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4.1 Introduction

Like all other drugs intended for human administra-
tion, radiopharmaceuticals should undergo strict and
routine quality testing procedures in addition to their
own specific tests for radionuclidic and radiochemical
purity. Radiopharmaceutical quality control tests can
be simply classified as Physiochemical and Biological
tests [1-3].
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4.2 Physiochemical Tests
4.2.1 Physical Tests

Physical characteristics should be observed for any
radiopharmaceutical for the first and frequent use.
Color alterations should be identified for both true
solution and colloidal preparations. True solutions
should also be checked for turbidity and presence of
any particulate matter; in colloidal preparations, deter-
mination of particle size is of most interest.

4.2.2 pH and lonic Strength

The administered radiopharmaceutical should have a
proper pH (hydrogen ion concentration) with an ideal
value of 7.4 (pH of blood), but it can vary between
2 and 9 because of the high buffer capacity of the
blood.The pH of any radiopharmaceutical preparation
can be measured by a pH meter [4].

Ionic strength, isotonicity, and osmolality should
be observed properly in any radiopharmaceutical prep-
aration so it is suitable for human administration.

Note: Since pH and ionic strength are important
factors for the stability of a radiopharmaceutical, the
preparation diluent is preferred to be the same solvent
used in the original preparation.

4.2.3 Radionuclidic Purity

The term radionuclidic purity refers to the presence
of radionuclides other than the one of interest and is
defined as the proportion of the total radioactivity

M.M. Khalil (ed.), Basic Sciences of Nuclear Medicine, DOI: 10.1007/978-3-540-85962-8_4, 55

© Springer-Verlag Berlin Heidelberg 2011



56

T.B. Saleh

present as the stated radionuclide. Measurement of
radionuclide purity requires determination of the iden-
tity and amounts of all radionuclides that are present.
The radionuclide impurities which, vary according to
the method of radionuclide production, can affect dra-
matically the obtained image quality in addition to the
overall patient radiation dose.

Radionuclidic impurities may belong to the same
element of the desired radionuclide or to a different
element. Examples of radionuclidic impurities are
%Mo in *™Tc-labeled preparations and iodide isotopes
in "*'I-labeled preparations [5]. Radionuclidic purity
is determined by measuring the half-lives and charac-
teristic radiations emitted by each radionuclide. The
v-emitters can be differentiated by identification of
their energies on the spectra obtained by an Nal(T1l)
crystal or a lithium-drifted germanium [Ge(Li)] detec-
tor coupled to a multichannel analyzer (MCA). The
B-emitters can be tested by a B-spectrometer or a liquid
scintillation counter. Since a given radiation energy
may belong to a number of radionuclides, half-life
must be established to identify each radionuclide.

4.2.4 Radiochemical Purity

Radiochemical purity is defined as the proportion of
the stated radionuclide that is present in the stated
chemical form. Image quality (as a function of
the radiopharmaceutical biological distribution) and
the radiation absorbed dose are directly related to the
radiochemical purity. Radiochemical impurities are

produced from decomposition due to the action of

solvent, change in temperature or pH, light, presence
of oxidation or reducing agents, and radiolysis.

Free and hydrolyzed “*™Tc forms in many
99mTc labeled preparations; secondary hexamethyl-
propylene amine oxime (HMPAO) complex in
9mTc-HMPAO preparations and free '*'I-iodide in
1 Jabeled proteins are good examples of the radio-
chemical impurities [6].

The stability of a compound is time dependent on
exposure to light, change in temperature, and radioly-
sis, and the longer the time of exposure is, the higher
the probability of decomposition will be. Sodium
ascorbate, ascorbic acid, and sodium sulfite are nor-
mally used for maintaining the stability of a radiophar-
maceutical. Several analytical methods are used to

determine the radiochemical purity of a given radio-
pharmaceutical, and these methods are discussed next.

4.2.4.1 Thin-Layer Chromatography

Thin-layer chromatography (TLC), which was devel-
oped by Hoye in 1967 is considered the most com-
monly used method for determination of radiochemical
purity in nuclear medicine. The main principle of a
TLC chromatography system is that a mobile phase
(solvent) migrates along a stationary phase (adsorbent)
by the action of the capillary forces [7]. Depending on
the distribution of components between the stationary
and the mobile phases, a radiopharmaceutical sample
spotted onto an adsorbent will migrate with different
velocities, and thus impurities are separated.

