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ABSTRACT

The global emergence of antimicrobial resistance (AMR) highlights the urgent need for
accurate diagnostic tools to combat infectious diseases effectively. Radiopharmaceuticals,
such as the metastable state of Technetium-99m Methylene Diphosphonate (**"Tc-MDP),
are recognized as reliable diagnostic methods; however, challenges related to their storage
persist especially in developing countries like Zambia because storage facilities are quite
costly and maintenance is challenging particularly during power outages. While the
literature has revealed that MDP aliquots kept at frozen and refrigerated conditions remain
of good quality, this research explored the viability of MDP aliquots made from four
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different kinds of normal saline. The research enquired into the potential of ambient-
stored MDP radiopharmaceuticals to overcome the hurdles associated with cold-chain
maintenance and storage infrastructure limitations. By addressing these challenges, the
study aimed to contribute valuable insights that could pave way to a more sustainable and
accessible deployment of nuclear medicine technologies, thereby improving diagnostic
capabilities and patient outcomes in resource-challenged environments. The research was
conducted at the University Teaching Adult Hospital (Nuclear Hot Laboratory) in Lusaka,
Zambia from October 2022 to February 2023. A mixed methodology design was applied
and data was collected from both the laboratory and biodistribution tests. In all, 80 MDP
aliquots made with different types of normal saline were tested and biodistribution studies
were done on staphylococcus aureus infected rat models. Data analysis using Stata 14
revealed that the Radiochemical Purity (RCP) for ambiently-stored MDP aliquots ranged
from 98 to 99%, exceeding the World Health Organization’s expected required minimum
of 90%. Furthermore, the efficacy of the radiolabeled MDP fractions using biodistribution
animal models demonstrated accurate localization. The study concluded that MDP
aliquots stored at ambient temperature demonstrated exceptional RCP and favorable
biodistribution patterns, effectively localizing in regions of interest in infected rat models.
This suggests potential application for ambient-stored MDP in low-resource countries
facing challenges in maintaining cold chain storage, particularly during power outages.
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CHAPTER ONE

INTRODUCTION

1.1. General Overview

Infectious diseases, caused by different microorganisms such as Staphylococcus aureus,
present a global health challenge with substantial morbidity and mortality rates, especially
in underdeveloped countries (Hamid et al., 2023; Boora et al., 2023; Huang and Chen,
2023; Lessa and Sievert, 2023). A significant proportion of the 13 million annual deaths
from infectious diseases occurs in underdeveloped regions, highlighting the urgent need
for accurate diagnostic approaches (IAEA, 2021). Infectious diseases, including HIV,
AIDS, and tuberculosis, particularly impact underdeveloped nations, necessitating
effective diagnostic strategies (Bates et al., 2004; Peer, 2015; Shirwaiker et al., 2015;
Willyard, 2017; Makam et al., 2021). Certain infections, especially those that are deep-
seated like bone and joint infections are widespread diseases that pose difficult diagnostic
and therapeutic challenges for both the patient and orthopaedic Doctor (Garg, 2012;
Hakkarainen et al., 2014; Lipsky et al., 2020).

Among infectious diseases, bone and joint infections pose intricate diagnostic and
therapeutic challenges, and potentially lead to permanent disability if left untreated (Nade,
2003; Shah et al.,, 2014). The prevalence of deep-seated infections, including
osteomyelitis, has tremendously gone up, thereby necessitating advanced diagnostic tools,
especially in the background of increased antimicrobial resistance (Pigrau and Rodrigue,
2013; Charani et al., 2023; Magnano San Lio et al., 2023; Rogers Van Katwyk et al., 2023;
Salam et al., 2023; Walsh et al., 2023). Therefore, it is necessary to find and make every

effort that can help in the correct diagnosis of infectious diseases.

1.2. Diagnosis of Infectious diseases

Understanding the nature of the infection is critical for clinicians in choosing optimal
diagnostic and therapeutic strategies. While clinical assessments, laboratory tests, and
imaging modalities have traditionally been employed, technological advancements have

facilitated more rapid and accurate diagnostic procedures (Ng, 2023; Fuchsova, 2023;



Augustine et al., 2023). Common methods for detecting infections include Clinical
Evaluation which is a common practice for clinicians, where they begin with a thorough
patient history and physical check-up. Fever, soreness, a rash, or swelling are just few of
the symptoms that might indicate the presence and severity of an infection (Crump et al.,
2015). For example, a clinical prediction algorithm for the diagnosis of septic arthritis
(pyogenic bacterial joint infections) was developed (Kocher et al., 1999; Gutierrez, 2005)
based on four clinical variables which are history of fever of above 38°C, a Red Blood
Cell sedimentation rate of 40 mm/hour and a serum white blood cell count of greater than
12,000/mm3. If all of the above conditions are met, there is a 99% chance that the disease
IS septic arthritis. The probability of septic arthritis is 93% if only 75% of the above
conditions are met, 40% if only 50% of the above criteria are met, and 3% if only 25% of

the above criteria are met (Kocher et al., 1999).

Laboratory Blood tests with infection signs like; high white blood cell counts or certain
antibodies may be tested for in blood samples. Bacteria and fungi found in the blood may
also be identified with the use of a blood culture. Urine Analysis tests are used to detect
presence of bacteria and to diagnose urinary tract infections. Analysis of Cerebrospinal
Fluid obtained by a lumbar puncture may help in the diagnosis of meningitis and other
ilInesses of the central nervous system (Mahon and Lehman, 2022). Fluids exhaled by the
Lungs maybe used to detect the presence of viruses and bacteria in the respiratory system
by analysing swabs taken from the throat, nose, or lungs. Other methods include
Microbiological Cultures where it becomes possible to isolate and identify the offending
microorganism (bacteria, fungi, or viruses) by cultivating samples from infected locations
(such as wound swabs, throat swabs, or sputum) on specialized growth medium.

Antibiotic susceptibility testing relies heavily on this technique (Mahon and Lehman,
2022). Molecular Diagnostics of Pathogen genetic material may be detected by
polymerase chain reaction (PCR) and other nucleic acid-based diagnostics. These tests
can detect even the smallest amounts of viruses, germs, and parasites. They are often used
in the diagnosis of viruses like HIV and COVID-19 among others. Serology is another
method where antibodies created by the body in response to an infection may be detected
by a serological test. Hepatitis, HIV, and certain bacterial illnesses like syphilis may all

be diagnosed with the use of these tests. Antigen testing is used to identify infections



based on the presence of a certain protein or molecule on their surface. Virus infections,

such as COVID-19, are often diagnosed with rapid antigen assays.

For immunological tests, antibodies and antigens related to infections may be detected
using a variety of immunological tests like the enzyme-linked immunosorbent assay
(Brockwell et al., 2013). Biopsy is applied when diagnosing an infection in a hard-to-
reach area, such as the bone or an internal organ, a tissue biopsy may be required.
Pathogens may be detected by microscopic examination of biopsied tissue. Photography
from X-rays, Computed Tomography scans, Magnetic Resonance Images, and
ultrasounds are only few of the imaging modalities that may aid in the diagnosis of
infections by detecting anomalies or alterations in the structure of organs or tissues.
Pneumonia and other lung infections are often diagnosed with the use of chest X-rays
(Jaiswal et al., 2019). When diagnosing chronic osteomyelitis, x-ray radiographs appear
quite normal at first, since approximately 40 to 50% of focal bone loss is required to
produce visible bone damage on plain images (Shah et al., 2014). Therefore, when it
comes to infectious diseases of the bones and joints, other precise diagnostic options must
be considered like the use of radiopharmaceuticals that are able to trace exactly where the

infections is sitting (van der Bruggen et al., 2010).

When it comes to infections of the bones and joints, where accurate diagnoses are crucial,
conventional approaches might not be enough (Chianelli et al., 1997; Silverman and
Phelps, 1999; Verburg et al., 2007; Gulyas and Halldin, 2012). lonizing radiation-emitting
radiopharmaceuticals improve specificity, sensitivity, and accuracy, which aids in
diagnosing these difficult illnesses. Microorganisms can travel through the circulation and
infect bones and joints from far away due to trauma, infection at a local location, or
postoperative sepsis (Shirtliff and Mader, 2002; Olsen and van, 2014). According to
Dartnell et al. (2012), Pigrau-Serrallach and Rodriguez-Pardo (2013), Saavedra-Lozano
et al. (2017), Li and Webster (2018), and McNally et al. (2021), most of these infections
affecting bones and joints are often rather difficult to diagnose or treat. Direct trauma or
illness is the usual route of contamination for microorganisms that enter the circulatory
system and can go to any part of the body (Gristina, 1987; Blanchette et al., 2017). Since

ionizing radiation-emitting radiopharmaceuticals are more targeted, sensitive, and



accurate, their usage boosts diagnostic trust (Chianelli et al., 1997; Silverman and Phelps,
1999; Verburg et al., 2007; Gulyas and Halldin, 2012).

1.3. Background to Research Study

1.3.1. Current Trends in optimising use of radiopharmaceuticals - Central
Radiopharmacy

A centralized radiopharmaceutical laboratory manufactures radiopharmaceuticals for a
large group of patients from multiple nearby hospitals at the same time. Given the
generally high cost of nuclear medicine services, several publications describing cost
reduction strategies have appeared in the literature. As early as 1973, Gnau and others
began exploring ways to centralize radiopharmaceutical facilities to lower the price of
nuclear medicine services. Nuclear medicine services were reduced by 50 to 70% due to
the plan to centralize radiopharmacy services. Other notable benefits included improved
radiopharmaceutical quality control, reduced labour, and an improvement in both
community-based nuclear medicine practice and patient care (Dhingra et al., 2015). The
University Teaching Hospital is currently the only facility in Zambia providing nuclear
medicine services, therefore the central pharmacy model cannot be used there.

1.3.2. Current Trends in optimising use of radiopharmaceuticals -Fractionation of
Radiopharmaceuticals

In radiopharmaceutical fractionation, a reconstituted radiopharmaceutical kit is divided
with normal saline to save part or parts for later use (Fleming, 1912). Fractionation is
another strategy to reduce costs associated with the use of radiopharmaceuticals in nuclear
medicine. This has been demonstrated in the literature when aliquots are stored under
refrigerated and frozen conditions. Fractionation has been shown to be beneficial in the
literature (Srivastava et al., 1985; Huigen et al., 1990; Bhatia et al., 2013; Thokchom et
al., 2022). Fractionation of several radiopharmaceuticals is performed to facilitate the
diagnosis and treatment of diseases, make them more affordable, available, and reduce
their waste. No study has been conducted to demonstrate the impact of ambient conditions
on aliquots or possibly places with unreliable appropriate backup mechanisms to maintain

cold chain.

The feasibility of ambient-stored MDP radiopharmaceuticals in resolving the issues of
cold-chain maintenance and storage infrastructure constraints was therefore investigated in this



study. Improving diagnostic capabilities and patient outcomes in resource- challenged locations
might be achieved by a more sustainable and accessible deployment of nuclear medicine
technology. The study aimed to provide significant insights by addressing these obstacles. In
this study, therefore, the different aliquots prepared from different normal saline solutions were
evaluated with the aim of adapting the fractionation method for the Methylene Diphosphonate
radiopharmaceutical (MDP), one of the most used radiopharmaceuticals. MDP is used to
diagnose various diseases, including infectious diseases.

1.4. Statement of the problem

Despite the widespread practice of fractionating radiopharmaceuticals to enhance

accessibility and minimize waste, the impact of ambient storage conditions on aliquots

remains unexplored, particularly in regions lacking reliable cold chain infrastructure.

Given the common use of MDP in diagnostic nuclear medicine, this study aimed at

assessing and comparing the stability of MDP aliquots stored at ambient conditions with

those stored at conventional temperatures, to refine and adapt the fractionation method.

While fractionation method is not currently employed in Zambia, it has potential to reduce
the running cost of radiopharmaceuticals, enhance their affordability and accessibility.
Fractionated radiopharmaceutical kits, stored under controlled conditions, can maintain
viability for several months (Penglis and Tsopelas, 1998; Bayomy et al., 2009; Bhatia et
al., 2013; Dhingra et al., 2019; Thokchom et al., 2022). However, the absence of local
evidence on the quality of fractionated radiopharmaceuticals and real-time biodistribution

studies contributes to the lack of utilization of the fractionation method in Zambia.

1.5. Research Questions

1.5.1. Main Research question

How can the fractionation method of methylene diphosphonate radiopharmaceutical Kits
be adapted for diagnosing infectious diseases at the University Teaching Hospital in Zambia at
a low cost?

1.5.2. Specific Research Questions

1. How does the radiochemical purity (RCP) of radiolabelled methylene

diphosphonate (*®*"Tc-MDP) fractions stored under ambient conditions compare with

those stored

conventionally (frozen and refrigerated)?



2. What differences in RCP are observed between radiolabelled MDP fractions
prepared from argon-purged normal saline (NSA) versus those prepared from plain

normal saline (NS)?

3. How does the RCP of radiolabelled MDP fractions reconstituted with tin chloride
augmented NS (NSSnCl2) compare with those reconstituted with tin chloride augmented
NS purged with argon (NSSnCI,A)?

4. What is the efficacy of radiolabelled MDP fractions determined through
biodistribution studies in animal models?

1.6. Research Objectives

1.6.1. General Objective

The aim of the study was to adapt the MDP radiopharmaceutical kit fractionation method
in the diagnosis of infectious diseases at the University Teaching Hospital in Zambia.

1.6.2. Specific Objectives

1. To compare the Radiochemical purity (RCP) of ambiently stored radiolabelled
methylene diphosphonate MDP fractions with those stored at conventional (frozen and
refrigerated) conditions.

2. To compare the RCP of radiolabelled MDP fractions prepared from argon-purged

normal saline (NSA) with those prepared from plain normal saline (NS).

3. To compare the RCP of radiolabelled MDP fractions reconstituted with tin
chloride augmented NS (NSSnCl,) with those reconstituted with tin chloride augmented
NS and purged with argon (NSSCIA).

4, To determine the efficacy of the radiolabelled MDP fractions through
biodistribution in animal models.

1.7. Significance of the study

This study was justified by the lack of information regarding the exploration on the impact
of ambient storage conditions on fractionated radiopharmaceutical aliquots, especially in
areas where maintaining a reliable cold chain infrastructure is challenging. Considering
the widespread usage of MDP in diagnostic nuclear medicine, it was essential to assess
and compare the stability of MDP aliquots stored under ambient conditions versus
conventional temperatures. The aim was to refine and adapt the fractionation method to
ensure the accessibility and efficacy of radiopharmaceuticals while minimizing waste.



The paramount goal of utilizing appropriate radiopharmaceuticals in medical diagnostics
is to enhance disease diagnosis and subsequently alleviate the mortality and morbidity
rates associated with various medical conditions (IAEA, 2006). However, the accessibility
of nuclear medicine services for all patients hinges on the availability of affordable
radiopharmaceuticals. To address this challenge, the fractionation of
radiopharmaceuticals has emerged as a potential solution. Studies have demonstrated that
fractionated radiopharmaceutical kits, when stored under controlled conditions, maintain
their quality for extended periods, offering a prospect to reduce costs and minimize
wastage (Bhatia et al., 2013; Dhingra et al., 2019; Thokchom et al., 2022). Despite the
proven benefits, the absence of local evidence and guidelines has hindered the adoption
of this cost-effective strategy in Zambia, where adaptation to local conditions, such as
power disruptions affecting the cold chain system, is crucial.

This research was imperative to assess the impact of ambient conditions on the stability
of MDP fractions. The study also recognized the challenge where a single vial of MDP,
adequate for multiple patients, may be wasted due to a low patient volume or a limited
radionuclide dose. In the context of Zambia, a resource-constrained country where nuclear
medicine services are predominantly subsidized by the government, any initiative to
enhance resource availability and affordability is of paramount importance. The research
not only contributes valuable insights into the radiochemical purity of radiolabelled MDP
aliquots stored at ambient temperatures but also sheds light on the implications of varied
normal saline preparation methods on radiochemical purity. Notably, this study addresses
crucial considerations in the diagnostic realm, specifically for infectious diseases.
Therefore, this study contributes significantly to this field by investigating methods to
optimize the utilization of radiopharmaceutical resources, addressing both economic and
diagnostic efficacy aspects, and potentially making nuclear medicine services more

sustainable and accessible in Zambia.



CHAPTER TWO

LITERATURE REVIEW

2.1. General Overview
The literature review gives a thorough introduction to radiopharmaceuticals, highlighting
their use in medical diagnosis and treatment. It delves into the past, present, and potential future
of radiopharmaceutical applications in healthcare. Challenges in radiopharmaceutical use are
also discussed, with the high cost of these medications being a major one. As a result, strategies
like fractionation are being investigated to see if they may reduce costs. According to Saha
(2010) and Payolla et al. (2019), radiopharmaceuticals are novel drug formulations made up of
radioisotopes and pharmaceutical ligands. While the latter serve as carriers of the preparation to
the targeted portion of the body, the former generates the necessary radiation (Dash et al., 2013).
A sterile and pyrogen-free reaction vial is used for the preparation of radiopharmaceuticals. It
contains nonradioactive chemicals like complexing agents (ligand/pharmaceuticals), reducing
agents, and stabilizers that are necessary to produce a particular radiopharmaceutical after
reaction with a radioactive component (Saha, 2010). Once administered and distributed,
radiopharmaceuticals concentrate in the target organ and produce radiation that can be used for
diagnosis or treatment of various ailments including infectious diseases (Catarino, 2017).
2.2. Trends in general use of Radiopharmaceuticals for diagnosis and treatment
The rapid expansion of the usage of radioisotopes in medicine following Roentgen's
discovery of x-rays in 1895 led to Becquerel and Marie Curie's discovery of radioactivity
(Anderson, 2019). Iréne and Frédéric Joliot-Curie's invention of artificial radioactivity
was one of many in the first few decades of the 20th century (Welch et al., 2003). lodine-
131 was effectively utilized to treat Graves' illness and thyroid cancer in 1946 thanks to
nuclear scientific research that had previously been used for devastation during World
War 1l (IAEA, 2006). Radiographic imaging was carried out essentially in the same way
since Wilhelm Conrad Roentgen first discovered the X-ray until the early 1970s, but then
radiography underwent a revolution. One of the most significant developments in
diagnostic imaging since the invention of the X-ray itself occurred in the 1970s with the

integration of computers into the image creation process.



The evolution of novel imaging techniques, including Computed Tomography (CT),
Magnetic Resonance Imaging (MRI), Sonography (S), and Nuclear Medicine (NM), which
employs radiopharmaceuticals has been facilitated by computers. Over the past 50 years, a large
number of radiopharmaceuticals have been developed for a variety of industrial and medicinal
uses (Brugarolas et al., 2020). Some of them are utilized for infectious disease diagnostic
imaging (Walter et al., 2014; Dadgar et al., 2022). Other are employed in the management and
detection of non-infectious illnesses. Particle-emitting radioisotopes connected to tissue-
targeting radiopharmaceutical agents are used as unsealed therapeutic sources in
radiopharmaceuticals for therapy (Knapp et al., 2016). For instance, bone-seeking
radiopharmaceuticals have been used in cancer pain palliation therapy for bone metastases
(D'Angelo et al., 2012).

