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Design of dosage forms

Alenka Zvonar Pobirk, is associate professor at the Department of Pharmaceutical Technology
at the Faculty of Pharmacy University of Ljubljana, where she is a member of research group
focusing on lipid-based systems for improved oral and dermal delivery of (poorly water
soluble) drugs. She participates as lecturer and supervisor at under- and post- graduate
programs at Faculty of Pharmacy University of Ljubljana. She is a (co)author of several
publications published in internationally recognized journals, and a European patent,
protecting the technology of preparing nanoparticles by vibrating nozzle device. In 2015 she
was awarded with ceremonial document for young university teachers and associates at the
University of Ljubljana for exceptional educational and research achievements. Slovenian
Science Foundation awarded her with award “Prometheus of Science for Excellence in Science
Communication”, for the year 2017. In recent years she was/is actively involved in co-
organising International conference on Phmarmaceutical Sciences (2022, 2025) and several
Symposiums on pharmaceutical technology at Slovenian Pharmaceutical Society (SFD). Since
2025 she is a President of the Section of Pharmaceutical technologist at SFD. She is also active
as a member of Editorial board of Farmacevtski vestnik and Acta Pharmaceutic, and
Coordinator of the University study programme Cosmetology (1%t Bologna cycle). She is a
mother of two children.

The lecture has the following learning objectives:

1. Students will be able to describe the factors influencing the selection of dosage form
(DF) and its constituents.

2. Students will be able to describe and discuss the main principles of DF and their
classification (based on administration route and physical form).

3. Students will be able to describe constituents, preparation and properties of solid DF
(solid capsules and tablets).

4. Students will be able to distinguish among liquid DF (solutions, emulsions, suspensions,
colloidal dispersions) and discuss their stability issues.

5. Students will be able to describe classification of parenteral preparations, to
differentiate among them and interpret their requirements

Summary of the lecture (prepared by Assoc. Prof. Alenka Zvonar Pobirk and Prof. dr. Julijana

Kristl):

The formulation of active pharmaceutical substances into the dosage forms requires

knowledge from several scientific disciplines. Whilst the physical and chemical properties of
active pharmaceutical substances and excipients need to be understood, the factors
influencing drug absorption and the requirements of the disease or diagnostic procedure also
have to be considered when designing drug delivery system. The design, formulation and
evaluation of dosage forms, important for (radio)pharmaceuticals are presented as a text and
power point.
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1. PRINCIPLES OF DOSAGE FORM DESIGN

The first lecture in segment of pharmaceutical technology concentrates on dosage forms,
which are concerned with the conversion of active ingredients into medicines emphasing the
most interesting for radiopharmaceuticals. Dosage form enables delivery of active ingredient
into the body in a safe, efficient, reproducible and convenient manner. Which considerations
should be taken to design a drug substance into dosage form? Drug substances in their purified
state usually exist as white crystalline or amorphous powders or as viscous liquids. Drugs are
rarely, if ever, administered to patients in an unformulated state, i.e. solely as pure chemical
substances — active substances, but are almost always given in formulated preparations. The
vast majority of the available active pharmaceutical compounds, which are potent at the
milligram or microgram levels could not be presented in a form providing an accurate and
reproducible dosage unless mixed with a variety of excipients and converted into selected
dosage forms by controlled technological processes. Indeed, the primary aim of
pharmaceutical technology lies in the design, formulation and evaluation of a wide range of
dosage forms, each providing an optimized delivery of drug for selected route of
administration.

The science of dosage forms and drug delivery may be described as the application of active
pharmaceutical substances of either chemical or biological origin to control their in vivo
temporal and spatial location for clinical benefit. The goal of drug delivery system is to release
drug(s) to produce the maximum simultaneous safety and effectiveness. Drug delivery is
becoming extremely demanding scientific field. Today’s world requires that drug delivery
systems be precise in their control of drug delivery and efficiency, and, preferably, respond
directly to the local environment stimuli (pH, temperature, enzymes).
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Dosage forms can vary from relatively simple solutions to complex drug delivery systems. They
provide varied and specialized pharmaceutical functions with the use of appropriate additives
or excipients in the formulations. The principal objective of dosage form design is to achieve
a predictable therapeutic response to a drug included in a dosage form, which can be
manufactured at a large scale with reproducible product quality. In order to ensure product
quality numerous features are required — chemical and physical stability with suitable
preservation against microbial contamination if appropriate, uniformity of drug dose,
acceptability to users including both the prescriber and the patient, as well as suitable
packaging and labelling. Ideally, dosage forms should also be independent of a patient,
although in practice this feature remains difficult to achieve. Future development in dosage
form design may well attempt to accommodate these requirements to a certain extent.
Dosage forms possessing the same amount of an active phaarmaceutical compound
(chemically equivalent) do not necessarily elicit the same therapeutic response. The rate at
which the drug is released from the dosage form and the subsequent absorption, distribution,
metabolism and excretion kinetics determine the bioavailability of the active substance.
There are numerous dosage forms into which a drug substance can be incorporated for a
convenient and efficacious treatment of a disease. Dosage forms can be designed for
administration by all possible delivery routes to maximize therapeutic response. Preparations
can be taken orally or injected, as well as applied to the skin or inhaled. However, it is
necessary to relate a drug substance and a disease state beforehand in order to make the
correct combination of drug and dosage form as each disease or illness will require a specific
type of drug therapy. In addition, factors governing choice of versatile drugs are often
formulated into several dosage forms of varying strengths, each having particular
pharmaceutical characteristics, which are suitable for a specific application. In order to
optimize the bioavailability of drug substance it is often necessary to select carefully the most
appropriate chemical derivative of the drug. For example, a derivative, which obtains a specific
solubility requirement, as well as its particle size and physical form, which combines with
appropriate additives and manufacturing aids that will not significantly alter the properties of
the drug molecule. And it is necessary to select the most appropriate administration route(s)
and dosage form(s) considering also aspects of manufacturing processes and suitable
packaging.

Each dosage form consists of a few very simple principles:
e The right active pharmaceutical ingredient,

e In the right amount,

e distributed to the right place,

e inthe right time,

e or the right duration of effect.

It is apparent that before a drug substance can be successfully formulated into a dosage form
many factors must be considered. They can be broadly grouped into three categories:



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Modue t PHARMACY
Il. Pharmaceutical technology

e biopharmaceutical considerations, including factors affecting the absorption, distribution,
metabolism and excretion of the drug substance from different administration routes,

e drug factors, such as physical and chemical properties of the drug substance, and

e therapeutic considerations including consideration of the disease to be treated or
diagnosed, and patient factors.

The underlying principle of dosage form design considers all these particular parameters and
related to each other as well.

1.1. Drug factors in dosage form design

Each type of dosage form requires careful study of the physical and chemical properties of
drug substances to achieve a stable and efficacious product. These properties, such as
dissolution, crystal size and polymorphic form, solid state stability and drug — additive
interaction can have profound effects on the physiological availability as well as physical and
chemical stability of the drug. By combining such data with those obtained from
pharmacological and biochemical studies the most suitable drug form and excipients can be
selected for the formulation of chosen dosage form. Variations in physicochemical properties,
occurring for example between batches of the same material or resulting from an alternative
technological procedure, can modify formulation requirements as well as processing and
dosage form performance. For instance, the fine milling of poorly soluble drug substances can
modify their wetting and dissolution characteristics, which are important properties for
dosage form. Careful evaluation of these properties and understanding of their effects is
therefore important for dosage form design and processing as well as product performance.

1.2. Biopharmaceutical considerations in dosage form design

Biopharmaceutical consideration can be regarded as the study of the relationship between
the physical, chemical and biological sciences applied to drugs, dosage forms and drug action.
Clearly, understanding of the principles of this subject is important in dosage form design
particularly with regard to drug absorption, as well as drug distribution, metabolism and
excretion. In general, a drug substance must be dissolved before it can be absorbed via
absorbing membranes (in the gastrointestinal tract, lung, and skin) into the body fluids. Active
compounds penetrate these membranes in two general ways — by passive diffusion and by
specialized transport mechanisms. In passive diffusion that is thought to control the
absorption of most drugs, the process is driven by the existing concentration gradient on the
membrane with drug molecules passing from regions of high to low concentrations. The lipid
solubility and degree of ionization of the drug at the absorbing site influence the rate of
diffusion. Several specialized transport mechanisms are postulated, including active and
facilitated transport. Once absorbed, the drug can exert a therapeutic effect, yet the site of
action is often remote from the site of administration and the drug has to be transported
there.
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When the drug is administered by dosage forms designed to deliver drugs via the buccal,
rectal, intramuscular or subcutaneous routes, it passes directly into the circulation blood from
absorbing area, whilst the intravenous route provides the most direct route of all. When
delivered by the oral route onset of drug action will be delayed due to required absorption
process from Gl tract and hepatoenteric blood circulation features. The physical form of the
oral dosage form will also influence onset of action with solutions acting faster than
suspension, which in turn generally acts faster than capsules, tablets and implants. The choice
of administration routes is dependent on a variety of factors, such as local or systemic action
is required, or how quick a response to the active substance is needed.

1.3. Therapeutic considerations in design of delivery systems

The nature of the disease or diagnostics for which the medicine is intended is an important
factor when selecting the adequate dosage forms to be prepared. Factors, like the need for
systemic or local therapy, duration of action required, and whether the drug will be used in
emergency situations, need to be considered. In the vast majority of cases a single drug
substance is incorporated into various dosage forms to satisfy both the particular preferences
of a patient or a physician and the specific needs of a certain situation. For example, many
asthmatic patients use inhalation aerosols from which the drug is rapidly absorbed and causes
bronhodilatation. Interest has recently been growing in the design of medicines — containing
formulations, which deliver drugs to specific “targets” in the body, for example the use of
liposomes, microparticles, and nanoparticles, as well as providing drugs over longer periods
of time at controlled rates. Undoubtedly more of these sophisticated formulations will be
developed and interest is likely to be directed to individual patient requirements such as age,
weight, and physiological and metabolic factors, features, which can influence drug
absorption and bioavailability.

1.4. Nanotechnology and nanoparticulate drug delivery systems

Nanotechnology and nanoscience are widely seen as having a great potential to bring benefits
to many areas of research and application, also at the field of radiopharmaceuticals.
Nanosciences is, at its simplest, the study of the fundamental principles of molecules
andstructures with at least one dimension roughly between 1 and 100 nanometers. These
structures are known as nanostructure. Nanotechnology is application of thesenanostructures
into useful nanoscale devices also in medicines (nanoparticles, nanosuspensions, dendrimers,
nanofibers, nanodots, etc). Currently, the application of nanoscience is raising new challenges
in the safety, regulatory, and ethical domains that require extensive debates on all levels. The
size range that holds so much interest is typically from 100 nm down to the atomic level
because in this range materials can have different and enhanced properties compared with
the same material at a large scale. Nanotechnologies have been used to create tiny features
on computer chips for the last few decades. The natural world also contains many examples
of nanoscale structures, from milk (a nanoscale colloid) to the sophisticated nanosized and
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nanostructured proteins that control a range of biological activities, such as flexing muscules,
releasing energy, and repairing cells.

Nanomaterials differ significantly from other materials due to the following two major
principal factors: the increased surface area and quantum effects. These factors can enhance
properties such as reactivity, strength, electrical characteristics and in vivo behaviour. As the
particle size decreases, a greater proportion of atoms are found at the surface compared to
inside. Foe example, a particle size 30 nm has 5% of its atoms on the surface, at 10 nm 20%,
and at 3 nm 50% of the atoms are on surface. Thus, a nanoparticle has a much greater surface
area per unit mass compared with larger particles, leading to greater reactivity. In tandem
with surface area effects, quantum effects can begin to dominate the properties of matter as
size is reduced to the nanoscale. These can affect the optical, electrical, and magnetic
behaviour of materials. Their in vivo behaviour can be from increased absorption and
therapeutic effect to toxic effect as compared the active ingredient in micro-sized of bigger
particles. Additionally, in material science, it is not only the materials but also the way in which
they are assembled that really counts. There are interesting possibilities with methods of
fabrication of systems from known materials. Techniques such as the laying down of molecular
layers to form membranes of precise dimensions and functionality, and three-dimensional
printing to design and make individual complex carriers in a range of nano-dimensions allow
the novel use of accepted materials.

2. RADIOPHARMACEUTICALS

Radiopharmaceuticals are a radioactive drug intended to humans for diagnosis and therapy.
It contains a radioactive moiety (radionuclide) and a biodistribution moiety. Following its
administration to a patient (usually by the i.v. route), the radiopharmaceuticals will localise in
a specific organ or tissue depending upon the biodistribution moiety. Once the
radiopharmaceutical reaches the organ of interest a picture (image) of the organ may then be
taken by specialized instruments which can »see« the radiation emitted from the radionuclide.
Radiopharmaceuticals are commercially available for imaging (diagnosis) many organs,
including the brain, thyroid gland, heart, lungs, liver, spleen, bone, kidneys, pancreas, and
others. Therapeutic radiopharmaceuticals are designed to localize in a target organ. However,
the type of radiation desired for therapy (i.e., beta particles) is different from that required
for diagnosis (i.e., gamma photons). Beta particles are used for therapy because they will
deposit virtually all of their energy within the target organ, while gamma photons are very
penetrating and are therefore able to leave the body and be detected by the imaging
equipment.

In keeping with biopharmaceuticals and nanotechnology development number of new areas
of nuclear medicine are emerging/developing, including the use of radiolabelled monoclonal
antibodies in the imaging and treatment of targeted cancer cells. Radiolabelled peptides were
developed as radiotracers that have the ability to »target« a cell or tissue and deliver a
diagnostic signal or a therapeutic agent to the site of the disease. In addition to
pharmacokinetic advantage of using smaller molecules for targeting, peptides offer the added
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advantage of being able to provide physiologicalevidence of the nature of the disease process
or progress of treatment, and may even be able to influence the course of the disease directly.
There are many official radioactive pharmaceuticals listed in the Ph. Eur. 11™" Ed. A significant
majority of them are produced for parenteral administration as injections, much less for
peroral as capsules. Pharmacopoeial Monographs dictate specifications for particular
radiopharmaceuticals.

3. MEDICAL GASES

A medical gas may be defined as any gas which is inhaled by a patient under the direction of
a doctor. In hospitals, pharmacists are often involved with the supply of oxygen, nitrous oxide,
nitrous oxide/oxygen mixture, compressed air and vacuum and occasionally more specialized
gases. Unless very large quantities are required, medical gases are stored in cylinders made of
steel and designed to withstand pressures. There are standards to give details of cylinders,
valves, colour codes, pin-index identification and storage. Colour coding and a stencilled
chemical symbol are used to identify cylinder contents. Mixture of gases is indicated by
alternating colours on the valve end of the cylinder, the body having the colour of the main
gas.

Nowadays, in ventilation studies of the lungs radioactive gases are usually replaced by
radioactive aerosols of technetium. Concentrated solution of the radiopharmaceutical is
usually prepared from a kit and than transferred to nebuliser (equipment for the generation
of aerosols). According to definition aerosol is a two-phase system of solid particles or liquid
droplets dispersed in air or other gaseous phase. The most fundamentally important physical
propert of an aerosol for inhalation is its size that influences aerosol’s ability to penetrate the
respiratory tract and thus its clinical efficacy. To penetrate to the peripheral regions, aerosols
require a size less than about 5-6 um, with less than 2um being preferable for alveolar
deposition.

4. CAPSULES

Capsules are solid dosage forms in which active ingredient(s) and/or inert substances are

enclosed within shells of various shapes and capacities, usually containing a single dose of

active substance. They are intended for oral administration. The capsule shells are made of

gelatin or other substances, the consistency of which may be adjusted by addition of other

substances such as glycerol or sorbitol. Excipients such as surface-active agents, opaque fillers,

antimicrobial preservatives, sweeteners, colouring matter authorised by the competent

authority and flavouring substances may be added.

e Hard capsules have shells consisting of two prefabricated cylindrical sections one end of
which is rounded and closed, the other being open.

e Soft capsules have thicker shells than those of hard capsules. The shells consist of one part
and are of various shapes. The capsules may bear surface markings.
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e Modified-release capsules are hard or soft capsules in which the contents or the shell or
both contain special excipients or are prepared by a special process designed to modify the
rate, the place or the time at which the active substance(s) are released. Modified release
capsules include prolonged-release capsules and delayed-release capsules.

e Gastro-resistant capsules are delayed-release capsules that are intended to resist the
gastric fluid and to release their active substance in the intestinal fluid.

The contents of capsules may be solid, liquid or a paste-like consistency. They consist of one
or more active substances with or without excipients such as solvents, diluents, lubricants and
disintegrating agents. In hard capsules it is filled in the body of the capsules, which is then
closed by the cap of the capsule. The security of the closure may be strengthened by suitable
means. In the soft capsules, the production and filling of the capsule is performed in one single
step. In both cases it is important that the content do not cause deterioration of the shell. The
vast majority of filled capsules, available in different sizes, are intended to be swallowed whole
by the patients for the benefit of the medication contained therein. The shell, however, is
attacked by the digestive fluids and the contents are released.

Capsules must be tested for Uniformity of contents, Uniformity of mass, Dissolution,
Disintegration. They are to be stored in a well-closed container, at a temperature not
exceeding 30 °C. The label must state the name of any added antimicrobial preservative.

5. PARENTERAL PREPARATIONS

Parenteral preparations are sterile preparations intended for administration by injection,
infusion or implantation into the human or animal body. Parenteral preparations may require
the use of excipients to make the preparation isotonic with blood, adjust the pH, increase
solubility, prevent the deterioration of active substances and provide adequate antimicrobial
properties.

Parenteral preparations are supplied in glass containers, plastic containers or prefilled
syringes. Tightness of a container is ensured by suitable means. Closures ensure a good seal,
prevent the access of micro-organisms and other contaminants and usually permit the
withdrawal of a part or the whole of the contents without removal of the closure. Plastic
materials or elastomers of which the closure is made are sufficiently firm and elastic to allow
the passage of a needle with the least possible shedding of particles. Closures of multidose
containers are sufficiently elastic to ensure that the puncture isresealed when the needle is
withdrawn.

Several categories of parenteral preparations may be distinguished: Injections; infusions;
concentrates for injections or infusions; powders for injections or infusions; gels for injections;
implants; intravitreal preparations.

During the development of a parenteral preparation the effectiveness of the chosen
preservative shall be demonstrated. A suitable test method together with criteria for
evaluating the preservative properties of the formulation is provided under Efficacy of
antimicrobial preservation (5.1.3.; Ph. Eur.).
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Parenteral preparations are prepared using materials and methods designed to ensure
sterility and to avoid microorganisms; recommendations on this aspect are provided in the
text on Methods of preparation of sterile products (5.1.1; Ph. Eur.). Water used in the
manufacture of parenteral preparations complies with the requirements of water for
injections in bulk stated in the monograph on Water for injections.

Solutions for infusion or solutions for injections supplied in containers with a nominal content
of more than 100 ml that are intended for preparations for human use should comply with a
test Particulate contamination: sub-visible particles (2.9.19; Ph. Eur.). Products for which the
label states that the product is to be used with a final filter are exempt from these
requirements.

All Parenteral preparations must comply with the test for Sterility (2.6.1.; Ph. Eur.) and are to
be stored

in a sterile, airtight, tamper-proof container. The packaging must be labeled with:

ERthe name and concentration of any added antimicrobial preservative,

BEwhere applicable, that the solution is to be used in conjunction with a final filter,
BEwhere applicable, that the preparation is free from bacterial endotoxins or that it is
apyrogenic.

INJECTIONS

Injections are sterile solutions, emulsions or suspensions. They are prepared by dissolving,
emulsifying or suspending the active substance(s) and any added excipients in water for
injections, in a suitable, sterile non-aqueous liquid or in a mixture of these vehicles. Solutions
for injections, examined under suitable conditions of visibility, are clear and practically free
from particles. Their formulation involves careful consideration of all the following inter-
relating factors: the proposed route of administration; the volume of the injection; the vehicle
in which the active compound is to be dissolved or suspended; the osmotic pressure of the
solution; the use of a preservative; the stability of the active compound and methods of
sterilization; the specific gravity of the injection; the properties of suspensions for injection;
the properties of emulsions for injection; containers and closures for injections; particulate
contamination of injection.

Emulsions for injection

An emulsion is a dispersion in which the dispersed phase is composed of small droplets of a
liquid distributed throughout a vehicle in which it is immiscible. In emulsion terminology, the
dispersed phase is referred to as the internal phase and the dispersion medium as theexternal
or continuous phase (O/W, W/0Q). As the external phase of an emulsion is continuous, an oil-
in-water (O/W) emulsion may be diluted with water or an aqueous preparation. Emulsions are
thermodynamically unstable systems. Generally, in order to prepare a stable emulsion, a third
component is necessary, which must be an emulsifying agent for parenteral use. The
emulsifiers and stabilizers used should be non-toxic e.g. lecithin, polysorbate 80, gelatin,
methylcellulose or serum albumin. Ideally, emulsions should be formulated so that the
dispersed droplets are 0.5 — 1.0 um in diameter. This size corresponds to the size of the
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chylomicra, which are the natural transport systems for fat through the blood stream.
Unstable emulsions are dangerous since their storage may result in increased droplet size due
to coalescence, which could trigger the thrombosis. Emulsions for injection do not show any
evidence of phase separation.

