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ABSTRACT

While it is known that some counterfeit drugs conteither sub-optimal or abnormally high level oftiae

ingredients, heavy metal contamination of fake drhgs also been recognized. The aim of the studgtermine
the levels of select heavy metals in serum of Mastar rats dosed with counterfeit sildenafil cttea Twenty-one
male Wistar rats (250 g) were divided into 3 growgfs/ rats each. The route of administration wasglagtric

gavage. Groups 1, 2, and 3 (control) were dosed @& mg/kg BW of fake sildenafil, genuine drug é@&g and

distilled water respectively. Serum levels of merciead, nickel, aluminum, silicon, cadmium, andemic, were
determined by the atomic absorption spectrometethod. Data were subjected to analysis of variafte.0.05

was considered significant. Results revealed thate were no significant differences in the serewels of the
metals estimated except cadmium. From the resd@ilthi® study, it is evident that exposure to fakegd may
provoke a number of pathological conditions as caimis capable of inducing tissue damage.
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INTRODUCTION

Sildenafil citrate, an oral medication used tottreale impotence by inhibition of phosphodiesteifase the corpus
cavernosum (so as to facilitate penile erectiors) I@en well studied in relation to its toxicitylei@nce, efficacy
and possible drug interaction [1]. It is an agéwit has a worldwide appeal, therefore becauseiohtige demand,
the problem of counterfeiting of sildenafil citrageglobal in scope [2]. To buttress the univetgadif the problem
of counterfeit sildenafil citrate is the fact thaports are available to confirm that seizure &kfaildenafil citrate
takes place all over the world. While it a welladsished fact that counterfeit drugs are rarelycaffious, their
usage may also be accompanied by serious advdestsefThe contamination of heparin by Chinese tarteiters

in 2007 and 2008 is a good example of this, aroejgishat resulted in the death of 149 patienthéndSA [3].

In 2009, the European Union alone seized 34 millake tablets in just 2 months, mostly drugs suchmtibiotics,
cancer treatments, and sildenafil citrate (Viagralthough in high-income countries, counterfeit siens of
therapeutic agent like Viagra or others like camoedicines are more dominant than antibiotics, detaavailable
to suggest that all forms of fake drugs are momvadent in absolute terms in developing and midiibeme
markets [4-7]. In these two regions regulatory @miorcement systems for medicines are weak. Intiadd
assistance to many other agencies involved witldiemdon of the menace of counterfeit drug is algossly
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lacking. In recent times the fact that drug sumigins has increasingly become cross continestal known cause
of substantial counterfeiting even in the developedntries [8, 9].

In the developing countries counterfeits accountfiore than 25% of medicines offered for sale, ®ftilis known
that some counterfeit drugs contain either subregitior abnormally high level of active ingredientse presence of
adulterants/contaminants (e.g. heavy metals) inesofrthese fake products has also been recognltedireason
why a study of this nature is timely is becauseneworld Health Organization (WHO) has raised thegaility
that “counterfeit drugs may erode public confideirtéealth care systems, health care professiotta@ssuppliers
and sellers of genuine drugs, the pharmaceutidaisiny and national Drug Regulatory AuthoritiesheTaim of this
study is to determine serum levels of select heaetals in male Wistar rats since heavy metal cointation of
fake drug is a possibility.

MATERIALS AND METHODS

Experimental Animals: Twenty-one male Wistar rats of average weight 50 2y were purchased from the
Experimental Animal Unit of the Faculty of VeterigaMedicine of the University of Ibadan, Nigeriaid? to the
commencement of the experiment, the animals wérenléheir respective cages to acclimatize forwatteperiod of
two week. The animals were kept in cages at amlitdénperature of 26+3°C and a 12 h light, 12 h damle and
were fed standard laboratory chow and supplied water with any restriction. The rats were dividetb 3 groups
with each group comprising of 7 rats. The routadrinistration was by gastric gavage.

