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Abstract  Radiopharmaceuticals are  pharmaceutical
substances which contain a radionuclide within their
structure, not diciting any physiological response.
Radiopharmaceuticals can be used as imaging agents,
function agents, in vitro studies and therapeutical agents.
There are several criteria for radionuclide selection
concerning in vivo applications: half-life, radiotoxicity,
purity, specific activity, accessibility vs production
cost. The design of radiopharmaceuticals is based upon
physiological function of the target organ. The mechanism of
localization of a radiopharmaceutical in a particular target
organ depends on many processes. antigen-antibody
reactions, physical trapping of particles, receptor site
binding, removal of intentionally damaged cells from
circulation, and transport of a chemical species across a cell
membrane and into the cell by a normally operating
metabolic process. There are many radiophar maceuticls for a
large number of Nuclear medicine studies, each one enabling
the visualization of a specific organ function/morphology in
order to achieve a diagnosis and/or therapy.

|. INTRODUCTION

A radiopharmaceutical may be defined as
pharmaceutical substance containing radioactivens
within its  structure which is administered
animals/humans for research, diagnosis and/or il
purposes, typically eliciting no physiological resge [1]
Radiopharmaceuticals differ from radiemicals in the
the former have met specific requirements angbtherr
to be used in humans safely. They are formulate
multiple chemical and physical forms to target eliént
organs of the body.

An ideal radiopharmaceuticahould rapidly and avid
localise within the organ under investigation, revimay in
it for the duration of study, beinguickly eliminated fron
the body. No single ideal agent exists, so a radiliche
and a chemical compoundeaselected to achieve the
compromise. Basically, the wide range of radioplzarau-
ticals available in nuclear medicine can be divideid
four major groups according to thaipplication: imaging
in vivo function, in vitro studies, and therapel
procedures. The mechanism of localization of
radiopharmaceutical in a particular target orgam loa a
simple as the physical trapping of particles or
sophisticated as an antigantibody reaction ¢
chemisorption of an inorganic phosphate on
hydroxyapatite crystals deposited an acute myocardi
infarction [4].

A. Imaging agents

The majority of radipharmaceuticals are used
extremely small tracer amounts for diagnostic img
which is the main activity of Nuclear Medicine. 1
selection ofan imaging agent is based on its ability
localise within the organ of interest and a gamiaer:
is used to acquire its dynamic or static image. dbyia
scans are useful for evaluating the functionalustaif the
organ based on the rate of accumutatmd clearance
the tracer. Static images provide information or
morphology of the organ (size, shape, presencésere
of space occupying lesions) based on the patte
radionuclide distribution [5,6,7, 8].

B. In vivo function agents

Radioadtve tracer agents are also used to me

The gamma radiation emitted by the radiopharma-function of a particular organ by counting radidétt

ceuticals is detected or measured externally byrang
camera. Static or dynamic images are obtaieadpling
to obtain “imaging documents ofrgan function an
structure, in contrast to diagnostic rddgy, which is
based upon anatomy. It is a way to gather me
information that may otherwise be unavailable, nex
surgery, or necessitate more expensive diagnossis.t
[2]. All nuclear medicine exams must obey to the ICR
implications [3].

emitted from the body, in blood samples or in uriact
studies are based upon the locaiizn, dilution
concentration or excretion of radioactivity lfmking
administration of the radiotracer. For exampfd;sodiur
iodide is used to assess thyroid function by detetion
of the percentage of administered radioiodine th&dksr
up by the gland within a given tim&/Co and*®Co -

cyanocobalamin capsules are given to the patient to

measure vitamin B absorption from the gastintestina
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tract by measuring the fraction of orally administl
radioactive Bythat is excreted intthe urine over 24 hou
(Schilling's  test), and °!Cr-sodium chromate fo
determining red cell volume and red cell surviviaidges
by measuring the dilution of a known amount of

intravenously injected'Cr-labelled red cells (and®™-

HSA to measure plasma volume). It is essential tha
chemical integrity of these raitracers is not altered a
result of the radiolabelling procedure’’Cr-EDTA

(ethylene diamine tetraaceticid) is frequently used fi
determining G.F.R. (glomerular filtration rate)§A].

C. Agentsfor In Vitro Sudies

These agents are radiotracers that rteinjected intc
patients, but used to measure chemical subst:
hormones, or drugs in patient's blood sample. Ta@rity
of tests are based oap the radioimmunoassay (RI
principle, using an antigematibody immune reactio
These testsra frequently used to measure plasma le
of thyroid hormones, cortisol, digoxin, and a numbé
other compounds. In many institutions, RIA fallglanthe
domain of Clinical Chemistry/ Chemical
[7,8,9].

