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Adverse effects of counterfeit drugs on public health

Hande Sipahi!, Kiibra Peltekoglu?, Nazh Sencan**

! Department of Toxicology, Faculty of Pharmacy, Yeditepe University,
34755 Istanbul, Turkey
?Pharmacoeconomics and Pharmacoepidemiology Research Center (PEPIRC),
Faculty of Pharmacy, Yeditepe University, 34755 Istanbul, Turkey

Abstract: In the last decades, growing number of counterfeit pharmaceuticals
involve to global pharmaceutical market. The counterfeited drugs are substan-
dard, poor quality copies of original products, so they pose a global and serious
health risk which can lead to resistance to treatment, illness, disability and even
death. Recently in Turkey, a counterfeit cancer drug has been realized from its
package and it was reported that 95 patients did not get the treatment they sup-
posed. Moreover, it is understood that, they are marketed not even in Turkey but
also to the global market. Counterfeiting is a crime and a problem of all countries
even developed or underdeveloped. Pharmacist and all healthcare professionals
should be knowledgeable and vigilant on the importance of the adverse effects of
counterfeited drugs. In this review, we have tried to draw attention to counterfeit
drugs and their adverse effects on public health.
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Introduction

In the last decades, there have been a number of reports, literatures and
comments on the counterfeit (fake) medicine (drugs) phenomena. Accord-
ing to World Health Organization (WHO), a counterfeit drug is defined as
“a medicine which is deliberately and fraudulently mislabeled with respect
to identity and/or source” (1). Also, Institute of Medicine (IOM) catego-
ries counterfeited drugs as falsified (a false representation of identity or
source) and substandard drugs (not up to national specifications because of
quality system failure) (2). Counterfeiting can be applied to both branded
and generic products and counterfeit drugs may include products with cor-
rect or wrong ingredients, without active or insufficient active ingredients
or with fake packaging (1). If there is something suspicious for a drug in
terms of presentation like color, taste, crumbliness, shape, size or packag-
ing such as language, medicine names, indicated dose strength, then it is
most probably a counterfeit product (3).

It is clear that a growing number of counterfeit pharmaceuticals involve
to global market including Turkey. In United States it is declared that,
while the numbers of counterfeit pharmaceuticals were only 196 in 2002,
it raised to 2054 in 2010 (4). The situation which is and should be catego-
rized as crime is a problem for all countries even developed or underde-
veloped. The criminals not only sabotage all populations’ health, they also
violate the patient’s life. The counterfeit pharmaceuticals are dangerous in
all ways and the outcomes are economic, clinical and humanistic (5).

Drugs sold without a prescription, self-medication, the shortage supply
of drugs, ineffective cooperation among different stakeholders, poor and
uneducated population may be indirect social factors which forms a base-
ment for counterfeiting of drugs (6). WHO defines the reasons of counter-
feiting of drugs as follows (1);

* The lack of appropriate drug legislation,

* Absence or weak drug regulation,

e Lack of regulation by exporting countries and within free trade
zones,

* Inefficient cooperation between stakeholders,

e High prices of medicines,

*  Weak enforcement and penal sanctions
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The easiest way to sell counterfeit drugs is commerce by online phar-
macy. Especially, the elderly, disabled and people unable to visit a pharma-
cist during normal working hours generally prefer to buy their medicines
online. However people actually choose online pharmacies because of the
speed and convenience, too. Moreover, the patient who are too embar-
rassed to discuss their condition with a healthcare professional and who
don’t want their family or employer to find out about their condition tend
to use online pharmacies. In addition prices are typically lower compared
with pharmacy and items are delivered direct to the door (3). A study per-
formed in USA confirms that even the approved and accredited “web phar-
macies” may also serve counterfeited drugs. In the research, it was report-
ed to be 6 “approved”, 10 “legally compliant”, 10 “not recommended”,
15 “highly not recommended”, and 14 “not recommended” or “highly not
recommended” drugs from 55 website pharmacies. The drugs purchased
from internet were analyzed and only Viagra® failed in the tests. The
mostly sold four other drugs (Lipitor, Celebrex, Nexium, Zoloft) passed
the tests which researchers want to emphasize that “authorized web sites”
drug quality is quite safe. (7). This research is an extraordinary study as in
most countries do not have monitoring organizations on web pharmacies.