Suspensions for injection

Suspensions may be defined as preparations containing finely divided drug particles (generally
greater than 1 um in diameter) distributed uniformly throughout a vehicle in which the drug
exhibits a minimum degree of solubility. Some suspensions are available in ready-to-use form,
i.e. they are already distributed through a liquid vehicle with or without stabilizer and other
pharmaceutical additives. Other preparations are available as dry powders for injection and a
liquid vehicle is added before administration. This type of product is generally a powder
mixture containing the drug and suitable additives which upon dilution and agitation with a
specific quantity of vehicle results in the formation of a suspension suitable for administration.
Drugs that are unstable if maintained for extended periods of time in the presence of an
aqueous vehicle are most frequently supplied as drug powder mixtures for reconstitution at
the time of dispensing. Physical stability of a pharmaceutical suspension may be defined as
the condition in which the particles do not aggregate and in which they remain uniformly
distributed throughout the dispersion. Since this ideal situation is seldom realized the
dispersion should be resuspended by a moderate amount of agitation if the particles settle.
Sometimes it is necessary to formulate the drug to be injected as a suspension. For example,
formulation of a drug of low solubility in an aqueous vehicle requires a suspension; increased
stability of a drug can be attained by formulation as suspensions provide an effective depot
release. However, the use of suspensions as injections leads to further problems. Suspensions
for injection may show a sediment, which is readily dispersed on shaking to give a suspension,
which remains sufficiently stable to enable the correct dose to be withdrawn, especially if
packed in a multiple — dose container. Therefore, the features as wettability, sedimentation
rate, size and shape of particles, thioxotropy etc. must be adressed.

Colloidal dispersions and solubilized products

Colloids can be prepared and used for injections. Albumin, proteins, dextrans and
carbohydrate polymers dissolved in water form hydrophilic colloidal solutions. Certain
injections are colloidal solutions, e.g. Iron Dextran Injection BP and Iron Sorbitol Injection BP,
the latter being a complex of ferric ions, sorbitol and citric acid stabilized with dextran and
sorbitol. Solubilized products can also potentially be used as injections. Above their critical
micelle concentration surfactants in water form micelles whose center acts as a solvent for
lipid—soluble active substance. By selective use of 1 or 2 surfactants and a cosolvent it is
possible to solubilize many drugs.
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Single-dose preparations: The volume of the injection in a single-dose container is sufficient
to permit the withdrawal and administration of the nominal dose using a normal technique.
Multidose preparations: Multidose aqueous injections contain a suitable antimicrobial
preservative at an appropriate concentration except when the preparation itself had adequate
antimicrobial properties. When it is necessary to present a preparation for parenteral use in a
multidose container, the precautions for its administration and more particularly for its
storage between successive withdrawals are to be taken.

Antimicrobial preservatives: Aqueous preparations which are prepared using aseptic
conditions and which cannot be terminally sterilised may contain a suitable antimicrobial
preservative in an appropriate concentration. No antimicrobial preservative is added when:

e The volume to be injected in a single dose exceeds 15 ml, unless otherwise justified,

e The preparation is intended for administration by routes where, for medical reasons, an
antimicrobial preservative is not acceptable, such as intracisternally, epidurally, intrathecally
or by any other route giving access to the cerebrospinal fluid, or intra-or retro-oculary. Such
preparations are presented in single-dose containers.

Injections are tested for Uniformity of content of single-dose preparations (2.9.6; Ph. Eur.).
Where justified and authorized a tests for Bacterial endotoxins (2.6.14; Ph. Eur.) and Pyrogens
(2.6.8; Ph. Eur.) is carried out.

INFUSIONS

Infusions are sterile, aqueous solutions or emulsions with water as the continuous phase; they
are usually made isotonic with blood. They are principally intended for administration in large
volume. Infusions do not contain any added antimicrobial preservative. Solutions for infusion,
examined under suitable conditions of visibility, are clear and practically free from particles.
Emulsions for infusion do not show any evidence of phase separation.

In the manufacture of infusions containing dispersed particles, measures are taken to ensure
a suitable and controlled particle size with regard to the intended use. They comply with the
requirements prescribed for injections or for infusions, after dilution to suitable volume.

CONCENTRATES FOR INJECTIONS OR INFUSIONS

Concentrates for injections or infusions are sterile solutions intended for injection or infusion
after dilution. They are diluted to a prescribed volume with a prescribed liquid before
administration. After dilution, they comply with the requirements for injections or for
infusions. They comply with the requirements prescribed for injections or for infusions, after
dilution to a suitable volume.

POWNDERS FOR INJECTIONS OR INFUSIONS

Powders for injections or infusions are solid, sterile substances distributed in their final
containers. When they are shaken with the prescribed volume of a prescribed sterile liquid,
they rapidly form either clear and practically particle-free solutions or uniform suspensions.
They comply with the requirements for injections or for infusions.
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Freeze-dried products for parenteral use are considered as powders for injections or infusions;
the uniformity of content and uniformity of mass of freeze-dried products for parenteral use
are ensured by the in-process control of the amount of the solution prior to freeze-drying. The
label states the instructions for the preparation of injections and infusions.

GELS FOR INJECTIONS

Gels for injections are sterile gels with a viscosity suitable to guarantee a modified release of
the active substance(s) at the site of injection.

6. SAFE PRODUCTION OF (RADIO)PHARMACEUTICALS

It is important to note that the following is necessary for the safe production of
radiopharmaceuticals: the radiopharmacy must be designed to comply with procedures of
good manufacturing practice and good radiation protection practice. The majority of
radiopharmaceuticals is intended for intravenous administration; therefore, it is of paramount
importance that these preparations are sterile. They also contain radionuclides with short
half-lives that require their preparation and administration on the same day. Because of
constrains of time, it is not possible to use terminal sterilization by autoclaving and hence
these injections must be prepared using aseptic techniques. Here highly skilled operators work
with sterile ingredients within clean room facilities containing either laminar flow safety
cabinets or isolators that provide operator protection as well as product protection. To reduce
the radiation dose to the operator three basic principles to radiation protection may be used:
shielding, distance and time. Injections are tested for Uniformity of content of single-dose
preparations (2.9.6; Ph. Eur.).

Take Home Messages:

e DF design: keep in your mind the drug factors together with biopharmaceutical,
pharmacokinetic and therapeutic aspects.

e Formulation aim: the right API, in the right among, distributed to the right place, at the right
time, for the right duration of effect (>>predictable therapeutic response).

e DF classification: according to route of administration (official according to Eur. Ph.) or their
physical form.

e DF used for radiopharmaceuticals: solid DF (Capsules), gaseous DF, DF for parenteral
administration.

e Parenteral DF: sterile, apyrogenic, isotonic (biocompatibility is oblige, not all must be
isoosmotic), euhydric etc.

¢ Be careful when diluting liquid dosage forms (solutions, emulsions, suspensions) in
order to preserve appropriate stability!

8. REFERENCES (further reading)

1. European Pharmacopoeia 11" Ed., Dosage Forms and Radiopharmaceutical Preparations.
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medicines 6th. Ed. Elsevier Health Sciences, London, 2021.

5. Florence A.T., Attwood D. (Ed.). Physicochemical Principles of Pharmacy, 5th Ed.,
Pharmaceutical Press, 2011.
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Sterilization

Assist. prof. dr. Barbara Sterle Zorec enrolled at the Faculty of Pharmacy of the University of Ljubljana
(UL FFA) in 2004 as a recipient of the Zois Scholarship. In 2011, she began her doctoral studies in the
Biomedicine programme (pharmacy). In cooperation with the Department of Biomedical Engineering
at the Faculty of Electrical Engineering (UL FE), where she was also employed, she successfully
defended her doctoral thesis entitled "Study of Physical Methods and Delivery Systems for Increasing
Dermal Uptake of Active Ingredients" in 2017. In recognition of her research, she received the L'Oréal-
UNESCO For Women in Science scholarship in 2016. During her academic training, she took part in a
research exchange at the University of Canterbury in Christchurch, New Zealand, under the framework
of COST funding. In August 2016, she was appointed Head of the Quality Control Department at
Wooshin Lapache d.o.o., where she managed departmental operations, set up a physico-chemical
analysis laboratory and implemented a comprehensive quality control system, including the
preparation of all necessary documentation. As a certified chemical consultant, she was also
responsible for the import, storage and safe handling of chemicals. In September 2017, she joined Iskra
Medical d.d. as a research specialist with additional responsibilities in quality assurance. Since February
2018, she has been working as a teaching and research assistant at the Department of Pharmaceutical
Technology at UL FFA. Her teaching activities are mainly focused on the production and evaluation of
solid pharmaceutical dosage forms, including tableting, granulation and coating technologies. Her
scientific research is dedicated to the development of dry particle pre-formulations (using
electrospraying and spray drying) for 2D printing applications in personalised medicine. She also applies
numerical modelling techniques such as Design of Experiments (DoE) and neural networks for the
planning, optimisation and evaluation of experimental parameters. Her current research focuses on
the production of personalised dosage forms using hot melt extrusion and 3D printing, with an
emphasis on sustainability principles to improve drug solubility, permeability and stability.

The lecture aims to achieve the following learning outcomes:

Students will comprehend the significance of the sterilization process in pharmaceutical practice.
Students will be able to recognize and explain pharmacopeial sterilization methods.

Students will develop the ability to critically assess different sterilization techniques.

Students will be able to choose the most suitable sterilization method based on the characteristics
and properties of the product/material to be sterilized.

Students will identify critical control points within specific sterilization methods.

Students will be able to outline the procedures for monitoring sterilization, including in-process
and final product control.
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1. INTRODUCTION

The primary goal of the sterilization process is to eliminate or destroy microorganisms (MOs) present
on or within an object or preparation. This process must ensure, with a very high degree of certainty,
that the object or preparation poses no risk of infection. The generally accepted benchmark for
sterilization performance is achieving a probability of less than one in a million of a nonsterile unit
remaining—this corresponds to a sterility assurance level (SAL) of 107® or better. The likelihood of a
microorganism surviving the sterilization process depends on factors such as the quantity, types, and
resistance of microorganisms present, as well as the conditions they are exposed to during treatment.
The SAL for a specific product and process is determined through rigorous validation studies.

2. STERILIZATION METHODS

The choice of sterilization method for drugs, pharmaceutical preparations, or medical devices largely
depends on the specific characteristics of the product. A single sterilization technique cannot be
universally applied, as certain materials may be altered or damaged by particular methods. Sterilization
approaches are generally classified as either physical or chemical. Physical methods, which involve the
application of energy, include moist heat, dry heat, and irradiation. Chemical methods rely on gaseous
or liquid sterilizing agents. In contrast, sterile filtration removes microorganisms without inactivating
them. Although many sterilization methods exist and are in use, only those capable of achieving a
sterility assurance level (SAL) of 107 are recognized by pharmacopoeias and will be briefly described.

2.1.STEAM STERILIZATION - AUTOCLAVING

Moist heat, delivered as saturated steam under pressure, is considered the most dependable method
for eliminating microorganisms. Approximately 80% of its thermal energy exists as latent heat. Upon
condensation, saturated steam releases this latent heat instantly. Additionally, the condensation
process causes the steam to contract significantly in volume, creating a localized drop in pressure that
draws in more steam to restore equilibrium. This mechanism enables rapid and deep penetration,
which is especially important for sterilizing porous materials such as surgical dressings.

Key factors in the autoclaving process include the effective removal of residual air, prevention of wet
steam formation, avoidance of superheated steam (steam not in equilibrium with its source), and
controlled cooling of the autoclave post-sterilization.

Autoclave design must ensure thorough penetration of dry saturated steam throughout the load,
minimize the risk of supersaturated steam formation, and guarantee complete air removal from both
the chamber and porous materials. Common autoclave types include downward displacement, air-
ballasted, spray-cooled, high vacuum, and continuous-flow models.

For terminal sterilization using moist heat, the standard reference condition for aqueous preparations,
as specified in the European Pharmacopoeia (Ph. Eur.), is exposure to a minimum of 121°C for 15
minutes. Alternative validated combinations of time and temperature may also be used.

2.2.DRY HEAT STERILIZATION

Dry heat sterilization is typically performed using a hot air oven. These ovens should be electrically
heated, thermostatically controlled, and equipped with a fan or turbo blower to ensure continuous
forced air circulation. Heat is transferred to the materials primarily through conduction, convection and
radiation. Heat transfer by conduction through the shelves plays a minimal role due to the limited
contact area between the product and the shelf surface. To maximize radiative heat transfer, heaters
are positioned around the chamber walls. However, items placed near the walls may obstruct heat flow
to those in the center of the chamber. Therefore, efficient heat transfer via circulating hot air is critical.
This is achieved by ensuring optimal air movement through appropriate load sizing and spacing, and
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by avoiding overcrowding, which can hinder uniform heat distribution. Prior to sterilization, the
chamber is preheated to the target temperature. Heating and sterilization times can be lengthy,
depending on the load and required conditions. The standard reference condition for dry heat
sterilization, according to the European Pharmacopoeia (Ph. Eur.), is at least 160°C for a minimum
duration of 2 hours. However, other validated time-temperature combinations may also be used. For
the sterilization and depyrogenation of glassware, higher temperatures—often exceeding 220°C—are
commonly employed.

2.3.RADIATION STERILIZATION

Radiation sterilization is a low-temperature process and can serve as a valuable alternative to ethylene
oxide sterilization for heat-sensitive (thermolabile) materials. Two main types of radiation are
employed: electromagnetic radiation (including ultraviolet and gamma rays) and particulate radiation
(high-energy electrons).

Ultraviolet (UV) radiation, particularly at wavelengths between 240 and 280 nm, is bactericidal but has
limited penetration depth. It has been used effectively for sterilizing air and thin layers of water;
however, it is not considered suitable for sterilizing medical devices or pharmaceutical products.

For such applications, ionizing radiation—typically gamma rays or electron beams—is used. The
standard sterilizing dose accepted for achieving a sterility assurance level (SAL) of 1078 is 25 kilograys
(kGy).

2.3.1. Gamma Irradiation

The primary source of gamma radiation used for sterilization is the radioactive isotope cobalt-60 (Co®°).
It is produced by exposing natural cobalt to neutrons in a nuclear reactor and has a half-life of
approximately 5.3 years. There is potential for cobalt-60 to be replaced by cesium-137 (Cs"), a
byproduct of uranium fission. However, Cs™ emits lower-energy radiation (0.66 MeV) compared to
Co®° (2.81 MeV). The required sterilization dose can be adjusted by varying the exposure time.

2.3.2. High-Energy Electrons

High-energy electron beams are generated by accelerating electrons to energies between 5 and 10
MeV using electron accelerators. At these energy levels, electron penetration is sufficient for effective
sterilization, and the risk of inducing radioactivity in the product is negligible. The dose rate of electron
beams is significantly higher than that of gamma radiation, allowing for rapid delivery of sterilizing
doses.

2.4.GAS STERILIZATION

Although many chemicals possess antimicrobial properties, the need for effective penetration and
complete removal limits practical use to chemical vapours. Among these, ethylene oxide (EO) is the
most used sterilizing agent. The efficacy of EO depends on several critical parameters: concentration,
temperature, relative humidity (minimum of 33%), and exposure time. These factors must be precisely
controlled throughout the sterilization process. Proper sterilization also requires ensuring that
microorganisms are not shielded or occluded within the load and that EO gas penetrates all materials
effectively. Commercial EO sterilizers feature a sealed, heated chamber designed to withstand both
high pressure and vacuum. The system is typically connected to a high-efficiency vacuum pump, which
removes air before sterilization and evacuates the gas mixture afterward.

Due to EQ's toxicity and flammability, these risks are carefully addressed in the design and operation
of sterilization units. EO sterilization protocols must be specifically validated for each individual
product. EO concentrations between 450 and 1500 mg/L, and temperatures ranging from 25°C to 60°C,
are commonly employed depending on the product's characteristics.
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2.5.FILTRATION

Thermolabile solutions can be sterilized by filtration using bacteria-retentive filters. Unlike other
sterilization methods, filtration does not destroy microorganisms but physically removes them from
the solution. Membrane filters with a pore size of 0.2—0.22 um are typically recommended for this
purpose. A wide variety of membrane materials are available, allowing selection based on chemical
compatibility with the product. Membrane filters are characterized by high and uniform porosity, which
ensures high filtration rates, low fluid retention, and minimal solute absorption—all desirable features
for pharmaceutical applications. Filtration may be performed under positive or negative pressure,
depending on the system setup. The sterilization process includes filtering the solution through a pre-
sterilized filter unit, followed by aseptic transfer of the filtrate into previously sterilized containers,
which are then securely sealed to maintain sterility.

3. SELECTION OF STERILIZATION METHODS

The selection of a sterilization method involves balancing the acceptable risk of failing to achieve
sterility with the maximum permissible impact on product quality. According to the European
Pharmacopoeia (Ph. Eur.), sterilization must be performed using one of the recognized methods.
However, modifications or combinations of these methods may be employed, provided that the
selected procedure is validated for both sterilization efficacy and product integrity, including that of the
container. Wherever feasible, terminal sterilization—sterilizing the product in its final container—is the
preferred approach.

e Moist heat sterilization is suitable for a wide range of aqueous preparations, both parenteral
and non-parenteral, as well as for natural rubbers, many plastics (e.g., PVC, nylon), glassware,
and surgical dressings.

e Dry heat sterilization is used when moisture-sensitive materials are involved, such as oils,
ointments, waxes, and powders. It is typically the method of choice for glassware, syringes,
surgical instruments, and certain equipment.

e For materials that cannot tolerate the high temperatures of heat sterilization, cold sterilization
techniques must be considered:

0 Ethylene oxide (EO) is employed for thermolabile powders, specific plastics and
rubbers, and surgical instruments. However, its reliability is limited due to the critical
control of parameters and challenges in monitoring, making it a secondary option
when more robust methods are not applicable.

o0 Radiation sterilization is highly effective and widely used for large-scale sterilization
of plastic disposables, Petri dishes, surgical instruments, and dressings. Despite its
effectiveness, material degradation can occur, limiting its applicability. Additionally,
aqueous pharmaceutical solutions are unsuitable for radiation sterilization due to the
radiolysis of water.

If none of the terminal sterilization methods are feasible, sterilization by filtration followed by aseptic
processing remains the only viable option.

4. QUALITY ASSURANCE IN STERILIZATION PROCESSES

In the production of sterile pharmaceutical products, it is not sufficient to rely solely on the final
sterilization step. Sterility must be integrated into every stage of the manufacturing process. As
emphasized by the European Pharmacopoeia (Ph. Eur.): “The sterility of the product cannot be
guaranteed by testing; it must be assured through the use of appropriately validated processes.”
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This principle highlights that quality assurance in sterilization is proactive, not reactive. The application
of Good Manufacturing Practice (GMP) is essential throughout the design and execution of sterile
manufacturing processes. Key requirements include:
o Employment of qualified personnel with appropriate training in aseptic techniques and
process hygiene.
e Use of adequate, controlled facilities, designed to support sterile production.
e Implementation of suitable production equipment, engineered for effective cleaning,
disinfection, and sterilization.
¢ Minimization of bioburden before sterilization through strict in-process controls and
environmental measures.
e Validation of all critical steps in the production and sterilization process to ensure consistent
efficacy.
e Execution of environmental monitoring and in-process testing, forming an integral part of
ongoing quality assurance.
These measures ensure that sterility is built into the product, rather than tested for after the fact,
providing a robust framework for the consistent production of high-quality sterile products.

4.1.STERILIZATION CONTROL

Sterilization control can be categorized into two main types: in-process control (which includes physical
measurements, chemical indicators, and biological indicators) and product control (such as sterility
testing).

4.1.1. Physical Measurements

For both moist and dry heat sterilization, it is critical to monitor and record the temperature,
particularly in the coldest part of the load or chamber—typically near the drain. Pressure is usually
measured using Bourdon-type gauges, though modern sterilizers are increasingly equipped with
pressure transducers. Currently, there is no reliable method for measuring relative humidity or
assessing steam saturation levels within the chamber or load. Physical measurements are only
meaningful if the instruments used are initially calibrated, properly maintained, and regularly verified.

4.1.2. Chemical Indicators

These indicators work by undergoing a chemical or physical change when exposed to sterilization
conditions. An effective chemical indicator provides a clear indication that the necessary sterilization
parameters have been achieved. Browne’s tubes are widely used for heat sterilization due to their
affordability and ease of use. Crystal indicators, which melt at sterilization temperatures, also serve this
purpose. Heat-sensitive indicators play a role in the Bowie-Dick test, which confirms the complete
removal of air from dressing packs. The Royce sachet is a chemical indicator specifically designed for
ethylene oxide sterilization. For radiation sterilization, chemical dosimeters provide a precise measure
of the absorbed dose and are currently considered the most accurate method available.