D. Therapeutic Agents

The commonest therapeutic procedure is the us84f 1
sodium iodide totreat hyperthyroidism and ablation
residual functioning thyroid tissue in differengdtthyroic
carcinoma. Intendingto selectively destroy diseas
tissue, several other beta emitters are aonally used a
an adjunct to conventional procedures cancer tiyeiraq
instance, 111In-pentetreotide (11Matreoscan) has be
used as an adjunct fadiagnosis and management
somatostatin receptor-bearing gastro-enteropances-
roendocrine andcarcinoid tumours. In clinical trial
166H0o-DOTMP (1, 4, 7, 10-tetraazcyclo-dodecane; ¥, 4
10-tetramethylenephosphonatbas been used for bc
marrow ablation as an attempt to treat terminage
multiple myeloma. 89Sr-Strontium chloride (‘metasiy
and 153Sm-EDTMP [ethylenediamitetra (methylen
phosphonic acid)hre used as alternatives and adjun
external beam therapy for the palliation of bonmm ffilom
bone metastasis secondary to prostate carcinomoaviing
failure of hormone or chemotherapy. OccasionalBR-3
sodium phosphate has also been used ttea
polycythemia [7,8,9,10].

E. Radionuclides

There are several criteria foradionuclide selectic
concerning in vivo applications: hdife, radiotoxicity,
purity, specific activity, accessibilitys production cost
[8,11, 12].

The halflife must be adequate for the clini
investigation purposes aiig enough to enable optir
uptake by the target organ, and short enough toewe

Pathology
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minimal irradiation of the patient). Radiotoxicitpnceris
the cellular damage or radionecrosis due to emitigs.It
depends on the nature and energy of the emittedti@ul
tissue uptake and pharmacokinetics of eliminatis for
purity we must envisage three different asp
radionuclidic (ratio between the isotope radioattianc
total activity); chemical (due to chemical impuegarisec
during the production process); aratliochemical purit
(ratio between the activity of the radionuclideegent ir
the chosen chemical form, and the totalivétgt of the
radionuclide in the solution). Specific activith¢ amour
of radioactivity per gram of present elemeshbjould b
high. The production cost issignificative, mainh
depending on the price of the target material,dietin
time, and irradition efficiency. The location of tt
research/clinical facility regarding the productisite anc
transport fees also contribute for the radionuc
accessibility.

Table 1: Commonly used radionuclides in Nuclear idieg.

Radionuclide| Half-Life Uses

Brain, bone, liver,

Technetiuny 6.1 hrs spleen, kidney anc!
99m . .
blood flow imaging
lodine 123 13.22 hrs To monitor thyro!d
and adrenal functioi
Fluorine 18 | 109.9 mins Diagnosis otertair
types of cancer
Diagnosis and
lodine 131 8.04 days treatment of thyroicl
cancer
Phosphorous Treatment of exce:
32 14.3 days of red blood cells
Strontium 89 50.5 days Treatmer)t for bong
pain
To diagnose gastro-
entero-pancreatic
Ocltr:eloltiie 67.2 hrs neuroendocrine
(GEP) tumours anc
carcinoid tumours
Yiium 90 | 64.1 hrs Radiation
synovectomy
Samarium Pain reduction
153 46.7 hrs |associated with bor

metastases
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F. Radiopharmacy facilities

The Radiopharmacy is an integral part of a Nuclear
Medicine Department that deals largely with
preparation, labelling, quality control (QC),

dispensing of radiopharmaceuticals and radionuslide
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used as general anesthetigge 2: Renal tubules in the
kidney there are a number of important regionsdiarg
elimination. In the tubules drugs may be reabsarbed

the However, since the membranes are relatively nooysr
and only lipidic compounds or non-ionized species (dejsnt

of pH and pKa) are reabsorbdgipe 3: Blood capillaries

human use. Usually, the radiopharmacy comprises aand renal glomerular membraneshese membranes are

radiochemistry laboratory especially equipped withose
calibrator, a well counter, a biological safety sslalll

cabinet for cell labelling or cold kit manufactuginor a
Biological Safety cabinet class 1l for cell labeti

Radiochemists/radiopharmacists perform these fonsti
at large hospitals or medical centres., being wealin

manufacturing cold kits and in developing new agemd

procedures. In research institutes the resoureeadapted
to the particular needs and developed work, suchoas
cells for radiosynthesis, in vitro and in vivo Skes]

radiation level monitoring, etc. [8,13].

Il. MECHANISMSOF LOCALIZATION OF
RADIOPHARMACEUTICALS
A. Biological Membranes

Lipids of cell membranes

quite porous allowing non-polar and polar molecu{ap
to a fairly large size, just below albumin - M.\W&,600)
to pass through. This isspecially useful in the kidney
since it allows excretion of polar (drug and waste
compoundsyubstances [14 ].