2.3. Current Trends in Radiopharmaceuticals use in Medicine for diagnosis and

treatment

The use of radiopharmaceuticals is increasing vividly worldwide (Duncan, 1998;

Giovacchini et al.,, 2018; Filippi et al., 2021). Effective application of

radiopharmaceuticals demands that we use more clinically validated

radiopharmaceuticals (Stephenson et al., 2015). To increase the availability of more
radiopharmaceuticals on one hand, new and better radiochemical preparation methods are
being developed (Weissleder et al., 2016; Herrero et al., 2021). Recent developments in
the production of !8F-radiopharmaceuticals used to diagnose different types of cancers are
focused on synthesis methods that are simple to perform and therefore enabling easy
distribution (Schirrmacher and Schirrmacher, 2007; Elsinga, 2012; Gower et al., 2021).

2.3.1. Use of radiopharmaceuticals in diagnosing infectious diseases

Radiopharmaceuticals being used in diagnosing infectious diseases include but not limited
to Gallium Citrate (6’Ga) and Indium (***In) which are used in abscess and infection, while
Technetium Methylene diphosphonate (*®*™Tc-MDP) is being used in bone and joint
infections (Welch and Redvanly, 2003; Ballinger, 2021). White cell labelling for imaging
infections is being done in advanced Nuclear Centers (Britton et al., 1997; McCartney,
2006). The use of radiolabeling with white blood cells is the gold standard techniques for

detecting infections. It is based on the property of leukocytes which are able to migrate



into infected areas (Vinjamuri et al., 1996). The imaging of the areas to which the cells
spread in the body then allows the infected regions to be identified through a gamma

camera.

Many other Radiopharmaceuticals are currently being used to diagnose different types of
infectious diseases (Signore et al., 2023; Lau and Mostafa, 2023; Palestro, 2023; Calabria
et al., 2023; Benfante et al., 2023; Kleynhans et al., 2023). This is usually done in the
nuclear medicine department of a hospital. One of the procedures frequently used in
nuclear medicine is bone scintigraphy, which is used, among other things, to detect
infectious diseases. The optimal agent for bone scintigraphy is technetium labelled with
methyl diphosphate (**"Tc-MDP), which has high bone-soft tissue absorption, fast blood
clearance, and good in vivo stability (Leslie et al., 2011; Chen et al., 2016; Looker, 2017).
The high bone-tissue absorption is based on the increased osteoblastic activity of bone
remodelling and blood flow in the affected bone tissue. **"Tc-MDP exhibits high
chemisorption and therefore localizes to the region of interest easily (Zuckier and
Freeman, 2010; Chakraborty et al., 2013; Rowe et al., 2016; Zhang et al., 2019), while the
rest is excreted via the kidneys (Leide-Svegborn et al., 2016; Mandiwana et al., 2018;
Khawar et al., 2019; Jiang et al., 2021). Diagnosing bone diseases like osteomyelitis can
best be done by using low-dose ionizing radiation studies with **"Tc-MDP bone scan
(Kaul et al., 2013; Dammann et al., 2014; Shah et al., 2014; Versari and Casali, 2021;
Woods et al., 2021).

In vivo methods using ionizing radiation, for example, provide images of infectious
diseases of the bones and joints, which can be caused by Staphylococcus aureus (S.
aureus) and Pseudomonas aeruginosa (P. aeruginosa), among others (Agaja and
Ayorinde, 2008; Wu et al., 2019; Van Dijk et al., 2020). In addition, different in vivo
radioisotope techniques are used to identify different physiological and pathological
conditions in humans to detect early pathophysiological changes before structural changes
take place (Signore and Glaudemans, 2011). For example, °™Tc-Sestamibi used for heart
disease, hepatobiliary radioisotope iminodiacetic acid (**™Tc-HIDA) scans for liver and
gallbladder disease, thyroid scans using radioactive iodine-131 to detect thyroid disease,
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and ®™Tc-MDP scans for bone and joint disease are just a few of these procedures
(Landau et al., 2013; Cook et al., 2013; Radiation Studies, 2014; Cherry et al., 2018;
Orlhac et al., 2018; Mayerhoefer et al., 2020). Rapid test Kits are used to diagnose diseases
such as
HIV/AIDS, Ebola and malaria using in vitro methods using ionizing radiation (IAEA,
2021).

2.3.2. Use of radiopharmaceuticals in diagnosing non-infectious diseases
As noted by Ballinger (2018), certain radiopharmaceuticals play a dual role in both
diagnosing and treating benign and malignant diseases. Diagnostic radiopharmaceuticals find
application in various medical conditions, spanning cerebral vascular disorders like Alzheimer's
disease, schizophrenia, epilepsy, and studies related to neurotransmitters (Tian, 2016).
Techniques such as scintimamography, sentinel node identification, myocardial perfusion
studies, neuroreceptor imaging, and renography serve as effective diagnostic methods for
tumors, encompassing both benign and cancerous varieties (Censullo and Vijayan, 2017). These
diagnostic tools contribute significantly to identifying the precise locations of distant metastases,
assessing injuries to bones and joints, and evaluating metabolic bone disorders. In essence, the
versatile nature of radiopharmaceuticals facilitates a comprehensive approach to diagnosis,
enabling healthcare professionals to address a wide spectrum of medical conditions with
precision and efficacy.
Only very low doses of radiopharmaceuticals are administered to the patient to diagnose
medical issues (Saha, 2010; O'Malley and Ziessman, 2020). Depending on the
radiopharmaceutical employed and how it is administered, the radiopharmaceutical either
passes through or is absorbed by an organ of the body where the imaging is supposed to
be done (Saha, 2010). The nuclear physician can then examine how the organ is
functioning by using specialized imaging equipment to detect radioactivity and create
photographs of the organ, and determine the different ailments like infections, tumors, or
any other pathologies that may be present in the organ. The concept of localization
remains the same whether it’s a therapeutic dose which is usually higher than diagnostic

doses.
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2.3.3. Cost of radiopharmaceuticals on the global market

Radiopharmaceuticals used to diagnose and treat a variety of diseases, including
infectious diseases, are quite expensive (Saha, 2011). The global market for
radiopharmaceuticals is expected to be worth US$11 billion by 2030, growing at 10.5%.
Nuclear medicine services are vital and important in the medical field but are not come

cheap, this applies to Zambia as well (figures 2.1 to 2.3).
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Figure 2.1 Cost of radiopharmaceuticals globally
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Figure 2.2: Radiopharmaceutical Global Market growth
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Figure 2.3: Showing cost of Radiopharmaceuticals in Zambia over 4 years (Annual
reports, 2020) UTH Nuclear medicine)

2.3.3.1. Cost of Methylene diphosphonate Radiopharmaceutical

Methylene diphosphonate (MDP) is one of the most commonly used radiopharmaceuticals
and like most other radiopharmaceuticals, it is manufactured by as a lyophilized agent,
which increases the cost. The United States Food and Drug Administration (FDA) has
approved the use of MDP radiopharmaceutical. It is one of the most used
radiopharmaceuticals worldwide (Jurisson et al., 1993; Evbuomwan, 2018; Nur et al.,
2018; Anderson, 2020) and in Zambia. Typically, radiopharmaceutical kits containing
multiple doses of methylene diphosphonate are supplied in vial containers. If patients are
pooled at the same time, one vial can treat up to ten patients. However, a whole vial of
MDP is consumed, resulting in the waste of these expensive items, regardless of whether

the number of patients is pooled at one time or the radioactive dose has dropped.
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Patients in Zambia currently pay between US$15 and US$35 for a single dose of the
methylene diphosphate radiopharmaceutical bone scan, as it is subsidized by the Zambian
government. In addition, most of the patients who need these treatments fall into the
financially underclass category and do not pay the affordable fee; As a result, they receive
a full exemption from social security. Despite the seemingly untenable reality mentioned
above, the government still provides subsidies for the continued operation of these very
expensive services. In Zambia, the average cost of a vial of MDP is about US$90,
excluding the handling cost of delivering radiopharmaceutical kits. It is therefore
necessary to ensure that these services do not burden the state budget at the expense of
other equally important services, even if the government may prefer to offer them at a
greatly reduced price. Therefore, any strategy that can optimise the use of these expense
products and make them cost effective is worthy exploring. This is where this research

became relevant and necessary.

At Hassan Sadikin Central Hospital in Indonesia, an MDP diagnosis set costs US$320 for
a low-cost patient and US$450 for a high-cost patient (Personal communication). The
minimum cost of therapy is US$900 for a low-cost patient and $1200 for a high-cost
patient. Diagnostic MDP dosing costs US$350 in South Africa (Personal communication).
In the Indonesian hospital mentioned above and in South Africa therapeutic doses are far
more expensive (average greater than US$1000), but in Zambia they are only $38. Patients
currently pay between US$15 and US$35 for a single dose of MDP for diagnostic
purposes at the University Teaching Hospital (UTH) Nuclear Medicine Unit. While these
fees may seem small, money is being spent by the government of Zambia to subsidize

these services, hence the need to find mechanisms to try and curb this.

2.4. Fractionation of Radiopharmaceuticals

Radiopharmaceutical fractionation involves dividing a reconstituted radiopharmaceutical
kit using ordinary saline, allowing portions to be saved for later use (Saha, 2010). The
literature reports that fractionation can be a cost-saving method, with radiopharmaceutical
Kits reconstituted, split into portions, and frozen for future use. When the vials are thawed
(a process that could take hours or days), ®°™Tc pertechnetate is added. Studies have shown

that the radiochemical purity of these fractionated kits typically meets the minimum
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requirement of 90%, making them suitable for clinical and research use (USP, 2005; Saha,
2010; BP, 2016; WHO, 2019).

Thokchom et al. (2022) evaluated how fractionation affects the radiochemical purity of
an MDP radiopharmaceutical kit. Using either the vial or syringe method, the MDP kit
was fractionated and stored at -20°C. The effectiveness of the fractionated **"Tc-MDP
was assessed and compared with 99mTc-MDP prepared conventionally. The study
involved 100 patients, and both the vial and syringe methods resulted in >95%
radiochemical purity. However, by the eighth day, radiochemical purity declined to 83.6%
and 88%, respectively. No microbial growth was detected during the storage period,

confirming the safety of the techniques.

Dhingra et al. (2019) tested multiple samples of MDP, dimercaptosuccinic acid (DMSA),
and diethylene pentaacetate (DTPA) kits for radiochemical purity. The average purity was
95.1%, 91.4%, and 95.7%, respectively. These samples were divided into aliquots, stored
at -20°C to -30°C, and showed stable purity for up to 15 days. Bhatya et al., (2013)
similarly found that DTPA and MDP aliquots stored at -10°C for up to 10 days maintained
over 90% radiochemical purity.

Ballinger et al., (1995) demonstrated the stability of fractionated 99mTc-Exametazime
(99mTc-HMPAO) kits. These kits were divided into aliquots, frozen, and later
reconstituted with *°®*"Tc pertechnetate. Even after five days of freezing, the
radiochemical purity ranged from 90% to 96%. Notably, when stored in vials purged
with argon, the radiochemical purity of aliquots remained above 97%, even after 21

days.

Penglis et al., (1998) fractionated and stored Mercaptoacetyltriglycine (MAG3) at -70°C
for 28 days, achieving an average radiochemical purity of 98.4% upon reconstitution.
Similarly, 99mTc-Tetrofosmin, stored at -80°C for 3 months, retained purity of 96.5
1.6% (Penglis et al., 2000). Sestamibi kits, fractionated and stored at -20°C, showed
labeling efficiency above 90% (Mansur et al., 2006). Cooper et al. (2006) stored sestamibi

kits in nitrogen-filled vials for 8 hours, maintaining purity above 90%. Fractionation
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studies have also demonstrated cost savings. Prabakaran et al. (1997) showed an average
radiochemical purity of 92.1 + 2.7% for fractionated sestamibi and exametazime Kits.
Malzac et al. (1997) successfully fractionated several kits, including HMDP, MAG3, and
HMPAO, with significant cost savings and radiochemical purity within acceptable limits.

However, Decristoforo et al. (1996) found that MAG3 Kits stored at -10°C to -70°C had
low radiochemical purity (63%) due to tin (1) oxidation caused by oxygen exposure in
the eluate. This highlights the need for careful handling of kits containing stannous
chloride, as an inert gas atmosphere (e.g. argon) is necessary to prevent oxidation and
maintain purity. Bayomy et al. (2009) investigated different methods to reduce MDP kit
costs. They found that fractions stored in non-oxygenated vials at -20°C to -28°C
maintained 98.6% radiochemical purity. However, fractions stored in oxygenated vials at
the same temperature had lower purity (88.9%), underscoring the importance of using
inert gas or antioxidants during storage to preserve ligand stability. In conclusion,
fractionation of radiopharmaceutical kits has been shown to be a viable method for cost
savings, with most studies reporting radiochemical purity levels that meet clinical and
research standards. However, certain Kits, like MAG3, require additional precautions to

maintain stability, particularly when stannous chloride is involved.

2.5. Biodistribution and mechanism of localization of Radiopharmaceuticals

By combining a biologically active molecule that mimics the physiological properties of
the imaging site of interest with a radioactive molecule (radionuclide), which allows
external detection by emitting radiation (Palm et al., 2003; Ziessman et al., 2013; Ranjbar
et al., 2021; Jang et al., 2022), radiopharmaceuticals are created. This process is known
as labelling. This ensures that the compounded radiopharmaceutical will be localized or
distribute in the patient's region of interest. The labelling efficiency is determined by
performing a radiochemical purity test, which must be above 90% (Saha, 2010;
Sadeghpour et al., 2015; Maioli et al., 2017; Rathmann et al., 2019). This accurate
localization makes it easier to obtain a high-quality diagnostic image and a precise
diagnosis. Factors related to radiopharmaceutical preparation and formulation are
significant variables influencing the biodistribution of radiopharmaceuticals (Ripoll-
Hamer et al., 1998; Saha., 2010; Kurniawan et al., 2020; Elgebaly et al., 2023). To ensure

successful biodistribution, some quality control tests, such as those for radiochemical
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purity, must be carried out before to injection (Vallabhajosula et al., 2010; Nagali, et al.,
2011; Swanepoel., 2014; Doot et al., 2020). Numerous mechanisms, including active
transport, capillary blockade, sequestration, antigen-antibody reactions, receptor binding,
and metabolic trapping, enable the biodistribution and localization of
radiopharmaceuticals (Palm et al., 2003; Newberg et al., 2004; Saha, 2010; Taylor, 2013;
Kunos et al., 2021).

In many instances, the determination of the diagnosis of infectious diseases, including
those involving deep-sited illnesses like osteomyelitis depends on the enhanced
absorption, localization, and biodistribution of radiolabelled radionuclides like *™Tc-
MDP, which are often higher in damaged bone or tissue where there are infections (Horst
et al., 2012; Lin et al., 2021), when the bone heals. The interaction with specific
medications is one of the factors that can interfere with the efficient biodistribution of
radiopharmaceuticals (Lentle et al., 2007; Ji-xin and Yan-hua, 2010). Gamma rays
released by the ®*"Tc-MDP are captured by a Single Photon Emission Computed
Tomography (SPECT) gamma camera connected to a computer, creating images that
indicate the location and biodistribution of the **™Tc-MDP. Figure 2.4 below shows an
example of a SPECT gamma camera. A strong foundation for the idea that this method
can be used has been provided by biodistribution studies on fractionated MDP that have
shown positive results in the literature (Negi et al., 2019; Thokchom et al., 2022).
According to a study by Thokchom and colleagues, the fractionation of cold Kits using
standardized technology, which is a cost- and time-effective process, had a very good
RCP hence had shown excellent localization in hundred human patients. Similar to this, a
study on various radiopharmaceuticals was conducted in 2019 by Negi and others.
Imaging in human patients with numerous samples showed that the biodistribution of the

fractions was precise in the region of interest (Negi et al., 2019).
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Figure 2.4: An example of a gamma camera in nuclear medicine Department
(https://www.bing.com/images/search).

Figure 2.5 below shows images of a SPECT gamma camera used on a human patient
(Thokchom et.al., 2022).
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Figure 2.5: Whole body anterior bone image. (a) Day 1 (vial method). (b) Day 2 (vial

method). (c) Day 1 (syringe method). (d) Day 2 (Syringe method)

Key to figure 2.5: Whole Body Anterior Bone Image using SPECT gamma camera:

1. High Uptake Areas (Bright/Intense Regions): Represent areas of increased
radiopharmaceutical accumulation, indicating high metabolic or osteoblastic activity.
This is commonly seen in joints, spine, pelvis, and healing fractures. Possible
indications include metastatic bone disease, fractures, infections (osteomyelitis), or
arthritis.
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Moderate Uptake Areas (Intermediate Intensity): Normal physiological distribution of
the radiopharmaceutical in bones. Symmetrical uptake in ribs, long bones, and skull
suggests a normal scan.

Low Uptake Areas (Dark/Cold Spots): Indicate reduced or absent radiopharmaceutical
uptake. May be due to ischemia, bone necrosis, or certain bone lesions.

Differences Between Day 1 and Day 2: Show changes in radiopharmaceutical
distribution may indicate clearance patterns of radiopharmaceutical, disease
progression, or treatment response.

. Vial Method vs. Syringe Method: Indicates differences in image quality and uptake
patterns as the radiopharmaceutical wears out due following biodistribution efficiency.
The parts showing more uptake (darker than others) of MDP indicate presence of
disease, hence aids in disease localisation in region of interest. Similarly, figure 2.7 a
Google image also clearly shows the distribution of the concentration of the *™Tc-
MDP radiopharmaceutical can be seen as hot sports showing dark brown, this
significantly indicates needy areas where the bone is highly taking up the methyl
diphosphonate in a bid to repair and heal. This can be seen also in Figure 2.6 below
extracted from the study by Dhingra et al. (2019). These images were generated by a
SPECT gamma camera done on a human patient. The distribution of the concentration
of the %MTc-MDP radiopharmaceutical can also be seen in Figure 2.8, this one was also
generated by a gamma camera but the imaging was done in a rat. The parts showing

more uptake of MDP indicates location of pathological condition.
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Figure 2.6: Gamma camera image showing biodistribution of %MTc-MDP

radiopharmaceutical aliquots (Negi et al., 2019)

Key to figure 2.6: Gamma Camera Image Interpretation

1. High Uptake Areas (Bright/Intense Regions): Bones (Skeleton): Normal physiological
uptake occurs in bones due to the affinity of **"Tc-MDP for hydroxyapatite, reflecting
bone metabolism. Fractures, Bone Metastases, Osteomyelitis: Increased radiotracer
concentration in these regions indicates active bone remodelling or pathology.

2. Moderate Uptake Areas (Intermediate Intensity): Joints: Slightly increased uptake may
be seen in arthritic or inflammatory conditions. Soft Tissues: Some soft tissue uptake
can occur due to inflammation or calcification.

