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A number of chemical adulterants or contaminants have been identified in
paracetamol syrup in Nigeria, one of the most common ones being
diethylene glycol. The presence of heavy metals in therapeutic
preparations has also been reported in other parts of the world, with
devastating consequences. The aim of this experimental work is to
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investigate the level of Cd, Pb, Al, Si, Ni, As, in the serum of rats
administered with fake paracetamol syrup. Twenty-one female rats of
average weight of 200 g were randomly divided into 3 groups of 7 rats
each. Treatment lasted 21 days and the route of administration was by
gastric gavage. The first group received 90 mg/kg of fake Bonadabe
paracetamol, the second group was administered with 90 mg/kg BW of
genuine Bonadabe® paracetamol and the third group served as the
control. Statistical analysis of data obtained using analysis of variance
(ANOVA) showed there were no significant differences in the serum levels
of all the heavy metals investigated at p>0.05. Results of this study suggest
that heavy metal contamination of pediatric drugs may not be common in
Nigeria, although such contaminations have been reported for other
preparations in some parts of the world.
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INTRODUCTION
The devastating effectof counterfeit drugs is not limited to the developing world; according to ten Ham1 data are
available to suggest the presence of fake medicines on the marketseven in Europe. Moreover, it has also been
reported that an estimated 5% of all world trade in branded goods is counterfeit, leading to huge financial losses to
the pharmaceutical industry as well as a great health risk to the consumers 2-5. Although drug has been a part of
human experience from the beginning, but the regulation during that period was through social sanctions and
responses to intoxication rather than sanctions for use. Even in a developed nation like the United States of
Americawhere official proclamations against the use of various substances have existed for centuries, such laws
were initially targeted against consumption of items like coffee, alcohol, tobacco, etc.
It was not until 1938 that a more refined means of medicinal drug control occurred when sulfa (sulfanilamide)
drugs commonly used as antibiotics was introduced. Since it was not in liquid form, sulfanilamide could not be
administered easily. To circumvent that problem it was dissolved in diethylene glycol but the suspension so
produced was found to cause kidney poisoning that resulted in the death of 105 people in 1937. This incidence
resulted in 1938 Act which states that drugs or cosmetics had to be tested for toxicity before marketing 6. Apart
from this, adequate directions for use were also required to be on package. It was the first Act that implied "use by
instruction from physician only"-- in other words, the idea of prescription vs. non-prescription medicine was
introduced. In addition to the existing laws, in 1962, subsequent to the thalidomide episode, amendments were
added stating that a drug had to be effective for what it was intended and that approval had to be obtained before
trials on humans could be conducted. All those laws have been enacted to prevent damaging effects of drugs.
Fake drugs do not meet the requirements of these laws, since the aim of their manufacturers is to make exorbitant
gain; which may necessitate usage of substandard chemicals in drug formulations. And since many fake drugs in
the past have been described to be contaminated with a variety of chemicals, the aim of this study is to evaluate the
levels of select heavy metals in serum of rats administered with fake paracetamol syrup.

MATERIALS AND METHODS
Experimental Animals:
The animals used for the study consisted of female albino rats of average weight of 200 g purchased from the
Experimental Animal Unit of the Faculty of Veterinary Medicine of the University of Ibadan, Nigeria. The animals
were left in their respective cages to acclimatize for about a period of two weeks prior to commencement of the
experiment. Animals were kept in cages at ambient temperature of 25±2°C and a 12 h light; 12 h dark cycle and
were fed standard laboratory chow and given unrestricted access to water. Twenty-one rats were divided into 3
groups; each group comprised of 7 rats. For each of the rats, the route of administration was by gastric gavage.
The first group of rats was administered with 90 mg/kg BW of fake Bonadabe paracetamol as described by
Mantzke and Brambrink7; rats in the second group received genuine Bonadabe® paracetamol (manufactured in
Nigeria) of the same dosage and the third group served as the control and were administered with distilled water.
While the fake Bonadabe paracetamol used for the study was obtained from NAFDAC, Western region office in
Ibadan, the genuine product was purchased from a reputable Pharmacy. The duration of the experiment was for a
period of 21 days. This study was carried out in compliance with national and international laws and Guidelines for
Care and Use of Laboratory Animals in Biomedical Research Institutes of Health (revised 1985).
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Preparation of serum samples & heavy metal estimation
At the end of the period of drug administration, blood was drawn from each rat by retro-orbital bleeding and
introduced into an anticoagulant free bottle. The blood samples were centrifuged at 3000 g after which serum was
separated and stored at -20 ºC. Levels of aluminum, silicon, cadmium, lead, arsenic, and nickelin serum were
determined by the atomic absorption spectrometric method using Buck Scientific 205 Atomic Absorption (East
Norwalk, Connecticut, USA).
RESULTS
Using ANOVA administration of fake and genuine paracetamol syrup did not result in significant differences in the
levels of all the heavy metals estimated i.e. the serum concentrations of arsenic, aluminum, cadmium, silicon,
nickel, and lead were comparable and not significantly different. All the results are presented in Table 1.
Table 1:Serum levels of select heavy metals in fake and original paracetamol syrup-administered rats.
Pb (µg/L)