In TLC, each component in a given sample is
identified by an Ry value, which is defined as “the
ratio of the distance traveled by the sample component
to the distance the solvent front has advanced from the
original point of starting the chromatography test in
the stationary phase.”

Ry = Distance traveled by the component/distance

of the solvent front

The Ry values range from O tol. If a component
migrates with the solvent front, the Ry is [1], while the
Ry for the component remaining at the origin is [0]. Ry
values are established with known components and
may vary under different experimental conditions.
The main principles of separation are adsorption (elec-
trostatic forces), partition (solubility), and ion
exchange (charge), and the movement of the mobile
phase may take either ascending or descending modes.
When the solvent front moves to the desired distance,
the strip is removed from the testing container, dried,
and measured in an appropriate radiation detection
system; histograms are obtained for the activity of all
sample components [8].

Stationary Phases

Standard TLC materials: Standard TLC plates are
available as glass plates, as plastic or aluminum foils
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covered with the stationary phase. A wide range of
stationary phases are commercially available, includ-
ing silica gel, reversed-phase silica, aluminum oxide,
synthetic resins, and cellulose. The main advantage of
standard TLC materials is that they have the ability to
provide relatively high- resolution tests, while the
relatively long developing time of the mobile phase
(mainly >30 min) through the high-particle-size
adsorbent material (20 pm) is considered its main
disadvantage [9].

High-performance TLC (HPTLC): HPTLC pro-
vides a good solution to the long chromatographic
developing time by use of materials with a smaller
particle size.

Instant TLC (ITLC): ITLC plates are made of
fiberglass sheets integrated with an adsorbent, usually
silica gel, and can be cut to any size, developing an
economic chromatographic solution. Due to the fine
mesh material, the migration properties are increased
manyfold compared to the standard TLC materials,
reducing the chromatographic time to less than 5 min
without affecting the separation of radiochemical
impurities. Because of the advantages mentioned,
ITLC materials are the most frequently used for
the stationary phase in nuclear medicine since they
fulfill the need for a rapid and accurate method
for testing the radiochemical purity of a radiophar-
maceutical sample. Silica stationary phases have
been produced for ITLC as silica gel (ITLC-SG)
and silicic acid (ITLC-SA). ITLC-SG is the most
widely used adsorbent for routine radiochemical
purity determination [10].

Paper: Papers (e.g., Whatman no. 1 and Whatman
3MM) were commonly used in the early days of chro-
matography, although they are still used and recom-
mended for many chromatographic procedures.

The main disadvantage of paper chromatography is
the poor resolution it provides for radiochemical
purity tests; however, Whatman 3MM is the material
of choice for partition chromatography procedures.

Aluminum oxide: Aluminum-coated plates are
commonly used for separation of some radiopharma-
ceuticals (e.g., Sesta-MIBI[methoxyisobutyl isoni-
trile]) depending on the aluminum oxide (Al,O3)
polar properties.

Cellulose: Cellulose can interact with water and
serve as a stationary phase for separation of polar
substances by paper chromatography; also, it can be
used in the powder form as an adsorbent for TLC.

Mobile Phases

Saline, Water, Acetone, Methyl Ethyl Ketone (MEK),
Ethanol, Acetic Acid, Chloroform, and Acetonitrile
represent the most common group of mobile phases
used as the mobile partner in most TLC chro-
matographic procedures.

4.2.4.2 TLC Chromatography Procedure

To determine the radiochemical purity by ITLC or
paper chromatography for a radiopharmaceutical sam-
ple, the following steps should be applied [11]:

e Fill a small beaker with about 10 ml (3—5 mm high)
with the proper solvent and then cover the beaker
with a glass plate or with a foil sheet.

e Prepare the chromatography strip (5—10 cm long)
and mark the solvent front (R, = 0) with a colored
pen and the start point (R= 1) with a pencil.

e Using a 1-ml syringe with a fine needle (25 gauge),
put one small drop of the sample onto the starting
point on the strip.

e Immediately, insert the strip into the beaker so the
spot sample does not dry,observing that initially the
solvent level is below the starting point.

e When the solvent has reached the front, the strip
should be removed and dried.

e Quantify the regional distribution of radioactivity
on the strip using any of the radiation detection
methods discussed next.

Figure 4.1 shows a sample procedure for determi-
nation of radiochemical purity of a radiopharmaceuti-
cal by ITLC using two different solvents.