3. Low Uptake Areas (Dark/Cold Regions): Normal Soft Tissues & Background Activity:

Minimal radiotracer accumulation in muscles, fat, or blood, except in cases of abnormal
calcium deposition. Photon Deficient Lesions: Areas of decreased uptake may indicate

avascular necrosis or certain bone tumors.

The image below shows pictures of a SPECT gamma camera done on a human patient.
The parts showing more uptake of MDP indicate disease. SPECT Gamma camera has
better imaging than planar hence highly recommended.

A B
> g -
>, T 4 (“ <
'.~ 7"’—? 'f&‘ A
» ~ - 9 .
. -

Figure 2.7: Localization of *™Tc-MDP radiopharmaceutical in cancer metastases

(https://www.jnm.snmjournals.org)
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Key to Figure 2.7: Localization of 99mTc-MDP Radiopharmaceutical in Cancer

Metastases

1. High Uptake Regions (Bright/Hot Spots): Indicates areas of increased osteoblastic
activity. Common sites: Spine, ribs, pelvis, long bones, and skull. Possible
interpretation: Bone metastases, fractures, or degenerative bone disease.

2. Normal Physiological Uptake: Symmetrical uptake in major joints (e.g., knees,
shoulders) and along vertebral bodies.

3. Low or Absent Uptake (Cold Spots): Indicates areas of reduced perfusion or bone

destruction.

The image of a SPECT gamma camera done on a rat with peritonitis. The parts showing

more uptake of MDP indicate disease.

Figure 2.8: Image produced from a gamma camera, of a rat model injected with

radionuclide shows better localization than images from a planar (Sulaiman et al., 2018)

Key for Figure 2.8: SPECT Gamma Camera Image of a Rat with Peritonitis

1. High Uptake Areas (Bright/Hot Spots): regions with increased MDP accumulation,
indicating active infection or inflammation.

2. Low Uptake Areas (Dark/Cold Spots): Regions with minimal radionuclide localization,
representing normal or less affected tissue.

3. Bone Structures: Areas naturally accumulating MDP due to bone metabolism, serving
as anatomical landmarks.

4. Soft Tissue Background: Areas with general radionuclide distribution but without

specific targeting, providing contrast for lesion identification.
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2.6. Possible challenges in the use of Radiopharmaceuticals

2.6.1. Cost of Radiopharmaceuticals

Worldwide, the expense of using radiopharmaceuticals is still considerable

(Zimmermann, 2013; Sgouros et al., 2020; Cutler, 2019). Additionally, papers indicating

fractionation as a method of optimizing their use have been published in the literature

(Prabhakaran et al., 1997; Penglis et al., 2000; Mansur et al., 2006; Bhatia et al., 2013,

Dhingraet al., 2019). The method of fractionating radiopharmaceuticals involves dividing

up radiopharmaceutical Kits that have been reconstituted with normal saline into different
portions for usage in the future (Fleming and Ryo, 1992).

2.6.2. Design and delivery of Radiopharmaceuticals to point of focus

To understand the specific difficulties faced during the design, radiosynthesis, in vitro and
in vivo evaluation, and clinical translation of novel radiopharmaceuticals, this review discusses
general concepts about radiopharmaceuticals for diagnostic or therapeutic applications
(Vermeulen et al., 2019). The type and location of the molecular target, the desired application,
and the time restrictions imposed by the relatively short half-life of radionuclides must all be
considered when choosing a suitable vector molecule and an appropriate radionuclide (Ballinger,
2018).

2.7. Future Trends in Radiopharmaceuticals use in Medicine for diagnosis and

treatment

In an effort to better human health, innovative research is still being done to create radio

pharmaceuticals (Anderson, 2019; Kaushik et al., 2021; Holik et al., 2022,

Vallabhajosula., 2023). The development of even more specialized agents for bacterial

infection imaging has been made possible by the careful design of new

radiopharmaceutical Kkits (Auletta et al., 2019). For instance, a dried ciprofloxacin

radiopharmaceutical kit (Nurlaila et al., 2009) and an Ethambutol radiopharmaceutical kit

(Kartamihardja et al., 2018) are being tested for clinical usage in Indonesia to diagnose

extra pulmonary tuberculosis and bacterial infections, respectively. This study will

examine potential applications for MDP aliquots stored at ambient temperatures with or

without addition of stannous chloride. If they work, these aliquots can be employed in low

resource settings with low volume Nuclear Medicine facilities.

CHAPTER THREE
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MATERIALS AND METHODS

This chapter outlines and discusses the research methodology in terms of the research
design, research approach, sample size calculation determination, data collection tools,

data collection methods, data analysis and ethical clearance respectively.

3.1. Study Design

The research implored a mixed (quantitative and qualitative) method research design
which conducted laboratory experiments and observational studies. The purpose of this
research was to modify a previously established method for fractionating Methylene
diphosphonate (MDP) radiopharmaceuticals for use in diagnosing deep seated infectious
diseases once labelled with Technetium (**™Tc). Figure 3.1 below shows the formula for
¥mTc-MDP.

OH HO
2 e OH Xy =0
p\ I /p
< O 7/.. 00mTa VNP >
_ O I ES
g % OH
o= \ Pl
OH HO

[P2mTc]Te-MDP

Figure 3.1: MDP kit Formula labelled with Tc

3.1.1. Quantitative Component: Experimental (quantitative) Design The experimental
group design involved:

a. Intervention  which involved the aliquoting process. The MDP
radiopharmaceutical kit was subjected to aliquoting with the addition of stannous chloride
and Argon gas. This process aimed to evaluate the impact of these specific interventions
on the stability and characteristics of the quality of MDP fractions.

b. Control Group included MDP Aliguots without addition of Stannous Chloride
and Argon gas. The control group consisted of MDP aliquots prepared without the
inclusion of stannous chloride and argon gas. This control setup allowed for a comparative
analysis to discern the specific effects of stannous chloride on the stability of the
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radiopharmaceutical. Also, MDP aliquots kept at recommended (frozen and refrigerated)
conditions to compare the difference in quality with those MDP aliquots kept at ambient
conditions.

C. Conditions involved ambient storage. Both the experimental and control groups
were stored under ambient conditions. This choice of storage conditions reflects real-
world scenarios where radiopharmaceuticals may be stored before use during power
outage and lack of appropriate back up plans.

d. A duration of eighteen days stability assessment was considered. The study
spanned a defined period of eighteen days to comprehensively assess the stability of the
MDP fractions over time. This duration was selected to capture potential changes in
radiochemical purity and other quality indicators during an extended storage period.

e. Measurements involved quantitative assessments. The stability of MDP fractions
was measured through periodic quantitative assessments. These quantitative assessments
included Radiochemical Purity which measures the extent to which the
radiopharmaceutical retained its intended chemical composition, pH Measurements which
monitors changes in pH levels as an indicator of potential alterations in the chemical
characteristics of the MDP fractions and other additional Quality Indicators were
conducted to evaluate various quality indicators, providing a comprehensive
understanding of the stability of the radiopharmaceutical under different conditions as
detailed under 3.6.3.

3.1.2. Real-Time Biodistribution Study: Observational (qualitative) Design

a. Research objects were infected and uninfected rat models. The uninfected rat
models were used as controls. The study involved the participation of a cohort of infected
rats and uninfected rat models undergoing nuclear medicine procedures using MDP
aliquots. These rat models were selected to mimic real-world scenarios where the
radiopharmaceutical is used for diagnostic purposes in the presence of various bone

infections.

b. The objective was to assess the diagnostic potential assessment. The primary aim
of this observational study was to evaluate the diagnostic potential of MDP aliquots stored
under ambient conditions. This involved investigating the effectiveness of the MDP
radiopharmaceutical aliquots in accurately localising in regions of interest (those with
infections) within the rat models.
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C. Data Collection involved real-time monitoring and imaging, upon which the
biodistribution patterns were observed in real-time during a nuclear medicine procedure.
The nuclear planar was employed to capture the dynamic images showcasing the
distribution of MDP within the rat models over time. This real-time approach allowed for
a qualitative understanding of how the radiopharmaceutical interacted with infected
tissues.

d. Data Analysis involved qualitative analysis of biodistribution patterns. The
observed biodistribution patterns were qualitatively analyzed to identify areas of increased
uptake or concentration of the radiopharmaceutical within the infected rat models. This
qualitative assessment provided insights into the performance of MDP in diagnosing and
highlighting infection sites.

e. Correlation of Qualitative and Quantitative Findings: A holistic approach
involved correlating qualitative observations with quantitative data to enhance the overall
understanding of how MDP aliquots, stored under ambient conditions, contributed to the
diagnostic process in the context of infection in the rat models.

3.2. Study Site

The modified fractionation procedure was tested in a controlled setting at the University
Teaching Adult Hospital Nuclear Hot Laboratory in Lusaka, Zambia. The location of the
site is as shown in Figure 3.2 below. The University Teaching Hospital is the only tertiary
referral hospital in Zambia that offers services in Nuclear Medicine and is certified by the

Zambia Radiation Protection Authority (ZRPA), hence the research was conducted there.
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Figure 3.2: The map of Zambia highlighting Lusaka Province the location for the research
site. Map of study sites constructed in Quantum Geographic Information System (QGIS)
software, version 3.40.3.

Campus and Distance Scale for Figure 3.2
Campus Scale: Hospital Complex Size covers approximately ~30-40 hectares (300,000 to
400,000) square meters (http://yourfreetemplates.comgoogle maps). Comprises multiple

buildings, specialized wards, and research facilities with bed Capacity of over 1,800 beds,
making it the largest main tertiary referral hospital offering nuclear medicine services
hospital in Zambia. University Teaching Adult Hospital Nuclear Hot Laboratory marked

as the specific research site within the University Teaching Hospital (UTH) campus.

Distance Scale: from Lusaka City Center to UTH, it is approximately 3-5 km, while from
Kenneth Kaunda International Airport to UTH it is approximately 20-25 km (Maps from

http://yourfreetemplates.com, google maps).

3.3. Study Sample Size Calculation and Sampling method

3.3.1. Sample Size Calculation for Number of MDP aliquots

The sample size was determined by using Cochran's formula, which uses a 95%

confidence interval (so Z=1.96) and a mean from a comparable study, in this case a study
conducted by Dhingra et al. (2019) with SD of 5.43 and sample size of 30. Because the

26


http://yourfreetemplates.com/
http://yourfreetemplates.com/
http://yourfreetemplates.com/

outcome variable is a continuous (RCP: >90% to 100%; Saha, 2010), the formula used a
95% confidence interval (so Z=1.96) and a mean from the similar study done by Dhingra
etal. (2019).
Therefore, Sample size calculation for the research was;

N = (Z?) x SD? /Precision?

Precision=Z x Standard Error (SE) of mean from similar study
SE=SD/vn (from similar study)

SE=5.43/30 = 0.9914 while

Precision=Z x Standard Error (SE) Precision=1.96

x 0.9914=1.194.

Sample size (n) therefore was calculated as =1.962 x 5.432/1.1942=75.19=76 tests +/- 5%
fallout = 80 tests of 1 drop (0.05mL) each from a 1mL mixture of MDP aliquots with TC-
99m liquid. Therefore, in this research, 80 was our study population and were subjected
to various analysis tests and were used to calculate the RCP of aliquots made from various
types of NS. The 80 was distributed across all the NS stream and control as can be seen
in Table 3.1 below.

Table 3.1: Sample size distribution

Specific Type of Stora_g_e Q_C time for Tc_>ta| No of
conditions aliquots aliquots

Obijectives Aliquots

1. To establish MDP kit + Ambient 1 day to 18 18

wh(_ether t_he NS + Ar days

radiochemical

purity (RP) of
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Methylene
diphosphonate
(MDP) aliquots
reconstituted
with Argon
purged Normal
Saline (NS) is
different from
those
reconstituted
with non-Argon
purged NS.

MDP kit +
NS

Ambient

1 day to 18
days

18

2. To determine
whether the RP
of MDP aliquots

MDP kit +

NS + SnCl;
+ Ar

Ambient

1 day to 18
days

18

reconstituted

with  non-Argon

MDP kit +
NS+ SnCl2

Ambient

1 day to 18
days

18

purged NS and
Stannous
Chloride is
different  from
those

reconstituted

Argon  purged
NS with
Stannous
Chloride and
without
stannous.
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3. To compare Four from Refrigerated Day 28 8
the each NS And frozen
RCP for different Stream conditions
MDP aliquots
kept at ambient
conditions  to
those kept at
recommended
conditions
(Frozen and
refrigerated-
Once off).
4. To determine 2 aliquots| Could not be Could not be Could not be
the  bio reconstituted | done due to done due to done due to
with Tc to be | malfunctioning| malfunctioning | malfunctioning
distribution of | purposively | gammacamera| gamma camera| gamma camera
MDP sampled
from
aliquots those
using animal kept at
ambient
models conditions
(rats/mice) kept | with
at ambient.
(Once off)
acceptable
RCP
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TOTAL 80 aliquots
SAMPLE SIZE

3.3.2. Sample Size Calculation for Number of Rat Models

The sample size for comparing groups of animals was determined employing the one-way
resource equation method. Within this approach, a parameter denoted as E is calculated
based on the predetermined sample size range, within the optimal range of 10 to 20 as
suggested by Arifin and Zahiruddin (2017). E=total number of animals —total number of
groups for each of the groups. n = DF/k + 1, where Degree of freedom (DF) lies between
10 as minimum and 20 as maximum, k = number of groups, and n = number of subjects
per group. This research had four groups, though biodistribution studies were done in two
groups that recorded lowest and highest RCP. Therefore; Sample size = degrees of
freedom (Df)/number of treatment group+1. Minimum sample = Df 10 = Df/2 groups +1
=10/2+1 = 6. And maximum sample size = Df 20 = Df/2 groups +1 = 20/2+1 = 11 animals.

Therefore, total minimum sample size = minimum min number of animals x number of
groups of animals; 6x2 = 12 or maximum sample size = maximum number of animals x number
of groups of animal groups = 11 x 2 = 22. In this research, the minimum number of sample size
was used, therefore the experiment was done in twelve rats. The twelve rats were to be
distributed 3 per stream (one control and two infected models), however, due to records of high
activity in the hot lab only the stream that recorded the lowest and highest RCP were considered.

3.3.3. Inclusion criteria

a. All clear uncolored MDP aliquot mixtures with visibly particle-free during the research

period.

b. Rats between 2 to 3 months old weighing between 30 to 65g.

3.3.4. Exclusion criteria
1. All unclear colored MDP aliquot mixtures with discernable particles.

2. Rats that became sickly or distressed.
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3.4. Research Variable

The research variables included the following;

a. Independent Variables: Stannous Chloride and Argon gas Addition and this was
at four levels; which are; level 1: MDP aliquots without stannous chloride or Argon gas
addition (Control Group- NS), level 2: MDP aliquots with stannous chloride addition
(Experimental Group- NSA), level 3: MDP aliquots with stannous chloride and Argon gas
addition (Control group- NSSnCI>A) and level 4: MDP aliquots with stannous chloride
addition (Experimental Group - NSSnCly)

b. Dependent Variables: Stability of MDP Fractions which measured;
radiochemical purity, pH and other quality control parameters and biodistribution Patterns
which measured the real-time monitoring of MDP during diagnostic procedures
(qualitative and quantitative analysis of biodistribution.

C. Moderator Variables: Ambient Conditions which are controlled conditions

representing typical storage in Zambia and their impacts stability of MDP aliquots

d. Control Variables: Duration of Storage entailing controlled Variable of uniform
storage duration for both experimental and control groups and characteristics of infected
rat models undergoing real-time biodistribution studies with consistency in patient
profiles during diagnostic procedures. Figure 3.3 below shows a summary of flow of
research methodology activity, Table 3.2 shows the conceptual framework and 3.4 below

shows a summary of research variables.

Nal, +NO,
Temperature
Ambient — NaCl,
(Room _—
’I‘emp?erature) \ Radiochemical purity
Refrigerated (=90%)
(0°C-8°C)
Frozen NaCl, + NO;+ SnCl, ‘
(=0°C) Real time
Ne Biodistribution in
infected animal
models (Rats)

NaCls + SnCl,

31



Figure 3.3: Summary of flow of research methodology activity

The conceptual framework for this study illustrates the relationships between the

independent, dependent, moderator, and control variables, providing a structured

understanding of the research process. It interprets the relationship between the

independent variables (Stannous Chloride and Argon Gas Addition), the moderator
variable (Ambient Conditions), and the dependent variables (Stability of MDP Fractions
and Biodistribution Patterns). The control variables (Duration of Storage and

Characteristics of Infected Rat Models) ensure methodological rigor and control for

extraneous factors, enhancing the validity and reliability of the study's findings.

Table 3.2: Conceptual Framework

Non-NO2 purged NS (NS stream
A)

Variable Measure
Dependent Stability of MDP aliquots (RCP)
variables Biodistribution Patterns pPH, RCP
Monitor MDP distribution in
vivo
Ambient temperature Impact on stability and]
Moderator biodistribution of MDP
variables
aliquots
Duration of storage Uniformi d . ¢
Controlled niformity and consistency o
variables QCs
Independent
variables

NO:z purged NS (NSA/stream B)

Non-NO> purged NS with SnCl»
(NSSNnClystream C)
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NO,

purged NS with

(NSSnCl,A/stream D)

SnCly

Table 3.3: Showing Research Experimental Setup

Study Question

Does ambient conditions affect RCP of aliquots from

MDP Kit

Independent variables

Controlled setup

Experimental setup

(Ambient condition)

Dependent variables
(Radiochemical purity)

Aliquots  kept

recommended [frozen

(below  0°C)
refrigerated (2 to 8°C)

at

and

Aliquots kept at ambient

(room)

Controlled variables

Controlled variables

Controlled variables

with SnCl, (NSSnCI,A)

1. Plain Normal Saline NS NS
(NS)
2. Argon purged NS NSA NSA
(NSA)
3. plain NS with NSSnCl: NSSnCl;
Stannous
Chloride (NSSnCl>)
4. Ns purged Argon and NSSnCIl,A NSSnCLA

Figure 3.4 below shows a comparison of the laboratory workflow of preparing MDP

radiopharmaceutical with and without fractionation
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Figure 3.4: Laboratory Work flow

3.5. Sampling Method and Techniques

Knowing that we were dealing with very rare expensive substances that requires making
the most of it, purposive sampling method was applied where the selection of the micro-
sample was intentionally made to capture specific characteristic components of interest
from within the larger sample. The emphasis was on obtaining a sample that was
representative of the overall quality. Similarly, purposive sampling was applied on

selecting the rat that were used for the biodistribution test of MDP aliquots.

3.6. Viability Procedures

Using laboratory reports in the form of tables, data was collected by observing the results
from the quality control of MDP aliquots prepared from several types of normal saline.
The Technetium radiolabelled MDP aliquots were made to go through different tests in

this laboratory to establish their viability. These tests were; radiochemical purity,
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radionuclidic purity, chemical purity, sterility test, pyrogen test, bio distribution, and

physical properties. The data collection procedure was done as follows:

3.6.1. Preparation of VVarious Types of Normal Saline

Figures 3.5 and 3.6 below are showing the student preparing the different streams of
Normal Saline. Four streams of various types of normal saline were prepared using four
500 mL packets of NS. The first NS packet (NS Stream) was left unchanged, while the
second was purged with argon (A) gas and was labelled NSA. The third NS packet was
purged with argon gas and 0.5g of Stannous Chloride was added and was labelled
NSSnCI>A while the fourth NS packet received an addition of 0.5g of Stannous Chloride
and was labelled NSSnCl,. These were marked as such and kept in an ambient

environment.

