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Ml CHEMISTRY OF ““™T¢ LABELING KITS

Kumerous problems have recently been reported with the use of kit~produced
V-t radiopharmaceuticals. Anomalous biodiastribution results mainly becaﬁge
of the presence of undesired forms of Tec such as freé pertechnetate and reduced
hvédrclveed Te. The origin of these problems is twofold: (a) the source of Te
and 1) the stannous kits themselves.

Present research was undertaken to better understand the chemistry involved
in various stannous kit syutems, The interrelationship between Tc, tin, and the
ligande used to complex the reduced Tec was investigated in order to find
solutjons to existing problems of unrnliable performance of kit-produced Te
radiopharmatev ticals,

(81ide 1),  The source of Tc as shown in this slide wmay give fise to
complications due to the presence of oxidants or other :®active contaminants
as well as due to presence of significant amounts of carrier TF. . While most
exicting penerator systems for Tc reportedly contain no added sxidants.
radiolvtic reactions could produce oxidizing radicals. Instant Tc could have
the same problem. When high concentrations of *“Mc are allowed to decay for a
long time before using the *WTc, a significant build up of Tc atoms resuits,
somet imes enough te exceed the reducing capability of the stannourn tin in the
kits.

The chemistry of 1c¢c reductions in various stannous kit systems is not
well understood, especially at the radiopharmaceuticel concentration levels,
The reducing intensitv, i.e., the reduction potential of the system, and the
kinctics 0f reductior and complexation of Tc with the desired ligand are factors
that have a bearing on the in-vitro stability and the in-vivo performance of

the f3nal radiopharmacevtical preparation.



The problems that arise because of the use of stannous ion itself are

degcribed in the next slide (2), These may occur during kit formulation or

at the tim: of reconstitution. Hyvdrolysis and oxidarion of stannous tin;may

result due to an improper control over conditions. TIf hydrolvzed rin is

present in the kits, reduced Tc can coprecipitate with it and for: an undesirable

colloid, If an unfavorably low ratio of ligand to tin is used, ¢specially in

the case of weakly complexing systems, stannous ion can enter into side reactions.

All these factors cut down on the amount 5{ stannous tin available in the useful
chemical form at reconstitution. This "usable" tin can be defined ar the
stannous tin available in the appropriate chemical form at reconstitution ro
effectively reduce Tc to the required valence state for complexation, without
any side reactions of either tin or Te. If the usable tin in the kits pets
diminished drasrically, the total ic atoms in the °®®I'c sample becomes an
impovtant factor.

Many commercial stannous kits, bone and lung agents in particular, :Iail in

many of the above wavs. Tv evaluate the usable tin in these kits we developed
an in-vitro titmtion procedure, Results are shown graphi ally in the Icllowing
slide (3). 7The method involves reconstitution of a series of kits wit® saline
containing gradual stoichiometric increments of 3%pertechnetate, Trace
PoWpertechnetate is added for couniing purposes. Aliquots are analvzed by sephadex
G25 filtration to give the amount 6f Tec in various forms: the desired complex,
unreduced pertechnetate, and reduced hydrolyzed Tc. As we see here, & log-log
plut of the number of Tc atoms added vs the complex yield provides the Tc capacity

of the kir, i.e., the maximum Tc that could be added :o give a 95% or better vield

of the scught-after complex.



(513de o, vmee the D0 saturation peint of a kit has been determined, the

usable tin In the Lit 1s evaluates b0 ounime 4 theoretical standard curve, such
*

as the one shown in tide lide. This eurve presmnes a four-electron transfer

reacrion between stanteus and pertechnetate in the DTPA and perophiosphate nedia,

This is based on some rooent work o Yeedgman, Mednwen, and hichards, carried put

at the millimolar level, 0 cxtrapoliation of the findings at the millimolar level

o 1a o noar o untustizied,

to concenlral ions nsed o

Tov prendring stannous kRits was developed, Various factors

A wadel procedur
such as the oprimen quant it o3 tin, Jipand-to-tin ratio, ete,, have to he evalu-
ated tor individual B3t svetens because of the differences in thedr chemistry,
Dosirable conditions are ro v ns wore than the minimum required guantity of tin,
an excess of the complexivs ncent, and keep all the tin available in the usable
form at reconstituiion, ¢« sulutions are prepared by dissolving electro-
chemically plated tin wmetal i coucentrated hydrochloric acid, and all operations

of lipand addition, mixing and dispensing, etc., are carried out under strict
oxclusion of air, Solutions are quick-frozen and lyophilized and the final kits
are stored under %w. Ve pripared and evaluated model kits using DTPA, pyrophos-
thate, and etinvlidene diphesphonate using this procedure,