4.2.4.3 Methods for Regional Radioactivity
Measurement in TLC Chromatography

Many analytical methods were developed for determi-
nation of the radioactivity percentage of the different
radiochemical species along the TLC chromatography
strip, starting with the autoradiography method by
which a chromatogram is placed on an x-ray film and
exposed in the dark for about 1 h. However, the most
popular methods in nuclear medicine were achieved
using one of the following systems [9]:
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Gamma camera: A dried strip is placed close to the
detector head of the camera, and an image is
obtained. The region of interest (ROI) is drawn for
each radioactive area. The radiochemical purity is
expressed as a fraction of the total recovered activity.
lonization chamber: The dried strip is cut into two
segments and measured in the chamber. This
method is frequently used for simple separation
techniques (compounds of Ry = 0 or 1) but is not
applicable in multisegmental strips or samples with
low radioactive concentration [12].

Nal(Tl) scintillation counter: Chromatographic
plates are cut in segments (up to ten) and counted
in the scintillation counter. This method is prefer-
rede to the ionization chamber because it provides
more sensitive results, giving the chance to deter-
mine the radiochemical purity of a sample at dif-
ferent and close Ry values.

Chromatography scanner: A slit-collimated radia-
tion detector [mainly Nal(T1) scintillation counter]
is moved along the thin-layer plate, and the radio-
activity distribution between the start and the sol-
vent front points is recorded and plotted as
radioactive peaks [13]. This method is considered
the most accurate one because it provides values
with high sensitivity and resolution .

L’E"‘“TCO’4

®MTeO,
99MTc-exametazime
99MTc-2° amine complex

Fo —|

|~ 99m:
TcO,

Acetonitrile:water
(1:1)

9MTc-exametazime Whatman 1

99MT¢-2° amine complex
9mTcO,

Fig. 4.1 Chromatographic system for determination of radiochemical purity of Tc-99m labeled HMPAO. (Adapted from [7])

Linear analyzer: This device operates as a position-
sensing proportional counter, measuring a fixed
number of channels along the length of the chro-
matographic plate. It gives us the most sensitive
results, but resolution is less than that obtained with
Nal(T1) scintillation counters [14].

A comparison of four different methods of quantifi-

cation is shown in Fig. 4.2, in which a phantom chro-

matographic  plate

with increasing amount of

radioactivity (0.25, 1.0,4.0, 16.0, and 64.0 kBq) spotted
at exact intervals was measured bythe following:

o Q% »

Linear analyzer
Conventional scanner
Cut-and-measure scintillation counter

Tonization chamber

The highest sensitivity was achieved in A and C,

while the best resolution occured with B and C.

The ionization chamber indicated a low detection

efficiency of radioactivity below 20 kBq (peaks 1, 2, 3,
and 4).

For *™Tc, the main impurities are the free pertech-

netate (TcO,) and the reduced, hydrolyzed technetium
(TcO5) ( in another words, colloidal *™Tc).
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Fig. 4.2 Phantom 025 1,0 40 16 64[kBq] = 025 1,0 4,0 16 64 [kBq]
chromatography plate 1 2 3 4

analyzed by four different
methods of measurement. The
highest sensitivity was
achieved with a and c, the best
resolution with b and c. Using
the ionization chamber (d),
activities less than 20 kBq
(peaks 1, 2, 3, 4) were not
resolved accurately. (From [9]
with permission from

5 1 2 3 4 5

U L

W

Springer)

c 1 2 3

Cut and count in a scintillation counter

Free pertechnetate migration properties and hence
its Ry value are governed by the type of mobile and
stationary phases used for the TLC test, while reduced,
hydrolyzed technetium is present mainly at the origin
(Rs=0) due to its insolubility properties (like all other
colloidal components), explaining why reduced,
hydrolyzed technetium species cannot be recognized
in colloidal and particulate preparations (e.g., macro-
aggregated albumin [MAA] preparations).

Tables 4.1 and 4.2 summarize the TLC chro-
matographic data for Tc-99m and non-Tc-99m radio-
pharmaceuticals, respectively.

4.2.5 Precipitation

Precipitation is the method of separating a radio-
chemical form from another with an appropriate
chemical reagent. The precipitate is separated by
centrifugation. >'Cr** in >'Cr-sodium chromate can
be estimated by precipitating chromates as lead
chromate and determining the radioactivity of the
supernatant.