Figure 3.5: Student purging the NS with argon gas (NSA)
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Figure 3.6: Various types of normal saline; plain normal saline (NS), normal saline purged

with argon gas and augmented with stannous chloride (NSSnCI,A) and normal saline with
stannous chloride (NSSnCl.)

3.6.2. Preparation of MDP Aliquots

The MDP (Methylene diphosphonate) kit and Molybdenum - Technetium generator
(®®*Mo/*®"Tc  Generator) were imported from South Africa. Each MDP
Radiopharmaceutical (RP) vial was reconstituted with 4 mL of each type of the four
normal saline (NS) mentioned above that is NS, NSA, NSSnCI>A, and NSSnCl». Then,
four aliquots by 1 mL of MDP mixture was extracted and placed in 4 sterile vials. Each
stream of NS contained 20 aliquots), making a total of 80 aliquots in 80 sterile vials. 1
aliquot from each stream making a total of 4, were stored under refrigeration (2°C to 8°C),
while 1 aliquot from each stream making a total of 4 were stored at frozen (below 0°C).
The remaining 72 aliquots from all streams were stored at ambient conditions. Figure 3.7
below is showing one set of the four streams of MDP aliquots. Thereafter, these aliquots

were made to through a radiochemical test and other quality checks, as described below.
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Figure 3.7: Aliquots arranged according to different streams of NS and agar plates for

sterility test

3.6.3. Quality Control of labelled aliquots

3.6.3.1. Radiochemical Purity Test (RCP)

RCP is usually done after compounding a radiopharmaceutical like MDP with a
radioisotope like Technetium-99m (**™Tc) eluate (Appendix E) to determine the quantity
of the desired amount. Therefore, the RCP test was done by getting a drop of the labelled
(Appendix F) Technetium-99m-labelled MDP (**"Tc-MDP) radiopharmaceutical kit
aliquots was applied during the operation to two Whatman chromatographic paper strips,
they were then submerged in two distinct mobile phases (Normal Saline and Methyl ethyl
Ketone). Finding the component concentrations (radiochemical impurities and intended
form of radiochemical compound) in relation to the interaction of the combination with
the mobile phase came next. Free Technetium pertechnetate (*®*™TcOy), as well as the

colloid also known as hydrolyzed reduced pertechnetate (**"TcO,) in **"Tclabeled
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complexes, were among the radiochemical impurities analyzed (Zolle, 2017). Poor-
quality pictures and an extra dosage of radiation for the patient come from the presence

of an unanticipated level of radiochemical contaminants in a radiopharmaceutical.

Whatman paper was employed as the immobile phase to detect free 9mTcO4-, while
methyl ethyl ketone (MEK) and normal saline were utilized as the mobile phase. Free
99mTcO4- is soluble in both NS and MEK; as a result, it will migrate with the mobile
phase as the paper is wetted until the expected mark and the reference (rf) value are noted.
Whatman paper number 1 served as an immobile phase and MEK served as a mobile
phase to determine the colloid, ®®*"TcO2. Sodium chloride is insoluble in the colloid
(**"TcO2) and required radiopharmaceutical. To do this, a strip of 0.9 cm by 8.5 cm
Whatman paper was cut, marked with a pencil to indicate the origin at 1 cm from the
bottom, and marked with a pencil to indicate the solvent front line at 6.5 cm from the

origin.

The two chromatography paper strips were immediately put in the developing chamber
for chromatography with a lid containing MEK and normal saline and allowed to develop
once a drop (0.05 mL) of the mixture was detected on the origin line as illustrated in
Figure 3.8 below. The strip was removed and left to dry when the solvent got to the solvent
front line. The amount of ®™Tc-MDP, free 99mTcO4- (pertechnetate), and *MTcO2
colloid were typically measured on chromatograms made from radiochemical purity using

the dosage calibrator.
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Figure 3.8: Showing a detailed illustration of paper chromatography procedure

(https://www.bing.com/images/search?)

The RP was done on all aliquots sequentially according to the age of aliquots starting from
1 day old up to the oldest aliquot generated of about 18 days according to our sample size.
According to the WHO (2021) and USP (2011), **™Tc-MDP should only be used if the

RCP is at least 90%. Table 3.4 below indicates the minimum levels of acceptable
standards of usable *°™Tc-MDP while Figures 3.9 and 3.10 are showing a student carrying

out the RCP test.

Table 3.4: Showing acceptable Radiochemical Purity from the standard references

Radiopharmaceutical US Pharmacopoeia WHO Pharmacopoeia
Methylene diphosphonate| % RCP > Or % RCP > Or
(MDP) =10 90% =10 95%
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Figure 3.9: Student performing the Radiochemical Purity

Figure 3.10: Strip of whatman paper with a drop of chemical to be analysed (A), Whatman
paper in mobile phase (B), Student cutting the whatman papers (C), Cut whatman papers
prepared for RCP test as explained above (D)

3.6.3.2. Clarity of 1™Tc

A radiopharmaceutical’s physical appearance is important. A true solution of a *™Tc

eluate should be clear, colourless with no particulate matter. The materials involved were

1 mT¢ eluate and a clear vial. The physical check involved visual inspection of the colour
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of the %°™T¢ eluate using the naked eyes against a white and black background as shown

in Figure 3.11 and 3.12 below.

Figure 3.11: An example of a background for particle size inspection (Amal, 2018)

Figure 3.12: Student verifying clarity of MDP aliquots
3.6.3.3. Potential for Hydrogen (pH) Test for Technetium Methylene
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Diphosphonate

For stability and integrity, all radiopharmaceuticals should have a pH that is acceptable.
By using the universal pH papers, the pH was determined by dipping the pH in the
compounded **™Tc-MDP as illustrated by Figures 3.13 and 3.14. A parenteral
radiopharmaceutical's pH should ideally match that of blood (7.2 to 7.4).

Figure 3.14: Student conducting pH reading of pH paper strip
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3.6.3.4. Chemical Purity

According to Simon et al. (2012), chemical purity is the percentage of the total mass that
is in the specified chemical form. This is the quantity of unwanted, non-radioactive
chemical species that are present in the radiopharmaceutical. Because the parent
radionuclide, **Mo, is embedded onto an aluminium column and may occasionally be
milked into the elate in more than the specified quantities, aluminium is always a potential
chemical contaminant in the elution of ®™Tc. The needed components were the test, the
ammonium salt of the airing tricarboxylic acid indicator, and the *°™Tc eluate from the
sampled ®Mo/*MTc generators. Applying a drop of *™Tc eluate and a drop of a standard
solution containing roughly 10 mcg/mL of aluminium to a calorimeter test paper
impregnated with ammonium salt of aurin tricarboxylic acid indicator was the approach
used to detect the presence of aluminium. Aluminium combines with the aforementioned
acid indicator to produce a faint pink colour, which is used to compare with the standard
as shown in Figure 3.15 below. The amount of aluminium present determines how intense

the pink colour is.
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Figure 3.15: Calorimeter paper strip (A), Dropping standard liquid on Calorimeter paper
strip (B), Student dropping Eluate on Calorimeter paper strip (C), Comparison of test
liquid with standard (D)

3.6.3.5. Sterility of fractionated radiopharmaceuticals

For parenteral delivery, all radiopharmaceuticals must be sterile. Based on the protocols
outlined in the reference books, sterility tests were conducted (USP, 2005). To make it
easier to find contamination whose cause might be people, workspaces, materials, gear, a
lack of engineering know-how or expertise, or the environment. Due to the requirement
that GMP be followed, the labelled aliquots were put through a sterility test using two
different media, Trypticase Soy Broth (TSB) and Fluid Thioglycolate Medium (FTM) as
shown in Figure 3.16 and 3.17. While FTM is used to culture anaerobic bacteria, TSB is
suited for the culture of both fungal and aerobic bacteria. The sample of labeled aliquots
was then poured on top of the media in the appropriate agar plates. Without shaking, this
combination was kept at room temperature for 14 days. If there were any indications of

microbial development, the test was considered positive; otherwise, it was negative.

Figure 3.16: Sterility Testing in Laminar flow
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Figure 3.17: Sterility Test conditions in Laminar flow

3.6.3.6. Radionuclidic Purity

Figure 3.18: Student conducting Radionuclidic Purity

According to Welch and Redvanly (2003), radionuclidic purity is the ratio of the indicated
radionuclide activity to the total radioactivity, which is typically expressed as a
percentage. A dosage calibrator was used to determine radionuclidic purity. The
operation, which is part of an internal mechanism in the dose calibrator, includes
measuring Molybdenum (**Mo) impurity step by step as can be seen in Figure 3.18 above,
which shows the student performing one of the steps of radionuclidic purity test.
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3.6.3.7. Real time Determination of Bio distribution Test of radiolabelled MDP

aliquots

The localization of radiopharmaceuticals of interest within an experimental animal or
human subject can be followed via biodistribution research. Using MDP Radiopharmaceutical
in conjunction with a radioactive isotope like Technetium-99m is one example. To detect deep-
seated illnesses or malignancies, these are chemically combined and injected into an animal or
a person. The real-time bio distribution of radiolabelled MDP aliquots was done in animals (rats)
using Staphylococcus aureus (S. aureus) isolates (Ripoll-Hamer et al., 1998; Monzon et al.,
2001; Nair et al., 2011; Reizner et al., 2014; Colston et al., 2018; Roukoz et al., 2020).

3.7. Animal studies

These studies involved culture of Staphylococcus aureus bacteria and infecting the

animals with the confirmed bacteria to induce bone inflammation. After the research, the

animals were given non-steroidal anti-inflammatory drug (Brustan syrup) and ampiclox

syrup (ampicillin cloxacillin) to cure the induced inflammatory reactions and infection.

The procedures were carried as described below.
3.7.1. Culture and confirmation of Staphylococcus aureus (S. aureus)

A S. aureus isolate from a stored clinical sample was cultured on Blood agar and incubated
overnight at 37°C (Figures 3.19 and 3.20). Briefly a wire loop was used to inoculate stored
isolates onto nutrient agar and incubated at 37°C for 24 hours. From the aspect of
morphology, the gram-positive cocci bacteria in pairs or clusters were observed and
morphologically confirmed using catalase, coagulase, mannitol fermentation and DNase
tests. Following morphological confirmation, the PCR was done to confirm the identity
of S. aureus. To conduct PCR, the DNA was extracted by the boiling method technique
described by Dashti et al. (2009) from 24 hours old colonies.

Thereafter, 200 pL of sterilized distilled water was used to emulsify a loop full of pure
colonies from nutrient agar. The mixture was then vortexed and heated at 95°C for 15

minutes on a heating block. This was followed by centrifugation at 5,000 xg for 5 minutes.

The supernatant containing the DNA was then transferred to another tube and stored at -
20°C until further analysis. PCR was done through the amplification using species-
specific (nuc) gene (Table 3.4). Thereafter, the PCR was performed in a final volume of

25ul and the reaction compositions included 0.5ul (5ng/ul) of each Nucl and Nuc2
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primers (10 Pmol), 10ul of deionized water, 12.5ul of reaction buffer of OneTaq Quick-
load Master Mix (BioLabs, New England) and 1.5ul of the template DNA extracted. The
amplification was performed on a Veriti thermal cycler (Thermo Scientific, Hanover, MD,
USA), using the following PCR conditions: an initial denaturation step at 94°C for 5 min;
35 cycles of 94 °C for 1 min, 50 °C for 1 min, and 72 °C for 2 min, and a final extension
step at 72 °C for 10 min. The PCR products were electrophoresed in 1.5% agarose gels
with 1X Tris-acetate-EDTA (Baba et al., 2008) buffer at 100V for 30 min. The gels were
then pre-stained with ethidium bromide to visualise the amplified DNA fragments (279
bp) under UV light box by comparison with a molecular size marker (100 bp ladders,
eurobio, UK). Positive and negative controls were S. aureus ATCC29213 and molecular

grade water, respectively.

Table 3.5: Primer Set used in Identifying and confirming S. aureus

Primer Primer Sequence (5°-3°) Amplicon Reference
size (bp)

Name

Nucl GCG ATT GAT GGT GAT ACG GTT 273 ghgrc‘)% 9 ef

Nuc2 | AGC CAAGCC TTG ACG AAC TAA AGC

3.7.2. Preparation of Inoculum for animal infection

McFarland Standards are a series of turbidity standards used to visually match the density
of a bacterial suspension (McFarland, 2000; Christofilogiannis, 2001; Wiegand and
Hancock, 2008; Koeth et al., 2015; Nazarian et al., 2008 World Health Organization,
2018). The most common standard used is the 0.5 McFarland standard, which is
equivalent to approximately 1.5 x 108 colony-forming units (CFU) per milliliter. In this
research, a 0.5 McFarland standard was used. The bacteria culture was suspended into
sterile Phosphate buffered saline (PBS), using a sterilized wire loop and test tube. The

dilutions to 0.5 McFarland were made using sterile Phosphate buffered saline (Figure

3.21) to obtain an equal turbidity. Following equalization of turbidity, the colony was
suspended in saline in a test tube and combined with additional S. aureus bacterium

colonies or saline as necessary. The mixer was vortexed and the density was then checked
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visually by comparing against a 0.5 Mcfarland standard. The rats were placed in a glass
container with a lid and diethyl ether wetted cotton wool. The prepared suspension was
administered via injection into the rats' right thigh bone within 15 to 30 minutes. The
injection site was shaven and cleaned with methylated spirit. A 25G needle and 2mL
syringe were filled with the suspension consisting of S. aureus was injected into the left
thigh bone. The intraosseous method involved going through the bone by feeling the
hardness of the bone, bypassing that layer until the soft feeling was sensed; that was when

the mixture was released.

A B
Figure 3.19: Retrieving Staphylococcus aureus culture plates from the refrigerator (A)
Placing Staphylococcus aureus culture plates in an incubator at 37°C for 24 hours to
allow growth (B)
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Figure 3.20: Preparation of inoculum

Figure 3.21: Staphylococcus aureus blood agar cultured disk with haemolysed blood
illustrating how virulent the bacteria was (A). Inoculum prepared by comparing with
McFarland standard solution (McFarland, 2000), placed in a test tube rack (B)

3.7.3. Animal study model

Twelve rats between the weights of 30 and 659 that were healthy and had never been the
subject of any tests were separated and housed in clean cages (Figure 3.22) with adequate
hydration and food (Shah and Khan, 2013). The rats were placed in a glass container and
exposed to cotton wool soaked in diethyl ether, which served as an anaesthetic. Once the
rats were sedated, they were injected with a suspension of Staphylococcus aureus using
aseptic techniques. (Tatara et al., 2015; Anastasio et al., 2020; Vantucci et al., 2021).

Direct trauma or illness is the usual route of contamination for microorganisms that enter
the circulatory system and can go to any part of the body (Gristina, 1987; Blanchette et
al., 2017). Therefore, the rats were inoculated with S. aureus bacterium colonies into the
right thigh bone prior to the planar imaging to induce osteoarthritis (Shah and Khan.,
2011; Shah et al., 2011; Siaens et al., 2004). The infected rats were then kept for up to
fourteen days (Lucke et al., 2003; Horst et al., 2012). The rats were observed twice a day,
fresh food and water were supplied and changed daily while the surroundings (Figure
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3.21) were also cleaned once a day (National Research Council, 2010; Couto. and Cates,
2019).

Figure 3.22: Separated well fed caged rats in preparation for developing rat models. Four
rats kept cage A, were painted blue and not inoculated with S. aureus. Eight rats kept in

cages (four per cage) B and C, were painted red and inoculated with S. aureus.

Figure 3.23: Injection of ®™Tc-MDP aliquots into rat tail vein prior to imaging
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3.7.3.1. Imaging of Infected and Uninfected Rats to Assess Biodistribution of *°MTc-
MDP Radiopharmaceutical Aliquots

In this experimental study, the biodistribution of **"Tc-MDP radiopharmaceutical aliquots
was assessed in both infected and uninfected rats over a fourteen-day post- inoculation
period. The infected rats were carefully monitored during this time to allow the infection
to fully establish. On the fourteenth day, the rats were restrained, and the **"Tc-MDP
aliquots were administered via tail vein injection to evaluate the biodistribution of the
radiopharmaceutical, particularly its accumulation in infected regions (Volk et al., 1994;
Motaleb, 2007; Shah et al., 2015).

A dosage of 80 to 100 mCi of 99mTc-MDP was injected into each rat's tail vein using a
25-gauge needle, as shown in Figure 3.22. The tail was held under slight tension, and the
needle was inserted 3-5 mm into the vein with the bevel facing upward. Proper placement
of the needle was confirmed by gently pulling back the plunger and observing a flash of
blood in the hub. After injection, a two-hour interval was observed to allow the

radiopharmaceutical to localize within the targeted regions.

Following this, diethyl ether anaesthesia was administered to minimize the animals’
movement, allowing for accurate imaging. The rats were placed in a sternal recumbence
position on the imaging bed (Figure 3.24), ensuring consistent imaging conditions. Planar

imaging was then performed, capturing the biodistribution of the **"T¢-MDP in both

infected and uninfected rats.
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A B

Figure 3.24: Nuclear Radiographer imaging the infected rat models using a planar (A, B)

3.8. Data Analysis and Interpretation

Stata version 14 was used to analyse the study for both qualitative and quantitative data.
The Stata software has the capacity to verify, validate and check the reliability of the
obtained data and can be customized with the research scale, in which case a nominal was

used scale. A p - value of less than 0.05 was regarded as statistically significant for testing.

3.9. Ethical considerations

The National Health Research Authority, management of the University Teaching Adult
Hospital and ERES Converge were consulted regarding permission to conduct the study.
Authority to conduct research was given from all the relevant authorities. To further
safeguard the security of researchers, the general public, and the environment, Standard

Operating Procedures for the use of radiopharmaceuticals were adhered to.
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CHAPTER FOUR

RESULTS

4.1. Introduction

The study was meant to modify an existing (Methylene Diphosphonate) MDP
fractionation method that would optimise the University Teaching Hospital of Zambia's
use of MDP radiopharmaceuticals for infectious disease detection. In this investigation, a
total of 80 fractions were examined. MDP radiopharmaceutical, which is sold as a
multidose preparation in a 5 mL vial, was used to create the fractions. The MDP
radiopharmaceutical powder was initially reconstituted with 4 mL of various types of
normal saline before being separated into 1m fractions that were stored at ambient, frozen,
and chilled settings, respectively. MDP aliquots were reconstituted with Normal Saline in
four different ways as; NS, NSA, NSSnCl,, and NSSnCI,A. From each NS stream 1mL
of the mixture was taken out and placed into separate sterile vials and stored at ambient

conditions, refrigerator and in the freezer.