4.1.3. Biological Indicators

Biological indicators are composed of selected microorganisms applied to a carrier material, which are
strategically placed within the sterilization load. After the sterilization process is complete, the carriers
are enclosed and incubated to check for the survival of any microorganisms. These indicators offer a
direct evaluation of sterilization effectiveness by reflecting all relevant process parameters.
The microorganisms used should be highly resistant to the sterilizing method, consistently reproducible
in  their response, genetically stable, easy to identify, and non-pathogenic.
All aspects of biological indicator preparation—including cultivation, harvesting, formulation, storage,
and the recovery of surviving organisms—must be carefully standardized and tightly controlled.
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Indicators may be prepared in forms that mimic the sterilized product, such as liquid suspensions or
strips. In some cases, the actual product can act as the medium for the microorganisms. Bacterial
spores, due to their high resistance, are the most used organisms in biological indicators.

Key Takeaways:

The majority of radiopharmaceuticals are administered by injection, so sterility is essential.
No single sterilization method is universally applicable—the choice depends on the specific
characteristics of the product being sterilized.
Of the many available sterilization techniques, only five meet European Pharmacopoeia
(Ph.Eur.) standards for achieving a Sterility Assurance Level (SAL) of 107® or better. These
include:

0 Steam sterilization (autoclaving)

0 Dry heat sterilization

0 lonizing radiation

0 Gas sterilization

o0 Filtration and aseptic processing
Moist heat sterilization (autoclaving) is the most reliable and efficient method for microbial
destruction in terms of process control, energy use, and time.
Dry heat is suitable not only for sterilization (minimum 160°C for 2 hours) but also for
depyrogenation when used at temperatures above 220°C.
lonizing radiation for sterilization employs long-lived radioactive isotopes like Cobalt-60 (¢°Co)
and Cesium-137 (*¥7Cs), which have half-lives of 5.3 and 30 years, respectively—unlike the
short-lived isotopes used in radiodiagnosis or therapy.
Sterility must be designed into the process from the beginning; it cannot be added at the end.
Thus, robust sterilization control—particularly in-process monitoring—is critical.

References (further reading):

Sterilization In: Remington’s the science and practice of pharmacy, 20th Ed, 2000
Encyclopedia of Pharmaceutical Technology, J.Swarbrick, JC Boylan, ed., Vol.1 — Autoclaves and
autoclaving, Vol. 4 — Dry heat sterilization and depirogenization, Vol. 5 - Electron beam
sterilization, Ethylene oxide sterilization, Vol. 6. Gamma radiation sterilization, Vol. 9 —
Microbial control of Pharmaceutics.
Pharmaceutical microbiology and sterilization. In: Pharmaceutics -the science of dosage form
design, M.E. Aulton, ed., Churchill Livingstone Press, 2007
European Pharmacopoeia, Current Ed, Council of Europe
Michael E. Aulton, Kevin M. G. Taylor: Aulton’s Pharmaceutics

Chapter 15: Action of physical and chemica agents on mikroorganisms

Chapter 16: Principles of sterilization

Chapter 17: Sterilization in practice
Volume 4 EU Guidelines for Good Manufacturing Practice for Medicinal Products for Human
and Veterinary Use, Annex 1, Manufacture of Sterile Medicinal Products
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Particulate contamination

Prof. Rok Dreu, PhD, M. Pharm., University of Ljubljana, Faculty of Pharmacy, The Chair
of Pharmaceutical Technology, has studied pharmacy at Faculty of Pharmacy, University of
Ljubljana, where he has graduated in year 2000 and has achieved PhD in pharmaceutical sciences in
2005. His research work is mainly focused on FBD particle coating, mechanics of powder
compression, surface free energy of solids and hot-melt technologies. In collaboration with
Laboratory of fluid dynamics and thermodynamics at Faculty of Mechanical Engineering he is also
involved in study of two-phase flow within Wurster coating chamber and in development of
two-phase flow simulation using CFD tools. As professor for field of pharmaceutical technology he is
involved in lecturing and practical work at courses of: Industrial pharmacy (Uniform master’s
study programme Pharmacy), Pharmaceutical technology, Pharmaceutical engineering
and Pharmaceutical process equipment (Master’s study programme Industrial Pharmacy). He is
acting vice-dean for scientific research. He is the current Dean of Faculty of Pharmacy.

The lecture has the following learning objectives:

1. Students are able to identify, describe particle contamination within parenteral
dosage forms as defined within Ph.Eur. and USP monographs and interpret used
terminology.

2. Students are able to generalise, weather particulate contamination requirements are
compulsory for radiopharmaceutical preparations.

3. Students are able to describe, how to perform analysis of sample for presence of sub-
visible particles and interpret the results according to harmonized Ph. Eur.
monograph 2.9.19. Particulate contamination: sub-visible particles.

4. Students are able to describe, how to perform analysis of sample for presence of
visible particles and interpret the results according to Ph. Eur. monograph 2.9.20.
Particulate contamination: visible particles.

5. Students are able to predict potential sources of particulate contamination and
explain the hazardous nature of particulate contaminants.

Summary of the lecture:

Abstract

Particulate contamination presents additional, unnecessary hazard to the patient and should
be excluded from parenteral preparations at all costs. Absence of particulate matter within
parenteral preparations is also mandatory from regulatory point of view. Although
methodology for determining the potential presence of visible and sub-visible particulate
matter is clearly set forward by the monographs in Pharmacopoeias (Ph.Eur., USP), it must
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be stressed that no other quality control test, parenteral or non-parenteral, presents more
difficulties for quality control specialists than inspection and analysis of injectable solutions
for the presence of particulate matter. While quality control will define the state of product,
it will however not assure its quality. In order to fulfil the quality requirements in repeatable
manner one has to know potential sources of particulate burden and should select materials,
plan production procedure and control environment conditions accordingly. This course
chapter is oriented towards identification of particulate contamination, use of specific
terminology, clear presentation of officinal tests for visible and sub-visible particles with
interpretation of results and should inform the student with regard to the nature and
sources of particulate contamination, with additional comment to particulate behaviour in
human body and specifics, related to radiopharmaceutical preparations.

Introduction

Particulate contamination of parenteral dosage forms (injections and infusions) is consisted
of randomly-sourced, extraneous, mobile particulate matter which is unintentionally present
in the solutions of parenteral product. Due to its heterogeneous composition and small
amount of material it cannot be quantitated analytically. Despite the general definition,
particulate burden can also stem from dosage form intrinsic sources, such as rubber, glass,
metal and plastic particles coming from product contact surfaces with primary packaging or
administration sets and devices, as well as a consequence of precipitation reactions that
occur in the product over time. However, in the latter cases this causes a more uniform
source of particles and leads to the true contamination of product. Such contamination can
be controlled by appropriate control of production process, careful selection and quality
control of packaging material and rational development of robust dosage forms and as such
should be diminished by manufacturer and health personnel at any cost. The only acceptable
particle burden from the quality control point of view is that, composed of species present in
random numbers, i.e. no sharp particle size distribution peak is present when analysed for
particle size distribution, polydispersity is the key. Particulate burden is introduced to the
product during the stages of product manufacturing, during extemporaneous compounding
and during drug administration. Common sources of particulate matter during parenteral
product manufacturing are: air, room surfaces, processing equipment with moving parts and
high attrition spots, people, protection clothing and product filters. Particulate
contamination is, although unwanted, unavoidable to a certain degree. Natural state of
particle size distribution within air is such that we can expect linear direct inverse
relationship between the logarithm of the particle size and the logarithm of the cumulative
number of particles per unit volume. This means that number of particles increases
exponentially with decrease in particle size and furthermore that we can extrapolate the
number of particulate burden in air at any size by knowing the concentration of particles at
certain size level. Ph.Eur. and USP monographs demand low parenteral product particle
burdens and are oriented towards number of particles in a certain product volume (number
concentration) equal and above the sizes of 10 and 25 microns as well as above 50 microns
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range. Such demands can only be met with use of aseptic manufacturing and clean room
design of production site. Manufacturing steps, where parenteral product is directly exposed
to surrounding are therefore conducted in clean room of class A in order to meet regulatory
quality specifications. The laminar air flow regime of class A is a key as already turbulently
ventilated room of class B is not sufficient to meet the requirements. The main reason for
that is that diminished number of personnel together with protective clothing poses particle
generation source of such frequency that generated particles cannot be diluted and
effectively rinsed by the otherwise directional flow of air in the class B clean room design.
Alternative to laminar air flow cabinets is technology of isolators and restricted access
barrier systems (RABS). Although pharmacopoeia defines the way of quality control testing
with regard to acceptable parenteral product (injections, infusions) particulate burden, it is
of utter importance to understand that only rigorous quality control testing will not assure
the needed product quality. The only way to achieve expected results from particle
contamination point of view and to just confirm reasonable expectations by quality testing is
careful design of manufacturing process together with personnel clothing and behaviour,
altogether having maximal reduction of possible contamination sources in mind.

Particulate burden — does it matter

Without doubt a lot of effort and careful planning is needed in order to limit parenteral
product contamination to acceptable limits, but what are the practical implications of
particle contamination quality specifications with regard to particulate matter health
hazard? Physiological effects and particulate hazard to the patient can be divided into
occlusion effect in which parenterally introduced particles may block blood vessels and
cause tissue ischemia or can potentially provoke foreign body reaction, as particles interact
with cells of the reticuloendothelial system (RES). The RES removes particles between 1 and
10 um in diameter. Most injected particles between 5 and 15 um tend to be trapped in the
capillary beds of the lung, and less in the spleen and liver. Once trapped in the lung, there
appears to be a mechanism for the particles to pass through the capillary walls to be
ultimately excreted in the sputum. Interestingly, it was demonstrated that the larger
particles are being removed more rapidly. Some particles will cause an inflammatory
response and can even be potentially carcinogenic. Certain types of particulate matter such
as talc, cellulose or asbestos particles, and cotton fibres are highly undesirable. These should
be minimized or avoided altogether by careful control of the manufacturing procedures. It is
known that acute over dosage of particulate has resulted in death, but chronic effects of
intravenous particulate matter are poorly documented. The size, number, rate of
introduction and type of particle entering the bloodstream will all contribute to what harm if
any particles are actually produced. Regulatory bodies are focused on particle burden above
10 microns in size. The blood vessel occlusion problem occurs, if many large particles are
introduced in a short period of time. This diminishes the tissue capability to compensate
particulate burden, as all of the collateral perfusion pathways may be blocked in such case.
The health condition of the person receiving solutions containing particulate matter matters

49



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Module t PHARMACY
Il. Pharmaceutical technology

greatly with respect to potential harm of introduced particles. It was demonstrated that
clinical effects of the particulate burden were significantly different for intact tissue when
compared to ischemic muscle tissue. These findings suggest that particle contaminants may
not pose a major threat in intact tissue, but may severely endanger tissue perfusion in
patients with prior microvascular compromise of vital organs (i.e., after trauma, major
surgery, or sepsis) and thus predispose to complications such as acute respiratory distress
syndrome or multiple organ failure. In case of patients that received large volumes of
intravenous fluid, postoperative pulmonary infarction could be due to particulate
thrombosis.

Regulatory requirements, testing methodology and interpretation of results

Ph. Eur. and USP have harmonized the definition of particulate contamination and
procedures of particulate contamination analysis. Ph. Eur. monograph on Parenteral
preparations: Solutions for injection and infusion (also solutions suspended from Powders
for injections or infusions) states that all parenteral units are examined under suitable
conditions of visibility (visual inspection) and should be clear and practically free from
particles. Inspection process is supported by another monograph requirement that product
container must be transparent. The interpretation of the requirement “practically free from
particles” refers to the lot (batch) of the product. The visual inspection process is designed
and qualified to ensure that every lot of parenteral preparations is practically free from
visible particles. Inspection procedure for visible particles is defined in Ph. Eur. Monograph
2.9.20 Particulate contamination: visible particles. Every container whose contents show
evidence of visible particulates is rejected. Acceptable quality levels - AQL (highest
percentage of rejected product) are from 0.25 % to 1.0 % of rejection rate within the batch,
otherwise rejection or resorting of the whole batch follows. The percentage of AQL is upon
the subjective judgement of inspector. High product rejection rate leads to conclusion that
manufacturing process is poorly designed and must be answered by process inspection and
redesign. Monograph on parenteral preparations also states that solutions for infusions or
injections should comply with the test 2.9.19 Particulate contamination: sub-visible
particles. Additionally it defines, that preparations for which the label states that the
product is to be used with a final filter are exempt from sub-visible particle test
requirements, provided that it has been demonstrated that the filter delivers a solution that
complies with the test. Radiopharmaceutical preparations are exempt from sub-visible
particle test requirement.

Particulate contamination: visible particles test can be summarized in a way that every
parenteral unit is manually inspected in front of black and white background, while gently
swirling or inverting the container. Every unit is observed in time span of 5 s for presence of
any particle. If particles are detected, presence is recorded and the contaminated unit is
discarded. Every unit in a batch is inspected. Effectiveness of the method relies on the
capability of the viewer, the size of the target and the contrast of the target against the
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viewing background. Particles of 50 microns or larger diameter can be detected by visual
inspection. Human factors that influence the inspection process include: actual visual acuity,
aptitude, fatigue, environment, intensity of illumination and inspection speed. Manual
inspection method can be improved by the use of a semi-automatic procedure (machine).
Such inspection is four to five times faster than the manual inspection procedure. At the
point of the inspection, equipped with a magnifying glass, the sample is automatically
stopped and the inertia is causing the particles to move within the liquid. The decision with
regard to the unit adequateness is still operator dependant and relies on operator skills.
Manual inspection procedures can also be replaced by completely automated visual
procedures. By use of different sources of illumination inspection machines can detect
particles with different optical properties. The confirmation of particle presence can base on
the light obscuration principle. Additionally, image analysis can provide information with the
regard to container defects and filling volume. The probability of removing inadequate unit
by automated process must be comparable to the classical method by human vision.

Particulate contamination: sub-visible particles test can be carried by application of two
interchangeable methods. Regardless of the used method, the test is always carried out
under conditions limiting particulate contamination, preferably in a laminar-flow cabinet.
Appropriate examining conditions are demonstrated by simulating the testing procedure
and replacing the sample with the particle-free water R. Number of tested product samples
depends on the product batch size and selected AQL.

Method 1 is an automated light obscuration test, which is applied preferably, unless a
product possess reduced clarity, increased viscosity or is prone to production of gas bubbles.
Light obscuration method relies on the particle casting shadow on a photodetector while
moving along the measurement cell together with fluid flow. The change in the base-line
signal from the light-obscuration counter is a function of the cross-sectional area of the
particle in the beam. The size of the particle is calculated out of AUC (area under the curve),
assuming that we are facing a spherical particle. The method is recording the number of
particles according to size. Inspected sample complies with the requirement if sample V >
100 mL and resulting concentration is < 25 particles/mL > 10 um and also < 3 particles/mL >
25 pum, or if sample V < 100 mL and resulting concentration is < 6000particles /container
>10 um and also < 600 particles/container > 25 um.

Method 2 is a microscopic particle count test. The sample is filtered with an application of
vacuum and a membrane filter and then left on air to dry. Particles of certain size classes are
counted under the microscope with the calibrated ocular micrometer and a mechanical
stage for holding and transversing the entire examination area of the filter. Counting
procedure is traditionally conducted manually but can be also replaced by automated
microscopic analytical systems consisted of an automated microscope and image analysis
system. Inspected sample complies with the requirement if sample V > 100 mL and resulting
concentration is < 12 particles/mL > 10 um and also < 2 particles/mL > 25 um, or if sample V
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<100 mL and resulting concentration is < 3000 particles /container >10 um and also < 300

particles/container > 25 um.
Specifics of radiopharmaceuticals

Parenteral radiopharmaceuticals must comply with the Particulate contamination: visible
particles test. Although radiopharmaceuticals are exempt from Particulate contamination:
sub-visible particles test requirements in Ph. Eur., USP is not quoting such exemption. Sub-
visible particles concentration in radiopharmaceuticals can be after extemporaneous
compounding decreased by final filtration, using a membrane filter with a pore size of 0.22
pum. Such filter is otherwise used for preparation of particle-free water R from purified
water. Additionally, the whole procedure of radiopharmaceuticals preparation could be
simulated and validated for presence of sub-visible particles with use of nonradioactive
aqueous test solution or particle-free water.

Take home messages:

* Absence of visible and sub-visible particles is mandatory for parenteral preparations
and can be tested by use of harmonized analytical procedures.

* Testing of individual units for particulate contaminants represents only quality
control and cannot replace quality assurance activities.

* Particulate contamination (visible or invisible) of parenteral preparations should be
avoided by careful selection of materials, planning of production procedure and by
controlling environment conditions.

* Sub-visible particle testing of radiopharmaceutical preparations is not viable on small
scale production, while presence of visible particles can be assessed. Membrane
filtration techniques prior to administration can be practical solution of the problem.

* Presence of particulate contaminants in parenteral preparations presents serious
health hazard for the patient.

References (further reading):

* Michael JA; Drug Delivery: Parenteral Route; In Swabrick J, ed: Encyclopedia of
pharmaceutical technology, 3rd Ed., Informa Healthcare, New York, 2007: 1266 —
1278.

* European Pharmacopoeia 8th Ed.

e USP 37-NF32

* M. J. Groves. Parenteral technology manual 2nd Ed., Interpharm Press, 1989.
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Akers, Larrimore, Guazzo. Parenteral quality control — Sterility, pyrogen, particulate,
and package integrity testing 3th Ed., Drugs and the Pharmaceutical Sciences, Vol.
125, Marcel Dekker 2003.

Pavanetto F. et al., Particulate contamination from siliconized rubber stoppers,
International Journal of Pharmaceutics, 74( 2-3), 1991, 175-181.

Rubino JT et al., Photoinduced particulate matter in a parenteral formulation for
bisnafide, an experimental antitumor agent, Pharmaceutical Development and
Technology, 4(3), 1999, 439-447.

Ennis RD et al., Glass vials for small volume parenterals: Influence of drug and
manufacturing processes on glass delamination, Pharmaceutical Development and
Technology, 6(3), 2001, 393 — 405.

Lehr HA et al., Particulate matter contamination of intravenous antibiotics aggravates
loss of functional capillary density in postischemic striated muscle, American Journal
of Respiratory and Critical Care Medicine, 65(4), 2002, 514 -520.

Katsutoshi N. et al., A new stressed test to predict the foreign matter formation of
minodronic acid in solution, International Journal of Pharmaceutics, 251(1-2), 2003,
99-106.

Parikh MJ et al.,, Physical compatibility of neonatal total parenteral nutrient
admixtures containing organic calcium and inorganic phosphate salts, American
Journal of Health-system Pharmacy, 62(11), 2005, 1177 — 1183.