The first group of rats was administered with 25kgdW [10] of fake sildenafil citrate while those the second
group received genuine sildenfil citrate and thHedtlgroup which served as the control and were aghtdred with
distilled water. The fake sildenafil citrate used fhe study was obtained from National AgencyFood and Drug
Administration and Control (NAFDAC), Western regioffice in Ibadan, but the original product was ghased
from a reputable Pharmacy. The duration of the exy@nt was for a period of 7 days. This study wasied out in
compliance with national and international laws dahdidelines for Care and Use of Laboratory Animals
Biomedical Research Institutes of Health (revis@@s).

Preparation of serum samples & heavy metal estimaih: On the & day, blood was drawn from each rat by
retro-orbital bleeding and introduced into an avdigulant free bottle. This blood was centrifuge®@®0 g after
which serum was separated and stored at -20 °@ld eV lead, nickel aluminum, silicon, cadmium, ardenic in
serum of rats were determined by the atomic absorgpectrometric method using Buck Scientific 28Bmic
Absorption (East Norwalk, Connecticut, USA).

Statistical analysis: Data were subjected to statistical analysis usiR§S package (version 15) to obtain mean +
SEM (standard error of mean). The level of siguifit difference among the three groups was detediiy using
analysis of variance (ANOVA).0 .05 was considered significant.

RESULTS
Administration of fake and genuine sildenafil dierdo male Wistar rats did not result in signifitdifferences in
the serum levels of most of the heavy metals estichahen data were subjected to analysis of vaeiawthile the

serum levels of cadmium were significantly differehe levels of others like arsenic, aluminumiceih, nickel, and
lead were comparable and not significantly différsrx 0 .05. All the results are presentediable 1.

Table 1: Serum levels of select heavy metals in faland genuine sildenafil citrate-administered rats.

Pb (ug/L) | As(ng/mL) | Cd(mg/dL) | Si(ug/L) | Al(ug/L) | Ni (pg/dL)
Control 0.14+0.02 | 0.005+0.001 0.007+0.002 0.12+0J03  0.123Q. 0.16+0.02
Fake sildenafil citrate 0.14+0.02 | 0.006+0.002 0.020+0.004 0.13+0J02  0.1@#Q. 0.16+0.03
Genuine sildenafil citrate 0.013+0.02| 0.006+0.002 0.008+0.001 0.13+0/03 0.1a#(Q 0.17+0.03
F-value 0.619 1.029 54.343 0.157 1.444 0.362
P-value 0.552 0.381 0.00% 0.85¢ 0.267 0.702

Results are expressed as mean +standard erroreafiim p <0.05 is significant using ANOVA. N=7.
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DISCUSSION

The history of counterfeits is as old as the histtfrcommodities [2]. Counterfeiting is known to b®re common
in those regions where regulatory and enforcemgstems for medicines are weakest. In most indlizh
countries there is effective regulatory systemsmadket control, therefore the ratio of fake drt@genuine ones is
extremely low—perhaps less than 1% of market vakeording to the estimates of the countries comzer®n the
other hand, in many African countries and partsAefa and Latin America, a much higher percentagehef
medicines on sale may be counterfeit. While Intellal Property Institute (IIPI) has described doaginterfeiting
as not only an issue of intellectual property Hebaf trade problem, the significant increasehia tevel of toxic
metal-Cd observed in rats administered with fakdesiafil citrate drug compared with two other greupeems to
suggest that it is also an unrecognized publicthgaioblem with particular consequences in the afeejury,
mortality, and morbidity [2].

