Chapter 9

Quality Control Methods 9
of *°*™Tc Pharmaceuticals

9.1 Determination of Radiochemical Purity

9.1.1 Thin-Layer Chromatography Methods

C. Decristoforo and I. Zolle

Thin-layer chromatography (TLC) is commonly used for the determination of radioche-
mical purity in nuclear medicine. TLC was described as early as 1967 for testing radio-
pharmaceuticals (Hoye 1967). Since the introduction of TLC (Izmailov and Shraiber
1938; Stahl 1956), a variety of modifications and new applications have been reported
(Fairbrother 1984).

The principle of this analytical method is that a mobile phase (solvent) moves along
a layer of adsorbent (stationary phase) due to capillary forces. Depending on the distri-
bution of components between the stationary and the mobile phase, a radioactive sam-
ple spotted onto the adsorbent will migrate with different velocities, and thus, impuri-
ties are separated. The distance each component of a sample migrates is expressed as
the Ry value. The Ry is the relative migration of a component in relation to the solvent
front (SF):

Re — Distance from origin of the component
F= Distance of the SF

The Ry values range from 0-1. If a component migrates with the SE the Ryis 1. If a
component remains at the point of application (origin), the Ry is 0. For a given TLC
system, which is defined by the mobile and the stationary phases, the R value of a
pure chemical compound is specific and reproducible.

The main principles of separation are adsorption (electrostatic forces), partition
(solubility), and ion exchange (charge). Information on the theoretical background of
TLC is presented elsewhere (Miller 2004). Depending on the movement of the mobile
phase, TLC may be ascending or descending; in the nuclear medicine laboratory, as-
cending TLC is the method of choice (Robbins 1983).

For the analysis of radiopharmaceuticals, techniques should be fast and safe. TLC
offers reliable separation properties with easy and rapid performance. The applied sam-
ple remains quantitatively on the plate, and therefore, no losses of radioactivity during
analysis occur. The commercially available ready-to-use stationary phases combine ad-
sorbent with ionic or hydrophobic properties and are suited for separation of a variety
of molecules using polar or nonpolar solvents. This chapter emphasizes methods for
routine use in nuclear medicine and describes materials, techniques, and methods for
quantification (Carpenter 1986; Hammermaier et al. 1986; Thoebald 1984).
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9.1 Determination of Radiochemical Purity

9.1.1.1 %°™Tc Species Separated by TLC

The main impurities in °*™Tc pharmaceutical preparations are free pertechnetate
(**™TcO3) and reduced, hydrolized technetium (colloidal **™Tc). These two **™Tc spe-
cies may be separated from **™Tc pharmaceuticals by simple TLC procedures.

The migration properties of free pertechnetate may be influenced by the choice of
different mobile and stationary phases. When silica gel or paper is used as stationary
phase, the migration of free pertechnetate depends on the solubility of this anion in
the solvent. In a polar solvent like saline, 80% methanol, acetone or 2-butanone (methyl
ethyl ketone, or MEK) pertechnetate migrates with the SF (Ry=0.6-1.0). If a nonpolar,
lipophilic solvent (e.g., ethylacetate, chloroform) is used and the sample is dried (no
water content), free pertechnetate remains at the origin. In addition, when using an an-
ion-exchange material in for stationary phase (e.g., aluminum oxide), free pertechnetate
will be retained at the start.

Colloids do not migrate in most TLC systems since insoluble material will stay at the
origin. Changing the mobile or the stationary phase will not affect the migration proper-
ties of colloidal **™Tc. This is the reason why hydrolized **™Tc species are not determined
in colloidal and particulate preparations (e.g., macroaggregated albumin [MAA]), micro-
spheres, or high-molecular **™Tc species such as monoclonal antibodies. The major im-
purity recognized by the pharmacopeia in the case of these radiopharmaceuticals is free
pertechnetate, moving with the SF (Robbins 1983; Zimmer and Pavel 1977).

9.1.1.2 Stationary Phases

Standard TLC Materials. Standard TLC plates are available as glass plates, and as plas-
tic or aluminum foils covered with the stationary phase. Aluminum or plastic foils have
the advantage that they are easily cut into pieces for measurements of radioactivity. A
broad range of stationary phases is commercially available including silica gel, re-
versed-phase silica, aluminum oxide, synthetic resins (ion-exchange chromatography),
and cellulose (partition chromatography). The length of plates (foils) may vary between
10 and 20 cm, although miniaturized systems have been introduced (<5 cm). Generally,
the developing distance will depend on the number of components in a sample and the
relative retention properties in a system as well as the time used for migration.

For determination of the radiochemical purity of *™Tc pharmaceuticals, methods
using standard TLC materials have been described (Zimmer and Pavel 1977). Reversed-
phase materials offer advantages with respect to more polar solvents that are miscible with
the aqueous medium of the sample (Carpenter 1986). Alumina plates are used to separate
anionic *™Tc-pertechnetate from neutral or positively charged complexes.

The main limitation of standard TLC techniques is the time required for analysis.
Due to the particle size (20 um) of adsorbent materials, the developing time is usually
>30 min. This is too long considering additional time for measurements and quantifi-
cation.

The main advantage of standard TLC materials lies in the comparably high resolu-
tion, exemplified by the separation of two **™Tc-dimercaptosuccinic acid (DMSA) com-
plexes in one TLC system: The trivalent **™Tc-DMSA complex is separated as an im-
purity in a preparation of pentavalent *™Tc-DMSA (Westera et al. 1985).
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High-Performance TLC (HPTLC). HPTLC materials have a smaller average particle size
(5vs 20 um) and a narrower particle size distribution when compared with conven-
tional materials. Actually, the development of the chromatogram is faster and the time
for analysis shorter. However, HPTLC materials are preferable for more complex sep-
arations; their use for determinations of the radiochemical purity in nuclear medicine
is limited.

Instant TLC (ITLC). ITLC materials are the most frequently used stationary phases in
nuclear medicine. ITLC methods fulfill the need for rapid and accurate analysis of the
radiochemical purity of radiopharmaceuticals and have thus been accepted by the Eu-
ropean Pharmacopeia.

ITLC plates are made of fiberglass sheets, impregnated with an adsorbent, usually si-
lica gel (e.g., SG). Due to the fine mesh material, the migration properties are increased
many-fold by the TLC materials. The time for the development of any chromatogram
may be reduced to <5 min, without affecting the separation of radiochemical impuri-
ties.

Although ITLC materials are more expensive, fiberglass sheets offer high economy,
since the flexible material may be cut to any size. Chromatographic systems utilizing
these materials have been described (Frier and Hesslewood 1980; Theobald 1994; Zim-
mer and Pavel 1977).

The separation properties of silica gel 60 depend to a certain extent on the “acti-
vated” state of the adsorbent, which is related to the water content. However, when
using organic solvents, it is recommended to dry the ITLC plate before use by heating
for 10-20 min at 110°C (Frier M and Hesslewood 1980).

