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Introduction
Drug analogues are chemically modified, structurally similar compounds of existing drugs. 
Among other possibilities, such modifications involve the addition or deletion of one or 
more functional groups. Pharmaceutical companies use this strategy to produce a large 
number of structurally similar chemicals with the hope of finding new and better drugs.1 
Being structurally similar to the parent drug, these derivatives may retain corresponding 
pharmacological actions. Nevertheless, it is not uncommon for chemicals with similar 
structures to possess slightly or entirely different properties. Phenacetin, structurally 
similar to paracetamol, has been associated with renal papillary necrosis not observed with 
paracetamol.2 Hence, it is prudent to test the safety and efficacy 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$802 million to license a new drug.3

 Many drug analogues, without the aforementioned drug testing process, are available 
for human consumption via different channels. Examples include analogues of psychoactive 
drugs, anabolic steroids, and anti-obesity drugs.4-6 Moreover, their potential adverse effects 
are numerous and unpredictable; in Hong Kong, a young patient presented with ataxia after 
taking an erectile dysfunction health product. Acetildenafil, an analogue of sildenafil, was 
identified. This finding triggered a local survey which revealed an alarmingly high rate of 
drug analogues in over-the-counter male erectile dysfunction health products.

Methods
One health product for male erectile dysfunction was obtained from a patient. Over a 

	 Objectives	 To investigate the problem of drug analogue adulteration in 
male erectile dysfunction health products.

	 Design	 Survey of over-the-counter male erectile dysfunction health 
products available in convenience stores and pharmacies in 
Hong Kong.

	 Setting	 Tertiary referral centre for clinical toxicology analysis in Hong 
Kong.

	Main	outcome	measures	 The pattern and extent of adulteration of male erectile 
dysfunction health products with sildenafil, tadalafil, and 
vardenafil as well as their structurally modified analogues.

	 Results	 Of 26 products studied, one (4%) was found to contain undeclared 
sildenafil, while 14 (54%) contained drug analogues of different 
kinds. The latter included acetildenafil, hydroxyacetildenafil, 
hydroxyhomosildenafil, and piperidenafil. The first three 
were analogues of sildenafil and the last was an analogue of 
vardenafil. One young patient presented with ataxia after taking 
an acetildenafil-containing product.

	 Conclusions	 The positive rate of concealed drug analogues in male erectile 
dysfunction health products is alarmingly high. Such analogues 
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might be used in an attempt to evade regulatory inspection. 
Without going through the stringent drug testing process, the 
adverse effects of these chemicals remain largely unknown 
and unpredictable. Effective surveillance system and control 
measures are needed urgently. The medical profession and the 
public should be alerted to this under-recognised threat.
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period of 6 months, another 25 similar products were 
bought over-the-counter from local convenience 
stores and pharmacies. The products were tested for 
adulteration with sildenafil, tadalafil, and vardenafil as 
well as some of their structurally modified analogues, 
making use of previously published methods.7 Initial 
screening was performed by an in-house high 
performance-liquid chromatography (HPLC).8 The 
HPLC findings were then confirmed using liquid 
chromatography-tandem mass spectrometry.

Case	report
A 28-year-old, previously healthy man presented 
with unsteady gait and frequent falls for 1 week. 
There was no family history of neurodegenerative 
disorder. On examination, he was completely normal 
neurologically, except that imbalance was revealed 
by the heel-to-toe walking test and unsteadiness was 
observed when standing with legs close together. 
Computed tomography of the brain was normal. His 
symptoms spontaneously improved substantially 
a day after admission. Review of his medications 
revealed that he had taken a health product for 8 
consecutive days before the symptoms appeared. 
The product was available over-the-counter in a local 
convenience store, with a claim that it contained 
an array of natural herbal substances for improving 
sexual functions. Drug-related ataxia was thus 
suspected. Chemical analysis of this health product 
found acetildenafil, an analogue of sildenafil.

Local	survey

To investigate the extent of drug analogue adulteration 
in male erectile dysfunction health products, all 
available over-the-counter male erectile dysfunction 
health remedies in a number of local convenience 
stores and pharmacies were purchased. A total of 25 
products were acquired. All of them claimed to contain 
only herbal ingredients. Chemical analysis showed 
that one (4%) contained sildenafil, while 14 (54%) 
contained drug analogues of different kinds (Table). 
The drug analogues detected included acetildenafil, 
hydroxyacetildenafil, hydroxyhomosildenafil, and 
piperidenafil. The first three are analogues of sildenafil 
and the last one is a derivative of vardenafil (Fig).