As (ng/mL)

Cd (mg/dl)

Si (µg/L)

Al (µg/L)

Ni (µg/dL)

Control
0.12±0.02
0.003±0.001 0.005±0.001 0.13±0.05
0.09±0.03
0.13±0.03
Fake paracetamol syrup
012±0.02
0.004±0.001 0.005±0.001 0.14±0.02
0.10±0.01
0.12±0.04
Original paracetamol syrup
0.12±0.03
0.004±0.002 0.006±0.002 0.15±0.03
0.11±0.03
0.13±0.03
F-value
0.082
0.139
0.231
0.630
1.194
2.339
P-value
0.921
0.871
0.796
0.544
0.326
0.125
Results are expressed as mean ± standard deviation. P<0.05 is significant using ANOVA. N = 7.

DISCUSSION
Heavy metals such as Pb, and Cd are elements with high molecular weight that though are sometimes found in the
body at very low levels, do not play any known physiologic role. This is contrary to essential trace elements which
are known for their roles as cofactors in many important metabolic processes. Sources of heavy metal exposure
include food, air and water, unlike essential trace elements which are required for life, health and development, the
presence of heavy metals in the body may trigger processes that may result in pathology since they hamper or
derail important chemical reactions8,9.
Arsenic is a naturally occurring element that is recognized as a human poison. It affects the activities of
mitochondrial enzymes, impairs the cellular respiration, and causes cellular toxicity 10,11. Its role in overproduction
or ineffective elimination of ROS that can trigger oxidative stress thereby causing damage to all types of molecules
such as proteins, lipids, and nucleic acids has been observed 12. Therefore, its association with lipid peroxidation in
the liver, kidney, and heart has been documented. Long-term exposure to elevated levels of inorganic arsenic in
drinkingwater has been identified to causeskin, lung, liver, and bladder cancers as well as malignant neoplasms,
diabetes, and vascular diseases13. Cadmium (Cd), a very toxic heavy metal and an important environmental
pollutant, causes poisoning in various tissues of humans and animals14, 15. Its toxic effects are: inhibition of liver
metabolic enzyme systems containing sulphydryl groups and uncoupling of oxidative phosphorylation in
mitochondria16, this leads to elevation in lipid peroxidation, hepatic congestion, ischemia and hypoxia17. Cadmium
induced oxidative stress linked with liver damage is well known. These two are examples of heavy metals that their
harmful effects on the body have been well documented.
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Therapeutic drugs in most cases are foreign to the body; therefore they are metabolized by organs such as kidney
and liver. For this reason, inter-individual response to xenobiotics even drugs that are legitimate pharmaceuticals
may occur, which means they sometimes have side effects but with counterfeit medicines though, these adverse
effects are more likely to occur since in some cases counterfeit drug are known to contain toxins. Many of the signs
of counterfeit drugs range from allergic reactions to gastrointestinal disturbances like nausea, vomiting and
diarrhea. In cases of heavy metals and toxic compounds contamination of therapeutic drug,more severe symptoms
of poisoning like changes in heart function, blood glucose levels, gas perfusion (transport of oxygen and carbon
dioxide in the blood), dyspnea and even organ failure may be observed. In many patients with a chronic
exposure,exacerbation of the signs and symptoms of heavy metal toxicity may begin to manifest.
Heavy metal contamination of therapeutic drug is possible because of the unhygienic environment in which
therapeutic agents are manufactured. For example, Parfitt18 reported that in the 1990s many fake drugs in Russia
were produced in basements and backrooms. Aside this in November 2009 in the United States of America, during
a national crackdown on drug counterfeiters, 800 packages of alleged fake or suspicious prescription drugs
(including Viagra for erectile dysfunction), Vicodin (a pain reliever), and Claritin (an anti-histamine) were
uncovered leading to the closure of 68 allegedly unauthorized online pharmacies. Some of the drugs had as much
as three times the amount of active ingredients than is typically prescribed; others contained none at all while a
few contained harmful substances like drywall material, antifreeze and yellow highway paint 19.
Even with this background knowledge, the analysis of serum samples of rats treated with fake paracetamol did
notresult in abnormality in heavy metal metabolism. Using ANOVA the serum levels of aluminum, silicon, cadmium,
lead, arsenic, and nickel were not significantly different. This simply suggests that while heavy metals
contamination of therapeutic drugs has been reported, these results do not suggest heavy metal contamination of
bonababe paracetamol syrup used for this study. Even then absence of Al, Cd, Pb, Ni, Si and Asin the syrup does not
preclude the ability of this fake drug to induce damaging effects.

CONCLUSION
Therefore, it is being suggested that a more exhaustive analysis of serum as well as histopathological investigation
of different tissuesbe carried out to further probe a possible harmful effects of this fake product.
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