The most common impurities in radiopharmaceuticals remain at the origin (Ry=0)
or migrate with the SF (Ry=0.8-1.0). In order to separate and quantify two (or more)
impurities, two (or more) analytical systems are generally used. A typical procedure,
using different solvents, is shown in Fig. 9.1.1.1. Using an organic solvent (MEK) for
separation, colloidal forms and the Tc complex remain at the origin, and free pertech-
netate migrates with the SE This system is suited to quantify free **™Tc-pertechnetate.
In saline, free pertechnetate and the 99me complex migrate with the SF; while reduced,
hydrolyzed **™Tc remains at the start. Using saline, the colloidal **™Tc species is quan-
tified. With some experience, the whole procedure may be performed in <15 min, be-
fore application of the radiopharmaceutical to patients. Attention must be paid when
ITLC strips are marked to indicate the spotting area or SE since the material is fragile
and easily damaged, which may affect results.

Silica Gel. The chemical properties are based on siloxane (Si-O-Si) and silanol (Si-
OH). Polar groups are responsible for the interaction of the adsorbent with water and
with the sample to be analyzed. Silica stationary phases (3-8 pm) have been produced
for ITLC as silica gel (ITLC-SG) and silicic acid (ITLC-SA). ITLC-SG is the most fre-
quently used adsorbent for routine radiochemical purity determinations (Table 9.1.1.1).

RP Phases. The surface properties of silanol may be modified by reaction with alkylat-
ing agents that bind to the surface of porous silica gel 60.

Hydrophobic modification includes binding of nonpolar groups such as dimethyl
(RP-2), octyl (RP-8), octadecyl (RP-18), and phenyl. The hydrophobic properties in-
crease within the different groups from RP-2 to RP-18, and with the degree of satura-
tion of the hydroxyl groups that has been attained.
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Chapter 9 Quality Control Methods of °™Tc Pharmaceuticals

Table 9.1.1.1. Materials for thin-layer chromatography (TLC)

Layer type Format (cm) Ordering no. Quantity

HPTLC high-performance thin-layer chromatography, ITLC instant thin-layer chromatography

RP phases offer higher selectivity for separation of nonpolar compounds or mole-
cules with nonpolar groups. In certain cases, highly polar, ionic compounds may also
be separated due to selective retention on these modified RP materials. Partially modi-
fied silica gel is also available as RP-18 alumina sheets.

Silica gel may also be modified with hydrophilic groups that are attached using
short-chain nonpolar spacers. Hydrophilic modifications with polar groups include
amino, cyano, and diol functionalities. Amino-SG offers weakly basic ion-exchange
properties; diol-SG considerably less affinity for water when compared with unmodified
SG-60. These HPTLC materials offer increased selectivity for complex separations of
biomolecules and drugs.

Aluminum Oxide. Some separations of radiopharmaceuticals are based on adsorption
chromatography with aluminum-coated plates. Aluminum oxide (Al,0;) has polar
properties; it is also a weak anion exchange material. The pH adjusted adsorbent is
available in three pH ranges: neutral (pH 7.0-8.0), basic (pH 9.0-10.0), and acidic (pH
4.0-4.5). Standardized products include aluminum oxide 60, 90, and 150. Plates are also
avaijlable for UV detection.
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Table 9.1.1.2. Materials for paper chromatography

Specification Format (mm) Ordering no. Quantity

Cellulose. This organic material consists of polymerized glucose fibers (400-500 mole-
cules) in nature and also as a synthetic product (40-200 glucose molecules). Cellulose
interacts with water and serves as a stationary phase for the separation of polar sub-
stances by paper chromatography. As a powder, it is used as an adsorbent for TLC.
Separation of polar substances by paper chromatography is described in the European
Pharmacopeia for identification of **™Tc-pertechnetate (Council of Europe 1982).

Paper. Paper was the first material used for chromatography of radioactive compounds
(Dickey 1953). Paper materials show low-resolution properties; however, since paper is
robust and easy to cut, paper chromatography is still used and recommended for many
applications. The mechanism of separation is probably different; nevertheless, paper
chromatography is used “ascending” or “descending”, like ITLC. Likewise, a developing
distance of 8-10 cm is usually sufficient for the separation of free pertechnetate and
colloidal impurities. The developing time might be slightly increased, but usually fin-
ished in <10 min, if small sized paper strips are used.

Whatman 3MM is the material of choice for determination of the radiochemical
purity by partition chromatography. (For information on materials, Tables 9.1.1.1 and
9.1.1.2.)

The saline/MEK system is applied for the analysis of most radiopharmaceuticals that
contain free pertechnetate and/or colloidal Tc. Acetone has been replaced by MEK be-
cause artificially high values of pertechnetate have been obtained, caused by its higher
water content (Carpenter 1986).

More recently, developed **™Tc complexes (e.g. mercaptoacetyltriglycine [MAGs],
monodentate methoxyisobutyl isocyanide [MIBI], hexamethylpropylene amine oxime
[HMPAOY], etc.) require more sophisticated analytical methods to detect additional im-
purities in the injection solution. This is inherent in the chemical properties of certain
99MTc pharmaceuticals that need more complex kit formulations and contain several la-
beled impurities. In addition, special composed solvent systems have to be used.
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9.1.1.4 Spotting of the Sample

The sample size has a considerable effect on the separation characteristics of a certain
system. Therefore, the sample diameter on the plate should be kept as small as possible
(<3 mm). Inefficient separations and artificial results are caused by too-large spots.
The standard TLC technique for applying a sample onto the plate is to use micropipets
or glass capillaries for single use. The volume is typically 5 pl. A certain drawback of
this technique is the fact that the sample is withdrawn aseptically with a syringe from
the vial and needs to be transferred for spotting.

Therefore, to reduce handling, the sample is withdrawn using a 1-ml syringe with a
fine needle (>25 gauge) and is spotted directly onto the plate using a single drop from
the needle. The volume corresponding to a drop from a vertically held needle (25 gauge)
is approximately 6 pl. If the syringe is held in the horizontal position, the volume might
double (Robbins 1983). With experience, reproducibly small spots are applied to the TLC
plate, suitable for analysis. The technique also avoids contamination and minimizes sam-
ple exposure to air, which may affect certain **™Tc radiopharmaceuticals.

9.1.1.5 Development of the Chromatogram

For the development of chromatograms, a small beaker might be used, which is closed
with a glass plate or covered with a foil to maintain a saturated atmosphere inside the
vessel. Small tanks for chromatography are recommended, especially when organic sol-
vents are used. If an open beaker is used, evaporation of the solvent may affect the sep-
aration properties of a system (Levit 1980; Manger 1986).

The solvent should cover the bottom not more than 5 mm high; the solvent level
has to be below the start line on the plate/strip.

After applying the sample, the plate must be placed into the tank and developed im-
mediately, without drying the spot. Dried samples may lead to artificial results due to oxi-
dation of **™Tc complexes and formation of free pertechnetate (Mallol 1990; Manger 1986).