Counterfeiting types and risks;

Counterfeit pharmaceutical products may be produced with the correct
ingredients, with the wrong ingredients, without active ingredients, with
insufficient active ingredients or with fake packaging, which all may have
harmful effects to patients.

- Products which have the wrong ingredients may lead to increase the
risk of accidental overdose and also drug interaction. For example, Prili-
gy® as a short-acting selective serotonin reuptake inhibitor, the active in-
gredient dapoxetine has also been registered for the treatment of premature
ejaculation in men, which made the drug more popular and form a gray
market. Dean et al. analyzed the chemical content of the product sold
on the internet, under the name of “Staying Powder RX”, which claimed
to contain “dapoxetine HCL/60 mg pills”. It was found that sildenafil as
impurity was detected in counterfeit derivative of Priligy sold on the inter-
net (8). It is well known that sildenafil has interaction with hypertension
and cardiovascular disease and also with other drugs. On the other hand
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patients may not manage the dose with unknown ingredients and these
counterfeit drugs may cause death. In another case report, 54 year old man
was admitted to hospital with sweating, slurred speech, ataxia and confu-
sion. On examination, severe hypoglycemia was associated with ingestion
of counterfeit Cialis® (tadalafil, Eli Lilly). When compared with origi-
nal Cialis manufactured by Eli Lilly, analytic measurements revealed that
counterfeit Cialis contain high doses of glibenclamide (152.8 mg) and low
doses of sildenafil (0.5 mg) instead of tadalafil (9). The patients who may
use this counterfeit drug may cause to hypoglycemic coma which is a very
serious mortality cause.

- Products which have insufficient or no active ingredients can also lead
to serious adverse effects on human health. In 2005, thirty-one batches of
illegal buprenorphine vials were seized by the Tehran police (10). Par-
enteral dosage forms of buprenorphine under different trade names such
as “Temgesic®” and “Bungesic®” were the most popular illegal opioid
drugs in Tehran. Based on analytical data, diacetylmorphine, acetylco-
deine, and pheniramine were detected in all of samples. The presence of
acetylcodeine could potentiate the convulsant effects of diacetylmorphine.
Because of the absence of quality control and difficulties in differentiating
counterfeited buprenorphine from genuine products, the use of counter-
feited buprenorphine lead the opioid abusers to serious health risks (10).

Recently according to a daily newspaper, a nurse in Turkey has real-
ized a counterfeit cancer drug because of its in inappropriate package, and
then started the investigation process. In this event, it was found out that
95 patients did not get the treatment they supposed. The patients sew the
criminals. It was reported that the criminals produce “so called pharma-
ceuticals” cooperatively with health workers. Moreover, it was understood
that, this counterfeit cancer drugs were marketed not even in Turkey but
also to the global market. This news showed that health care professionals
and workers who are smart, brave and aware enough could save lives of
patients and society (11). This was not only a criminal catch but also a
social responsibility of health care professionals.

- Products which have fake packaging are another counterfeiting drug
problem. In a study conducted in 2009, 14 amodiaquine and amoxicil-
lin samples were evaluated to detect the presence of any counterfeit or
substandard drugs in circulation. The products, including pediatric formu-
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lations, were purchased from a total of 5 pharmacies from different geo-
graphical location, in Port Moresby, in Papua New Ginea by locals without
disclosing the purpose. Results were quite remarkable as none of the sam-
ples collected from registered pharmacies were able to comply with the all
of the evaluation criteria; visual evaluation, quality control specifications
and product authenticity. 3/14 products were found to be counterfeits, 9/14
were substandard and 2/14 were substandard products and additionally
suspected to be counterfeits (12).