Discussion
Sildenafil (Viagra; Pfizer, New York, US), tadalafil 
(Cialis; Eli Lilly, Indianapolis, US), and vardenafil 
(Levitra; Bayer Pharmaceuticals Co, Wuppertal, 
Germany) are the only three phosphodiesterase-
5 (PDE5) inhibitors licensed for the treatment of 
erectile dysfunction in Hong Kong. They produce 
vascular smooth muscle relaxation, promote penile 
blood flow, and hence, induce erection. Nausea, 
headache, facial flushing, and visual disturbances are 
documented side-effects, but serious cardiovascular 
adverse effects have also been reported.9 Moreover, 
concomitant use of medications containing nitrate 
may drastically lower blood pressure.10 Ironically, 
ataxia is not one of the documented side-effects of 
PDE5 inhibitors. The latter drugs are prescription-
only medicines in Hong Kong and must be used 
under medical supervision.

 The introduction of PDE5 inhibitors was 
associated with a proliferation of herbal products 
purporting to enhance male sexual function.11 
However, some of these ‘natural’ products contain 
concealed substances, which are structurally 
modified analogues of the PDE5 inhibitors.7,12,13

 Unlike the parent pharmaceutical, no formal 
studies have been performed to assure the safety and 
efficacy of these analogues. Their producers appear 
to trust that such analogues have clinical effects (and 
toxicity) similar to those of the corresponding parent 
compounds. This assumption is not always correct. 
For example, methylenedioxymethamphetamine (ie 
Ecstasy), an analogue of amphetamine, is associated 
with a higher frequency of serotonin syndrome and 
symptomatic hyponatremia.14 N-nitrosofenfluramine, 
an unregistered analogue of fenfluramine, causes fatal 
hepatic failure not observed with the parent drug.15,16 
Evidently, the adverse effects of drug analogues are 
highly unpredictable and the consumption of such 
products is dangerous.

 New drugs must undergo extensive testing 
before being marketed for human use. The testing 
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of patients (approximately 2000) to compare efficacy 
against established treatment options (or placebo 
sometimes). Phase III trials are very expensive, time-
consuming, tedious, and difficult to run. A drug 
is marketed for human use only after it is proven 
satisfactory in the above-mentioned trials.

 Nonetheless, clinical trials prior to marketing 
are only capable of identifying adverse reactions with 
incidence rates of 1 in 1000 or more.17 In theory, post-
marketing safety surveillance is an integral part of 
the drug testing process to detect rare or long-term 
adverse effects in a much larger patient population. 
Such adverse effects may result in the withdrawal or 
restriction of a drug. Thus, the cardiovascular toxicity 
associated with rofecoxib was only discovered after 
the drug was marketed and used by a large number 
of patients.18 Such post-marketing surveillance may 
be mandated by regulatory authorities or undertaken 
voluntarily by the drug company.

 Acetildenafil is a drug analogue of sildenafil. 
There is no report of toxicity associated with this 
analogue in the literature. This does not imply that 
it is safe. On the contrary, the associated risk is 
unpredictable. The spirit of the drug testing process 
is that a compound must be thoroughly tested and 
proven to be safe and effective before it is introduced 
for human use. Acetildenafil has not undergone any 

formal animal and human trials, not to mention post-
marketing surveillance. It remains speculative as to 
whether the ataxia observed in our index patient 
had a causal relationship to its use. Sildenafil has 
highly selective PDE5 inhibitory activity, but PDE in 
the nervous system is not inhibited.19 Modifying 
the structure can potentially change the specificity 
of a drug and lead to unanticipated neurological 
problems.20

