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DEFINITION OF TERMS
Active Pharmaceutical Ingredient (API): This is a substance intended to be used in the

manufacture of a drug product.

Batch (or lot): A defined amount of starting material, packaging material, or product

manufactured in a single process and expected to be homogeneous.

Batch number (or lot number): A distinctive combination of numbers /letters which

specifically identifies a batch on the labels, the batch records, the certificates of analysis, etc.

Brand: A name given by the company that makes the drug for purposes of marketing and

selling of that drug.

Label claim: Amount of active pharmaceutical ingredient the drug contains.

Monograph: Compiled information of APIs or finished products with its quality control tests

such as assay, identification, dissolution etc.

Pharmaceutical outlet. A licensed or unlicensed sale counter for provision of medicines.

Specification: A list of test parameters with their respective appropriate acceptance criteria in

numerical limits, ranges or statements.

Validation: A collection of objective evidence that a given item fulfils the specified criteria.

Xi



ABSTRACT

Use of poor quality emergency contraceptives may lead to unwanted pregnancies. Many
unwanted pregnancies lead to illegal abortions having a devastating impact on the health of
the girl child and women at large. This study was aimed at assessing the quality of

levonorgestrel tablets sold on the Ugandan market.

The quality of levonorgestrel tablets was established through collection of samples from the
Eastern, Western, Central and Northern regions of Uganda. The High Performance Thin
Layer Chromatography (HPTLC) and the High Performance Liquid Chromatography
(HPLC) analytical techniques were used to identify and determine the content of
levonorgestrel, respectively. The quality parameters assessed included visual inspection,

identification, content uniformity, assay and dissolution.

Results showed that thirteen percent of samples found on the market were counterfeits and all
belonged to brand G. The samples that had been confirmed counterfeits further failed the
uniformity of content, assay and dissolution tests. Eighty-seven percent of the samples found
on the market passed the assay and uniformity of content test and the statistical analysis
conducted at 95% CI revealed significant differences (ANOVA, p < 0.05) within the brands

in the mean uniformity of content and assay results.

Further findings showed that 30% of the samples on market exhibited inadequate release of
levonorgestrel by dissolution testing whereas 13% showed no release of levonorgestrel.
Similarly, the statistical analysis conducted using the one-way ANOVA at 95% CI revealed
that there was a significant difference (p < 0.05) in the drug release of the different brands of

levonorgestrel tablets examined in the study.
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From the study it was observed that only 57% provided the stated level of contraceptive
action, 30% provided questionable results whereas 13% offered no prevention against
unwanted pregnancy. The statistically significant differences observed further indicated the

availability of levonorgestrel tablets on the market that are not therapeutically equivalent.

It was concluded that there is need to emphasize regular assessment of the quality of
emergency contraceptives on the market in order to lower the risk of patients being exposed

to products of poor quality, safety, and efficacy.
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CHAPTER ONE

INTRODUCTION
1.1 Background
Globalization of the pharmaceutical industry has the potential to rapidly spread substandard
and counterfeited medicines before adequate detection and intervention are possible. The
export of pharmaceutical products which used to be direct from a manufacturing country to
an importing country, is now taking place from stocks held in one or more intermediate
countries or through trading houses via duty-free ports/zones (World Health Organization
(WHO), 1999a). Drugs that move through intermediate countries may be repackaged or
relabeled, and
with the ineffective drug regulation and poor quality control procedures in many countries
.this has facilitated the common appearance of poor quality medicines on the market (WHO,

1999a).

Poor quality medicines are a critical global health issue with much of the burden falling on
low- and middle-income countries. Most of the burden falls on these countries because of
poor pharmaceutical governance, lack of institutional capacity in regulation and the cost of
legitimate drugs being beyond the reach for much of the population (WHO, 2017a). World
Health Organization has made an estimated 1 in 10 medical products circulating in low and
middle-income countries being either substandard or counterfeited (WHO, 2017a). Such
medicines are a danger to patients and may result in treatment failure, development of drug
resistance, increased costs for patients and the health system and at worst even cause serious

illness or even death (Ozawa et al., 2018; WHO, 2017a).



Reproductive health has also been affected by substandard health products such as
counterfeited emergency contraceptives and poor quality condoms. Towards the end of June
2013, a batch of falsified postinor 2 was discovered at Lagos International Airport, Nigeria,
containing no levonorgestrel (active pharmaceutical ingredient) (WHO, 2013). In August
2015, the National Drug Authority of Uganda notified WHO of the seizure of falsified
Postinor-2 discovered in Kampala, Uganda (WHO, 2015). A study on emergency
contraceptives in Peru found that twenty eight percent of the samples analyzed were either of
substandard quality or falsified (Monge et al., 2014). This meant that the emergency
contraceptives circulating in different parts of the world may not be providing the

recommended level of contraceptive action in preventing unwanted pregnancy.

Emergency contraceptives (ECs) are a birth control method that women can use immediately
after unprotected sex (WHO, 2018a). The use of ECs amongst women to prevent pregnancies
has steadily increased over years. In the US, about 5.8 million women aged 15-44 years used
ECs between 2006 and 2010, compared with 4.2% of women in 2002 and less than 1% in
1995 (Haeger et al., 2018). In Uganda, it has been reported that 62% of active youth have
used ECs (Babirye, 2013). Women have found the use of ECs as a very convenient method of
family planning because it is taken as a single dose and can only be used if someone has had
unprotected sex, unlike other methods of preventing unwanted pregnancies that require
consistent use of the medicine (Merten & Rokicki, 2018). Furthermore, an estimated 52% of
pregnancies are unintended, and about a quarter of these end up in abortion. It has been
further reported that 8% of maternal deaths are due to unsafe abortions which result in serious
injuries and illness (Guttmacher Institute, 2017). The use of ECs is a strategy to help women

avoid unwanted pregnancies hence reduce unsafe abortions.



The high demand of ECs, coupled with a growing number of registered levonorgestrel tablets
(National Drug Authority (NDA), 2019a) may increase the risk of substandard, degraded or
falsified products on the Ugandan market. The unwitting use of poor quality levonorgestrel
tablets may result in unwanted pregnancy, and diverse medical and social consequences such
as, quitting school, rejection from family members and physical harm as a result of illegal
abortions (Monge et al., 2014). To protect the safety and health of consumers from the
emerging threat of poor quality levonorgestrel tablets, there was need to assess the quality of

levonorgestrel tablets sold on the Ugandan market.

1.2 Problem statement

The use of poor quality levonorgestrel tablets may lead to unwanted pregnancies which may
in turn lead to illegal abortions having a devastating impact on the health of the girl child and
women at large. Despite the popular and increasing use of levonorgestrel tablets as an EC in
Uganda, little information about their quality is available. Therefore, there was need to assess

the quality of the levonorgestrel tablets sold on the Ugandan market in Uganda.

1.3 Objectives
1.3.1 General Objective
The overall objective of the study was to assess the quality of levonorgestrel tablets sold on

the Ugandan market.

1.3.2 Specific Objectives

i. To physically inspect the tablets and packaging information for any suspected counterfeits.
ii. To identify and quantify (assay) levonorgestrel in levonorgestrel tablets.

1ii. To determine uniformity of content of levonorgestrel in levonorgestrel tablets.

iv. To determine the dissolution of levonorgestrel tablets.



1.4 Scope of the study

The study was aimed at assessing the quality of levonorgestrel tablets on the Ugandan
market. Samples were randomly collected from only registered pharmacy outlets, from the
four main regions of Uganda (Central, Eastern, Western and Northern). The samples were
collected for a period of two months, from September to November 2019.The tests performed
included visual inspection, identification, uniformity of content, assay and dissolution. The
analytical techniques employed were HPTLC and HPLC. The study was done for a period of

two years, from August 2019 to August 2021.

1.5 Significance for the study

Despite the increase in poor quality medicines on the market worldwide, there is not enough
data to do a correct estimation of the extent of the problem and the impact on public health
(Newton et al., 2006). Similarly, there is not much information about the quality of
levonorgestrel tablets sold on the Ugandan market despite the several allegations that have
been made about its therapeutic failure. A study on the quality of levonorgestrel tablets on
market will generate information that will be used to assure users of the quality of
levonorgestrel tablets and also generate information that will be used as evidence during
policy making and development of regulations and standards by relevant government
agencies. In addition, the study will provide information that will form the basis for investing
in dissemination of public information and regular surveys on the quality of medicines on the

Ugandan market.

1.6 Justification of the study
The use of poor quality levonorgestrel tablets may result in unwanted pregnancies. Unwanted
pregnancies are the leading cause of illegal abortions which have various medical and social

consequences. This study will provide information on the quality of levonorgestrel tablets on



the market which will further inform the relevant government agencies on the steps to be

taken to ensure that Ugandans access safe, efficacious and quality levonorgestrel tablets.

1.7 Hypothesis

All brands of levonorgestrel tablets on the market are therapeutically equivalent in regards to
their quality parameters (assay, dissolution and uniformity of content) irrespective of the
manufacturer. To test this hypothesis, the mean results obtained were statistically evaluated

using one-way ANOVA and the student t-test.

The null hypothesis (Ho) was that, there was no significant difference in the mean drug
content amongst the brands of levonorgestrel tablets found on the market, whereas the
alternate hypothesis (Ha) was that, there was a significant difference in the mean drug content
amongst the brands of levonorgestrel tablets found on the market. The statistical evaluations
were done with a 95% CI consideration and significant differences were considered when the

value of p was less than 0.05 (p < 0.05).



CHAPTER TWO
LITERATURE REVIEW

2.1 Emergency Contraceptives

Emergency contraceptives are medicines used to prevent pregnancy immediately after sexual
intercourse. There are four main types of ECs, namely, levonorgestrel, ulipristal acetate,
combined oral contraceptive pills and copper-bearing intrauterine devices (IUDs)
(Reproductive Health Supply Coalition (RHSC), 2018; WHO, 2018a). Levonorgestrel is the
most widely used and is regarded as the ‘gold standard’ emergency contraception regimen
(Millan & Castafieda, 2014). Levonorgestrel is readily available at all pharmacies without
showing a prescription whereas other types of ECs need a prescription to take it, hence not a

preferred regimen of contraceptives (Ajayi et al., 2016).

2.1.1 Ulipristal acetate

Ulipristal acetate as an emergency contraceptive should be used within 120 hours after sexual
intercourse. Ulipristal acetate is a progesterone that is taken as a single dose of 30mg (Jadav
& Parmar, 2012). Ulipristal acetate was approved for emergency contraception by the
European Medicines Agency in 2009 and by the United States Food and Drug Administration
(FDA) in 2010 (European Medicines Agency (EMEA), 2009; FDA, 2010). However, it is not
widely used in most countries because it is not readily available over the counter without

showing a prescription (Shigesato et al., 2018).



2.1.2 Combined oral contraceptives

The Combined oral contraceptive is taken in two doses that are 12 hours apart and should be
taken within 72 hours of unprotected sexual intercourse (RHSC, 2018). It is a combination of an
estrogen (usually ethinylestradiol) and a progestin and these are taken as a split dose, with
one dose of 100 pg of ethinyl estradiol plus 0.50 mg of levonorgestrel followed by a second

identical dose 12 hours later (WHO, 2018a).

2.1.3 Copper-bearing intrauterine device (1UD)

The 1UD can be used as an emergency contraceptive if used within 5 days after unprotected
sex, however it can also be used as a permanent family planning method to prevent
pregnancy (WHO, 2018a). The copper-bearing intrauterine device is a small T- shaped
flexible plastic frame with copper wires that is inserted into a woman's uterus through her
vagina and cervix (WHO, 2018b). The IUD is the second most commonly used method of
preventing pregnancy, and in 1986, it was estimated that about 83 million women were using

the IUD, with 71% being Chinese (Rosenfield, 1989).