53



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

‘uonen[y [euly Aq pasea1oap oq pinoos Surpuodumos snosueioduo)xo

Ioye s[eonnadewrerdorper ur nonenuaouod safonied [qIsiA-qns SAVINT A

1591 o) M $AT[dWI0d JeT) TOTINJOS B SIOAT[OP INIF AY) JEY) PAJBNSUOWOP

u22q sey 1 Surpraoxd ‘syudwormbair 0sat) woly 1dWox? oIe 1)1 [euly

B )M pasn 9q 03 st 3onpoid ay) 1ey) sajeIs [9qe] Ay} Yorym 10J suoneredard
"SI IMDAT 953} W) JdWaXa a1 suoneredal

[ednnadewIeydorpey *sdpon.ded J[qISIA-qNS :UONBUIEIU0D d)B[NINIE]

1591 o) yum AJdwod pinoys uonda(ur 10 UOISNJuI 10J SUOHN[OS

"ISIX9 OS[e uondadsul [ensia 0} onp Adudredsuer) JoUreIUOd

10 JududaInbaua oy 1nq yderSouow suoneedaad [esduaaed oy

ur pajonb A[1e9]0 10U ST 159) sapon.Ied J[QISIA UOPBUIUIBIUOD Je[ndnIed

*(soonaed 9[qIsIA) UONOAdSUT [ENSTA UO PAAISSQO 9q UED Jet) s[onIed

woly 9o AJ[eonoeld pue 1es[d 9q 0} pairnbal aI1e suonnjos 9[qerdaluy

‘sojonred woy 921y

AJreonoeld pue 1890 o1e ‘AY[IQISIA JO SUONIPUOD [E)INS JOPUN PIUTUIBXD

‘(Suorsnjur 10 suonoa(ur 10§ SIAPMOJ WO papuadsns suONN|os) uoIsnjur

pue uonoa(ur 10§ suonn[og :suoperedaad [eidyudaed uo ydeidouo

w

*Pd W6 g "ud

SNOILNTOS TVHALNAAVd
NINOILVNIAVINOD HLVINDILAVd

"‘NOILISOINOI T1IVIAVA 10 4LV

F19NIOSNI F1ISONW AZLNVANN “F19VAISTANN

“(uonp.SIUNUPD 10f $20142P

pup sjas) TONEISIUIWPE SOIP pue SUIPUNOdWNOd SNO3UBIOAWIXd
SULIND ‘(2154 2.4n50]2-12UIDIU0D = SJUUOAUI0D SUISDYIDA
‘Touosiad quawdinba Jusuio.41au2) SIMdRJNUEW Sulmp jonpoid
a1qe1dalur ue ur o] A7puagioappui JRLIS)RW S[qN[OSUL ST J)R[NOIIR]

(£00Z U1 PoZIUOULIDY SDM uony1uLfop)

‘uonisodwod snouago1d1oy Sit 0} pue sjudsaxdal 3t jeyy

[BLI0JEW JO JUNOWE [[BWS Y} O} dnp SISA[eUE [BOIWAYd Aq pajeyuenb
9q J0uued Jey) ‘se[qqnq SeS uey) JOY)0 ‘SOoUBISqNS SNOSUBIIX
‘pa0Inos-AJWIOPUET ‘9[IqOW JO SISISUOD ISJIewd 93e[nonted :0€dSN
*suonn[os Y} ul puasatd Ajpuonuajurun ‘sajqqnq ses uey) I3Y)o
‘saponaed PIA[OSSIpUN J[IGOUI ‘SNOIUL.IIXI JO SISISUOI SuoIsnjur
pue suonddfur Jo WoONEUTwEIu0d Ae[ndnIed :'pa 6 Ind "Ud

NOILONAJOY.LNI

£00 42y 12240 P YI€ 3u,

5T 15Tl 25 Dond pun 2]

“uonn{os S[qEIALUL 5Y3 WOz
JUSSqE 5q }SNUX PUB PIezey [edur]d B Juassd soop 15)jeur aye|
-notred Jen peY 8180 Y3[eay oL} Urjetoq [esIoArun € s13; Kde
-aauy | Suunp suoneoI [eorurp s jo
s s9p1RIed 23BUIILIOUL 0} BJEP [BIIUT> JUIIGINS JO
3¥] © oq 03 SWoas [[1s o3t I[AL "Advoy [eanguared Furod
~1opun juatyed oy jo £3oyes 2y) 0} prezey [eueded € se Umowy
awooaq §EY Jopeur ojenaned ‘SIEak JUS09I UI “I9A0RION
“Jeanjoegnuew jonpodd oyy Aq pedojdwe spaepuess Ajmenb
-y81q 23 yo eargeatpul “Yonpoad Apenb ‘UBep) B SA9AU00 JapEW
maed jo 3pe| ‘Apuewg jdenem naed jo eouapraa
A[qIS1A Jo 203y o 03 s0poad wonn[os a[qEB(uT BB AgM
“(€) UOnBUTWE}U0D

maed 9[qISIa pue uorEur v 151
U0 suorpes SUrEIND (g7) BredooBuLIEyg Ueadomy oY,

() S[BI9)UBIRd SWIMOA-[[BWS UL pue
uoIsnyuy asop-a[Buls 10§ (STAT) suondful awnjos-o8Ie Ul SIS
-A[eue pue Jusyu0d Jej3ew sjenarIed S[qISIAGNS 10§ PaIrnbal
a1e suoneogpads [PUONIPPY (1) pa1oai oq oLzl uSfei0)
S[QISTA YjLM UOTBPUIWIRIUGD JO 2IUIPIAD MOYS SJUJUCD SSOYM
JouTeUeD A19A5 jEY) PUE ‘syrmiad IoUTEIUOd S JO SmpET
Y} IsaduUSM ‘uondadsur fearskyd e 0y K[[enpiarpul padafgns
aq uorpalul jo rouTRULd [RuY YOI, jey) soywads spnposd

1qeoatut 10y ! (dSn) et 4d 'S0 P4L

“Afpeoruoagoere doyyeux syemoned Furoey
-op jo spoyjew Suracadur pue Furdopaop osye Inq ‘uoreeds
-up wewny jo Aouowyye Sursoadur Auo 30u jo sAem Jurpies
-0 SaTpTYS AUBW poyBNWNS SBY SYY, pAoedsur aq wE 18Y)
‘saurejuoo pus synpoad easyusaed jo sod) ey uy payury pue

1 ouIry “AI139{qNS SI UONEUTUIEX Yang “UONEur

X9 [BNSIA UBWINY SOAJOAUI TOTEN[BAS 10)8U 9y8[noviIed 10§
983) ‘pasn A[UOWIIIOD JSOW Jo4 ‘}88P[0 BN, I8Yeul 9je[nan.ed
ugeu10§ Jo souessud 8y} 10j SUOKN [0S A[GRIIBIUI JO SISA[EUE puB
‘uonoedsur uey) s)sTEadS [013U0d £)1[END 103 SO MOYYIP ax0un
sjuasaid ‘[ziojuareduou o [esojuored “4sa) [013u0d AjT[Enb oN

NOLLONAOYH.LNI

NOILONJOU.LNI

575 — 10411100 A[DID [DADTUOIDG OZZ0ND) SOULIAD] SIoY]

120 ‘vuvlqnly
‘Covuirg  Jo Aynov.g

WNVE
n2AAAA

DNILSZL ANV SWAOL IDVSOA TVILINTAVE
ADOTIONHOZL TVOLINIDVNUVHI

NOILVNIIAVINOD ALV INIILAVd

54



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

Surumon *o Iy 'q ‘uUnS ‘B :9pdodq *L
S12qY I "9

sy p
‘roqqmy ‘o [o9)s ssorurel§ ‘q ‘sse[n ‘e judmdinbas Suissasoaq s

syred 309su] "0 ‘sQ0BJING *q IIY B :SJUBUIWIEIUOD [BIUSWUOIIAUY *f

s10jedrdde snousaenuy p
‘roqqmy "o ‘onse[d °q ‘sse[n ‘e :sjuduodwrod urdexqded °¢

sopranduy JudAfos 7
SJUBUTUIB)UOD Q0BI], "q

‘S00URISQNS POA[OSSIPU) B S[EIIUdY)) *|

HHALLVIN ALVINJILAVd 40 SIOUN0S NOWINOD

o
B

“oumy

2y} 10A0 Jonpoid Aty Ul Md20 —
Jey) suonoeal uonendioald o soyvlf
unys upwNY ‘SaSNA1A ‘SpUIWMSv.LY [9112100q pUp
p112100q 1Sunf ‘spavd 30asui ‘sjajdoap j10 uod1jis
puv 4221o1sv]d 10 2uryd>PW pUD SUYPVILIGN]
$001A0p ‘Ap)> 3ID] ‘Youvis ‘SOISIGSD ‘S|PI1UIYD PaAJOSSIpUn
‘puvs Lfnipuvp gsni ‘saponavd jppawt ‘SpusmSn.if
oysvpd ‘ssvp8 “4aqqn. ‘SI2q1 1103305 ‘F50[M]]7)

‘s10ddoys oLIowoIse o
"o0eLINs sse[3 oY) Jo SuIY

pue $)3S UONROSIUIUPY o
“SOOBLINS JOBIUOD

jonpoid woxy Suruoos sojonred
onsefd pue [ejow ‘10qquy *$s0001d Furysem oY) Aq paAowal Jou

‘[e0S S} pUE JOUIRIUOD [EUL} AY) UO O S[ELIILIA <

Toneredard SULMp IdUIBIUOD
sy pue jonpoid ay) ojur Juryyey

JUSTITONAUD WO S[RLIRIN <«
NOILVNINVINOD

DISNIILXH =

“Suryy 03 Joud
Ijoejnuew Jo safe)s uonen[y Aq paAowl
jou ‘uonnjos ayy ur Judsaid A[[euISLo S[eLeN <«

NOILVNINVINOD DISNIYLNI =

HALLVIN ALV INDLLAVd 40 SNIDIHO ANV HINLVN

‘01eM

oo13-o[onIed IO UOIIN|OS 159) SNOANDE SAIIOBOIPRIUOU JO dSN [3Im sa[onIed
91qISIAqnS JO 9oudsaId 10} PajepI[eA pue paje[nuls aq pinod uoneredaid
sonnooeuLIeydorper Jo 9I1npasoid 9[oyMm dY| ], “PIZIWTUIL SI YSLI
UONBUIUERIUOD d1e[nonIed jey) Aem e [ons Ul UdsOYd 9q 910J9IdY) P[noys
uono9jo1d [euosiod pue JUSWOIIAUS ‘S1ouTeIu0o ‘Justudinba ‘Spotiopy
‘suoneredaid [erjuored

a3 Jo uononpoid ssewr sownsse erodooeurreyd se (ojdwes) uonosfur

JO JwnjoA 3y U we[qoid ST 2191} INq POYISW UOTILINISQO JYS] BIA PIISa)
9q pnod saronaed 9[qistaqng sojonred [qIsiA Jo 2ouesaid 10§ pa)sd)

(suosear [eonoeld 0} onp) 0q ULO JUSWAIINDAI 201) AJe[NONIed Y PN T

-0013 9ye[nonted pue ‘0oxj-uagolAd OrL)s

2q 0} a1 sponpoid juse onsouSerp ‘SuIoy 93esop LIS IOYIO YHIM Sy
"JUSWIAO OAI)OROIPEI ) JO SOAT[-J[eY JI0oYs AIOA a1 JO osnedaq uoneredard
JO SINOY UIYIIM pasn aq 0} paonpoid aIe sjuade SATIOBOIPEI JSOJA!

:3IN0Y [eIUIRJ AIIAIPR( Sni( uo ydeasSouopy x
:("P3 p.€) ABojourda], [ednnadeurieyd Jo eipadopdfouy

SNOILOTOS TVIALNHIVd
NI NOILLVNIINVINOD ALVINDLLAVd

"uonoadsul [BNSIA UO PAAIISQO 9q UBD Jey) Io)jeut

ug1a10§ Jo sojonIed WOIJ 921 A[[ENUASSI ST UOTINOS I} ULIOJ dFeSOP

A1p 29111938 2y} Jo 1armoejnuew dy) Aq parddns Jurjeqey ayp ur pjoaIp

S UoTINJos 3T} AIMIISUOY) - IBJA 2JL[NOTIRJ :SUON]OS PAININSU0))

‘suonddfuy

Ul I9))RJA] de[ndned ul sjuswalinbar woiy jduoxa A[esnyroads

jou are suonjeredoid [eonnosewrreydorpey ydeiSouow [enprAIpul

o) Ul pay1oads SSIMIIYIO SSAUN ‘SUONIIUT UT 13)) BN e[nIN.Ie]

ul 310§ )95 Jojew dje[nonted o[qISIAQNS 10J SHUI] pue saInpaooxd

51d0os0IdTII 10 UOTEINDSqO YSI] 2 03 102[qns a1 JAS pue JAT [[V

"pa10afar aq [reys saremnonIed S[qISTA JO 9OUIPIAD SMOYS SIUSIUOD

9SOYM JQUTRIUOD AIOAY "SIUUOD S)I Ul ( sore[nonaed 9[qIsia,,) Iopewr

9enoned pue uSIoI10J 9[qeAIISqO JO doudsald oy 10y dqissod JuIxd

o) 0) pajoadsur 2q [reys suoneredord [erojuared [[e Jo IoUTEIUOD [RUL YOBY

“Io)ew U010 19710

pue Suond3 Uy Ul I3))eJA] JeNINIRJ UT PAUGIP St Iopewr Je[nonied

opn[oxa 0) pauSisop rouuewr e ur paredord oq [[eys uonenSIUTWIPE
[erayuared 10§ papuiul saonIe [ :SNOLLDACNI uo ydeisouopy
‘6£dSn

SNOILOTOS TVIAILNHIVd
NI NOILLVNINVINOD ALVINDLLAVd

55



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

sxs6m drysuone[ar 9SI0AUI 10911 %

So1-807 %
(X) Iojowelp o[onIed %

e AVV
owmnjoa jun 1od soponaed
JO sIoquunu dAnRINWNY) %

o 601 ‘pIjeurureiuod A[nay
st jonpoad dy) udy) Yuasaad
sI $9109ds Supeurwop suo Jy A

‘sToquinu wopuel ur juasard
9q pnoys saroads Yo ‘MarA
Joutod DO & woy ‘Aq[eapy A

saquinN [21UBIIG

(BAIND YIOOWS B 553110 MOW) ., . -r
uonquIsI] IWeNNSeH

st (U]

SHIIILAVd DONLLVNIINV.LNOD
A0 NOLLNEIILSIA dZIS ANV JI9INNN ‘AZIS

V sseo 10y Surgiopd (o

iD0 = Junso+

*3[qBIAIUI ISOUI[E PUE JUILISAPEUI

731y’ S} Aq ST GO BUIIEIiod

9[onJed "uoneurwejuod Jo S9IN0l pue S92INn0S Auel 0} anJ

‘uonendiuew pue
donoead Jood £q jonpoid a3 ojur yoeq djernonted
nd AJjuojioApeul UBD 9sINU 1O 10300P ‘Isioeunreyd

— Koeuwureyd e ur Surpunodwod snooueiodwo)xd
SI UoNjeUIWIERIUOI d)e[ndrlaed JO 90INOS [BIIUO] =

HALLVIA ALV INDLLAVd A0 SHOUYNOS NOIWINOD

S19qQ1J JO 2INJONNS PAIIPIO
g 10 Yy sasse[d 10§ Suryiop (q PUE SPIOA [[BLIS SWOOI UBJ[D
ur unpopd aanod01d 10y

( 10 D sasse[d 10§ Junpop (e S[qEINS OLIQE) JO AXMONIS -

s19qyy
Surjeroua$ st o11qey ‘uses aq

ueo (wrl g [) SpIoA a31e]
0LIqRJ 01103 JO d1onns

e R ] e SR B
Tl B

H_._,, fr v ;M_— F

*SJROJIOA0 J0US PIOZI[LIA)S PUB O[B)
INOYIIM SIAO[S PIZI[LI9)S ‘S9[3503 pue ysew 9.} J8aM pInoys duQ K[e[dwoo
Pa10A09 dIe pIeaq pue JieH 'sd[onted 1oyjo pue s1oqly SuneIouds jou ou

a1e yey Surylo]d Sunoejoid pazifLIa)s [10ads Jeam pPInoys ouo g PUE Y SSE[0 o

"PaI0A00 2Tk PIedq pue IeH "so[onied 197)o pue s1oqy
Sunerouad jou are jey) Suryiofd Sunoavold [eroads Jeam pnoys Uo ) SSE[D .

"POIOA0D dIE PIBdq
pue IreH "seoys d[qeins pue Suryoo Sunodjoid oIseq Jeam p[noys U0 (J SSE[D .

SWOO0T UBd[d Ul SUDIOM [oUu0sSIdd 10J TUIY)O[d PIqLIdSAI]

SNOILIANOD T34 A'TOLLAVd ONIHASSY

Kep © 1ad pases[al aIe S[[39 (O] ‘1BIMmS Jo s)9]doIp

90BJINS UIYS UO BLIANOE] JO AUOJ0OOIOIW -

"Jonpuod

Jo sofn1 paquosaid o3 Surpioooe joe pue Suryo[o paqrosald Jeam ‘SSouT[uEs[o
pue duaI3AY Jo sani jotys 03 Ajdwod pinoys pue paures; aq pnoys 9[dodd ‘sowry
11e e ojdoad jo soqunu winwiruru £q pardnoso aq pINOYSs SWOOI ULI[O AI0JAIY ],

.mEmEmm\SoSﬁqu&bmoopm QBMB mnﬁa\moﬁoﬁmmfﬁnmazmm
urwysajonred 000 0s 1w G4 < ur/saponaed 4() [ Sunerouds [[is st tosiod passdip

Aj91enbapy ‘Furmyoejnuew ondase Ul UOTJBUIWIBIUOD JO 99IN0S ISF1e] o) Juosaidar
91doad se saxnpasoad uoneredard ondase 1oy juertoduwur A10A SI Jjels ay) Jo J01ARYRG
‘[euuosiad

SNOILIANOD T34 A'TOLLAVd ONIHASSY

56



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

‘weaq oy ur oponred oy jo

BAIR [BUOI)O9S-SSOIO ) JO UONdUNy
B SB I9)UNOO UO0NBINosqo-ysi|
woly [eudis ourf-aseq ur afueyd AL

. 1030919pojoyd
£q paonpoid [eudis paonpar mopeys (4
i Toyrdury (
1030939pojoyd (D
uo mopeys e Sunsed — onied (g
201n0s Y31y (v
ordrounrq

SINHNNALSNI NOILVHNDSHO-LHOI'T

(wm ¢z 2 RUIEIU05/009 ) v (W (1< DUIEIU05/0009 S) <= (TW 001 S A) g1 I13Le

(W 67 2 Tuyg S) Vv (Wl 0 TW/ST S) <= (TW 00T <A) V1 IS3Le
uoneneAg

so[onted Jo Joquinu ueow

o} 91e[Ned «— (pIe3aIsip uontod ) JW G UBY) SSO] JOU A :SUONIOd § SAOWIY.
uejd Surjdures ojeudorddy .

W G UBY) SSI JOU A ISHUN AIOW <— W GT > JASe

Pa1sa} a1€ SHIun ASUIS <— TW 6T < JAS PUB JATe
POURPIN

i9z1s 0} Buipiodoe sa|oiped
40 Jaquinu pue sa|dijied Jo 9z|S aY} JO UOIJRUIWLIR)BP djewoIny

159} Junod 3pnaed uoneandIsqo IYSIT:"PH w6 “InJg “Ud

[ poypu & SHIDILYVd
ATAISIA-40S ‘NOLLVNINV.LINOD HLVINDILAVd

iy 1210M 22.4f-2]01740d AU} 9S)

"JouIqed MolJ-Teurwe] e ul Ajqe1ojoid ‘uoneurweiuod
ojernonted Sunrwi] SUOHIPUOS IOPUN N0 PILLIED dI. S)$9) YL,

1891 JUNno0d D—UC.HNQ O_QOOmOHU:\A C

1597 JUN0Y 9[onIed UONeINdSqo ST ‘|

7 POUISIN < so[qqnq sed aonpoid jey syonpoid

T POYIIN — AIISOOSIA PISBIIOUL ‘AJLIB[O PAONPAT (UM
porjdde Ajqeroyaxd st [ pomloN

L {4

sopnIed J[qISIA-qnS :TONEUTUIE)U0d d)e[nonied "61°6°7 :"PH w6 N "Ud

SAIOILYVd
HATAISIA-40S ‘NOLLVNINV.INOD HLVINDILIVd

soyonIed 9[qQISIA [UOT)BUIIBIUOD 9)B[NONIR] *07°6°T

K

159} Junoo aonIed o1dodsoIN g
159} Junod aonIed UONeINISqO YSIT |

K

& soronaed 9[qIsIA-qns :UONEUIIIEIUOD 91e[NdIIed *61°6"T

sIsA[eue Jo SpOYIdJAl :s13)deyd [BIIUID) *PH 6 "IN "Yd

JALLVIN ALV IONDILAVd
ONLLNNOD ANV ONILOALAd JO4 SAOHLAN

57



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

T

| SUBIOIUY03) PajeIPop

*(p10901 YOJBq) UOHEN[BAS JudNbasqns Jo Sururen [nyares dy) pue sisk[eue Joj L.

10J PAUTLIdI 9q UED QUBIQUIAW YT e
% 0] Ppunole jo wn (‘g1 18 pjoyson

-$01qqnq AQ PaloSFeun aIe SHNSYe 9ZIS-IdMO] 2]} J& 10110 UI-)[INq ST I3[ Le
‘paInseaur

9q 10U P[NOYS PUE AINSBIW 0] JNOLFIP

are s[etojew snoune[od ‘snoydioury.

“Alrenpiarput pazis

9q ueo pue paziugooar are saponaed
parerowo[33y A[[eor3ojoydiowr
Ppazi)orIeyd 9q ULd pue IsAjeue ay)
AQq A[30211p paInSeaw - oI SR Je

TSASBIUCADY

‘sojoned se uods
10U oIk — S[eLI)eW AJI0 SQIOSqE NI Y L.