- Medicines which have correct active ingredients in different quantity
from what is stated on the package could lead serious adverse effects on
human health, too. According to data from Brazilian Federal Police, Via-
gra® (sildenafil citrate, Pfizer) and Cialis® (tadalafil, Eli Lilly) which are
used for male erectile dysfunction were the most counterfeited medicines in
Brazilian pharmaceutical market during the period of 2007-2010. In a study
conducted by Ortiz RS et al, the content of 43 original sildenafil citrate and
tadalafil samples and 65 illegal sildenafil citrate and tadalafil samples have
been examined. Results showed that counterfeit samples contain more silde-
nafil and tadalafil active ingredients compared to the original sample (13).
Recently, Venhuis et al. had declared in their study, which is conducted on
analyses of counterfeit drugs and dietary supplements and they have found
that, dose to dose variations within a single package are quite remarkable
and this unreliable ingredients and quality may pose serious health risk (14).

Between 1998 and 2010, 110.000 counterfeit products sales to whole-
salers and then to pharmacy chain were detected. According to FDA’s
AERS (Adverse Event Reporting System) there is a significant associa-
tion between “erythropoetin” and “drug ineffective”. No other injectable
had similar association with other drugs. After interviews with doctors and
attorney, it is understood that low dose of drugs are labeled as high dose
expensive ones, which did not helped patient to recover and reach the ex-
pected blood values (15). It is obvious that for treating the illnesses like
cancer, more vigilance is needed for counterfeit drugs.

In a retrospective study performed in Singapore in 2008, laboratory
tests of 15 patients admitted to hospital with severe hypoglycemia showed
that the blood glibenclamide level was considerably high due to the use of
a Chinese unlicensed aphrodisiac formulation (Power 1 Walnut). Based
on the data, all of the patients were admitted to the emergency department
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with neuroglycopenic symptoms about 12 to 36 h after ingestion of the
pills. While the recommended maximum dose of glibenclamide for the
treatment of Type 2 diabetes mellitus is 20 mg daily, most cases took a sin-
gle dose 0f 93—98 mg of glibenclamide, which is about 4 times the maximal
recommended dose (16). Furthermore, in 19 countries including Turkey,
the quality of two main first line anti-tuberculosis medicines, isoniazid and
rifampin, were assessed and 65 of 713 drugs purchased from pharmacies
failed for requisite levels of active ingredients or disintegration. This could
lead to an increase in drug resistance in these countries and consequently
it is crucial to preventing the proliferation of falsified and substandard an-
ti-tuberculosis drugs (17). Medicinal products expire date may also cause
package related problems. Criminals may change the package or the claim
of expire date on the package. As stability is an important part of quality
and safety of drugs, many problems may occur.

- Medicines without active ingredients may lead failure of therapy. A
report published in 2004 claimed that fluvoxamine (an antidepressant) and
cyclobenzaprine HCI (a muscle relaxant) had been sold as ‘Triomune®’ or
‘Duovir®’, the two commonly prescribed antiretroviral brands in Demo-
cratic Republic of Congo. Many people with AIDS were reported to prefer
counterfeit medicine because of the cheaper price (18).