2.1.4 Levonorgestrel

Levonorgestrel is a synthetic progestin used as an emergency contraceptive and taken within
3 days of unprotected sex. It is taken orally as a single dose of 1.5mg or alternatively as
0.75mg doses each separated by 12 hours (RHSC, 2018; WHO, 2018a). Progestins are
synthetic steroidal hormonal forms of the body’s naturally occurring hormone progesterone.
Progestins are present in all kinds of hormonal birth control, either alone (like in implants,
hormonal 1UDs or injections) or with an estrogen (like in most pills, patches, vaginal rings
and some injections) (Ray, 2019). Levonorgestrel is either used as a single agent in

emergency contraception or as a hormonal contraceptive released from the IUD (Shohel et



al., 2014). Levonorgestrel has been listed as an essential health care medicine by the World

Health Organization (WHO, 2019b).

Levonorgestrel is a levorotatory stereoisomer and enantiopure form of norgestrel; it is a
racemic mixture containing levonorgestrel and dextronorgestrel (“Levonorgestrel,” 2023).
Norgestrel was the first progestogen to be manufactured and its discovery by Hughes and
colleagues at Wyeth in 1963 was via structural modification of norethisterone (17a-ethynyl-
19-nortestosterone). Norgestrel was later licensed to Schering AG who separated the racemic
mixture into its optical isomers and identified levonorgestrel as the active component of the

mixture (Aigner et al., 1996).

The IUPAC name of Levonorgestrel is 13-ethyl-17-hydroxy-18,19-dinor-17a-pregn-4-en-20-
yn-3-one. Levonorgestrel has a molecular formula of CzH280> and molecular weight
312.5g/mol. Levonorgestrel is practically insoluble in water, sparingly soluble in methylene
chloride and slightly soluble in ethanol ( Medicines and Healthcare products Regulatory
Agency (MHRA), 2019a; United States Pharmacopeial Convention (USPC), 2019a). Figure

2.1 gives the structural formula for Levonorgestrel (MHRA, 2019a; USPC, 2019a).

O

Figure 2.1: Structure of Levonorgestrel

According to the International Consortium for Emergency Contraception (ICEC), there are

about 218 different brands of ECs containing levonorgestrel, mifepristone and ulipristal
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acetate manufactured in over 25 countries (ICEC, n.d.). Uganda has over 26 registered brands
of ECs containing levonorgestrel and a combination of levonorgestrel and ethinylestradiol
that are manufactured in over 8 different countries. Levonorgestrel-only emergency
contraceptives take up a percentage of 62% (about 16 brands) of the registered ECs, hence
making it the most available type on the market (NDA, 2019a). Appendix 1 gives a list of
ECs containing levonorgestrel registered to be sold on the Ugandan market.

2.2 Mechanism (Mode of Action) of emergency contraceptives

Levonorgestrel and Ulipristal acetate interfere with the ovulation process if taken before the
pre-ovulatory luteinizing hormone (LH) surge has started (Brache et al., 2010; Croxatto et al.,
2001). The LH rise triggers the start of ovulation. Levonorgestrel will hinder the rise of LH
making it difficult for the egg to mature or be released. Ulipristal acetate on the other hand
has been shown to prevent ovulation both before and after the surge of LH has started,
delaying follicular rupture for at least five days (Brache et al., 2010; Gemzell-Danielsson et

al., 2013).

Levonorgestrel and Ulipristal acetate have not been demonstrated to be effective as ECs
when taken after ovulation. Emergency contraception taken after implantation cannot reverse
an established pregnancy or harm a developing embryo hence do not induce an abortion (De

Santis et al., 2010; Gemzell-Danielsson et al., 2013).

The copper-bearing intrauterine device causes a chemical change in sperm and egg before
they meet hence preventing fertilization. The copper ions released from the copper 1UD in the
genital tract enhance are toxic for spermatozoa and this affects the function and viability of

gametes and prevents fertilization (Ortiz et al., 1996).

Studies have showed that women who have used ECs with ulipristal acetate have had a

pregnancy rate of 1.3% and ECs with levonorgestrel a pregnancy rate of 1.2% to 2.2% (Von

9



Hertzen et al., 2002). It has further been reported that ECs should be taken as early as
possible after sex and within 72 hours, however ECs with ulipristal acetate are licensed for
use up to 120 hours (RHSC, 2018; WHO, 2018a). A copper-bearing intrauterine device used
within 120 hours of unprotected intercourse is 99% effective in preventing pregnancy and
this is the most effective form of emergency contraception method available (Kulier et al.,

2005).

ECs are safe and the side effects are minor which may include irregular bleeding, vomiting,
headache, abdominal pain, breast tenderness, dizziness or fatigue. Medicines used for
emergency contraception do not harm future fertility and do not cause delay in the return to

fertility (RHSC, 2018; WHO, 2018a).

2.3 History and sources of emergency contraceptives in Uganda

A woman’s choice to terminate a pregnancy is often related to a number of reasons such as,
rape, social stigma, economic struggles or being young and wishing to postpone a child birth.
Unwanted pregnancies/births could lead to quitting school, facing rejection from one’s family
and community, and in some societies even being forced to marry or experiencing serious

physical harm (Atuyambe et al., 2005).

Unsafe abortions are illegal in Uganda, and it has been estimated that nearly one third of the
maternal deaths among the country’s young people are linked to unsafe abortions (Larsson et
al., 2015). Reports from studies found out that twenty-three percent of women between the
ages fifteen and twenty-four that had been pregnant had at least one abortion, and 35 % of
maternal deaths in Uganda were linked to unsafe abortions (Skuster, 2004). Furthermore, as
reported in the Ugandan Ministry of Health Annual Health Sector Performance Report of
2017-2018, about 5.3% of all maternal deaths result from abortion complications (Ministry of

Health, 2018).
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With women lacking access to safe and legal abortions, many of them turn to unsafe abortion
practices, such as self-induced abortions (Larsson et al., 2015). The high number of maternal
deaths still remains a public health concern with unsafe abortion contributing significantly to
this health problem. The wide spread awareness on the use of family planning methods and
emergency contraceptive is a strategy to lower the incidence of unintended pregnancies. Use
of the available family planning methods and emergency contraceptives over time has led to a
reduction in pregnancy related deaths in Uganda (the maternal mortality ratio dropped from

684 per 100,000 live births in 1995 to 343 per 100,000 in 2015) (Guttmacher Institute, 2017).

The Ministry of Health of Uganda approved the use of ECs in 1998 and the method was used
three years later as a socially marketed product. However, there was resistance and religious
leaders requested the government to stop any efforts of promoting ECs and to deem ECs as
illegal under the country’s abortion laws. The Solicitor General declared ECs illegal under
the laws restricting abortion in 2002 but this restriction ended five years later, as pharmacies
in Kampala began to sell ECs again (Advancing Partners and Communities, 2016; RHSC,
2015; Skuster, 2004). In 2012, the Ugandan government approved levonorgestrel as an

essential medicine (Ministry of Health, 2016).

Emergency contraceptives are available for free in Uganda through the public health sectors
and for sale through the private sector. According to USAID, stock status reports indicated
that about 218,799 units of levonorgestrel tablets were available for use through the public

sectors (Advancing Partners and Communities, 2016).

Studies have showed that over 50% of active youth in Uganda have used Emergency
Contraceptives (Babirye, 2013). This means that the consumption of these medicines is

steadily increasing over time which in turn increases the demand. Counterfeiters are more
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likely to only invest in high demand products with the aim of making big profits. With the
increase in the demand of levonorgestrel tablets, they have become targets for counterfeiters
in Uganda. Several alerts have been made by the Uganda National Drug Authority of the
suspected counterfeited levonorgestrel tablets on the market (Atukunda, 2019; Kasujja, 2017;

WHO, 2015).

However, despite all the efforts that have been made to alert the public of suspected
counterfeits of levonorgestrel tablets, there is no published data showing the extent of the
problem and its impact on public health in Uganda. Hence, to protect the safety and health of
consumers from the emerging threat of poor quality levonorgestrel tablets, there was an
urgent need to assess the quality of levonorgestrel tablets sold on the Ugandan market so as to

assure users of their safety and therapeutic action.

2.4. Regulation of medicines

A medicine, also called a pharmaceutical drug is defined by the Federal Food Drug and
Cosmetic Act (FD&C Act) and FDA as a chemical substance used in the treatment, cure,
mitigation, prevention or diagnosis of a disease (FDA, 2021). Because medicines are not the
ordinary consumer goods, consumers do not have enough knowledge to make informed
choices about when to use a particular medicine how to use them, and do not also have
adequate information to weigh potential benefits against the risk of side effects. It is therefore
important that governments effectively regulate the manufacture, distribution and use of

medical products to protect and promote public health.

Regulation is key to the health and safety of the public in ensuring that products are of the
required quality, safety and efficacy. Medicine regulatory frameworks are laid down by

legislation to be enforced by government agencies known as National Medicines Regulatory
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Authorities (NMRASs). A functioning regulatory system is a prerequisite for ensuring that

products are appropriately manufactured, stored, distributed (WHO, 2003).

In Uganda, the National Drug Authority (NDA) has the responsibility to ensure that the
manufacture, distribution and use of medicinal products are regulated effectively to protect
and promote public health. NDA requires that before any medicinal product is imported in
Uganda, it is subjected to marketing authorization prior its availability on the market. The
procedure entails an assessment of a dossier, in which the manufacturer or authorized
supplier provides evidence of the safety, efficacy, and quality of the product. In addition, the
details of the patient information leaflet such as indications, side effects, dosage are assessed

(NDA, 2018).

A product that is given marketing authorization is considered registered in Uganda. Once a
product is registered, it means that it has met the national and internationally accepted
quality, safety and efficacy standards and hence can be imported into the country for human
consumption (NDA, 2019a). However, it is important to note that this activity is done once
and the products are not subjected to testing, rather the Authority relies on the accuracy of the

documentation submitted.

2.5. Poor quality medicines: A public health problem

Poor quality medicines are two major categories, that is, substandard medicines and
counterfeit/falsified medicines. Substandard medicines are genuine medicines which do not
meet the acceptance criteria set for them by a recognized standard whereas counterfeit
medicines are medicines that are deliberately and fraudulently mislabeled with respect to
identity and /or source. Counterfeit drugs ‘may not’ contain the active ingredient, or may
contain ‘wrong ingredients’ or may even contain toxic compounds. Substandard medicines

often contain less than the stated active pharmaceutical ingredient and this is usually due to
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poor manufacturing practices, lack of expertise or insufficient infrastructure (Attaran et al.,

2012; Caudron et al., 2008; WHO, 1999a, 2017b).

A 2017 WHO study estimated approximately 10.5% failure rate of substandard and falsified
medicines in developing countries (WHO, 2017a). Poor quality medicines deter the
treatment of chronic and infectious diseases, and any efforts to improve public health by
developing new medicines or by changing treatment policies will have no purpose if the
medicines taken contain less or incorrect ingredients (Caudron et al., 2008; Newton et al.,
2006).

The use of poor-quality medicines leads to therapeutic failure and drug resistance
(Keoluangkhot et al., 2008; WHO, 2003). Not only is this an increased cost to health care
systems, these products can cause serious illness or even death. In 2008, in Singapore, a total
of 150 non-diabetic patients with hypoglycemia were admitted to hospital where four of them
died and seven suffered severe brain damage. It was discovered that these people had taken
counterfeit copies of drugs claimed to treat erectile dysfunction but which contained a large
dose of glyburide, used for treating diabetes (Kao et al., 2009). It was further reported in the
Africa’s Medical Media Digest that more than 80 children in Nigeria were killed in 2009 by a
teething syrup tainted with a chemical normally used in engine coolant and blamed for

causing kidney failure (Africa’s Medical Media Digest, 2018).