TSogejueApesiq

*S9[OII9 2oudId)al dnoned wr ¢z pue wr o1 2y) 03 1 Suredwod
Uy} pue 9110 & ojur dfonted yord Jo oFewr Yy A[[IUSW JuIWLIOJSURY) AQ JAO PILLIED ST

TINOILVED YALTAVIA TV T0UI0 U JO 3sn 3 yyia ssa00xd Surzrs sjoned oy,

poypu & SH'IDLLIYVd
HTAISIA-40S ‘NOILLVNINV.INOD HLVINDILLYVd

(wm ¢z 2 RUIRIU09/00€ ) Vv (Wr (< 10Urepu0d/000€ ) <= (JW Q0 S A) € 1SALe

(wm ¢z 2wz s) v (W 01 [W/ZT 5) <= (W 00T < A) VT ISALe

uonen[eAg

j(unoo 19911y Tented 1o Junod 1931 [€103) 2doosoronu Ay} Jopun saponIed Jo qunu
A3 Sununod “IA1J dueIqUIdW ) FUIAIp ‘Wwnnoea Jo uonesrdde yym uonenyif.

(osn [exsyuared 1oy s1opmod — sojoned Jo Juod oYM JudAjos 1dde

10 Y 42)DM 22.4f-21211.40d YJIM W GZ O} SUNN[IP;]) JOUIBIUOD PAULS[O B UI POUIqUIOD
QI SJIUN JIOW <— [W GT > JAS PRISA) a1k sun 9[3UIS «— [W 7 < JAS PUB JATe
POUIPIN

*(9z1s a10d Jeuiwou ui Jaul Jo w |) I8yl sueiqwidw ‘(wnnaea) Ajquiasse 1) 14
“siojeulwn||l Z ‘eale Uoljeujwexa al3ud oy} buisieasuely pue buipjoy 1oy abejs
|edlueyoaW B puk 19}2WO.IdIW JejNd0 pajeiqied ay) yyum adooasosdiw asenooulg

1593 3unod dpn.aed 31dodseIdIIN °PH 46 INF Ud

POy & SHTOLLIAVd
ATAISIA-40S ‘NOLLVNINV.INOD HLVINDILAVd

Y 4210 22.4f-21011.4pd  YJIM UOTIRUTLIRIUOD dje[nonTed
9} QUILLIDIAP :SUOHIPUOD 1S3} AY) JO3YD OF, |37 LIJDM mwx\.&uﬁ‘g% Ayl as)

"JoUIqed MO[J-Teurure] e ul A[qe1djoid ‘uoneunue)uod
oje[noned SunnuI SUOHIPUOS JOPUN JNO PILLIED dIE S)SA) YL,

7537 JUN0J o[dnIed JIdOJSOIIN ¢

1597 JUN0Y 9[onIed UONeINdSqo ST ‘|

2K

7 POYIRIN «— $9[qqnq sed aonpoud jety sjonpoid

T POYIRIA ¢— AJISOISIA PISBAIOUI ‘AJLIB[O PIONPAT UM\ =
porjdde Ajqeroyaxd st [ pomloN

x)

£

sopnIed J[qISIA-qnS :TONEUTUIE)U0D d)e[nonied "61°6°¢ :"PH w6 N "Ud

SHIOILAVd
HATAISIA-40S ‘NOLLVNINV.INOD HLVINDILIAVd

by

Sl PYT 0D uory

(10 sepnIou) 15 (W 001 WBUS) o +x 2) S BudwEs v

|1 00900z 1) uoaniose: uBly pue (wd
ez soossoooy Y0- I
(0 Jowweo) sontid Teuondo

J13)unod dpn.aed uonemasqo S

B e e I
1OV A GOL Wi Veder 35 10} Auo pioo somod poya
1001 Yosdde ‘2 08105 "0V A 0¥Z01 001 | _ sweweinbol emod

oo pexz]
[iosues o LI o eant |

I 192 701 505 o siT

TownoA 10 o1
TownoA 1w 01
Teoued T84 W 51 pUS WY G o ANUoI o1q U

ose1 16505

w00 s e

ou o) 3 001 |__fauectioSunine |
(2% 01 5501 5501 Buunod ‘sepRed 15d W 0} % eped unuaely

o w5

T o om

T

e 154 B0 vy oo 14| sped sensseny

peRI) sopo UONeIGIED.

33154 3L

ind oBuLA:

potgew

[
suopeayoadsm

SINHNAILSNI NOILLVINDSHO-LHOI'T

58



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

‘pasn aq Aewr
SpOY3oW PAJEPI[EA ISYPO

PA W8 g Yd
soonaed o[qrsia 10y smeieddy

joued ayum aJe|B-uoN

sepjoydwe| siqeisnipy

“Ieyo KI01eI0qR] — 9 9]9q J0KIAUO0D — P
£5309(a1 10J S)a3seq U01I9[[0d — o S| dins
9qmI-0M] — q PIEOQIBQ AYM UE JOB[q — B

1J100q uONdAdsul Jo UONOIS-SSOI)

ENY7"

@

SHIOILAVd
HTAISIA ‘NOILLVNINV.INOD HLVINDILLYVd

‘punoibyoeq

buimala ayj ysuiebe jabie) ay) jo }Sejuod ayj «

THIOILYVd ANV
A0 HONASTId
HHI d¥0234

‘Joued yor[q JO JUOI}
ur aunpaooid oyy jeadoy
‘[oued 931ym Jo Juol}
Ul S G INOqe I0J dAIISQ
“pawLIo}
j0U oIE S9[qqNq IIe AUl
Jey) SULINSUS ‘IOUIBIUOD
U} JIOAUI IO [IIMS AIUDD) 3

‘uoneujwnjjl punoibyoeq [ejo} ayj .
“9ab.1e) ay) Jo azIs ay} .
4amal ayj jo Ayjiqeded ayj.

:UO sal[a] poyjow ay} JO SSAUBAIOIYT

(x105L€ -
000C :uopBuUIUN[[L) JOSTYIP YSI| pue
901n0S JYSI-ATYM ‘PApPeYS ‘Q[qEIINS B

i 1opjoydure] o[qeisnipe uy
1oued yoe|q

a1 0 xau [oued Nym ore[S-U0U
uonisod

JeonIoA & ur [oued yor[q New v

saponed JqISIA (UOPBRUIMIEIUOD e[NINIed *07°6°C :"PH w6 N "Ud

SHIOILAVd
HTAISIA ‘NOILLVNINV.INOD HLVINDILLYVd

& sojonied 9[qISIA (UOIBUIIEIUOD JB[NOIR “07°6°T

sojonted 9[qIsiA-qns :TOTBUTWEIUOD AJB[NONIed “61°6"T

W

159} Junoo aonIed o1dodsoIN g
159} Junod aonIed UONEINISqO IYSIT |

W

sIsA[eue Jo SpoyIdJAl :s133deyd [BIUID) :*PH 6 AN "Ud

HILLVIN HLVINOLLYVd
ONLLNNOD ANV ONLLOALAA 404 SHOH LA

8[EIS JBSUI

sy
85047

B
aluaajey

B2 AQID

HTINJILLVED JALHINVIA AV INDAUID

Joeq

59



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

i(paroalur Ajqeyaaur ysowye st )1 sopnodwe sse[3-[[e Jo ased oY) ur) Ul A[[eIoudF s1 sse[3 oyy Appeuniio]
iSoIqL} uoNod “moﬁo_ﬁmm
9s0[N[[9d “0[e} ‘50159QsY :HIVINIILYVd AT1dVIISAANN ATHOIH

*O1ua30U0IBd

Aenusjod oq ued ‘payoo]q e skemied

[eI37e[[00 9Y) JO [[& Jey) sojonted

<= UOROBAI OLUOIYD “WI[QOId A o31e[ AUBW OS [WA[qOI A

juonoear ) .
IOAT] ‘ud9rds ‘ONNT «
wortRS ThROpoof sl “TojoueIp
9} JO S[[99 YiIm UOnORINU] « ut wn Qj Pue | uaamid
-adeys pue az1s SOONIEd QAOWIRI — §HY <«
pue ‘o1onred ay3 Jo Annuapt "[9SSAA

Ppoo[q © )o0[q Aew d[onted

[esrwayod ay) uo Jurpuadop
e yolym ur — NOISN'IDD0

— USNOdSHY LSOH =
INHILVd HHL OL QUVZVH
HLVINIJILAVd ANV SLOHAAA TVOIDOTOISAHd

67'SS 01°0C oronaed | ‘uorsnjur T |
6T'SS 0107 oponred | [erA T (g
6T'SS 01°0T aponed | ‘opnodwe qu oz
6T'SS 01°0T aponed | ‘onodwe w0
8TSS 60°0C aronted 1 ‘onodure ui ¢
STSS 80°0C oronaed 1 “onoduwre Tw ¢
1TSS L0°0T oronaed | ‘onodure Jur |
88'1S 96°61 u xod soporred ¢
SIS 78'81 A 1od sojoned og
Anqiqeqoxd uonaafar o400 1 | Apiqeqord uonsafar 9,06
[wni] az1s oponeq [wmi] az1s aponteq UOTIRIUIOUOD J[OTHR]

"UoISIA Uewny Aq poyjow
[eorsseo oy 03 o[qeredwos s jrun ojenbopeur Juraowal Jo Ajiqeqold
QUL "9[qe) Y} Ul PaulJop SI Uonoadsul SUIYorW JO 9SED Ul [BAOWIDL
Jun juonbosqns pue sojoned jo 0dudsad oy Surd)AP Jo sonsnelS
"UOIEIUSOUOD JOQUINU S)T UO SSI] PUB ZIS
oronued uo Ajurewrid sorja1 jiun ayenbopeur Juraowal Jo ANIqeqold
‘poyjow uopoadsur ayj Jo yuspuadopur SIY T, “o3el uonod[d1

%1 0} %SG T"0 Wwoxy ST 10] 2y 10§ (TOV) [2A9] Aifenb o[qerdesoy
‘soronaed d[qisia Jo 99uasald ay) 10y pajdadsul SI10] Y} JO % 0] =

TOYULNOD NOILDAdSNI
JILVINOLNV — NOILO3Ar3d 1INN 40 SOILSILVLS

"QWIN[OA SUI|[IJ puB S193Jop
IoUTEIUOD 0 PIESAT YIIM UOT)RULIOFUT
apraoxd ued sisAjeue a3ewn

K

‘ordround
uoneINdSqo 1YS1[ 9Y) UO OS[E Iseq ued
sousasaxd sporpred JO UONEULIFUOD Y}

ik

‘sontodoxd

Teondo JuaIdgyIp yim saonted 10010p

ued SouIydrW uonoddsur uoreuruny[I
JO 90INOS JUSIAJIP JO oSN AQ =

‘panojdxa 3uraq s1 souryoewr
uonoadsur jo yndy3noayy 1031e] o)

b

‘u0110939p JO U]

pue Aoenode d[qeredwod Jururejor
T0s o[rym ‘uonoadsur wewny oderdar
UBd SIAINJORJNUEBLU ) SOUTYORU
[01U0J J1BWOINE JO SN YA

i

HOVOUddV DILVINOLAV AO dASN
~TOYLNOD NOILLVNIINVINOD HLVINOILYVd

SIS

J1oje10do uo sarfer pue Juepuadop Jojerado [[us st
ssouajenbape Jrun oY) 03 PIeSaI YHIM UOISIOOP YL
'sse[3 SuiAjiuewr

ym paddinba st jurod uoroadsur oy g,

“10jerodo Aq pajonnsur suryoew £q 10

Jojerado Aq A[fenuew paAowal st jrun ajenbopeur
a1y} uonyoadsur [ensia oYy 10y “pinbiy oy urgIIM
aAaow 0} sojoned o) Sursnes st eNIOUI oY) UL
paddoss st ordwes ayy uonoadsur jo jurod oy 3y
‘arnpaooid uonoodsur

[enuew UeY) 19)SEJ SAWI) G 0} f ST uonsadsur

ANIHOVIA DILVINOLNV INAS 40 dSN

‘Surny31| po[0uod 19pUN punoidyoeq
Jsenuod jsurede pajoadsur Ajjensia a1e sopnodwre

TTOYLNOD TVIILLAO TVIISSVIOD

HOVOUddV DLLVINOLNYV INAS 40 dSN
~TOYINOD NOILLVNINV.INOD HLVINDILAVd

60



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

Texajuared awnjoa Jrews Kdoosororu
uonoae Suruueds ‘ropeur Aenonied ‘sjerojuared ‘sse[S ‘uoneunuROp ‘SIOUILIUOD SPIOMAI J0yINy

*$30] [e1A dpdpnu uo sarpmys Sunsay

ssans jonpoad pue [ed1d0dSOIINU IAISUIIXI IPN[IUT P[NOYS UOHIIIS [LIA [IIf ‘PIAIISQO

SIIUIIIJIP Y} UIAE) 'ssad01d Sururiog [era ayy Sunmp pajeard KSojoydiowr doefINS 2 JO

doueiiodu oY) 9)eNSUOWIAP SH[NSAI S, “UOISNIUOY) "% St YSIY S 0} 2UPIOUT UORUTIRIP

pasearour Hd Y31y pue jusunean 2jej|ng ‘uoneuIuedp jo Kouanbaly 1somof oy pey y Ja1jddng

WOIJ PI2INOS S[BIA ‘SN, *SUONIILIIAWI IIELINS PISLAIIUI YPIM S)O] [BIA ISOY) UT PISLIIdUl

9JUIPIOUI UOPEUTWEP(] TUSUIERIL LJ[NS YIIM PISBIIOUL PUB “WI0NOQ [BIA Y} 0} Judde(pe

‘[[eM [BIA 9Y) 0) PIZI[BOO] 210M suOnoLIddWI 353y, *sisodap 1o/pue Fumid se yons suonosyadur

Q0BJINS JAISUXS pake|dsip ) pue g s1o1jddng wolj padInos S[eIA SEAIOYM ‘UOHBUIEXD NHS

Aq parensuowap se saoejIns yroows pey v Jrddng woiy paoinos sjeiA :s)nsay Kdodsororu

uonoae Suruueds Aq pauriexa os[e a1oM 10 pue 1orjddns yoes JuoIj S[BIA JO 00RLINS JOUUT

Ay, "spoyeur [edrdoosordrur pue (DHVIH) UONBINGSO JYSI| ‘UONBUTUEXS [ENSIA A PIUTULIOP

sem 2ouapIoUT UoneUTR[R( “Sunsd) AN[Iqe)s PajeIs[aade Aq pamo[oy sa[okd uonezijuas sfdnnu

03 sera pay[yy Sursodxa Aq pawntojiod sem Sunisa) ssang :SPOYISIA JUSUNELAT) d0BJINS SSB[T

pue ‘arddns ‘ssadord Sunmoeynuew ssefS ay) Jo sdudnjyur Ay) os[e pue ssadoid uoneurwep

1) UO SA[QELILA $52001d PUE UONE[NULIOJ JO 1013 ) SUIUIELXS O) PABHIUI AIdM SAPNYS :asoding
JRASq

VM 997 DD 10SIA ‘AL SUBA ‘I UO[NOD) ) BINWENEN Y PIEYIILIJ ‘(Y SIUUF

0% — £6€ s23vd

‘T00Z ‘€ anssy ‘9 awnjoy «3ojouyday pun juauidojaad(J [PI1INIIDULIDYJ “UOTYRUTWIB[IP SSB[S

uo $3ssdd0ad Surinjdeynuew pue Snap Jo RuIN[UY :s[erdudsed JWN[OA [[ews J0) S[BIA SSB[D)

sjuejoepns ‘syuepeisopojoyd ‘sopew sjenonted ‘UONEIO[ YIOL ‘UONLNISE [SPIOMAIY] JoyIny

*suonnjos Ipiyeusiq
3y Jo uonejoyy Yoiy Aq sapLINdur Jo [EAOUIII PUE ‘UOPEIIUIIUOD I[[IIN [EINLID 1Y) MO[Pq
S)UEJIRLINS JO UORIPPe “ss3| 10 (' 0) Hd uonnjos 3y Sudnpas Aq ‘A[PAREUII)E ‘pUE ULIOJ
a3esop 3y Jo uonanpoad pue SISIYUAS [EIMWAYD SULINP JYSI| UI0IJ IPIJRUSI JO SUODN[OS
Sunddjoad Aq paonpal 3q pnod anewn dHemaned 3y |, ‘uouswousyd denonted ay Jo
Aqiqrsionar juopuadop-Hd paArasqo ayy Aq paisa3ans se tonewr dje[nonaed 9y) WLOJ 0} SA[Nd[OW
OpIyeUSIq (PIM JOBISNUT ‘WIn ul ‘Kewr opAyapye oy, “opAyop[e o[qnjos A[100d € L0} 0) opIyeusiq
Jo a3eara[d ankjoroyd o) Jo 3Nsal dY) 9q 0} pauLIuod ‘uoneperdapoloyd jo sponpoid oy
se paynuap! a1om 1ey sonundwr pue apiyeusiq Jo K[aS1e] paisisuod sajenonted oY) ey) pajesipur
1opew e[nonted paje[ost o) Jo ) TJH 2ouBIsqns Snip Jo 0] o1j1oads yim pajeroosse aq 0y
punoj ‘rem pue suonnjos Snip ) Jo uoneyse SUIMO[[0] PIAIISO SEM IOPBW dJR[NOTME] Td)je
djernonted oy AJnuenb o3 pasn sem 19)unod ddnted oeIH € seazoym ‘Iapew ajernonied pajejost
pue Snip ‘azud)oereyo o} pasn a19m Adodsoronu parenur pue ) TJH 2seyd-pasIondy "Mofj 1e
Teurwe] (0] SSe[D) Jopun pawroyrad a1om uonejost enonted pue uoneredaid uonnjog “Jonpoid
oy ur sajenonted Jo raqunu ay) 29npar 0} sanbruyoa) [eonnaceureyd s)eSnsaAul pue apiyeusIq
juaSe Jowmnue [ejuswIddXa Ay JO S[eIA Ul uoneuno} djenonied jo asneds ayy sassasse 1oded siyy
Pensqy

VA UTeSSNH “Df JOHISAT ‘[ OLEIRISaS L[ 19[eA “TT Uy ‘L ourqny

LEP6EF $230d ‘6661 1SNy ‘€ anSS[

awnjo ‘A3ojouyda] puv Judwdojpadq [P211M2oVULIDYJ YUISe Jowmnue [epudwLIdIdxd
ue ‘apyyeusiq J10j uone[nuLIo) [eadjudled e ul Ja)ew yemonted padnpuiojoyq

uoneuIWRIUOY) {[oNU0d AI[en() {pIepue)s

[erpuaduwio)) ‘[eroiuared SWN[OA [[EWIS ‘19)BW JB[NONIR] SPIOMAY Ioyiny
w10y 95esop smy 10J paydope aq pnod pue SJAS
pnbiy Jo Aytenb ojqefreae Apuosaid ayy 03 ayenbape s1 prepue)s UOHRUTWIBIUOD
dSN-dAT 24l 'spmbiy o 103 peoiq 00 aq 03 readde Inq ‘szopmod oINS
o) 10J 9[qeyns S PApILSaI 9q UEd SFAS J0J sHu| Jpew Hemonied Jsn
JUAIIND Y], *sazIs o[onded 1so31e] oY) 0] [[ISA0 ‘SpINbI] UBY) PAJRUIIILIUOD
Q1ouw d1om [e1ouds ur s1opmod oy prepuels [XX dSN-dAS Y1 1w syonpoid
paurwexo oy} [[y ‘poyjdun agexdo[q Y3 e £q paurojiad sem Fununoo
JonIed "PAIPNIS USAQ IARY AJR)] Ul painjoejnuel (SJAS) s[etdjuaaed swnjoa
[rews A1p jo sadA) 91 pue pinbi jo sad4) ¢ uI uopeUIWEIUOD Ae[NINIEJ

PeNSqY

O[[OUBIA 'S PUE LIBUBJUOIA T ‘IOUOJ "y ‘BIUSD) ' ‘BUO)) 'g ‘0NOUBAR] "
19-66 $230d ‘6861 [Mdy [ ‘[ dNSS ‘[ G UNjO, “‘SIOUNIDULIDY] JO
[DUANOL [PUONDUIIU] ‘S[RIdYUIIRd JWNJOA [[BUIS JO UOHBUIUIEIUOD II)JEW dJeMdnIe

uoneziug ‘SuiSexoed [eonnooewreyy onpoid [eIduUAIE] (1o} EW
Q)B[NONIE {[BLISJBW OLISWOISEH QUODIJIS 2INSO[d 1oqqny :SPIomMAdY] Joyiny
'$24NSO 13qqna [eannadeurieyd Jo uspang demonaed
3Y) J33)J& UELD UONBZIUOII[IS JO ISP dY) PUB POYIIW UON)BZIUODI[IS Y}
yey) moys symsy “Anowojoydonoads-y] £q paynuenb sem samso[o oy woly
9]qEI9RIXS SUOOI[IS JO Junowe oy, "‘Ad0ISOIoNM [€aNdo pue 95ey90[q 51|
:spoyjoul om) Juisn ‘osn Jo suonipuod oy ur s1addojs uo pue sayen|o roddos
snoanbe uo pawriorod d1om sasATeue AJe[nANIR] "PIZARUE OIIM UOTIRZIUOII[IS
Jo 9a130p pue poyrow ‘ozis ‘odeys ‘UoNE[NULIO] 19qqnI Ul SULIQJIP
‘1ormjoeynuewr dwes dy) woly s1oddoys roqqni Jo sadA) uodxig “Afenb roddos
douonjur s3ss320.1d UOHLZIUODI[IS JUSIQIP MOV dJBN[EAD O} PUE SOINSO[d
19gqnI PAZIUODI[IS JO UoneUIERIO0d denoned oY) ozA[eue 0 sem Apmis siy)
Jo asodind oy, “1epewr emonaed Jo 3d.anos o[qissod e juasaidar Loy pue
syonpoxd Snip [erojuared 10y SwiSexoed [ENUISSO UL 1B SIINSO[D ILIIWO)SE]