An exception to this rule is made for mobile phases that do not dissolve the aqueous
sample (e.g., ethylacetate, chloroform). In this case, a wet sample will produce a poor
resolution and high background activity along the track. The sample spot should be
dried in a gentle stream of nitrogen, and heating the plate must be avoided.

The plate/sheet is placed vertically into the chamber, carefully avoiding any damage
of the surface. Materials with limited mechanical resistance like certain chromatography
paper should be supported (e.g., clipped to the lid of the chamber), otherwise they will
slip into the solution or touch the chamber wall during development.

The usual developing time is between 2 and 15 min, depending on the stationary phase
and (to a lesser extent) on the solvent. The SF is not always visible, especially when using
ITLC materials. Therefore, SF (end of chromatogram) is marked with a color pen (water
soluble for aqueous solutions; water resistant for organic solvents) (Fig. 9.1.1.2). When the
solvent gets in contact with the marker, the color migrates with the solvent, indicating the
end of the development. The strip should be marked in such a way that the color does not
interfere with the sample track to avoid artificial results (Levitt 1980). When the solvent
has reached SF, the strip is removed from the chamber and then dried.
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9.1 Determination of Radiochemical Purity

solvent front
1,5cm colour pen marker to make
the solvent front visible I y
colour pen marker
/ ‘____,,,.- migrated with the
| solvent front
compound 2
sample spot at the solvent front

with compound 1 and 2

10cm| (origin)
compound 1
encil marker for the height / at the origin
O/ /: of sample application O/
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before after
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——— notvisible

Fig. 9.1.1.2. ITLC plates before and after development (typical dimensions). The application point
is marked with a line; a color pen marker may be used to mark the solvent front. When the sol-
vent reaches the marker, the color migrates with the solvent. Markers are positioned outside the
track to avoid interference with the sample

Procedure for the determination of radiochemical purity by ITLC or paper chroma-

tography:

e Fill a 100-ml beaker with the solvent (about 10 ml, solvent 3-5 mm high); close the
beaker with a tight lid or parafilm.

o Prepare the strip: Mark the solvent front with a color pen and the start with a pen-
cil.

e Take a small sample of the preparation ready for injection (<100 ul).

e Apply one small drop of the sample with a thin needle onto the strip; the drop must
not dry.

e Immediately put the strip into the beaker, the spot must remain above the solvent
level.

e When the solvent has reached the front, take the strip out and let it dry.
Quantify the regional distribution of radioactivity on the strip.

There are several methods for the quantification of radiochromatograms. Depending
on the available instrumentation, the resolution of analysis will vary, and the amount
of radioactivity used for analysis will differ considerably. In any case, the results of
measurements are used to calculate the radiochemical purity of a radiopharmaceutical
(percentage) as the ratio between the radioactivity corresponding to the main compo-
nent, divided by the total recovered radioactivity of the chromatogram:
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Radiochemical purity (%) = Rad1opharmaceut1.ce}l (dpm) x 100
Total recovered activity (dpm)

The relative merits of quantification methods are:
e Resolution

e Sensitivity

e Linearity

e Time needed to perform

e Practicability

e Costs

Autoradiography. Autoradiography is one of the oldest methods used for semiquanti-
tative measurement of radioactivity. The chromatogram is placed on an x-ray film and
exposed in the dark for usually less than 1 h (a detailed procedure is given elsewhere)
(Theobald 1994). This method is no longer in use since it is time-consuming and inac-
curate. Visualization of the radioactivity distribution on a film may be useful for docu-
mentation purposes.

Gamma Camera. Measurement of a radiochromatogram with a gamma scintillation
camera might be first choice when no specific instrumentation is available. The dried
strip is placed at close distance to the head of the gamma camera, and images are ac-
quired. Using the regions of interest (ROI) technique (drawing regions over distinct
areas of activity), the radiochemical purity is expressed as a fraction of the total recov-
ered activity. A certain advantage is the use of undiluted sample for chromatography
(measurement of high count rates). The main disadvantage of this technique is that it
is a rather time-consuming procedure (measurement and analysis) at a time when the
camera is needed for patients.

In cases when no other device is available, visualization of the radioactivity distri-
bution by an activity profile might be a good indicator of the amount of impurities
present in the injection solution.

lonization Chamber. This method is frequently used and is recommended in many of-
ficial procedures (Robbins 1983). It might be used for simple separation techniques
(compounds with an Ry of 0 or 1). The strip is cut into two segments (one correspond-
ing to the main compound and the other to the impurity) and measured in the ioniza-
tion chamber. This facilitates quick analysis before the radiopharmaceutical is injected.

Limitations are low resolution of measurements, an overestimation of the amount of
impurities, and if not cut properly, results may be wrong. This problem can be avoided
by cutting the strip into more segments, which are measured separately (Bish et al. 1980).

Second, the sensitivity is limited by the sensitivity of the ionization chamber. In
practicee, 3 MBq or more should be applied on the plate, which would correspond to
an injection solution of 600 MBq/ml if 5l are applied (Robbins 1983). Results with
lower concentrations of radioactivity should be judged with caution.

Cut and Count. Chromatographic plates may be analyzed using a NalI(Tl) scintillation
counter. The plates are cut in segments (up to ten) and transferred into tubes to be
counted. The radioactivity on the plate can be plotted as a histogram. The sensitivity is
much higher compared with the ionization chamber (even dilution may be necessary),
and the resolution is dependent on the number of segments. It is important to keep the

131



132

9.1 Determination of Radiochemical Purity

same counting geometry for all segments at the bottom of the counting tube. Cutting
the plate in many segments permits assessment of the quality of separation. The back-
ground radioactivity is subtracted from each count leading to a more accurate analysis.
The main limitations of this method are that the high activities of the main component
may paralyze the counter (Robbins 1983), and the procedure is time-consuming (cut-
ting samples and filling into test tubes, time of measurements, and calculation of the
relative percentages).

Chromatogram Scanning. The advantage of this method is the fact that a slit-colli-
mated detector is moved along the thin-layer plate, and the radioactivity distributed
between the start and SF of a chromatogram is recorded. The detector is coupled to a
scaler ratemeter, with the ratemeter output signal passed on to a chart recorder produc-
ing a radioactivity profile (Janshold et al. 1980). A useful addition is a chromatography
integrator to measure the area of radioactive peaks, which is proportional to the de-
tected radioactivity. Quantification of single peaks as a percentage of the total mea-
sured radioactivity will produce a purity report for each radiopharmaceutical.

For measuring **™Tc and other gamma emitters, a Nal(Tl) scintillation detector is
used. The resolution of the scanner is dependent on the width of the slit-collimator, the
distance between chromatogram and detector, and the window settings on the scaler.
Artificial results may be obtained if the peaks are not symmetrical and comparable.