Despite the high prevalence of poor quality medicines, there is little published data enabling
estimation of the extent of the problem and the impact on public health. Reports have
indicated that only 5-15% of the 191 member states of WHO report cases of counterfeit
drugs (Newton et al., 2006). The International Medical Products Anti-Counterfeiting
Taskforce (IMPACT) has also further reported that the “off-quoted estimate of 10% of the

global supply being counterfeit may be inaccurate, and suggested that many developing
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countries of Africa, parts of Asia, and parts of Latin America have areas where >30% of the

medicines on sale can be counterfeit” (IMPACT, 2006; Newton et al., 2010).

There are a number of measures medicine regulatory authorities can adopt to reduce the
availability of poor quality medicines. These may include but not limited to; implementation
of a robust marketing authorization process, inspection and surveillance of medicines
manufacturers to ensure that they adhere to Good Manufacturing Practices, routine inspection
of importers, wholesalers and dispensers of medicines to ensure that the medicines offered for
sale are registered and that medicines distributors adhere to Good Distribution Practices, and
the last but most important, monitoring the quality of medicines on the market (Post market

surveillance) (Rago & Santoso, 2008; WHO, 2016).

2.6 Post market surveillance

Post Market Surveillance (PMS) is the practice of monitoring the quality, safety and efficacy
of a pharmaceutical drug or medical device after it has been released on the market. Regular
sampling and surveying of both the regulated and unregulated supply chains is a way of
identifying poor quality medicines on the market. Different methodologies are used to sample
the market and these range from random sampling through to target sampling of particular

products and outlets (WHO, 2016).

Samples that are collected are subjected to quality tests which should provide a detailed
information on the quality of the target medicines. WHO recommends that quality tests
should be referenced to a pharmacopoeia monograph and these include but not limited to:
sample description, identification, assay, degraded compounds, content uniformity, pH,

extractable, sterility (WHO, 2016).
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Data collected in post market surveys gives a snapshot of the medicine quality on the market,
and hence vital in implementing effective interventions to improve the quality of medicines.
The quality of a medicine is dependent on its compliance with the laid down pharmacopoeia
specifications. “A pharmacopoeia is an official (legally binding) publication containing
recommended quality specifications for the analysis and determination of drug substances,
specific dosage forms, excipients and finished drug products”. “Quality specifications are
composed of appropriate tests for confirming the identity and purity of medicinal products,
ascertaining the amount of active pharmaceutical ingredients and the performance
characteristics of medicinal products” (Rdgo & Santoso, 2008).

Post market surveillance studies published in various journals point towards a significant
proportion of medicines circulating in the healthcare market of the low income countries
being of poor quality (Frimpong et al., 2018; Habyalimana et al., 2015; Othman, 2018; Seifu
et al., 2019). A recent study done by the University of North Carolina further indicated that
most post market studies have tended to focus on only antibiotics and antimalarial. The study
analyzed 96 previous studies of falsified and substandard medicines and found that in low-
income and middle-income countries, 19 percent of antimalarial and 12 percent of antibiotics
are substandard or falsified (New study finds fake, 2018). There is little information that has
been published on the quality of ECs circulating the market of low income countries yet
several claims of counterfeited contraceptives have been reported on the market (Atukunda,
2019; Kasujja, 2017; WHO, 2015). It is therefore imperative that post market quality studies
are conducted to establish the quality of emergency contraceptives circulating the Ugandan

market.
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2.7 General methods of analysis

2.7.1 Physical Inspection (Visual Inspection)

Visual inspection is the recommended first step in identifying suspicious medicines. Visual
inspection is done on the physical characteristics of packaging, outer containers’ labeling,
closures, sealing, as well as the appearance of a medicine itself by its color, smell and
consistency (WHO, 1999b). Different checklists for visual inspection of medicines have been
designed by internationally recognized bodies such as United States Pharmacopoeia to help
health professionals carry out visual inspections of medicines for signs of counterfeiting.
During visual inspection, critical alterations done to a medicinal product such as spoiled
tablets, oral suspensions that harden, fluids leaking or containing particles/molds can easily
be detected and these are sufficient signs to decide the non-conformity of a medicine without
carrying out further laboratory tests tablets (Habyalimana et al., 2015). WHO further
recommends that during visual inspection, a comparison with an authentic sample when
available can be done and the focus should be on the differences in packaging, labeling

information and appearance of the medicine (WHO, 1999b).

2.7.2 ldentification test

The purpose of identification tests is to establish the identity of an API in a product. There are
three ways in which the true identity of a drug can be determined, namely: determination of
physical constants, chromatographic tests and lastly the chemical tests. The physical
constants may include but not limited to: infra-red absorption, the melting point, solubility
boiling point, specific optical rotation, light absorption, viscosity, UV-Vis absorbance
spectra, etc. The chromatographic tests include column chromatography, Gas
Chromatography (GC), paper chromatography, thin-layer chromatography including high-

HPTLC and pressurized liquid chromatography commonly called HPLC. Chemical tests are
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categorized separately under tests for inorganic substances and organic substances (U.S.

Department of Justice, Office of Justice programs, 2005).

The ICH QG6A guidelines specifies that “identification tests should discriminate between
compounds of closely related structure which are likely to be present and that identification
by a single technique is not regarded as specific enough”. It is therefore necessary to perform
a combination of tests to obtain the required level of specificity (EMEA, 2000). The most
widely used identification tests for dosage forms in the known internationally recognized
pharmacopoeias are the chromatographic tests specifically the TLC including HPTLC and the
HPLC (MHRA, 2019b; USPC, 2019b; WHO, 2019a). The HPTLC was the analytical

technique used to identify for levonorgestrel in levonorgestrel tablets.

High performance thin layer chromatography is an improved form of thin layer
chromatography. Thin-layer chromatography is a separation technique for separating
dissolved chemical substances. The stationary phase is an appropriate material spread in a
uniform thin layer on a support (plate) of glass, metal or plastic. Prior to development,
solutions of analytes are deposited on the plate and the solutes migrate in a solvent or a
suitable mixture of solvents through the thin layer (MHRA, 2019c). The separation relies on
the relative affinity of compounds and is based on adsorption, partition and ion-exchange or
on combinations of these mechanisms. Evaluation of results is done by comparing the
principal spot in the chromatogram obtained with the test solution with that obtained with the
reference solution. The comparison is based on the Retardation Factor (RF), color and the
size of both the sample and reference standard spots. The RF is the ratio of the distance from
the point of application to the center of the spot and the distance travelled by the solvent front

from the point of application (MHRA, 2019c; USPC, 2019c).
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The HPTLC is comprised of five major components, namely: the automatic TLC sampler,
developing chamber, derivatizer, TLC visualizer and the TLC scanner. The cycle starts with a
specified volume of sample being automatically injected on to the plate using the Automatic
TLC sampler (ATS). The plate is then placed in the Automatic Developing chamber (ADC)
for development and separation of samples into their components. The separated components
are then visualized under an ultraviolet (UV) light source suitable for observations under
short (254 nm) and long (365 nm) wavelength UV light. The TLC visualizer further enables
an image-based evaluation of chromatograms for quantitative evaluation. Molecules without
chromophores or fluorophores are visualized or made detectable through derivatization using
a derivatizer. The observed TLC/HPTLC chromatograms from the TLC visualizer can be

densitometrically evaluated using the TLC Scanner (Camag, n.d.).

2.7.3 Assay

An assay is an analytical procedure for qualitatively assessing or quantitatively measuring the
presence, amount, or functional activity of a target entity. Assay is a major critical quality
attribute of a pharmaceutical dosage form which helps to check the quality, safety and
efficacy of the drug substances and drug products (Lakka & Kuppan, 2020). The active
pharmaceutical ingredient in medicines must be within the specified amounts in order to
furnish pharmacological activity or have a direct effect in restoring, correcting or modifying
physiological functions in human beings. Analytical techniques used in quantification of a
drug substance include but not limited to, titration, high performance liquid chromatography
(HPLC), ultra violet spectrophotometry and gas chromatography (GC). The most commonly
used technique for quantitative determination of drug substances is the HPLC (MHRA,

2019b; USPC, 2019b; WHO, 2019a).
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2.7.3.1 High Performance Liquid Chromatography (HPLC)

The HPLC is an advanced form of column chromatography used to separate, identify and
quantify each component in a solvent mixture. The separation is based on the difference in
the distribution of species between 2 non-miscible phases, in which the mobile phase is a
liquid which percolates through a stationary phase contained in a column. Separations are
achieved by adsorption, mass distribution, ion exchange, size exclusion or stereo chemical
interaction (MHRA, 2019c; USPC, 2019c). The Retention Time (RT) measured under
particular conditions is an identifying characteristic of a given analyte, and evaluation of
results is done by comparing the retention time of the principal spot in the chromatogram
obtained with the test solution with that obtained with the reference standard solution. RT is a
measure of the time taken for a solute to pass through a chromatography column. It is
calculated as the time from injection of a sample to detection of substances in that sample

(USPC, 2019c).

Chromatography can be operated in two separation modes, namely, the normal phase and the
reversed phase chromatography. In reversed phase chromatography the mobile phase is polar
and stationary phase is non-polar where as in normal-phase chromatography, the mobile
phase is nonpolar and stationary phase is polar. The choice of stationary phase and mode of
separation is dependent on the structure of the molecule which will determine whether the

molecule is polar or non-polar (Lakka & Kuppan, 2020; Waters, n.d.).

The reversed phase separation mode and the octadecly (C18) stationary phase were employed
in the identification and quantification of levonorgestrel in the samples. The choice of these
separation modes was on the basis that levonorgestrel with empirical formula C21H202 is a
polar molecule. Reversed phase chromatography uses a hydrophobic stationary phase (C18)

which is non polar in nature. Since the stationary phase is hydrophobic, molecules with
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hydrophobic properties in the polar mobile phase (Acetonitrile: Water) will have a strong
affinity for the stationary phase and hence adsorb to the column packing while the
hydrophilic molecules (levonorgestrel being polar in nature) will pass through the column
and be eluted first. In summary, a mobile phase and particle stationary phase with
appropriately opposite polarities has to be selected to ensure that as the sample analytes move
through the column, the principle like attracts like is respected to determine which analytes

slow down and which proceed at a faster speed (Waters, n.d.).

The detection of compounds present in the eluent coming from the HPLC column is done by
the detector. Detectors determine the identity and concentration of eluting compounds in the
mobile phase. The choice of detector is critical to guarantee that all the components are
detected. One of the widely used detectors in HPLC is the UV detector including diode array
detector which is capable of monitoring several wavelengths concurrently (Choudhary,

2016).

The UV detector was the selected choice of detector to be used in the identification and
quantification of levonorgestrel in the samples. Levonorgestrel is an aromatic compound with
chromophores which will absorb light in the UV-vis region, and this comes as an advantage
in quantifying and analyzing the molecules and its associated impurities. The HPLC is
comprised of four main components and a data acquisition system, namely: pumping system,

injector, chromatographic column and a detector (MHRA, 2019c; USPC, 2019c).

2.7.4 Uniformity of content

Uniformity of content assesses the degree of uniformity in the amount of the drug substance
among dosage units. Dosage units are defined as dosage forms containing a single dose or a
part of a dose of drug substance in each unit (USPC, 2019d). Ten tablets are selected

randomly and a suitable analytical method is used to assay the individual content of the active
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ingredient in each capsule or tablet. According to the International Pharmacopoeia, this test
should be performed where the declared quantity of the active ingredient in the various
dosage forms (tablets, capsules, oral powders, single dose oral suspensions) is 5mg or less
(WHO, 2019c). Levonorgestrel tablets contain 0.75mg or 1.5mg of the active ingredient, and
as per the International Pharmacopoeia requirement above, it was prudent that this test be

performed.

2.7.5 Dissolution

Dissolution testing is performed to determine the bioavailability and therapeutic effectiveness
of drug. Since dissolution predicts the in-vitro performance of a drug, it provides crucial
information that is routinely used for quality control and quality assurance purposes in the
pharmaceutical industry. The test involves quantifying the active ingredient(s) released from
a solid oral dosage form under specified conditions using a known volume of dissolution
medium within a predetermined length of time (MHRA, 2019d). It is critical for procedures
to be standardized to properly evaluate the dissolution of drug products. On that note, if a
pharmacopoeial method is available for a product, then it is recommended that this method be

adopted and used without any changes (Anand et al., 2011).