Pensqy

BUSPOJA ", PUE BJUDD) ] ‘NU0)) g ‘OpoueAed “f
I81-SL1 SIS ‘[66] ISNSnY 9 ‘€-7 SINSS[ ‘p/ 2UNO, ‘SOUNIIDULIDYJ JO
[puinop puoyvuidiuf ‘s1addo)s 12qQNI PIZIUOII[IS WO.IJ UOT)BUTWEIUOD JJeMInIed

61



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025

Modue t PHARMACY

Il. Pharmaceutical technology

s[esk1o “Apiqnios ‘surweydon ‘vonedioald ‘uoninnu :spaomAdY JoyIny

*sanjea gd 19ySiy pue SUOHEIUIIN0D PIIE OUIWE IIMO] [PIM PALINII0 Jeydsoyd wndfed

aseqip Jo uoneydnaig D s22139p £z 01 dn jo amjeradwa) wood e 1k smoy (¢ 01 dn 10§ Sjquedwos paurewar
SI[ES OYL "% 10 %S SEA UONEIIUIIUOD ISOL)XIP Y} PUE % p PUE %, UIIM)IQ SEA UONEIUIIU0D PIOE
ourwe ) UAYM Iquedurod M a0y pap! 1)S9USIYy Ay} J& sUONE[NWLIO) Nd.L
3a.43-pidy| ‘pappe-auid)s£d ui sjjes syeydsoyd drueSiour pue WNP[Ed dMUELSI0 PIasn A[UOWIWI0)) UOISN[OUO))
‘0t~ 1 JO SUOIBIIUOOUOD PIOE OUILE

PeY YOIy ‘SUOTIB[NULIOJ USASS Sururewal ay) ul pajou sem uoneidroald tou ymoid sponted juesyiusis oyiaN
-areydsoyd wniofes d1seqip 9q 03 PIULIFU0d sem YIym ‘uone)idioaid Jo souapriad d[qrsia £q patueduwodde

sem [Imoi3 dpnaed oY) ‘SIoY (€ 1V "W 1940 Joyew yemonded Jo yymoad yuedyrusis ur paymsal ‘gd
1S9Y31Y 91 SE [[IM SE ‘(%,6°() SPIOE OUIWE JO UOTIE.IIUIIUOD JSIMO] Y} YHM dIMXTWPE Nd L YL SHNSIY
‘Kdoosonoads pareryut pue Adossoronu pazirejod £q paziiajoreieyd

sem [eudrew pajendioald “(sinoy (€) Apnis oy Jo pud pue (( dwm) Suruuiaq oy 18 painseaw sem Hd pue
‘S[eAzaul 253 Je pawtiojiad ose a1om suonoadsul [ensiA PA[IEId( "PIPIOIAI SeM AIMXIWPE NJ.L JO NI
Jod W nw G7 =< pue ‘0| =< ‘G =< JuLmseow so[oned Jo Joquinu A "D $AISP £7-€7 18 (SMNOY (€ PUE ‘H7

‘9 Je pue uoneredaid jo moy | urym) suonipuod dndase Jopun suone[nuLIoy ay) Surpunodwod 1Yk sjeAIuT
1oy e pawtopiad a1om syudWAINSEIN “anbruyod) Sursuas [eondo afonued-o[Surs ‘paseq-1ase] e Aq (w nuw OG-8 |
“a8UkI) POJUN0D PUB PAINSLIW SeM SUOBUIUIOO JUILINUOIIB JUSIMJIP JYSIO WO Io)ewW d)e[ndnIed 'SPOYIIA
"paIpNIS SEAM SIUBJUI ULID) PUE WI0jold J0J PIPUSWILIOd] SUOHEIUAIU0D 1SAYSIy

A Je samxiwupe (Nd.L) Judrnnu [eojuaied [e10) ur sijes areydsoyd pue wniofed jo Anpiquedwos ay [ dsoding

pensqy

A 1109 “Yg UeLISIg Y HSIALIS ‘D sewn( ‘[N Ped

€811 — LLIT $230d OOT duny ‘[] nSS] 79

aunjog ovuLIDyJ WaISAS-yipafy Jo puinor uvdridwy ‘sypes eydsoyd drueSiour pue wn[ed
J1ue310 SUTUIRIU0) SIIMXIWPE JUAL)NU [esdudted [2)0) [eyeuodu Jo Aiiquedwod [edsdyg

oeq

Uol wnuIuNy

xo[dwoy) ‘d[onIe ] 1s3) PAsSaNs MIN] (UONER[NULIOY [BIOJUAIEJ ¢ PIOE OIUOIPOUIJA] :SPIOMAII J0oyIny

‘uonnjos Ul proe druopourw Jo Ajiqels dyy Sunorpaid 10§ [00) [njomod e SI poyow

SIY ], “INO00 10U PIP JSBAIOUI d1e[NonIed pue ‘SUOW 9 10J O, ST 18 PAI0Is so[duwes 10] [[oM PIYIom
0SB SUONBOYIPOW ISIY ], "UOHBNUIIUOD PIOB JIUOIPOUIL JO ISBIIOAP (£) ‘UONBNUIIUOD PIOR OLIIO
JO 9sBaI0Ul (7) ‘UONBINULIO Y} 0} [0II0A]3 10 [OIUUBW “QUILUB[OURYIAIP QUIUN[SIW JO UuonIppe
(1) :uoneroudd enonted uo s1091J0 AI0JIQIYUI IARY SUONBOYIPOW UONB[NULIOY SUIMO[[O}

A1) JeT]) PAIBOIPUI SA[AO MBY}—IZ1J oY) 0) PAdA[qns safduwes Jo UONEBN[EAD A, *ISBIIIUT
emonted dYseIp B pasned 35e10)s 9Y) SUIMO[[0] SIILD MEBII—-IZIAIJ § ), (8 I& I5I0)S
13)Je APOIIIP PIAIISQO SEA ISBIIOUI e[nonied ou YSnoy[y ‘SuIyors] wnUIN[e JJRIS[I00R
01 $j09M 01 dn 10J O, 08 & paoe[d arom sojdures ‘SIMOUTE WOL} SUIYOEI] SUOT WNUTWN[e

PUE PIdE JTUOIPOUTI JO Xa[dWOd € Ajjuatedde ST Jopew dje[nonied ay) 20ulS asedtdur emopaed
INOTIM PUE S[QEIS AIE JLY) SUONB[NULIOJ JO UOT0S[as pider oY) Ul [NJasn ST Yorym pausdisap

SBM 1S3) PISSANS MIU B ‘910J10Y |, “sarmeradwa) 10y3iy je palo)s isnf sojdwes Jo uonenjead

ay) £q parorpaxd aq Ajdwis jouued AIqe)s wLId)-3uo Jey) pajensuowap siy ], yurodawrn

Juou-G oY) Je moﬁo:‘am unl 7 03 [enba 10 UeY) 19)LAIS UI ISLAIOUI U SEM 1Y) .w Shoe pyios
UM “TOADMOH "SYIUOW ¢ 10J J, (9 10 (S 10 ‘SYUOW 9 I0J D, Of SE yons .25_%7: 3 Sierdwoy

ySiy Jopun aseazour djenanted InoyIm d[qes sem ‘sojnodwe sse[S jury 1enSor ur parols “OPLIOYO
wnIpos pue ‘g Hd D110 W (f PIoe duoIpourur [uy/Sw ¢'() SUIuIe)uod UoNe[NULIo)

199132 op1s ‘Aanfur uorsnyradar ‘aroydsororur ‘a1ed aarsuojur ‘uorsnjiod Arefjides :spIomAdI| Joyny

-am[rey uedio A[dnmu 10 SWOIPUAS

ssonsip Alojeaidsar gnoe se yons suoneorjdwoo o3 asodsipaid sny pue (sisdas 1o ‘A123.1ns
Jofew ‘ewned) J3)je “3°1) suesao [ejia jo Istuoaduiod aenasesosdmu Jord yim syudned

ut uoisnyrdd anssy Istuwroaduwiod A[219Ads Aew ynq ‘anssy ydejur ur yeaay) Jolew e dsod Jou
Aew syueurue)uod dpnred jey) 3s933ns sSurpuly 3sdY I, seare d[osnw pasiwoIdwod A[910A9s
Q10U Y} UT 50] sore[[Ides a1ouw yIm KInfur oposnur peonpul-uorsnj1odol/eruoyost Jo Juajxd

a1 uo judpuddop sem sazoydsoloru pazipIepue)s Jo uondafur 1o uonosfur sjonted o) anp uorsnjiod
Arepqides Jo ssOf Y], 2[0St PAJeLIS Y} JO UONBINOID0ION oY) Suneraiqo A[jesruetoouw
sojonaed juauryanq pajensuowap suondas [esrSojoisty “(dnoid 1od sioyswrey ¢ = u) uorsnjrodax
Jo uf g pue erweydst paonput-amssaid jo { ¢ 0} pasodxa ueaq A[snoiaaxd pey jeys anssn

arosnu ur uorsnyrad Arejjides paonpar ApueoiyiuSis ‘fonuod aures ay 1o uoneredard jeurSuo

ayy jou Jnq ‘suoneredord Snip ououad omy woy sajonted Jo uonoalur TOAIMOH “(Yoed ‘sIajsurer]
¢ = u) oposnur [ewrou ur uorsnyrad Arefjides j09je jou pip suoneredard 221y oy JO IOYYIS WOIY
soponed Jo uonoafuy Kdodsororu 90ud0saION] [ENABIUI SUISN ‘F[ISNUI US PAILLYS Ul K)ISUSP
Are[ides [euonouny 9y pazI[ensiA pue SI2ISWEeY O)Ul SWIXLI0J0 dnolquue Ay} Jo suoneredard
$-1 JU2IYIP 2211 Ul paureIuod safoned oy pajoofur A|[eoIa)SAS 9ABY I “PIIEISUOWIP
KJOAISN]OU0D UG3Q JOAU SBY UOHEBUILEIUOD ONS JO UOHOE JO WSIUBYIIW ) 10AIMOH
“OpIMplIoMm Prezey yi[eay Juisedrour ue sasod Jopew ajenonted Aq s3nip pue spinjy erjuared
JO UONBUIERIUO0D JY) ‘SIUIDIPAU JIQJIAUNOD Pue dAISUSAXD s3] JO osn paseatout 3y ySnoxy[,

62

»ensqy
£D yornedyry Y ejemuooduey ‘[ souunig ‘VH 49T 07S- #1€
$230g ‘7007 L4vNAGaL] ‘b aNSS] ‘C[ dUINO ‘DUIDIPIIN 24D)) [P pub LioInA1dsy
Jo jpuinop uvdriowy ‘dpsnur pajerns dsmudydsnsod ur isudp Areqided jeuonduny
Jo sso[ sdjeARISSE SINOIqHUE SNOUIABIUL JO UONBUIUIEIUOD JII)IBU d)B[NINIEJ

PeNSqY

2qOuOg IYSLYE, PUE EPEMES OIYOAO], ‘BUWINSIEY BYEJESEIA ‘BUIRYOYNO X NILYaSIYS ‘BINUILyEN Iysonsyes
90I-66 $230d ‘€00C Lvnupp () ‘7-[ SINSST ‘[T UNJO] “SOYNIIVULIDY JO [DUNOL [DUOHDULIUT
‘UONNJOS UI PIdE JIUOIPOUTI JO UOHEBULIOY 19))ew USI10) 3Y) J9IPaId 0) 153) PISSANS MU Y




POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Module t PHARMACY
Il. Pharmaceutical technology

The role of excipients in parenteral
radiopharmaceutical preparations

Assist. Prof. Biljana Jankovié¢ is a senior scientist in pharmaceutical company Lek and assistant
professor of pharmaceutical technology at the Faculty of Pharmacy (University of Ljubljana). She
received her Ph.D. from the University of Ljubljana in 2011 in area of mechanical properties of
pharmaceutical materials. Her area of interest were nanomechanical attributes of active and
inactive pharmaceutical ingredients, material characteristics of polymers essential for control
release systems as well as applications of atomic force microscopy and nanoindenter in
pharmaceutical technology.

The lecture has the following learning objectives:
1. Students are able to assess the factors that affect radiopharmaceuticals before or during
formulation.

2. Students are able to predict factors that impact radiopharmaceuticals after formulation.
3. Students are able to discriminate formulation factors that are in manufacturer’s practice
and those that can be controlled by radiopharmacist.

Summary of the lecture:
General application of radiopharmaceuticals is by parenteral route, therefore quality requirements

for this type of products should be the same as for other parenterals: sterile, pyrogen free,
particular matter-free in solution state and preferably isotonic, especially for large volumes.
Radiopharmaceutical composition includes target materials, optionally carriers, inactive
ingredients and solvent. The actual quantity of radioactive material compared with quantities of
excipients is usually very small; therefore excipients can greatly influence the quality of the
radiopharmaceutical preparations. The requirement for sterility demands that the excipients must
be able to withstand terminal sterilization or aseptic processing; therefore factors can limit the
choice of excipients. Radiopharmaceuticals commonly contain categories of excipients that are also
used in conventional drugs. They may contain the following inactiveingredients:

* solvent and co-solvents

* polymeric and surface active compounds

e diluents

* tonicity agents

* pH modifiers

* antimicrobial preservatives

* chelating and/or complexing agents
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e antioxidants

Water for injection (Ph. Eur) is the most frequently used solvent in parenteral preparations, which
can be mixed or substituted with a co-solvent for improvement of solubility or stability of drugs.
Moreover, in 50% of parenteral solutions, ethanol and propylenglycol are used as non-aqueous
solvents. Polyethylenglycol (PEG) is utilized in less extent for preparation of parenteral products
due to presence of residual peroxides which may results in the degradation of the drug in co-
solvent systems.

To increase drug solubility or wetting property, surfactants can be added to the parenteral
products. Particular valuable as solubilizing agents are those possessing hydrophilic-lipophilic
balance (HLB) more than 15 and belong to class of hydrophilic surfactants.

Among all, Polysorbate80 (Tween 80) and Polysorbate 20 (Tween 20) are the most commonly
applied. The main difference between them is stability issue related to the presence of
unsaturated fatty acid (e.g.Tween80), which can lead to excessive oxidation when present in
parenteral solutions. For enhancement of radiopharmaceutical parenteral products the following
agent can be added: chelating substances, antioxidants and in certain cases preservatives.
Chelating agents serve to complex heavy metals and consequently to ameliorate the function of
antioxidants and preservatives. Citric, tartaric and amino acids as well as calcium salt of EDTA are
categorized in this group of inactive ingredients.

Antioxidants are primarily utilized for prevention of drug oxidation as well as excipients in the final
dosage form. They can be classified as true antioxidants (e.g. butylated hydroxytoluene), reducing
agents (e.g. ascorbic acid) and antioxidant synergists (e.g. EDTA) based on the mechanism of
action. On the other hand compatibility of antioxidants with the drug, packaging system and the
body should be studied carefully (interactions, adsorption on plastic materials...).

For ensuring adequate microbiological quality of multidose injections it is recommended to use the
following preservatives: benzylalcohol, parabens (methyl, propyl), chlorocresol and in certain cases
thiomersal. British and European pharmacopeia prohibits antimicrobials for single-dose injections
where the dose volume is greater than 15mL.

Buffers maintain the pH of the formulation with the aim to optimize solubility and stability. For
parenteral products, the pH should be as much as close to physiological pH. Phosphate, citrate and
acetate are the most common buffers used in parenteral forms. Their concentrations should be
adjusted in order to avoid formation of any pain during subcutaneous application. The selection of
the buffers is also related to their stability during final sterilization or lyophilization. When large
volume is required to be administered intravenously, the solution should be physiologically
acceptable (compatible), in particular with the erythrocytes. For such function, parenteral solutions
should be isotonic. Definition of isotonic solution is related to net gain or loss of water by cell, or
other change in the cell when it is in contact with that solution. Iso-osmotic solution is associated
with the equilibrium in net transfer of material between the semipermeable membrane.

Dextrose and sodium chloride are used to adjust tonicity in the majority of formulations. To adjust
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the tonicity of some solutions, namely to prepare isotonic/isoosmotic systems, physiological values
of osmolarity should be known. There are several methods for adjusting the tonicity of an aqueous
solution provided. The most prominent of these are the freezing point depression method, the
NaCl equivalent method and isotonic solution V-value method.
Many radiopharmaceuticals differ from conventional drugs, however, because their preparation
(reconstitution) involves one or more chemical reactions that require unusual excipients.
Furthermore, the self-absorption of emitted radiation may result in the radiolytic decomposition of
many radiopharmaceuticals. Hence, several excipients are used predominately in
radiopharmaceutical formulations, although they occasionally may be used for other drugs. These
includes: reducing agents, transfer ligands, colloid stabilizing agents and free radical scavengers.
Reducing agents are required for technetium Tc-99m radiopharmaceuticals. Technetium Tc-99m, in
the chemical form of sodium pertechnetate (+7 oxidation state), must be reduced to a lower
oxidation state so that it can be chelated or otherwise complexed by the intended ligand to form
the final Tc-99m radiopharmaceutical. Reducing agents must be readily soluble in water and stable
at the indented pH of the formulated product. Transfer ligands are agents that typically undergo
rapid reactions with reduced technetium to form weak chelates thus keeping the reduced
technetium in a soluble form until it is transferred to the principal ligand. Examples of such transfer
ligands are citrate, gluconate and tartrate. Such approach is practical in case when kinetics of
complexation with the principal ligand is slow or when a heating step is essential to expose
chelating groups on the major ligand. Transfer ligands should be readily soluble in water. Colloid
stabilizing agents are relatively large lyophilic molecules that coat the lypophobic surface of
individual colloid particles and prevent or inhibit clumping. Examples of such excipients consider
gelatin and dextran (readily soluble in water). Moreover, the colloid stabilizing agent may be
charged, thus causing the repulsion between coated colloid particles. For enhancement of
radiochemical purity of radiopharmaceuticals, free scavengers can be utilized. Free radical
scavengers preferentially interact with oxidative or reductive free radicals that otherwise would
result in degradation of formulation components. Examples of free radical scavengers include
methylene blue and aminobenzoic acid. According to physicochemical characteristics, free
scavengers are readily soluble in water.
During the development of parenteral dosage forms or radiopharmaceutical product, the
formulator selects excipients that will provide a stable, efficacious and safe product. Criteria for the
selection of excipient and its supplier are therefore very important and selection is based on
following key points:

* influence of excipient on the overall quality, stability, and effectiveness of drug product

* compatibility of excipient with drug, packaging system and sterilization process

* the amount or percentage of excipients that can be added to the drug product

* dose volume, single or multiple dose use

* solubility issues with radiopharmaceutical solution

» oxidation and/or radiolytic decomposition
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* modification of pH solution

* presence of aluminum and stannous ions

* What s the cost of the excipient and is it readily available?

* Is the excipient production under GMP standards?

*  Will the excipient supplier certify the material to meet USP, BP, EP, JP, and other
pharmacopoeias?

Take home messages:

The special concern of the lecture will be related to differentiations between the factors affect
radiopharmaceuticals before or during formulation and those that impact radiopharmaceuticals
after formulation. Additionally, the focus will be associated to formulation factors that are in
manufacturer’ practice and those that can be controlled by the radiopharmacists.

References (further reading):

1. Nema S, Brendel RJ, Washkuhn R. Excipients: Parenteral Dosage Forms and Their Role. In:

Swarbrick J (ed). Encyclopedia of Pharmaceutical Technology, 3rd

York, 2007: 1622 —1645.
2. Ponto J. A review of radiopharmaceutical formulation problems and theirclinical

Ed. Informa Healthcare USA, New

manifestations. Correspondence continuing education courses for nuclear pharmacists and nuclear
medicine professions, Volume UU, Number 3,1993

3. Aulton M. E. The design and manufacture of medicines, 3rd

USA, 2001,361-370.