Linear Analyzer. The linear analyzer was developed for the measurement of beta-emit-
ting radionuclides and was introduced in 1980 by Berthold Analytical Instruments
(Filthuth 1986). It operates as a position-sensing proportional counter, measuring a
fixed number of channels along the length of the chromatographic plate. The system is
equipped with analytical software for quantification.

Further developments have increased the potential of proportional counting by plac-
ing a grid of anode wires between two large plates, 1.5 mm above and below, serving
as cathodes. Ions formed in the gas-filled volume drift toward the nearest anode wire
where they undergo multiplication; each event is automatically localized. Thus, two-di-
mensional localization may be accomplished by these position-sensing detectors.

The digital autoradiograph is a multiwire proportional counter; each electrode is
composed of 100 wires (gold-plated tungsten) arranged at a 2-mm distance. The gas-
filled proportional chamber has a window of 24x24 cm for the measurement of chro-
matograms at a fixed distance (0.5 mm). Each channel is connected with a time analy-
zer for registration of position specific pulses (nanoseconds). Finally, the analog signals
are digitalized for computer analysis and quantification.

Gas flow proportional counters exhibit higher sensitivity for beta-emitters, but also
pure gamma-emitters like *™Tc are measured with high resolution. When placing a
chromatogram into the counting chamber the developed strip must be completely dry.

The main advantages over a conventional TLC scanner are:

e Increased sensitivity because of the high specific ionization produced in the gas-
filled proportional chamber using argon/methane (89:10)

Two-dimensional positioning of radioactivity

A “photographic” image of the radioactivity distribution is generated

Several chromatograms (strips) are analyzed during one exposure

The linear analyzer and the digital autoradiograph may be used with any radionuclide
Quantification of chromatograms, storage, and display of data

e Resolution may decrease with high activities.
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025 1,0 4,0 16  64[kBql 025 1,0 40 16 64 [kBq]
1 2 3 4 5 1 2 3 4 5

- L ) L

A) Lincar analyscr W}[h standard detector B) TLC-scanner with scintillation detector
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C) Cut and count in a scintillation counter D) Cut and count in an ionisation chamber

Fig. 9.1.1.3. “Phantom” chromatographic plate analyzed by four different methods of measurement.
The highest sensitivity is achieved with A and C, the best resolution with B and C. Using the ioni-
zation chamber (D), activities less than 20 kBq (peak 1, 2, 3, 4) are not resolved accurately.

A comparison of four different methods of quantification is shown in Fig.9.1.1.3. A
“phantom” chromatographic plate with increasing amounts of radioactivity (0.25, 1.0,
4.0, 16.0, and 64.0 kBq) spotted at exact intervals was measured by: A. linear analyzer,
B. conventional scanner, C. cut/measure, and D. ionization chamber (Capintec). The
highest sensitivity was achieved with A. and C., the best resolution with B. and C.
Using the ionization chamber indicated low detection efficiency of radioactivity below
20 kBq (peaks 1, 2, 3, and 4).

Linear analyzers and conventional TLC scanners are standard equipment in nuclear
medicine. These instruments offer high detection efficiency and resolution characteris-
tics combined with speed of analysis, which is required for the analysis of short-lived
radiopharmaceuticals.

Electronic Autoradiography. New methods have been developed with the aim of re-
placing the time-consuming film autoradiography. Two different systems, the so-called
phosphor imagers and the microchannel plate analyzers, are currently available for
quantifying TLC plates, ITLC, or paper strips. While phosphor imagers require two
steps for quantification of an autoradiogram (exposure and “development”), microchan-
nel plate analyzers provide a direct measurement of radioactivity. The main advantages
are a short analysis time, high sensitivity, a broad dynamic range, system stability at
high radioactive concentrations, online two-dimensional imaging, direct quantification
of radioactivity, and detectability of all radionuclides used in nuclear medicine. A de-
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' Front

' Start

System A System B

Fig. 9.1.1.4. Electronic autoradiogram of two ITLC-SG strips showing the radiochemical purity of
9™Tc-diethylene triamine pentaacetate (DTPA) in two solvent systems: A MEK: **™Tc-DTPA re-
mains at the start, B MeOH (80%): **™Tc-DTPA moves with SE Strip dimensions: 1.5x10 cm. (In-
stant Imager, Canberra Packard, acquisition time: 60 s)

tailed description of such a system (Instant Imager, Canberra Packard) for radiophar-
maceutical applications is described in (Decristoforo 1977). Figure 9.1.1.4 shows an
electronic autoradiogram of the radiochemical purity of **™Tc-diethylene triamine pen-
taacetate (DTPA). These instruments offer a wide range of radioanalytical applications
besides radiochemical purity determinations, yet the high cost may limit their use in
nuclear medicine.

9.1.1.7 Summary

The determination of the radiochemical purity in nuclear medicine may be performed
with little expenditure of material.
Minimal equipment for routine determination of the radiochemical purity with TLC:
e Two chromatographic chambers for small volumes or laboratory beakers (about
100 ml size, 10 cm high), foil or lid for covering the beakers
e 1 ml syringes, fine needles (25 gauge), gloves
o Small flasks for solvents (MEK, saline, etc.)
e Chromatographic plates:
- ITLC-SG plates (Gelman No. 61886, 2020 cm, cut into strips [1.5X10 cm])
- Paper (Whatman 3MM No. 3030861, 20x20 cm, cut into strips [1.5x10 cm])
Pencil for marking the strips, color pens
Scissors for cutting
Plastic tubes for the measurement of the segments
Ionization chamber

For handling of radioactive samples, only single-use materials should be used in order
to minimize the risk of contamination of the sample and the staff. The TLC analysis
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should be performed in an area of the hot lab with a low probability of contamination
from other working procedures. If possible, a separate working area should be used.
There should be a place with adequate ventilation (hood) for drying the strips after de-
velopment in organic solvents (MEK, ethylacetate, etc.).

The determination of the radiochemical purity of radiopharmaceuticals by ITLC re-
quires an experienced operator to produce accurate results. Quality control should be
performed daily and not on demand, when abnormal distribution or poor image quali-
ty is reported.
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9.1.2 Column Chromatography

F. Rakids and J. Imre

Column chromatography, or liquid chromatography, is a separation method by which a
9¥™Tc pharmaceutical is resolved into its components when passed through a chromato-
graphic column with a mobile phase (solvent). Interaction of the sample with the sol-
vent and the column matrix is affected by solubility, electrostatic forces, and charge, re-
sulting in the retention of components on the chromatographic column and separation
of impurities. Physical and chemical forces include van der Waal’s, dipole, hydrogen
bonding, dielectric, and electrostatic interactions, which cause separation of compo-
nents with different physicochemical properties.

Several separation methods were derived from liquid chromatography, depending on
the choice of the stationary phase and the solvent used for a particular compound, i.e.,
adsorption chromatography, partition chromatography (normal or reversed phase),
ion-exchange chromatography, ion-pair chromatography, gel-permeation chromatogra-
phy, and affinity chromatography.

