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enerally, radionuclide generator consists of a longer-lived parent that
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the parent. Within the generator, the short-lived daughter radionuclide is continually

formed by decay of the parent. The most successful and widely used generator system



in use today is the ®Mo/®™Tc generator.

The *Mo/®™Tc generator system consists of a glass or plastic column filled
with Alumina (Al,O,). The eluent isnormal saline solution. The Mo used to load
the column is fission-produced allowing for greater, specific activity (> 370 TBq/g
or 10* Ci/g) and corresponding decrease in colimun bed material (Molinski, 1982).
This lessens the chance of Mo breakthrough and allows elution with a small volume
of saline. Mo _preducedsby neutron bombardment contains a high percentage of
carrier free Mo (8pecifi€ activity ~370 GBq/g or 10 Ci/g). Thus, more alumina is
needed for the column, and consequently; ;hore lead is required for shielding. This
results in variable column performance (Theobald, 1989). With fractional elution of
Mo produced by neutron bembardment, the same high specific concentration of
%mTc can usually be achieved (Harbert and Da:Rocha, 1984). For ®"Tc eluted from
either fission or cyclotron preduced “Mo, the rﬁlzljor radionuclidic impurity is *Mo

itself.

3. Technetium Chemistry

The coordination chemistry of technetium is complicated by the case with
which (itscan move from one oxidation state“to another (Deutsch et al:, 1983). Given
any new'ligand and/or new set of reduction/coordination condition, it is often difficult
topredict which oxidatiom:stateyof technetium will be, result. /[Generally; techinetium
chemical properties are very similar to those of manganese. Technettum has the
valence states +7, (+6), (+5), +4, (+3) (Balaban, 1986). In fact, all oxidation

numbers from 0 to +2 have been reported (Deutsch et al.,1983). The (+3), (+6),
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(+5) state of technetium are unstable in solution, which tend to form compounds in
stable valence states (+7 and +4) (Balaban, 1986).

Technetium Tc 99m eluted from & generator is pertechnetate **"Tc0,"), with
concentration of 107 to 1 " 7 \ .' ‘ : The incorporation of *™Tc in
organic compounds inva Vt ‘. &rom the valence state (+7)

to lower valences (54 is purpose SnCl, is used as reducing agent

technetium following
reduction of perteghnetafe, including the na “reductant and ligand (the anion of
the organic compound vich ‘ ‘lh ound),pH and temperature
(Balaban,1986; Sampso 20) : be incorporated in the valence form
(+5) and in other cases as | - : reduc technetium occurs as a sequence
of reactions follo on. | ve
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Technetium Tc 99m Succimer Injection

1. Succimer

Succimer (meso- id ; DMSA ; DMS) is a kind of
water soluble chelating ¢ as _molecular formula of

HOOCCH(SH)C nolecular weight 0f 182,21 (The Merck Index, 1989)

‘of Succimer.
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anol is a white crystal, melting point

ff.-‘""f'gﬂ,a 2/ _
of 192-194°C. The LDS50 (intraperitoneal) more..than 3,000 mg/kg

(Friedheim a *, ________ )75) :
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2. Generall‘,Propertles of Technetlum 99m Succimer Injection
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1mag1ng gent. Succimer itself has been use as an antldote of heavy metal pmsomng