(Slide 5). Tvpicel results on the evaluation of usable tin in the model as
well as commercial kKits are shown in this slide, Column 1 shows the original
tin in the kits and the last column shows the usable tin at yeconstitution., As
seen here, a high ratio o ligand-to-tin Tesults in a higher percentage of usable

tin in the kits, The one with 131 ¢ was a commercial kit with a ratio DTPA/tin

= 9, and it showed 11-21" oI the original tin in the usable form upon titration.



fhe next slide (00 vepresents comparable dars an the porophosphate svatem,

Ninertics veguires use O & Hivher level of tin dn this svrtem; approxizatels 26

o) owan tonnd ot he oprimaln,

At le perionmmance, then, svannous Bits o should e opropared esing

arCocaution o heep most of the tin available in the usalle form, Clinical

lovels o1 7o reguire so Litrle tin sor reduction that the solution would be to

use mintuam Cin amd large excess of conplexing agent to tin fn the kit svstems,

These pavameters shoulld be oprirdced by g osvatenmatic davestigation or jndividual

The problems due o the source of J0 oare wore dirsfoult 1o vontrol,

LRCVET, 10 Tepeal our observations, codd stannous kBivs prepared under optimun

vondivinas can wmindmise the existing proablems of wareliabdle perfomrance ro

within acceptable limits,  Availabilivy ol the tin {a the non-hvdrolyzed, non-

oxidized formm ar reconsritution would mean a favorable reduction petential,
ereater resistance of rthe Te romplex to oxidation, ne Te hyvdrolvnis and, there-

iore, a uniform performance of the radiopharmaceutical prepavavien,

In our uxe<, ence, oxidation of the Te complex to produce free pertechnetate

upon prolonped standing under nitronen or air post-reconstitution is noi a major

prodlen in most of the kit svstems,
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(7)

(B)

(c)
(D)

(E)

POSSIGLE REASONS FOR ANOMALOUS BEIRVIOR OF TC

PHARMACEUTICALS PREPARED USINC Si{II} KITS

PARTIAL OXIDATION AND/OR HYDROLYSIS OF SN{II) DURING FORMULATION.

LOW STOICHIOMETRIC RATIOS OF COMPLEXING AGENT TO SN{T1I), ESPECIALLY IN
WEZKLY COMPLEXING SYSTEMS.

UNDESIRABLE SIDE REACTIONS OF TIN AND TECHNETIUM DUE TO ABOVE.

O4LY A FRACTION OF THE ORIGINAL SN(II) AVAILABLE IN THE DESIRED USEFUL
FORM AT RECONSTITUTION.

THE CARRIER CONTENT OF ““Mpc SOLUTIONS WHICH MAY EXCEED THE REDUCTIVE

CAPABILITY OF STANNOUS ION, ESPECIALLY WHEN KITS HAVE A VERY SMALL QUANTITY
OF "USABLE" SN(II).
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TITRATION RESULTS USING SH{iI}-DTPAs KITS

ORIGINAI, SNITII) MOLAR RATIO
IN KIT, u3 DTPA/SH(IT)
0.96 890
1.92 820
4.8 590
a.n £90)
48,0 290
131.0° 9
134.3 9

*USARLE" SN{II) AT
RECONSTITUTION

el 7 OF TOTAL
0.#H 2]
1.6 81
1.0 i3
4,.1 442
7.5 EAR)
1o - 28 11 - 21
16 - 35 12 - 26

! FROM THEORETICAL STANDARD CURVE,
KIT ( = 95% COMPLEX YIELD)

? COMMERCIAL K1T

AFTER DETERMINIKG THE TC SATURATION POINT OF



TITRATION RESULTS USING SN(II)-PYROPHOSPHRTE KITS

ORIGINAL SN(II) MOLAR RATIO “USAELE” SN(II) AT
IN KIT, uG PYROPHOSPHATE/SN(11I) RECONSTITUTION
- Ble) % _OF 'TOTAL

5.1 194 1,77 22

20.4 196 11.0 H4

51.1 196 39,7 TH
102.2 196 102.2 100
13.7 102.2 100

108.2° 14.1 60 56

1

FROM THEORETICAL STANDARD CURVE, AFTER DETERMINING THE TC SATURATION POINT OF
KIT ( = 95% COMPLEX YIELD)

2
EXTRAPOLATED VALUES

3
COMMERCIAL KIT