For *™Tc-labeled pharmaceuticals, the most frequently used separation techniques
are gel permeation chromatography at low pressure, and high-performance reversed-
phase, ion-pair, ion-exchange, and size-exclusion chromatography.

9.1.2.1 Limitations of Liquid Chromatography
for Quality Control of °°™Tc Pharmaceuticals

In planar radiochromatography (thin-layer chromatography), the detection of the com-
ponents of any **™Tc pharmaceutical is performed directly on the chromatographic
plate; thus, the total applied **™Tc activity — theoretically all **™Tc constituents — can
be determined, depending on sample and the system performance.

In the case of column chromatographic techniques, the separated **™Tc impurities
are detected indirectly, after separation, accepting incomplete sample recovery. Some
components of a **™Tc pharmaceutical remain on the column. In fact, reduced, hydro-
lized **™Tc activity is commonly retained on the column.

Since determination of radiochemical purity relies on the complete recovery of all
constituents of a *™Tc pharmaceutical applied to the column, calculations based on the
peak area of eluted components will overestimate the value of radiochemical purity.

The retention of **™Tc radiocolloid has been determined indirectly by comparing
the precolumn and postcolumn **™Tc activity, using two detection loops. However, this
method depends on the accurate calibration and validation of the system.

Trapping of reducing tin(II) salts (in colloidal form) in the pores of the column ma-
terial has also been observed to affect radiochemical purity, because the pertechnetate
content in the subsequent samples will be reduced, providing false values.

These problems exclude conventional column chromatography from routine use for
quality control; however, application of minicolumns has offered an alternative to thin-
layer chromatography in the cases of °”™Tc-hexamethylpropylene amine oxime
(HMPAO) and others, discussed in the respective monographs (Part 2).
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Because of its high resolving capacity, conventional liquid chromatography is an ef-
ficient tool in research, when analysis of chemically similar byproducts (secondary, ter-
tiary, etc., complexes), metabolites or products resulting from radiolysis, is required.

9.1.2.2 Gel Permeation or Size-Exclusion Chromatography

This method is based on the accessibility of the pores in the stationary phase for
9™ labeled molecules of different molecular sizes. The sample is eluted from a verti-
cal column packed with porous beads of the gel by gravity or low pressure. Smaller
o™Tc species penetrate the pores and are retained on the column, while larger mole-
cules are excluded and are therefore rapidly eluted from the column. This separation
technique has particular application for macromolecules, proteins (serum albumin, im-
munoglobulins [e.g., monoclonal antibodies and their fragments]), but has also been
used for separation of small-molecular-weight **™Tc-diphosphonate complexes.

Quantification was performed by external scanning of the column and analysis of
the activity profile of the retained **™Tc compounds (mercapto complexes, diphospho-
nates, etc.), using a modified thin-layer scanner.

Several types of gel column filling material are available (e.g., Sephadex, Sepharose,
etc.).

9.1.2.3 High-Performance Liquid Chromatography

J. Imre

High-performance liquid chromatography (HPLC) provides faster separation and high-
er resolution of the eluted components of a **™Tc pharmaceutical than does the con-
ventional column chromatography. While in column chromatography the mobile phase
passes through the stationary phase by gravity or low pressure, in HPLC the mobile
phase is pumped through the column by high pressure up to 6000 psi (~400 bar).

HPLC Instrumentation. The schematic diagram of a radio-HPLC system can be seen
in Fig. 9.1.2.1.
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Fig. 9.1.2.1. Components of a radio-high-performance liquid chromatography (HPLC) system
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Table 9.1.2.1. Modified silica packing materials with chemically bonded phases

Type of modification Application

The Eluent Delivery Pump. HPLC pumps deliver the mobile phase from the reservoir
to the column. Mainly double piston-actuated pumps accurately deliver solvent over a
broad range of flow rates (0.1 pl/min-20 ml/min). Gradient elution (flow rate or com-
position) can be used in HPLC separations where the use of only one mobile phase
(isocratic separation) would not have achieved adequate resolution.

The Sample Application Unit. In the case of radio-HPLC, the more useful system is
the injector valve with a sample loop of desired volume, allowing safe filling of the
9mTe sample.

HPLC Column. In HPLC, a number of chromatographic techniques are readily available.
Highly efficient HPLC columns contain small particles of less than 10 pm in diameter
(greater than 20 um for preparative HPLC), tightly packed into 100 to 300 mm length
and of small internal diameter (2-5 mm) glass or steel tubes, and the result is good sample
resolution and narrow peaks that elute from the column. Columns with high resolving ca-
pacity are now commercially available (Table 9.1.2.1) and can be used for several times.

Packing Materials. Packing materials include modified silica with chemically bonded
phases, e.g., nonpolar groups — dimethyl, butyl, octyl, octadecyl, and phenyl; and polar
groups - amino (NH,), cyano (CN), nitro (NO,) dimethylamino [N(CH3),], and alkanol
(OH). Quaternary ammonium facilitates basic anion exchange, and sulfonic acid the
acidic cation exchange, offering separation conditions for a vast variety of chemically
different compounds. The use of prefilters and guard columns may considerably im-
prove the life span of a column.

Radioactivity Monitor. The homemade detector systems — where the detector loop is
placed into a well-type scintillation detector - are frequently used (De Groot et al.
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1986a; Nunn and Fritzberg 1986). Most commercially available radioactivity monitors
use flow cells positioned between two photomultipliers with high counting efficiencies.
The signal pulses from the photomultipliers are measured in coincidence to suppress
noise. The signals are amplified and are then usually subjected to various data proces-
sing, integration, etc.

HPLC Applications for ®™Tc Pharmaceuticals. Examples of typical applications of
HPLC for separation of **™Tc-labelled species are shown in Table 9.1.2.2. The most fre-
quently used HPLC techniques (Hnatowich 1986; Millar 1989) are reversed-phase parti-
tion chromatography for nonpolar or weakly polar components of **™Tc pharmaceuti-
cals (HMPAO [Hung et al. 1988; Neirinckx et al. 1987; Weisner et al. 1993], monoden-
tate methoxyisobutyl isocyanide [MIBI; Carvalho et al. 1992; Hung et al. 1991], mer-
captoacetyltriglycine [MAGs; Brandau et al. 1990; Coveney and Robbins 1987; Millar et
al. 1990; Shattuck et al. 1994], tetrofosmin [Cagnolini et al. 1998; Graham and Millar
1999; Kelly et al. 1993], iminodiacetic acid [IDAs; Fritzberg and Lewis 1980; Nunn
1983; Nunn et al. 1983], peptides [Vallabhajosula 1986; Zinn et al. 2000], etc.), ion-pair
(both ionized and less polar constituents: pertechnetate, diphosphonates; De Groot et
al. 1986b; Hoch and Pinkerton 1986; Huigen et al. 1988; Nieuwland et al. 1989; Tanabe
et al. 1983, etc.), ion-exchange (ionized forms: pertechnetate, diphosphonates, etc.), and
size exclusion chromatography (separation based on molecular size: diphosphonates,
human serum albumin [HSA; Vallabhajosula et al. 1982], and antibodies and their frag-
ments [Hnatowich 1986], etc.).