Dissolution is run in three stages and a sample can only be declared non-compliant if it fails
at all the three stages. In the first stage (S1), six tablets are run for the specified time period,
sampled and analyzed for the dissolved amount of active ingredient (Q). The quantity, Q, is
the specified amount of dissolved active ingredient expressed as a percentage of the labelled
content. The requirement for S1 is that the dissolved amount of each tablet should not be less
that Q + 5%. If any of the tablets is found below this limit, then the analysis proceeds to stage

2 (S2) (MHRA, 2019d).

22



An additional six tablets is tested in S2 and the requirement is that the average of 12 tablets
should not be less than Q and no tablet should be less than Q-15%. If any unit is stll found
below the S2 criteria, then the analysis proceeds to stage 3 (S3). In S3 stage, twelve
additional units are analyzed for dissolved active content and evaluated against the criteria for
S3 stage. At this stage, the average of all the 24 tablets should not be less than Q, only two

tablets should be less than Q-15% and no tablet should be less than Q-25% (MHRA, 2019d).

The choice of apparatus to be used is solely dependent on the type of product. Paddles and
baskets are the most commonly used apparatus for oral dosage forms (Boda, n.d.). Apparatus
2 (paddle) was the choice of apparatus used in the evaluation of the dissolution of
levonorgestrel tablets and a standardized method from the International pharmacopeia was

adopted as the method of analysis.

CHAPTER THREE
MATERIALS AND METHODS
3.1 Study Area
The study was done in the four main regions of Uganda, that is, Central (Kampala and
Wakiso), Western (Mbarara and Kasese), Eastern (Jinja, Iganga, Busia and Mbale) and
Northern (Arua and Gulu). Figure 3.1 below displays the Uganda map with study areas

indicated.

23



A MAP SHOWING THE STUDY AREA
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Figure 3.1: A location map showing the study area.

3.2 Sample collection

Samples were collected from licensed pharmacies located within the four regions of Uganda.
The simple random technique was employed when collecting samples from the randomly
selected pharmacies. This technique ensured that samples were chosen randomly, and hence

giving reliable estimates of the quality of medicines on the market (WHO, 2016).

The total number of samples collected was based on availability, and everything available on
the market was collected at the time of sampling. At least four samples were collected from
each region from the different pharmacies. A total of 23 samples (Table 3.1) each comprising
of 100 tablets were purchased between September and November 2019. In order to eliminate
bias, all levonorgestrel tablets stocked in each sampled pharmacy were purchased. The

regions from which the samples were picked was not considered for the study, since the
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samples were picked from licensed pharmacies that met the Good Distribution Practices for

medicinal products. This meant that the region had no impact on the results obtained.

Table 3.1: Distribution of samples collected per region.

Region Samples collected per region | Tablets per region
Central 8 800

Northern 4 400

Eastern 6 600

Western 5 500

Total 23 2300

From the 23 samples collected, 9 of them were of 0.75 mg levonorgestrel tablets and the
remaining 14 were of 1.5 mg levonorgestrel tablets. Seven brands of levonorgestrel tablets
(Table 3.2), were available on the market at the time of sampling and all these were registered
by NDA.

Table 3.2: Distribution of samples per brand

Brand Name Quantity of samples collected per brand

Back-up 3

Unosure 72

Easy pill

Lydia

1-Pill

P2

rloar|NR|~

Postinor

A sample was defined as that number of tablets bearing the same name, content of active
pharmaceutical ingredients, dosage form, batch number and manufacturer, and collected at a
specific pharmacy (WHO, 2016). Collection of samples was done through the covert method

where covert shoppers were engaged to pose as customers.

Sample collection forms were filled to capture the details of the sample as indicated in

Appendix 1. Prior to analysis, the samples were coded as X-1, where X represented a one-
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digit incremental letter of the alphabet for a particular brand and 1 being the first sample of
that brand. Samples codes were randomly assigned as indicated in table 3.3. All samples
coded were within the expiry limits throughout the study.

Table 3.3: Sample codes assigned per brand

Sample code Brand Name API content (mg) | Expiry date
A-1 Back-up 1.5 Mar-20
A-2 Back-up 1.5 Aug-20
A-3 Back-up 1.5 Aug-20
B-1 Unosure 72 1.5 Feb-21
B-2 Unosure 72 1.5 Feb-21
B-3 Unosure 72 1.5 Feb-21
B-4 Unosure 72 1.5 Feb-21
B-5 Unosure 72 1.5 Feb-21
B-6 Unosure 72 1.5 Feb-21
B-7 Unosure 72 1.5 Aug-22

C Easy pill 1.5 Apr-22
D-1 Lydia postpil 1.5 Feb-21
D-2 Lydia 1.5 Feb-21

E 1-Pill 1.5 Jan-21
F-1 P2 0.75 Mar-20
F-2 P2 0.75 Mar-20
F-3 P2 0.75 Mar-20
F-4 P2 0.75 Mar-20
F-5 P2 0.75 Mar-20
G-1 Postinor 0.75 Aug-23
G-2 Postinor 0.75 Jan-22
G-3 Postinor 0.75 Mar-22
G-4 Postinor 0.75 Aug-23

3.3 Validity of results

The methods of analysis were verified to ensure that they could be used for their intended
purpose, under the actual conditions of use. The parameters performed included; specificity,
precision, linearity and system suitability as indicated. Appendix Il &IV gives a summary of
the validation parameters performed for the Assay and Dissolution test. The equipment used
were qualified, maintained and within their calibration due dates. The data generated was

reviewed and calculations were done using validated excel calculation sheet. The standard
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preparations were done in duplicate and five replicate injections of each were run on the
HPLC. To ensure that the equipment was suitable prior to running the analysis, system
suitability parameters were assessed for each test performed. Table 3.3 shows the system

suitability parameters assessed for one of the Assay tests run on HPLC.

Table 3.4: System suitability results for the assay chromatographic method

System suitability Value Limit Compliance

% RSD for peak area 0.2 NMT 2% Compliant
response of

levonorgestrel for 5
replicate injections

Symmetry factor 0.9 NMT 1.6 Compliant

column efficiency 7795 > 5000 Compliant

3.4 Methods of Analysis

The methods of analysis (Identification, Uniformity of content, dissolution and Assay) were
adopted from the monograph of levonorgestrel tablets of the International pharmacopoeia
(2019). The International Pharmacopoeial methods were chosen since they cut across all
countries and serve all national and regional regulatory authorities in the United Nations

system.

3.4.1 Physical Inspection (Visual Inspection)

Samples were visually inspected for physical characteristics of shape, color, breaks, cracks
and splits, packaging and the labeling information using the International Pharmaceutical
Federation checklist for visual inspection of medicines. A copy of the checklist used to
visually inspect the samples is given in Appendix V. Furthermore, a comparison with an
authentic sample received by NDA at the time of registration was done and the focus was on

the differences in the packaging and labeling information.
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3.4.2 Identification and assay for levonorgestrel

3.4.2.1 ldentification for levonorgestrel

For identification of levonorgestrel, Thin Layer Chromatography was performed on 10 cm X
20 cm silica gel 60 F254 HPTLC plates (Merck, Darmstadt, Germany) using a mobile phase
of cyclohexane (VWR, Leuven, Belgium): acetone (Sigma-Aldrich, Stenheim, German) in
the ratio of 7:3 %v/v. Ten microliter of levonorgestrel standard 99.8 % of purity (USP,
Rockville, USA) and sample solutions were applied to the plates by means of a TLC Sampler
4 (Camag, Muttenz, Switzerland). Plates were then developed to a distance of 15cm, in linear
ascending mode, in a Camag automatic development chamber. The separated spots were
examined with a Camag TLC visualizer controlled by vision cuts software (version 1.4.6) at a
wavelength of 254 nm. Densitometric scanning was further performed with a Camag TLC
Scanner 4 to obtain UV spectra of the prominent spots in the sample and reference standard

solution.

Samples were prepared by dissolving a quantity of powdered tablets equivalent to 1.5 mg of
Levonorgestrel in 5 mL of acetonitrile (VWR, Leuven, Belgium), followed by filtration.
Standard solutions of 0.3 mg per ml of Levonorgestrel RS were prepared in acetonitrile
(VWR, Leuven, Belgium). The specification was that the principal spot obtained with the
sample solution should correspond in position (retardation factor (RF)), appearance and
intensity to that obtained with standard solution. The RF and RF sample error for samples
that contained levonorgestrel was calculated using the formula below;

Ds
RF = —
Dm
RF of sample x 100%
RF of reference standard

RF sample error =

Migration distance of the substance
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Where;
Ds =

Dm = Migration distance of the mobile phase

As outlined in the Global Pharma Health Fund (GPHF) min-Lab manual second edition, a
percentage RF sample error of less than or equal to £ 5% indicated a pass, a percentage RF
sample error of more or equal to + 10% indicated a fail and a percentage RF sample error

between 5% and 10% indicated a doubtful result.

The HPLC technique was further used to confirm for the presence or absence of

levonorgestrel in the samples. The details of analysis were as described in the assay method

3.4.2.2 Assay (Quantification of levonorgestrel)

The HPLC technique was used for quantification (assay) of levonorgestrel in the samples.
Assay was conducted using an Agilent 1260 Infinity series high performance liquid
chromatograph (Agilent Technologies, Deutschland, Germany) supported by Open-Lab
software reversion C.01.07 SR1 (113). The liquid chromatograph was equipped with a
G13298 Agilent 1260 autosampler for introduction of 25uL of sample and standard solutions
into the flowing mobile phase pumped at a flow rate of 1.3 mL /minute with a G1311C
Agilent 1260 quant pump. Chromatography was performed on 150 x 4.6 mm, particle size 5
pum Luna CI18 stationary phase (Phenomenex, Madrid, Spain) using a mobile phase of
acetonitrile (VWR, Leuven, Belgium): HPLC water in the ratio of 50:50 %v/v. The
temperature of the stationary phase was controlled using a G1316A Agilent 1260 TCC
column compartment. Detection of the separated analytes in the sample and standard
solutions was done at a wavelength of 220nm using a G1314B Agilent 1260 Infinity variable

wavelength detector with a wavelength range of 190-600 nm.
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Test samples were prepared by transferring one weighed powdered tablet to a 50 mL
volumetric flask and mobile phase added up to the mark. The suspension was sonicated for
45 minutes with a fast-clean ultrasonic cleaner (Life-care Pvt., Mumbai, India), shaken for 15
minutes with an orbit 1000 orbital shaker (Labnet, Woodbridge, United States) and
centrifuged at 5000 RPM with a CenceL600 orbital shaker (Hunan Xiangyi Ltd., Hunan,
China) for 10 minutes. The supernatant was further diluted to a concentration of 6pg/ml with
mobile phase and mixed. This procedure was repeated for 9 more tablets. Standard solutions
of 6ug/ml of Levonorgestrel reference standard (USP, Rockville, USA) were prepared in
mobile phase. The content of Levonorgestrel in each tablet was calculated using the formula
as stated in the uniformity of content test and the assay value was obtained by averaging the
10 individual results obtained using the formula below:

(% content 1 + % content 2 ... ... .... +% content 10)
10

% Assay =

The acceptance criteria for the assay test required that the sample should contain not less than
90.0% and not more than 110.0% of the amount of levonorgestrel claimed to be present on

the package label of the medicine.

3.4.3 Uniformity of content of levonorgestrel tablets
The test for uniformity of content was conducted using an Agilent 1260 Infinity series high
performance liquid chromatograph with the same equipment details as indicated in the assay

test above.