 Creating drug analogues for unregistered use 
is an old problem. For example, analogues of anti-
obesity drugs have been found to be incorporated 
in over-the-counter slimming products in Hong 
Kong.21 Erectile dysfunction drug analogues are 
merely new comers. We believe that adulteration 
of a health product with a drug analogue instead 
of the parent compound amounts to an attempt to 
evade regulatory inspection.22 Since analogues are 
structurally modified, these chemicals would be 
difficult to detect by ordinary laboratory methods. 
Additionally, the analogue is not difficult to create, 
which is amply demonstrated by the rich variety 
of such products discovered in our local survey. 
Once the presence of a drug analogue is exposed, 
it becomes ‘obsolete’ but can be readily replaced by 
others. Thus, our laboratory’s initial survey findings 
incriminated six brands of male erectile dysfunction 

FIG. Erectile dysfunction drug analogues identified
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health products containing acetildenafil, which were 
then withdrawn from the market.23 However, a few 
weeks later one of the brands reappeared in some 
convenience stores, whereupon analysis revealed 
the presence of piperidenafil instead. Our findings 
indicate that the drug analogue problem is common, 
persistent, and protean.

 Distressingly, erectile dysfunction drug 
analogues are not regarded as pharmaceuticals in 
Hong Kong. Their use in health products is therefore 
not controlled by the relevant local legislation. On 
the contrary, many countries have taken steps to ban 
these analogues.20-22

 The threat posed by the covert use of analogues 
is obviously under-recognised in our society. For 
which reason, it is critical to introduce an effective 

surveillance system and control measures to tackle 
the problem. In Hong Kong, psychoactive designer 
drugs are controlled much more tightly. Analogues 
of the latter (having similar chemical structure) are 
also considered as psychoactive drugs and regulated 
accordingly. We advocate the same principle be 
applied to unregistered analogues of all other 
drug classes. Compulsory disclosure of all active 
ingredients in over-the-counter health products 
should be considered. Regular surveillance of high-
risk products is necessary and screening should be 
extended to cover the registered pharmaceuticals 
as well as their likely analogues. While the legal 
loophole involving unregistered analogue use 
remains uncorrected, the public and the medical 
professionals should be alerted to this under-
recognised hazard.

1.	 Fischer	 J,	 Ganellin	 CR.	 Analogue-based	 drug	 discovery.	
Weinheim:	Wiley-VCH;	2006.

2.	 Tan	 GH,	 Rabbino	 MD,	 Hopper	 J	 Jr.	 Is	 phenacetin	 a	
nephrotoxin?	 A	 report	 on	 twenty-three	 users	 of	 the	 drug.	
Calif	Med	1964;101:73-7.

3.	 DiMasi	 JA,	 Hansen	 RW,	 Grabowski	 HG.	 The	 price	 of	
innovation:	 new	 estimates	 of	 drug	 development	 costs.	 J	
Health	Econ	2003;22:151-85.

4.	 de	Boer	D,	Bosman	 I.	A	new	 trend	 in	drugs-of-abuse;	 the	
2C-series	of	phenethylamine	designer	drugs.	Pharm	World	
Sci	2004;26:110-3.

5.	 Malvey	 TC,	 Armsey	 TD	 2nd.	 Tetrahydrogestrinone:	 the	
discovery	 of	 a	 designer	 steroid.	 Curr	 Sports	 Med	 Rep	
2005;4:227-30.

6.	 Wu	 M,	 Wang	 J , 	 Wang	 S, 	 e t 	 a l . 	 Ident i fy ing	 N-
nitrosofenfluramine	in	a	nutrition	supplement.	J	Chromatogr	
Sci	2005;43:7-10.

7.	 Zou	 P,	 Oh	 SS,	 Hou	 P,	 Low	 MY,	 Koh	 HL.	 Simultaneous	
determination	 of	 synthetic	 phosphodiesterase-5	 inhibitors	
found	in	a	dietary	supplement	and	pre-mixed	bulk	powders	
for	 dietary	 supplements	 using	 high-performance	 liquid	
chromatography	 with	 diode	 array	 detection	 and	 liquid	
chromatography-electrospray	 ionization	 tandem	 mass	
spectrometry.	J	Chromatogr	A	2006;1104:113-22.

8.	 Lai	 CK,	 Lee	 T,	 Au	 KM,	 Chan	 AY.	 Uniform	 solid-phase	
extraction	 procedure	 for	 toxicological	 drug	 screening	 in	
serum	and	urine	by	HPLC	with	photodiode-array	detection.	
Clin	Chem	1997;43:312-25.