Since HPLC is nondestructive, it can also be used as a preparative technique. The
fraction containing the **™Tc pharmaceutical is formulated and applied in the clinic.

Reversed-Phase Chromatography. At acidic pH, octadecylsilane (ODS or C-18)-
coated silica particles are frequently used as a stationary phase, although polymer-
based columns (PRP-18) are also popular because of their wider operating pH range
(1.0-13.0). The used mobile phases are polar solvents such as water, which is mixed
with varying concentrations of miscible organics (e.g., methanol, acetonitrile). Solvent
strength can be varied by changing the composition ratios of the mobile phase.

lon-Pair Chromatography. A number of **™Tc complexes are ionized by deprotona-
tion at higher pH. It is possible to separate both ionized and nonionized **™Tc species
using reversed-phase chromatography. Ionic charges can be suppressed by manipula-
tion of pH or by the use of an ion-pair reagent. The preferred ion-pairing agents are
quaternary ammonium compounds (tetrabutyl ammonium, dodecyltrimethyl ammo-
nium, etc.) for the analysis of anionic **™Tc complexes, and N-alkyl sulfonates for
HPLC of cationic *™Tc compounds dissolved in a solvent similar to that used in re-
versed phase method.

lon-Exchange Chromatography. In the case of **™Tc pharmaceuticals typically weak
anion (e.g., amino-modified silica) or cation exchangers are used. The resolution can
be affected by the ionic strength and pH of the buffered mobile phase, and gradient
elution might be required to hasten elution.

Gel Permeation Chromatography. *™Tc-labeled proteins on polymer-based column
packing can be purified from precursor reagents and unbound radiolabeling. The first
eluted macromolecules are separated according to their size from the smaller molecules.
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Table 9.1.2.2. High-performance liquid chromatography (HPLC) separation methods applied to
99™Tc pharmaceuticals

Radiopharma- Column Isocratic/ Solvent(s) Reference
ceutical Gradient
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Table 9.1.2.2 (continued)

Radiopharma- Column Isocratic/ Solvent(s) Reference
ceutical Gradient

HMPAO hexamethylpropylene amine oxime, MIBI monodentate methoxyisobutyl isocyanide, MAG;
mercaptoacetyltriglycine, MDP methylenediphosphonate, EHDP etidronate, IDA iminodiacetic acid,
HSA human serum albumin, TFA trifluroroacetic acid

The use of a dual detector system, which is a radioactive monitor with a UV detector
working at 280 nm, is practical. The mobile phase is usually buffered water.

There is a small-scale version of column chromatography that can compete with the
planar chromatographic techniques for routine analysis of certain *™Tc pharmaceuti-
cals. A small-sized tube or syringe is packed with appropriate stationary phase, form-
ing a short-bed column. Several types of filling material can be used: reversed-phase
packing (e.g., C18-modified silica for separation of °°™Tc complexes of hepato-
iminodiacetic acids ([HIDAs], MIBI, HMPAO, MAGS3, etc.), preswollen gel (e.g., Sepha-
dex for gel filtration of 99mTe Jabeled HSA, immunoglobulin [HIG, monoclonal anti-
bodies]) or aluminium oxide (for adsorption of anionic pertechnetate from inert 99mTe
complexes). The **™Tc-sample is applied onto the top of the short bed and eluted with
a small amount of solvent. The elution may be performed even in a plastic syringe.
The separation is fast and simple, and the activity retained on the column or of the
collected fractions is measured in an ionization chamber; thus, higher amounts of
radioactivity of **™Tc label may be used than in the case of the planar method. The re-
sults depend on the column performance, affected by the tightness of packing and the
flow rate; therefore application of standardized, prepacked columns is suggested (e.g.,
Chromabond, SEP-PAK) at optimal elution speed.
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Gy. Janoki

Electrophoresis is widely used in the separation of inorganic ions and different classes
of molecules. The physical principle underlying electrophoresis can be stated as: Parti-
cles carrying an electric charge are accelerated when placed in an electric field; this
driving force is very rapidly balanced by the friction forces arising in the medium;
from that moment, the particles move at a constant speed proportional to their charge.
Electric charge carried by molecules originates either from dissociation or from selec-
tive adsorption. For polyelectrolytes such as proteins, dissociation of the acidic groups
COOH or NHj constitutes the principal source.

The electromigration rate is directly related to the charge and inversely related to
the ionic radius of the complex being separated. It means that the direction of migra-
tion of cationic species is toward the cathode while the migration of the anionic species
moves toward the anode.

Electrophoresis has been used for quality control of certain radiopharmaceuticals
(Belkas and Archimandritis 1979; Pauwels and Feitsma 1979). Paper electrophoresis has
been applied successfully for the determination of the relative charge on some **™Tc
complexes.

HPLC, TLC, and ITLC analysis methods available today are more convenient and repro-
ducible than electrophoresis. Despite this, electrophoresis continues to be used as a re-
search tool in radiopharmaceutical studies. The reason for this is that electrophoresis gives
information on the charge of **™Tc complexes that cannot be easily obtained by other tech-
niques. From the standpoint of determining whether a specific radiolabeled complex is
anionic, cationic or neutral, electrophoresis is the best technique currently available.

In addition, polyacrylamide gels (PAGE) are used as supports for protein and
macromolecular electrophoresis including radiolabeled antibodies and other proteins
(Wieme 1965).
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9.2 Determination of Tin(ll)

F. Rakids

Radiopharmaceutical kits for labeling with *™Tc eluate contain tin(II)-ion for reduction
of sodium pertechnetate to lower valency states, which are chemically reactive. Tin(II)
salts are easily oxidized, even by the oxygen in air. Certain chemicals are also assumed
to enhance the oxidation of tin(II) to tin(IV). Therefore, determination of tin(II) in radio-
pharmaceutical kits is an important aspect of quality control.

Classic methods for the determination of tin(II) include the titration with an iodine
standard solution, or absorption measurements by spectrophotometric analysis. Both
methods have considerable disadvantages for the determination of tin(II) in radiophar-
maceutical kits (Rakids and Zolle 1997).

A new spectrophotometric analysis of tin(II) and tin(IV) in the same matrix was de-
veloped by Rakids et al. (unpublished results); however, the disadvantages of sample
preparation and the slow formation of a colored complex for absorption measurements
led to the investigation of other methods.

Pulse polarography has been investigated because of its speed and high selectivity.
Thus, square wave voltammetry has been extended to the measurement of microgram
amounts of tin(II) in radiopharmaceutical kits.