Linear analyser with standard detector

TLC-scanner with scintillation detector

4 5 d 1 2 3 4 5

Cut and count in an ionisation chamber

4.2.6 Distillation

Distillation is a method applicable to compounds with
different vapor pressures. The two compounds can be
separated by simple distillation at a specific tempera-
ture. The compound with higher vapor pressure is
distilled off first, leaving the other compound in the
distilling container. Iodide impurities can be separated
from any iodine-labeled compound by distillation.

4.2.7 lon Exchange

Ton exchange is performed simply by passing a radio-
pharmaceutical sample through a column of ionic
resin and eluting the column with a suitable solvent.
Separation of different chemical forms is dependent
on the ability and affinity of exchange of ions from a
solution onto the resin. Polymerized and high molecu-
lar weight resins are of two kinds: cation exchange and
anion exchange resins.

An example of that method is the determination of
the presence of **™TcO,~ in **™Tc-labeled albumins,
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Table 4.1 Chromatographic data for *™Tc-radiopharmaceuticals

99 g g
"Tc-Radiopharmaceutical

Bone radiopharmaceuticals

9mTc-PYP
99mTc-MDP
99mTc-HDP (hydroxymethylene

diphosphonate)

Renal radiopharmaceuticals

9mTc DTPA

PMTc-MAG;

99mTc-gluceptate

99MT¢(IMT)-DMSA
(dimercaptosuccinic acid)

99mTe(V)-DMSA

9mT¢-IDAs (iminodiacetic acids)

Cardiac radiopharmaceuticals

99MT¢-sestamibi

99mTe-tetrofosmin

Brain radiopharmaceuticals

99mTc-HMPAO

9MT¢-bicisate

Stationary
Phase

ITLC-SG
ITLC-SG
ITLC-SG
ITLC-SG
ITLC-SG
ITLC-SG

ITLC-SG
ITLC-SG

‘Whatman
3MM

‘Whatman
3MM

ITLC-SG
ITLC-SG

‘Whatman
3MM

ITLC-SA
ITLC-SG

ITLC-SG

Whatman
3MM

ITLC-SG

‘Whatman
3MM

ITLC-SG

ITLC-SG
ITLC-SG
Whatman 1

‘Whatman
3MM

Solvent

Acetone
Saline
Acetone
Saline
Acetone

Saline

Acetone
Saline

Acetone

Water

Acetone
Saline

Acetone

Butanol

MEK (methyl ethyl
ketone)

Saline

MEK

Water

Ethyl acetate

Acetone-
dichloromethane
(35:65)

MEK
Saline
50% acetonitrile

Ethyl acetate

1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0

1.0

1.0
1.0
1.0

0.9
1.0

1.0
0.9

1.0

0.0-0.1

0.9-1.0

1.0
1.0
1.0
0.0

99mT c-
Complex

0.0
1.0
0.0
1.0
0.0
1.0

0.0
1.0
0.0

1.0

0.0
1.0
0.0

0.5
0.0

1.0
0.0

1.0

0.5-0.8

0.4-0.7

1.0 (primary)
0.0
1.0
1.0

Hydrolyzed
99mT c

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0

0.0
0.0
0.0

0.0
0.0

0.0
0.0

0.0

0.0-0.1

0.0-0.1

0.0
0.0
0.0
0.0

(continued)
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Table 4.1 (continued)

> Stationary 99mTe. Hydrolyzed

99mT¢-Radiopharmaceutical Phase Solvent Complex ompe

Miscellaneous

PmTcMAA ITLC-SG Acetone 1.0 0.0 0.0

99mTc-HSA (human serum albumin)  ITLC-SG Ethanol:NH,OH:H,0 1.0 1.0 0.0

(2:1:5)

99mTc-SC (sulfur colloid) ITLC-SG Acetone 1.0 0.0 0.0

99mTc-nanocolloid Whatman Saline 0.8 0.0 0.0
ET-31

99mMTc_architumomab ITLC-SG Acetone 1.0 0.0 0.0

99MTc-nofetumomab ITLC-SG 12% TCA in H,O 1.0 0.0 0.0

Data adapted from [9, 21] and UKRG Handbook (Bev Ellis, United Kingdom Radiopharmaceutical Group, London, 2002)
Adapted from [2].
ITLC-SA instant thin-layer chromatography silicic acid, /TLC-SG instant thin-layer chromatography silica gel

Table 4.2 Chromatographic data of radiopharmaceuticals other than 99mTc-complexes