After the set period of storage time, these aliquots were subsequently subjected to a
number of analytical procedures. Several QC and QA procedures were subsequently
performed on the fractions kept frozen and cooled. The frozen aliquots were tested on day
28, while those kept at ambient conditions were tested daily from days 1 to day 18. The
findings revealed that fractions kept at room temperature were viable up to the eighteenth
day. Additional research demonstrated that the biodistribution was quite successful
because they were able to localize in the area of interest.

4.2. Compliance of Laboratory products to standards

MDP RP and the Molybdenum - Technetium generator (**Mo/*®*™Tc Generator) were
examined upon arrival to ensure that they complied with global standards (Morgan-
Warren, 2006). The ®Mo/*™Tc Generator with MDP RP kit demonstrated complete
compliance with all requirements. The Table 4.1 below reveals complete conformity to

all anticipated parameters.
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Table 4.1: To Show compliance of laboratory products to show compliance of products (+
= Complies, - = Does not comply)

99Mo/9amTC Labelling Packaging | Shelf life (Not Batch No
Compliance (Intact = +, expired = +, (Available
Generator/. (Clear and correct | Notintact=-) | Expired =-) =+, not
MDPRP kit | _ +, Not clear and available = -)
correct = -)
Month 01 + + + +
Month 02 + + + +
Month 03 + _ + +
% 100% 100% 100% 100%
Compliance

Radiolabelled MDP RP must have a RCP of 90% or above (USP, 2005; BP, 2016; WHO,
2019). This is in accordance with the internationally agreed-upon norms, which are
displayed in the Table 4.2 below. Thus, all **"Tc-MDP radiopharmaceuticals, for
example, must have an RCP of 90% or higher in accordance with the guidelines set forth

by the suggested reference materials, as shown in Table 4.2 below;

Table 4.2: Comparisons of MDP between Global standards and study results

Radiopharmaceutical US WHO Study Research lab

Pharmacopoeia | Pharmacopoeia Results % RCP

% RCP % RCP

MDP X>0r=90% X>0r=95% X>0r=98%

In this study, 80 aliquots in total were analysed. The radio chemical purity data was recorded

as the Quality Control standards were being monitored. The aliquots were made using MDP

54



radiopharmaceutical, which is offered as a multidose preparation in a 5 mL vial. The MDP
radiopharmaceutical powder was first reconstituted with 4 mL of several types of NS, and then
divided into 1 mL fractions that were kept at ambient, frozen and refrigerated conditions
respectively as can be seen in Table 4.3 below.

Table 4.3: Number of aliquots analysed

Specific Objectives Type of Storage Total
Aliquots conditions QC
_ No. of
time | aliquots
for
aliquots
1. To establish whether the RP| MDP Ambient ldayto | 18
M_DP) aliqu_ots _reconstituted kit + NS 18 days
with NSA is different from
those reconstituted NS +Ar
MDP Ambient lday 18
to18
kit + NS days
2. To determine whether the | MDP kit Ambient 1dayto| 18
[RP of MDP aliquots + NS+ 18 days
reconstituted with NSSnCly SnCl, +
and NSSnCl Ar
MDP kit Ambient ldayto | 18
+ NS+ 18 days
SnCl;
3. To compare the RCP for| Four Refrigerated/frozen| Day 28 | 8

from each | conditions

different MDP aliquots kept
NS stream

at ambient conditions to those
kept at recommended

conditions
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Total Number of aliquots

80

4.3. Clarity of ®™Tc

Clarity refers to a test where ®®™Tc eluate is visually inspected to determine presence of

particles using a naked eye against a white and black background (Saha, 2010). A genuine

solution of a **™Tc¢ eluate must be transparent, devoid of any colour or particles. Clarity

validates the absence of particles in the **™Tc eluate as seen in Tables 4.4 and 4.5 below.

Table 4.4: Clarity of MDP aliquots from all streams kept at ambient conditions

Aliquot Age in Days Type of NS Stream Clarity Average
Temperature
1 NS | NSA| NSSnClz| NSSnCl,A| Clear 28
2 NS | NSA| NSSnClz| NSSnCl,A| Clear 27
3 NS | NSA| NSSnCl2| NSSnCl,A| Clear 26
4 NS | NSA| NSSnClz| NSSnCl,A| Clear 29
5 NS | NSA| NSSnCl2| NSSnCl,A| Clear 28
6 NS | NSA| NSSnCl2| NSSnCl,A| Clear 25
7 NS | NSA| NSSnClz| NSSnCl,A| Clear 29
8 NS | NSA| NSSnCl2| NSSnCl,A| Clear 27
9 NS | NSA| NSSnCl2| NSSnCI,A| Clear 33
10 NS | NSA| NSSnCl;| NSSnCI,A| Clear 35
11 NS | NSA| NSSnCl2| NSSnCI,A| Clear 27
12 NS | NSA| NSSnCl2| NSSnCI,A| Clear 28
13 NS | NSA| NSSnClz| NSSnCl,A| Clear 29
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14 NS | NSA| NSSnCl,| NSSnCI,A| Clear 29
15 NS | NSA| NSSnCl;| NSSnCIl,A| Clear 30
16 NS | NSA| NSSnCl,| NSSnCI,A| Clear 29
17 NS | NSA| NSSnCl;| NSSnCI,A| Clear 27
18 NS | NSA| NSSnCl,| NSSnCI,A| Clear 29
Table 4.5: Clarity of **™Tc used to label MDP aliquots kept at recommended conditions
Average Temperature Stream Clarity
3 NS Clear
-23 NS Clear
3 NSA Clear
-23 NSA Clear
3 NSSnCl; Clear
-23 NSSCI, Clear
2 NSSCILA Clear
-23 NSSCI2A Clear

4.4, pH of all **™Tc-MDP aliquots

Radiopharmaceuticals must be produced at the proper pH to maintain stability and
integrity. A parenteral radiopharmaceutical's pH should ideally be the same as blood's pH
(7.4), a pH range of 4 to 8 is acceptable (BP 2016). The pH paper strips were used to
during this research investigation. All the MDP aliquots kept at recommended conditions

with a pH value of 7 are shown in the Tables 4.6 and 4.7 below.

Table 4.6: pH of ®*™Tc-MDP aliquots stored at recommended conditions on day 22

Average pH Temperature AM (°C) Stream

7 3 NS
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7 -23 NS

7 2 NSA

7 -23 NSA

7 2 NSSnCl,

! 23 NSSCI;

7 2 NSSCI,

7 -23 NSSCLA

Table 4.7: pH of ®°™Tc-MDP aliquots kept at ambient conditions from all streams
Aliquot Age Type of NS Stream Average Average
in Days pH Temperature

1 NS NSA | NSSnCl2| NSSnCLA 7 28
2 NS NSA NSSnCl2| NSSnCLA 7 27
3 NS NSA | NSSnCl;| NSSnCLA 7 26
4 NS NSA NSSnCl2| NSSnCIA 7 29
5 NS NSA NSSnCl2| NSSnCI,A 7 28
6 NS NSA | NSSnCl,| NSSnCLA 7 25
7 NS NSA NSSnCl2| NSSnCI,A 7 29
8 NS NSA NSSnCl2| NSSnCI,A 7 27
9 NS NSA NSSnCl2| NSSnCI,A 7 33
10 NS NSA NSSnCl2| NSSnCI,A 7 35
11 NS NSA NSSnCl2| NSSnCI,A 7 27
12 NS NSA NSSnCl2| NSSnCLA 7 28
13 NS NSA NSSnCl2| NSSnC,A 7 29
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14 NS NSA | NSSnCl2| NSSnCIl.A 7 29
15 NS NSA | NSSnCl2| NSSnCIl.A 7 30
16 NS NSA | NSSnCl2| NSSnCIl.A 7 29
17 NS NSA | NSSnClz| NSSnCIl.A 7 27
18 NS NSA | NSSnClz| NSSnCIl.A 7 29

4.5. Chemical purity (CP) of *™T¢

CP is the proportion of total mass present in the stated chemical form (Simon et al., 2012
and Thomson, 2002). This refers to the amount of undesirable aluminium chemical
species (which are non-radioactive) present in the radiopharmaceutical. In solution of
®MTc, aluminium is always the possible chemical contaminant since the parent
radionuclide **Mo is embedded onto aluminium column, hence may at times be milked
into the eluate in more than the limited quantities. The materials that were required
included ®MTc eluate from the sampled **Mo/*®™Tc generators, ammonium salt of aurin
tricarboxylic acid indicator and the test The procedure to detect the presence of aluminium
was done by applying a drop of **™Tc¢ eluate and a drop of a standard solution containing
approximately 10mcg/ml of aluminium to a calorimeter test paper impregnated with
ammonium salt of aurin tricarboxylic acid indicator. The two spots were compared in pink
colour formation (aluminium forms a light pink colour when it reacts with the mentioned
acid indicator). The intensity of the pink colour is proportionate to the amount of the
aluminium present.

This procedure was done according to the leaflet instruction by the manufacturer (Biodex
Medical Systems found at 20 Ramsey Road, Shirley, New York, USA) of the aluminium
kit. This method is validated alternative, cheaper method of checking for aluminium
content. Other, more expensive, sophisticated methods exist. Results for all aliquots kept

at ambient and recommended conditions are as are shown in the Tables 4.8 and 4.9 below.
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Table 4.8: Chemical Purity for ®*™Tc used to label aliquots kept at recommended conditions

by day 22
Chemical Purity Morning Temperature Stream
Colourless 3 NS
Colourless -23 NS
Colourless 2 NSA
Colourless -23 NSA
Colourless 2 NSSnCl
Colourless -23 NSSCl,
Colourless 2 NSSCI,A
Colourless -23 NSSCI2A

NB: Colourless mean that Al breakthrough less than 10 ppm

Table 4.9: Chemical purity (CP) of **™Tc used to label MDP aliquots kept at ambient conditions
from all streams

Aliquot Type of NS Stream Chemical Average
Agein Purity Temperature
Days

1 NS NSA | Nssncl,|  Nssncl,A | Colourless 28
2 NS NSA | Nssncl,|  Nssncl,a | Colourless 27
3 NS NSA | NssnCl,|  NSSnCLA Colourless 26
4 NS NSA | Nssncl,|  Nssncl,A | Colourless 29
5 NS NSA | Nssncl,|  Nssncl,a | Colourless 28
6 NS NSA | NSSnCl2| NSSnCl,A | Colourless 25
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7 NS NSA | Nssncl,|  Nssncl,A | Colourless 29
8 NS NSA | Nssncl,|  Nssncl,A | Colourless 27
9 NS NSA | Nssncl,|  Nssncl,A | Colourless 33
10 NS NSA | Nssncl,|  Nssncl,A | Colourless 35
11 NS NSA | NSSnCl2| NSSnCI,A | Colourless 27
12 NS NSA | NSSnCl2| NSSnCI,A | Colourless 28
13 NS NSA | Nssncl,|  Nssncl,A | Colourless 29
14 NS NSA | Nssncl,| Nssncl,a | Colourless 29
15 NS NSA | NssnCl,|  Nssncl,A | Colourless 30
16 NS NSA | Nssncl,|  Nssncl,A | Colourless 29
17 NS NSA | Nssncl,|  Nssncl,A | Colourless 27
18 NS NSA NSSnCl,|  NSSnCLA Colourless 29

4.6. Sterility Testing of ®®*"Tc-MDP Aliquots

Radiopharmaceuticals must be sterile to be administered parenterally. The radiolabelled
aliquots were subjected to a sterility test using two different media, Trypticase Soy Broth
(TSB) and Fluid Thioglycolate Medium (FTG), in accordance with the requirements of
standard practice (Cooper, 2010). TSB is suitable for the cultivation of both fungal and
aerobic bacteria, whereas FTM is utilized for anaerobic bacteria. The sample of the
labelled aliquots was added to the media in the relevant agar plates. This mixture was left
at room temperature for 14 days without being shaken. The test was positive if there were
any signs of microbial development; otherwise, it was negative. The bulk of the studied
aliquots, as can be seen in Table 4.10 below, unfortunately exhibited a significant positive
result, meaning there was microbial growth in most aliquots. This is despite efforts carried

out in applying the aseptic techniques like sterilising materials and tools, and having
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carried out the process in a sterilised laminar flow. However, the hot lab was not sterilised

with ultraviolet or alcohol.

Table 4.10: Sterility Testing of Methylene diphosphonate (MDP) aliquots

Aliquot Average Incubation Stream Sterility Sterility
age (days) | Temp (C) period (FTM) (TSB)
(days)

1 28 14 NS Negative Positive
36 26

9 25 NSA Negative Positive
33

NSSnCL> Negative Positive

NSSCL.A Negative Positive

12 28 14 NS Positive Positive
15 30

17 27 NSA Positive Positive
18 29

NSSCL., Positive Negative

NSSCL-A Positive Positive

28 22 14 NS Positive Positive
28 -23

28 -23 NSA Positive Positive

28
NSSCL> Positive Positive
NSSCL,A Positive Positive
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4.7. Radionuclidic purity (RNP) of ®™Tc¢

Radionuclidic purity test tries to check for Molybdenum an impurity through conducting
a Molybdenum breakthrough. The acceptable amount of molybdenum is 0.15. As can be
seen in the Table 4.11 and 4.12 below, all the aliquots kept at ambient and recommended

conditions passed this test.

Table 4.11: RNP of **™Tc used to label all ambiently stored MDP aliquots

Aliguot Type of NS Stream Radionuclidic Average
Age Purity Temperature
(Days) (>0.015%)
1 NS | NSA| NSSnClz NSSnCIl.A 99.948 28
2 NS | NSA| NSSnClz NSSnCIl.A 99.993 27
3 NS | NSA| NSSnClz NSSnCIl.A 99.985 26
4 NS | NSA| NSSnCly NSSnCIl.A 99.982 29
5 NS | NSA| NSSnCly NSSnCIl.A 99.997 28
6 NS | NSA| NSSnCly NSSnCIl.A 99.997 25
7 NS | NSA| NSSnCly NSSnCIl.A 99.986 29
8 NS | NSA| NSSnCly NSSnCIl.A 99.998 27
9 NS | NSA| NSSnClyy NSSnChA 99.987 33
10 NS | NSA| NSSnCly NSSnCIl.A 99.997 35
11 NS | NSA| NSSnCly NSSnCIl.A 99.939 27
12 NS | NSA| NSSnCl; NSSnCIl.A 99.970 28
13 NS | NSA| NSSnCl; NSSnCIl.A 99.941 29
14 NS | NSA| NSSnClz NSSnCIl.A 99.991 29
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15 NS | NSA| NSSnCl] NSSnClLA 99.993 30
16 NS | NSA| NSSnCl] NSSnClLA 99.991 29
17 NS | NSA| NSSnCl] NSSnClLA 99.784 27
18 NS | NSA| NSSnCl] NSSnClLA 99.983 29
able 4.12: RNP of ®™T¢ for MDP aliquots stored at recommended conditions on day 22
Radionuclidic Purity Afternoon Temperature Stream
99.97% 3 NS
99.967% -23 NS
99.964% 2 NSA
99.958% -23 NSA
99.965% 2 NSSnCl;
99.968% -23 NSSCI
99.968% 2 NSSCI.A
99.972% -23 NSSCIA

4.8. Radiochemical Purity (RCP) Findings
RCP is the percentage of the desired form of a substance (Saha, 2016). In this case, it is a very

important indicator in the purity of MDP to be used in diseases diagnosis.

4.8.1. RCP of aliquots kept at recommended conditions

Eight MDP fractions were regarded as control fractions, therefore two from each stream
of the NS type were maintained in the suggested conditions as per the literature (Dhingra,
2013; Bayomy, 2019). These are frozen (<0°C) and refrigerated conditions (2°C to 8°C).
The Table 4.13 below shows the RCP results for the control MDP fractions. Eight MDP

fractions were regarded as control fractions, therefore two from each stream of the normal
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saline type were maintained in the suggested conditions as per the literature. These are
frozen and refrigerated conditions. The Table below shows the RCP results for the control
MDP fractions.

Table 4.13: Results for control Aliquots kept at recommended conditions (Frozen and
refrigerated)

Aliquot Age in Days RCP (%) Temperature (°C) Stream
28 99 3 NS
28 100 -23 NS
28 99 2 NSA
28 100 -23 NSA
28 100 2 NSSnCl,
28 100 -23 NSSnCl.
28 100 2 NSSnCLA
28 100 -23 NSSnCI2A

4.8.2. Radiochemical Purity of aliquots kept at ambient conditions and made from
NS and NSA

Fractions were prepared and split into two groups to respond to the aforementioned
objective. When preparing one group, plain normal saline was used, and when preparing
the second group, argon-purged normal saline was used. Fractions from both streams were
kept in ambient storage. From day one to day eighteen, RCP was evaluated on aliquots
from both streams, one fraction per day. The results for RCP for the MDP fractions from
both streams are shown in the Table 4.14 below.

Table 4.14: RCP of *™T¢-MDP aliquots reconstituted with Argon purged Normal Saline
(NSA) and with non-Argon purged (NS).
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Aliquot Age (Days) Radiochemical purity % Radiochemical purity % (%)

(%)

NS NSA
1 99 99
2 99 98
3 99 99
4 99 99
5 99 99
6 99 99
7 99 99
8 99 99
9 99 99
10 99 98
11 99 98
12 99 100
13 99 99
14 99 99
15 99 98
16 99 100
17 99 99
18 99 99

The RCP findings comparison between the NSA and NS stream is shown in Figure 4.1
below. The NSA stream is represented by the colour grey, whereas the NS stream is
represented by the colour black
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Figure 4.1: RCP of ®*"TcMDP aliquots reconstituted with Argon purged Normal Saline

(NSA) and with non-Argon purged NS

Key for Figure 4.1
«  Grey Bars: Represent the RCP findings of MDP aliquots reconstituted with Argon- purged
Normal Saline (NSA).
- Black Bars: Represent the RCP findings of MDP aliquots reconstituted with non Argon-
purged Normal Saline (NS).

The comparison of the findings of the NS and NSA streams using Pearson statistical analysis

is shown in the Table 4.15 below.

Table 4.15: Pearson Chi-square results for (MDP) aliquots reconstituted with Argon purged
Normal Saline (NSA) versus those reconstituted with non-Argon purged NS.
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Argon purged Normal Saline Aliquot (NSA)

—~ Total
871 0.98 3 9 0 0 12
= 23

0.1 0.3 1.3 0.6
7
o_| 0.9 1 3 1 0 5
< 0.0 0.0 0.4 0.3 0.7
=
£ | 1.00 0 0 1 0 1
Q
z 0.2 0.6 7.6 0.1 8.5
NSRCP | 0 0 0 1 1
0.2 0.6 0.1 17.1 18.0
Total 4 12 2 1 19
0.5 L5 9.4 18.0 29.4
Pearson chi’(9) = Pr=0.001
29.4500

The P-value in Table 4.6 was 0.001 which indicated that there is a significant difference
between aliquots of NSA and aliquots reconstituted with NS, and that the observed

difference in the RCP results from the two aliquots was not by chance

4.8.3. Radiochemical Purity of aliquots kept at ambient conditions and made from
NSSnClzand NSSnCI2A

Fractions were prepared and split into two groups to respond to the aforementioned
objective. When preparing one group, normal saline augmented with stannous Chloride
was used, and when preparing the second group, argon-purged normal saline augmented
with stannous Chloride was used. Fractions from both streams were kept in ambient

storage. From day one to day eighteen, RCP was evaluated on aliquots from both streams.