q ]n@l Qenngan and y cjﬂ label:nguccuner or ;-J] @mﬂ

by mixing *"TcO, with an equal part of a solution of 1 mM SnCl, (0.19 mg/ml) and

3 mM DMSA (0.547 mg/ml) and injected intravenously to the dog. The study in dog
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showed that in vivo kinetics mimic that of 2*Hg-Chlormerodrin (a kind of
radiolabeled diuretic agent useful for imaging of renal cortical morphology). Since
then, this complex has been use as a renal imaging agent. Technetium 99m succimer
injection is the agent of choice for staticsrenal scintigraphy (Bingham and
Maisey.,1978; De Lange et.al.,1989),especially om-the study of scarred kidneys
(Merrick, Uttley and Wild:; 1980; Mackenzie,1990). The most widespread use of *™Tc
DMSA scanning is'in thesassessment and serial follow up of patients with diseases
that are liable (0 destroy the cortex progressively. These include chronic
pyelonephritis, tuberculesis, obstructive nephropathy from any cause. Careful
comparison of the total counts over both kidneys provides a good working estimate
of the proportion of renal function‘derived from each kidney (Sutton,1987).
Despite its frequent use,little is known about the mechanism of uptake in
the kidney. It has been shown-that the tracer is concentrated in the proximal tubular
cells of the kidney (Willis et.al.,1977). #"Tc DMSA could enter.the proximal tubular
cell either by |glomerular filtration and subsequent teabsotption or by direct uptake
from the peritubular capillaries. Autoradiography study in rats shows that *™Tc
DMSA concentrates_in the renal tubules, proximal and distal with little activity going
to the rénal medulla, the glomeruli collecting tubules and blood vessels. Studies of
subcellular distribution of *™Tc DMSA show that the complex penetrates the kidney
cells: It 1s bound ‘mostly ‘to, soluble ¢ytoplasmic proéteins 'and iitochondria and to a
lesser extend to microsomes and nuclides (O’Reilly, Shields and Testa, 1986). Work
performed in rats demonstrates that at one hour after injection 54% of the dose is

localized in the kidney, 7% in the urinary bladder, 5% in the liver and spleen and
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19% in the blood (O’Reilly et.al.,1986).

Due to its high level of cortical renal fixation it is a very useful agent for

imaging the renal parenchyma with ne rence from pelvicalyceal activity. Good
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any attempts have been made to determme the chemical state of ¥™Tc-
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Kurata.,1976) proposed that various "Tc-DMSA were probably formed and one of
these **™Tc-DMSA complexes concentrated in the kidney. Their experiment using

carrier technetium showed that when adding Sn(II)-DMSA (molar ratio 1:3) to the
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excess *"Tc solution, a yellow Tc-DMSA complex with a maximum absorbance at
390 nm was obtained and this complex was stable for at least 24 hours. In case of

large excess of Sn(II)-DMSA, a p eliCQ plex (complex II) with a maximum

absorbance at 520 nm wa ned, 2 ‘, y ance increased with time. The
diagram showing the formation of ible MSA complexes is shown

in figure 2.

Furthe ; aied " ¢ highest kidney uptake

and maximum absorbances

—
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Formation of Tc-Succimer complexes -- In the Tc-DMSA complex
formation process, two major types of complexes, Sn(II)-DMSA complexes and Tc-
DMSA complexes, are involved. From the study of Ikeda et al.(1976), Sn(II)-DMSA
existed as a 1:1 complex in the presence of excess amount of DMSA. However,
various species of *™Te-DMSA complexes wete formed in the presence of 1:1 Sn(Il)
DMSA alone. Thereswas little possibility of the formation of mixed metal complexes
Tc-Sn(II)- DMSAL On the other hand, Krejcarek et al.(1976) purposed that DMSA
formed two distinct complexes with stanngus ion, one at low pH, i.e., 1-4, and
another at a neutral or alkaline pH, i.c., pi{ 7 and above. The complex formed under
acidic conditions when labeled with “™T¢ ;oncentrated in the kidneys while the
complex formed at alkaline pH was more ral-vidly' excreted in the urine. Stoichiometry
of the two DMSA/Sn(II) chelateés was also d‘t;termined. At pH 4 the ratio'of DMSA
to Sn(II) was 2:1 while at pH &t was 1:1. P&entigﬁetﬁc titration of the 2:1 complex
indicates that ene mercapto group per molé of ‘DMSA was inyelved in the chelate.
The 1:1 complex involved two mercapto groups per mole of DMSA.