Ry values
Labeled
Radiopharmaceutical Stationary phase Solvent product Impurities
125I-RISA (radioiodinated serum ITLC-SG 85% methanol 0.0 1.007)
albumin)
1311-hippuran ITLC-SG CHCl;:acetic acid (9:1) 1.0 1.0(IM)
1311-NP-59 ITLC-SG Chloroform 1.0 1.0d7)
131I-MIBG Silica gel plated Ethyl acetate:ethanol (1:1) 0.0 0.6(1N)
plastic
1311-Nal ITLC-SG 85% methanol 1.0 0201073
51Cr-sodium chromate ITLC-SG n-Butanol saturated with IN HCI 0.9 0.2(Cr3+)
67Ga-citrate ITLC-SG CHCl;:acetic acid(9:1) 0.1 1.0
111In-DTPA ITLC-SG 10% ammonium acetate: 1.0 0.1(In3+)
(diethylenetriaminepentaacetate) methanol (1:1)
111In-capromab pendetide ITLC-SG Saline 0.0 1.0(In3+)
18F-FDGh ITLC-SG CH;CN/H,0 (95:5) 0.37 0.0
90Y-,111In-ibritumomab tiuxetan 0.9%NaCl solution 0.0 1.0

Adapted from [21]
ITLC-SG instant thin-layer chromatography silica gel

by which the **™TcO, is adsorbed to the Dowex-1 4.2.8 Solvent Extraction
resin, leaving the **™Tc-labeled albumins and the
hydrolyzed **™Tc to go with the elute when using

. When two immiscible solvents are shaken together,
0.9% NaCl as a solvent to wash the resin column. &

any solute present will distribute between the two
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phases according to its solubility in each phase. Equi-
librium is reached and governed by the partition coef-
ficient D:

D = Concentration in organic phase/Concentration

in aqueous phase

Lipid-soluble molecules may have D > 100, so it
becomes highly concentrated in the organic phase. If
the solvent is volatile (e.g., ether or chloroform), the
solute can be recovered by distillation or evaporation.
An example of this method is the separation of **™Tc-
pertechnetate by dissolving *’Mo in a strongly alkaline
solution (e.g., potassium hydroxide) and then extract-
ing with MEK. ?*™Tc-pertechnetate dissolved in the
organic phase can be recovered by evaporation to
dryness; this method has been used initially to prepare
99mTc_pertechnetate for “*™Tc-labeled radiopharma-
ceuticals [15].

4.2.9 Electrophoresis

The basic idea of electrophoresis is the property of
charged molecules (atoms) to migrate in an electric
field. The migration rate is dependent on the charge
and size of the molecule. The apparatus used in elec-
trophoresis consists simply of a direct current power
supply to provide a potential difference of 400 V or
greater, connected through an electrolyte buffer solu-
tion (barbitone/barbituric acid) to either end of a strip
of support medium, which may be cellulose acetate or
filter paper. Since **™Tc-pertechnetate is considered a
small ion, it migrates rapidly and is readily separated
from larger negatively charged complexes, such as
mTc.DTPA  (diethylenetriaminepentaacetate)  or
insoluble 99mTc02, which remain at the origin [16].

4.2.10 Gel Filtration

Gel filtration chromatography is a process obtained
when a mixture of solutes is passed down a column
of suitable medium, such as cross-linked dextran
Sephadex, and then eluted with a proper solvent,
allowing the large molecules to be released first
while the smaller ones are selectively retarded due to
penetrating the pores of the gel polymeric structure.

Sequential fractions of the eluate are collected by an
automated fraction collector, and the radioactivity is
measured for each fraction.

Gel chromatography is the method of choice for
separating proteins of different molecular weights. In
addition, this method is equally important in detecting
impurities in *™Tc-labeled radiopharmaceuticals. To
obtain the percentages of free, bound, and unbound
hydrolyzed “*™Tc species, a Sephadex gel-saline
filtration system is widely used. In this case, *™Tc-
chelate is eluted first, followed by the free 99mTCO4_’
while the hydrolyzed **™Tc is retained by the column.

It has been observed that some *™Tc chelates may
bind to or dissociate on the column, producing inaccu-
rate results.