The results for RCM for both streams are shown in Table 4.16 below.

Table 4.16: RCP of MDP aliquots reconstituted with Argon purged Normal Saline and
Stannous Chloride and with non-Argon purged and Stannous Chloride.
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Aliquot Age (Days)| Radiochemical purity (%) Radiochemical purity (%)
NSSnCl; NSSnCI.A
1 99 99
2 99 99
3 100 100
4 99 99
5 100 100
6 100 100
7 100 100
8 100 100
9 100 100
10 100 100
11 100 100
12 100 100
13 98 98
14 99 99
15 100 99
16 99 99
17 99 99
18 98 99

The RCP findings comparison between the NSSnCl> and NSSnCI,A stream is shown in
Figure 4.2 below. The NSSnCl, stream is represented by the colour grey, whereas the

NSSnCI>A stream is represented by colour black.
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Figure 4.2: RCP of MDP aliquots reconstituted with NSSnCI,A and with NSSnCl;

The comparison of the findings of the NSSnCl, and NSSnCI,A streams using Pearson
statistical analysis is shown in Table 4.17.

Key for Figure 4.2

* Grey Bars: Represent the RCP findings of MDP aliquots reconstituted with non- Argon-
purged Normal Saline and Stannous Chloride (NSSnClz).

* Black Bars: Represent the RCP findings of MDP aliquots reconstituted with Argon-
purged Normal Saline and Stannous Chloride (NSSnCI2A).

The comparison of the findings of the NSSnCl> and NSSnCIA streams using Pearson
statistical analysis is shown in Table 4.17.

Table 4.17: Pearson Chi-square results for MDP aliquots reconstituted with NSSnCl, and
NSSnCI,A

NSSnCI.A
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Total
@)
g 0.98 1 1 0 0 2
e 7.6 0.0 0.9 0.1 8.7
0.99 0 6 0 0 6
0.3 4.8 28 0.3 83
1.00 10
0 1 9 0 7
05 2.4 3.8 05
0.1 0.4 05 17.1 18.0
Total | 4 8 9 1 19
85 7.7 8.1 18.0 423
hiz2 (9) = Pr=0.000
Pearson
42.2750

The P-value in Table 17 was 0.000 which indicated that there is a significant difference
between MDP aliquots reconstituted with non-Argon purged NS and Stannous Chloride
versus those reconstituted with Argon purged NS and Stannous Chloride, and that the
observed difference in the Radiochemical Purity results from the two aliquots were not by
chance.

4.8.4. Comparison of Radiochemical Purity of aliquots kept at ambient conditions and
made from NSA and NSSnCl:

The comparison of the findings of the NSA and NSSnCl, streams using Pearson statistical
analysis is shown in the Table 4.18 below.

Table 4.18: Pearson Chi-square results for MDP aliquots reconstituted with plain NSA and
versus those reconstituted with Argon purged NS with Stannous Chloride

Non-Argon purged Normal Saline and Stannous Chloride Aliquot
(NSSnCl,)
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_.3,: Total
kS
5 | 098 0 2 2 0 4
é 0.2 0.1 0.0 0.2 05
g | 099 1 5 6 0 12
< 0.9
5 0.2 0.0 0.0 06 :
£
= | 1.00 0 1 1 0 2
o
= 0.1 0.0 0.0 01 0.2
wn
E NSA 0 0 0 1 1
2 0.1 0.4 0.5 17.1 18.0
hei
;5)0 Total 1 8 9 1 19
%‘“ 0.6 05 05 18.0 19.6
;%n < Pearson  chi® (9) = Pr=0.021

2 19.5938

The P-value in Table 4.18 was 0.021 which indicated that there is a significant difference

between MDP aliquots reconstituted with non-Argon purged NS and Stannous Chloride

versus those reconstituted with Argon purged NS without Stannous Chloride, and that the

observed difference in the RCP results from the two aliquots were not by chance.

The RCP findings comparison between the NSA and NSSnCl; stream is shown in Figure

4.3 below. The NSA stream is represented by the colour grey, whereas the NSSnCl>

stream is represented by the colour black.

72




RCP % )

(6]

97

100

99.5

99

98.

98

97.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Aliguot Age (days) P-Value =0.021

Figure 4.3: RCP of Methylene diphosphonate (MDP) aliquots reconstituted with Argon
purged Normal Saline and Stannous Chloride (NSA) and with non-Argon purged and
Stannous Chloride (NSSnCl>)

Key for Figure 4.3
. Grey Bars: Represent the RCP findings of MDP aliguots reconstituted with non-

Argon-purged Normal Saline and Stannous Chloride (NSA).
. Black Bars: Represent the RCP findings of MDP aliquots reconstituted with Argon-

purged Normal Saline and Stannous Chloride (NSSnCIA).

4.8.5. Comparison of RCP of aliquots kept at ambient conditions and made from

NS and NSSnCl2
The comparison of the findings of the NSA and NSSnCl; streams using Pearson statistical

analysis is shown in Table 4.19 below.

Table 4.19: Pearson Chi-square results for MDP aliquots reconstituted with non-Argon purged
NS versus those reconstituted with non-Argon purged NS and Stannous Chloride
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Non-Argon purged Normal Saline and Stannous Chloride Aliquot
(NSSnCly)
—~UN
2 0.98 0.99 1.00 Nssncl, | Total
g\/
5 (%)
/5]
= 0.98 2 3 7 0 12
£ 1.3
7 0.4 0.2 0.1 0.6
B
e | 0.99 0 3 2 0 5
o 0.5 1.3 0.2 0.3 2.2
=
< | 100 0 0 1
o
Z 0.1 0.3 0.4 0.1 0.9
Ns  RCPg 0 0 1 1
(%) 0.1 0.3 0.5 17.1 18.0
Total 2 6 10 1 19
1.2
1.2 2.1 18.0 22.4
Pearson  chiz (9) = ' - 0008
22.4200

The P-value in Table 19 was 0.008 which indicated that there is a significant difference
between MDP aliquots reconstituted with non-Argon purged NS with Stannous Chloride
versus those reconstituted with Argon purged NS without Stannous Chloride, and that the
observed difference in the Radiochemical Purity results from the two aliquots were not by
chance.

The RCP findings comparison between the NS and NSSnCl; stream is shown in Figure
4.4 below. The NS stream is represented by the colour grey, whereas the NSSnCIl,A
stream is represented by the colour black.
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Figure 4.4: Radiochemical purity (RCP) of Methylene diphosphonate (MDP) aliquots
reconstituted with Argon purged Normal Saline and Stannous Chloride (NS) and with
non-Argon purged and Stannous Chloride (NSSnCl,).

Key for Figure 4.5

-Grey Bars: Represent the RCP findings of MDP aliquots reconstituted with non-Argon-

purged Normal Saline and Stannous Chloride (NS).

-Black Bars: Represent the RCP findings of MDP aliquots reconstituted with Argon- purged

Normal Saline and Stannous Chloride (NSSnCI,A).

4.8.6. Comparison of Radiochemical Purity and aliquots kept at ambient conditions
and made from NS and NSSnCI2A

The comparison of the findings of the NS and NSSnCI,A streams using Pearson statistical

analysis is shown in Table 4.20 below.

Table 4.20: Pearson Chi-square results for MDP aliquots reconstituted with non-Argon purged

NS versus those reconstituted with Argon purged NS and Stannous Chloride.
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Argon purged Normal Saline and Stannous Chloride Aliquot
(NSSNnCl2A)
0.98 0.99 1.00 Total
- NSSnCI,A
= 1098 1 5 6 0 12
: 0.2 0.0 0.0 0.6 0.9
Q
Z.
= | 0.99 0 3 2 0 5
%D 0.3 0.4 0.1 0.3 1.0
(o
g
%‘3 1.00 0 0 1 0 1
g 0.1 0.4 0.6 0.1 1.1
Z.
NS RCP| O 0 0 1 1
(%) 0.1 0.4 0.5 17.1 18.0
Total 1 8 9 1 19
0.6 1.2 1.1 18.0 20.9
Pearson  chiz (9) =F'=0013
20.9396

The P-value in Table 4.20 was 0.013 which indicated that there is a significant difference
between MDP aliquots reconstituted with non-Argon purged NS with Stannous Chloride
versus those reconstituted with Argon purged NS without Stannous Chloride, and that the
observed difference in the Radiochemical Purity results from the two aliquots were not by
chance.

The RCP findings comparison between the NS and NSSnClI,A stream is shown in 4.5
below. The NS stream is represented by the colour grey, whereas the NSSnCI>A stream
is represented by the colour black.
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Figure 4.5: RCP of MDP aliquots reconstituted Normal Saline and with Argon purged NS
augmented with Stannous Chloride (NSSnCIL2A).

Key for Figure 4.5

. Grey Bars: Represent the RCP findings of MDP aliquots reconstituted with Normal
Saline (NS).
. Black Bars: Represent the RCP findings of MDP aliquots reconstituted with Argon-

purged Normal Saline and Stannous Chloride (NSSnCI,A).

4.8.7. Comparison of Radiochemical Purity of aliquots kept at ambient conditions
and made from NSSnClz2and NSSnCI2A

The comparison of the findings of the NSSnCl> and NSSnCIA streams using Pearson
statistical analysis is shown in Table 4.21 below.

Table 4.21: Pearson Chi-square results for MDP aliquots reconstituted with non-Argon
purged (NSSnCl,) and Stannous Chloride versus those reconstituted with Argon purged
NS and Stannous Chloride (NSSnCI,A)

Argon purged Normal Saline and Stannous Chloride Aliquot
(NSSnCl2A)
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0.98 0.99 1.00 NSSnCl,A| Total
E (%)
=
© 0.98 1 1 0 0 2
=
2 7.6 0.0 0.9 0.1 8.7
=
5]
o 0.9
5 0.3 4.8 2.8 0.3
<]
=i
= 1.00 0 1 9 0 10
7] 7.3
= 0.5 2.4 3.8 0.5
g
z NSSnCl, | 0 0 0 1 1
gﬂ RCP (%) | 0.1 0.4 0.5 17.1 18.0
8_ Total 1 8 9 1 19
o=
S 8.5 7.7 8.1 18.0 42.3
<
= U 2 _|Pr=0.000
:2 é Pearson  chi© (9) =

Z] 42.2750

The P-value in Table 4.21 was 0.000 which indicated that there is a significant difference
between MDP aliquots reconstituted with non-Argon purged NS with Stannous Chloride
versus those reconstituted with Argon purged NS without Stannous Chloride, and that the
observed difference in the Radiochemical Purity results from the two aliquots were not by

chance.

The RCP findings comparison between the NSSnCl> and NSSnCI,A stream is shown in
Figure 4.6 below. The NSSnCl, stream is represented by the colour grey, whereas the

NSSnCI2A stream is represented by the colour black.
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Figure 4.6: RCP of MDP aliquots reconstituted with Argon purged Normal Saline and
Stannous Chloride (NSSnCI>A) and with non-Argon purged and Stannous Chloride
(NSSnCly).

Key for Figure 4.6

. Grey Bars: Represent the RCP findings of MDP aliquots reconstituted with non-
Argon-purged Normal Saline and Stannous Chloride (NSSnCl,).

. Black Bars: Represent the RCP findings of MDP aliquots reconstituted with Argon-
purged Normal Saline and Stannous Chloride (NSSnCIA).

4.8.8. Comparison of Radiochemical Purity of aliquots kept at ambient conditions and
those made from NSSnClz2and NSSnCI2A
The comparison of the findings of the fractions from all kept at recommended conditions

shown in Table 4.22 below.

Table 4.22: Comparisons of the average RCP for different MDP aliquots kept at ambient
conditions to those kept at recommended conditions (Frozen and refrigerated once-off)
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Aliquot stream | Aliquot age (days) | Storage Temp. (°C) Average RCP (%)
NS 28 23 100
28 3 99
18 27 98
NSA 28 -23 100
28 2 99
18 27 99
NSSnCl; 28 -23 100
28 2 100
18 27 98
NSSnCILA 28 -23 100
28 2 100
18 27 99

The RCP findings comparison between the NS stream fractions kept at and the fractions
kept at recommended (frozen and refrigerated) conditions shown in Figure 4.7 below. The
NS stream is represented by the colour light grey, whereas the frozen stream is represented

by dark grey and the refrigerated stream is represented by the colour black.
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Figure 4.7: RCP comparison for aliquots made from Normal Saline (NS) kept at ambient and

those kept at recommended conditions (frozen and refrigerated, once-off).

Key to Figure 4.7: RCP Comparison for Aliquots Made from Normal Saline (NS) Kept at
Ambient vs. Recommended Conditions
Color Representation
» Light Grey: Ambiently Stored NS Stream
» Dark Grey: Frozen NS Stream
» Black: Refrigerated NS Stream Key Interpretations
1. Radiochemical Purity (RCP) Variations: Higher RCP in frozen and refrigerated
conditions (black and dark grey) indicates better preservation of radiopharmaceutical
integrity. Lower RCP in ambient storage (light grey) suggests degradation or oxidation

over time, reducing radiolabeling efficiency.

2. Impact of Storage Conditions: Frozen and Refrigerated NS Streams (Black and Dark
Grey) maintain higher RCP, implying reduced hydrolysis or oxidation of tin and **™Tc
complexes. Ambient NS Stream (light grey) shows a decline in RCP, likely due to
exposure to oxygen and temperature fluctuations.

3. Stability and Usability: Aliquots with RCP above the acceptance threshold (typically

>90%) are considered suitable for clinical and research use. Decreased RCP in ambient
conditions may lead to suboptimal imaging quality and inaccurate diagnostics.
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4. Practical Implications: Storing NS aliquots under recommended conditions (frozen or
refrigerated) preserves RCP and ensures high-quality radiopharmaceutical preparation.
Ambient storage may not be ideal for long-term stability, requiring optimization or

modification in fractionation methods.

The RCP findings comparison between the NSA stream fractions kept at and the fractions
kept at recommended (frozen and refrigerated) conditions shown in Figure 4.8 below. The
NSA stream is represented by the colour light grey, whereas the frozen stream is
represented by dark grey and the refrigerated stream is represented by the black.

120

100
100 99 99

80
60

40
28 28 27

20 18

2
0

Aliquot age Storage Temp. RCP
-20
-23
-40

Figure 4.8: Average Radio-Chemical Purity (RCP) of aliquots made from Argon purged
Normal Saline (NSA) and kept at ambient conditions compared to those kept at

recommended conditions (frozen and refrigerated once-off).

Key to Figure 4.8: RCP Comparison for Aliquots Made from Argon augmented Normal
Saline (NSA) Kept at Ambient vs. Recommended Conditions

Color Representation

Light Grey: Ambiently Stored NSA Stream

Dark Grey: Frozen NSA Stream

Black: Refrigerated NSA Stream
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Key Interpretations

1. Radiochemical Purity (RCP) Variations: Higher RCP in frozen and refrigerated
conditions (black and dark grey) indicates better preservation of radiopharmaceutical
integrity. Lower RCP in ambient storage (light grey) suggests degradation or oxidation
over time, reducing radiolabeling efficiency.

2. Impact of Storage Conditions: Frozen & Refrigerated NSA Streams (black and
dark grey) maintain higher RCP, implying reduced hydrolysis or oxidation of tin and
99mTc complexes. Ambient NSA Stream (light grey) shows a decline in RCP, likely due
to exposure to oxygen and temperature fluctuations.

3. Stability and Usability: Aliquots with RCP above the acceptance threshold
(typically >90%) are considered suitable for clinical and research use. Decreased RCP in
ambient conditions may lead to suboptimal imaging quality and inaccurate diagnostics.
4. Practical Implications: Storing NSA aliquots under recommended conditions
(frozen or refrigerated) preserves RCP and ensures high-quality radiopharmaceutical
preparation. Ambient storage may not be ideal for long-term stability, requiring

optimization or modification in fractionation methods.

The RCP findings comparison between the NSSnCl; stream fractions kept at and the
fractions kept at recommended (frozen and refrigerated) conditions shown in Figure 4.9
below. The NSSnCl> stream is represented by the colour light grey, whereas the frozen
stream is represented by colour dark grey and the refrigerated stream is represented by the
colour black.
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Figure 4.9: Average RCP of aliquots prepared from non-Argon purged Normal Saline and

Stannous Chloride (NSSnCL>) kept at ambient compared to those kept recommended

conditions (frozen and refrigerated once-off).

Key to Figure 4.9: RCP Comparison for Aliquots Made from Normal Saline (NSSnCL.)

Kept at Ambient vs. Recommended Conditions

Color Representation

Light Grey: Ambiently Stored NSSnCL, Stream
Dark Grey: Frozen NSSnCL, Stream

Black: Refrigerated NSSnCL, Stream

Key Interpretations

1.

Radiochemical Purity (RCP) Variations: Higher RCP in frozen and refrigerated
conditions (black and dark drey) indicates better preservation of
radiopharmaceutical integrity. Lower RCP in ambient storage (light grey) suggests
degradation or oxidation over time, reducing radiolabeling efficiency.

Impact of storage conditions: Frozen and Refrigerated NSSnCL, Streams (black

84



and dark grey) maintain higher RCP, implying reduced hydrolysis or oxidation of tin and

9MTc complexes. Ambient NSSnCL Stream (light grey) shows a decline in RCP, likely

due to exposure to oxygen and temperature fluctuations.

3.

Stability and usability: Aliquots with RCP above the acceptance threshold (typically
>90%) are considered suitable for clinical and research use. Decreased RCP in
ambient conditions may lead to suboptimal imaging quality and inaccurate
diagnostics.

Practical implications: Storing NSSnCL. aliquots under recommended conditions
(frozen or refrigerated) preserves RCP and ensures high-quality
radiopharmaceutical preparation. Ambient storage may not be ideal for long-term

stability, requiring optimization or modification in fractionation methods.

The RCP findings comparison between the NSSnCI>A stream fractions kept at and the

fractions kept at recommended (frozen and refrigerated) conditions shown in Figure 4.10

below. The NSSnCI.A stream is represented by the colour light grey, whereas the frozen

stream is represented by colour dark grey and the refrigerated stream is represented by the

colour black.
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Figure 4.10: Average RCP of aliquots made from Argon purged Normal Saline and

Stannous Chloride (NSSCL>A) kept at ambient compared to those kept at recommended

conditions (frozen and refrigerated once-off).
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Key to Figure 4.9: RCP Comparison for Aliquots Made from Normal Saline (NSSnCL.)
Kept at Ambient vs. Recommended Conditions

Color Representation

Light Grey: Ambiently Stored NSSnCL,A Stream

Dark Grey: Frozen NSSnCL,A Stream

Black: Refrigerated NSSnCL,A Stream

Key Interpretations

1. Radiochemical Purity (RCP) Variations: Higher RCP in frozen and refrigerated
conditions (black and dark drey) indicates better preservation of radiopharmaceutical
integrity. Lower RCP in ambient storage (light grey) suggests degradation or oxidation
over time, reducing radiolabeling efficiency.