It has been described previously that excess amounts of Sn(II) are necessary
for the formation of ?™Tc-DMSA complex used as a renal scanning agent. However,
even though the concentration of Sn(il) (1070 10:*M) is ;a large excess over
Te(VII)(TcO,) when a trace amount of TcO,  is used for preparation, the formation
of this’ coniplex ‘does not-always proceed contindously. Tkeda et al/,(1976) have
compared the change of reduction yield of Tc(VII) with percentage *™Tc remaining
at the origin by paper chromatography and kidney uptake in mice. The result showed

that the reduction yield remained constant even though the meolar ratio of
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Sn(II)/Sn(IV) = 0.1, which was indicated that the Tc(VII) was almost completely
reduced to lower valence states. Both Rf = 0 fraction on paper chromatography (part
of renal scanning complex bound to the paper)and the kidney uptake were increased
with increased molar ratio of Sn(II)/Sn(IV). Thisindicated that the formation of renal
scanning complex depended not only on the amount of-Sn(II) but also the molar ratio
of Sn(II)/Sn(IV).
It can be.assumed that many oxidation states are involved in the formation
of Tc-99m succimer complex.. The commercially available kit is formulates at a
slightly acidic pH level. /The swmdy of Ohatfa et al (1988) indicated that when the pH
of the complex formation was raised, a comi)lex was form with much reduced in
renal activity, but demonstrated soft tumor uptake. Westera et.al.(1985) pointed out
that Tc(IV)-DMSA was formed.atdow pH and Tc(V)-DMSA was formed at high pH.
On the other hand, Millar(1989) stated that ]ét pil 3 the kidney imaging *™Tc(III)-

DMSA was obtained.
Factors affecting the formulation of Succimer cold Kit.

1."Reductant

Technetium in aqueous solution can be reduced to lower oxidation state
easily, stherefore (it «€an form”complexesiwith“many, substances.”Wideyranges of
reductants that can facilitate the complex formation are available. The list includes
sodium borohydride, sodium dithionite, sodium bisulphite, formamide, sulphonic acid

and hydrazine (Sampson, 1990). The nature of reductant employed in the formation

018817
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of technetium complex can cause a significant effect on biodistribution of the resultant
complex (Baldas et al.,1982). The choice of reductant can influence the oxidation
state of technetium and the proportion of each form of radioactive components of the
mixture in case a mixture of complexes is.formed. For practical reasons, the
properties of the reduetant such as water solubility, stability, low toxicity, and
effectiveness at roometemperanire should be considered (Salehi, N. 1987). From
these aspects stapnous salts are the preferred reductants for kit formulations, and
without exceptiony, all current conunerciallx availabie cold kits contain a stannous salt
as a reductant.

The importance of an optimal amoﬁﬁt of stannous ion (Sn**) as a reducing
agent in the preparation of *“Te-labeled radiopharmacenticals is widely recognized.
Too small amount of Sw2* will limit reducing capacity , which causes the decrease
of labeling efficiency and the increase of freé 99‘J“’jI‘.c—pertechnetate: impurity; too large
quantity of Sn** may tesult in the formation of *™Te-labeled colloidal impurities
and/or decrease<labeling-efficiency (Hladik-Il"et-al;=-1987).* At neutral pH, St
reacts with water to form colloids or large particles. These colloids and large particles
coprecipitate with reduced technetium as unwanted impurities (Harbert and Da Rocha,
1984).

Solutions containing Sn’* are good reducing agents, in fact, oxygen of the
air ‘Oxidizes Solution'of SH** £0'Sn* 1) unlessisotme metalli¢ \Snis présentad.

Sn metal can be dissolved in 1 M solution of non oxidizing acids. In
practice, however, a hot concentrated solution of HCI is necessary to dissolve Sn

metal. The solution thus formed contains Sn(Il), not as the Sp?* ., ion but as the

(aq)
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chloro-complexes [SnCl,}* or {SnCl,]" . With oxidizing acids such as concentrate
nitric acid, Sn reacts slowly to form the insoluble dioxide, SnO,.

Solution containing Sn(II) salts of strong acid are acidic because of the
hydrolysis of the hydrates So** ions. A 0.L/Msolution of Sn** hydrolyzed to form

insoluble basic salt.