- Products which have impurities could lead serious health problems. A
58 year old woman patient was found dead in her bed, in Canada in 2006.
There was no reasonable cause of death. Unmarked packages and bags of
pills were found which turned out to contain the hypnotic zolpidem, which
is not available in Canada, the prescription anti-anxiety drug alprazolam
and acetaminophen. After laboratory analyses, researchers found diphen-
hydramine (an OTC sedative), acetaminophen, mirtazapine (a prescrip-
tion antidepressant), dextromethorphan (an OTC cough medicine) and
methocarbamol (an OTC muscle relaxant). But most shocking were the
dangerously high levels of metals, including aluminum (15 pg/g), phos-
phorus, titanium, tin, strontium, arsenic and other metals in the patient’s
liver. The level of aluminum alone was 15 times higher than what’s con-
sidered normal (19). This example shows that in manufacturing processes,
even the counterfeit drug is contaminated with toxic metals and caused a
health hazard. This led the Canada government be more focused on the
counterfeit drugs subject. Another event happened in China in 2010. In
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a retrospective study, acute intraocular inflammation observed in 80 of a
total of 116 patients after intravitreal injection of counterfeit bevacizumab.
This was defined as a new syndrome; “Endotoxin induced Ocular Toxic
Syndrome” (EOTS). It is understood that counterfeit bevacizumab caused
the syndrome (20). The counterfeit bevacizumab had not been manufac-
tured according to Good Manufacturing Practice (GMP) and medicine was
contaminated and was not sterilized. Fortunately most of the cases, nearly
%80 recovered.

- Withdrawn drugs also pose serious adverse effects on public health.
Some drugs which are withdrawn from the market by legislations, creates
a demand from gray market by the consumers who get used to take these
drugs. A synthetic-type stimulant, fenethylline commonly known by the
trade name “Captagon®” is one of the examples of the withdrawn counter-
feiting. Captagon® was one of the most widely abused drugs in the Mid-
dle East. After its banning and withdrawal in 1988, the illicit production
of drug has increased. Based on the analytical researches conducted on
124 batches of Captagon® tablets, it is found that while fenethylline was
not detected in the Captagon® tablets, amphetamine, caffeine and several
other substances was found in faked ones (21). The fake Captagon may be
fine for abusers but again a threat for health. Another example is Acom-
plia® (rimonabant) which is used for weight-loss was withdrawn from
the market at the end of 2008. The internet sales of the product contained
rimonabant were significantly increased in spite of serious adverse events
and lack of efficacy. When 5 suspected products were analyzed, the ef-
fective quantities of rimonabant were confirmed, additionally, one of the
samples was found to contain low dose sibutramin (22).

Conclusion

Drugs must be safe, effective and should be used rationally in order to
obtain the desired clinical and therapeutic outcome. However, it is known
that nearly 5-7 % of the global drug market is counterfeited. It is also de-
clared that in some countries pharmaceutical commerce market, counter-
feit percentage is higher like 40-50% (23).

Millions of people die per year because of the poor quality drugs such as
anti-infective products which can poses the risk of development of resistant
to bacterial strains and lack of efficacy can increase mortality (24, 25).
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The best way to strength global action against poor quality drug prob-
lem is firstly to have a “center” to play assertive role in the fight against
falsified and substandard drugs (2) via to bring all of the information col-
lected together from all the countries in the world as Uppsala Monitor-
ing Center which is a Pharmacovigilance Collaborating Center of WHO
for International Drug Monitoring (26). Moreover, there should be effec-
tive local drug regulatory authorities to control the illegal drug sales. For
Turkey, government has started a fight with fake medicines and formed a
unique system in 2010 (27). Every single manufactured or exported drug
has a unique barcode and can be followed up from manufacture side to
patient. Government declares that the system is useful and cost effective.
On the other hand, for time being only reimbursed drugs are being chased.
Drugs without prescriptions or vitamins and supplements are still at risk.
In addition, outsell and expensive drugs such as cancer drugs are still fa-
vorite counterfeiting. Because local drug regulations are not enforced suf-
ficiently, counterfeiting still seems to be a serious problem for Turkey and
national urgent precautions are needed (28, 29).