9.	 Wespes	 E,	 Amar	 E,	 Hatzichristou	 D,	 Montorsi	 F,	 Pryor	 J,	
Vardi	Y;	 European	 Association	 of	 Urology.	 Guidelines	 on	
erectile	dysfunction.	Eur	Urol	2002;41:1-5.

10.	Stief	CG,	Uckert	S,	Becker	AJ,	Truss	MC,	Jonas	U.	The	effect	
of	the	specific	phosphodiesterase	(PDE)	inhibitors	on	human	
and	 rabbit	 cavernous	 tissue	 in	 vitro	 and	 in	 vivo.	 J	 Urol	
1998;159:1390-3.

11.	Reepmeyer	JC,	Woodruff	JT.	Use	of	liquid	chromatography-
mass	 spectrometry	 and	 a	 hydrolytic	 technique	 for	 the	
detection	 and	 structure	 elucidation	 of	 a	 novel	 synthetic	
vardenafil	 designer	 drug	 added	 illegally	 to	 a	 “natural”	
herbal	dietary	supplement.	J	Chromatogr	A	2006;1125:67-

75.
12.	Gratz	 SR,	 Gamble	 BM,	 Flurer	 RA.	 Accurate	 mass	

measurement	 using	 Fourier	 transform	 ion	 cyclotron	
resonance	 mass	 spectrometry	 for	 structure	 elucidation	 of	
designer	drug	analogs	of	tadalafil,	vardenafil	and	sildenafil	
in	 herbal	 and	 pharmaceutical	 matrices.	 Rapid	 Commun	
Mass	Spectrom	2006;20:2317-27.

13.	Lai	KC,	Liu	YC,	Tseng	MC,	Lin	JH.	Isolation	and	identification	
of	 a	 sildenafil	 analogue	 illegally	 added	 in	 dietary	
supplements.	J	Food	Drug	Anal	2006;14:19-23.

14.	Campbell	 S,	 Qureshi	 T.	 Taking	 Ecstasy...it’s	 child’s	 play!	
Paediatr	Anaesth	2005;15:257-9.

15.	Lai	V,	Smith	A,	Thorburn	D,	Raman	VS.	Severe	hepatic	injury	
and	adulterated	Chinese	medicines.	BMJ	2006;332:304-5.

16.	Lau	G,	Lo	DS,	Yao	YJ,	Leong	HT,	Chan	CL,	Chu	SS.	A	fatal	case	
of	hepatic	failure	possibly	induced	by	nitrosofenfluramine:	a	
case	report.	Med	Sci	Law	2004;44:252-63.

17.	Strom	 BL.	 How	 the	 US	 drug	 safety	 system	 should	 be	
changed.	JAMA	2006;295:2072-5.

18.	Mukherjee	 D,	 Nissen	 SE,	Topol	 EJ.	 Risk	 of	 cardiovascular	
events	 associated	 with	 selective	 COX-2	 inhibitors.	 JAMA	
2001;286:954-9.

19.	Kim	DK,	Young	Lee	J,	Park	HJ,	Minh	Thai	K.	Synthesis	and	
phosphodiesterase	 5	 inhibitory	 activity	 of	 new	 sildenafil	
analogues	 containing	 a	 phosphonate	 group	 in	 the	 5(‘)-
sulfonamide	moiety	of	phenyl	ring.	Bioorg	Med	Chem	Lett	
2004;14:2099-103.

20.	Beavo	JA.	Cyclic	nucleotide	phosphodiesterases:	functional	
implications	of	multiple	isoforms.	Physiol	Rev	1995;75:725-
48.

21.	Yuen	YP,	 Lai	 CK,	 Poon	 WT,	 Ng	 SW,	 Chan	 AY,	 Mak	 TW.	
Adulteration	 of	 over-the-counter	 slimming	 products	 with	
pharmaceutical	analogues—an	emerging	threat.	Hong	Kong	
Med	J	2007;13:216-20.

22.	Yuan	X,	 Forman	BM.	Detection	of	designer	 steroids.	Nucl	
Recept	Signal	2005;3:e002.

23.	The	 Hong	 Kong	 Department	 of	 Health	 Press	 Release	 17	
November	2006.	Hong	Kong	SAR	Government	website:	http://
www.info.gov.hk/gia/general/200611/17/P200611170307.
htm.	Accessed	29	Mar	2007.

References




