2004) [269(M+H) J=5Hz, 1H), 5.1 (br.s, 1H), 5.15 (br.s, 1H),
C10H1NLO5 5.4 (br.s, 1H), 5.83 (d, J=4.4Hz, 1H), 8.04
(s, 1H), 8.30 (s, 1H), 12.35 (br.s, 1H).
(CDsOD): 0.9 (d, J=6Hz), 1.63 (s, 3H),
1.72 (s, 3H), 3.15-3.75 (benzylic,
Icariin ethylenic and sugar protons), 3.89 (s,
(Liu et al., 2005; 676 3H), 3.9-4.22 (sugar protons), 5.06 (d,
Dell’ Agli, 2008) 677(M+H) J=7.2 Hz, 1H), 5.24 (t, 1H), 5.41 (d,
Ca3HaoO15 J=1.6Hz, H), 6.65 (s, 1H), 7.01 (d,
J=8.8Hz, 2H), 7.88 (d, J=8.8Hz, 2H)
S (oo lan 1, 5
. N s )~ 7. y 7 . y 7 . 7
(CL“‘P‘I’ ect)al" 2010) , 45?;&+H) © © 9 j=72Hz 1H), 6.23 (d, ]=9.2Hz, 1H), 6.83
198OS | (d, J=8.6Hz, 1H), 7.29 (d, J=8.7Hz, 1H),
7.61 (d, J=9.2 Hz, 1H)
_ (CDCls): 1.72 (s, 3H), 1.74 (s, 3H), 5.01
Imperatorin 270 (d, 2H), 5.61 (t, J=7Hz, 1H), 6.37 (d,
(Liao et al., 2010) 271(M+H) o J=9.2Hz, 1H), 6.81 (d, ]=2.4Hz, 1H), 7.36
Ci16H1404 O o fe) (S, 1H), 7.69 (d, ]=2.4HZ, 1H), 7.76
o p (d,J=9.2Hz, 1H)

Table 2. Natural aphrodisiacs were isolated by us from some herbal supplements.
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Yohimbine is an alkaloid which are found naturally in Pausinystalia yohimbe, a classical
aphrodisiac which has been recently revalued for its pro-sexual properties and extensively
commercialized without control in some countries (Saini et al., 2010, Melnyk et al., 2011) .
However, there is little evidence on its efficacy in the treatment of ED and it is, therefore, not
currently recommended (Albersen et al., 2010).

Inosine is a nucleoside consisting of ribose and hypoxanthine, most commonly found in
supplements that claim to be “energy promoters”, naturally it is found in brewer’s yeast and
organ meats, however it can be synthesized in laboratory (Deuster & Simmons, 2004). Their
nerve-stimulating action probably enhances sexual functions or help to remedy sexual
functions when these are reduced due to degeneration of nerve tissue.

Icariin is one of the primary active component of Epimedium extracts, which has been used
to treat impotence and improve sexual function by acting as PDE5 inhibitor as nafil
derivatives (Liu et al., 2005; Dell’ Agli, 2008). Since the illegally using of synthetic nafil
derivatives have been prohibited, recently icariin has become very attractive by the drug
manufacturers and suppliers, because of its natural character. Nowadays, the percentage
ratio of Icariin in the commercial Epimedium extracts has been increased over 80-90.
However there is no sufficient information about its pharmacological profiles and safety.
Further investigation needs to be done to examine any benefits that could occur from
supplements.

Osthole and imperatorin, coumarin compounds have been reported to exhibit various
biological activities (Liao et al., 2010). It was reported that, both of them were found to help
relax the corpus cavernosa of the penis, which would potentially help with blood flow, in
phenylephrine-precontracted endothelium-intact rabbit corpus cavernosum (Chen et al.,
2000; Chiou et al., 2001), however there is no information for human uses.

Herbal medications are being progressively utilized all over the world and it is believed that
herbal remedies are not hazards, however some adverse reactions have been increased.
Tribulus terrestris is frequently used because of its aphrodisiac effect. But there is an article
(Talasaz, 2010), which reports a case of T-terrestris-induced hepatotoxicity, nephrotoxicity
and neurotoxicity in an Iranian male patient.