Pulse polarography has offered considerable advantages for the determination of the
tin(II) content in a number of radiopharmaceutical kits (Rakias et al. 1988). Square
wave voltammetry shows a considerable increase in sensitivity, suitable for the mea-
surement of very small (microgram) amounts of tin(II), as used for the reduction of
99™Tc Na-pertechnetate when labeling radiopharmaceuticals.

Two kits manufactured by NCPH-“Fredric Joliot Curie” National Research Institute
for Radiobiology and Radiohygiene were examined. TromboScint and LeucoScint differ
simply by the fact that LeucoScint contains twice the amount of active ingredients, i.e.,
0.18 mg HMPAO and 2.28 g tin(II). LeucoScint is used for labeling leucocytes, and
TromboScint is suitable for labeling platelets.

For the determination of tin(II) in kits an EG & G polarographic analyzer (model 384)
with a static mercury drop electrode (model 303) and a cabinet reference electrode was
used. Model 384 is a microprocessor-based polarographic analyzer with built-in floppy
disk memory to store and recall analytical curves. By controlling each step of the analysis,
the microprocessor automates polarographic and voltammetric measurements. All experi-
mental parameters may be chosen by the operator. Concentrations are computed automa-
tically and recorded in the range from 0.001 ppb to 9999 ppm.

Square Wave Voltammetry of Tin(ll) and Tin(IV). Deoxygenated 1 N hydrochloric
acid plus 4 N ammonium chloride buffer (1:1, v/v) was used as an electrolyte. Sample
solutions were prepared by dissolving one kit in the same buffer and adding to the
electrolyte solution; recording was started from 0.0-0.6 V.

The tin(IV) maximum appeared at -0.25 V, and the tin(II) maximum at -0.45 V, as
the second peak. If only 1 N sulfuric acid is used as an electrolyte, tin(II) may be de-
tected selectively at —0.45 V.

The method was validated, and the following parameters were examined.
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Linearity of the Instrument. To identify the highest amount of tin(II) that can be mea-
sured with a linear response, increasing concentrations of tin(II) up to 5 mg/ml were ana-
lyzed.

Linear regression analysis of the data (Booster 1982) showed a correlation coeffi-
cient >0.999, indicating linearity of measurements over a wide range of concentration.

Precision of the Method. Measurements were performed with ten samples of each Kkit.
In the case of TromboScint, the average value of Sn(II) was determined as 1.138 pg/kit
(theoretically, 1.14 pg Sn(II)/vial) with a standard deviation of 0.050 pg and a coeffi-
cient of variation of 4.39%.

In the case of LeucoScint, the average value of Sn(II) was calculated as 2.263 pg/kit
(theoretically, 2.28 pg Sn(II)/vial), with a standard deviation of 0.089 pg and a coeffi-
cient of variation of 3.93%.

Effect of Sample Volume. Since the vials were filled with 1.0 ml of the dissolved kit con-
tent in the production department, there might have been a variation in the amount of
tin(II) actually added in this volume. Therefore, the precision of the method by analyzing
ten matrix samples to which a homogenous solution of tin(II) chloride containing 1.14
and 2.28 g of tin(II), respectively, were also investigated. When these known concentra-
tions of tin(II) were analyzed together with the matrix samples, the results were identical
excluding a volume effect. A recovery between 92.10 and 106.14% was observed. The aver-
age value of Sn(II) in the case of TromboScint was 1.139 ng/kit, with a standard deviation
0f 0.048 and a coefficient of variation of 4.21%. In the case of LeucoScint, the average value
of Sn(II) was 2.266 ng/kit, with a standard deviation of 0.062 and a coefficient of variation
of 2.73%.

Selectivity. Although it is stated in the literature that Sn(IV) does not interfere with
the measurement of Sn(II), experimental proof adding 2 ng of tin(IV) to the test solu-
tion was obtained. When no tin(IV) was added to TromboScint, the average value of
Sn(II) was determined as 1.141 pg/kit, with a standard deviation of 0.068 pg and a
coefficient of variation of 5.96%. With tin(IV) added to TromboScint, the average value
of Sn(II) was determined as 1.126 pg/kit, with a standard deviation of 0.055 pg and a
coefficient of variation of 4.88%. Values demonstrating no interference by Sn(IV) were
also shown for LeucoScint.

Based on the above-cited results, square wave voltammetry is suitable for the mea-
surement of microgram amounts of tin(II) in radiopharmaceutical kits, with high accu-
racy (>99%). Impurities causing oxidation to tin(IV) have been shown to have no ef-
fect on the recovery. Based on the obtained data, square wave voltammetry has been
shown as a reliable and highly sensitive method for the determination of tin(II) in
radiopharmaceutical kits.
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9.3 Sterility Testing of Radiopharmaceuticals

S.R. Hesslewood

It is an integral feature of good manufacturing practice that radiopharmaceuticals for
injection that are required to be sterile are prepared under conditions that exclude mi-
crobial contamination of the product. There is a higher degree of assurance of sterility
of products that are terminally sterilized in their final container than for those that are
prepared by aseptic technique. The majority of radiopharmaceuticals in current clinical
practice fall into the latter category, and a sterility test is the only analytical method
available to demonstrate the absence of microbial contamination. However, the use of
commercially available sterile products and starting materials (e.g., kits) with market-
ing authorization is an important feature in avoiding problems with lack of sterility.

A test for sterility is laid down in the European Pharmacopeia for all parenteral
products, and two techniques for testing are described, either membrane filtration of
the product with subsequent incubation of the filter in suitable culture media (which is
the preferred technique), or direct inoculation of the product into the culture medium,
followed by incubation at the appropriate temperature for the specified time. Suitable
media are described in the European Pharmacopeia; although, it is also recognized that
other media may be used. In every case, however, it is necessary to demonstrate that
the medium is capable of supporting the growth of microorganisms both in the pres-
ence and absence of the material to be tested.

There are specific difficulties in applying the test as written, particularly for radiophar-
maceuticals based on technetium-99m, and these difficulties are acknowledged in the
general pharmacopeial monograph on radiopharmaceuticals.

First, the batch size of products is often small, and in the case of a technetium prod-
uct prepared in a hospital or clinic, may consist of only a single vial with a total vol-
ume of less than 10 ml.

This makes it impossible to follow the European Pharmacopeia requirements for the
number of containers to be tested (10% or 4, whichever is the greater), without prepar-
ing extra vials of the product specifically for the test, which is economically unrealistic
and also imposes an additional radiation burden on to the operators. There are also
problems with the volume of the product available for testing. The European Pharmaco-
peia states that if the quantity in the container is between 4 and 20 ml, which is com-
mon for technetium products, 2 ml should be used for each culture medium being
tested. If followed strictly, this would mean a large reduction in the volume of material
available for patient use.
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Second, the radioactive nature of the product imposes handling difficulties in per-
forming the test, since quality control departments may not have the necessary facil-
ities for handling radioactive materials, and radiopharmacy departments may not be
suitably equipped to perform sterility testing.