B. Design of radiopharmaceuticals

The design of radiopharmaceuticals is based saletn
physiological function of the target organ. The heedsm

of localization of a radiopharmaceutical in a parér
target organ depends on many processes: antigdroayt
reactions, physical trapping of particles, recepsite
binding, removal of intentionally damaged cells nfro
circulation, and transport of a chemical specia®s a
cell membrane and into the cell by a normally ofiega
metabolic process. Radiochemistry plays a signifiqgert

in the development of these compounds and methards f

include phospholipids their quality control to insure radiochemical pyrifThe

composed of glycerol, fatty acids, phosphate, and aGuide to Good Pharmaceutical Manufacturing Practice
hydrophobic organic derivative such as choline or (GMP) defines Quality Assurance as the “sum tofal o

phosphoinositol. Cholesterol is a lipid of cell ntanes
that regulates membrane fluidity and is a part efnorane

organized routine made with the object of ensurtimaf
products will be of the quality required”. Great @msis

signaling systems. The lipids of membranes create amust be placed on process control to assure fireyst

hydrophobic barrier between agqueous com-partmeras o
cell. The major structure of the lipid portion ofiet
membrane is a lipid bilayer with hydrophobic comeade
up predominately of fatty acid chains, and hydrbphi
surfaces. Membrane proteidetermine functions of cell
membranes, includingserving as pumps, gates, r@sept
cell adhesion molecules, energytransducers, anghew

quality. All radiopharmaceuticals must abide to the
Regulations, Directives and Guidelines, respegtiviet
Europe and/or US1[6,17,18].

C. Involved localization mechanisms

Simple diffusion, which means that the net movenant

Peripheral membrane proteins are associated wih th particles (molecules) is from high concentrationlda

surfaces of membranes while integral membrane ipote

concentration areas., describes a mechanism whexeby

are embedded in the membrane and may pass thrbagh t radiotracer diffuses across cell membranes and then

lipid bilayer one or more times. Carbohydratesalently
linked to proteins (glycol-proteins) or lipids (giylipids)

redistributes itself elsewhere in the body (€%Xe gas
diffuses across lung membranes and circulate ifblihed

are also a part of cell membranes, and function asstream). Exchange diffusion involves the diffusioha

adhesion and address loci for cells. Cell junctians a
special set of proteins that anchor cells togetbecjude
water passing between cells (tight junctions), afidw
cell-to-cell direct communica-tion (gap junctiof$}].

The accepted model for biological membranes, tlg fu

radiotracer into a cell where a chemical excharged
place (e.g®F exchanges with the Otbn the hydroxy-
apatite structure of bone tissue to fotfR-fluorapatite)
[14].

Facilitated transport occurs if the particles caty gass

mosaic model,describes membranes as a fluid lipid through protein channels; the rate of diffusion nigei

bilayer with floating proteins and carbohydrate5s][1

determined by the number of available channelsedisas

There are some special types of biological memisrane the number of particles to transport [14].

type 1: Blood-brain barrier (BBB)- the membranes
between the blood and brain have effectively noepor
This will prevent many polar materials (often toxic
materials) from entering the brain. However, smdlfgd
materials or lipid soluble materials, such as diedther,
halothane, can easily enter the brain. These congsoare

Active transport involves use of a normally opesmati
energy-dependent metabolic pathway in the bodydwem
a radiopharmaceutical across a cell membrane @aodha
cell (e.g. thyroid uptake of radioiodide; myocatdia
perfusion imaging witt’®TI; renal imaging with**}-o-
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iodohippurate o*"Tc-MAG3 (mercaptoacetyltriglycine)
for tubular secretion studies; etc.) [8,19].

Phagocytosis involves the physical entrapment
colloidal particles by Kupffer cells in the retioul
endothelial system following an intravenous injewti
Colloidal suspensions contain particles in the eamd

0.05 to 4 um. The most commonly used phagocytic

agents, Tc-sulfur colloid and Tc-microaggregatduiadin,
typically have particle sizes ranging from approxiaty
0.1-2.0 um. The smaller the particles, the gretfeibone
marrow uptake; larger particles tend to localizéhim liver
and spleen. Due to the small size of the colloichgared
to the diameter of the average capillary (7 pmpilizay
blockage does not occur [8,20].

Capillary  blockage involves the intentional
microembolization of a capillary network with patés,
enabling external visualization of its perfusionidl is
achieved by i.v. injection of a radiolabeled, ppéeated,
biodegradable substanceé’Tc-MAA 34 (macroaggregate
of human serum albumin) [8,21,22].

Cell sequestration involves radiolabeling and tihesat
damaging of a small volume of the patient's redscel
(usually 10 ml) to take advantage of the spleeatsnal
function, i.e., removal of damaged red cells [82(,

Compartmental localization is defined as the plaa@m
of a radiopharmaceutical in a fluid space and raaiing
it there long enough to image that fluid space.[E¥e,
127xe, or8™Kr- gases; autologou8™c- red blood cells
or #™c-HSA; cisternogram following injection dfin-
DTPA (diethylene triamine pentaacetic acid) dingdatito
the cerebrospinal fluid] [8,22].

Physicochemical adsorption or chemisorption is lagot

important localization mechanism. The phosphate or

of [1]
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