In this text, we also present a new sildenafil analogue was found to have been added
illegally to a herbal drinks marketed for the enhancement of sexual function. This analogue
has never been found. Therefore, it prompted us to elucidate its structure. The structure was
determined as 5-[5-[[(3,5-dimethyl-1-piperazinyl]sulfonyl]-2-propoxyphenyl]-1,6-dihydro-1-
methyl-3-propyl-7H-pyrazolo [4,3-d]pyrimidin-7-one. Owing to the inclusion of a methylene
group in dimethylsildenafil, the detected compound was called Dimethyhomosildenafil.
The sample was purified with column chromatography. The IR, HPLC-/MS (ESI+), and
completely assigned NMR data of dimethylhomosildenafil have been observed.

2. Material and methods
2.1 Equipments

Uncorrected melting points were measured on an Biichi B-540 capillary melting point
apparatus. 'H (400 MHz) and 13C(100 MHz) NMR spectra were recorded employing a
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VARIAN MERCURY 400 MHz FT spectrometer, with CDCl3 as solvent. Chemical shifts ()
are in ppm relative to TMS. The LC/MS were taken on a Waters Micromass ZQ connected
with Waters Alliance HPLC, using ESI(+) method, with C-18 column. Elemental analyses
were performed by Leco CHNS-932. The infrared spectrum was recorded in the 600-3600
cm! range using a Jasco FT-IR-420 spectrometer and KBr pellets.

2.2 Extraction and isolation

The water contents of the aliminyum can (250 ml) were extracted with the mixture of
dichloromethane-methanol (95:5) and evaporated, residue was directly carried out to a open
column with silica gel 60 (0.04-0.063 mm) and eluted with dichloromethane-isopropanol
(97:3). Fractions were collected and analyzed by TLC. All of the fractions having the target
compound were collected and the solvent was evaporated and crystallization of the residue
from ethanol gave 0.021g of white powder compound was obtained, m.p: 189-190°C, Anal.
Calcd. for C24H3sNeO4S. 0.5 HOH: C 56.34, H 6.90, N 16.42, S 6.27. Found: C 56.47, H 6.95, N
16.21,S 6.28.

2.3 Structure identification
2.3.1 NMR correlation data of dimethylhomosildenafil

Dimethylhomosildenafil was dissolved in CDCl; and subjected to 1D and 2D NMR
spectroscopic analysis (1H, 13C, DEPT, homo-COSY, HSQC and HMBC). The data are shown
in Table 2.

2.3.2 Analysis condition of HPLC/MS

LC-MS coupled with positive and negative (ESI+) Electro Spray method was used to
determine its molecular weight. The HPLC of LC/MS was carried out on a column
XTerra® MS C-18 (4.6 X250 mm,5 pm) with Acetonitrile: Methanol:0.05 M Ammonium
acetate in water (55:20:25) as mobile phase. The flow rate was 0.9 mL/min, the injection
volume was 5 pL and the appropriate running time (at least 15 min). The eluate was
monitored by a photo-diode array detector at 254 nm. The analytical condition of mass
was as follows: capillary voltage :3.41 kV, cone voltage : 26 V, source temperature : 100 °C
: desolvation temperature : 350°C. The HPLC chromatogram of dimethylhomosildenafil is
given in Fig 2 with 5.02 min. r; values. This method was carried out all the given HPLC-
MS analysis in this text.