Test samples were prepared by transferring one weighed powdered tablet to a 50 mL
volumetric flask and mobile phase added up to the mark. The suspension was sonicated for
45 minutes with a fast-clean ultrasonic cleaner (Life-care Pvt., Mumbai, India), shaken for 15

minutes with an orbit 1000 orbital shaker (Labnet, Woodbridge, United States) and
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centrifuged at 5000 RPM with a CenceL600 orbital shaker (Hunan Xiangyi Ltd., Hunan,
China) for 10 minutes. The supernatant was further diluted to a concentration of 6pg/ml with
mobile phase and mixed. This procedure was repeated for 9 more tablets. Standard solutions
of 6ug/ml of Levonorgestrel reference standard (USP, Rockville, USA) were prepared in

mobile phase.

The acceptance criteria for the uniformity of content test required that each single tablet
should contain within +15%of the average amount of the active ingredient. The content of
Levonorgestrel in each tablet was calculated using the declared content of the chemical
reference standard using the formula below:

Rsp X Wst X 2 X 50 X 10 X Avwt.X Pst X 100

0, =
% Content Rst X 100 X 50 X 2 X Wsp X LC

Where;

Wst = Weight of standard in standard solution (mg)
Pst=  Purity of standard, mg/mg

Rsp = Peak area for sample solution

Avwt.= Average weight, g

Rst=  Average peak area for standard solution
Wsp = Weight of sample taken (g)

LC = Labeled amount of levonorgestrel (mg/tablet)

3.4.4 Dissolution of levonorgestrel tablets

Drug release from tablets during a specific period of time was determined by dissolution
testing. The dissolution test was performed using USP dissolution type 11 apparatus (Erweka,
Langen, Germany; Model: DT 1614) filled with 500 mL of 0.1% solution of sodium dodecyl

sulfate in 0.1M HCI dissolution medium, maintained at 37 + 0.5°C and operated at 75 rpm

31



(WHO, 2019a). A sample aliquot of 20 mL was withdrawn from each of the six bowls after
30 minutes and filtered through millex 0.45um PTFE syringe filters (Merck KGaA,
Darmstadt, Germany). The obtained sample was diluted to a concentration of 1.5ug/mL.
Standard solutions of 1.5ug/ml of levonorgestrel reference standard (USP, Rockville, USA)
were prepared. The amount of levonorgestrel dissolved was quantified using the Agilent 1260
Infinity series high performance liquid chromatograph (Agilent Technologies, Deutschland,

Germany) under the same HPLC conditions utilized for the assay test.

The dissolution testing was performed in a series of stages. If the initial sample analysis,
known as S1 or stage 1 testing failed to meet the acceptable value, then additional testing
known as stage 2 (S2) and stage 3 (S3) testing was required. S3 testing was performed only if
S2 testing still failed the acceptable parameter. For samples that deviated from the acceptable

Q values at S3, an Out of Specification (OOS) investigation was initiated.

The acceptance criteria for the dissolution test required that the amount of levonorgestrel in
solution for each tablet should not be less than 80% for stage 1; stage 2 and stage 3 required
that the average result for the additional tablets tested respectively should not be less than
75%. The percentage of dissolution of levonorgestrel in each tablet was calculated using the
formula below:

Rsp X Wst x 1 x 100 x 10 x 500 x Pst x 100

9%, Di ion =
Y% Dissolution Rst X 100 X 100 X 5 X L.C

Where;

Wst = Weight of standard in standard solution (mg)
Pst = Purity of standard, mg/mg

Rsp = Peak area for sample solution

Rst= Average peak area for standard solution
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LC = Labeled amount of levonorgestrel (mg/tablet)

3.5 Data Analysis

The analytical data obtained was analyzed using Microsoft excel 2016 and descriptive
statistics (mean and standard deviation) were used to summarize the data. One-way analysis
of variance (ANOVA) and the student-t test using Microsoft excel 2016 was employed to
determine whether there were any significant differences in the mean drug content amongst

the different brands of levonorgestrel tablets.

The Student-t test was used to determine if there were any variances in the mean drug content
between two groups of samples, whereas one-way ANOVA was used where the groups of
samples were more than two. The use of one-way ANOVA instead of two-way ANOVA was

based on the fact that only a single independent variable was being compared in this study.

The choice of these statistical tools used was based on the fact that each sample was drawn
independently of the other samples, data was normally distributed and there was equality of

variance in standard deviation for the data sets to be compared.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Physical Inspection (Visual Inspection)

Brands A, B, C, D, E and F passed all the attributes of visual inspection as indicated in Table
4.1 and 4.2. Assessment of the physical characteristics of the tablets for samples of Brand G
showed a 50% failure for the breaks, cracks and splits attribute as indicated in table 4.1
below. The tablets of samples G-2 and G-3 were observed to have breaks and cracks contrary
to the requirements outlined in the checklist for physical inspection of samples (see appendix
IV). Therefore, sample G2 and G3 did not meet the requirements for the physical
characteristics of the tablets.

Table 4.1: Physical characteristics of the tablets

sample code Uniformity of Uniformity of Breaks,_ cracks Surface spots
shape color and splits
A-1 Yes Yes No No
A-2 Yes Yes No No
A-3 Yes Yes No No
B-1 Yes Yes No No
B-2 Yes Yes No No
B-3 Yes Yes No No
B-4 Yes Yes No No
B-5 Yes Yes No No
B-6 Yes Yes No No
B-7 Yes Yes No No
C Yes Yes No No
D-1 Yes Yes No No
D-2 Yes Yes No No
E Yes Yes No No
F-1 Yes Yes No No
F-2 Yes Yes No No
F-3 Yes Yes No No
F-4 Yes Yes No No
F-5 Yes Yes No No
G-1 Yes Yes No No
G-2 Yes Yes Yes? No
G-3 Yes Yes Yes? No
G-4 Yes Yes No No

aFailed the visual inspection test for physical characteristics of tablets.
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Brands A, B, C, D, E and F passed all the attributes of visual inspection as indicated in Table
4.1 and 4.2. Assessment of the physical characteristics of the tablets for samples of Brand G
showed a 50% failure for the breaks, cracks and splits attribute as indicated in table 4.1
below. The tablets of samples G-2 and G-3 were observed to have breaks and cracks contrary
to the requirements outlined in the checklist for physical inspection of samples (see appendix
IV). Therefore, sample G2 and G3 did not meet the requirements for the physical

characteristics of the tablets.

Furthermore, as indicated in Table 4.2, brand G showed a 75% failure rate when assessed for
the packaging and labeling information requirements for the attributes of the presence of
batch/lot number, manufacturing and expiring date. These samples were noted not to have in
prints of expiry date, manufacturing date and batch number on their primary packaging
contrary to the authentic sample as shown in appendix VII. However,100% pass rate was
observed for brand G when assessed for the container closure, dosage statement, medicine
strength, storage information and leaflet (package insert) attributes of the packaging and

labeling information as shown in table 4.2.
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Table 4.2: Physical characteristics of the Packaging and Labeling Information.

Sample code |Container |Dosage  [MedicineBatch/ [Mfg. Storage Leaflet
and closure |statement strength |Lot and expiry (information finsert
appropriate numberdate

A-1 Yes Yes Yes Yes Yes Yes Yes

A-2 Yes Yes Yes Yes Yes Yes Yes

A-3 Yes Yes Yes Yes Yes Yes Yes

B-1 Yes Yes Yes Yes Yes Yes Yes
B-2 Yes Yes Yes Yes Yes Yes Yes
B-3 Yes Yes Yes Yes Yes Yes Yes
B-4 Yes Yes Yes Yes Yes Yes Yes
B-5 Yes Yes Yes Yes Yes Yes Yes
B-6 Yes Yes Yes Yes Yes Yes Yes
B-7 Yes Yes Yes Yes Yes Yes Yes

C Yes Yes Yes Yes Yes Yes Yes

D-1 Yes Yes Yes Yes Yes Yes Yes

D-2 Yes Yes Yes Yes Yes Yes Yes

E Yes Yes Yes Yes Yes Yes Yes

F-1 Yes Yes Yes Yes Yes Yes Yes

F-2 Yes Yes Yes Yes Yes Yes Yes

F-3 Yes Yes Yes Yes Yes Yes Yes

F-4 Yes Yes Yes Yes Yes Yes Yes

F-5 Yes Yes Yes Yes Yes Yes Yes

G-1 Yes Yes Yes Yes Yes Yes Yes

G-2 Yes Yes Yes NoP NoP Yes Yes

G-3 Yes Yes Yes NoP NoP Yes Yes

G-4 Yes Yes Yes NoP NoP Yes Yes

bFailed the visual inspection test for the Packaging and Labeling information

It is a requirement that all medicinal products shall be identified by labeling, as required by
the national legislation, bearing information such as, the product name, list and amount of
API present, batch number assigned by the manufacturer, the indications, contra-indications,
warnings, storage information, manufacturing date, expiration date, manufacturer name and
address and leaflet insert (WHO, 2002). In this study, problems were observed with the
labelling of 3 samples of brand G, where these were noted not to bear the manufacturing date,

expiration date and batch number.
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Additionally, tablets should be checked for uniformity of shape, uniformity of color, signs of
moisture, absence of breaks, cracks, splits, or any other adulteration to ensure that they are in
compliance with the national legislations on medical products (WHO, 1999b). Samples of
brand G (2 samples) were observed to have issues with the physical characteristics of the
tablets, where they were noted to have breaks contrary to the requirements of the physical

appearance of tablets.

The absence of the manufacturing date, expiration date and batch number on the primary
package of samples G2, G3 and G4; and presence of breaks for tablets of samples G2 and G3
indicated the presence of suspected counterfeits of samples of brand G. Similar to the
findings in this study, a case study on antimalarial medicines in Rwanda revealed the
presence of suspected counterfeits and/or substandard antimalarial when the product’s
physical appearance presented evident deviations to the quality standards. This study,
revealed the presence of discolored film coated quinine tablets, different batch numbers of
artesunate powder for injection on the vials and outer packaging boxes and last but not least
fake packaging of artemether-lumefantrine blister tablets (Habyalimana et al., 2015). Another
study in Cambodia on anthelmintic revealed that two of the suspect samples contained two
types of tablets in each container, one had a differently colored label on the container than

that of an authentic sample and some were noted to have loose packs (Khan et al., 2010).

The studies above confirm the usefulness of visual inspection at first line in decision making
on drug quality. Visual inspection is a simple and inexpensive technology which can be
adopted by both patients and health professionals to rapidly detect suspect poor quality
medicines on market (Mohamed et al., 2020). In a pharmaceutical world where there are
numerous quality standards, complex distribution networks and weaknesses of the

pharmaceutical systems (Caudron et al., 2008), visual inspection can provide guidance on
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how to timely recall suspicious medicines, officially cancel marketing authorizations and
protect public health. Through visual inspection, the World Health Organization had issued
medical product alerts citing the discrepancies observed in the physical appearance of the

suspected medicines (WHO, 2013, 2015).

4.2 ldentification and assay for levonorgestrel

4.2.1 ldentification for levonorgestrel

The High Performance Thin Layer chromatograph was used to confirm for the presence of
levonorgestrel in the samples. Levonorgestrel in all the samples collected was confirmed by
comparing the retardation factor, (RF), appearance, ultra-violet spectrum and intensity of the
sample spots to that of the levonorgestrel standard. While brands A, B, C, D, E and F passed
all the attributes of the identity test, brand G showed a 75% failure rate for this test. Three out
of four of the samples found on the market did not show any presence of levonorgestrel, and
all these belonged to brand G. These three samples did not show any spot in the
chromatoplate (Figure 4.1 and 4.2). Evaluation of the different travel distances (retardation
factor) of the 20 samples that showed spots in the chromatoplate indicated the presence of
levonorgestrel. Samples A-2 and A-3 had the highest percentage retardation factor sample
error of 3.4% whereas sample B-5, D-1, E, F-2 and G-1 had the lowest percentage retardation
factor sample error of 0%. Table 4.3 and 4.4 shows the percentage retardation factors for the
levonorgestrel samples run on the same day but on different plates; one plate could take a
maximum of 15 samples hence two separate plates were used in this analysis to cater for all

the samples.