Snii 2 CLa* #,0 » Sn(OH) Clysy + Hiagy * Cliag

The additionsof H* ions prevents the hydrolysis, whereas the addition of
a strong base causes the hydrolysis reaction to proceed further to the right-forming

a white hydroxide pregipitate, which is usually represented simply as Sn(OH),

SnOH g ¢t CHiaqily~4SnOH),

If excess OH ions are ‘added, the‘precipitate Sn(OH), redissolves to form
a complex hydroxo-anion of Sn(ll), usually written as {Sn(OH),]~,,. The hydroxide
Sn(OH), also dissolves in acid to yield the corresponding salts of the Sr** ion, thus,
Sn(OH), is amphoteric (Qualiano and Vallarino, 1969)

Most ¥"Tc "Kits" start with sufficient and usually excess amount of Sn(II).
This reducing capacity may be drastically decreased by a variety of factors including
loss of Sn** during manufacture, deterioration and/or oxidation during storage, and

oxidation during kit preparation.

2. Oxidation
As has been mentioned previously, to bind to most c_helating reagents *™Tc

must be reduced from the +7 valence state of pertechnetate to a lower valence state.
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This reduction is usually accomplished by the stannous ion in the reagent Kit.
Stannous is readily oxidized by atmospheric oxygen to stannic ion, which is no longer
capable of reducing pertechnetate.

Radiolytic decomposition is one of theé important factors that affect the
stability of radiopharmaceuticals. Radiolytic décompesition is a function of total
radioactivity content...The significance radiolytie..decomposition effects in
radiopharmaceuticals'solution are the indirect radiation effects resulting from the
ionization of watep that produce the strong oxidants, hydrogen peroxide and, in the
present of dissolvedioxygen, hydroperoxy iraﬁicals (Thornton, Molinski and Spencer,
1979).

Therefore, the stability of radiopharmaceutical can be prolonged by a
number of tactic that imhibit .oxidation andfor radiolytic decomposition. Since
atmospheric oxygen reduces Stannous ion anci digsiélved oxygen promotes formation
of hydroperoxy. radicals, them miniimizing the exposureof a radiopharmaceutical to
the atmospher¢,-Jimiting-introduction-of air into-the vial;-and purge the solution or
lyophilized kit with nitrogen help minimize oxidation and/or decomposition

(Owunwanne et al.,1977; Mcbride, Shaw and Kessler,1979; Hladik III et al.,1987).

Antioxidant -- The stability of pertechnetate ion is a common problem
which'limits/the postareconstitution shelf lifeof technietiumreold kit; theirreversible
oxidation of complexed technetium to pertechnetate. There are two sources of this
problem. The introduction of oxygen into the vial (previously containing nitrogen as

the only gaseous component) during labeling will start to consume the stannous
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reductant, such that any reoxidation to pertechnetate cannot be reversed. A similar
effect is achieved when patient dose are subdispensed, or held in the syringes, for
a significant period of time prior to patient administration. Stannous reductant may
also be consumed by oxidant formed through self radiolysis within the vial
(Sampsom, 1990).In case where the technetiim-complex is kinetically stable, loss of
reductant will not causesany piactical problem in use of the radiopharmaceutical.
However, kinetically labile ~ complexes need to be stabilized to preserve
radiopharmaceutical purity. While the employment of greater quantities of stannous
salts might be one solution. /

In such case§, antioxidants_have been used to provide radiopharmaceuticals
with greater stability. These materials are believed to compete with stannous salts in
react with oxygen or oxidant, so:conserving the reductant. Antioxidants which have
been used in conjunction with fechnetium cbmi)iéxes include ascorbic acid (Smal,
1984), gentisic acid (Tofe et-al:;1980) and p-aminobenzoic acid.

Ascorbie-acid-is-very-soluble-in-water-and-is-relatively insoluble in ether.
The solubility i 300 mg/ml in water,10 mg/ml in glycerol (Handbook of
pharmaceutical excipients, 1986). Thus, this agent is typically used as reducing agent
in aqueous‘or partially ' aqueous formulations. /The ‘concentration~range used in
pharmaceutical formulations is 0.05-3.0 % (Swarbric and Boylan, 1988). Ascorbic
aciduis~easily, oxidized and jpreferentially mndergo-autoxidation, thus~consuming
oxygen and protecting the drug or eXcipient. Because autoxidation of ascorbic acid
consumes oxygen, it is sometimes referred to as oxygen scavenger. Thus it is

particularly useful in closes system where the oxygen cannot be replaced once it is
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consumed.