Ed, Churchile Livingstone Elsevier,
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Pharmaceutical packaging

Aljaz Socan, MPharm, Nuclear Medicine Department, University Medical Centre
Ljubljana graduated from UL, Faculty of Pharmacy. He has 14 years of experience in
radiopharmacy and in 2009 he gained EANM European specialisation certificate in
radiopharmacy. Since end of 2014 he is head of radiopharmacy at Nuclear Medicine
Department, University Medical Centre Ljubljana. In addition to management of
radiopharmacy, he is responsible for the field of haemathology. Beside routine work in
radiopharmacy he is finishing specialization on drug delivery systems. As a researcher he is
currently involved in field of stem cells radiolabeling and is completing his PhD study
in pharmaceutical sciences at Faculty of Pharmacy. He also takes an active part in
European postgraduate school for radiopharmacy - PERC since 2005 taking place in
Ljubljana. Beside professional obligations he tries to be the best father and partner, tries to
prepare for next Ljubljana marathon and gain more knowledge in culture of wine
tasting and combining culinary delights with wine.

The lecture has the following learning objectives:

1. Students are able to recognize and reduce possible weak points, connected with
pharmaceutical packaging in their radiopharmacies, production sites,...

2. Students are familiar with materials used in field of Pharmaceuticals, their use,
advantages/ disadvantages and have the knowledge what kind of material could be
used for their desired product to be in accordance with legislation and user friendly..

3. Students are able to pack radiopharmaceutical to be shipped from their facility in
accordance with legislation and equip it with needed documentation.

Summary of the lecture (prepared by Aljaz So¢an, MPharm and Prof. dr. Stane Srcic¢):

1. Function of drug package
During its life a pack has a number of functions to perform, including storage, carriage,

display, sale, use, etc. All of this requires in depth consideration, when designing the
packaging. A pack, by a simple definition, is an economical means for a product that provides
its:

- presentation

- protection

- identification / information

- convenience / containment / compliance
A pack provides these properties until the product is used or administered, paying due
attention to any relevant environmental issues.
The term “pack” covers all the components involved. The primary or immediate pack
consists of materials in direct contact with the product. The secondary pack and sometimes-
tertiary components enable the product to be stored, transported and displayed

15
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(secondary), and possibly assist use (tertiary). Tertiary components may include ancillary
components, e.g. leaflets or inserts, dispensing spoons and measures.

Presentation
Presentation is important in providing confidence and enhancement of the product image.
This may be achieved by the aesthetics and/or functional aspect of the pack.

Identification / information

The printed pack or its ancillary printed components (e.g. package inserts) serve to provide
identity as well as information. Much of this information has to meet the legal requirements
of the country of sale.

Convenience

Convenience is normally associated with product use or administration. It may be a feature
related to the pack (e.g. a metered dose aerosol) or to the product-pack (e.g. a unit dose eye
drop which both eliminates the need for a preservative and reduces risk associated with
cross-infection by administering only a single dose). A unit dose pack also offers a number of
other convenience factors, such as no risk associated with opening and reclosing, size of
pack, and others.

Containment
Containment is probably the most basic aspect of any pack. Powders, gases and liquids can
only be purchased if they are contained in a pack.

Compliance
A pack, in terms of achieving compliance, requires strong consideration, since it can detract
or encourage the user adherence to the recommended use.

Protection

It is almost the most important factor and frequently the most complex in a design of a pack.
Broadly, the pack must afford protection against several below stated primary hazard
(climate, physical or mechanical). However, before proceeding to how the product-pack may
have to stand up to certain hazards, the drug entity, the ingredients and the final
formulation have been exposed to a range of conditions prior the packaging investigations
being started: susceptibility to T, pressure, oxygen, CO2, moisture, heavy metals, bacteria,
mould, pH, etc. Those informations provide a broad indication of what protection is
required.

16
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Climate hazards (T, RH)
Physical or mechanical hazards

A product pack system can either be static (during storage) or in a state of motion (during

carriage, handling or use). Physical hazards arising from both can occur at any time to the

packaging material, the product/and or packed product. In terms of the physical/mechanical

hazards, we distinguish between:

Shock —impact (drops form tops of pallets, back of trucks,...)

Compression (is usually associated with stacking, for instance, a pallet of glass
containers may be significantly heavier than plastic)

Vibration (associated with the vehicle travels along a rutted or bumpy road. Under
certain circumstances vibration may cause direct problems with the product, i.e.
segregation of powder, separation of emulsions, surface dulling of tablets, settling
down the product, abrasion of surfaces).

Contamination

Drug package has to protect product from different types of contamination.

Contamination may be chemical, biological and/or with particulate matter. It can arise from

several sources:

Airborne environmental source :

Dirt, dust, grit and hairs are constantly present in a non-filtered atmosphere. They
vary from invisible sub-micrometre particles to clearly visible and definable units.
Contamination from the environment depends also on the atmospheric conditions
(dry, low RH) and any electrical changes carried by the particles and the material,
which may become contaminated

Not airborne environmental source:

this involves placing the product or its components onto a pre-contaminated
surface.
Contamination arising from physical actions:

these can emerge from fracturing or breaking (e.g. glass fragments arising when
opening a glass ampule), abrasions or vibrations between same or different surfaces
(e.g.rubber can suffer a form of abrasion when a needle passes through it)
Contamination arising from the production process:

mostly referring to chemical and biological contaminations. The latter can derive
from insect, animals, humans, moulds, bacteria and yeast

Minimising particulate contamination is related to the product-pack form, the type and

source of contamination, and the environment. Adequate control of these will produce

relatively particle-free situation.
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Pack- product compatibility

Compatibility basically covers any exchange, which will occur between the product and the
pack. Incompatibility may be associated with interaction, migration, leaching, adsorption,
and absorption, extraction, whereby ingredients may be lost, gained, or
chemically/physically altered. Such exchanges may be identified as organoleptic changes,
increase in toxicity/irritancy, loss or gain of microbial effectiveness, precipitation; turbidly,
colour change, pH shift, degradation, etc.

External influences may catalyse, induce or even nullify chemical changes.

Chemical interactions and product contamination can also arise from impurities in the
ingredients, accidental ingredients arising from the production process, or abrasion between
contact surfaces. Some examples of these are:

- Adsorption of chemical entities onto component surface (preservatives, EDTA)

- Adsorption and surface evaporation (volatile preservatives, e.g. chlorbutanol, phenol, show
rapid loss through low-density polyethylene)

- Other surface-active ingredients, which may be found in plastic material loss into product
by solution, surface abrasion, etc., including anti-static additives, slip additives etc.

- Detachment of glass spicules may occur when alkaline solution of citrate, tartrate or
salycilates are stored in soda glass containers

- Organoleptic changes (permeation of volatile or odorous substances through plastic
material, e.g. loss of perfume)

Environmental considerations

After all, we have to consider certain environmental issues too. These are receiving
increasing attention and include:

- Conservation of earth’s nature resources (renewable and non-renewable)

Conservation of energy and minimum use of energy

Minimising pollution, from row material production to pack disposal

Disposal of packaging materials

Models of material disposal and recovery, including recycling, reuse, and chemical
recovery

It is speaking about the “four R”, i.e. recovery, recycling, reuse and reduce.

In EU the packaging disposal is covered by “The Packaging and packaging Waste directive
94/62/EC".

2. Drug Packaging Material

In primary drug packaging five main classes of material are used: glass, metals, plastics,
elastomeric materials and paper.

Glass

Glass, originally the most widely used drug packaging material, is still favoured for many
drug packages due to its advantages. These include its transparency, excellent resistance to
the effects of most liquids and complete absence of permeability for gases. Glass is

18
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produced by melting a mixture of inorganic oxides (mainly SiO;), alkali and earth oxides. An
alternative to these oxides is B,0s, which is used to reduce the melt’s viscosity. Boron
containing glass has a higher melting point and a lover coefficient of thermal expansion,
which makes the glass more durable and heat resistant. It is also more inert, since it does
not contain the leachable oxides of alkali and alkaline earth metals. When cooled, the
molten glass solidifies without crystallizing, forming an amorphous structure that is clear.
Stabilizer of PbO, and Al,03 prevent devitrification, which is a slow crystallization process at
room temperature that gradually reduces the clarity of glass. Glass is coloured by adding
Iron oxide, Manganese dioxide and Sulfur to produce amber tint, which excludes all light at
wavelengths below 450 nm. Glass is used where inertness and perfect barrier are important.
Nowadays plastic containers displaced most of the glass, since they have lower weight,
reduced production costs and the fact that they are shatterproof.

Metals

Metals are nowadays used only for the packaging of aerosols, as a foil in laminates for
blisters and strips and in other composite structure. In all other drug-packaging applications
plastics are preferably used, primarily because of lower production costs. In primary drug
packaging only tinplate and aluminium are used, while the poor corrosion resistance of
uncoated steel limits its use for containers of bulk products.

Tinplate

Tinplate of thickness about 0.1 mm (1/1000 inch) is usually coated with various polymers.
The primary use of tinplate in drug packaging is for the production of aerosol cans.
Aluminium

This material is produced by hot and cold rolling to strips and is in different thicknesses used
for the formation of different containers (e.g. strips of 25 microns thickness are is used for
the formation of rigid containers, 3 — 5 mm thick for semi grid foil container, 1 mm thick for
blister construction and 0.3 mm thick for foil used in laminate to provide a gas barrier).

Plastics
Plastics are the fastest growing packaging material for food, drugs and countless other
products. In most drug package categories, plastics now dominate. The exceptions are
aerosol cans and parenteral vials, where metal and glass dominate, respectively.
Advantages of plastics over glass and metal are:
- low density (plastics: 1 — 1.5 g/cm?® , glass: 2 —2.5 g/cm®, aluminum: 2.7 g/cm?,
tinplate 8.5 g/cm®)
- plastics are lightweight and thus easier to handle (e.g. lifting, carrying and
dispensing),
- easy manufacturing of plastics packages,
- like metal and unlike glass, plastic containers are shatterproof,
- like glass and unlike metal, plastic can be crystal clear or totally opaque,
- enabled heat sealing (e.g plastic films),
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- plastics can be easily handled (e.g. printing, metallised,..)

There are some disadvantages too:

- plastic packing material cannot match the gas inpermeability and chemical inertness
of Type | glass,

- some plastics are susceptible to stress cracking in the presence of alcohols, organic
acids, ethers and many oils,

- plastic cannot match glass for resistance to heat, sunlight, and oxygen. Plastics
producers use additives to improve the resistance of their products, but additions
can leach from plastics when in contact with certain solvents that are used in drug
formulation,

- plastic is an extremely poor conductor of electricity and retains electrostatic
charges which attract undesirable dust particles. This can be compensated by
incorporating antistatic additives,

- traces of low molecular weight polymer fragments that are more soluble in solvents
can be present. In “pharmaceutical grade” plastics this problem must be minimized.

Elastomeric materials

They are complex materials composed from two to ten different raw materials. They are
classified as saturated or unsaturated. Highly unsaturated elastomers have “rubbery”
mechanical properties but poor resistance to water, solvents, and oils.

In drug packaging, elastomers are used mainly for parenteral container closures. Their use
arises from two unique physical properties of elastomers; (a) compressable: allows to seal
small irregularities inside of the neck of a parenteral vial; (b) resealable: allows to completely
close after a hypodermic needle has been withdrawn.

Paper

In the packaging world broadly, paper is used more than any other material, but except for
label, paper plays an insignificant role in primary packaging of drugs. Paper, of course, is still
the best for secondary and tertiary drug packaging: the carton that contains the primary
package and the corrugated shipping container that contain both.

3. Packaging and transport of radiopharmaceuticals
Radiopharmacies, whether they are operated by hospitals or commercial organisations,

commonly supply radiopharmaceuticals to several hospitals. Transport of these radioactive
materials is normally by road. In Europe, an Agreement Concerning the International
Carriage of Dangerous Goods by Road (ECE 2008), known as ADR, specifies the requirements
for the transport of radioactive materials. ADR refers to IAEA document: Regulations for the
Safe Transport of Radioactive Material - 2012 Edition Specific Safety Requirements, which
represents global guidelines for packaging and transport of Radioactive Material. As ADR has
no provision for enforcement, individual countries have incorporated its requirements into
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their own legislation (UK for example: The Carriage of Dangerous Goods and Use of
Transportable Pressure Equipment Regulations 2009 (S12009)). The regulations cover all
radioactive materials with few exceptions such as nuclear weapons and smoke detectors for
domestic use. Parts of the regulations that apply to the transport of radiopharmaceuticals
and summary how a radiopharmacy might comply with regulations will be summarized in
this chapter.
As with any activity that is regulated by law, there is no substitute for reference to the
original legislation. In summary, the regulations specify:

- The types of packaging used for radioactive materials

- The Maximum activity in a package

- The maximum level of radioactive contamination on a package

- The labels to be displayed on packages

- The documentation that must accompany a consignment of radioactive material

- The placards to be displayed on a vehicle

- The duties of the driver in the event of an accident

- That a fire extinguisher is carried unless only up to ten Expected Packages are being

transported
- That a quality assurance programme exists to demonstrate compliance with the
regulations
- That a safety adviser is appointed

Packages

Although ADR describes eight types of packages for the transport of radioactive material,
only two (The Expected Package and the Type A Package) are relevant to the transport of
radiopharmaceuticals. A summary of the condition relevant to each is shown in Table 1
bellow.

Table 1 : Conditions for package types used to transport radiopharmaceuticals

Category Package | Maximum Maximum radiation | Transport  Index
Type activity level at any point on | (TI)

external surface

Not Excepted | Yes (isotope | Not more than 5 uSv/h | Not applicable

applicable specific)

I-White Type A None Not more than 5 uSv/h | Not applicable

lI-Yellow Type A None More than 5 uSv/h but | More than 0 but
not more than | not more than 1
500uSv/h

llI-Yellow Type A None More than 500 uSv/h | More than 1 but
but not more than | not more than 10
2mSv/h
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An Excepted Package:
Contains a limited activity of radionuclide. The principal requirements for an Excepted
package are as follows:
- The Package is designed to retain its contents under routine transport conditions
- The package bears the marking RADIOACTIVE on an internal surface in such manner
that warning of the presence of radioactive material is visible on opening the package
- The activity of the radionuclide in the package does not exceed a specified value. The
activity limits for radionuclides that are used in nuclear medicine and might be
transported in Excepted Packages are shown in table
- The dose rate at any point of the surface does not exceed 5uSv/h.
- The contamination level at any point of the external surface does not exceed
4Bg/cm?2 for beta emitters, gamma emitters and low toxicity alpha emitters, and
0,4Bq/cm2 for all other alpha emitters.

The advantage of using Excepted Package is that the requirements for transport are minimal.
In practice, an Excepted Package is often inappropriate as the activity required for a patient
is greater than the package limit.

If the radiopharmaceutical does not meet the requirements of an Excepted Package, it must
be transported in a Type A Package. The regulations specify many requirements for Type A

Package, and are as follows:

- The package is designed to withstand normal conditions of transport. To
demonstrate this, the package design satisfies a series of specified tests that include
tests for ingress of water spray, free drop, stacking and penetration.

- The smallest external dimension is not less than 100mm.

- Sufficient absorbent material is included to absorb twice the volume of the liquid
contents or the package has primary inner and secondary outer containment such
that liquid contents are retained if the inner container leaks.

- The package is closed with a tamper evident seal.

- The contamination level at any point of external surface does not exceed 4Bq/cm2
for beta emitters, gamma emitters and low-toxicity alpha emitters, and 0,4Bq/cm2
for all other alpha emitters.

A radiopharmacy can use a package of their own, however they must perform the complete
process of testing the package and demonstrate that it complies with the requirements of a
Type A package. Numerous of tests must be performed and the data must be archived, facts
that make this option unattractive. A more efficient alternative is to use commercially
available Type A Packages, which are supplied with certificate of compliance.

Labelling the packages
Packages must be labelled with the name and address of either the consignor or consignee,
or both. The only other labelling requirement on the outside of an Excepted Package is the
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UN number (i.e. UN 2910). The warning of the presence of radioactive material must be
visible inside the package when it is opened.

Type A Packages
must be marked on the outside of the packaging with TYPE A, the UN number (UN 2915) and

the proper shipping name »Radioactive Material, Type A Package«. Type A Packages are
classified into three categories depending on the maximum radiation level at the surface and
at 1 metre from the external surfaces, the latter being used to calculate the Transport Index
(T1). To determine the TI, the radiation level in mSV/h is measured at a distance of 1 metre
and multiplied by 100. The three categories, which have different identification labels to
simplify recognition and to facilitate control during handling, are described in Table. An
example of each is shown in Figure 1. The label displays the name and the activity of the
radionuclide in the package. Those for Category Il-Yellow and lll-Yellow also display the TI. A
Type A Package must bear the appropriate identification label on two opposite sides.

Figure 1: (a) Category | — White, (b) Category Il — Yellow and (c) Category IIl — Yellow labels
for Type A Packages

Each consignment of packages containing radioactive material must be accompanied by a
transport document that contains the following information for each package:
- The name and address of the consignor
- The name and address of consignee
- The UN number : UN2910 — Excepted Package, UN2915 — Type A Package
- The proper shipping name — this is »Radioactive Material, Excepted Package - limited
quantity of material« for Excepted Package and »Radioactive Material, Type A
Package« for Category I-White, II-Yellow, IlI-Yellow package
- The United Nations Class Number "7"
- The name or symbol of the radionuclide
- A description of the physical form of the material (i.e. Liquid, Solid, Gas, Powder)
- A description of the chemical form of the material (i.e. organic compound, Inorganic
Compound)
- The maximum activity of the package contents
- The category of a package (i.e. I-White, ll-Yellow or IlI-Yellow)
- The Transport Index (for Categories II-Yellow and IlI-Yellow only)
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- A declaration signed and dated by the consignor that the materials are described,
packed, marked and labelled in accordance with the relevant regulations. A facsimile
signature is acceptable.

For a consignment that consists solely of Excepted Packages, the transport document need
to show only the UN Number. However, to avoid the complication of preparing two types of
document depending on the content of the consignment, it may be more practical to issue a
full transport document for each consignment.

Vehicles used for the Carriage of radioactive materials must be equipped with two portable
fire extinguishers with a minimum capacity of 2 kg dry powder. If only Excepted Packages are
being carried, the vehicle is exempt from requirement to carry fire extinguishers. The vehicle
is also required to be equipped with an eye rinsing liquid and for each crew member a
warning vest, portable lighting equipment, a pair of protective gloves and eye protection.

No placards are required on a vehicle in which only Excepted Packages are being carried.
When category |, Il, or lll Packages are being carried, placards must be displayed on both
sides and the rear of the vehicle. The placard design is shown in Figure 2 below.

“

RADIDACTIVE

Figure 2: Vehicle placard (minimum dimensions 250 mm*250 mm)

Vehicles carrying dangerous goods are required to display an orange plate on the front and
rear. Only fireproof notice (Figure 3) is necessary if Tl is less than 3, number of packages
contained is less than 10 and weight is less than 3.5 tonnes.

This vehicle is carrying

RADIOACTIVE MATERIAL

In case of accident get in touch at once
with

THE POLICE

and

Hospital Name

City, Postcode

Telephone number

Figure 3: Fireproof notice

84



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Module t PHARMACY
Il. Pharmaceutical technology

Drivers of vehicles in which radioactive materials are transported must receive training. If
the total number of packages carried does not exceed 10 and the sum of the Tl does not
exceed 3, attendance at a specialised training course is not required. However, drivers must
receive training relevant to their duties. For drivers involved in the transport of
radiopharmaceuticals, this includes knowledge of:
- The need to exercise reasonable care
- How to stow the packages securely in the vehicle
- The restriction on carrying passengers
- The need to carry the transport document and to produce it for inspection when
requested
- The need to remain with the vehicle except when delivering packages
- When to display placards on the vehicle and the fireproof notice in the cab and the
need to remove them from display once the radioactive materials have been
delivered
- The action to be taken in the event of the loss of a package, an accident or a
breakdown

The provision of this training should be documented. A regular reminder of the main
requirements can be provided by including them on the transport document.

QA programme
To demonstrate compliance with the regulations, the radiopharmacy is required to maintain
a quality assurance (QA) programme that includes:

- Audit to demonstrate compliance with the regulations

- Maintaining records of all consignments

- Testing of Type A packaging

- Measurements of surface contamination on packages

The ADR requires the appointment of a safety adviser who is responsible for helping to
prevent the risks inherent in the transport of radioactive materials with regard to persons,
property and the environment. The principal duties of the adviser are to:

- Monitor compliance with regulations

- Advise on the carriage of radioactive materials

- Prepare an annual report on the radiopharmacy's activities in the carriage of

radioactive materials

The adviser may be a member of staff in the radiopharmacy's organisation or may be
contracted externally. The adviser is required to undergo training, pass an examination and
hold a vocational training certificate.
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Take home messages:

Packaging technology is a clearly defined discipline, but it must have the basis in the
understanding of pharmaceutical products generally, the characteristics of
formulations and dosage forms, and the general physical and chemical properties of
drug substances. The packaging operation must be considered as an essential part of
any drug discovery and development programe.

The excellent developed drug product without an optimal pack is waste of time,
human effort and money.