Table 3 shows the 1H-NMR, 13C-NMR, DEPT, COSY, HSQC and HMBC spectral data of
isolated compound 1, which were similar to that of dimethylsildenafil. The spectroscopic
numbering used is given in Table 3. The difference of this compound, than
dimethylsildenafil is related with ether protons connected to the C-19. Here is one more
metyhlene group as propoxy. The 3,5-dimethyl protons of piperazine were observed at 6H
1.05 (d, 6H) as expected, in the HMBC spectrum the correlation of H-28,29/H-24,26, DEPT
and HSQC results indicated that dimethyl group attached to C24-26. Since the 2,6-
diequatorial methyl groups would be lower energetic form, so the configuration is
established as a cis diequatorial methyl configuration as shown in Table 1 as it is in the
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methisosildenafil ~ (Reepmeyer &  Avignon, 2009). The IR spectrum of
dimethylhomosildenafil is given in Fig 11. This compound also must be put on the
inspection list for illegal health-related substances because of the unknown safety and
toxicity profile.
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Fig. 11. IR spectrum of Dimethylhomosildenafil.
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25 29
HN_ pfs 27
H Y
(0]
17
18
No 13C 1H DEPT- COSY HMBC
3 146.7 -— C-3/H-12 C-3/H-11
5 1472 C-5/H-15
6 - 10.84(br.s,1H)
7 153.8 - -
8 124.7 - C-8/H-10
9 138.6 - C-9/H-11
10 384 4.27(s,3H) 3
11 2799  2.93(t2H,]J=7.2 Hz) 2 H-11/H-12 C-11/H-13, C-11/H-12
_ H-12/H-11,
12 22.5 1.84(m,2H,]=7.6 Hz) 2 H-12/H-13 C-12/H-13, C-12/H-11
13 14.3 1.01(t,3H,J]=7.6 Hz) 3 H-13/H-12  C-13/H-12, C-13/H-11
14 129.4 - -- C-14/H-18
15 131.1 8.81(d,1H, J,,=2 Hz) 1 H-15/H-17 C-15/H-17
16 1212 C-16/H-18
7.84(dd,1H,],=8.8 Hz, H-17/H-18,
17 131.8 =2 Hz) 1 H-17/H-15 C-17/H-15
18 113.2 7.16(d,1H,],=8.8 Hz) 1 H-18/H-17 -—--
C-19/H-15, C-19/H-17
1 1597 C-19/H-18, C-19/H-20
20 72.1 4.26(t,2H,]=7.2 Hz) 2 H-20/H-21  C-20/H-21, C20/H-22
~ H-21/H-20,
21 22.54 2.05(m,2H,J=6.8 Hz) 2 H-21/H-22 C-21/H-20, C-21/H-22
22 10.85 1.19(t,3H,J= 7.6 Hz) 3 H-22/H-21 C-22/H-21, C-22/H-20
1.93(t,2H, J=10.4 Hz, H.23 Biloo
2327 53 ) &368(ddat, 2 axial/ C-23,27/H-28,29
J=10.4 Hz, J=1.6 Hz ot tilos
equatorial)
H-24,H-26/
o106 505 3:03(m 2H, J=3.6 Hz, . H-23,H-27 C-24,26/H-28,29
, . . axial
axial) H-24,H-26/ C-24,26/H-23,27
H-28,H-29
_ H-28,H-29/
28,29 195 1.05(d,6H,J=6.8 Hz) 3 124 H-26 -

0 ppm in CDCls, | in Hz @ Number in DEPT is the number of attached protons.
Table 3. NMR data of Dimethylhomosildenafil.
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3. Conclusion

Oral PDEb5 inhibitors are the treatment of choice for MED. The physiological mechanism of
erection involves release of nitric oxide (NO) in the corpus cavernosum as a result of sexual
stimulation. NO then activates the enzyme guanylate cyclase, which results in increased
levels of cyclic guanosine monophosphate (cGMP), leading to smooth muscle relaxation in
blood vessels supplying the corpus cavernosum and allowing inflow of blood. Nafil
derivatives have no direct relaxant effect on isolated human corpus cavernosum, but
enhance the effect of NO by inhibiting PDE5, which is responsible for degredation of cGMP
in the corpus cavernosum. When sexual stimulation causes local release of NO, inhibition of
PDE5 by nafil analogues causes increased levels of cGMP in the corpus cavernosum,
resulting in smooth muscle relaxation and inflow of blood to the corpus cavernosum. This
mode of action means that PDE5 inhibitors are ineffective without sexual stimulation. The
PDE-5 inhibitors have helped many men with MED, and the FDA indicate that Sildenafil
citrate, Vardenafil HCI and Tadalafil are safe and well-tolerated when taken as directed by
men who have gotten approval from their doctors. These drugs must not been used without
medical examination or prescription. PDE-5 inhibitors also increase the risk of a variety of
cardiovascular diseases, including heart attack, myocardial infarction, and sudden death.
The medication may interact with other drugs which should be mortal, e.g. synergic effect
with alpha-blockers. Other side effects associated with PDE-5 drugs, such as priapism,
severe hypotension, increased intraocular pressure and sudden hearing loss and blidness.
The PDE-5 inhibitors must not buy over the internet or other non-standart source,
otherwise, the men run several risk, such as it should be counterfeit product that does not
have the legal structural compound which has been untested for safety or no same purity as
the real drug.
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