3. Lyophilization

Many products of pharmaceutical interest lose their viability in the liquid
state and readily deteriorate if dried in air at nOrinal-atmospheric pressures. In case
of radiopharmaceuticals; 0xidation and hydrolysis are.the most important factors
affecting the stability of ghe formulations. In order to be stabilized, they must be
dehydrates to a solid state. The material to be dried is first frozen and then subjected
under a high vacuum tg heat so that Lhéjjfrozen liquid sublimes leaving only the
solid,dried components of the original liciilidj-This process is called lyophilization,
freeze drying, gelsication or:drying by Js'ublimation. The dried product can be
readily redissolved or resuspended by the addition of water prior to use, a procedure

de i | 4
referred to as reconstitution (Lachman, Lieberman and Kanig, 1986).

Suspending medium -- Suspending medium--generally means all
substances present in the materials other than the active, vital or therapeutic agent.
The purpose of using suspending medium in freeze drying process are to facilitate
freeze |drying,to ‘enhance solubility of the“dry product, "to confer ‘pharmaceutical
elegance and to improve stability.

The ‘suspending dmedium is Sometimes teferred o as/ thé menstiiumi ot the
support material. By implication it is something added to the material which is used
in the course if preparing the material or to stabilize it while held in the liquid state

before freeze drying. More often it is a deliberately formulated substance designed
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to promote successful freeze drying and a stable shelf life. A typical suspending
medium consists of a protective colloid e.g. 5% dextran, 5% sucrose. The 5%
inositol has been used instead of sugar but it does not bind a product together well,
and fragments tend to break off and to be carried away in the stream of water vapor
(Rowe and Snowman, 1976).

Inositol (i-inesitol, meso-inositol, myo-inositol) is a sugar alcohol which has

molecular formulasof C.H{04 molecular weight of 180.16.

Radiopharmaceuti¢al Quality Control

1. Radioactivity

Radioactivity is defined-in the BP 1990 and USPXXII as the number of
nuclear transformations per unit time in a éiven amount of the radioactive
preparation. Radioactivity isfneasured in unit of the beequerel (Bq), equivalent to an
average transfosmation rate of one per second: The becquerel is an inconveniently
small unit for radiopharmaceutical work and the multiple kBg (10° Bq), MBq (10°
Bq), and GBq (10° Bq) are used in practice . The older units of the Curie (Ci,
equivalent to 37 GBq) and'its submultiple'mCi (37 MBq)'and’ #Ci (37 kBq) are still

used in the USA and in many other countries.

Fundamental Decay Law (USPXXII) -- The decay of a radioactive

source is described by the equation:
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in which N; is the number of atom of a radioactive substance at elapsed time
t, N, is the number of those atoms when t = O, and A is the transformation or decay
constant, which has a characteristic value forp€ach radionuclide. The half-life,T,,, is
the time interval required for a given activity of a radienuclide to decay to one-half

of its initial value, and is-related to the decay constant by the equation:

0UBABLS
s wa

Since the process of radioaétiv_g decay is a random phenomenon, the
events being counied form a random sequépce in time. Therefore, counting for any
finite time can yield only an estimate of the true counting rate. The precision of this
estimate, being subject 0 statistical ﬂuctuatié;j)s", -i§._depend upon the number of counts
accumulated in a given measurement and cai) ;b‘e e_xpressed in terms of the standard

deviation ¢. An estimate for ¢ is Vn, where n is the number of counts accumulates

in a given measurement.

2. Radiocheniiecal Purity

In USP  XX1Iy Radiochemical purity of a radiopharmaceutical preparation
refers to the stated radionuclide present in the stated chemical form. BP. 1990 defines
this ‘term. as 'the, Ratio, expressed as a percentage, of the radioactivity of the
radionuclide concerned that is present in the source in the chemical form declared to

the total radioactivity of that radionuclide present in the source.
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Radiochemical impurities may arise during preparation and storage of

radiophamaceutical and will frequently modify organ distribution and specificity

(Kronn and Jansholt, 1977), Radiochemical purity ( or labelling yield ) determination
are carried out in all radiopharmacit / eck the quality of a standard

formulation or kit, or.to estab e preparation. Some form

of physicochemical sepazation technique be used in order to separate the various

radioactive species i the sample | ‘measurement of their radioactivities and

subsequent calcula heir pro n | sample Tihieobald, 1989; Sampson,
1990). .