References (further reading):

Donald C. Liebe, Pharmaceutical Packaging, in Encyclopedia of Pharmaceitical
Technology, vol. 12, pp. 1-28

Wilmer A. Jenkins, Kenton R. Osborn, Packaging Drugs and Pharmaceuticals,
Technomic Publishing Co., Inc., Lancaster, Basel, 1993

A.A. dean, E.R. Evans, LH. Hall, Pharmaceutical Packaging Technology,
Taylor&Francis, London, New York, 2000

Sampsons Textbook of Radiopharmacy, 4th Ed., Edited by Tony Theobald

IAEA Safety Standards Series SSR-6: Regulations for the Safe Transport of Radioactive
Material -2012 Edition Specific Safety Requirements
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Aseptic preparation

Assist. Prof. Petra Kolenc, MPharm, PhD, Division of Nuclear Medicine, University
Medical Centre Ljubljana

Petra Kolenc is radiopharmacist at the Division of Nuclear Medicine for last 25 years. In 2009
she received EANM, European Postgraduate Specialization Certificate in Radiopharmacy and
in 2012 Specialization in Radiopharmacy at University of Ljubljana, Slovenian Chamber of
Pharmacy and Ministry of Health. In 2011 she got PhD degree at University of Ljubljana,
Faculty of Pharmacy. Next to the involvement in routine preparation and QC of
radiopharmaceuticals she is involved in research work, being responsible person - coordinator
for the research at the Division. She is involved in different national and international research
projects. Her main research area is in the peptide-based radiopharmaceuticals, from
development stage to the translation into clinical setting. She is involved in a teaching at
under- and postgraduate level (Faculty of Pharmacy, Faculty of Medicine, Faculty of Health
Sciences, Faculty of Mathematics and Physics, ESMIT/EANM). She is former member of
Radiopharmacy Committee of the EANM, former member of ESMIT project group, member of
the Extended Expert Council for the field of nuclear medicine in Slovenia and member of the
Research Council at University Medical Centre Ljubljana.

In June 2021 Petra Kolenc become an assist. prof. at Faculty of Pharmacy, University of
Ljubljana.

The lecture has the following learning objectives:

1. Students are able to understand the role of aseptic preparation in the process of
preparation of sterile medicinal products
2. Students are able to explain key elements of the aseptic process

Students are able to perceive basic principles of maintaining the integrity of the aseptic
processing area
Students are able to understand the role of regular monitoring of clean areas

5. Students are able to discriminate between EU GMP regulating manufacturing sites and
different rules and guidelines dedicated to healthcare establishment

Summary of the lecture:

By definition a radiopharmaceutical is any medicinal product which, when ready for use,
contains one or more radionuclides (radioactive isotopes) included for a medicinal purpose.
The majority of radiopharmaceuticals are produced as sterile preparations intended for
parenteral administration. The manufacture of sterile products is subject to special
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requirements in order to minimize risks of microbiological, particulate and pyrogen
contamination. Similarly, in healthcare establishments it is of utmost importance to organize
operations in the radiopharmacy in a way to maintain the sterility of the product throughout
the dispensing process. In Europe manufacture of medicinal product in comercial sites is
subjected to pharmaceutical production standards lay down in Guidelines of Good
Manufacturing Practice of Pharmaceuticals — EU GMP. Anex 1 of the EU GMP covers
“Manufacture of Sterile Medicinal Products” specifically.

Since GMP of pharmaceuticals is covered already within other lecture(s) the lecture of aseptic
preparation will mainly focus on good practices for preparation of medicinal products in
healthcare establishments as presented in documents such as PIC/S guide PE 010-4, chapter
5.19 Extemporaneous preparation of radiopharmaceuticals in European Pharmacopoeia and
Guideline on current good radiopharmacy practice (cGRPP) for the small-scale preparation of
radiopharmaceuticals (EANM Radiopharmacy Committee).

Whereas PIC/S Guide PE 009 applies to industrial manufacture of distributed medicinal
products, the basic requirements presented in PIC/S gu ide PE 010-4 apply to the preparation
of medicinal products normally performed by healthcare establishments for direct supply to
patients. Clear distinction is made between industrial and small-scale extemporaneous

preparation of radiopharmaceuticals, providing guidance on GPs distinct from industrial
standards.

A small-scale radiopharmaceutical is any in-house radiopharmaceutical prepared on a small

scale at non-commercial sites for PET, SPECT or therapeutic applications. A small-scale
radiopharmacy is a facility where the small-scale preparation of radiopharmaceuticals is
carried out under a license that is in accordance with national regulations. The term small-
scale radiopharmacy is not related to the size of the facility, which may vary in a broad range,
but only to the kind of radiopharmaceutical preparation performed.

Regardless of the scale any aseptic activitiy is performed in a grade A environment i.e. in a
laminar flow cabinet.

Table 1: Maximum permitted total particle concentration for cleanroom classification - EU
GMP, Annex 1

Maximum limits for total Maximum limits for total
particle particle
Grade
20.5 p.m/m3 25 p.m/m3
at rest in at rest in operation
operation
A 3520 3520 Not s;()e):cified Not 5|:(Je)zcified
a a
B 3520 352 000 Not sI:()t?cified 2930
a
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352 000 3520 000 2930 29300
3520 Not 29300 Not
000 predetermined predetermined
(b) (b)

(@ Classification including S5um particles may be considered where indicated by the CCS or
historical trends.

) For grade D, in operation limits are not predetermined. The manufacturer should
establish in operation limits based on a risk assessment and routine data where
applicable.

Clean room is an area in which the number of airborne particles of a particular size is
controlled. Historically, in 1961 Whitfield and his colleagues developed the world’s first
cleanroom and clean benches. They discovered that the air emerging from HEPA (high-
efficiency particulate air) filters had a uniform and predictable speed, and that the flow could
carry away particles in its path. That phenomenon became known as ,laminar flow”. Their

III

unic idea was: “Why try to “control” contamination? Why not just eliminate it?”

The first HEPA filters were developed for Atomic Energy Commission during World War two
for use in facilities manufacturing components for the atomic bomb project. These HEPA filters
were originally designed to capture microscopic radioactive particles too small for effective
removal by existing types of filters. HEPA filters used today are much more efficient as the one
in 1940s.

HEPA filter is a type of mechanical air filter it works by forcing air through a fine mesh that
traps particles. In the pharmaceutical industry, HEPA filters are used as terminal filters for the
processing or filtration of air in production spaces. They are mandatory in sterile production.
To qualify as a type A HEPA filter the filter must capture at least 99,97% of particles 0.3 microns

in size.

Grade A is the local zone for high risk operations, e.g. filling zone, stopper bowls, open
ampoules and vials, making aseptic connections. As described above, such conditions are
normally provided by a laminar air flow work station. Laminar air flow systems should provide
a homogeneous air speed in a range of 0.36 — 0.54 m/s (guidance value) at the working
position in open clean room applications. The maintenance of laminarity should be
demonstrated and validated.

As there is no terminal sterilization of aseptic products the microbiological environment in
which they are prepared is of the utmost importance. Therefore, the environment should be
controlled and only authorized people should be allowed to have access. Unless there is a
proper justification available, the background environment for laminar airflow cabinets should
meet grade B requirements, with grade D required for pharmaceutical isolators. Based on risk
assessment, considering time between preparation, use of closed system and nature and
composition of the closed system, Annex 3 of PIC/S PE 010-4 suggests grade C background
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environment for LFCs to be sufficient. In case of immediate administration in some cases,
subjected to risk assessment, C grade area may be sufficient even in case of open aseptic
procedure.

There are several sources of particulates, humans being the major one. We're constantly
shedding skin cells and hair cells. Proper gowning and controlled movements with sedentary
position minimize the shedding of the particles within a clean room.

Personnel involved in aseptic processing, should have specific competency and skills in aseptic
technique. They should be periodically assessed by performing media fill simulations, using

broth or a similar nutrient media to simulate the aseptic procedure.

Similarly, process validation of aseptic procedures should be performed by using media fills to
simulate the aseptic procedure and should be performed initially as well as subsequently on
a regular basis, according to the risk, and whenever significant modifications have been made
to the equipment or to the process. The process simulation test should imitate as closely as
possible routine aseptic procedures (i.e. manipulations that are normally conducted) and
include all the critical production steps. Selection of the nutrient medium should be made
based on dosage form of the product and selectivity, clarity, concentration and suitability for
sterilization of the nutrient medium.

In addition to media fill simulations monitoring is performed to obtain evidence that the
process, operators and facility are operating under control. Monitoring consists of
qualification activities (classification “at rest”) and environmental monitoring of units in use
(environmental monitoring “in operation”). For pharmaceutical applications the major criteria
upon which the sterile facilities are assessed should be the risk of microbiological
contamination of the product. However, because of the imprecision and variability associated
with microbiological test methods it is recommended to complement microbiological

environmental control with more practical physical monitoring.

Cleaning is also an important factor in the process of maintaining the requirements of
designated clean room(s)/area(s). Cleaning and disinfecting agents should be free from viable
microorganisms and those used in grade A and B areas should be sterile and spore free. The
effectiveness of cleaning should be routinely demonstrated, by microbiological surface
sampling e.g. contact plates or swabs. Periodic use of sporicidal cleaning agents should be
considered to reduce contamination from spore forming microorganisms.

Aseptic handling practices of radiopharmaceuticals must be balanced with radiation safety

considerations. Radiation exposure to personnel is directly proportional to the quantity of
radiation handled and the time handling the radioactivity; minimizing handling time will

minimize radiation exposure. Personnel handling radiopharmaceuticals may work quickly in a
controlled and safe manner, including multiple hand movements in and out of the grade A
laminar air flow cabinet during aseptic processes. Radiation exposure follows the inverse
square law; increasing the distance between the operator and the radioactivity source will
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decrease radiation exposure to personnel by the square of the distance. To increase the
distance tweezers and grippers may be used, including in a garade A environment. Radiation
exposure to personnel decreases with the use of shielding materials, therefore various

shielding materials (e.g., lead, tungsten) is tipically udes. The use of shielding, such as vial, and
syringe shields, is usually required throughout the radiopharmaceutical handling process,
including within an grade A environment.

For safety reasons, LAF Cabinets with a vertical downward air flow exhausting vertically from
the cabinet and not towards the operator or isolators should be used when working with
radioactive drugs.

Take home messages:

e Aseptic preparation maintains the sterility of previously sterilized medicinal products,
but it is not the sterilization method

* Risk assessment is an important tool that complements the guidelines and guidance
documents and allows defined deviations from the basic recommendation

* Most probable source of contamination in clean areas is personnel. Proper gowning,
disinfecting, aseptic techniques, monitoring and cleaning are essential to maintain
sterility

* Proper education and knowledge of all personnel working in clean areas is a one of the
key elements to the success

References (further reading):

e EU GMP, Volume 4 Good manufacturing practice (GMP) Guidelines.
https://ec.europa.eu/health/documents/eudralex/vol-4 en.

e PIC/S Guide to good practices for the preparation of medicinal products in healthcare
establishments. Version PE 010-4, March 2014.
https://www.picscheme.org/en/publications.

e European Pharmacopoeia, current version, 5.19 Extemporaneous preparation of
radiopharmaceuticals.

e Gillings et al. Guideline on current good radiopharmacy practice (cGRPP) for the small-
scale preparation of radiopharmaceuticals. EINMMI Radiopharmacy and Chemistry
(2021) 6:8

e Aerts J, Ballinger JR, Behe M, Decristoforo C, Elsinga PH, Faivre-Chauvet A, Mindt TL,
Kolenc Peitl P, Todde S, Koziorowski J. Guidance on current good radiopharmacy
practice for the small-scale preparation of radiopharmaceuticals using automated
modules: a European perspective. J Labelled Compd Radiopharm. 2014;57:615-20.

e USP General Chapter <825> Radiopharmaceuticals — Preparation, Compounding,
Dispensing, and Repackaging. Reprinted from usp 42—-NF 37.
https://www.usp.org/chemical-medicines/general-chapter-825.
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Water for pharmaceutical use

Assist. prof. dr. Spela Zupanéi€ works at the Faculty of Pharmacy of the University of Ljubljana.
She obtained her Master’'s degree in pharmacy in 2013, and completed a PhD in
pharmaceutical nanotechnology at the Faculty of Pharmacy of the University of Ljubljana, in
2017.1n 2013, she attended Erasmus exchange program at the School of Pharmacy, University
College London, UK, where she performed research work for 4.5 months and in 2015, she
visited Department of Mechanical and Industrial Engineering University of Illinois at Chicago,
USA, where she worked under Distinguish. Prof. Dr. Alexander L. Yarin for 6.5 months. In scope
of the European project ORBIS, she was on secondment at Ernest Mario School of Pharmacy,
Rutgers, The State University of New Jersey, USA for 6 months in 2023 in the laboratory of
distinguished prof. Tamara Minko.

She participates in teaching in the Uniform master’s study programme Pharmacy, the
University study programme Cosmetology, and in the master’s programme Industrial
pharmacy. Her research expertise includes formulation and characterization of nanofibers,
liposomes, polymeric, and solid lipid nanoparticles, design of nanodelivery systems for
controlled drug release, incorporation of bacteria into delivery systems, mathematical
modelling of drug release, and development of characterization methods for new dosage
forms.

Awards: 2021 — Certificate of recognition for young university teachers for excellent teaching
and research results (University of Ljubljana); 2021 — JoZef Stefan Golden Emblem awards for
outstanding contributions made to science in Doctoral theses; 2017 — the national award For
Women in Science from L'Oréal and Slovenian National Commission for UNESCO;-2016 — 3rd
place at Slovenian Science Slam; -:2014 — Dean award for outstanding research achievements
at UL-Faculty of Pharmacy and Krka Prize for Special Achievements in Research; 2013 — Faculty
award for average grade above 8.75; Membership: Controlled Release Society, Slovenian
Pharmaceutical Society.

The lecture has the following learning objectives:

Students are able to understand chemical characteristics of water.
Students are able to list all possible water contaminants.
3. Students are able to understand the underlying basics of methods of water
purification.
Students are able to select the methods of water purification based ontheimpurities.
5. Students are able to recommend contamination control approachesin pharmaceutical
water systems.
6. Students are able to define the characteristics of water in Ph. Eur.
7. Students are able to decide which water quality to use in a givenssituation.
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Summary of the lecture (prepared by assist. prof. dr. Spela Zupan¢i¢ and assist. prof. dr.
Izidor Sosic):

Water is the most widely used substance and the third most common molecule in the
Universe. It is also the life-necessary compound and the most important raw material or
starting material in the production, processing, and formulation of pharmaceutical products.
In pharmaceutical use, it is also used as a cleaning agent for rinsing vessels, equipment, and
primary packaging material. It has unique chemical properties due to its polarity and the
ability to form an infinite hydrogen-bonded network with localized and structured
clustering. As a result, water has 74 anomalous properties in physico-chemical
characteristics, i.e. many of the properties of water are quite different from those expected
of other liquids. For example, as a liquid, water is much denser than expected and as a solid,
it is much lighter than expected when compared with its liquid form.

Potable water is the raw material (‘feed water’) that is used to produce water for
pharmaceutical use. The quality of potable water is determined by the WHO and ISO drinking
water guidelines. In addition, many developed countries specify additional standards for
drinking water and in the EU these standards are stated in the European Drinking Water
Directive. In the US, on the other hand, the directives are defined by The National Primary
Drinking Water Regulations. Drinking water specifications establish a reasonable set of
maximum allowable levels of chemical and microbiological contaminants. Of note, in
modern pharmacopoeias there are no monographs for potable water.

Water is capable of dissolving, absorbing, adsorbing or suspending a wide variety of
compounds. Therefore, water from natural sources contains different contaminants,
ranging  from inorganic  compounds  (salts), organic  impurities,  gases,
particles/colloids/solids, microorganisms, and microplastics. The type and concentration of
contaminants depend on geological, meteorological, and biospherical influences. Within
inorganic compounds, the most common impurities are magnesium and calcium salts (in the
form of bicarbonate or carbonate), as well as iron salts. In the group of naturally occurring
organic impurities, tannins, phenols, and humic acids are prevalent, whereas artificial
organic compounds are mostly found in the form of chlorinated solvents (by-products of
chlorination), detergent residues, phthalates, herbicides, insecticides, and some other
hydrocarbon pollutants, such as polyaromatic hydrocarbons. Oxygen (Oz), nitrogen (N2), and
carbon dioxide (CO>) are the gaseous impurities found in water, whereas silt, clay, and soil
are the particles that are also deemed as water impurities. Microorganisms represent the
greatest obstacle towards the required water quality and are particularly troublesome
because of fast growth, even in nutrient-depleted conditions. Moreover, the microbial by-
products and cellular fragments, such as lipopolysaccharides and nucleases, are also
problematic and need to be removed under proper conditions. Microplastics are plastic
particles with a dimeter smaller than 5 mm. It is estimated that there is 51 trillion
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microplastic particles in the seas, which are accumulated in the marine animals. Its negative
effect on animals is already detected (e.g. infertility), whereas there is lack of studies about
the toxic effect to human.

Contaminants may represent hazards either themselves or by interacting with intended
product substances. To tackle this problem and to obtain water of desired purity and
characteristics that is fit for a specific purpose, different water purification methods can be
utilized. After the general pre-treatment of raw water, one can use several methods, such
as:
- distillation
- deionization
- electrodeionization
- filtration methods
O reverse 0smosis
0 ultrafiltration
0 microfiltration
- adsorption on activated carbon
- UV-based technologies

These methods are based on different mechanisms by which the contaminants are removed.
Thereis no method thatis able to remove all impurities, so to produce the level of water purity
required, a careful selection of different and complementary techniques is required. Itis thus
of essence that each method's advantages and disadvantages are understood, as this
knowledge represents the basis for selecting a proper water purification technique when
faced with contaminated raw water.

Pharmaceutical water systems can be roughly divided into water purification, storage, and
distribution systems. Each of these three systems should follow defined general principles
and requirements with the goal to produce, distribute and store water of desired purity and
specifications. The most important aspect of these systems is microbiological contamination
control, representing the greatest risk during the production, storage, and distribution of
water for pharmaceutical use. Also, careful system performance monitoring is imperative
and needs to be properly documented. Besides general principles, each system must comply
with specific requirements that will be overviewed during the lecture.

The general water quality specifications and standards are defined in several documents and
in Europe, the most important document for waters for pharmaceutical use is the European
pharmacopoeia (current version, Ph. Eur. 11.3). In Ph. Eur. 11.3, waters for pharmaceutical
use are defined, and the procedures for their production, storage, and distribution are
recommended. Ph. Eur. 11.3 defines these types of water: purified water (purified water in
bulk, purified water in containers), water for injections (water for injections in bulk,
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sterilized water for injections), water for preparations of extracts (see Figure 1); Highly
purified water was suppressed from the Ph. Eur on April 1, 2019. In the lecture, we will focus
on purified water, and water for injections. More importantly, the limits for various
impurities or classes of impurities are either specified or recommended (will be overviewed
during the lecture). The grade of water used should also take account of the nature and the
intended uses of the finished product and the stage at which the water is used. Companies
wishing to supply markets with waters for pharmaceutical use must meet the strict
requirements from the relevant pharmacopoeia.

PURIFIED WATER IN BULK
PURIFIED WATER. {Aqua purificata) <

PURIFIED WATER IN CONTAINERS
(HIGHLY PURIFIED WATER (Aquavalde purificata))e— >uPPressedfrom the European
Pharmacopeiaon April 1,2019

Changed monography in Ph.Eur. 9.1

WATER FOR INJECTIONS (Aqua ad iniectabile)

< WATER FOR INJECTIONS IN BULK

STERIUZED WATER FOR INJECTIONS

WATER FOR PREPARATION OF EXTRACTS (Aqua ad extracta praeparanda)

Concentrated water for diluting haemodialysis solutions

Water ('°Q) injection

Figure 1. Waters for pharmaceutical use, as defined in the Ph. Eur. 11.3

Take-home messages:

e water has unique chemical properties and many physico-chemical anomalies

e potable water is feed water for all waters for pharmaceutical use

e water purification techniques depend on the type of contaminants in feed water

o distillation and reverse osmosis target the whole range of contaminants with
good efficiency

e pharmaceutical water systems should be configured to prevent microbial
proliferation and recontamination

e standards for waters for pharmaceutical use are provided in pharmacopoeias

e water for injections is the highest quality of pharmacopeia waters

e water for injection needs to be used to prepare radiopharmaceuticals for
parenteral administration, whereas purified water is used for preparation of oral
delivery systems
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References (further reading):

e European Medicines Agency. Note for guidance on the quality of water for
pharmaceutical use. London, 2002 (CPMP/QWP158-
01);
http://www.emea.europa.eu/docs/en GB/document library/Scientific guideline/
20 09/09/WC500003394.pdf

e European Medicines Agency. Guideline on the quality of water for pharmaceutical
use. London, 2020 (EMA/CHMP/CVMP/QWP/496873/2018);
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-

quality-water-pharmaceutical-use en.pdf
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