As aresult, considering the present public health situation in the world, for
drug counterfeiting all related partners such as manufacturers, stakeholders,
governments (authority), health care professionals (including physicians,
nurses, pharmacists), patients and international NGO’s (Non-Governmental
Organizations), WHO, IFPMA (International Federation of Pharmaceutical
Manufacturers Association), and national and international consumers’ as-
sociations should realize their responsibility. It is obvious that awareness
should be improved for all parts and especially for public. As public is the
last consumer of these fake medicines, if patients resists to buy from inter-
net or corners where there is no pharmacist and physician, it is more easy to
wipe out the counterfeit medicines market. More should be done for educat-
ing the people against hazards and adverse effects of counterfeit drugs. All
unwanted and unexpected adverse effects reporting and follow ups should
as also be searched and examined if it is fake or not. Pharmacovigilance
experts should also be educated from these perspectives, too. Education and
awareness campaigns could be conducted for all partners. And the effective-
ness of these attempts should also be measured, too. Another suggestion for
protecting the public from adverse effects of counterfeit medicines is related
to regulations: Giving hard punishment to these criminals as it is commit-
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ted crime against public can also be a solution in decreasing the harm of
fake medicines. Pharmacist and all health professionals should inform legal
experts on the importance of the harm effects counterfeited medicines for
people and public and emphasize the seriousness of the crime.

It is obvious that all health professionals who are involved in pharma-
ceutical chain have responsibilities. A collective work and awareness is
needed so as to save and protect the rights of patients. Political, economic,
legal, scientific and yet shortly a holistic approach is needed in this war.
All parts involve in this “Fake Fight” have responsibilities. We cannot say
that buying a fake watch or perfume or wine is less harmful to society. Ei-
ther a drug or any other thing, that is counterfeited, is something dishonest.
All fake products need similar attention and awareness (30).

References

1. WHO, World Health Organization. General information on counterfeit medicines.
Available at: http://www.who.int/medicines/services/counterfeit/overview/en_ Ac-
cessed date: 18 Dec 2013.

2. Editorial, Strengthening global action against poor quality drugs, Lancet 381(9867),
599, 2013.

3. EAASM 2008, The Counterfeiting Superhighway, Available at: http://www.eaasm.eu/
cache/downloads/dqqt3sge9hwssgcgcos440g40/455 EAASM counterfeiting%20
report_020608(1).pdf Accessed date: 16 Jan 2014.

4. WHO 2010, Global status report on noncommunicable diseases, Available at: http://
www.who.int/nmh/publications/ncd report full en.pdf. Accessed date: 16 Jan 2014.

5. Kozma CM, Reeder CE, Schulz RM, Economic, clinical, and humanistic outcomes:
a planning model for pharmacoeconomic research, Clin Ther 15(6), 1121-32, 1993.

6. Oy B, Fake and Counterfeit Drug: A review, Afrimedic Journal 3(2), 1-4, 2012.

7. Bate R, Hess, Assessing Website Pharmacy Drug Quality: safer than You Think,
PLoS One, 5(8), 12199, 2010.

8. DeanJ, Klep R, Aquilina JW. Counterfeit dapoxetine sold on the Internet contains undis-
closed sildenafil, Int J Clin Pract 64(9), 1319-22, 2010.

9. Chaubey SK, Sangla KS, Suthaharan EN, Tan YM. Severe hypoglycaemia associated
with ingesting counterfeit medication, Med J, 192(12), 716-7, 2010.

10. Soltaninejad K, Faryadi M, Akhgari M, Bahmanabadi L. Chemical profile of counter-
feit buprenorphine vials seized in Tehran, Iran. Forensic Sci Int 172(2-3), e4-5, 2007.



98

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Adverse effects of counterfeit drugs on public health

Hiirriyet Daily News, Cete 30 ilacin sahtesini Tirkiye’de yapip diinyaya yaydi.
Available at: http://www.hurriyet.com.tr/ekonomi/25337903.asp_Accessed date: 14
Dec 2013.

Nair A, Strauch S, Lauwo J, Jahnke RW, Dressman J, Are counterfeit or substandard
anti-infective products the cause of treatment failure in Papua New Guinea? J Pharm
Sci 100(11), 5059-68, 2011.

Ortiz RS, Mariotti Kde C, Holzschuh MH, Romao W, Limberger RP, Mayorga P, Pro-
filing counterfeit Cialis, Viagra and analogs by UPLC-MS, Forensic Sci Int 229(1-3),
13-20, 2013.