One method to avoid these problems would be to let the product decay for a suffi-
cient period of time to allow the level of radiation emitted to fall to a suitably low level
to facilitate handling. However, there is published evidence to suggest this technique
will decrease the sensitivity of the test, since the number of any viable organisms in
the preparation may decrease on storage (Brown and Baker 1986; Stathis et al. 1983;
Wind 1985). It is therefore always necessary to perform a sterility test as soon as possi-
ble after preparation of the radiopharmaceutical.

Finally, it is recognized that for short-lived radiopharmaceuticals, the long incuba-
tion time of the culture media (7 days for the membrane filtration technique, 14 days
for direct inoculation) means the result of the sterility test cannot be available before
the product is used. In these situations, the test constitutes a control of production
techniques and will give valuable information about their suitability.

In view of the difficulties in applying the European Pharmacopeia test, many variations
have been adopted. Whatever the technique used, it is essential to perform a validation
to ensure that it would be able to detect the presence of any viable microorganisms in
the sample.

If following the European Pharmacopeia test, it is often easier to perform the direct
inoculation technique. It is suggested that the remnants of a technetium vial are di-
vided equally between two suitable culture media as soon as possible after expiration
of the radiopharmaceutical. The inoculated media should then be incubated for not less
than 14 days at 20-25°C for media being used to detect fungi, or 30-35°C for those
used in the detection of bacteria. Depending on the level of radioactivity present,
shielding of the culture media may be necessary during some or all of the incubation
period. When macroaggregates or microspheres are being tested, it may be necessary
to perform a subculture at the end of the incubation mixture, since, dependent on the
volume used in the test, the radiopharmaceutical itself may produce turbidity in the
culture medium that may be indistinguishable from bacterial growth.

The membrane filtration technique is technically more elaborate and requires that
the radiopharmaceutical under test, after aseptic dilution, is passed through a mem-
brane filter with a pore size of 0.45 m, which has been moistened with a sterile nutri-
ent diluent. After filtration, the membrane is either transferred to a suitable culture me-
dium or aseptically cut into two equal parts and one half placed in each of two suitable
media. Incubation at the appropriate temperature is required for at least 7 days.

An alternative - although unofficial - technique that has been used is the addition
of an equal volume of double-strength culture medium directly to the remnants of the
vial of radiopharmaceutical immediately upon its expiration. The advantages and dis-
advantages of this technique are summarized in Table 9.3.1.

In order to make the test more meaningful, it is necessary to rotate the culture media
used and ensure that each product prepared is at some stage tested with each culture me-
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Table 9.3.1. Sterility testing with double-strength broth

No delay in testing Sample size variable

Can be performed in radiopharmacy Only one culture medium can be used

Container can be easily shielded Not officially recognized

No dilution of culture medium below Not applicable if preservatives need to be diluted
normal strength out

dia used. After incubation for 14 days, the result is obtained by observing the culture me-
dium for turbidity. A positive control can then be performed by inoculating one of the test
organism described in the European Pharmacopeia directly into the vial. Again, it is nec-
essary to ensure the test organisms are used in rotation for each product.

It has already been stated that the results of a sterility test are necessarily retrospective
and as such, constitute a control of production processes within the radiopharmacy de-
partment rather than forming a part of a release procedure for individual products.
Sterility testing of every batch prepared, although ideal, is unrealistic in practice. The
testing program should ensure that, at some stage, all different types of product pre-
pared are tested on a regular basis. At least one batch should be tested every week. In
addition, it is recommended that the remnants of the first eluate of each technetium
generator and the final unused eluate should be tested.

9.4 Pyrogen Testing of Radiopharmaceuticals

The European Pharmacopeia requires certain radiopharmaceuticals, mainly of biologi-
cal origin, to comply with a test for pyrogens, which are substances generally arising
from bacteria that are capable of inducing fever. The British Pharmacopeia general
monograph on parenteral products states that compliance is necessary for preparations
where the volume in a single injection exceeds 15 ml or is less than 15 ml, but where
the label says the product is apyrogenic. The test consists of measuring the rise in
body temperature in rabbits, following intravenous administration of the substance
and in order to pass the summed response from three rabbits must not exceed 1.15°C.
The Pharmacopeia also considers that for some products it may be necessary to allow
decay to take place before testing in order that hyperthermia that may be due to the
radioactivity of the product is avoided. In view of the sophisticated facilities required
for the test and the fact that volumes of radiopharmaceuticals administered are hardly
ever above 15 ml, this test is not carried out in hospitals or clinics. If necessary, sam-
ples can be submitted to specialist laboratories for testing, although it is most unlikely
that this will take place routinely. For short-lived materials, the results are inevitably
retrospective to the use of the product, which limits its usefulness.

For some products, a direct measurement of the level of bacterial endotoxins in the
preparation is required. The test uses a lysate of amoebocytes from the horseshoe crab,
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Table 9.4.1. Products in the European Pharmacopeia with endotoxin limits

Product Endotoxin limit (units ml™")

MIBG metaidobenzoguanidine
? V maximum recommended dose in milliliters

Limulus polyphemus, and is often referred to as Limulus amoebocyte lysate (LAL) test.
It depends on the fact that endotoxins will produce turbidity, precipitation or, more
commonly, gelation of a solution of the lysate within a period of approximately 1 h.
The test is described in detail in the European Pharmacopeia and requires the perfor-
mance of control experiments to demonstrate the sensitivity of the lysate using at least
three dilutions of an endotoxin standard. It is also necessary to show that the product
under test does not contain substances that interfere with the sensitivity of the test. Re-
agents for performing the test are commercially available and in view of the time scale
required, can be used prospectively for short-lived radiopharmaceuticals, although tech-
nical expertise in performing the test is essential to avoid obtaining misleading results.
Products in the European Pharmacopeia for which a bacterial endotoxin test is speci-
fied are listed in Table 9.4.1, together with the limits for bacterial endotoxin laid down
in the monographs. This limit is the maximum allowable endotoxin concentration in
units per ml. The United States Pharmacopeia prescribes for a wider range of radio-
pharmaceuticals, including those based on positron emitters. The maximum limits pre-
scribed are the same as in the European Pharmacopeia.

It is known that endotoxins are approximately 1000 times more toxic following in-
trathecal as opposed intravenous administration and this is recognized in the pharma-
copeial monographs for products used intrathecally (e.g. Indium In'''-pentetate) since
the maximum amount of endotoxin allowed is lower than for intravenous products.

The use of commercially available products with marketing authorization that have
been tested by the manufacturer will remove the need for routine determination of en-
dotoxins. However, testing should be considered if it is thought that a particular prod-
uct may be giving rise to problems.

When products are prepared totally within a hospital from raw materials, the hospi-
tal assumes responsibility for their safety, quality, and efficacy. In these situations, each
batch of a product, especially those intended for intrathecal administration, should be
tested.
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