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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 
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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.
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hydroxyhomosildenafil, and piperidenafil. The first three 
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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.
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