38



Table 4.3: Percentage Retardation factors for the levonorgestrel samples run on plate 1.

[0)

sample code Retardation factor (RF) (/OoleélgjaSror/lsle error

Standard 0.298 N/A
Al 0.306 2.7
A3 0.308 3.4
A2 0.308 3.4
Bl 0.300 0.7
B2 0.306 2.7
B3 0.306 2.7
B4 0.304 2.0
C 0.306 2.7
F1 0.304 2.0
G2 No spot observed
G3 No spot observed

Table 4.4: Percentage Retardation factors for the levonorgestrel samples run on plate 2.

[0)

sample code Retardation factor (RF) é;’;ji&?le error

Standard 0.273 N/A
B5 0.273 0.0
B6 0.277 1.5
B7 0.277 1.5
D1 0.273 0.0
D2 0.275 0.7
E 0.273 0.0
F2 0.273 0.0
F3 0.275 0.7
F4 0.279 2.2
F5 0.277 1.5
Gl 0.273 0.0
G4 No spot observed

N/A; Not applicable for the standard
Samples that contained levonorgestrel showed spots that appeared as dark bands against the

fluorescent background at 254 nm, while those that did not contain levonorgestrel did not show
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any dark spot against the fluorescent background as illustrated in Figure 4.1 and Figure 4.2

below:

No spot for samples with no
levonorgestrel

Figure 4.1: HPTLC chromatoplate showing reference standards and sample chromatographic
spots on illumination at 254 nm.

No spot for samples with no
levonorgestrel

Figure 4.2: HPTLC chromatoplate showing reference standards and sample chromatographic
spots on illumination at 254 nm.

Densitometric scanning of the obtained chromatographic spots was carried out in the range of
190 nm to 400 nm and this resulted into ultra-violet (UV) spectra that were inspected for their
shape and absorption maxima at about 240 nm for levonorgestrel (Rizk et al., 2017) .The UV
spectra for the samples that contained levonorgestrel were comparable in shape and UV
maxima to that of the levonorgestrel reference standard; samples that did not contain
levonorgestrel showed no absorption maxima. The spectra obtained further confirmed that the
chromatographic spots observed on the chromatoplate for the samples tested as shown in figure

4.1 and 4.2 above were indeed for levonorgestrel API. Figure 4.3 and 4.4 below show a
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comparison of a sample with and without levonorgestrel with that of the levonorgestrel

reference standard.

Standard 240nm
) Maximum
- -~
Rl 240nm
\ Maximum
2 :
Sample with
levonor gestrel
: : -

Figure 4.3: Comparison of the HTPLC UV spectra for sample B1 with that of the
levonorgestrel reference standard.
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Standard 240nm

Maximum

AU

G3

No maxamum
Sample without
levonor gestrel

—

Figure 4.4: Comparison of the HPTLC UV spectra for sample G3 with that of the
levonorgestrel reference standard.

To further confirm that indeed the three samples tested with the HPTLC analytical technique
did not contain levonorgestrel, they were run on the HPLC using the assay method of
analysis. The test required that to confirm the active ingredient was present; the retention
time of the levonorgestrel peak in the chromatogram obtained with the sample solution
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should be similar to that in the chromatogram obtained with the levonorgestrel reference

standard solution.

The chromatograms of samples that contained levonorgestrel showed principal peaks
(levonorgestrel) that were similar in retention time to that of the levonorgestrel reference
standard (Figure 4.5), whereas the chromatograms of samples that did not contain
levonorgestrel gave just a straight line without any principal peak (Figure 4.6). The
chromatograms of these three samples were similar to those of the blank (diluent used to

extract the levonorgestrel from the sample matrix).
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sample containing
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Figure 4.5: Comparison of the HPLC chromatogram for sample B4 with that of the
levonorgestrel reference standard.
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Figure 4.6: Comparison of the HPLC chromatogram for sample G3 with that of the
levonorgestrel reference standard.

In summary, the samples initially suspected to be counterfeits in the visual inspection test
were indeed confirmed to show no presence of levonorgestrel when subjected to the test of

identification for levonorgestrel using the HPTLC and HPLC technique. Hence, the postinor

brand of levonorgestrel tablets was confirmed to have counterfeited samples.
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Therapeutic effect of any medicine can only be achieved if the right active pharmaceutical
ingredient is present. Active pharmaceutical ingredients are intended to furnish
pharmacological activity or other direct effect in the diagnosis, cure, mitigation, treatment or
prevention of disease. Samples G-2, G-3 and G-4 did not show any presence of the active
ingredient (levonorgestrel) and hence would not be expected to have any therapeutic effect.
Medicines that are deliberately and fraudulently produced and/or mislabeled with respect to
identity and/or source to make it appear to be a genuine product are termed as counterfeits
drugs (Attaran et al., 2012; Caudron et al., 2008). Counterfeit drugs are a global health
concern because of the risks it poses to the public. Not only will consumers pay for medicines
that have little or no medical value, these medicines will also lead to unresolved health

problems, and death (Ozawa et al., 2018; WHO, 2017a).

A number of studies have reported the dangers inherent in counterfeit drugs. The New
England Journal of Medicine reported an outbreak of hypoglycaemia in patients using
counterfeit sexual enhancement drugs. Of the 150 non-diabetic patients admitted to hospitals
in Singapore, seven of them went into permanent coma and four died. The sexual
enhancement herbal drug they had taken was contaminated with glyburide, a powerful drug
used for the treatment of diabetes (Kao et al., 2009). In another example, at least 51children
in Bangladesh died as a result of taking a paracetamol syrup that was contaminated with

diethylene glycol (Hanif et al., 1995).

Samples G2, G3 and G4 not showing the presence of the active ingredient would pose the
highest risk to the consumer, since it would not prevent pregnancy as expected and
certainly might cause other health related problems. A similar study done in Peru aimed at
investigating the quality of ECs on the market confirmed the presence of a batch that

contained a wrong active ingredient with no detectable levonorgestrel (Monge et al., 2014).
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Another study in Cambodia confirmed the presence of 4.2% counterfeit anthelmintic drugs

on market (Khan et al., 2010).

In conclusion, previous reports and studies indicate how counterfeits are a global health
problem particularly affecting poorer countries. They are a major cause of unnecessary
mortality, drug resistance and loss of public confidence in medicines and health structures.
National Drug Regulatory bodies need to step up in the fight against counterfeits circulating

the market.

4.2.2 Assay for levonorgestrel

The content of levonorgestrel in the samples was determined using the HPLC and the drug
content was determined in respect to the label claim of the tablets. The study revealed that
brands A, B, C, D, E and F passed the assay test with 100% pass rate (Table 4.5). Three out
of the four samples (75%) for brand G failed the assay test. Samples G2, G3 and G4 gave the
most worrisome result with no evidence of levonorgestrel in any of the assays conducted. The
lack of the active pharmaceutical ingredient was first noted in the identification test as

indicated in Figure 4.1 and Figure 4.2.

For the samples that passed this test (87%), sample F-2 had the highest percentage content of
active ingredient of 102.1% and sample B-3 had the lowest percentage content of active
ingredient of 92.7%. As outlined in the International Pharmacopoeia specifications,
levonorgestrel content should not be less than 90.0% and not more than 110.0% of the

amount stated on the label.
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Table 4.5: Assay for the 7 brands of levonorgestrel tablets in the study.

Label Mean Assay Assay
Label dose claimed Assay (Yomean+ | test
sample code | ("ot (%) | (mg/tablet) | SD) s00- )
(mg/tablet)

A-1 15 100 1.46 97.3+0.59 | Pass
A-2 15 100 1511 100.7+2.5 | Pass
A-3 15 100 1.478 985+1.6 Pass
B-1 15 100 1.430 95.3+0.90 | Pass
B-2 15 100 1.400 93.3+0.85 | pass
B-3 15 100 1.390 92.7+0.98 | pass
B-4 15 100 1.393 92.9+1.00 Pass
B-5 15 100 1.415 943+1.21 Pass
B-6 15 100 1412 | 941+0.96 | pass
B-7 15 100 1.487 99.1+0.96 | Pass
C 15 100 1.487 99.1+1.18 | Pass
D-1 15 100 1.514 100.9£0.71 | Pass
D-2 15 100 1.517 101.1 +£0.87 | Pass
E 15 100 1.512 100.8 £0.99 | Pass
F-1 0.75 100 0.748 99.7+1.24 Pass
F-2 0.75 100 0.766 102.1+0.91 | Pass
F-3 0.75 100 0.74 98.7+0.52 | Pass
F-4 0.75 100 0.731 97.4+0.75 | Pass
F-5 0.75 100 0.737 98.2+262 | Pass
G-1 0.75 100 0.759 101.2+£0.82 | Pass
G-2 0.75 100 NC NC Fail
G-3 0.75 100 NC NC Fail
G-4 0.75 100 NC NC Fail

NC, Non-compliant sample with no evidence of levonorgestrel.

Statistical analysis conducted using the one-way ANOVA for the mean differences of the
drug content (assay) revealed that with a 95% ClI, there was a significant difference (p <0.05)
in the drug content among the different brands of levonorgestrel tablets examined in the

study.
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Medicines are formulated with the intent to provide 100% of the quality of each active
ingredient stated on the label. No matter how careful the processing is done, variations are
possible and do occur, and that is why the International Pharmacopoeias come up with ranges
within which the assay of a product should lie. This study revealed that three samples were
neither outside nor within the range recommended by the International Pharmacopoeia 2019;

the samples did not show any presence of the active ingredient (levonorgestrel).

Levonorgestrel tablets are indicated for prevention of pregnancy after unprotected sex, and
when taken as instructed, they can reduce the risk of pregnancy by approximately 98% (Von
Hertzen et al., 2002). However, this effect can only be achieved if levonorgestrel as an active
ingredient is available and in the right amounts. Hence, samples G-2, G-3 and G-4 would

present the highest risk to the consumer due to the lack of expected contraceptive action.

The assay results of this finding are similar to previous studies that have been done. A study
conducted on levonorgestrel tablets in Peru found that 1/25 samples analyzed showed no
presence of levonorgestrel in the assay conducted (Monge et al., 2014). Another study on
albendazole tablets in Ethiopia found that 3/10 samples had less than 90% of the active
pharmaceutical ingredient (Seifu et al., 2019). A study in Lubumbashi, Democratic Republic
of Congo found that 26% of the albendazole tablets tested failed the assay test (Mwamba et
al., 2016). Results of these studies indicate a general failure of the assay test, and hence the
need for drug regulators to frequently monitor and test the quality of medicines on the

market.

Contrary to this study, previous research scholars have indicated that there were no
significant differences among the mean assay results of the different brands of cotrimoxazole
tablets (Hailu et al., 2011) and norfloxacin tablets (Hambisa et al., 2019) that were found on

market. The significant differences observed among the brands of levonorgestrel tablets
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indicate that the levonorgestrel tablets available on the Ugandan market might not provide the
same therapeutic effect to the consumer and hence the choice of brand of medicine taken
matters. This points to the fact that manufacturers of this medicine are not regularly
monitored by drug regulators to ensure that they produce therapeutically equivalent
levonorgestrel tablets so as to save the patient the burden of looking for which brand

performs best.

4.3 Uniformity of content of levonorgestrel tablets

As indicated in Table 4.6, brands A, B, C, D, E and F passed the uniformity of content test
with 100% pass rate. Brand G registered a 75% failure rate of this test. The three samples that
failed this test did not show any presence of levonorgestrel as was noted in the assay test. For
the 20 samples that passed this test, samples A-2 and F-5 recorded the highest percentage
deviation of 4.5% whereas samples B-2, B-3, B-4, B-5 and D-1 had the lowest percentage
deviation of 0.0%. The International pharmacopoeia required that for the content uniformity

test to pass, each of the single tablets should contain within +15% of the average amount of

the active ingredient.