niversally employed in
radiochemical purity 12, 984; Sampson,1990).
Planar method and € v Ctre b g the mos | . Their main advantage over
column and other elution meth " sis that all 7 ) radioactivity remains on the
developed chromatoplate [ '- ) ich Can thn be examined and
quantitated 'I“__M es ,€.8. scaniied : graphed, cut into

regions or strips and rad area ﬁsured under identical

conditions, as shown in figure 3.
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Figure 3. Simple system for paper chromatography (reproduced from Sampson,

Scanner ) j i
! "

l < g !"'-"‘ \ »

i . \ -..\x!'.“ ‘ |

1990).

od of calculation is identical.

3\
The radioactivity in spot,+saimple or other sector is measured, corrected for

background and the percenta _mu ity-in-e ce is calculated from the formula

peii)

8
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the mo opular planar chromatograpmc method. The technique 1is smple and
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thod, although development time of se e disadvantage with

radiopharmaceuticals containing short lived radionuclides.



25

Thin layer chromatoplate may be prepared "in house" using glass plates and
spreading equipment, but these do not always give reproducible chromatograms.
Commercial TLC materials are preferable for radiochemical quality control
applications. The normal thickness of the layer 4§ 0.25 mm. Glass backed plates are
traditional, but are not.€asily eut or segmented«plastic- and metal foil-backed plated
are most versatile. They~ean be cut with scissors ora sharp scalpel to any required
size. Similarly, after deyelopment thése chromatoplated can be cut into suitable
segments for counting and quantitation. A typical procedure for a plate on which the
solvent has been allowed to migrate 10 cin.‘would be cut into 5 mm transverse strips
and measure the count rate for each strip.in a scintillation detector (Theobald, 1989).
Some plates have a tendeney to flake or crumble when being cut, leading to loss of
radioactivity. This can be overcome by cdilering the layer with sellotape before
cutting (Sampson, 1990). $A

The Gelmen Cofiipaty produce several Instant Thin Layer Chromatography
(ITLC) materials:=they-consist-of-a-giass-fibre-web-1mpregndied with the modified
silica stationary phases, silica gel and silicic acid. The ITLC materials are very
popular among radiopharmacist for routine radiochemical purity determinations.
ITLC support/stationary phase are fast runnmg variants of conventional TLC systems.
The mobile phase migration speed is increased by the fine random mesh construction
ofjthe material, but.the resolution is‘poorer thamconventionaly TL.C supportsy ITLC
chromatographic system for various radiopharmaceuticals, including DMSA, has been

developed by Zimmer and Pavel (Zimmer and Pavel, 1977).
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3. Radionuclidic Purity
The term radionuclidic purity is defined in the USPXXII as the proportion
of radioactivity due to the desired radionuclide in the total radioactivity measured.
BP 1990 defines this term as the ratio, expressed.as a percentage, of the radioactivity
of the radionuclide concerned to the total radicaetivity of the source. Radionuclidic
purity is important in the estimation of the radiation dose received by the patient when
the preparation is administered: Radionuclidic impurities may arise from impurities
in the target materials, differences in the ‘value of various competing production cross

sections, and excitation funetions at the énergy or energies of the bombarding

particles during production. \

4. Biodistribution rdi

The majority of radiopharmaceuticai}Va‘r'Je""‘diagnostic agents and, in general,
they do not produce any pharmacological effeCt§ Intravenous injection is the most
widely used method-of administiation.Lhe-efficiency.of.a-diagnosis (or therapeutic)
radiopharmaceutiecal is dependant upon the physical characteristics of the radionuclide
(type of emission, energy, half life) but more important, the biological characteristics.
These include préferential ptake intd, passage through, Tetentionsin or exclusion

from thesbiological system to be investigated. Diagnostic information 1s derived from

the, observed.tate or extend.of.ene, or,more of these-processes:
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