This public health dimension may be global in scdpiace the problem of sexual-enhancing drug cofeitieg is

not limited to the developing world as can be deduitom the report of Sugita and Miyakawa [2]. Theyealed
that the size of the market for counterfeit phosfisterase type 5 inhibitor (PDES5Is) in Japan isnash as 2.5
times larger than that of genuine PDES5Is yet thieepof the counterfeits is nearly equal to thatloé genuine
PDES5Is. While the results of our study indicatebaiole contamination of sildenafil citrate with hgawetals e.g.
Cd, because of significant increases in the seeural lof Cd in the rats administered with fake si@fd citrate,

other past studies revealed contamination of PDE antidiabetic drug. In Singapore in 2008, artbogiak of

severe hypoglycemia among users of counterfeit POE6GNtaining an antidiabetic was reported. Sevatepts

remained comatose as a result of prolonged newogénia with four of the cases resulting in death.

Cadmium contamination of sildenafil citrate is pbksbecause Chaubey et al. [11] has raised thiglgmmoof poor
quality-control measures during the manufacturingcpss of counterfeit Cialis. The metal Cd obsertede
significantly increased in rats administered fakdemafil citrate is known to be a very toxic heawgtal and an
important environmental pollutant, present in thi, svater, air, food and in cigarette smoke. lti®as poisoning in
various tissues of humans and animals [12, 13].ugtake of this heavy metal in the liver is impattan its overall
concept of its toxicity. As much as 50% of cadmiabsorbed systemically is rapidly accumulated in lbner,
which results in the reduced availability of cadmitio other organs as the kidneys and testes, wdriehmore
sensitive to its toxic effects [14].

The harmful effects of cadmium are due to its iittoh of liver metabolic enzyme systems, especialiythose
possessing sulphydryl groups as well as uncoupdingxidative phosphorylation in mitochondria [15],process
which eventually leads to enhanced lipid peroxmathepatic congestion, ischemia and hypoxia [G&heration of
ROS and oxidative tissue damage due to cadmium bess identified as the cause of cadmium-induced
hepatocellular damage [17]. Aside this, a wide eaafjaccompanying changes in antioxidant defenggnees has
been observed [18]. It has been shown that frdeakscavengers and antioxidants are highly esaldntconferring
protection against cadmium toxicity. The significarcrease in the serum level of Cd in the fakegdadministered
rats is an indication that some of these abnormagsses may manifest in humans who consume Cdroordted
fake drug.

Another element that its serum level was assesssdavsenic, a naturally occurring element and m@zed human
poison since ancient times that is present in loncentrations in air, soil, and water. Chronic esgge of human
and animals to this element is indicated usuallytdigher levels in hair nail, hoof, and urin®[20]. It is also an
element that affects not only the mitochondrial yemes like Cd but also impairs cellular respiratitegding to

cellular toxicity. In addition, like Cd a higherdel has been associated with increased lipid pdedidn levels in

liver, kidney, and heart [21]. This it does throumter-generation or an ineffective elimination d@® that induces
oxidative stress and causes damage to all typesotdcules such as proteins, lipids, and nucleidsaf22]. This

element arsenic as well as others like Ni, Si,alld Pb was not significantly different when alledargroups were
compared. Since the significant increase was pactdi only Cd, it rules out a modulation of the afmilism of

these heavy metals, rather results raise the plitysd§ Cd contamination of the fake sildenafitrgte used for this
study.
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CONCLUSION

Therapeutic agents that are formulated and adraneidtto patients for management of pathologicaditmm to
restore the body to a position of health shouldprovoke adverse health condition. The unfortunhitey is that
administration of sildenafil citrate that is suppddo address the problem of erectile dysfunctiay provoke Cd
induced events such as described above in an ddeenmhealthy person. All efforts therefore shdoéddirected
towards eradication of drug counterfeiting. It letefore being suggested that in order to obtaituige drugs
generally, especially in the developing world, diggg must be examined and have a prescriptiontemrieit a
medical institution, and drugs should be bougte dispensing pharmacy. In addition, physicians khearn their
patients not to buy counterfeit sildenafil citrad when prescription is written for the purchasegenuine
sildenafil citrate, patients should be informedhaf severe health problems that may occur if exptséake drug.
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