Table 4.6: Percentage uniformity of content for the 7 brands of levonorgestrel

% (_:Ie_viation of Uniformity of
% content of Content of individual content test
Samole code levonorgestrel per| levonorgestrel | content from (£15% from
ple co
tab_let (Yomean + SD) | average per the average
(Min - Max) (n=10) tab_let content)
(Min-Max)
A-1 96.1 - 98.2 97.3+0.59 0.3-0.9 Pass
A-2 97.4 -105.2 100.7+25 05-45 Pass
A-3 95.7-100.8 98.5+1.6 0.1-28 Pass
B-1 94.3-96.7 95.3+0.90 0.3-15 Pass
B-2 91.9-94.4 93.3+0.85 0.0-15 Pass
B-3 91.6 -94.8 92.7 +0.98 0.0-23 Pass
B-4 91.3-94.8 92.9+1.00 0.0-2.0 Pass
B-5 92.2-96.1 943+1.21 0.0-22 Pass
B-6 93.4-96.1 94.1+0.96 01-21 Pass
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B-7 97.6 —100.3 99.1+0.96 02-15 Pass
C 97.6 —100.9 99.1+1.18 01-19 Pass
D-1 99.6 - 102.3 100.9 +0.71 0.0-14 Pass
D-2 100.0 - 103.0 101.1 £ 0.87 01-19 Pass
E 98.7 -102.2 100.8 £ 0.99 0.1-2.0 Pass
F-1 98.0 - 101.8 99.7+1.24 01-21 Pass
F-2 100.8 - 103.3 102.1 +£0.91 04-12 Pass
F-3 98.0-99.4 98.7 + 0.52 0.1-07 Pass
F-4 96.5 - 98.6 97.4+0.75 01-12 Pass
F-5 93.8-101.8 98.2 £ 2.62 0.1-45 Pass
G-1 100.2 - 103.0 101.2 +0.82 01-18 Pass
G-2 NC NC NC Fail
G-3 NC NC NC Fail
G-4 NC NC NC Fail

NC, non-compliant sample with no evidence of levonorgestrel.

Statistical analysis conducted at 95% confidence interval revealed that brand D did not show
any significant difference (Student-t, p > 0.05) among the mean percentage drug content of
samples within that brand, whereas brands A, B and F revealed significant differences
(ANOVA, p < 0.05) among the mean percentage drug content of samples within the same
brands. Brands C, E were not statistically evaluated since only one sample within the same
brand was collected at the time of sampling. For brand G, the other three samples of the same
brand did not show any presence of Levonorgestrel, hence no meaningful comparison could

be done.

Uniformity of content helps ensure that the strength of a medicine remains within specified
acceptance limits. “When considering single- dose preparations, it is fundamental that the
patient receives in his individual dose an amount of drug close to that claimed on the label.
For that reason, pharmacopeia standards and specifications have been established to provide
limits for permissible variations in the amount of active ingredient of individual single-dose

units” (USPC, 2019c).
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The findings of the study showed that all samples that contained levonorgestrel passed the
uniformity of content test. Similar to this study, previous research scholars have also reported
100% compliance for the uniformity of dosage unit test (Hambisa et al., 2019; Othman, 2018;
Uddin et al., 2017). In summary, manufacturers of medicines have tried to ensure that they
produce tablets whose dosage contents are within the permissible variations, so that a patient

taking a single dose prescription gets the right amount of the drug.

The studies further showed that despite the samples having dosage contents that were within
the permissible variations, significant differences were observed among the mean percentage
drug content of samples within the same brand (A, B and F). The significant differences
observed among samples from the same manufacturer could indicate that, the respective

manufacturing processes are not reproducible as expected.

Manufacturers of medicinal products are required to validate their manufacturing processes to
ensure that the process is capable of consistently delivering quality products. Hence, “before
any batch from a manufacturing process is commercially distributed for use by consumers, a
manufacturer should have gained a high degree of assurance in the performance of the
manufacturing process such that it will consistently produce drug products meeting those
attributes relating to identity, strength, quality, purity, and potency” (FDA, 2011). With the
process validation done right, we would not expect to have samples from the same
manufacturer (represented by brand) having significant differences in the dosage content like
it was observed in brands A, B and F. Various excipients such as diluents, binders,
disintegrants, lubricants and others used in solid dosage forms may alter quality control
parameters of tablets within the same batch. Hence, the variations observed could be related
to the pharmaceutical manufacturer’s formulation conditions such as mixing, blending,

lubrication, granulation, and the amount of excipient added (Jean-Louis, 2010). Previous
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studies have also further indicated that manufacturing process parameters indeed do have an

impact on the uniformity of content of dosage formulations (Muselik et al., 2014).

The significant differences observed further indicate that a consumer consistently procuring
medicines of the same manufacturer (brand) may not receive the same therapeutic effect as
expected since the variances observed indicate that the manufacturer is not consistently
producing batches of the same quality (Muselik et al., 2014). Frequent inspection of the
manufacturing processes by drug regulators is key to ensure that there is no batch-to-batch

variability from the same manufacturer.

4.4 Dissolution of levonorgestrel tablets

The release of the drug substance from a solid dosage form has a major impact on its rate and
extent of absorption. In-vitro dissolution of an immediate release product is one of the most
important tools in assuring the batch to batch quality of a drug product (Le, 2022). Hence,
establishing appropriate dissolution specifications will assure that the manufacture of the
dosage form is consistent and successful throughout the products life cycle. Due to the crucial
role that dissolution plays in the bioavailability of the drug, in vitro dissolution can serve as
an indicator of the efficiency of the in vivo performance of the drug product (Xie et al.,

2014).

The study showed that all samples of brands A, D, E and F passed the dissolution test with
100% pass rate, whereas some samples of brands B (85%, 6/7), C (100%, 1/1) and G (75%,
3/4) failed the dissolution test, releasing less that the accepted amount of the levonorgestrel

content within the time allowed (Table 4.7).

Compliance for the dissolution test with the International pharmacopoeia specifications was

observed for 13 of 23 samples (57%, Table 4.7). Eleven samples passed at S1 stage with
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results ranging from 80 to 100% and two samples passed at stage S2 with results of 75% for
both samples. For the ten non-compliant samples, 7 failed at all dissolution stages S1, S2 and
S3 with results ranging from 45% to 76% whereas three samples gave results with no
evidence of levonorgestrel. As outlined in the International Pharmacopoeia, the specifications
for each stage were: Stage 1= individual values of 6 tablets must be greater than or equal to
80%, Stage 2= mean value of 12 tablets must be greater than or equal to 75%, and no tablets
can be less than 60%, Stage 3 = mean value of 24 tablets must be greater than or equal to

75%, no more than 2 tablets can be less than 60%, and no tablet can be less than 50%.

Table 4.7: Percentage dissolution of the levonorgestrel tablets in the study

%[_)issolution Dissolution Dissolution

Sample code | API level (Min-Max) (Y%mean + SD) E(3()(!;0:;[ Isei§ than
(6]

Al 1.5mg 92 -96 S1;93+£1.34 Pass
A3 1.5mg 90 -98 S1;95 +2.53 Pass
A2 1.5mg 94 -100 S1;97 £+2.01 Pass
Bl 1.5mg 56 -67 S3;62°¢+2.93 Fail
B2 1.5mg 50-76 S3;59°¢+6.49 Fail
B3 1.5mg 56 — 69 S3;61°¢+3.89 Fail
B4 1.5mg 54 — 68 S3;63°¢+3.77 Fail
B5 1.5mg 58 — 66 S3;62°¢+2.19 Fail
B6 1.5mg 57-170 S3;63°¢£2.69 Fail
B7 1.5mg 87-92 S1;89 +1.65 Pass
C 1.5mg 45 — 68 S3;60°¢+7.04 Fail
D1 1.5mg 66 - 82 S2;75 +£5.04 Pass
D2 1.5mg 67 - 85 S2;75 +5.00 Pass
E 1.5mg 87-90 S1;88 £1.07 Pass
F1 0.75mg 94 -99 S1;97 £1.90 Pass
F2 0.75mg 94 -99 S1;96 +2.30 Pass
F3 0.75mg 89 -94 S1;91 +1.62 Pass
Fa 0.75mg 86 - 89 S1;88 +1.13 Pass
F5 0.75mg 81-89 S1:;83 £3.12 Pass
Gl 0.75mg 80 -85 S1:82 +2.31 Pass
G2 0.75mg NC NC Fail
G3 0.75mg NC NC Fail
G4 0.75mg NC NC Fail

NC, non-compliant sample with no evidence of levonorgestrel.
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¢ Failed the dissolution test as per International Pharmacopoeia specifications.

Statistical analysis conducted using the one-way ANOVA at 95% CI for the
pharmacopoeially specified time (30 minutes) revealed that there was a significant difference
(p<0.05) in the drug release of the different brands of levonorgestrel tablets examined in the

study

Levonorgestrel tablets for emergency contraception are indicated to be used within 72 hours
after unprotected sex and before ovulation. However, some evidence suggests that increased
effectiveness is achieved when taken as soon as possible (Novikova et al., 2007; VVon Hertzen
et al., 2002).The low levels of levonorgestrel release for samples B1, B2, B3, B4, B5, B6 and
C (see Table 11) suggest that these particular product batches may not yield the full level of
contraceptive effectiveness expected, especially considering the suggested importance of
taking the medication within a time frame of 72 hours after intercourse. The dissolution test
has been performed in previous studies indicating similar results. A study done in Peru
indicated that 7 out of 25 samples showed inadequate release of levonorgestrel (Monge et al.,
2014). Another study conducted in Yemen on albendazole tablets reported a 29% failure of

the dissolution test (Othman, 2018).

The statistically significant difference (ANOVA, p < 0.05) observed in the drug release of the
different brands of levonorgestrel tablets indicates the presence of levonorgestrel products
that are not equivalent statistically with respect to their in vitro release. These results are
consistent with other studies that have been done on various marketed brands of norfloxacin
Hambisa et al., 2019), cotrimoxazole (Hailu et al., 2011) and amoxicillin formulations

(Koech, 2020).
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The findings in this study indicate a general failure of the dissolution test for medicines
circulating Africa. Dissolution is a very useful physiochemical test for assessment of drug
product quality and performance. The effectiveness of an oral dosage form relies on its ability
to dissolve in fluids of the gastrointestinal tract prior to it being absorbed into circulation.
Therefore, it is important that the rate of dissolution of a tablet or capsule is within the
recommended limits. The results of this study further highlight the need for drug regulatory
agencies to effectively monitor the quality of drugs by focusing on the post-marketing
evaluation of medicines circulating the market.
CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

A study to evaluate the quality of levonorgestrel tablets on the Ugandan market indicated that
only 57% of the samples collected complied with the tests performed as per the International
Pharmacopoeia 2019. Out of the 23 samples analysed,10 samples were non-compliant with
the product specifications; mainly due to undetectable levonorgestrel and release of less than
the accepted amount of the levonorgestrel when subjected to the identity and dissolution test

respectively.

The visual inspection test revealed three suspected counterfeits for the postinor brand of
levonorgestrel tablets. This was further confirmed by the identity test for levonorgestrel when
these samples did not show any detectable levonorgestrel, hence confirmed with no doubt to

be counterfeits of brand G of levonorgestrel tablets.

The statistical evaluations performed on the samples for the assay, content uniformity and
dissolution test indicated the presence of brands of levonorgestrel tablets that are not

therapeutically equivalent to each other, hence these medicines cannot be used
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interchangeably. This leaves the burden on the consumer to look out for the levonorgestrel

brands that perform best and further rely on only that particular brand.

The study concluded that from the samples analyzed, only 57% will provide the stated level
of contraceptive action, 30% may or may not prevent pregnancy and 13% will offer no
prevention against unwanted pregnancy. The results obtained in this study emphasize the
need for constant surveillance of the quality of levonorgestrel tablets on the market with the
intent to reduce on the prevalence of substandard and counterfeited levonorgestrel tablets on

the market.