2. Impact of storage conditions: Frozen and Refrigerated NSSnCL,A Streams
(black and dark grey) maintain higher RCP, implying reduced hydrolysis or oxidation of
tin and

9¥mT¢ complexes. Ambient NSSnCL,A Stream (light grey) shows a decline in RCP, likely due
to exposure to oxygen and temperature fluctuations.

3. Stability and usability: Aliquots with RCP above the acceptance threshold
(typically >90%) are considered suitable for clinical and research use. Decreased RCP in
ambient conditions may lead to suboptimal imaging quality and inaccurate diagnostics.

4. Practical implications: Storing NSSnCL.A aliquots under recommended
conditions (frozen or refrigerated) preserves RCP and ensures high-quality
radiopharmaceutical preparation. Ambient storage may not be ideal for long-term

stability, requiring optimization or modification in fractionation methods.

4.9. Observations made on infected animals Models

On the second day after the inoculation, the signs and symptoms that indicated the efficacy
of the inoculum were seen in our rat models. This experience was like what was seen in a
study done by Reizner et al. (2014). It was realised that by day two, the rats were hobbling

and clinging to each other, which was an indication of iliness. By the fifth day, it was seen

86



that the rats were having difficulties standing or walking. The animals were also dragging
the injected leg, showing a typical limp.

4.10. Biodistribution Studies of ®*™Tc-MDP radiopharmaceutical aliquots in uninfected
and infected rat models

The biodistribution studies involved injecting two *°™Tc-MDP aliquots into the left thigh
bone of the rat models through the tail vein after which they were subjected to a nuclear
imaging using a planar (Figure 4.11). The MDP aliquots used were those with the stannous
chloride-which recorded the highest RCP and the one which was from the plain normal
saline stream which recorded the lowest RCP. The biodistribution studies were contrasted
with these. The imaging specifications as seen in Table 23 were those of a thyroid

scanning which uses the smallest pin hole suitable for small animals like rats (Saha, 2006).
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Table 4.23: Imaging Information Requirements for %°™Tc-MDP Based Images
Experimental Rats

Width 20%

Energy 140 Kev

No Background subtraction

Imaged in Thyroid Protocol

Matrix 256 X 256 x 8
Total time 300 Seconds
Maximum Pixel 184
Sum of Counts 289421

The above table expresses the imaging information of the experimental rats. The planar
was not working up to maximum capabilities in that it could not process the images

effectively and could not get rid of the back ground noise.
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Figure 4.10: Radiographer imaging one of the infected rat model
The biodistribution studies were compared using uninfected rats as the control and
infected rat models. The *®*"Tc-MDP radiopharmaceutical aliquots was injected on the
fourteenth day post-inoculation. One of the radiopharmaceutical aliquots was prepared
from normal saline alone, while the other was prepared from normal saline augmented

with stannous chloride.

4.10.1. Rat images comparing the biodistribution of *°™Tc-MDP prepared from
ambientally stored NS stream aliquots taken on day fourteen post inoculation

The use of ®MTc-MDP prepared from ambientally stored NS exhibited a good

biodistribution in region of interest (Figure 4.12). The resulting images following
biodistribution studies indicated a high concentration of **™Tc-MDP in the left thigh for
infected rats one and two compared to the uninfected one. This is illustrated by darker

spots in region of interest (left thigh) compared to the non-region of interest.

Uninfected Rat (Control) Infected Rat One Infected Rat Two

Tal injectsd
with 9% Te-
MDP

Hind leg
alignment of the
Rat

Figure 4.11: Biodistribution images of control and infected rats with s. aureus after being
injected with ambientally stored 99mTc-MDP aliquots made from the NS stream in
posterior position
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Key to Figure 4.11: Biodistribution Images of Control and Infected Rats with S. aureus
After Injection of Ambiently Stored **™Tc-MDP (Posterior View)

1. High Uptake Regions (Dark/Hot Spots): Indicates increased radiopharmaceutical
accumulation. Control Rats had normal uptake expected in bones, kidneys, and
bladder due to physiological distribution. Infected Rats had increased uptake at the
site of S. aureus infection, suggesting localized osteoblastic activity or inflammatory
response.

2. Moderate Uptake Regions (Intermediate Intensity): Represents normal physiological
distribution of **™Tc-MDP. Common sites: bones, kidneys, and soft tissues involved
in radiotracer clearance. Variations may occur based on infection severity and
metabolic changes.

3. Low Uptake or Cold Areas (Brighter Regions): Indicates poor radiopharmaceutical
accumulation or perfusion. May suggest tissue necrosis, vascular impairment, or
reduced bone remodeling. Infected rats may show altered perfusion patterns due to
inflammation-related vascular changes.

4. Differences Between Control and Infected Groups: Higher ®MTc-MDP uptake in
infected sites suggests active infection-induced bone remodeling. Altered
biodistribution patterns in infected rats may indicate systemic effects of bacterial
infection, such as changes in renal or hepatic clearance. Control rats should show a
more uniform, predictable uptake pattern.

5. Clinical and Research Implications: Increased radiopharmaceutical localization in
infection sites could support *™Tc-MDP as a potential imaging agent for diagnosing
infectious bone diseases. Comparison with other imaging modalities (e.g., histology,

microbiological analysis) is necessary to confirm infection-related changes.

4.10.2. Rat images comparing the biodistribution of °*"Tc-MDP prepared from
ambientally stored NSSnCl: stream aliquots taken on day fourteen post

inoculation.

The use of **"Tc-MDP prepared from ambientally stored NSSnCl, exhibited a good
biodistribution in region of interest. The resultant images following biodistribution studies
indicated a high concentration of ®™Tc-MDP in the left thigh for infected rats one and
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two compared to the uninfected one. This is illustrated by darker spots in region of interest

(left thigh) compared to the non-region of interest.

Uninfected Rat (Control) Infected Rat One Infected Rat Two

Tail injected
with *™Te-

MDP

Hind leg
alignment of the
Rat

Figure 4.12: Biodistribution images of control and infected rats with s. aureus after being

injected with ambientally stored *™Tc-MDP aliquots made from the NSSnCl, stream

Key to Figure 4.12: Biodistribution Images of Control and Infected Rats with S. aureus

After Injection of NSSnCl, stream Ambiently Stored *°™Tc-MDP aliquots (Posterior View)

1. High Uptake Regions (Dark/Hot Spots): Indicates increased radiopharmaceutical
accumulation. Control Rats had normal uptake expected in bones, kidneys, and bladder
due to physiological distribution. Infected Rats had increased uptake at the site of S.

aureus infection, suggesting localized osteoblastic activity or inflammatory response.

2. Moderate Uptake Regions (Intermediate Intensity): Represents normal physiological
distribution of ®™Tc-MDP. Common sites: bones, kidneys, and soft tissues involved in
radiotracer clearance. Variations may occur based on infection severity and metabolic
changes.

3. Low Uptake or Cold Areas (Brighter Regions): Indicates poor radiopharmaceutical

accumulation or perfusion. May suggest tissue necrosis, vascular impairment, or
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reduced bone remodeling. Infected rats may show altered perfusion patterns due to
inflammation-related vascular changes.

4, Differences Between Control and Infected Groups: Higher ®™Tc-MDP uptake in
infected sites suggests active infection-induced bone remodeling. Altered

biodistribution patterns in infected rats may indicate systemic effects of bacterial
infection, such as changes in renal or hepatic clearance. Control rats should show a
more uniform, predictable uptake pattern.

5. Clinical and Research Implications: Increased radiopharmaceutical localization in
infection sites could support ®™T-MDP as a potential imaging agent for diagnosing
infectious bone diseases. Comparison with other imaging modalities (e.g., histology,
microbiological analysis) is necessary to confirm infection-related changes.

CHAPTER FIVE

DISCUSSION

5.1. Brief Introduction

This chapter provides in-depth discussion of the findings in relation to the specific
research objectives. The discussion is organized according to the four specific objectives
outlined for this study and interpreting the results in light of existing literature thereby
providing insights into the implications especially concerning the formulation and
efficacy of ambientally stored methylene diphosphonate (MDP) radiopharmaceutical Kits

in the diagnosis of infectious diseases.

In this research, a Methylene Di Phosphate (MDP) fractionation method was modified in
an effort to optimise its use at the University Teaching Hospital in Zambia for infectious
disease diagnosis. The research assessed the stability of MDP aliquots stored at room
temperature made from various types of normal saline. The results demonstrated that
fractions stored at room temperature remained useful for approximately a month, as they
were able to demonstrate good RCP and localization in the region of interest, hence this
research demonstrated that the biodistribution was quite successful.
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5.2. Radiochemical Purity (RCP) of Ambiently Stored MDP Fractions versus
Conventional Storage (Frozen and Refrigerated Conditions)

The first objective aimed to compare the RCP of radiolabeled methylene diphosphonate
(MDP) fractions stored at ambient temperatures with those stored under conventional
conditions (frozen and refrigerated). The study found that ambient storage resulted in a
lower RCP (98% to 99%) compared to frozen and refrigerated storage conditions (100%)
agreeing to earlier research done by Damasceno et al. (2022). These results align with this
study’s findings, which demonstrate that maintaining MDP fractions at lower
temperatures preserves their radiochemical integrity better than higher temperatures,
although in our case the RCP was far above the minimum threshold (90%) which qualifies

the use of a radiopharmaceutical.

This degradation in MDP RCP below the minimum threshold of 90% may result in
reduced diagnostic efficacy. This finding highlights the importance of appropriate storage
conditions in maintaining the functionality and safety of MDP radiopharmaceutical Kits,
particularly in resource-limited settings where cold chain management is often a
challenge.

5.3. RCP of MDP Fractions Prepared Using Argon-Purged Normal Saline (NSA) Versus
Plain Normal Saline (NS)

The second objective focused on the comparison of the RCP of radiolabeled MDP
fractions prepared using NSA (99%) with those prepared using NS (98%). The results
demonstrated a significant improvement in RCP when argon-purged normal saline was
used. This is consistent with previous studies suggesting that oxygen in normal saline can
lead to the oxidation of stannous ions (Sn2") that are critical in the radiolabeling process
(Decristoforo et al., 2016; Cucurachi et al., 2019), which supports the idea that presence
of too much oxygen exposure can reduce the capacity of stannous chloride, leading to less
efficient binding of technetium-99m (°*™Tc) to the MDP molecule. By purging the normal
saline with argon, this study effectively reduced the oxidation of tin ions, ensuring a higher
RCP and thus, better radiolabeling efficiency. This finding has significant implications for

the preparation of radiopharmaceutical kits in settings where controlling oxygen exposure
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Is feasible. Argon purging represents a cost-effective intervention to improve RCP without
the need for sophisticated equipment, enhancing the overall performance of MDP Kits in

clinical practice.

5.4. RCP of MDP Fractions Reconstituted with Tin Chloride Augmented NS (NSSnCl>)
Versus Tin Chloride Augmented NS Purged with Argon (NSSnCI2A) The

third objective involved comparing the RCP of radiolabeled MDP fractions reconstituted
with tin chloride-augmented normal saline (NSSnCl,) and those reconstituted with tin
chloride-augmented saline purged with argon (NSSnCI2A). The results demonstrated that

the fractions reconstituted with NSSnCI>A achieved higher RCP (100%) levels compared

to NSSnClz alone (99%).

The key difference here is the combined effect of tin chloride augmentation and argon
purging, which effectively reduced oxidation and further enhanced radiolabeling
efficiency. The importance of both maintaining reducing agents and minimizing oxidative
exposure for optimal radiolabeling has been emphasized in literature by Saha, (2011),
which aligns with this research findings.

The synergy between tin chloride and argon purging suggests that this preparation method
can serve as a superior alternative in optimizing the quality of radiopharmaceuticals, especially
in settings where cold storage and handling might not be ideal. This could be particularly
advantageous in developing regions, where limited resources and infrastructure often presents
barriers to the optimal preparation and storage of radiopharmaceutical kits.

5.5. Efficacy of Radiolabeled MDP Fractions through Biodistribution in Animal Models
The fourth and final objective was to determine the efficacy of the radiolabeled MDP

fractions through biodistribution studies in animal models. Since all streams of aliquots
passed the minimum (90%) RCP threshold, the biodistribution studies were done by
administering two different types of aliquots to rat models, one with highest RCP which
was made argon and stannous chloride (100%) and one with normal saline (98%). The
results revealed an increased uptake of labelled *™Tc-MDP in the left thigh bone, where
induction of Staphylococcus aureus infection was performed for both streams (NS and
NSSncl2A). This contrasted with other anatomical regions, such as the right thigh and the
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whole-body regions of the control rat model, where no infection was induced. This
biodistribution pattern is similar to the findings made by Dhingra et al. (2019).

The results also showed that MDP fractions with higher RCP levels particularly those
prepared using argon-purged saline and tin chloride augmentation produced
biodistribution images with poor contrast though with enhanced uptake in target tissues

and minimal non-target accumulation.

CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

1. MDP aliquots reconstituted with NSA and NS, stored at room temperature for
eighteen days, showed RCP typically ranging from 98 to 99%, falling within the expected
range (>90%) and were suitable for diagnosing infectious diseases.

2. MDP aliquots reconstituted with NSSnCl> and NSSnCI>A, stored at room
temperature for eighteen days, exhibited RCP ranging from 99% to 100% suitable for
therapeutic and diagnostic purposes.

3. Ambiently stored MDP aliquots recorded RCP of 98 to 99% in comparison to
MDP aliquots stored under recommended conditions (-2 to 8°C), that recorded 100% RCP
with both aliquots being found suitable for clinical applications.

4. Biodistribution studies using infected rat models revealed excellent localization
in the region of interest, indicating viability for use.

6.2. Limitations

6.2.1. Data Collection Method

When the research was conducted, the modern SPECT gamma camera that would have

tested for real-time biodistribution had broken down. As a result, the older model of a planar

was used, with technical difficulties like non-clearer images of the biodistribution, failure to get

rid of background noise and collect uptake data in various rat organs. Uptake data would help to

numerically determine the difference in target to non - target ratio of radiopharmaceuticals in

various organs. There was also non-availability of any equipment like single channel analyser

95



with detector. The diethyl ether used as anesthesia wore out faster than expected which also
affected quality of imaging.
6.2.2. Scope

The only Nuclear Pharmacy Hot Laboratory at University Teaching Hospital (UTH) was used

for the investigation because it is the only location equipped to handle radiopharmaceuticals.

As aresult, only Lusaka's ambient conditions were evaluated. Other locations in Zambia where

ambient circumstances are different from those seen during this investigation may record

higher temperatures and hence provide a different story.

6.3. Future Work and Recommendations

This research has laid a very good foundation for the characteristics of Methylene Di
Phosphonate (MDP) aliquots stored at ambient conditions. The results have shown that plain
Normal Saline can be used to make these aliquots and still give good Radiochemical purity.
However, there is need to conduct further research to confirm how good the biodistribution could
be regarding these MDP aliquots by using modern equipment like SPECT or SPECT-CT. These
better machines are able to give clearer images of biodistribution.

6.3.1. Ministry of Health

The UTH facility's gamma cameras are dated. Modern ones like SPECT or SPECT-CT
are required since more study must be done to show how well the biodistribution works. These
more advanced devices can produce images of biodistribution that are more precise. Therefore,
it is anticipated that the Ministry of Health will facilitate the purchase of new cutting-edge
machinery.

6.3.2. Nuclear Medicine Department- Future Research

1. There is need to conduct further research to confirm how good the biodistribution will be

regarding these aliquots by using modern equipment like SPECT or SPECT-CT.

Research can be conducted in the following areas;

a) Comparing of cost of fractionated MDP verses the unfractionated MDP.

b) Study on MDP aliquots at ambient conditions for longer than eighteen days and in hotter

arts of Zambia and in a clean environment following sterilization of the hot lab.

c) Assessing the biodistribution of MDP aliquots using a SPECT gamma camera in actual

human patients’ other conditions other than infections.
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2. Deliberate measures must be made to support improvements in the nuclear laboratory's
cleanliness. The growth of microorganisms on agar plates for more than 70% of the
collected MDP aliquots during the sterility test was notable even though all QCs were in

compliance with standards, which is a sign of contamination in the lab setting.
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APPENDIX B: Data Collection Forms
APPENDIX B1: Laboratory form: Data collection form for NSSCI2A Stream
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APPENDIX B2: Laboratory form: Data collection form for NSSCI2 Stream
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APPENDIX B3: Laboratory form: Data collection form for NSA Stream

QC Tests
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APPENDIX B4: Laboratory form - Data collection form for NS Stream

QC Tests
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APPENDIX B5: Laboratory Form - To Show compliance of products

99-Mo/Tc- Packaging Shelf life (Not Batch No
99m Labelling (Intact = +, Not + expired = (Available =+, not]
Generator/ | COMPliance intact = -) Expired = -) available = -)

.. |(Clear and correct
MDP RP kit | _ +, Not clear and

correct =-)

Month 01
Month 02
Month 03
% Compliance
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APPENDIX C: Radioactivity
1 curie (Ci) = 3.7x 10%° disintegrations per second (dps)

= 2.22x10*2 disintegrations per minute (dpm)

1 millicurie (mCi) = = 3.7x107 dps
2.22x10° dpm

1 microcurie (mCi) = 3.7x10* dps
=2.22x10° dpm

1 becquerel (Bq) =1dps
=2.703_ 101 Ci

1 kilobecquerel (kBq) =10% dps
=2.703x10 8 Ci

1 megabecquerel (MBq) = 10° dps
=2.703 x10 ° Ci

1 gigabecquerel (GBq) =10° dps
=2.703x10 2 Ci

1 terabecquerel (TBQ) = 10" dps
=27.03 Ci
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Objectives The primary aim wasto evaluate the prolonged quality characteristics of
methyl diphosphonate (MDP} aliquots during ambient storage over a specified
duration. This study further investigated potential additives that could enhance the
stability of MDP aliquots stored under such conditions.

Materialsand Methods Thiswas alaboratory-based experimental study conducted at
the University Teaching Adult Hospital in Lusala, Zambia. A total of 36 MDP aliquots
stored at ambient conditions and 4 MDP aliquots stored at conventional refrigerated
frozen conditions were labeled with technitium-99m (*®*™Tc} and tested for radiochem-
ical purity (RCP} and other quality characteristics. A comparative analysis of the
stability and quality of MDP aliquots from the two cohorts was then conducted.
Statistical Analysis Stata 14 was used to analyze the data on the RCP of all MDP
aliquots.

Results TheRCP of ambient stored MDP aliquots was found to be ranging from 98 to
99%, while that for frozen and refrigerated ones ranged from 99 to 100%. There was
also a 1% increase in RCP for both cohorts with argon gas purging (98 and 99%,
respectively}.