Venhuis BJ, Zwaagstra ME, Keizers PH, de Kaste D, Dose-to-dose variations with
single packages of counterfeit medicines and adulterated dietary supplements as a
potential source of false negatives and inaccurate health risk assessments, J Pharm
Biomed Anal 89, 158-65, 2014.

Qureshi ZP, Norris L, Sartor O, McKoy JM, Armstrong J, Raisch DW, Garg V,
Stafkey-Mailey D, Bennett CL, Caveat oncologist: clinical findings and consequenc-
es of distributing counterfeit erythropoietin in the United States, J Oncol Pract 8(2),
84-90, 2012.

Dalan R, Leow MK, George J, Chian KY, Tan A, Han HW, Cheow SP, Neuroglyco-
penia and adrenergic responses to hypoglycaemia: insights from a local epidemic of
serendipitous massive overdose of glibenclamide, Diabet Med 26(1), 105-9, 2009.

Bate R, Jensen P, Hess K, Mooney L, Milligan J. Substandard and falsified anti-tu-
berculosis drugs: a preliminary field analysis. Int J Tuberc Lung Dis. Mar; 17(3):
308-11, 2013.

Ahmad K, Antidepressants are sold as antiretrovirals in DR Congo, Lancet 363(9410),
713, 2004.

Solomon S. Metal toxicity from counterfeit pills reinforces danger of internet meds.
National Review of Medicine, 4(13), 2007. Available at: http://www.nationalrevie-
wofmedicine.com/issue/2007/07_30/4 policy politics_13.html

Wang F, Yu S, Liu K, Chen FE, Song Z, Zhang X, Xu X, Sun X, Acute intraocular
inflammation caused by endotoxin after intravitreal injection of counterfeit bevaci-
zumab in Shanghai, China. Ophthalmology 120(2), 355-61, 2013.

Alabdalla MA, Chemical characterization of counterfeit captagon tablets seized in
Jordan, Forensic Sci Int 152(2-3), 185-8, 2005.

Venhuis BJ, Zomer G, Vredenbregt MJ, de Kaste D. The identification of (-)-trans-tada-
lafil, tadalafil, and sildenafil in counterfeit Cialis and the optical purity of tadalafil
stereoisomers, J Pharm Biomed Anal 51(3), 723-7, 2010.

Wertheimer Al, Identifying and combating counterfeit drugs, Expert Rew Clin Phar-
macol 1(3), 333-336, 2008.



24.

25.

26.

27.

28.

29.

30.

H. SIPAHI, K. PELTEKOGLU, N. SENCAN 99

Delepierre A, Gayot A, Carpentier A. Update on counterfeit antibiotics worldwide;
public health risks, Med Mal Infect 42(6), 247-55, 2012.

Newton PN, Green MD, Fernandez FM, Day NP, White NJ. Counterfeit anti-infec-
tive drugs. Lancet Infect Dis 6(9), 602-13, 2006.

Pharmacovigilance.  Available at:  http://www.who-umc.org/DynPage.aspx-
?21d=97218&mn1=7347&mn2=7252_ Accessed date: 24 Jan 2014.

flag Takip Sistemi. Available at: http:/itsportal.saglik.gov.tr/ Accessed date: 4 Jan
2014.

Habertiirk Daily News. Sahte ilag operasyonu: Unlii markalara ait cok sayida sahte ilag
ele gecirildi. Available at: http://www.haberturk.com/gundem/haber/802220-sahte-il-
ac-operasyonu Accessed date: 24 Jan 2014.

Habertiirk Daily News. Eczacilardan internet isyani. Available at: http://www.haber-
turk.com/saglik/haber/800929-eczacilardan-internet-isyani Accessed date: 24 Jan
2014.

Sencan N, Counterfeiting in other industries: Lessons for pharmaceuticals, In: Coun-
terfeit medicines, Ed(s): 1A Wertheimer, PG Wang, pp 89-109, ILM Publications,
UK, 2012.