5.2 Recommendation
There’s need to increase on the frequency of enforcements carried out by the National
Medicines Regulatory body to be able to detect and immediately impound suspected

counterfeits found on the market.

There is need for immediate re-call of the substandard medicines found on the market.

There is need to adequately monitor good manufacturing and distribution practices of

pharmaceutical manufacturers to ensure batch to batch quality.

There’s need to increase on the awareness of the use of the visual inspection and possibly
translate it into our local languages so that the consumer can possibly appreciate it and join in

the fight against counterfeits.

There is need to extend the study to non-registered pharmacies, black markets and all entry
points for drugs to allow an accurate estimation of the extent of the problem of counterfeited

and substandard levonorgestrel tablets.
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There is need for regular post market surveillance to monitor the quality of drugs in the

Ugandan market.
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APPENDICES

Appendix I: List of ECs containing levonorgestrel registered to be sold on the Ugandan
market, Source: National Drug Authority Register 2021.

Name of drug |Generic name  Strength of drug [Manufacturer Country of
manufacture
Depregdina Levonorgestrel | 1.5mg Acme formulation | India
PVT LTD
Jadellesine Levonorgestrel | 1.5mg Bayer OY Finland
Microgynonfe | Levonorgestrel | 0.15mg/0.03mg Bayer Pharma German
/Ethinylestradiol
Mirena Levonorgestrel | 52mg Bayer OY Finland
Microlut Levonorgestrel | 0.03mg Bayer Pharma German
Combination 3 | Levonorgestrel | 0.15mg/0.03mg/7 | Del pharma SAS German
/Ethinylestradiol | 5mg
[ferrous
fumarate
Unosure 72 Levonorgestrel | 1.5mg Akums drugs & | India
Pharmaceuticals
Ltd.
Back up Levonorgestrel | 1.5mg Acme Formulation | India
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PVT Ltd.

Lagest Levonorgestrel | 1.5mg Corona  remedies | India
Pvt.Ltd.

Pronta 1 Levonorgestrel | 1.5mg Mylan Laboratories | India
Ltd.

Easy pill Levonorgestrel | 1.5mg Corona Remedies | India
Pvt. Ltd.

I-Free 72 Levonorgestrel | 1.5mg Synokem India
Pharmaceuticals
Limited

Lydia postpil | Levonorgestrel | 1.5mg Naari Pharma | India
private Ltd.

Sure-72 Levonorgestrel | 1.5mg Synokem India
Pharmaceuticals
Limited

Avibela Levonorgestrel | 52mg/system Odyssea Pharma Belgium

Well-plan Levonorgestrel | 0.15mg/0.03mg Renata Ltd Bangladesh

/Ethinylestradiol

Postinor Levonorgestrel | 0.75mg Gideon Richter | Hugary
PLC

1-pill Levonorgestrel | 1.5mg CIPLA Ltd. India

P2 Levonorgestrel | 0.75mg Famy care Ltd India

Appendix I1: Sample collection form

SAMPLE COLLECTION FORM

(As per manufacturer’s instructions)

QCNUMBER ........cccvenneen.
A. Product information
1. Trade name (if any) .........oooiiiiiii e
2. GENEIIC NAIME ...ttt e
3. Dosage-form ..................... 4. Storage condition ........................

5. Strength/Size ..................... 6. Pharmacopoeia status .................
7. Unit pack size..................... 8. Batch/lot no.
10. Date of manufacture ............. 11. Date of expiry ........................
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12. Name & address of manufacturer .........oooveeeeeieee e,

13. Name & amount of APTon label .........ooiiiiiiiim i

B. Sample information

L SamMPIE SIZE . ..nvieiiee e e
Y 11110 (S0 101 (o
3.8ampled DY .o

(NS T 1 101§ (N

Appendix I11: Analytical method validation report for the Assay method

1.Title of protocol: Analytical method verification protocol for testing
levonorgestrel tablets

2.Protocol Number: NDA/DLS/PRT/140

3.Performance Parameters: Specificity, Precision, Linearity and System
suitability
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4. System suitability results

System suitability Value Limit compliance
% RSD for peak area 0.2 NMT 2% compliant
response of

levonorgestrel for 5

replicates injections

Symmetry factor 0.9 NMT 1.6 compliant
column efficiency 7795 > 5000 compliant

Conclusion: From the above observations it is concluded that the
chromatographic system is suitable for the intended analysis.

5. Specificity results

System suitability Value Observation

Blank | - There was no interference
Sample Retention time | 7.376 observed at the retention time
Standard Retention time| 7.375 of levonorgestrel.

Conclusion: From the above observations it is concluded that the method
is specific for determination of levonorgestrel in
levonorgestrel tablets.

5. Precision results (Repeatability)

HPLC used | Agilent 1260 Infinity with a VWD detector
Limit

Range (%) 95.3-99.3 90.0% to 110.0%

Mean (%) 96.0 90.0% to 110.0%

Individual %RSD 1.6 NMT 2.0%

Conclusion: The analytical method was found to be precise for the
determination of levonorgestrel in levonorgestrel tablets.
Page 1 of 2
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6. Precision results (Ruggedness)

Analyst 1 Analyst 2 Limit

HPLC used Agilent 1260| Agilent 1100 NA
Infinity with | Series with a
a VWD VWD detector

detector
Range (%) 95.3-99.3 | 92.8-945 90.0% to 110.0%
Mean (%) 96.0 94.0 90.0% to 110.0%
Inter-Analyst 1.5 NMT 2.0%

/System %RSD

Conclusion: The analytical method was found to be precise for the
determination of levonorgestrel in levonorgestrel tablets

7. Linearity

Linearity concentrations and observations

Peak area of levonorgestrel | R? Limit
levonorgestrel | Concentration

0 0

65.37927 0.00308 NLT 0.995
96.90821 0.00462 1.000

128.00896 0.00616

160.8812 0.00770

192.33003 0.00924

224.64497 0.01078

Plot of concentration against peak area response
0.012

v=3E-03x

RZ=10.0000

Concentration
- =1
o
[
[wy]

Plot Area §
0 50 100 150 200 250

Peak Area

Conclusion: The Analytical method was found to be linear in the range
of 0-150%

Page 2 of 2
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Appendix 1V: Analytical method validation report for the Dissolution method

1.Title of protocol: Analytical method verification protocol for testing
levonorgestrel tablets

2.Protocol Number: NDA/DLS/PRT/140

3.Performance Parameters: Specificity, Precision, Linearity and System
suitability

4. System suitability results

System suitability Value Limit compliance
% RSD for peak area 1.6 NMT 2% compliant
response of
levonorgestrel for 5
replicates injections
Symmetry factor 0.9 NMT 1.6 compliant
column efficiency 11034 > 5000 compliant

Conclusion: From the above observations it is concluded that the
chromatographic system is suitable for the intended analysis.

5. Specificity results

System suitability Value Observation

Blank | - There was no interference
Sample Retention time | 7.400 observed at the retention time
Standard Retention time| 7.397 of levonorgestrel.

Conclusion: From the above observations it is concluded that the method
is specific for determination of levonorgestrel in
levonorgestrel tablets.

5. Precision results (Repeatability)

HPLC used | Agilent 1260 Infinity with a VWD detector
Limit

Range (%) 87 89 NLT 80%

Mean (%) 88 NLT 80%

Individual %RSD 0.9 NMT 2.0%

Conclusion: The analytical method was found to be precise for the
determination of levonorgestrel in levonorgestrel tablets.
Page 1 of 2
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6. Precision results (Ruggedness)

Analyst 1 Analyst 2 Limit
HPLC used Agilent 1260| Agilent 1100 NA

Infinity with | Series with a

a VWD VWD detector

detector
Range (%) 87-91 83-91 NLT 80%
Mean (%) 89 88 NLT 80%.0%
Inter-Analyst 0.8 NMT 10.0%
/System %RSD

Conclusion: The analytical method was found to be precise for the
determination of levonorgestrel in levonorgestrel tablets.
7. Linearity

Linearity concentrations and observations

Peak area of levonorgestrel | R? Limit
levonorgestrel | concentration

0 0

9.80000 0.00045 NLT 0.995
15.85479 0.00075 0.998

24.84583 0.00120

32.23471 0.00150

36.40258 0.00180

45.30000 0.00225

Plot of concentration against peak area response

0.0025

y = 5E-05x L
E 00015 e
= .
S 0.001 :
=] " N
C 0.0005 e
0 e
0 10 20 30 40 50
Peak area

Chart 4

Conclusion: The Analytical method was found to be linear in the range
of 0-150%
Page 2 of 2
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Appendix V: Checklist used to visually inspect the samples

CHECKLIST FOR VISUAL INSPECTION OF MEDICINES

Container and
closure

Assessment

Yes

No

NA

Does the container and closure protect the product from
the outside environment; e.g. is the container properly
sealed?

Avre the container and the closure appropriate for the
product inside?

Is the container safely sealed?

The medicine
strength (mg/unit)

Is the dosage clearly indicated?

Is the strength - the amount of active ingredient per unit
- clearly stated

For blister or foil strip packed products, is the medicine
strength indelibly impressed or imprinted onto the strip?

Dosage statement

Is the dosage stated on the label appropriate for the
medicine in this form and strength?

Is the product registered and authorized for sale in the
country with this dosage?

The batch (or lot)
number

Does the numbering system on the package correspond
to that of the producing company?

Does the numbering system on the package correspond
to that of the producing company?

For blister or foil strip packed medicines, is the batch
number indelibly impressed or imprinted onto the strip?

The date of
manufacture and
the expiry date

Are the manufacturing and expiry dates clearly
indicated?

For blister or foil strip packed products, is the expiry
date indelibly impressed or imprinted onto the strip?

Storage
information

Are the storage conditions indicated?

Has the product been properly stored?

Leaflet or package
insert

Is the package insert printed on the same colored or
same quality paper as the original (If available to
compare) or does it look familiar?

Is the ink on the package insert or packaging smudge-
proof?

Does the information on the package insert match the
information on the product container?

Physical
characteristics of
tablets

Avre the tablets uniform in shape?

Are the tablets uniform in size?

Are the tablets uniform in color

Avre the tablets free of breaks, cracks, splits or pinholes?

Avre the tablets free of embedded surface spots and
foreign particle contamination?
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Appendix VII: Pictorial

g S12]qeL [21596:

Figure 1: Samples documented in the study

Figure 2: Samples documented in the study
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Authentic sample package

Batch No. T88139L
No in-prints

Figure 3: Back side of the primary package of an authentic and a suspect sample

Has in-prints of expiry date o in-prints of expiry date
manufacturing date and batch number manufacturing date and batch number

Figure 4: Pictorial of the Front side of the primary package of an authentic and a suspect
sample
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Appendix VIII: Statistical analysis conducted using one-way ANOVA at 95% confidence interval for mean drug content of brand B

SUMMARY
Groups Count Sum Average Variance

Bl 10 952.568 95.256791 0.814791
B2 10 932.817 93.281718 0.724817
B3 10 926.756 92.675633 0.954412
B4 10 929.256 92.925614 0.995177
B5 10 943.068 94.306844 1.470498
B6 10 941.174 94.117374 0.917302
B7 10 991.1 99.11 0.909889
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups 292.954 6 48.82573 50.35891  3.45323E-22 2.246408
Within Groups 61.082 63  0.969555
Total 354.036 69
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Appendix IX: Statistical analysis conducted using the student-t test at 95% confidence interval for mean drug content of brand D

t-Test: Two-Sample Assummg Equal Vanances

DI D2

Mean 100.92 101.13
Vanance 0.515111 0.744555356
Observations 10 10
Pooled Variance 0.620833

Hypothesized Mean

Difference 0

df 18

t Stat 0.591686

P(T==f) one-tail 0.28071

t Critical one-tail 1.734064

P(T==t) two-tail 0.561419

t Critical two-tail 2.100922
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