Conclusion The RCP of MDP aliquots from both cohorts was much higher than the
required minimum of 90% implying that there was no significant association of their
stability and quality with the mode of storage. However, purging with argon gas
seemed to increase the stability further in both streams. The study findings show
potential forapplication in resource-constrained environments and centers, especially
in developing countries, where challenges to maintain the cold storage chain of these
important radiopharmaceuticals are likely to be encountered due to power outages.
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Introduction

Radiopharmaceuticals {RPs), consisting of a mdipactive iso-
tope combined with a pharmaceutical compound, offerexcep-
tional precision when it comes to diagonosing and treating
wvarious medical conditions.! RPs have revolutionized the field
of medicine, providing precise diagnostic capabilities and
innovative tceatments for a wide range of ailments? RPs
are, theefore, widely used in diagnostic imaging procedures
likke single-photon emission computed tomogm@phy and posi-
tron emission tomography. 7 The precision ofthese imaging
techniques allows healthcare professionals to identify and
evaluate vadous ailments with accuracy®

However, while RPs offer remarkable accuracy indiagno-
sis and treatment, several usage challenges exist 2 These
include the short half-lives of certain adioisotopes, limited
availability, and cost considerations® Other challenges come
inwhenthece are low patient volumes and the efore awhole
multidose vial ofa RP kit that can cater fora good numberof
patients tends to go to waste.

Further, though the use of RPs is integral for diagoostic and
thempeutic applications,'®"3 logistical challenges associated
with theirstorage and transportation, pacticularly in cespurce-
constrained environments of developing countries, often hin-
der the seamless prowision of nuclear medicine services.
However, the compound methylene diphosphonate { MOP—
supplied by AEC Armersham, 6 [ndianapolis ST, Kyalami Pacle,
Midland, 1684, South Africa), a RP commonly employed in
booe imaging, holds promise for mitigating these challenges.
While liteatuce holds that MDP aliguots stored at cefrigeated
and frozen conditions remain viable for as long as
9 months,'*15 the effects of ambient conditions on aliquots
in areas with uneeliable cold chainbaclaup strategies have not
been studied and, therefore, the viability of MDP aliquots kept
at ambient conditions has not been explored. This research,
therefore, investigated the potential of ambient-stored MDP
RPs toovercome the hurdles associated with cold-chain main-
tenance and storage infrastructure limitations.

[t is hoped that the study fndings would contdbute
valuable insights that could pave way to a more sustainable
and accessible deployment of nuclear medicine techoolo-
gies, ' '® thereby improving diagnostic capabilities and
patient outcomes in resource-challenged regions.

Materials and Methods

Preparation of Various Types of Noermal Saline

Two streams of different types of normal saline {MNS) were
prepared using two SO0 mL packets of NS. The Acst paclket
{named as NS stream) was left unchanged, while the other
S00 mL packet {named as NSA stream) was purged with
argon gas.

Preparation of VIDP Aliguots

MOP alicuots were prepared by diluting a vial of MOP RP kit
with 4mL of NS drawn from either stream {NS and NSA).
Thereafter, 1 mL was withdrawn from each diluted MODP vial
and dispensed into four separate sterile vials. This process

Developing Countries  Zulu et al.

was done on ten vials of MOP RP kit malking each stceam of
NS yield 20 MDP aliguots.

From each stream of NS, 18 MDP aliguots were stored
under ambient conditions {defined as the mom temperature
that existed within our laboratory during the reseacch period
and which ranged from 25°C to 35°C) until the 18th day,
while one MOP aliquot was stored refrigerated, and another
one was kept frozen for a dumation of 28 days.

Radicchemical Purity Test

Radiochemical purty {RCP)testing was conducted daily ona
total of 36 MDP aliguots stored under ambient conditions
ranging fom 1 to 18 days. Additionally, testing was per-
formed oo a total of ur'® MDP aliguots stored under
refrigerated and frozen conditions on the 28 day. This RCP
test involved labeling the aligquots with 600 to 1,200 MBg of
technetium solution following a fresh elution

This was done by dopping 0.05 mL oftechnetium-labeled
MOP aliguots applied to two Whatman chomatographic
paper stops. These were then submerged in two distinct
mobile phases {MNS and methyl ethyl ketone [MEK]) to detec-
mine the conceatrations of cradiochemical impurities and
expected form of the mdiochemical compound. Free techne-
tium pertechnetate (5™ Te0* ) andthe colloid also known as
tydrolyzed reduced pectechoetate {(S5™Te011) in 997Tc
labeled complexes were bund as mdiochemical impurities.
Pooc-guality pictures and an exta dosage of mdiation forthe
patient come from the presence of high level of radiochemi-
cal contaminants ina RE

The Whatman paper was employed as the immobile
phase to detect free st , while MEK and NS were
utilized as the mobile phase. Free S5 Te0O* is soluble in
both NS and MEK; as a esult, it migrated with the mobile
phase as the paper zot wet until the expected marl and the
reference values were noted. Whatman paper number 1
served as an immobile phase and MEK secved as a mobile
phase todetermine the colloid, **™Te011. Sodiumchlodde is
insoluble in the colloid {5™Te011) and required RE To do
this, a strip of 09¢m % 8.5cm Whatman paper was cut,
marled with a pencil to indicate the origin at 1 ¢m from
the bottom, and marlked with a pencil to indicate the solvent
froat line at 6.5 ¢cm from the origio.

The two chromatography paper strips were immediately
put inthe developing chamber for chromatography with a lid
containing MEK and NS and allowed to develop ooce a drop
{D.05 mL) of the mixture was detected onthe odgin line. The
strip was removed and left to dry when the solvent gottothe
solvent front line. The amount of ™ Te-MOP, free S5™Te0?® |,
and 5™ T¢011 colloid were typically measured on chromato-
grams made from RCP using the dosage calibrator. Accodding
tothe World Health Organization {WHO), SS™Te MDP should
only be used if the RCP is at least 9072

Results

The MOP was reconstituted accomding to the manufacturec’s
instructions and then subjected to different storage temper-
atures and time perod. As indicated in ~Table 1, the stoage

Warld jaumal of Nudesr Medicine  Wal. 25 fa. 4)2024 @ 2024. The Authar(s).
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Table 1 RCP of 2" TMDP aliquots made from the two streams of NS stored at ambient conditions (NS and NSA) and those kept at

recommended conditions

Aliguot stream No of aliquots Aliguot age (days) Storage temp. (°C) RCP (%) WHO (>90)
NS 1 28 —23 (frozen) 100 Passed

1 28 3 (refrigerated) 99 Passed

18 18 27 (ambient) 98 Passed
NSA 1 28 —23 (frozen) 100 Passed

1 28 2 (refrigerated) 99 Passed

18 18 27 (ambient) 99 Passed

Abbreviations: NSA, normal saline aliquot; RCP, radiochemical purity; °*™Temethylene diphosphonate; WHO, World Health Organization.

time ranged from 18 to 28 days at room temperature ranging
from 25 to 42°C for ambient stored MDP aliquots and from 2 to
-4°C for MDP aliquots stored at recommended conditions. The
RCP that was our dependent variable showed a reduction of 1 or
2% from the one stored at recommended conditions. The reduc-
tion, however, passed the WHO standards. The RCP findings
comparison between the NSA and NS stream isshown in ~Fig. 1.

Discussion

The goals of this research were to determine the effect of
storage conditions and additives on the RCP. This section
discusses the outcomes that were achieved.

Radiochemical Purity (RCP) of Aliquots of 99™Tc-MDP
~Table 1 provides the RCP findings of 99™Tc-MDP aliquots
held at various settings. Both streams of normal saline (NS
and NSA) surpassed the WHO's recommended criterion of at
least 90% for RCP, despite differences in storage duration and
temperature. The small but statistically significant decrease
is RCP seen across all examined time periods suggests
stability as seen in ~Table 2.

~Fig. 1 clearly exhibits the comparison of RCP results
between different streams, illustrating the constancy in RCP
throughout the streams. = Figs. 2 and 3 indicate a compari-
son of NS and NSA MDP aliquots with those stored at
recommended conditions. The findings from this research

Radiochemical purity for NS and NSA

99.5

99 o i
98.5
98 i 1 .
975
97
2 3 a 5

RCP (%)

6 7 8 9 10 11

12

13 14 15 16

17 18

Aliquot age (days)

EBNSA

NS

Fig. 1 Radiochemical purity (RCP) of ™ Tc-methylene diphosphonate aliquots reconstituted with normal saline aliquot (NSA) and with normal
saline (NS), only those stored at ambient conditions. The NSA stream is represented by the black color, whereas the NS stream is represented by

the color gray.

World Journal of Nuclear Medicine Vol. 23 No. 4j2024 © 2024. The Author(s).
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Table 2 Statistical inference of NS and NSA streams of MDP aliquots

Argon purged NSA
Normal Saline (NS) RCP (%) Total

0.98 > L] 0 0 12
0.1 0.3 1.3 0.6 23

0.99 1 3 1 0 5
0.0 0.0 0.4 0.3 0.7

1.00 0 0 1 0 1
0.2 0.6 7.6 0.1 8.5

NS RCP 0 0 0 1 1
0.2 0.6 0.1 12.1 18.0

Total 4 12 2 1 19
0.5 1.5 9.4 18.0 29.4
Pearson chi?(9) Pr— 0.001
29.4500

Abbreviations: MDP, methyl diphosphonate; NSA, normal saline aliquot; RCP, radiochemical purity.

revealed that MDP aliquots stored at room temperature methods. The aliquots were kept at —20°C. In their study,
remained viable for almost a month with RCP of 98 to the efficacy and RCP of “*™Tc-MDP were compared with those
100%. Thus, MDP aliquots stored at ambient temperatures  of a traditional process without fractionation.?® Fractionated
have acceptable quality control results and may be used to  “*™TeMDP in the vial and syringe had more than 95% RCP
diagnose cancer and infections, especially in low-resource  although by day 8, RCP had dropped to 83.6 and 88%, respec-
countries with cold chain concerns. tively. Biodistribution studies were assessed in a cohort of 100

Thokchom et al studied how MDP kit fractionation affects  patients. Dhingra and colleagues evaluated the Radiochemical
RP RCP and biodistribution using vial and syringe storage  Purity (RCP) of MDP, Di Mercapto Succinic Acid (DMSA), and

RCP comparison for NS at ambient & recommended conditions
120

100 99 98
100

80

40
27

18

. -~
—

rage temp. (°C) RCP (%)

Aliquot age (days)
-20

-40

W Seriesl M Series2 M Series3

Fig. 2 Radiochemical purity (RCP) comparison for **™Tcmethylene diphosphonate aliquots made from the normal saline (NS) stream under
different storage conditions: Series 1 {—23°C), Series 2 {2-8°C), and Series 3 {(ambient conditions, 25-35°C).

World Journal of Nuclear Medicine Vol. 23 No. 4/2024 © 2024. The Author(s).
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RCP comparison for NSA at ambient &
recommended conditions

120
100

80

28 28
18

o -

Aliquot age (days)

rage temp. (°C)

2

RCP (%)

W Series1 M Series2 M Series3

Fig.3 Radiochemical purity (RCP) comparison for **"Temethylene diphosphonate aliquots made from normal saline aliquot (NSA) and stored
under various conditions: Series 1 (—23°C), Series 2 (2-8°C), and Series 3 (ambient, 25-35°C).

Diethylenetriamine Penta Acetate (DTPA) kits, with average
RCP values of 95%, 91%, and 95%, respectively.?’' They examined
90 samples altogether (30 of each) after adding NS and
refrigerating the aliquots in evacuated vials at —20 to —30°C
for 1 to 15 days. Bayomy et al studied Egyptian approaches to
lower MDP kit prices. After 30 days, the RCP was tested upon
which it was discovered that the aliquots were effectively
maintained with an average RCP of 98.56% for fractions main-
tained between —20 and —28°C in nonoxygenated vials and
97.15% for fractions maintained between 0 and +4°C.2? Suc
cessful biodistribution studies localized in the region of inter-
est were seen in the human subjects.

[« | and Prospects for the Future

Ambient stored aliquots of 2™ Tc-MDP RP were studied for
their stability and behavior under various storage circum-
stances. The stable RCP concentrations provide evidence for
the stability of the RP product. To better understand how
ambient stored MDP aliquots, researchers should dig further
into the particular processes patterning to their biodistribu-
tion patterns as this will also help generalize and apply the
findings to a wider context.

Conclusion

In conclusion, this study successfully investigated the stabil-
ity of ambient stored MDP RP aliquots. The RCP results

World Journal of Nuclear Medicine  Vol. 23  No. 4/2024 © 2024. The Authoi(s).
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demonstrated the resilience of MDP aliquots, with both
streams meeting the WHO's recommended threshold of at
least 90% RCP. Despite minor reductions in RCP levels, well
within an acceptable margin, the RP maintained its integrity
over the tested duration and temperature ranges.

The statistical analysis using Stata version 14 added
robustness to the findings, ensuring a reliable interpretation
of the data. This study adhered to ethical standards and
obtained necessary approvals, further validating the credi-
bility of the results.

These findings contribute to the understanding of ambi-
ent stored MDP aliquots behavior, laying the groundwork for
potential further future research.

As a concluding remark, this research not only provides
insights into the specific context of 99™Tc-MDP but also
sets the stage for further investigations into the broader
implications of storage conditions and additives on RP
performance, ultimately advancing the field of nuclear
medicine.

This study evaluated the use of ambiently stored MDP
aliquots, a radiopharmaceutical employed in diagnosing
cancer and infectious diseases. Future research could com-
pare the cost-effectiveness of using fractionated versus
unfractionated MDP. Additionally, further studies could in-
vestigate the stability of ambiently stored MDP aliquots over
periods longer than eighteen days, particularly in hotter
regions of Zambia.
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APPENDIX E: ELUTION PROCESS OF ®™TECHNETIUM (*"TC) FROM A %
MOLYBDENUM (**MO)

The elution process of 99m-technetium (**™Tc) from a 99 molybdenum (**Mo) generator
is a crucial step in nuclear medicine for producing radiopharmaceuticals used in various
diagnostic imaging procedures. This process enables accurate diagnosis and treatment of

various medical conditions.

Below is a detailed description of the elution process:
1. Generator Setup: The %°Mo/*™Tc generator typically consists of a column

containing a parent isotope, **Mo, which decays into the daughter isotope *™Tc. The **Mo
is typically bound to a column of alumina or other suitable material.

2. Priming: Before elution, the generator is primed to allow the buildup of ®*MTc.
This involves allowing sufficient time for ®*Mo to decay and produce the desired *™Tc.
The time required for priming depends on the activity of the generator and the half-life of

%Mo, which is about 66 hours.

3. Preparation: Prior to elution, the elution system is prepared. This involves
ensuring that all necessary equipment and supplies are ready and that the elution apparatus
is properly sterilized to maintain the sterility of the final radiopharmaceutical products 4.
Elution Setup: The elution apparatus typically consists of a shielded container with lead
shielding to reduce radiation exposure to the operator. The generator column is connected
to tubing that leads to a syringe or collection vial. The elution process is performed under
strict aseptic conditions to prevent contamination of the final product.

5. Elution Procedure: The elution process begins by introducing a suitable eluting
agent, often a saline solution containing reducing agents such as stannous chloride
(SnCly), into the generator column. The eluting agent flows through the column,
displacing the ®™Tc from the alumina or other binding material. The ®™¢ being a
technetium cation (TcOx), is carried along with the eluent. The eluent containing ®™Tc is
collected in a sterile vial or syringe. The volume of eluent collected depends on the desired

activity and concentration of the final radiopharmaceutical product.
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6. Quality Control: After elution, quality control tests are performed to ensure the
purity, radiochemical purity, and activity of the eluate. This may include measuring the
pH, radioactivity, and conducting tests for the presence of any impurities.

7. Radiopharmaceutical Preparation: The eluate containing **™Tc is then used to
prepare radiopharmaceuticals. Depending on the specific radiopharmaceutical being
produced, the eluate may be mixed with other pharmaceutical ingredients to form the final
product. Common radiopharmaceuticals include technetium-based compounds used for
imaging various organs and tissues in the body.

8. Patient Administration: Once prepared, the radiopharmaceutical is administered
to the patient for diagnostic imaging. The dosage and administration route depend on the
specific procedure being performed and the patient’s condition.

9. Disposal: Proper disposal procedures are followed for any unused or waste
materials to minimize radiation exposure and environmental impact.
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APPENDIX F: LABELLING OF MDP (METHYLENE DIPHOSPHONATE)
RADIOPHARMACEUTICAL WITH ®"TECHNETIUM (%*™Tc)

The labelling process of MDP (Methylene Diphosphonate) radiopharmaceutical with
¥MTechnetium (*®™Tc) is a crucial step in nuclear medicine imaging for bone scans. In
summary, the labelling process of MDP radiopharmaceutical with **™Tc involves
reconstituting the MDP Kkit, preparing the ™Tc eluate, combining the two components,
performing quality control tests, and administering the labelled radiopharmaceutical to

the patient for nuclear medicine imaging.

Below is a detailed discussion of the process:

1. Preparation of MDP Kit: MDP Kits typically consist of lyophilized (freeze-dried)
MDP, which is a phosphonate compound with a high affinity for bone mineral. The MDP
is formulated with various excipients and stabilizers to ensure stability and compatibility
with the labeling process.

2. Reconstitution of MDP: Prior to labeling, the MDP Kit is reconstituted with a
suitable sterile solution. This is usually done using sterile saline or another appropriate
solvent. The reconstitution process involves adding the solvent to the vial containing the
lyophilized MDP and gently swirling or mixing until the powder is completely dissolved.
Care must be taken to maintain sterility throughout this process.

3. Preparation of ®™Tc: The *™Tc eluate, obtained from a **Mo/**™T¢ generator
through the elution process described earlier, is prepared for labeling. The eluate typically

contains 2°™TcO4- in a suitable solvent such as saline.

4. Labeling Procedure: Once both the MDP solution and the *™Tc eluate are
prepared, they are combined for labeling. A portion of the **™Tc¢ eluate is withdrawn using
a shielded syringe or dispensing system. The withdrawn %MTc eluate is added to the vial
containing the reconstituted MDP solution. The amount of ®™Tc added is typically
calculated based on the desired radioactivity dose for the patient and the specific labeling
efficiency of the kit. The vial containing the MDP solution and ®™Tc eluate is gently

mixed to ensure thorough mixing of the radiotracer with the MDP compound.
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5. Quality Control: After labeling, quality control tests are performed to ensure the
radiochemical purity and stability of the labeled product. Common quality control tests
include thin-layer chromatography (TLC) to assess the radiochemical purity and sterility

testing to ensure the product meets appropriate standards for injection.

6. Patient Administration: Once the labeling process is complete and quality control
tests are passed, the labeled MDP radiopharmaceutical is ready for patient administration.
The labeled MDP solution is typically drawn into a shielded syringe or vial for injection
into the patient. The dosage and administration route are determined based on the specific
imaging protocol and the patient’s condition.

7. Imaging Procedure: Following administration, the patient undergoes nuclear
medicine imaging, usually in the form of a bone scan. The radiopharmaceutical
accumulates in areas of increased bone turnover or pathology, allowing for the detection
of bone abnormalities such as fractures, tumors, infections, or metastases.

8. Disposal: Proper disposal procedures are followed for any unused or waste
materials to minimize radiation exposure and environmental impact.
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