4.3 High-Performance Liquid
Chromatography

High-performance liquid chromatography (HPLC) is
a recent modification of the gel chromatography
method; the liquid phase is forced at a high pressure
through an adsorbent, densely packed column. When
the different species of the sample are eluted from
the column, they pass through a radiation detector or
any other detector, which records its presence, nor-
mally in a graph form. The stationary phase most
frequently consists of beads of silica bounding an
organic pad containing long-chain (C;g) carbon
groups. A wide range of stationary and mobile
phases has been used; by suitable choice, this tech-
nique is extremely valuable in the development and
evaluation of new radiopharmaceuticals. In addition,
HPLC is considered a suitable technique for estima-
tion of short-lived radiopharmaceuticals because of
its rapidity [17].

If the components are irreversibly adsorbed on the
stationary phase of the HPLC system (e.g., hydrolyzed
9mTe species), the system required is expensive;
therefore, the use of HPLC is not routine in hospital
practice. As an example, HPLC has been used for
separation of *™Tc-MDP (methylene diphosphonate)
prepared by borohydride reduction into several differ-
ent components. A schematic diagram of the general
components of the radio-HPLC system can be seen in
Fig. 4.3.
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Fig. 4.3 Components of a
radio-high-performance liquid

chromatographic (HPLC) Mobile
system phase
reservoir

4.3.1 Sep-Pak Analysis

Sep-Pak cartridges (Millipore Water) have been devel-
oped for isolation and cleanup of sample components
as a modification of the HPLC technology. This
method is applicable for radiochemical analysis
of *™Tc-MAG; (mercaptoacetyltriglycine), **™Tc-
sestaMIBI, and radiolabeled MIBG.

4.4 Biological Tests

The presence of microorganisms (bacteria, fungi, etc.)
should be examined for all pharmaceuticals intended
for human administration and is defined by the sterility
test.

Living organisms also can produce metabolic by-
products (endotoxins) that can undesirably affect the
radiopharmaceutical preparation, so special testing
procedures should be applied (pyrogenicity and toxic-
ity tests).

4.4.1 Sterility

The objective of the sterility test is to ensure that the
sterilization processes, mainly by autoclaving for
long-lived radiopharmaceuticals and membrane filtra-
tion for short-lived ones, are conducted properly [18].
A proper sterility test involves the incubation of the
radiopharmaceutical sample for 14 days in

o Fluid thioglycollate medium for growth of aerobic
and anaerobic bacteria

o Soybean-casein digest medium for growth of fungi
and molds

The sterility test requires 14 days, so **™Tc-labeled
compounds and other short-lived radiopharmaceuti-
cals could be released prior to the completion of the
test [19].

. Column

Detector |—|Recorder| IE

4.4.2 Pyrogenicity

Pyrogens are either polysaccharides or proteins pro-
duced by the metabolism of microorganisms. They are
mainly soluble and heat stable, represented primarily
as bacterial endotoxins. Pyrogens produce symptoms
of fever, chills, malaise, joint pain, sweating, head-
ache, and dilation of the pupils within 30 min to 2 h
after administration.

Pyrogenicity testing was developed from the rabbit
test (monitoring of the temperature of three healthy
rabbits for 3 h after injection of the test sample) to a
more sophisticated and rapid method called the limu-
lus amebocyte lysate (LAL) method. LAL, which is
isolated from the horseshoe crab (limulus), reacts with
gram-negative bacterial endotoxins in nanogram or
greater concentrations, forming an opaque gel. The
thicker the gel, the greater the concentration of pyro-
gens in the sample. Gram-negative endotoxins are
known as the most important source of pyrogen con-
tamination, so the LAL test is a rapid and sensitive
pyrogenicity test [20].

Generally, manufacturers are required to perform
the sterility and pyrogenicity tests prior to release of
their products to the end users. However, the short
half-lives of “’™Tc radiopharmaceuticals prohibit
their testing for sterility and pyrogenicity, emphasiz-
ing aseptic labeling techniques by using laminar flow
enclosures containing high-efficiency particle air
(HEPA) filters improves the environment for radio-
pharmaceutical formulation.

4.4.3 Toxicity

Toxicity tests should be applied for all radiopharma-
ceuticals approved for human use. A quantity called
LDsg60 describes the toxic effect of a radiopharma-
ceutical by determination of the dose required to pro-
duce mortality of 50% of a species in 60 days after
administration of a radiopharmaceutical dose [21].
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The test should be done for at least two different
species of animals. Because of the strict regulations
on the use of animals for research and due to the
expected differences on reactions from animal species
to humans, cell culturing and computer modeling have
been used to achieve toxicity tests.

References

1. European Pharmacopoeia (Ph. Eur.) ver. (5.0). Council of
Europe, Maisonneuve, Sainte-Ruffine, 2005.

2. United States Pharmacopoeia (USP), Official Monographs,
United States Pharmacopeial Convention, 2005.

3. General International Pharmacopoeia Monograph for Radio-
pharmaceuticals, World Health Organization, Geneva, 2007.

4. Kowalsky RJ, Falen SW. Radiopharmaceuticals in nuclear
pharmacy and nuclear medicine. 2nd ed. American Phar-
macists Association, 2004.

5. Hammermaier A, Reich E, Bogl W. Chemical, radiochemi-
cal, and radionuclidic purity of eluates from different com-
mercial fission 99Mo/gngC generators. Eur J Nucl Med.
1986;12:41-6.

6. Eckelman WC, Levenson SM, Johnston GS. Radiochemical
purity of %°™Tc-radiopharmaceuticals. Appl Radiol.
1977;6:211.

7. Wilson MA. Textbook on nuclear medicine. Philadelphia:
Lippincott-Raven; 1998.

8. Robbins PJ. Chromatography of technetium 99mTc-radio-
pharmaceuticals — a practical guide. New York: Society of
Nuclear Medicine; 1984.

9. Zolle I. Technetium-99m Pharmaceuticals. Berlin: Springer;
2007.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zimmer AM, Pavel DG. Rapid miniaturized chro-
matographic quality-control procedures for Tc-99m radio-
pharmaceuticals. J Nucl Med. 1977;18:1230-3.

Pauwels EKJ, Feitsma RIJ. Radiochemical quality control
of 99mTc-labeled radiopharmaceuticals. Eur J Nucl Med.
1977;2:97.

Robbins PJ. Chromatography of technetium-99m radio-
pharmaceuticals. A practical guide. New York: Society of
Nuclear Medicine; 1983.

Janshold AL, Krohn KA, Vera DR, Hines HH. Design and
validation of a radio-chromatogram scanner with analog
and digital output. J Nucl Med Tech. 1980;8:222.

Wieland DM, Tobes MC, Mangner TJ, editors. Analytical
and chromatographic techniques in radiopharmaceutical
chemistry. Berlin: Springer; 1986.

IAEA research program report. Alternative technologies for
99mTc generators. IAEA-TECDOC-852. ISSN 1011-4289,
1995.

Belkas EP, Archimandritis S. Quality control of colloid and
particulate *™Tc-labelled radiopharmaceuticals. Eur J Nucl
Med. 1979;4:375.

Mallol J, Bonino C. Comparison of radiochemical purity
control methods for Tc-99m radiopharmaceuticals used
in hospital radiopharmacies. Nucl Med Commun. 1997;18:
419-22.

Snowdon GM. Is your technetium generator eluate sterile?
J Nucl Med Technol. 2000;28:94-5.

Brown S, Baker MH. The sterility testing of dispensed
radiopharmaceuticals. Nucl Med Commun. 1986;7:
327-36.

U.S. Food and Drug Administration. Guideline on valida-
tion of the limulus amebocyte lysate test as an end-product
endotoxin test for human and animal parenteral drugs,
biological products, and medical devices. Rockville, 1987
Saha GB. Fundamentals of radiopharmacy. 5th ed. Berlin:
Springer; 2004.



	
 4: Radiopharmaceutical Quality Control
	4.1 Introduction
	4.2 Physiochemical Tests
	4.2.1 Physical Tests
	4.2.2 pH and Ionic Strength
	4.2.3 Radionuclidic Purity
	4.2.4 Radiochemical Purity
	4.2.4.1 Thin-Layer Chromatography
	Stationary Phases
	Mobile Phases

	4.2.4.2 TLC Chromatography Procedure
	4.2.4.3 Methods for Regional Radioactivity Measurement in TLC Chromatography

	4.2.5 Precipitation
	4.2.6 Distillation
	4.2.7 Ion Exchange
	4.2.8 Solvent Extraction
	4.2.9 Electrophoresis
	4.2.10 Gel Filtration

	4.3 High-Performance Liquid Chromatography 
	4.3.1 Sep-Pak Analysis

	4.4 Biological Tests
	4.4.1 Sterility
	4.4.2 Pyrogenicity
	4.4.3 Toxicity

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


